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Full diffraction analysis

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

GLAD uses a general description of 
intensity and phase to perform full 
diffraction propagation through the  
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resonators, diffractive optics, 
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• Zigzag amplifier with Q-switch

Features:

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

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

Photonic switch in the off position

Technical Support
Excellent technical support, includ-

ing , for one-year. 

3-Day Course
May. 21-23, 2008, San Diego, CA. 
Hands-on training.

New Release: Ver. 5.3

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

 

Transient Q-switch laser mode at 2ns
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I future scientists and engineers as well as those 
working in other fields who would benefit from 
more knowledge of optics and photonics. Send 
your suggestions to zandrag@spie.org.
 Of related interest, a recent report issued by 
the Millennium project at the University of 
Michigan entitled “Engineering for a Changing 
World” speaks to the need to infuse more practical 
knowledge in curriculum, provide for lifelong 

learning opportunities, and to 
improve the status of engineering 
as a profession. 
 Author James Duderstadt 
advocates for creation of graduate 
level professional schools 
specifically for engineers, similar 
to those that prepare doctors 
and lawyers, and he argues that 
these changes are needed to 
serve a knowledge-driven global 
economy based on technological 
innovation.
 Although the report focuses 
on education in the United 
States, Maria Yzuel, SPIE 
president-elect who teaches 

optics in the Physics Department at University 
Autonoma de Barcelona (Spain), concurs that 
“Many of the recommendations can be applied 
to other regions of the world.”
 In the past few years, SPIE has enhanced 
its short course programs at our conferences as 
well as increased in-company course offerings to 
help address this need and to provide ongoing 
professional development opportunities to keep 
pace with technological change in the world. 
 SPIE also supports the Asian College on 
Optical Engineering, the Optics Winter College, 
and the Education and Training in Optics and 
Photonics conference. 
 Reaching out to both current and future 
engineers and scientists is an important step in 
developing the qualified people that we need to 
realize this future. 

 In my previous letter to members, I mentioned 
some of the important outreach activities 
that SPIE is undertaking internationally, to 
the corporate world, to support early career 
professionals and to encourage students. Outreach 
is an important function for SPIE, whether 
it be helping researchers to collaborate on 
important new topics like biophotonics and 
LEDs or introducing new audiences to the great 
potential of the field of optics 
and photonics. 
 From high efficiency solar 
cells producing electricity on 
our factories to inexpensive 
tools to diagnose cancer, the 
technologies covered by SPIE 
will play an important part in 
shaping the future. 
 As we talk to corporate and 
institutional organizations, 
we hope to excite the leaders 
of these organizations about 
the important role optics 
and photonics play in the 
technological advances of the 
future, and to stimulate their 
support of some of our programs, which will help 
us to reach more audiences. 
 Of course, increasing awareness and reaching 
out to students are key to the future of our field. 
To this end, SPIE has introduced an enhanced 
Education Outreach Grant program open to 
all qualifying not-for-profit organizations such 
as universities, optics centers, science centers, 
industry associations, national optical societies, 
and primary and secondary schools. Grants can 
also be provided for visiting lecturers, Hands-
On-Optics educational kits, and science fair 
prizes or club activities that introduce students 
to photonics. These are just a few examples of 
how we hope to help develop the scientists and 
engineers of tomorrow. 
 But we want to do even more. 
 The SPIE Education Committee is collecting 
information on activities by our members and 
new ideas on how to enhance and expand our 
outreach activities to meet local needs. Perhaps 
you have an idea or are currently engaged with 
your local schools or science centers? 
 We would like to hear your suggestions on 
how we can enhance our current plans to reach 

SPIE Outreach
As part of SPIE’s outreach 
efforts, the Society provides 
free educational materials 
about optics, such as posters 
and DVDs, to teachers and 
other educators. To request 
these materials, contact 
Pascale@spie.org.

SPIE Grants 
Have an idea about how to 
increase optics awareness 
among students? SPIE pro-
vides support for optics-re-
lated education and outreach 
projects. Grant applications 
are reviewed twice a year. 
The next application deadline 
is 6 June. More information: 
http://spie.org/outreach

Hands-On  
Optics
Hands-On Optics (HOO) is an 
inquiry-based science educa-
tion enrichment program that 
strives to increase scientific 
literacy by helping kids 
learn by doing. Six informal 
learning modules for grades 
4 to 12 are aimed at reaching 
students who traditionally 
have been under-represented 
in the field of optics and pho-
tonics. SPIE is one of several 
collaborating organizations 
promoting this program by 
offering training workshops 
for educators and other 
resources. For more infor-
mation about HOO and other 
resources for educators, see 
http://spie.org/educators

Education and Outreach
SPIE sponsors many activities that support careers in optics 
and photonics. What are your ideas?

Kevin Harding
2008 SPIE President
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David A. Benaron, CEO of Spectros, has enjoyed a successful career as a 
physician, researcher, inventor, innovator, and serial entrepreneur. He believes 
entrepreneurial success depends on building value in a company and staying 
focused on the market—not necessarily the technology.

By	David A. Benaron
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S Sitting in a pitch-black room at Stanford, 
post-doc Chris Contag and I stared at a Petri dish 
streaked with the genetically transformed bacteria 
that his wife Pam engineered. Slowly, our eyes 
adapted to the darkness, and we began to see the 
faint colonies of glowing green bacteria. 
 At that instant, I knew we could change 
biomedical imaging by noninvasively sensing 
small populations of these genetically labeled 
cells in the bodies of living animals. Later, as the 
full implications of this event became clear, I 
remained awake well into the night.
 Shortly thereafter, the Contags suggested we 
had something that could really pull in grants. 
“No,” I countered. “What we have is a really 
good company.”
 And with that, Xenogen was born, eventually 
reaching a $112-million valuation at public offering 
in 2004, followed by acquisition by Caliper in 
2006. Xenogen, with its proprietary ability to 
noninvasively track infection, cancer, and stem cells 
down to just a few hundred cells (when millions of 
cells was the norm), remains the standout leader in 
optical molecular imaging over a decade later.
 So, what made this a biophotonics company 
and not just a series of grants?

Identify the Market
 The first step to a successful entrepreneurial 
business is to identify your product-specific market. 
This determines who the customers are, how to 
build a sales team, and how large the return on 
investment may ultimately be. You can’t just say, 
“We address cancer.” Such top-down methods 
grossly overestimate how your product will be used. 
Rather, you say, “We address the diagnosis of prostate 
cancer, for which there are X tests per year costing 
$.” If you address a new market, you need to consider 
how you will induce demand when demand is now 
zero. Is your idea a one-trick pony, or can it serve as a 
platform for a series of products, services, or licenses 
that would support a growing company?
 Failing to reach clarity on this issue is the 
single most common error in business plans from 
inventors, especially when they try to value their 
own invention. The specific market is the key. It 
defines the potential business value—and creates 
the story line for investment in your business. 
 For Xenogen, our discovery was directed at a large 
and growing market, lead selection in drug discovery, 
which allowed Xenogen to attract the multiple 
financing rounds required to launch the product.
 For FirstScan, my newest company, we started 
with the market. We first looked only where 
billion-dollar markets and significant market 
growth were expected: oncology, women’s health, 
and age-related illnesses. We next identified an 
unmet need for the early detection and screening 

of breast cancer, a product-specific market 
we estimated at $10 billion per year. Last, we 
estimated the cost to bring a device to market: $5 
million to develop, $20 million to clinically test, 
and $75 million to launch, leaving a reasonable 
risk-adjusted return and clear milestones for 
reducing risk and increasing value at each stage. 

Technology Comes Next
 Only then did we look for the right technology. 
 We selected optical spectroscopy with tissue 
component characterization (fat, water, heme, 
wavelength shift, and other markers) as being 
the most robust and closest to clinical use. We 
identified who had existing technology rights and 
in-licensed these rights from the University of 
California, N.I.T., the University of Pennsylvania, 
and others, collecting over 70 patents directed 
toward this device and market. With these basics, 
including a path to exit, we raised the first $5 
million privately to build the first commercial 
prototype and take this to trial. 
 There are many reasons why technology alone 
has little initial business value for potential 
strategic partners or investors. A half dozen or 
so similar inventions are probably at the same 
benchtop stage, with little to distinguish them 
except the inventors’ claims. Inventors are always 
touting their technology, and the story is always 
the same: They need a few million dollars to prove 
their technology, and for this, the inventors will 
offer certain limited rights. 
 A technology-only story does little to convince 
investors or partners to commit to your one 
particular flavor of invention. Investors worry 
about betting on the wrong horse or if the problem 
will be better served using an unrelated technology. 
In fact, most corporations receive strong financial 
disincentives for such R&D activities from Wall 
Street, which rewards them only for sales growth 
in the prior fiscal quarter, not R&D.
 This is not to say that technology has little or 
no business value. Indeed, proprietary technology 
that serves a need more effectively or cheaply than 
others has high commercial value to any company 
in the field. Controlling that gateway technology 
protects your company’s market and raises your 
value during acquisition or public offering.

Find a Mentor
 A company, unlike a leading academic 
laboratory, is no longer about you, the inventor, 
and your amazing idea. Rather, it changes and 
matures to focus instead on a reasonably maximized 
return on the capital received from investors to begin 
and run the company, which is a market-driven story, 

Serial  
Entrepreneur

David Benaron, MD, is an 
SPIE member, a founding 
editorial board member of 
the Journal of Biomedical 
Optics, and a serial en-
trepreneur who has taken 
multiple medical devices 
from benchtop to market-
place. Now the CEO at 
Spectros Corp., he started 
his first biotech effort in 
1992 and has never looked 
back.

Benaron founded or co-
founded Insite (noninva-
sive glucose and blood 
pressure measurement and 
technologies, acquired by 
Masimo), Xenogen (public 
2004, sold to Caliper 2006), 
Spectros (a market leader 
in real-time somatic isch-
emia detection), and most 
recently FirstScan (early 
breast cancer screening 
diagnostics).

He attended the University 
of California (biochemistry, 
summa cum laude), Har-
vard Medical School (cum 
laude), and M.I.T. (health 
sciences technology, 
cum laude). His pediatric 
residency was at Children’s 
Hospital of Philadelphia, 
and he had a physiology 
fellowship at University of 
Pennsylvania. His neona-
tology fellowship was at 
Stanford University where 
he founded the Stanford 
biomedical optics group.

Benaron’s wild cats, a 
quarter-bobcat/half-cat 
named “Friend,” and 
“Zabu,” a wild, mostly  
African Serval hybrid, 
follow him everywhere.Continued on page 6  
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not a technology- or inventor-driven story. Managing 
a company at this stage requires different skills than 
inventing. It requires fluency in financial terms and 
deal structures; comfort with the objective metrics 
that will evaluate your start-up effort; and the ability 
to manage investor expectations. 
 Those skills can and do exist at times in one 
entrepreneur. But if you don’t have sufficient 
knowledge or the experience for taking a company 
from funding to exit, you will most likely fail to 
attract the right people and the capital you need 
to start the business. Remember, marketing costs 
dwarf technology development costs. You will 
need someone who can raise and manage all 
aspects of a growing business.
 The time to start looking for a business-trained 
partner is before you begin to raise 
money. Preferably, find a partner 
who has business experience in 
your market and someone who will 
mentor you.
 We followed this approach at 
Xenogen. I was already a physician 
and inventor and had trained in 
optical biophysics with Britton 
Chance at the University of 
Pennsylvania by the time we  
glimpsed that glowing bacteria. 
Similarly, Pamela Contag was a 
microbiologist, with experience in 
market and opportunity valuations, 
and  she  had  independent ly 
conceived of the same idea.

Tell Your Story
 What we needed now was to better understand 
the business and to communicate effectively to the 
venture capital community that an investment with 
us would be properly managed.
 At Xenogen, Pam Contag recruited as co-CEO 
David Carter, an experienced pharmaceutical 
executive. What David does best is tell stories, 
and in many respects, building a business (raising 
capital, closing deals, talking to strategic partners, 
and executing public offerings) is all about telling 
a good story. 
 The bottom line for entrepreneurs is that it is 
not about how smart you are, or how well you can 
describe the technology. Rather, it is about having 
the right skill set and the right vocabulary. 
 Entrepreneurs think projects and deep 
knowledge are exciting, while management 
eschews distractions and seeks simple, sound-bite 
clarity. If you don’t think you could tell the same 
story, day after day, with the same enthusiasm, 
or look investment bankers in the eye and tell 
them “We expect the company to continue to 

outperform the sector for the foreseeable future” 
with enthusiasm and mean it, then you need a 
good businessperson at the top. 

Focus, Focus, Focus
 With the right technology, people, and market 
understanding in hand, now you can focus on 
exactly what your product or business will be.
 To be adequately focused, you must be able to 
describe your product and market in a sentence. 
Some examples: “FirstScan is a women’s health 
company focused on early molecular screening 
for breast cancer, allowing for improved survival 
and reduced treatment toxicity.” Or, “Spectros is 
a molecular detection company focused on the 
real-time detection of ischemia, the final common 
pathway for nearly all organ failure and death in 
the hospital.”

 Use your core mission as a sword (or mantra) 
to cut through anything that is off topic or 
tangential. Everyone should start the day knowing 
exactly what the top priority is. Listen carefully 
to what comes your way and turn down more 
opportunities than you accept. 
 It’s important to show you can be reasonably 
successful with your first product, but have a backup 
plan. Few successful medical device companies find 
success in Plan A. Genentech is a classic example. 
The first drugs on Genentech’s list were industrial 
chemicals and food processing additives; none of 
its first real successes was even on the list.

Build Value
 If you have a focused plan, proper business 
involvement, and a clear path to market, it is 
finally time to raise some funds. 
 Timing is everything. Green businesses are hotly 
fundable in 2008, just as biotech was in the 1980s 
and the Internet in the 1990s. The same goes for 
exit strategies, so there isn’t one type of plan that 

About  
Spectros
Spectros makes advanced 
molecular sensing and 
imaging devices that shed 
light on life-threatening 
diseases, including 
cancer and ischemia, a 
condition in which tissues 
receive insufficient blood 
flow. Spectros’ flagship 
T-Stat® product was the 
first device labeled by the 
U.S. FDA as “sensitive to 
ischemia.” Red Herring 
recently evaluated 
Spectros and the ischemia 
market and estimated 
annual sales could reach 
$3 billion in monitors and 
up to $10 billion in sensors 
and probes, which dwarfs 
the mature pulse oximetry 
market.

Spectros, through its 
affiliate FirstScan (an 
alliance between Spectros, 
the University of California 
at Irvine, N.I.T., the 
University of Pennsylvania, 
and other partners) is 
developing a molecular 
sensing clinical device 
for the early and specific 
detection of breast cancer 
and other metabolic 
diseases, a market 
estimated at $10 billion per 
year.

Spectros holds early core 
intellectual property on 
an array of biophotonic 
medical devices, including 
optical contrast guided 
surgery, automated 
tissue classification and 
identification, multi-
wavelength tissue and 
pulse oximetry, tissue- 
guided surgical tools, 
as well as implantable 
and other physiologic 
monitors. The company 
derives income from sales 
of devices and licensing 
these technologies. 
Spectros was profitable by 
2007, with revenue growth 
of 38% last year.

Just Say No
Although	 scientists	 and	 engineers	

are	 traditionally	 rewarded	 for	

a	 wide	 array	 of	 interesting	 and	

diverse	 projects,	 businesses	

view	 such	 multiple	 projects	 as	 an	

expensive	 distraction—unless	 they	

directly	 lead	 to	 sales	 and	 market	

growth.	 The	 hardest	 thing	 many	

entrepreneurs	 must	 do	 to	 remain	

focused	 is	to	say	“no”	to	potential	

distractions.

t Continued from page 5
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Royalties
Royalties are a good way 
to reward investors and 
founders who remain at 
another corporation or 
academic center, provided 
you are willing to protect your 
license rights in the matter. 
The royalties for the Xenogen 
genetic-expression-imaging 
patent family has gener-
ated millions of dollars for 
Stanford University and the 
inventors.

works well at all times. The best you can do is to 
create value for your company at each step. If you 
weigh each decision along the way for how it builds 
the company, you will be in the best position for all 
contingencies, whether raising more funds, doing 
a deal, or selling the company. 
 Investors want to see the value rise, and focusing 
on value will help you achieve this. Of course, 
this is not always possible. Xenogen was hours 
away from going public in January 2001 when 
investor appetite for IPOs of all varieties waned. 
Similarly, Spectros found its first market dried up 
when a surgical procedure changed, and its second 
product was not yet ready. Having an experienced 
board and mature, flexible investors who have the 
patience to weather such changes is essential.
 One way to build early value is to provide 
services while your product is in development. 
Both Spectros and Xenogen provided subcontract 
services as a way to ensure early income and hone 
target market skills. 
 Another route is out-licensing. If done 
outside of your product focus, both the licensee 
and licensor can profit. For example, Spectros 
was the first to demonstrate and patent multi-
wavelength pulse oximetry spectroscopy, used 
to noninvasively measure the concentration 

of substances in the bloodstream such as total 
hemoglobin and carboxyhemoglobin. In such 
cases, Spectros proposed licensing to target firms 
(such as to Masimo, a biophotonics company 
that completed its IPO in 2007 and achieved a 
valuation of more than $2 billion for introducing 
multispectral pulse oximetry to the market).

Right Career for You?
 In the end, entrepreneurship is not for everyone.
 There are real risks to your income and your 
career when you leave a secure academic or 
middle management life. 
 Begin by understanding yourself. What do 
you want and expect out of a start-up? Are you 
comfortable with rapid change? What will you 
do if you fail? 
 When I was in academia, the founder of the 
glucose-monitoring company LifeScan (still a 
billion-dollar division of J&J) told me that if I didn’t 
leave medicine, I would always wonder what would 
have happened. He was right. Picking your stock 
symbol and watching it trade, seeing equipment 
you developed in universities and operating rooms 
everywhere, and knowing that lives have been 
saved or improved by what you helped create are 
experiences that are hard to beat. n

Good Story
Investors will buy into a good 
business story if it has a 
clear business proposition 
and excitement regarding the 
technology. Nevertheless, 
expect to kiss a lot of frogs 
before you find your prince. 
Spectros gave more than 100 
presentations and brought 
in several trial CEOs before 
securing its first funding.

SPIE Is Offering Customized Webinars
Partner with SPIE to develop, produce and promote a Webcast that features  
your company and its offerings.

Sponsoring Company:
 Chooses the topics/technologies

 Identifies the speakers

 Selects target audience

Benefits to Your Company:
 Increase product/brand awareness

 Highlight your expertise

 Generate qualified leads

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

 Tel: +1 360 676 3290 
 Fax: +1 360 647 1445
 spiesales@spie.org

Your logo hereWebinar
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S
Career Stepping Stones
SPIE members share the steps they’ve taken to career success.

 SPIE Professional introduces a new series of 
career profiles that briefly highlight the many and 
varied steps that lead to career success in optics 
and photonics. We’ve asked SPIE members such 
questions as:
 What was the most difficult step you’ve taken 
in your career? What was the easiest? Who had 
the most influence on your career success in optics 
and photonics? 
 This issue of SPIE Professional features the Career 
Stepping Stones of three SPIE Fellows. Go online 

at http://spie.org/profiles to read more about the 
steps that Jannick Rolland, Michael Postek, Sen 
Han, and others have taken in their careers. 
 If you want to share your career progression 
and knowledge with others in the Career 
Stepping Stones series, go online and answer 
the brief questionnaire or request a form from 
spieprofessional@spie.org. We will construct 
brief career profiles for the online and/or print 
versions of SPIE Professional with the answers 
we receive. n

Jannick Rolland
Age: 47

Job: Professor of optics, computer 
science, electrical engineering, 
and modeling and simulation at 
University of Central Florida.

Expertise: 3D optical imaging/sensing systems and 
3D display systems
Easiest Career Step: When I discovered research, 
it was a complete match. I was good at optical 
instrumentation in France. I came to the U.S. to get 
a fresh perspective. I visited Arizona and committed 
to doing a PhD at that time. Research is about 
innovation and understanding processes. As soon as 
I discovered the research world, there was no return. 
I didn’t have to think about it. 

Pre-Risk Taking Steps: I tell my students once 
they have done their homework (read the literature, 
create a model, etc.), follow your intuition. I allow the 
space to fail, but you don’t want to fail without doing 
your homework. … If as a team, we allow for that 
space, we can move much faster in the innovation 
and learning process. 
Recent Step: Appointed full professor in 2007, 
SPIE Fellow for 2008
Current Innovations at University: Teaching 
in teams. Especially in biomedical; you want to 
teach some solid engineering with life sciences. 
Usually people are strong in one area, but not 
both. Biomedical students can get some hardcore 
engineering in how to use the instrument properly. 
And they have to understand the science. 

Michael T. Postek
Age: 57

Job: Chief, Precision Engineering 
Division, NIST, developing dimen-
sional measurement technology for 
semiconductors and other industrial 
needs.

Expertise: Nanometrology and scanning electron 
microscope (SEM) critical dimension (CD) 
metrology

Early Career Influences: Brother Bernard Joseph, 
high school science/physics teacher, who kindled 
my interest in science. Dr. E. Laurence Thurston, 
director of the Electron Microscope Center at Texas 
A&M University where I learned my microscopy 
(and received an MS).

Recent Steps: My work with Dr. Andras Vladar 
and the manufacturer of the newly developed helium 

ion microscope may soon push scanned particle 
beam metrology into new realms with resolution 
potentially three to four times better than current 
scanning electron microscopes. CD and particle 
metrology may benefit greatly from this instrument. 
I was able to acquire the first commercial helium 
ion microscope for NIST, and we are currently 
using our microscopy expertise to understand the 
fundamental science of this instrument and to 
explore its application.
Steps to Stay on Top of Developments in the 
Field: At NIST, we interact strongly with industry 
and work to find out their measurement needs. 
I have been deeply involved with SEMATECH 
and the International Technology Roadmap for 
Semiconductors since its inception. I also am a 
NIST representative to the National Science and 
Technology Council, Committee on Technology 
Subcommittee on Nanoscale Science, Engineering 
and Technology (NSET).

8



9April 2008     SPIE Professional    

Sen Han
Age: 46

Jobs: Principal scientist, Veeco 
Instruments, and adjunct professor, 
College of Optical Sciences at 
Unive r s i t y  o f  Ar i zona  and 

Changchun University of Science and Technology 
in China

Expertise: Metrology engineering, optical testing, 
MEMS characterization through transmissive media 
(TTM), and thin film testing. 

First Step in Optics: I learned from middle school 
physics that sun light (white light) is composed of 
seven colors (red, orange, yellow, green, blue, indigo, 
and violet). I also learned to draw, sketch, paint with 
watercolors, and … that mixing the three primary 

colors results in black, not white. I asked myself why 
they are different. At university, I selected optical 
engineering as my major. All three of my degrees 
(BS, MS, PhD) are in optical engineering. 

Most Difficult Career Step: Using German 
as a third language for PhD work, University of 
Stuttgart

Easier Career Step: Using native language at 
Changchun Institute of Optics and Fine Mechanics 
for BS and MS degrees

Recent: 2008 SPIE Fellow

Next Career Step: Combine science with art by 
developing a simple, high-tech metrology instrument 
that looks like a work of art and whose measurement 
results look like a beautiful picture.

Career Steps
Other Career Stepping Stones profiles are online at 
http://spie.org/profiles.
• Wolfgang Staud of B2W Consulting advises against 

automatically thinking that the “grass is greener” 
at another job.

• Yidong Zhou, senior laser engineer at Spectra-
Physics, a division of Newport Corp., recommends 
constant career development activities such as 
attending seminars and conferences and reading 
journals.

Professional 
Development
SPIE professional develop-
ment resources can help 
launch or invigorate careers 
in optics and photonics.

Member-Only Webcasts: Free 
professional development 
seminars broadcast live over 
the Web and archived for 
future viewing, http://spie.
org/memberwebcast.

Leadership Series: Prac-
tical workplace advice for 
students and early career 
professionals, http://spie.
org/leaderseries. 

Courses: Technical and 
professional development 
courses at conferences, at 
your company, or self-di-
rected learning experiences, 
http://spie.org/courses.
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T The goal of NIST’s Optical Technology 
Division can be summed up in a single phrase: 
to provide the foundation for all of the optical 
radiation measurements that take place in our 
nation. Those few words lay out an enormous 
and important task.
 We are working to meet this goal, bit by bit, by 
developing national measurement standards and 
services in support of optical technologies. As 
optical technologies are continually advancing, 
our work is never really done. But I suppose we 
like it that way.
 The Optical Technology Division (OTD) 
services industries that depend on optical 
measurements, and there are many: lighting, 
imaging, automotive, electronics, health and 
medical, biotechnology, nanotechnology, energy, 

chemical, solar and environmental monitoring, 
aerospace.
 OTD also performs research important to the 
defense industry. The Low Background Infrared 
Radiometry project is focused on missile defense, 
namely how to detect faint infrared signals from 
small targets against the cold background of space. 
These researchers are working to set standards for 
infrared sensing. (NIST is always deeply involved 
in the SPIE Defense+Security Symposium.) 
 NIST—and OTD in particular—see SPIE as 
an important partner. NIST/OTD researchers and 
engineers give talks about NIST research and services 
at SPIE meetings, and our staff members serve on 
committees and as session chairs and organizers. 
Here are just a few of the ways that NIST supports 
the optics and photonics community.

Innovation 
Funds
NIST’s new Technology 
Innovation Program will 
provide cost-shared 
awards to industry, uni-
versities, and consortia 
for research on potentially 
revolutionary technolo-
gies that address critical 
national needs. 

NIST’s	Optical	Technology	Division		
Can	Light	Up	Your	Career

By	Gerald T. Fraser

SPIE Professional     April 200810
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New Biophysics Group
 A new Biophysics Group is focusing on applications involving 
spectroscopy, microscopy, and imaging from the terahertz to the 
visible range. The group’s work includes investigating protein 
interactions and aiding pharmaceutical research. The terahertz 
region provides an unprecedented measure of biophysical 
properties necessary to improve predictability in drug discovery 
and design, but not readily obtainable using other methods. 
 Researchers in the Biophysics Group are also developing 
measurement tools and techniques to investigate protein 
structure and function.
 Members of the group attended SPIE Photonics West in 
January and presented some of their terahertz effort. Other 
NIST/OTD scientists gave presentations on photon counting 
detectors, hyperspectral imaging spectroscopy, and an optical 
database for hyperspectral medical imaging.

Careers and Partnerships
 There are many opportunities at NIST for SPIE members who 
are at the beginning of their careers. These include postdoctoral 
programs and research projects through the National Research 
Council (NRC) and the National Institutes of Health (NIH). 
The NRC program is tailored to recent recipients of a doctoral 
degree who are U.S. citizens. One part of the program is a 
partnership with the NIH, for which U.S. citizenship is not 
required. More information is available at http://www.nist.
gov/oiaa/postdoc.htm. For undergraduates, NIST also has a 
summer Undergraduate Research Fellowship program. 
 Midcareer opportunities abound as well. OTD offers 
annual short courses at the Gaithersburg, MD, campus in 
photometry and radiation thermometry, spectroradiometry, 
and spectrophotometry. The courses provide lab experience, 
teach best practices for uncertainty analysis, and deal with the 
treatment of important theoretical concepts. This year’s short 
courses in spectroradiometry and radiation thermometry were 
scheduled for March and June, respectively. The Optoelectronics 
Division offers short courses in laser measurements and display 
metrology at NIST’s Boulder campus.
 OTD also hosts more than 50 guest researchers who participate 
in collaborative research in various areas of optical technology, 
such as radiometry, photometry, optical properties of materials, 
biophysics, and quantum communication. Guest researcher 
opportunities are available for almost every program at NIST, 
including in the OTD. Interested scientists should contact the 
relevant project scientist or engineer directly. See http://www.nist.
gov for more details. Guest researcher information is also available 
at the NIST Technology Partnerships Web site, http://patapsco.
nist.gov/ts/220/external/index.htm.
 Several NIST facilities and instruments are available for 
researchers outside of NIST to use for proprietary and non-
proprietary measurements. Instruments available include gamma-
ray sources, small-angle x-ray scattering, neutron radiography, and 
a pulsed inductive microwave magnetometer. 
 Perhaps you’ll meet a NIST/OTD researcher at the next SPIE 
meeting. We’d love to talk to you. n

– Gerald T. Fraser is chief of the Optical 
Technology Division at the National Institute 
of Standards and Technology in Maryland. 
Contact him at gerald.fraser@nist.gov or 
301-975-3797.

What Is NIST?
 From automated teller machines and atomic clocks 
to mammograms and semiconductors, innumerable 
products and services rely in some way on technology, 
measurement, and standards provided by the National 
Institute of Standards and Technology.
 Founded in 1901 as the National Bureau of Standards, 
NIST is now part of the U.S. Department of Commerce. 
NIST’s mission is to promote U.S. innovation and 
industrial competitiveness by advancing measurement 
science, standards, and technology in ways that enhance 
economic security and our quality of life.
 NIST does this via four cooperative programs. Its 
research program is spread across several laboratories: 
Building and Fire Research, the Center for Nanoscale 
Science and Technology, Chemical Science and 
Technology, Electronics and Electrical Engineering, 
Information Technology, Manufacturing Engineering, 
Materials Science and Engineering, the NIST Center 
for Neutron Research, and Physics.
 The Baldrige National Quality Program (http://www.
quality.nist.gov/) promotes performance excellence among 
U.S. manufacturers, service companies, educational 
institutions, and health care providers. It also conducts 
outreach programs and manages the annual Malcolm 
Baldrige National Quality Award.
 The Hollings Manufacturing Extension Partnership 
(MEP) is a nationwide network of local centers 
offering technical and business assistance to smaller 
manufacturers.
 NIST has an operating budget of about $843 million 
and has main campuses in Gaithersburg, MD, and 
Boulder, CO. NIST also partners with the National 
Oceanic and Atmospheric Administration and several 
other federal and state institutions to run the Hollings 
Marine Laboratory in Charleston, SC. 
 NIST employs about 2800 scientists, engineers, 
technicians, and support and administrative personnel. 
It also hosts about 2,600 associates and facility users 
from academia, industry, and other government 
agencies.
 NIST partners with 1600 manufacturing specialists 
and staff at nearly 440 MEP service locations around 
the country.

Left: NIST’s Adriaan Carter working at the Low-Background 
(LBIR) Facility, which calibrates instruments that measure 
infrared radiation.
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True Colors 
Wendy Davis, a NIST scientist and SPIE member, is working on standards  
for color quality in solid-state lighting and other illumination sources.

 In a corner of Wendy Davis’ lab 
at NIST headquarters in Maryland, 
two light boxes illuminate a variety 
of ordinary objects. One box is lit by 
one type of light bulb, the other lit by 
another type. The same set of objects 
is in each box, but the two lights 
render their colors remarkably—and 
almost eerily—different.
 The setup isn’t  just  a fun 
experiment. Davis and her colleagues 
are addressing problems with the 
Color Rendering Index, which is 
maintained by the Commission 
Internationale de l’Eclairage (CIE 
or International Commission on 
Illumination), for solid-state light 
sources. 
 Working closely with the lighting 
industry, Davis and her group, 
led by physicist Yoshi Ohno, are 
developing a Color Quality Scale 
to better assess the color rendering properties of 
illumination sources such as solid-state lighting. 
The scale evaluates several aspects of the quality 
of the color of objects illuminated by a light 
source, accounting for color rendering, humans’ 
ability to distinguish between colors, and observer 
preferences.
 This work at NIST’s Optical Technology 
Division is helping to meet the needs of the 
lighting industry and its consumers, leading to 
better ways of communicating the color quality of 
lighting. When the scale is completed, Davis and 
her group plan to propose it as a new international 
standard.
 The group is also working to develop a standard 
for the effective intensity of flashing lights, another 
industry need. And this past year, they performed 
a pilot study to compare measured colors with 
perceived colors for roadway signs. Based on the 
results, a larger study is under development at 
Federal Highway Administration laboratories.
 Davis, an SPIE member, earned her PhD 
in vision science in 2004 at the University of 
California at Berkeley and later accepted a 
National Research Council postdoctoral fellowship 
at NIST. Afterward, she became a full-time 
NIST staff scientist. She performs a wide variety 
of tasks, from preparing color samples to taking 

measurements. She also serves as chair of the 
CIE’s “Colour Rendition by White Light Sources” 
committee. She is active at conferences, including 
SPIE meetings.
 When asked about a typical day in her lab at 
NIST, she replied, “Luckily for me, there is really 
no such a thing as a ‘typical day.’”
 Whether as staff or guest researcher, working at 
NIST is rarely a routine experience.  n

Web  
Resources
www.physics.nist.
gov/Divisions/Div844/
div844.html

www.nist.gov

www.cie.co.at

www.corm.org

Measuring 
Radiation
OTD partners with the 
Council for Optical 
Radiation Measure-
ments, which is formed 
by experts in industry, 
academia, and govern-
ment. The council is 
helping NIST determine 
the measurement needs 
of the optical radiation 
measurement commu-
nity and how to address 
those needs in a timely 
and cost-effective 
manner.

NIST released a report 
on the economic impact 
of measurement in the 
semiconductor industry 
in December.

Wendy Davis at NIST

NIST’s Maria Nadal works with one of the Opti-
cal Technology Division’s devices for performing 
colorimetry studies.
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Defense R&D
A variety of classical, new, and emerging identification and detection techniques 
are being developed for chemical, biological, and explosive threats.

By	Patrick J. Gardner	and	Augustus W. Fountain III

 Optical systems to detect and identify chemical, 
biological, nuclear, explosive, and other threats 
have seen continuous advancement in defense 
and security research in recent years. The 
sensitivity and selectivity of the sensors are 
improving, while system cost and complexity 
show downward movement. 
 Developers of reliable sensor systems for defense 
and security applications face many challenges, 
but some of the more promising technologies 
being developed are for point and standoff 
detection of chemical, biological, and explosives 
(CBE) agents.
 Among a variety of classical and emerging 
technologies for point detection, some have 
potential for affordable and reliable combined 
CBE detection. For standoff detection, there 
are a small number of passive or active methods 
at infrared frequencies for chemical detection. 
However, standoff detection and identification of 
explosives and biological agents at operationally 
significant ranges continues to be a difficult 
problem to solve.
 Traditional CBE sensors are often segmented 
according to a complex space of agents (C, B, 
E), sensor placement (point, standoff, remote), 
and level of analysis (screen, classify, identify). 
Point detection refers to sensing modalities that 
physically sample the threat agent in a medium, 
such as through a sample pump or aerosol 
collector. Standoff detectors analyze threats from 
a distance, typically measured in tens to thousands 
of meters. They are often optically-based systems, 
which may employ a laser for interrogation (active 
sensing) or not (passive sensing). 
 Remote detection, a tactical means to remove 
the operator from the threat environment, may 
employ point sensors, standoff sensors, or a 
combination. Level of analysis simply refers to the 
agent detail provided by the sensor and is often 
dictated by the objectives of the mission. But it 
may also be indicative of technological limitations.  
For example, laser or UV-induced fluorescence 
sensors merely indicate the presence of biological 
material with little to no differentiation between 
normal flora and pathogens. Polymerase chain 
reaction sensors, on the other hand, provide 

biological, species-level agent identification 
through DNA matching. 
 Perhaps the ultimate detector is one that can 
precisely identify a combination of C, B and E 
threat agents at operationally significant standoff 
ranges. However, we are not there today, at least 
not with any deployable or affordable solution. 
Consequently, developers seek to optimize 
detection parameters within the (C, B, E, point, 
standoff, remote, screen, classify, identify) space, 
according to a customer’s unique requirements. 
In addition to these variables, a developer is 
challenged to simultaneously manage other 
design parameters such as size, weight, and power 
(SWAP); as well as cost (purchase price as well 
as cost of ownership), detection time, sensitivity, 
false alarm performance, reliability, supportability, 
and maintainability, to name a few. 

Point Detection
 Historically, chemical and explosives point 
detection came in two general forms: Mass 
spectrometry (MS) if the operator needed high 
fidelity measurements and had the space, money, 
and time to accommodate a complex system; and 
ion mobility spectrometry (IMS) if the operator 
required a mobile, lightweight detector and was 
willing to accept a high level of false alarms or 
missed detections.
 Over the last few years, MS systems have 
seen an evolutionary reduction in size and 
complexity, while maintaining relatively high-
fidelity performance. This trend will continue, 
and perhaps one day we will see “handheld” MS 
detectors. 
 For IMS, where performance is roughly 
proportional to the length of the ion drift 
tube, higher fidelity is achieved with larger or 
multiple drift tubes with added size and cost 
penalties. Alternatively, IMS performance can 
improve incrementally through the addition of 
temporal sample concentrators and statistical 
signal processing algorithms to improve analyte 
detection and false alarm rejection. 

Dr. Patrick Gardner, 
associate professor of 
Electrical Engineering 
at Western Carolina 
University (Cullowhee, 
NC), is principal scien-
tist at the Center for 
Rapid Product Realiza-
tion. He is founder and 
co-chair for the SPIE 
CBRNE Sensing Con-
ference.

Dr. Augustus Way 
Fountain III is a senior 
research scientist and 
senior technologist 
for chemistry at the 
U.S. Army Edgewood 
Chemical and Biologi-
cal Center (Edgewood, 
MD). He is co-chair 
for the SPIE CBRNE 
Sensing Conference.

Continued on page 14  
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 Recently, an emerging technology called 
differential mobility spectrometry (DMS), 
somewhat of a cross between MS and IMS in 
terms of the ion analyzer, has shown promise for 
accurate detection of trace-level compounds for 
chemical and explosives detection in a handheld 
configuration. Additionally, surface plasmon 
resonance (SPR) detectors and biogel-based 
optical waveguides, traditionally designed for 
biological detection, have been applied to the 
chemical point detection problem. 
 A portable, affordable, and reliable combined 
chemical and biological point detector would 
have considerable utility for military and 
homeland security operations.

Standoff Detection
 There are a small number of optically based 
modalities for detection of chemical vapors at 
standoff distances. Passive infrared, hyperspectral 
approaches such as Fourier Transform Infrared 
spectroscopy provide reasonable, broadband 
spectral analysis but are range- and wavelength-
limited based on atmospheric conditions. 
Thanks to advances from the reconnaissance 
and surveillance community, hyperspectral 
sensors with imaging capability (with similar 
weather-range limitations) provide additional 
confidence in standoff detection of vapor clouds. 
Range limitations on standoff detection may be 
overcome by using one or more lasers for active 
interrogation of a sample volume. 
 Generally, increased standoff performance 
requires higher power from the laser(s) and a 
subsequent higher price tag. Traditional laser-
based, standoff chemical detection has been 
accomplished using differential absorption LIDAR 
(DIAL), a technique that measures molecular 
absorption ratios for laser wavelengths on and off 
chemical absorption peaks. DIAL requires a large 
number of laser wavelengths for multiple analyte 
detection, and advancements in this technology 
have been progressing slowly over the years. 
 The recent developments of spectrally tuned 
quantum cascade lasers (QCL) show promise for 
smaller, lower-cost DIAL systems, which may 
compete with the passive infrared technologies. 
Other active interrogation methods, such as 
laser-induced breakdown spectroscopy (LIBS), 
Raman spectroscopy, and terahertz spectroscopy 
require continued development to overcome 
standoff performance and system maturity 
limitations, but they show promise for future 
combined standoff detection of chemical and 
biological agents. 

Biological Detection
Several detector options are available for 
biological point detection and may be generally 
segmented into ones which interrogate chemical 
content (such as tryptophan or NADH), specific 
antigen-antibody binding (immunoassay), 
or DNA content. Today the benchmark for 
nonspecific biological screening is UV-induced 
fluorescence, while the benchmark for specific 
biological identification is immunoassay or 
PCR.
 Due to the complexity and cost of ownership 
of immunoassay and PCR sensors, system 
developers often combine a continuous, real-time, 
screening detector with an identification sensor 
that operates only after the screening detector 
alarms, an effective but complex and expensive 
approach. Recent advancements in miniature, 
label-free, optically based sensors such as SPR and 
biogel-based optical waveguides show promise for 
single-step detection systems.
 For all approaches to biological point detection, 
significant systems-level work remains in integrating 
efficient, low-power collector/concentrators and 
small, efficient fluidics-management subsystems. 
 Standoff biological detection continues to be 
a challenging problem, and current approaches 
are limited to active interrogation at optical or 
terahertz frequencies. 
 Conventional LIDAR may be used to detect 
and track aerosol (potentially biological) clouds 
at significant standoff range but provides no 
discrimination between biological and non-
biological aerosol particles. UV laser-induced 
fluorescence (LIF) may be employed in a standoff 
mode, similar to point detection, to provide 
discrimination between biological and non-
biological particles, but it requires substantial laser 
and optical collection power and may be severely 
range-limited. A combined LIDAR/LIF system 
overcomes the deficiencies of each approach. This 
is potentially a complex and costly solution that 
still provides limited information.
 Recently, biological species-level discrimination 
was demonstrated at standoff ranges using 
differential scattering with long-wave infrared 
LIDAR. The major advance came from the 
incorporation of a Support Vector Machine 
algorithm for detection and identification. 
 This is a breakthrough advance, but additional 
development will be required before fielding. Other 
advancements in active standoff interrogation 
methods such as LIBS, Raman and terahertz may 
provide alternative solutions to standoff biological 
and perhaps combined chemical and biological 
standoff detection. However, significant work is 
still required at the system level. n

Explosive 
Threats
Explosives detection is a 
form of chemical detection 
with unique challenges.

While many technologies 
for standoff detection of 
chemical vapors may be 
applied to the standoff 
detection of explosives, 
vapor and particulate sig-
natures from explosives are 
so small that reasonable 
standoff detection ranges 
have been challenging. 
Additional fundamental 
research and system devel-
opment is required to make 
any advances in this area. 

CBRNE  
Sensing
Over the last nine years, 
there have been contin-
uous advances in capa-
bilities for the detection 
and identification of threat 
agents. This year’s SPIE 
Defense+Security Sym-
posium in Orlando, FL, 
expanded its conference 
on chemical and biological 
sensing to include threat 
detections of radiological, 
nuclear, and explosive 
materials as well.

For the latest technology 
news about defense and 
security from the SPIE 
Newsroom, go to http://
spie.org/news-defense
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BETWEEN IMAGERY AND IMAGING, 

THERE IS ONE IMPORTANT WORD: HOW.

Santa Barbara Focalplane is infrared imaging. Delivering the most complete family of InSb focal plane 

arrays. Maximum sensitivity. High frame rates. Extreme megapixel resolution. Bringing mission-critical 

information into focus is all a question of how. And it is the how that makes all the difference.
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Many new products and devices use optical technologies to help the 
environmentally and tech-savvy consumer monitor and conserve energy.

 In 2007, the non-profit U.K. organization Energy 
Saving Trust reported that the world’s current love 
of personal electronics is thwarting efforts to help 
conserve energy. By 2010, “consumer electronics 
will become the biggest single sector of consumer 
electricity consumption,” the report says.
 So what’s an environment- and gadget-loving 
person to do? Fortunately, many new products 
are available that can help save energy—or even 
produce it.

Monitoring the present
 Appliances that monitor energy use in the 
home or small office can alert residents when 
energy use is too high or too expensive. 
Products like Ewgeco and Wattson 
use sensors and colorful displays 
to give visual reminders about 
everyday energy consumption.
 One  dev i ce  de s i gned 
for aesthetics as much as 
functionality is the Ambient 
Orb, by Ambient Devices. The 
Orb is a simple ball of glazed 
glass covering standard RGB LED 
lights that can be plugged into any 
110-V power outlet. Using a wireless 
Internet feed, the device changes color in 
a spectrum of green to red to relay information. 
Originally designed to glow depending on how 
stocks were performing, the Orb was adapted by 
Southern California Edison (SCE) in 2004 to 

help reduce power consumption during peak hours 
and marketed as the Energy Orb. SCE found the 
Energy Orb was amazingly effective at getting 
people to reduce power consumption. 
 “In studies, the Orb has proved as much as 
70% more effective than alternative modes of 
communication” used before, says Jen Revis 
Snider of Ambient Devices media relations.
 Now, SCE is introducing a new energy 
monitoring system, SmartConnect energy meters. 
Still in field tests, five million new solid-state 
electronic meters for households and small 
businesses will be rolled out between 2009 and 

2012. Integrating ZigBee two-way wireless 
mesh networks and Itron management 

systems with other technologies, the 
meters will transmit energy usage 

information and price to a cell 
phone, e-mail address, or Web 
site, with updates available 
every five to 10 seconds. SCE 
will be able to turn power 
on or off remotely. The new 

generation of meters will also 
accommodate solar panels or other 

alternate energy forms installed at 
a site.

Size for Everyone
 Environment-friendly devices don’t have to be 
big or designed for large systems. 
 LED lights, which work in small spaces, are 

Value in  
Integration
At a recent trade show, 
Microsoft, Google, GE, 
LG, Siemens, and other 
companies approached 
Southern California Edison 
(SCE) about integrating 
their smart appliances 
and home automation 
technologies with SCE’s 
new generation of smart 
meters.

“There’s a whole range of 
interest in how to enable 
customer value by linking 
this information with other 
products and services” 
that these companies 
offer, says Paul De Martini, 
director, Edison Smart-
Connect.

By	Beth Kelley
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becoming ubiquitous for their adaptability as 
well as for their energy-saving abilities. LEDs 
are used on holiday lights, display screens for the 
Ewgeco, Wattson, and the Ambient Orb, and in 
products such as Light & Motion or NiteRider’s 
bicycle lights.
 The Solio Universal Hybrid Solar Charger, 
manufactured by Better Energy Systems (BES), is 
a portable charger that uses solar panels and can 
be plugged into most small electronic devices such 
as cell phones, iPods, PDAs, or digital cameras.
 The  charger  u se s  both  wafe r-based 
polycrystalline silicon cells and a thin-film cell 
based on cadmium telluride. Its charge-loss rate 
is 2-5% per month, depending on temperature, 
altitude, and humidity, and its UL rating is four 
years, or eight years with a new battery. Keeping 
with the goal of trying to be as “green” as possible, 
BES is also looking into cellulose-based batteries 
to replace lithium, “making the battery even 
more eco-friendly,” says Tiffany Markofsky, a 
spokesperson for BES.

Future of Conservation
 Some promising products using optical 
technologies are moving beyond gadgetry.
 One product still in its infancy is a flexible 
organic solar cell developed by Bernard Kippelen’s 
group at the Center for Organic Photonics and 
Electronics, Georgia Institute of Technology 
(Atlanta, GA).
 Kippelen’s group uses a combination of 
pentacene and C60 to construct the cells. He 
originally looked at liquid crystalline materials 
because they exhibited large charge mobility. 
“However, the processing of these organic liquid-
crystalline semiconductors turned out to be quite 
challenging,” says Kippelen, “and we turned to 
highly ordered materials that are processed by 
physical vapor deposition. Pentacene was our first 
choice, and the combination with C60 turned out 
to be an efficient way to build organic solar cells.”

 These solar cells have an energy conversion 
efficiency of 2% under standardized AM 1.5 G 
conditions. The typical size of the solar cells is 0.1 
cm2, although Kippelen and his group are working 
on prototypes up to 3.82.
 While still in field-test stages, these flexible 
solar cells are capable of being attached to 
clothing, tents, flashlights, and other portable 
devices.
 “The early applications we envision are portable 
power sources for wireless sensors and RFID tags 
where highly conformable and flexible form 
factors are important,” Kippelen says. Before that 
can happen, though, “efficiencies will have to be 
increased, and extended lifetimes of several years 
need to be demonstrated in large area modules.”
 Another energy-saving optical technology 
that is beginning to see the light of day is the 
electrochromic (EC) window. EC windows can be 
“tinted” or darkened to block direct heat or bright 
sunlight and can be lightened during cold weather 
or when more light is needed. These windows 
have already proven functional in automotive 
rear-view mirrors and other smaller applications 
but are now poised for bigger applications. 
 Sage Electrochromics Inc. is the first company to 
mass-produce and sell large-panel electrochromic 
windows that can reduce peak loads for lighting, 
heating, and cooling up to 30% when compared 
to traditional energy-efficient glazed windows.
 The company has developed a monolithic 
solid-state electrochromic glazing technology that 
is durable enough for heavy use in commercial, 
industrial, government, and residential settings. 
A study by the National Renewable Energy 
Laboratory found that the windows easily survived 
100,000 tint/untint cycles, roughly equivalent to 
switching a window from tinted to clear nine times 
per day for 365 days across a 30-year lifespan. 
 The monolithic solid-state electrochromic glazing 
material consists of a stack of five ceramic metal oxide 
coatings on a single piece of glass. When a low voltage 
direct current of less than 5V is applied across the 
outermost layers, Li+ ions, which are deposited into 
a charge storage layer during production, move across 
the ion conductor layer into the electrochromic 
material at the same time as an electron is also 
inserted into the electrochromic layer. This causes 
the electrochromic layer to absorb light and appear 
tinted. When the voltage is reversed, the process is 
reversed and the product reverts to its clear or “off” 
state.

SPIE editor Beth Kelley is a frequent contributor to 
SPIE Professional. n

EC Window 
Study
There are still some kinks 
to be worked out with 
electrochromic (EC) win-
dows before they are likely 
to be adopted en masse. 
The fastest an 18-inch 
window can switch from 
clear to opaque is one to 
four minutes, and that time 
increases the colder the 
outside temperature is and 
the larger the window. And 
because they absorb heat, 
EC windows without a low-e 
coating could cause consid-
erable thermal discomfort.

A team at Lawrence 
Berkeley National Labora-
tory (Berkeley, CA) con-
ducted a three-year field 
study into the effectiveness 
of Sage’s EC windows in 
office settings. They found 
the windows functioned 
more effectively at control-
ling solar heat gain than 
controlling for visual com-
fort. Having an automated 
system rather than manual 
control was also found to be 
more effective in main-
taining comfortable working 
conditions.

“Even with deeply tinted 
EC glass of 3–5% daylight 
transmittance, many occu-
pants were still lowering the 
blinds when sunlight was 
in their field of view,” says 
Eleanor Lee, co-principal 
investigator of the study.

Photos courtesy of Sage
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Innovation Age
Where Will It Take the Human Race?
A British thought leader on innovation discusses how rapid scientific 
innovations of the current Innovation Age will impact our economic and 
political systems—and the very future of the human race.

By	Sir John Chisholm

 Darwin conceived of evolution as a steady 
process of adaptation, but scientific evidence 
now points to long periods of relative equilibrium 
punctuated by rapid uptake of evolutionary 
innovations, sometimes in response to catastrophic 
natural events. 
 The massive Toba eruption 70,000 years ago in 
Indonesia, for instance, 3000 times more powerful 
than Mt. St. Helens, posed a global challenge 
to animal and plant 
species and reduced 
the human race to 
possibly no more than 
1000 couples in Africa. 
Necessity appears to 
h a v e  d r i v e n  o u r 
distraught ancestors to 
adapt to the challenge, 
probably by developing 
n e w  a n d  u n i q u e 
capabilities for social 
interaction. They used 
the climatic variation of the resulting mini Ice 
Age to cross the Sahara and spread east and west 
across the globe.
 Today we are all participating in an evolutionary 
event every bit as dramatic. It is the Innovation 
Age, and the rapid scientific innovations and 
adaptations at the heart of it will no doubt have 
a major impact on our economic ecosystem, the 
political power balance across the globe, and the 
very future of the human race.
 The current Innovation Age started in Britain 
at the end of the 18th Century and continues 
to change human society at a brisk pace. 
Instantaneous global communication—itself a 
product of the Innovation Age—has allowed 
people all over the world to quickly learn what 
others are doing to resolve common problems 
and apply their own new ideas and techniques 
to solve them.

Evolutionary Fits and Starts
 Advances in innovation and adaptation usually 
come in fits and starts. Humankind mastered the 
art of social coordination we know as civilisation 
at seven locations independently around the 
world, the earliest being the Egyptian and 
Mesopotamian civilisations, both around 3000 
BC. That turned hunter-gatherers into people 
who produced things such as goods and services. 

The Egyptians, Greeks, 
R o m a n s ,  A r a b s , 
Chinese, Indians, and 
even the civilisations in 
the Americas all made 
some modest and slow 
progress in organisation 
and production.
 Then everything 
suddenly  took  o f f 
almost vertically, and 
it is climbing more 
steeply now than ever. 

According to California economist Bradford 
Delong, in the 2000 years between the start of 
Roman times and 1800, world GDP had expanded 
just 100%, but in the 200 years since, it has 
expanded 30,000%.
 Why didn’t it happen sooner? And what were 
the circumstances that created just the right 
mixture for this evolutionary change to take 
place? 
 According to another economist, William 
Baumol, it was the coming together in one place 
and time of three phenomena that had never 
coexisted before. They were:
•	 The rule of law (Entrepreneurs could amass 

wealth without fear of arbitrary confiscation.)
•	 A ferment of scientific discovery (Boyle, 

Hooke, Newton, etc.)
•	 The new concept of liberal economics proposed 

by Adam Smith

Sir John Chisholm, an 
engineering gradu-
ate of Cambridge 
University, is chairman 
of QinetiQ, a leading 
international defense 
and security company. 

Science	 is	one	of	the	key	 in-

gredients	for	novelty,	which	is	

perhaps	why	there	 is	said	to	

be	 more	 new	 science	 done	

every	 year	 now	 than	 in	 the	

whole	of	 the	history	of	man-

kind	up	to	World	War	II.

– Sir John Chisholm
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The latter was the most important since Smith 
saw that wealth was not created by enlightened 
rulers but by the invisible hand of the market. 

Enlightenment “Rules”
 The idea that rule of law should stand above 
the power of the state traces back to Greek times, 
but mostly it had proved a feeble flame against the 
strength of the rich and mighty. By the 18th Century, 
the Protestant and Cromwellian revolutions had 
delivered a more robust legal framework. And 
mankind had started to think again. 
 Although the first glimpses of human beings 
using the power of their minds to assess observed 
phenomena and deduce logical conclusions 
can be traced back to Egypt’s Imhotep in 2500 
BC, humans have tended to prefer to believe in 
God(s) and the teachings of priests. Again, the 
Greeks were the first to build alternative world 
models. The Romans had little appetite for 
such effete pursuits, and the western Christian 
Church, which had a monolithic approach to 
truth, regarded all knowledge as deriving from the 
scriptures. This put back scientific progress in its 
area by 1000 years. Fortunately, Islam was much 
more heterogeneous. It saved Greek thought from 
extinction and contributed important critical 
commentaries. 
 The simultaneous rise of nation states and 
Protestantism broke the power of the Church 
and ushered in the Age of Enlightenment and a 
ferment of optimism that new discoveries could 
be made by applying mind to fact. 
 Suddenly the world was awash with new 
and disturbing thinking, some with painful 
consequences as in the French Revolution, when 
Adam Smith launched his idea that the state’s 
best plan was to forget trying to control economic 
activity but let the market do the job for it. 

Market and Social Evolution
 The British government was the first to adopt 
these principles, at least in the British Isles. The 
new United States of America was fortunate to 
be born into this tumultuous environment and 
made the ideal proving ground for this novel 
evolutionary mutation.
 Social evolution works faster than biological 
evolution because it does not have to wait 
while the advantaged mutants outbreed their 
rivals. In social systems, successful strategies are 
quickly copied. Baumol used this to explain the 
extraordinary power of innovation. Entrepreneurs 
innovate not to get rich but to avoid getting 
poor. Having once experienced the competitive 
success of innovation, they realise the same can 
be done to them. So, they must re-innovate to 

keep ahead.
 Innovation thus stirs up an irresistible positive 
feedback loop in the economic ecosystem, and 
only skills, resources, and regulation limit it.
 The Innovation Age is in full swing and we 
are all part of it. All over the world, people are 
looking at what others are doing and finding ways 
to improve on it. 
 Inexorably, the Innovation Age will reshape 
global power balance. Yes, countries such as the 
U.S. and U.K. can use advantages of culture and 
sophisticated industrial architectures to keep in 
front of the race, but at the speed information 
diffusion takes place, their frontrunner status 
will be brief.
 Inevitably, countries whose size once led them 
to dominate world GDP will once again do so. 
China and then India will overtake the U.S., and 
Brazil and Russia will be huge players, also. 
 Of course, the enfranchisement of the whole 
human race into the Innovation Age will create 
challenges for the environment, natural resources, 
energy, and pollution control. Just as the advent 
of liberal economics was allowed excessive licence 
due to the power of those benefiting from it before 
more balanced and sustainable regimes emerged, 
so the globe will doubtless suffer some deprivation 
while the Innovation Age and its environmental 
and macro-political consequences become more 
balanced. 
 Wars, politics and natural disasters are not being 
dis-invented by the Innovation Age. Inequalities 
coupled with ethnic differences have always been 
a potent source of conflict, and the Innovation 
Age is providing far more effective tools for the 
weak to strike back against the strong.
 That is why governments will continue to be 
vital players as sponsors of innovation for public 
purposes—whether that is security, health, 
environmental protection, or basic science. 
And that is why all of us engaged in innovation 
are participating in an historic evolutionary 
development, which, in the next 100 years, will 
make the world seem as different to us as the 
civilisation of the pharaohs would have been to 
our parents.

–Sir John Chisholm, chairman of QinetiQ, is a 
frequent speaker on technology, change management, 
and innovation. He was invited to speak on the subject 
of “Innovation and the Wealth of Nations” at this 
year’s SPIE Defense+Security Symposium. Chisholm 
is widely credited with transforming QinetiQ from 
a broad collection of research laboratories into a 
successful commercial business. n 

Globalization 
And GDP
The spectacular rise in 
world GDP shows no sign of 
slowing down and is actually 
getting steeper. That is no 
surprise since globalisation 
is steadily enfranchising all 
6 billion people in the world, 
not just the 500 million or 
so who have enjoyed free 
market benefits since World 
War II.

–Sir John Chisholm

Innovation 
Showcase
The 2008 Florida Innova-
tion Showcase, highlighting 
Florida’s hottest university 
technologies and research 
competencies for leveraging 
research and development 
efforts, especially with laser 
and optics technologies, was 
co-located with the SPIE De-
fense+Security Symposium 
in March. 
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Gold nanoparticles show promise in the detection of cancer and in the 
destruction of cancer cells without harming healthy cells.

	 	 	 	 	 	 	 	 	
By	André M. Gobin
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I Imagine a scenario where a routine blood test 
shows markers indicating a tumor. The type, size, 
and location of the main tumor are not known 
with great precision (except for palpitating by 
the doctor in suspected areas) nor is there any 
knowledge of potential metastases. 
 Now, imagine an injection of smart gold 
nanoparticles into the patient’s bloodstream. 
Innocuous to the body, these particles accumulate 
in various locations where there may be 
malignancies, binding to even very small tumors 
with new vasculature. 
 Next, a full body scan reveals the exact location 
and dimensions of the tumors based on increased 
contrast—also built into these particles. Localized 
scans allow the particle to reveal malignancies 
based on reactions on the particles’ surface, 
which increase their visibility or release a marker 
identifying the tumor type.
 A laser is then used with a fiber optic delivery 
system to illuminate these precise locations. The 
laser and nanoparticles heat the tumor from 
within and destroy it while surrounding tissue is 
left unharmed. Later, dead cells and nanoparticles 
are resorbed and removed by the body’s natural 
defense systems.
 The day when new optical imaging technologies 
can offer hope for more accurate diagnoses and 
treatment of cancer is coming, and plasmonic gold 
nanoparticles will form a foundation for the full 
realization of these goals.
 The excitation of electrons on the surface of 
metal nanoparticles with specific wavelengths 
of light can lead to localized heat generation 

sufficient to rupture a cell membrane and destroy 
malignancies.

Inert Gold
 Gold makes a particularly interesting and 
relevant material for building nanoparticles 
for medical devices due to its long standing in 
medicine as being inherently inert. Even at 
nanoscale dimensions, gold is relatively innocuous 
to cells and the human body. The plasmon 
resonance of spherical solid gold nanoparticles 
(gold colloid) makes them appear red in suspension 
(peak absorption of energy at ~ 500-530 nm 
wavelength)—similar to hemoglobin of blood. The 
main components of tissue, water, and hemoglobin 
have minimal interaction with light of wavelengths 
between 650-950 nm.  These near infrared (NIR) 
wavelengths are relatively unimpeded by tissue 
components, so this is an ideal region for selectively 
creating plasmonic-based therapies.
 The latest classes of gold nanoparticles, which 
can be tuned to produce plasmon resonance in 
the NIR range, are of various shapes and sizes. 
They include spherical nanoshells, elliptical 
nanorice, elliptical solid gold nanorods, and cubic 
nanocages.
 Spherical nanoshells, developed at Naomi 
Halas’ lab at Rice University, were first used for 
cellular ablation and successful in vivo treatment 
of cancer tumors by Rice’s Jennifer West. 
Nanoshells are probably the furthest along in 
development into a therapeutic product, which 

Cancer 
Costs
Cancer is a devastating 
disease that extracts 
a tremendous cost on 
individuals, families and 
our society. The number 
of deaths and treatment 
costs are staggering. It is 
the second leading killer 
in the United States, with 
approximately one in four 
deaths due to cancer. 
Treatment costs are  
estimated at well over 
$200 billion. 

With new technolo-
gies being developed 
in optical imaging and 
detection, the sensitivity 
and accuracy of diag-
noses are increasing, 
leading to more lives 
saved. Nanomaterials 
with plasmonic properties 
(SPIE Professional, July 
2007) offer new hope for 
treatment and detection 
of cancer. 

Nanoshells with a 
targeting molecule can 
specifically bind and 
allow photothermal 
ablation of prostate 
tumor cells. The figure 
shows cells that were 
incubated with target-
ing nanoshells and 
subsequently treated 
with a NIR laser for 
5 minutes. By using 
fluorescent stains, live 
cells appear green 
and dead cells appear 
red. The image shows 
confinement of death 
to just the cells in 
the spot of the laser 
beam. A scale bar (500 
microns) is shown for 
size comparison.

Figure 1 by James Moon. 

André M. Gobin

Continued on page 22  
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A close-up of a single prostate tumor cell from the experiment shown in the figure on page 21. The 
tumor cell is covered with nanoshells that were specifically designed to bind to receptors overex-
pressed on this cell type. Each point of light represents a single nanoshell. Scale bar = 10 microns.
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Gold  
Experiment
Shuming Nie and his 
research collaborators at 
Georgia Tech and Emory 
University published the 
results of their studies in-
jecting mice tumors with 
gold nanoparticles in the 
January issue of Nature 
Biotechnology (http: 
//tinyurl.com/ywcmk4) 

will have a broad impact on cancer treatment in 
a minimally invasive procedure. 
 Nanoshells are composites consisting of a gold 
layer (shell) on the surface of a solid dielectric core 
of silica. For therapeutic applications, nanoshells 
can be easily fabricated to dimensions that allow 
both scattering of NIR light as well as absorption, 
properties that allow detection and treatment, 
respectively.

Sticky Gold
 The gold surface of nanoshells actually makes it 
easy to attach other molecules, which can confer 
targeting and stealth ability to the particles. In vitro 
targeting to malignant human breast cancer cells, 
medulloblastoma, gliomas and prostate tumor lines 
have been successful in demonstrating preferential 
binding and cellular ablation of targeted cells, with 
no effect to normal cell lines in close proximity.
 Nanospectra Biosciences in Texas, exclusive 
licensee to Nanoshells, is developing these 
particles into therapies and beginning human 
clinical trials of patients with recurrent head and 
neck tumors in 2008.

Fabrication Challenge
 Nanorods are solid cylindrical particles of gold that 
have strong, predictable, tunable plasmon resonance 
depending on the length to diameter (L/D) ratios. 

At an L/D of approximately 4, there is a strong NIR 
resonance at 800 nm, making these suitable for work 
in biological systems similar to gold nanoshells. 
However, the fabrication process for nanorods growth 
involves the use of a surfactant considered cytotoxic. 
This complicates the process slightly, although these 
nanoparticles can and have been processed to the 
point where they can be used in vivo.

Promising Nanoparticles 
 Another composite NIR plasmonic nanoparticle 
is the “nanorice” also out of Halas’ lab at Rice. 
These have a core shell structure like nanoshells. 
However, their elongated geometry imparts higher 
intensity local fields in the particle as a result of 
the plasmon resonance of the electron in the 
shells. As with spherical nanoshells, the peak 
resonances of nanorice can be shifted to different 
wavelengths by adjusting shell thicknesses.
 The spectral profiles of these particles display 
the dominant resonance at longer wavelength due 
to the longitudinal resonance within the particle 
and a smaller peak due to transverse resonance, 
similar to nanorods. Nanorice is made with a core 
of hematite: iron oxide, Fe2O3. The tunability of 
these particles and higher intensity fields could be 
useful in enhancing spectroscopic techniques for 
characterization of large molecules such as DNA 
and proteins.
 Nanoshells with a gold sulfide core are also being 
developed and studied. They are two to three times 

t Continued from page 21

Additional 
Reading
In SPIE  
Newsroom
• Nanophotothermolysis of 

Cancer Cells (http://spie.
org/x8356.xml)

• Tiny Treatments Promise 
Big Results (http://spie.
org/x19516.xml)

• Recent biomedical news: 
http://spie.org/news-bio-
medical.
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smaller than gold/silica nanoshells and have higher 
absorbing efficiencies. These have the potential for 
treatment of a wider variety of tumor types and for 
use in smart drug delivery systems.
 Nanocages are an even newer class of 
nanoparticles. These are cubic and made through 
a silver precipitation process with sodium sulfide. 
These particles exhibit strong NIR resonances 
with side walls around 45nm in length and can be 
synthesized to have a gold-silver alloy with up to 
25% silver, allowing the particles to have some of 
the surface characteristics of gold nanoshells and 
nanorods.
 These gold-silver nanocages can be conjugated 
with antibodies, and in vitro these can photo-
thermally ablate cells upon exposure to NIR laser. 
These nanocages exhibit large absorbing cross-
sectional areas similar to that of nanoshells. With 
easy manufacturing processes, they may prove 
useful in therapeutic applications in the future.
 NIR-absorbing gold nanoparticles have utility 
in many aspects of biomedical therapies, not just 
cancer therapy. Nanoshells have been used to 
demonstrate heating and bonding of tissue using 
a technique where tissue is “welded” together 
with NIR-absorbing nanoshells suspended in a 
protein “glue.” Nanoshells have also been used 
to create extremely sensitive detection systems 

based on shifts in the resonance of the particles 
as specific molecules of interest bind to them, 
causing aggregation of the particles.
 The ability to create NIR-resonant nanoparticles 
with different core materials means that we will 
have particles that can increase MRI imaging 
contrast in the future, allowing us to locate small 
tumors situated deep within the body. The high 
resolution of optical systems combined with 
these nanoparticles can allow information to be 
obtained to determine malignancies’ location and 
dimensions with greater accuracy. 
 Conjugation of targeting molecules and cleavable 
peptide sequences to the nanoparticles can enable 
tuning of the behavior of these nanoparticles to 
provide information at a cellular level.
 All of these developments are in the pipeline 
and are leading to an exciting future where a 
smart golden bullet with unprecedented accuracy 
seeks out even the smallest tumors and allows 
their destruction with light.

–André M. Gobin is assistant professor of 
bioengineering at the University of Louisville where 
he directs the Nanotherapeutics Laboratory. His 
PhD in bioengineering is from Rice University and he 
received his B.S. in chemical engineering at Cornell 
University. n
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Hot Topics
 “Imaging and Treatment 
of Cancer Using Gold 
Nanoparticles” was one 
of several standing-room-
only hot topic sessions 
at BiOS 2008 in January. 
Rebekah Drezek of Rice 
University, who served as 
a panelist and as a work-
shop moderator on the 
subject of gold nanoparti-
cles at BiOS, worked with 
André Gobin and others 
on gold nanoparticle 
research at Rice.
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Brian Lula, a respected CCD 
astronomical imager and 
educator, says success with 
his hobby and his career stems 
from “the love of the sky and 
the tools to reach for it.”

By	Brian Lula

Brian Lula, a respected CCD 
astronomical imager and 
educator, says success with 
his hobby and his career stems 
from “the love of the sky and 
the tools to reach for it.”

By	Brian Lula
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M My passion for the sky began in 1960 when my 
Dad took me outside one evening to watch the 
ECHO 1 satellite glide over our house in Toronto. 
I was only 5 at the time, but from that point on, 
I remember going to the library almost weekly 
to read books on astronomy, telescopes, space 
exploration, and machines. 
 We were very poor, so getting a telescope 
was out of the question even though I waited 
anxiously every Christmas for one to appear 
under the tree. When I was 10, I chanced upon a 
broken cardboard telescope that was sticking out 
of a neighbor’s garbage can. With lenses I removed 
from an old “box” camera (bought for pennies at a 
Salvation Army store), I tinkered with that scope 
until I was able to make it work. 
 What an unbelievable sight when I pointed 
the scope at the moon for my “first light!” I could 
actually see individual craters on the moon. 
The optical quality was truly suspect, but to this 
day, few sights through a telescope have been as 
memorable.
 Through high school, every extra-curricular 
project in my mechanical drafting and machine 
shop classes involved making a part for my 
telescope. In fact, I won a high school achievement 
award for both machine shop and mechanical 
drafting, and one of the fathers in the audience 
at my graduation offered me a summer job at 

his company as a machinist. I worked there as 
a production machinist for the remainder of my 
schooling. I couldn’t have been more fortunate 
because it paid for my education and living 
expenses and the flexible hours accommodated 
my class schedule.
 In my mechanical engineering classes at college, 
every design and fabrication project conveniently 
centered on a specific telescope component or 
system that was part of my “master” plan. I had 
a mission and was creative incorporating various 
technologies into my projects to satisfy the 
curriculum requirements. 
 One such project was a mirror-grinding 
machine, but it had to incorporate pneumatic 
and hydraulic control. I convinced my professors 
that grinding, polishing and correcting a large 
aspheric mirror was a significant mechanical 
engineering project if one was to understand the 
mechanisms for glass fracture and wear patterns 
during grinding and then material flow during 
polishing. With the promise I would introduce 
a new technology to our engineering class, the 
college bought me a 12.5-inch mirror grinding kit 
from Edmund Scientific, and away I went working 
on it with the grinding machine I had built the 
previous semester. 

Picture  
Of the Day
On the cover of this issue 
of SPIE Professional and 
below is Brian Lula’s dra-
matic close-up photo of the 
Elephant’s Trunk Nebula 
in IC 1396, which was also 
featured in NASA’s As-
tronomy Picture of the Day 
on Oct. 18, 2007.

He exposed the interstellar 
dust and gas from the 
constellation Cepheus for 
16 hours with 6nm band-
pass Ha, OIII and SII filters 
with an SBIG STL6303E 
CCD camera, and a 32cm 
f/4 Newtonian Astrograph. 
It was then processed in 
a modified Hubble color 
palette. The filters transmit 
the light from hydrogen (in 
green), sulfur (in red), and 
oxygen (in blue) atoms. 

Nearly 3,000 light-years 
from Earth, the relatively 
faint IC 1396 complex 
covers a large region of the 
sky, spanning about 5 de-
grees. This photo covers a 
½-degree-wide field, about 
the size of the full moon.

Fun in the Sky
Brian Lula says he is 
simultaneously thrilled and 
humbled to see magnificent 
astroimages from col-
leagues who have captured 
events or objects in excep-
tional seeing conditions 
and used their processing 
prowess to show details 
that awe the professionals. 
“This is all part of the fun,” 
he says.
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Elephant’s Trunk Nebula in IC 1396

Continued on page 26  
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could see immediately after exposure whether the 
acquisition was successful.
 The CCD camera was also wonderfully linear 
compared to film, which experienced reciprocity 
failure over longer exposures, an effect analogous 
to a car slowing down the more you drive it. 
 Since the mid 1990s, the ever-increasing goals of 
higher resolution, longer exposure, and wider field in 
astronomical imaging placed new demands on the 
optical and mechanical performance of even amateur 
astronomical equipment. I learned many hard lessons 
building new equipment—and a 12-foot-domed 
Heaven’s Glory Observatory in my backyard—to 
keep pace.
 Many of these engineering issues remain as hot 
topics for the next generation of extremely large, 
ground-based telescopes at SPIE’s conference on 
Astronomical Telescopes and Instrumentation. 

Shutter Bug
 To say I was bitten by the astronomical imaging 
bug is putting it mildly.
 Every clear night is a red carpet invitation 
to explore the heavens, and I have frequently 
attempted to go deeper than even professional 
observatories had gone before. In the early days 
of amateur CCD astroimaging, single exposures of 
five minutes were considered lengthy even though 
that matched the performance of long-exposure 
film. We were quite satisfied with that, but as 
the years progressed, we stretched these out to 
10 then 20 and now even up to 60 minutes for a 
single exposure.
 Total exposure times of 30 to 40 hours to 
capture the full depth of very faint astronomical 
objects are also increasingly common with 100-
plus-hour exposures being reported for mosaics 

 The next project was an observatory-class 
telescope mount and then a primary mirror 
suspension system. I am truly grateful to my 
teachers and professors for their continual 
encouragement and support.
 My first full-time job after college was in the 
engineering department of the company where I 
had worked as a machinist during school. Having 
developed production skills there in machining 
as well as metal forming and welding, I had an 
advantage over the newly hired younger engineers 
in the company. This led to early supervisory roles 
and a little extra money for a larger telescope. 

Photographing the Galaxies
 The advent of CCD cameras for amateur 
astronomers in the mid 1990s sent a shock wave 
through the astronomical imaging community. For 
those of us who had worked with the complexity 
of film emulsions and its shortcomings, the new 
CCD technology was revolutionary. What had 
previously taken hours with film could now be 
recorded in minutes and with greater depth due 
to the quantum efficiency of the CCD. Instead of 
waiting days or weeks—or possibly never—you 

Lula says he can’t think of a better use for a 
kitchen table than to work on a telescope in the 
wee hours of the morning.

Fatherly Glory
Brian Lula’s Heaven’s Glory 
Observatories are dedi-
cated, in part, to his father. 

“My Dad was very critical in 
the early years when he saw 
me spending hard-earned 
money on mirror-grinding 
kits or parts for my tele-
scopes,” Lula says. 

“He eventually came to 
understand what it meant 
to me. Before Dad passed 
away in 1999, I showed him 
some of the new images I 
had taken through a new 
20-inch scope I had just 
built. We enjoyed talking 
about how my ‘stupid’ 
telescope-making ideas had 
turned out.”

t Continued from page 25

Lula designed and built Heaven’s Glory Observatory I in 
his backyard in central Massachusetts with the help of 
his entire family. It was completed in 1996.
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Image  
Challenge
There are many things that 
conspire to ruin an astro-
nomical image, ranging from 
air turbulence, light pollution 
gradients, focus stability 
and tracking, collimation, 
lost guide stars, equipment 
malfunctions, wind, bugs, 
etc. 

One of the most difficult 
challenges is processing the 
images, Lula says. “It has 
taken me years to learn the 
many software tools and 
to develop techniques that 
provide a delicate balance 
between aesthetics and 
relative accuracy in the color 
balance of stars, galactic 
nebula, and galaxies in 
RGB compositions. I have 
spent thousands of hours on 
this aspect alone and have 
found it sometimes takes 
longer to process an image 
than to acquire it.”

The efforts have paid off, 
however, with many of his 
images appearing in popular 
astronomy magazines, pro-
fessional trade journals, TV 
news programs and in a per-
sonal exhibit at the Smithso-
nian Air & Space Museum in 
Washington, D.C.

where an imager stitches together a much larger 
image field from single image frames. 
 Over the last five years, the quest for imaging 
depth has also prompted an exodus of serious 
imagers from suburban areas to dark sky sites in 
the mountains of the U.S. Southwest, Chile, 
Australia, and the Canary Islands—precisely 
where the professional installations are and for 
the same reasons. 
 This quest was also compelling for me. In 
2004, I began construction of a remote-controlled 
imaging observatory in the mountains of New 

Photos courtesy of Brian Lula.

Mexico near the National Solar Observatory 
in Sunspot. Heaven’s Glory Observatory II 
became operational in January 2006 and remote-
controllable from my home base 2500 miles away 
in central Massachusetts—or anywhere—in 
February 2007.
 To operate the observatory from wherever I 
happen to be in the world is quite a thrill.

Hobby Helps Career
 For 25 years, my professional career has remained 
close to my intrinsic interest in optics, precision 
mechanisms, and astronomical instrumentation. 
I’ve held a number of leadership positions in 
engineering and corporate management, including 
president of the North America operations of 

truly in awe of the ability of our engineers and 
scientists to design and manufacture products that 
satisfy the demanding nanopositioning applications 
astronomers need. 

Networking and Mentoring
 For many years, the quest to create telescopes, 
observatories, and images was a private exercise 
because of time constraints with family, career, and 
church, and I had very little interaction with other 
enthusiasts. Now with the Internet, it is much easier 
to correspond with others, post images to the Web, 
and seek and provide advice. My Web site (www.
heavensgloryobservatory.com) became quite active 

Serious astronomical imagers seek out the dark skies of mountainous areas in Chile, Australia, the 
Canary Islands or the American Southwest. Lula built his remote-controlled Heaven’s Glory Observa-
tory II in New Mexico.

Physik Instrumente for the last 14 years. PI is a 
world leader in piezo-based nanopositioners and 
manufactures piezo stages and actuators for many 
applications in semiconductor, microscopy, and 
professional astronomy instrumentation.
 Many professional astronomical telescopes use 
PI’s hexapod micropositioners and high-speed 
tip/tilt positioners for secondary and tertiary mirror 
collimation and image stabilization, respectively. 
KECK, UKIRT, SUBARU, SALT, GEMINI, 
LAMOST, ALMA, VLT are but a few of the projects 
for which we have provided motion systems. I am 

Continued on page 28  
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Observations
• The Lijiang Telescope in  

southwest China is the  
world’s largest auto-
matically controlled eye 
looking into the sky. Built 
by Telescope Technolo-
gies Limited in England 
for 3 million euros, the 
telescope uses a Schott-
made mirror substrate 
2.45 meters in  
diameter.

• The $400 million Large 
Synoptic Survey Tele-
scope under development 
in Chile is expected to 
begin celestial observa-
tions in 2015, surveying 
the entire sky every three 
nights and quickly making 
the images available on 
the Internet with a camera 
that will be the world’s 
largest and most powerful 
digital device. The LSST is 
a public-private partner-
ship headquartered in 
Tucson, AZ.

• SOFIA, the Stratospheric 
Observatory for Infrared 
Astronomy, is a literal 
flying eye on the sky. The 
joint project of NASA and 
the German Aerospace 
Center is a 19-ton tele-
scope that can get a clear 
view of the universe from 
the tail of a jumbo jet 
flying at 12,000 meters. 
(http://www.sofia.usra.
edu/)

and so did my interaction with local astronomy clubs 
and schools.  I also began to be  invited to speak at 
local and national gatherings of amateur telescope 
makers. This outreach was rewarding but especially 
when young people were involved. No one looking 
for the first time at the moon or Saturn through a 
telescope eyepiece cannot be stirred emotionally. 
 My hope is that these simple interactions with 
the wonders of the heavens will be the seeds for 
these young people that germinate into careers in 
engineering or science.

 When young people today express a desire to 
learn about telescope making, I encourage them 
strongly to pursue this hobby. The sky is truly the 
limit as they consider careers based on optical 
technologies. Understanding the fundamentals of 
telescope system design, from optics to mechanics 
to controls, can vault a young person to the head 
of his/her engineering or science class.
 The growth in optical-based communications, 
digital imaging, and optical-based sensors 
in a multitude of consumer products and 
defense/security applications means that opto-
mechanical and electro-optical engineers can 

Sh2-157 Emission Nebula Region in Cassiopeia. Both of Brian Lula’s narrowband images were taken 
from Heaven’s Glory Observatory I in rural Massachusetts in November 2007. The  exposure times 
were 240, 225, and 225 minutes, respectively, with 15-minute sub frame exposures using  Ha, OIII, 
and SII filters  in an FLI 6303E CCD camera with his 12.5-inch F/4 homebuilt Newtonian Astrograph.

NGC6888 Crescent Nebula of Cygnus.

t Continued from page 27
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look forward to rewarding career opportunities. 
It is amazing to me how many of my SPIE 
colleagues can point to an interest in optics 
that developed from some interaction in their 
childhood with telescopes. 

Priorities and Balance
 How did I find time for all the telescope 
and observatory construction projects and 
the acquisition and processing of so many 
astronomical images? 
 As many of my colleagues are aware, there 
are many working hours between sundown and 
sunup. If it is your passion, it becomes a priority. I 
can’t count the number of times I saw the sun rise 
as I built my telescope equipment and accessories 
or had an all-night imaging session. (The ability 
to automate observatory operation couldn’t have 
come at a better time. “All-nighters” take much 
more of a toll these days, and increasing age makes 
one re-evaluate priorities.)
 More important, though, is balance and 
commitment. I have worked hard to keep this 
passion from interfering with other important 
priorities of my life. At times, it hasn’t been 
easy. My wife Linda has been patient and 
understanding, and I am very thankful. This work 

could never have been accomplished without her 
support. She helped many times in the design and 
construction of the observatories. I made them 
look sterile and scientific, but her input made the 
observatories quite aesthetic. 
 Linda has her own passion for interior design. 
And by example and encouragement from us, our 
three daughters have found their own personal 
and constructive passions. (One daughter is 
receiving her BSc this year in biomedical imaging 
from RIT.) 

–Brian Lula is president of Physik Instrumente 
LP, a world leader in nanopositioning technologies, 
and secretary/treasurer of SPIE where he serves on 
the Board of Directors and as chair of the Finance 
Committee. A newly elected SPIE Fellow, he has 
a degree in mechanical engineering from Centennial 
College, Ontario, and completed advanced engineering 
courses at the University of Michigan. He is a lifetime 
member of the Springfield Telescope Makers and 
a judge of its national amateur telescope making 
competition held at its annual Stellafane Convention 
in Vermont. More information and photographs of 
Lula’s astronomical images and telescope making:  
http://www.heavensgloryobservatory.com n

The “business end” of Brian Lula’s 20-inch RC telescope in New Mexico shows his custom designed 
dual port scanning off-axis star guiders, instrument rotator, CCD cameras, etc. Photo taken in De-
cember 2005, just before his Heaven’s Glory Observatory II in New Mexico became operational. 

Synergies between 
ground- and space-based 
technologies to explore the 
universe will be the theme 
of the SPIE Astronomical 
Telescopes and  Instru-
mentation Symposium in 
Marseille, France, 23-28 
June. 

See page 47 for more infor-
mation.
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Students Are Active Participants  
In Optics, Photonics Community
UConn Students Driving Force in Photonics Cluster
 Optics industry leaders, academic researchers, and government 
officials in Connecticut have joined with an SPIE Student 
Chapter to form the Connecticut Optics and Photonics 
Association (CTOPA). The new industry group will promote 
optics-based technology and research in the state.
 After an inaugural summit meeting in October at which 
veteran optics cluster organizer Robert Breault discussed how 
to maintain a successful optics trade association, CTOPA 
launched a seminar series at the University of Connecticut that 
has garnered interest from optics students and professionals 
from Boston to New York City.
 Anastasios Maurudis, Christopher M. Falkner, Nathan 
White, and other members of the SPIE Student Chapter at 
UConn began organizing CTOPA last fall. 
 “The true sign of success came when we formed our 
association and elected our first board of directors in February,” 
Maurudis said.

 B o a r d  M e m b e r s 
g a t h e r e d  a t  S P I E 
Photonics  West  in 
January to share their 
success story with other 
photonics clusters from 
around the  wor ld .  
From left  to r ight: 
Anastasios Maurudis, 
PhD cand ida te  a t 
UConn and co-founder 
of CTOPA; Holger Schlueter, vice president of laser 
production and development at TRUMPF; Robert Breault of 
Breault Research Organization and founder of several optics 
and photonics clusters; Eugene Arthurs, CEO of SPIE who 
formerly worked in Connecticut; and Richard Rogoff, vice 
president, ASML-Optics. n

Participate in the preeminent event focused on the future of imaging.

Get an insider’s look at the technologies. Meet the leaders who can help 
you with your research and your career. Find the right teaming 
opportunities.

Don’t miss being part of the excitement at Electronic Imaging 2009.

IS&T/SPIE 21st Annual Symposium

Abstract Due Date: 16 June 2008

electronicimaging.org
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S Singapore is the site this summer of a 
conference of SPIE Student Chapters, in what 
organizers hope will be the first of many such 
regional meetings of Student Chapters in Asia.
 As the 2008 host, the SPIE Student Chapter 
in Singapore is offering free accommodations to 
one representative from each Student Chapter 
in Asia who attends and partial funding for 
other travel costs. The meeting is co-located 
with the 9th International Symposium on 
Laser Metrology, 30 June-2 July, at Singapore 
Management University.
 Activities will include presentations on chapter 
activities in China, India, Taiwan, and elsewhere 
in the region, a training workshop for the Hands-

On Optics educational enrichment program, and 
meetings with SPIE President Kevin Harding and 
SPIE Board member Anand Asundi. 
 Asundi, adviser to the Singapore Student 
Chapter and chair of the Laser Metrology 
Symposium, suggests that students who plan to 
attend also submit a paper to the Symposium to 
make this a two-for-one visit. “It will also be easier 
to get visas processed,” he says. Any SPIE Student 
Chapter member may attend.
 Visit http://www.spiesingapore.org/, winner of 
the 2007 SPIE Chapter Web site contest, for more 
information about the student conference. For more 
information about the Laser Metrology Symposium, 
see page 44 or visit www.lm2008.org. n

Singapore to Host Regional Student Chapters Meeting 

Newport Spectra-Physics Supports Student Travel
 The Newport Spectra-
P h y s i c s  R e s e a r c h 
Excellence Travel Awards 
Program provided funding 
for 15 university students 
to present their papers 
at SPIE Photonics West 
in January where they 
gained exposure to new 
research and technologies 
and met other students 
and professionals. 
 Randy Heyler, director 
of strategic marketing 
for Newport, presented 
the awards at an awards 
luncheon. Recipients 
are:
• Taeyoung Choi, University of Arizona
• Eric Diebold, Harvard University
• Juejun Hu, MIT
• Toufic Jabbour, University of Central Florida
• Chih-wen “Wendy” Kan, University of 

Texas at Austin
• Matthew Lew, California Institute of 

Technology
• Yuting Lin, University of California, Irvine
• Supraja Murali, University of Central 

Florida
• Jaesook Park, University of Texas at Austin
• Narasimhan Rajaram, University of Texas, 

Austin
• Tina Shih, Harvard University

SPIE Has 
Wealth  
Of Technical 
News
SPIE offers free technical ar-
ticles in the SPIE Newsroom 
and in its monthly member-
ship e-newsletter, in keeping 
with its role as a catalyst for 
information exchange among 
members who utilize light in 
their research and applica-
tion solutions.

 Each month in the SPIE 
Member News, members 
receive a link to a free paper 
from the SPIE Digital Library. 
Watch for information about 
the free SPIE Digital Library 
download in your next e-
newsletter.

The SPIE Newsroom (http://
spie.org/newsroom) also 
covers the latest in optics 
and photonics worldwide 
with industry technical 
reports, video and news 
feeds organized around 13 
technical communities; free 
Webcasts on hot topics such 
as solid-state lighting and 
advanced lithography; up-
dates on the latest products; 
and links to news items in 
the trade and general press.

 Within the SPIE Newsroom, 
SPIE.TV also delivers video 
coverage from selected 
events, professional devel-
opment seminars, and inter-
views with experts. Technical 
articles and news announce-
ments are added to the site 
daily, and options are avail-
able to receive monthly  
e-mail alerts on specific 
topics or more frequent up-
dates via an RSS reader.

• Leo Siiman, University of Central Florida
• Mingzhen Tang, University of North 

Carolina at Charlotte
• Nitin Uppal, University of Texas, Arlington
• Hongying Zhu, University of Missouri, 

Columbia.
 Newport Spectra-Physics donated $15,000 for 
student travel awards this year and has helped fund 
the grant since 2004.
 Any student with a paper accepted for SPIE 
Optics + Photonics or SPIE Photonics West can 
apply for an SPIE Student Travel Grant and is 
automatically considered for the Newport Spectra-
Physics Award. More information about the award: 
spie.org/newportgrant. n
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SPIE to Recognize “Senior” Members
 SPIE’s Membership Committee has created a new “Senior 
Member” recognition program to honor members with at 
least five years of significant contributions to the optics and 
photonics community.
 Separate from the Society’s Fellows program, the 
Senior Member designation will be accessible to a broader 
group of active SPIE members who have 
shown outstanding leadership in educational 
outreach, project management in industry 
or government, or in entrepreneurial 
operations.
 “The Senior Member program will honor 
SPIE members who have made significant 
technical accomplishments in patents, product engineering, 
and publishing as well as those contributing to education and 
organizational efforts,” said Kevin Harding, SPIE president. 
“In the Society, we have many volunteers who, over the 
years, have served the professional community as educators, 
program managers, conference chairs, and SPIE committee 
members who deserve recognition for their service advancing 

the discipline and the Society.”
 A minimum of five years of continuous regular SPIE 
membership or active volunteerism is required for nomination 
as a Senior Member. Senior Members must also have at least  
10 years of significant professional experience and achievement 
in industry or academia. Credit in this latter category may be 

given for years spent earning an academic 
degree.
 Recognition for technical and professional 
excellence among your peers and a letter of 
commendation from SPIE to your employer 
are just two of the benefits of this new SPIE 
program.

 Those interested in being named an SPIE Senior Member 
can nominate themselves or be nominated by a colleague or 
mentor. Deadline for submitting nomination materials for 
Senior Member status is 8 September. Successful candidates 
for 2009 will be notified in November of this year.
 For more information and nomination forms, see http://spie.
org/seniormember n

SPIE Is Major Sponsor at RIAO-OPTILAS
 SPIE is a major sponsor and participant in RIAO-OPTILAS, 
the conference of Latin American optics researchers held 
every three years. 
 “RIAO-OPTILAS is a vital link for enhancing collaboration 
among optics researchers in the region, and the discussions are 
very valuable for future research projects,” said Maria Yzuel, 
SPIE’s 2008 president-elect who attended the October 2007 
conference in Campinas, Brazil, with others from SPIE.
 RIAO-OPTILAS merges two formerly independent 
events: RIAO (Reunion Iberoamericana de Optica) which 
began in 1992 in Barcelona, and OPTILAS (Encuentro 
Latino Americano de Optica y Laseres), first held in 1984. 
Professor Jaime Frejlich of the Universidade Estadual de 
Campinas (UNICAMP, Sao Paulo, Brazil) chaired the 2007 
conference organizing committee. In addition to SPIE and 
the International Commission for Optics, the Optical Society 
of America, the European Optical Society, the International 
Centre for Theoretical Physics, and various regional 
organizations participate as sponsors. Together, SPIE, OSA, 
and ICTP provided financial support for travel expenses for 
49 students.
 Professor Brian Culshaw, University of Strathclyde 
(Glasgow, Scotland) and 2007 SPIE president, announced 
the winners of 11 Best Student Poster awards sponsored by 
SPIE and Wiley & Sons. The top prize went to T. Sorrentino, 
Universidade Federal da Paraíba (Joao Pessoa, Brazil), for 
a paper on “Bistability in a semiconductor laser subject to 
orthogonal frequency-dependent optical feedback.”
 Invited speakers typically are from universities or laboratories 
outside the region whose work is related to research being 

done where the conference is held. The 2007 conference 
included invited speakers from seven countries, including 
Glenn Boreman of the University of Central Florida, who was 
sponsored through SPIE’s visiting lecturer program.
 More information about RIAO-OPTILAS 2007: http://riao-
optilas.ifi.unicamp.br/ n

Pictured, left to right, are: Glenn Boreman, Univ. of Central 
Florida (USA); Luiz Gonçalves-Neto, Univ. Federal de São Carlos 
(Brazil); Krisinda Plenkovich, SPIE; Maria Yzuel, Univ. Autònoma 
de Barcelona (Spain) and SPIE 2008 president-elect; Flavio 
Horowitz, Univ. Federal do Rio Grande do Sol, (Brazil); Marcos 
Tadeu Pacheco, Univ. do Vale do Paraíba (Brazil); Aldo Brugnera, 
Univ. do Vale do Paraíba (Brazil); Eugene Arthurs, SPIE; Hypolito 
Kalinowski, Ctr. Federal de Educação Tecnológica do Paraná 
(Brazil); Dan Sporea, Natl. Institute for Lasers, Plasma and Ra-
diation Physics (Romania): SPIE 2007 President Brian Culshaw, 
University of Strathclyde (UK).



S
Top Students, Papers  
At SPIE Photonics West
 Student participation in conferences and poster sessions was high at SPIE 
Photonics West in January.
 Allison Dennis of Georgia Institute of Technology received the Ocean Optics 
Young Investigator Award, and the PicoQuant GmbH Young Investigator Award 
went to Andrea Armani of California Institute of Technology. Dennis authored a 
paper with Gang Bao on “Quantum dot-fluorescent protein FRET probes for protease 
activity assays.” Half of the $2,000 award goes to her program at Georgia Tech. 
Armani’s $750 prize was for a paper she authored with Scott E. Fraser, “Label-free 
detection of cytokines using optical microcavities.”
 Oleksiy G. Andrusyak of the University of Central Florida won an award sponsored 
by IPG Photonics for “External and common cavity high spectral density beam 
combining of high power fiber lasers.” And Boris Povazay of Cardiff University, who 
made several presentations at BiOS, received a $500 Pascal Rol Award.
 Student awards at LASE sponsored by Coherent Inc. included:
• $750 award to Christian Stolzenburg, University of Stuttgart, "Advanced 

pulsed thin disk laser sources"
• $750 award to Jeffery Wisdom, Stanford University, "Design of transverse Nd 

doping profiles in transparent YAG ceramics for edge-pumped laser geometries" 
• $500 award to Daniel Bender, The University of New Mexico, "Ultrashort 

lasers: identifying the “perfect” pulse" 

Other Best Student Paper awards:
• Yanbo Bai, Northwestern University, "Electrically pumped photonic crystal 

distributed feedback quantum cascade lasers"
• Sonia Garcia-Blanco, Institut National d'Optique, "3D MOEMS-based optical 

micro-bench platform for the miniaturization of sensing devices"
• Adam Larson, Texas A&M University, "Fiber delivery of sub-10-fs pulses for 

nonlinear optical microscopy" 
• Aisada Uchugonova, Fraunhofer-Institut für Biomedizinische Technik, "Two-

photon imaging of stem cells"
• Christian Voigtlander, Friedrich-Schiller-University Jena, "A tunable phase 

mask for the inscription of chirped fiber Bragg gratings" n

Essential, independent
news coverage of the
global optics, laser 

and photonics industry

What our readers say...
“Good geographical coverage 
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Talk Back  
To SPIE Professional
 SPIE Professional welcomes letters from readers and publishes them 
online at http://spie.org/spieprofessional.
 Do you enjoy reading a variety of articles about SPIE membership 
benefits, entrepreneurship, and upcoming events for optics and 
photonics professionals? Have an idea for a future article for the 
magazine? 
 This is your member magazine. Write to us at PO Box 10, Bellingham, 
WA 98227-0010 or spieprofessional@spie.org n
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Armando Albertazzi Gonçalves Jr.
Universidade Federal de Santa Catarina, 
Brazil, for specific achievements in optical 
metrology

72 New SPIE Fellows
SPIE has named 72 new Fellows of the Society this year for making 
a difference in advancing the science and application of light.
 SPIE Fellows are members of distinction who have made 
significant scientific and technical contributions in the 
multidisciplinary fields of optics, photonics, and imaging. They 
are elected for their technical achievements and service to the 

optics community, and specifically to SPIE. 
 SPIE is honoring the new Fellows at several events over 
the course of 2008, inviting the honorees to choose an SPIE 
symposium or other event where their involvement and 
technologies are most relevant.
 More information: http://spie.org/fellows

R. Rox Anderson 
Wellman Center for Photomedicine at 
Massachusetts General Hospital and 
Harvard School of Medicine, USA, for 
specific achievements in laser applications 
in dermatology and medicine

Christopher P. Ausschnitt
IBM, USA, for specific achievements 
in metrology and process control for 
microlithography

Zhenan Bao
Stanford University, USA, for specific 
achievements in organic and polymer 
optoelectronics
 

Michael Berns
University of California/Irvine, USA, 
for significant contributions in light 
interactions with cells and tissues

Erik P. Blasch
Air Force Research Laboratory, Wright-
Patterson AFB, USA, for specific 
achievements in information fusion, 
targeting tracking, automatic target 
recognition, and robotics

Jennifer Barton
University of Arizona, USA, for specific 
achievements in optical coherence 
tomography and dual modality fluorescence

Morley M. Blouke
Ball Aerospace & Technologies Corp., 
USA, for specific achievements in CCD 
design for space-based and ground-based 
astronomy
 

Allan Boardman
University of Salford, UK, for specific 
achievements in nonlinear wave 
propagation and metamaterials

Charles A. Bouman
Purdue University, USA, for specific 
achievements in electronic and biomedical 
imaging

Alan C. Bovik
University of Texas at Austin, USA, for 
specific achievements in image and video 
processing

Howard E. Brandt
Army Research Laboratory, Adelphi, 
MD, USA, for specific achievements in 
quantum information processing, quantum 
computing, and quantum cryptography
 

Richard Carreras
Air Force Research Laboratory, Kirtland 
AFB, USA, for specific achievements in 
large-aperture high-resolution imaging and 
beam control technologies

Galina Chebotareva
OpthUS, USA, for specific achievements 
in laser-tissue diagnostics and nanomaterials 
development for terahertz electronics and 
systems
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David B. Chenault
Polaris Sensor Technologies, USA, for 
specific achievements in polarization and 
polarimetry

Liang-Chy Chien
Kent State University, USA, for specific 
achievements in liquid crystals for optical 
and electro-optical applications

Kent D. Choquette
University of Illinois at Urbana-
Champaign, USA, for specific 
achievements in semiconductor vertical 
cavity surface emitting laser diodes

Larry R. Dalton
University of Washington, USA, for 
specific achievements in nonlinear and 
electro-active optical materials and 
nanotechnology
 

Peter J. de Groot
Zygo Corp., USA, for specific achievements 
high-precision interferometric metrology
 

Elizabeth A. Dobisz
Hitachi Global Storage Technologies, 
USA, for specific achievements in 
nanolithography and nanofabrication.

Mircea Dusa
ASML, USA, for specific achievements 
in microlithography, metrology, and mask 
technology

Mark A. Ealey
Xinetics Inc., USA, for specific 
achievements in active mirrors, adaptive 
optics, and actuator technologies

Pietro Ferraro
CNR-INOA, Italy, for specific achievements 
in 3D imaging, nanostructures, and devices
 

Carlos Ferreira
Universitat de València, Spain, for specific 
achievements in pattern recognition and 
morphological process

J. Michael Fitzpatrick
Vanderbilt University, USA for specific 
achievements in image registration in 
medical imaging

Alan M. Frank
Lawrence Livermore National Laboratory, 
USA, for specific achievements in high-
speed photography and high-powered lasers

Israel Gannot
Tel Aviv University, Israel, and George 
Washington University, USA, for specific 
achievements in optical fibers and 
biomedical optical systems

Thomas A. Germer
National Institute of Science and 
Technology, USA, for specific 
achievements in the measurement and 
theory of optical scattering

Sarath Gunapala
Jet Propulsion Laboratory, USA, for 
specific achievements in infrared detectors 
and focal planes

Sen Han
Veeco, USA, for specific achievements 
in optical metrology and MEMS 
characterization
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Jiang Hsieh
GE Healthcare Technologies, USA, 
for specific achievements in advanced 
computed tomography

Allen Hung-Lung Huang
University of Wisconsin-Madison, USA, 
for specific achievements in remote sensing

Joseph Izatt
Duke University, USA, for specific 
achievements in optical coherence 
tomography

Huabei Jiang
University of Florida, USA, for specific 
achievements in diffuse optical tomography 
and fluorescence tomography

Kristina M. Johnson
Johns Hopkins University, USA, 
for specific achievements in optical 
engineering and optics education

Winfried M. Kaiser
Carl Zeiss SMT AG, Germany, for specific 
achievements in optical lithography

Bernard Kippelen
Georgia Institute of Technology, USA, 
for specific achievements in organic 
optoelectronic applications

Raymond Kostuk
University of Arizona, USA, for specific 
achievements in holography, imaging, and 
fiber optics

Keith A. Krapels
Office of Naval Research, Arlington, VA, 
USA, for specific achievements in electro-
optic and infrared imaging systems

Elizabeth A. Krupinski
University of Arizona, USA, for specific 
achievements in medical image perception 
and telemedicine

Kazuo Kuroda
University of Tokyo, Japan, for specific 
achievements in nonlinear optics and 
photorefractive materials

Gong-Ru Lin
National Taiwan University, Taiwan, for 
specific achievements in fiber lasers and 
silicon nanophotonics

Robert Loce
Xerox Corp., USA, for specific 
achievements in imaging and optics in 
electronic printing

Yongfeng Lu
University of Nebraska-Lincoln, USA,  
for specific achievements in nanoscale laser 
materials processing

Brian A. Lula
Physik Instrumente USA, for specific 
achievements in nanotechnology and 
astronomy

Jiebo Luo
Eastman Kodak Company, USA, for 
specific achievements in electronic imaging 
and visual communications

2008 SPIE Fellows
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Patrick Meyrueis
Université Louis Pasteur, France, for 
specific achievements in interferometry, 
diffractive optics, and optical devices

Edward I. Moses
Lawrence Livermore National Laboratory, 
USA for specific achievements in high-
energy lasers

Shinji Okazaki
Hitachi, Ltd, Japan, for specific 
achievements in optical lithography

Gregory J. Quarles
VLOC Inc., USA, for specific 
achievements in solid-state laser science 
and engineering

Sergio R. Restaino
Naval Research Laboratory, Kirtland AFB, 
USA, for specific achievements in novel 
adaptive optics for high-resolution imaging

Kathleen Richardson
Clemson University, USA, for specific 
achievements in optical materials and 
optics education

William P. Roach
Air Force Research Laboratory, Brooks City 
Base, TX, USA, for specific achievements 
in biophotonics, laser safety, and laser 
bioeffects education

Jannick P. Rolland
University of Central Florida, USA, for 
specific achievements in optical systems 
engineering and design

Mubarak Shah
University of Central Florida, USA, 
for specific achievements in video 
understanding in machine vision

Joseph A. Shaw
Montana State University, USA, for 
specific achievements in optical remote 
sensing technology

Peter Ta Cheng Shih
National Science Council, Taiwan, for 
specific achievements in promoting 
photonics and photonics policy in Taiwan

Richard Silver
National Institute of Standards 
and Technology, USA, for specific 
achievements in optical dimensional 
metrology

Narsingh B. Singh
Northrop Grumman Corp., USA, for 
specific achievements in crystal optics and 
optical devices

Richard L. Sutherland
Science Applications International Corp., 
USA for specific achievements in liquid 
crystal-polymer composites and organic 
nonlinear optical materials

John S. Taylor
Lawrence Livermore National Laboratory, 
USA, for specific achievements in 
optical engineering for reflective extreme 
ultraviolet optics and assembled systems

Meimei Tidrow
Missile Defense Agency, Washington, DC, 
USA for specific achievements in electro-
optics and infrared sensors
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J. Scott Tyo
University of Arizona, USA, for specific 
achievements in optical and infrared 
imaging polarimeters

Melville Ulmer
Northwestern University, USA, for specific 
achievements in x-ray mirror and space 
optics

Wanjun Wang
Louisiana State University, USA, for 
specific achievements in microfabrication 
and MEMS/MOEMS

Yongtian Wang
Beijing Institute of Technology, China, 
for specific achievements in optical 
instrumentation and image processing

Raymond V. Wick
Institute for Defense Analyses, USA, for 
specific achievements in lasers and optical 
sensors

David M. Williamson
Nikon Research Corp. of America, 
USA, for specific achievements in 
microlithographic lens design

Kexin Xu
Tianjin University, China, for specific 
achievements in optical engineering and 
biomedical optics

Lianxiang Yang
Oakland University, USA, for specific 
achievements in optical metrology and 
nondestructive testing

Paul K.L. Yu
University of California/San Diego, USA 
for specific achievements in semiconductor 
optical modulators and analog fiber optic 
links

Xiang Zhang
University of California/Berkeley, USA, for 
specific achievements in nanophotonics, 
optical lithography, and diffractionless 
imaging n

2008 SPIE Fellows

SPIE Members to Nominate, Elect Officers
 The SPIE nominating committee i s  accepting 
recommendations for the 2010 election slate. Four seats on 
the SPIE Board of Directors and the vice president position 
will be open in 2010. 
 A candidate for director or officer must be a member in good 
standing of SPIE; normally have significant leadership experience 
with the Society (i.e., committee membership, chairing of 
conferences or committees, involvement in SPIE student 
activities, or a combination of these activities); or internationally 
recognized background in a new technology area of significant 
interest to SPIE. Directors, who serve a three-year term, are 
expected to attend and participate in three board meetings each 
year. To make a recommendation, or for more information, e-mail 
governance@spie.org before 25 July. Please include a paragraph 
stating why the person is qualified to serve.

 Elections for the 2009 SPIE Board of Directors will be held 
from 23 June to 25 July. Members will receive an e-mail message 
with instructions on the electronic voting. 
 On the ballot for the 2009 term are director candidates 
Jennifer K. Barton, University of Arizona; V. Michael Bove 
Jr., MIT Media Lab; David L. Begley, David L. Begley LLC; 
Qingming Luo, Huazhong University of Science & Technology; 
Bahram Javidi, University of Connecticut; Donis G. Flagello, 
ASML US Inc.; Upendra N. Singh, NASA Langley Research 
Center; and Hugo Thienpont, Vrije Universiteit, Brussels.
 Katarina Svanberg, Lund University Hospital (Sweden), 
and Arthur Chiou, National Yang-Ming University, will stand 
for vice president. Also on the ballot will be Ralph B. James, 
Brookhaven National Laboratory, as president-elect for 2009, 
and Brian Lula, Physik Instrumente LP, secretary/treasurer. n
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Launch Your Career

SPIE Early Career 
Professional Program

spie.org/ecp
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Global Networking 
Can Broaden a Career
Cross border study and employment can open a whole new 
career network for students and early career professionals.

By	Sarah Kendrew

 A computer is a pretty useful tool. It stores 
large amounts of information and performs 
complicated calculations. Fifty computers can 
be hooked up to share power and information. 
But only when connected to the outside world is 
their true power unleashed. Suddenly, they can be 
used to communicate with a worldwide network 
of information and resources. 
 So it is with humans. With societies increasingly 
globalized, the days when new graduates joined a 
company and stayed until retirement are all but 
over. In my fledgling career as an academic in 
astronomy instrumentation, living in my fourth 
country in the two years since finishing my PhD, 
I have experienced this first hand. And early 
on: I started the process of habitual relocation 
when I left my home country, Belgium, for my 
undergraduate degree in London.
 Deciding whether to work abroad or at home 
is never easy. Finding a job after graduation can 
be bewildering in the best of times, and looking 
for work in a foreign country can seem impossibly 
daunting. But with the right mindset, it is likely 
to be an exciting personal as well as professional 
experience. 

Isolation vs. Networking
 A research degree can be an isolating undertaking, 
and your work at that stage often doesn’t afford 
much opportunity to interact with others outside 
of your closest collaborators. Staying 
with the same project or within the 
realm of your existing team after 
graduation is the easiest option, but 
it may not be the best choice for your 
career in the longer term. 
 Enter the computer analogy.
 One of the most important 
concepts in career development 
today is networking. Networks are 
invariably linked to geography, and 
nothing will expand your network 
like moving to another country.
 During a year of country 
hopping from England to Belgium 

to Germany to Belgium again, working on 
short-term contracts ranging from press work 
to mechanical engineering, and despairing that 
none of the work was relevant to “my field,” I 
nonetheless met a variety of researchers and 
engineers at coffee machines and water coolers 
around Europe. 
 When I applied for my current position, I 
made a shocking discovery: I had a network! The 
institution I was working at as a press intern in 
Germany was involved in the project that was 
hiring a postdoc in the Netherlands, so I had a 
helpful but informal chat before the interview. 
 Networking needn’t involve business cards and 
formalities. All I did was drink too much coffee 
and say hello. 

Value Added
 Working abroad can help broaden your horizons 
and make you more attractive as an employee. A 
potential new employer will see in you a candidate 
who is firmly committed to the work, irrespective 
of geography.
 With research projects now increasingly crossing 
borders, an understanding of corporate culture and 
funding structures in other countries—perhaps 
even another language—can be very important 
to a project team. 
 Your time abroad also tells an employer that you 
probably have a novel angle or a new technique 

Travels
With Sarah
I grew up in Belgium 
with one Belgian and 
one British parent. After 
developing a love for 
astronomy as a teenager, 
I went to the United 
Kingdom to study the 
subject at university. 
Between 1997 and 2006, 
I completed a bachelor’s 
degree, then a mas-
ter’s, and later a PhD in 
Astronomy at University 
College London (UCL).

My research involved a 
lot of materials science 
and engineering. After 
submitting my thesis, I 
moved to UCL’s Space 
and Climate Physics 
Department in the Eng-
lish countryside, where 
engineers had helped me 
with various engineering 
tools during my PhD. 
Working for four months 
as a mechanical engineer 
on a subsystem of 
NIRSpec, a near-infrared 
instrument for the James 
Webb Space Telescope, 
gave me a taste for inter-
national projects under 
great supervision and 
management.

From there I moved to 
the European Organisa-
tion for Astronomical 
Research in the Southern 
Hemisphere (ESO), in 
Munich (Germany) as a 
press intern. I then ap-
plied for my position at 
the University of Leiden 
in the Netherlands – for 
an instrumentation study 
for the European Ex-
tremely Large Telescope, 
an ESO project. I was in 
the perfect position to 
get valuable inside infor-
mation on the project in 
an informal setting over 
morning coffee. My other 
projects here in Leiden 
include another JWST 
instrument, MIRI, and an 
advanced optical test 
bench for ESO.
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to bring to the table. In my experience, finding a job is more 
about your initiative, willingness to learn, and enthusiasm for 
your subject rather than your brains; with an advanced degree, 
an employer assumes you’re smart.

Preparation Needed
 Now, once you’ve found your dream job in a far-flung time 
zone, and before you sell your car and pack your bags, make 
sure you know what you’re getting yourself in for!
 Salaries and working conditions can vary greatly between 
countries, even within close geographic regions such as Europe. 

Always talk to the Human Resources department to make 
sure you have all the information to make the right decision 
for yourself. 

– Sarah Kendrew holds a PhD in astronomy 
from University College London. She is a 
postdoc in instrumentation for astronomy at 
the University of Leiden (Netherlands) and 
co-chair of the SPIE Early Career Professionals 
Committee. n

Leadership Series
Sarah Kendrew’s article on global networking is part of the 
Leadership Series, a collection of online and print articles 
about transitioning from student to career professional 
produced by SPIE Student Services and SPIE Professional 
magazine. Valuable articles for students and early career 
professionals focus on leadership in the field of optics and 
photonics. Tips and other information about patents, grad-
uate schools, entrepreneurship, trust in the workplace, and 
volunteering have been the topics of recent articles.

The series is written by a variety of experts who share 

their knowledge, experiences and 
practical advice about becoming an 
effective professional and leader.

Log in to SPIE Professional online and 
find the Leadership Series at http://www.
SPIE.org/leaderseries

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

Innovation at Work

spie.org/pw

Present your research at the essential photonics event. Expand 
your professional network and accelerate your work at SPIE 
Photonics West. 

Don’t miss the largest photonics event in North America covering 
the entire spectrum of light-driven technologies. Four leading 
symposia connect the brightest minds with leaders in research 
and technology.

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

San Jose Convention Center 
San Jose, California, USA
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Optics and photonics engineers can learn a great deal  
about illumination via art—and vice versa.

By	Beth Kelley

British Columbia (Vancouver, Canada). “My 
project required areas of transparent glass 
and used a patented process with a specially 
formulated resin,” Hall says. “The solar cells are 
embedded between two panes of glass, which have 
exceptionally high light transmittance and which 
have been heat-strengthened.”
 By combining art and energy, Hall hopes to 
engage the public’s imagination about renewable 
energy and help photovoltaic energy integrate 
into contemporary architecture.
 “The integration of art and energy has great 
potential in both educational and artistic 
projects,” she says.
 In addition to using art to teach people about 
optics and photonics, optics and photonics are 
being used to study and preserve art.
 David Stork is chief scientist with Ricoh 
Innovations (Menlo Park, CA). Along with many 
other jobs, Stork uses computer image analysis 
and pattern recognition to study famous works 
of art (from Jackson Pollock to Piet Mondrian 
to Georges Seurat) and gain more understanding 
about an artist’s process and technique.
 “The field of computer vision and pattern 
recognition has developed a large number of powerful 
algorithms for understanding images,” says Stork. 
 Stork, two other computer scientists, and 
a Mondrian expert are currently training a 
computer to recognize a “true” Mondrian from a 
forgery. Another project involves reconstructing 
three-dimensional tableaus in paintings based 
on the image and the image in mirrors depicted 
within the painting itself.
 Stork says it is important for computer vision 
researchers to learn about the images they’re 

Art Education 
Mixes Well With 
Technology

Krzystof Zaremba’s advice 
for technology or art students 
interested in studying 
illumination or the arts is “to 
acquire a varied range of 
knowledge. Both groups of 
designers should contact each 
other and “exchange the know-
how,” he says.

 People often see optics, photonics, and art as 
completely separate fields. Yet, many scientists, 
artists, researchers, and engineers are combining 
them to create new masterpieces, study the old 
ones, and spread the knowledge gained from 
their work.
 Pearl John is a holographer who has worked and 
taught in the U.S. and the U.K. In the U.S., John 
taught holographic art to high school students 
in Columbia, MO, providing them with training 
as laser technicians and encouraging them to 
consider careers in photonics and optics. 
 “The Photonics Program at the Columbia 
Career Center gave students three years worth of 
experience working with lasers and optics starting 
at the age of 15,” John says.
 John is now working in the U.K. with a 
traveling educational laser show with similar goals. 
“Students of all ages find holograms fascinating 
and magical,” and making a hologram is a positive 
and memorable experience, John says. “As we 
have a national shortage of people with science 
degrees and quite a negative stereotype of those 
who do go into science subjects, it is important 
for us to give young people good experiences in 
their science lessons,” she adds.
 Sarah Hall is also an artist working with 
optics, but in a very different way. Hall creates 
glass installation pieces, and recently began 
integrating solar cells into her work. Hall says 
while working in Germany, she saw photovoltaic 
facades on buildings that provided energy—and 
were decorative. She thought her art glass was a 
perfect medium for the same function. 
 Her most famous piece is the Lux Nova 
wind tower at Regent College, University of 

SPIE Professional     April 200842
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studying, perhaps through art history classes. 
“Mere application of computer vision algorithms, 
untethered to knowledge of art history, is unlikely 
to shed light on anything,” he says. “My courses 
in art history were some of the most illuminating 
of my career, and they literally changed how I see 
art and the world.”
 Daniel Keren, a professor at Haifa University 
in Israel, created a computer vision program to 
identify famous artists and determine whether 
a painting is a fake or the real deal. “I trained it 
on Dali, van Gogh, Rembrandt, Magritte, and 
Kandinsky. For five painters, it is correct in 86% of 
the cases,” says Keren, noting that it can identify 
van Gogh the most consistently.
 Krzystof Zaremba, chair of the Optical 
Radiation Department at Bialystok Technical 
University (Bialystock, Poland), was faced with 
a different art problem: how to display miniature 
paintings at the Warsaw Museum without 
damaging them. Working with art conservators 
at the museum, Zaremba was able to construct 
fiber optic lighting that protected the minute 
paintings and still allowed audiences to view them 
at comfortable light levels. (See Newsroom article 
www.spie.org/x8862.xml)
 “Museum lighting systems must constitute 
a compromise between the optical perception 
requirements and limitations imposed by exhibits’ 
conservation demands,” Zaremba says. “Exhibit 
conservation requirements, concerning the 
illuminance levels for particularly sensitive museum 
objects – including miniature paintings– impose strict 
limitations for illuminance value to 50/150 lx.”

–Beth Kelley is an SPIE editor. n

Educator Pearl John uses holograms and lasers to teach art.

Sarah Hall’s Lux Nova tower integrates 
art with photovoltaic energy
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Photonics Curricula: Beyond Concepts

 A hiker is lost in the woods, and rescue teams 
must figure out if and which infrared technology 
could be used to locate her. A hospital maternity 
unit is overflowing with newborns being treated 
with blue light for jaundice. Isn’t there a way to 
deliver blue light therapy in the home instead of 
in the hospital?
 These are two of eight real-life problems at the 
center of new science and technology/engineering 
curricula being developed for high schools and 
community colleges. The New England Board 
of Higher Education, with support from the 
Advanced Technological Education program 
of the National Science Foundation, SPIE, and 
other organizations, has already registered success 
with its multimedia photonics challenges. 
 Project PHOTON PBL uses problem-based, 
active learning as an alternative to the traditional 
lecture-based instruction common in education. 
To do that, PHOTON PBL is creating multimedia 
challenges that use real-life problems and 
solutions to prepare high school and community 

college science and technology/engineering 
instructors to use them in their classrooms.
 “Employers tell us that schools teach basic 
concepts really well, but when their students 
are hired and they are asked to apply what they 
learned to specific problems, they have trouble 
knowing where to begin,” says Fenna Hanes, 
principal investigator for PHOTON PBL.
 Now in its second year of a three-year NSF grant, 
PHOTON PBL has field-tested three of the eight 
challenges that chronicle how real-life companies 
and research labs engage in scientific problem 
solving. A supporting 15-chapter textbook, 
LIGHT: Introduction to Optics and Photonics and 
a lab kit with field-tested exercises and videos are 
also available at www.photonprojects.org.
 Teachers from different disciplines can use the 
challenges to demonstrate real-world problems 
that can be solved through the application 
of scientific, technological, and engineering 
knowledge and the processes that university 
research teams and organizations use to analyze 

One of the problem-based 
challenges featured on 
video shows how graduate 
students from a Boston 
University research team 
calculate the optimum 
exposure time for a DNA 
microarray fabricator.
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Curious teachers at the Asian College on Optical Engineering 
receive a demonstration of an optical system at the Ngee Ann 
Polytechnic-AEM Centre of Innovation.

Asian Experts Share
Learning in Biophotonics
 The newly organized Asian College on Optical Engineering 
(ACOE) introduced Singapore high school teachers to 
biophotonics and novel biomedical imaging systems in its first 
program last November. The one-day workshop was jointly 
conducted by the SPIE Singapore Student Chapter, the 
Photonics & Microsciences Laboratory (PAM) at Nanyang 
Technological University, and the Ngee Ann Polytechnic-AEM 
Centre of Innovation (NACOI). The ACOE program featured 
demonstrations of the novel digital holographic microscope and 
spatial light modulators, a talk on biophotonics in dentistry and 
cancer research, and a discussion about how best to encourage 
teen-agers to seek a career in this rapidly growing field. 
 Presenters included Malini Olivo, Singapore National 
Cancer Centre, Anil Kishen, faculty in dentistry at National 
University of Singapore, SPIE Board member Anand Asundi 
of the NTU School of Mechanical and Aerospace Engineering, 
and Vijay Raj Singh, PhD candidate at NTU and research 
scientist, NACOI. n

Your trusted source for the 
science and application of light

SPIEDigitalLibrary.org

and solve those problems. The challenges, created on video 
in collaboration with photonics industry partners and research 
labs, give students an opportunity to solve problems on their 
own. 
 The blue light jaundice therapy challenge provided by 
Photodigm Inc., Drexel University, and Southern Methodist 
University, requires finding a way to deliver the therapy to 
newborns in a home setting. 
 “The teachers who are working with the challenges 
are very enthusiastic,” Hanes said. PHOTON PBL offers 
teacher-training workshops. For information on this summer’s 
workshop, scheduled for the week of 28 July in Boston, 
contact Hanes at fhanes@nebhe.org. More information: www.
photonprojects.org. n
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Expanded industry events should accelerate collaboration.

 Opportunities, challenges, priorities, and recent 
advancements in the European photonics marketplace will 
be powerhouse topics at SPIE Europe Photonics Europe in 
France in April.
 As the major platform for new information updates on the 7th 
Research Framework Programme (FP7), the symposium at the 
Palais de la Musique et des Congrès in Strasbourg 7-11 April will 
host 18 conferences and several sessions focusing on hot topics 
in industry and optics research. A plenary address by Ronan 
Burgess, a project manager at the photonics unit of the European 
Commission who works with communications technologies, will 
concentrate on the state of research funding under FP7.
 With a comprehensive industry programme, sizable exhibit 
and more than a dozen new prototypes showcased in the 
Innovation Village, the event aims to connect photonics 
innovators with key business leaders in order to accelerate 
growth, collaboration, and innovation in the marketplace.
 Also at SPIE Europe Photonics Europe, Henri Rajbenbach, 
a European Commission officer, will be awarded the SPIE 
Europe Recognition Award for his work in photonics, including 
optical information processing, photorefractive materials, 
semiconductor lasers, pattern recognition, and real-time 

holography. He joined the EC in 1997 as a programme manager 
for microelectronic integration, sensors, optoelectronics and 
microsystems and is currently overseeing a project portfolio in 
the area of micro- and nanosystems.
 Multidisciplinary conference themes on micro/nano 
technologies, optics, photonics, and laser technologies will 
create a dynamic environment to network and cross-pollinate 
ideas. In addition, special sessions on industrial applications 
will cover recent advancements in solar energy and automotive 
applications, sensors, biophotonics, solid-state lasers, and 
more. 

Special Programmes
 Plenary presentations throughout the week will give 
attendees an overview of the most important developments in 
the field. Attendees will also hear a report on the Advanced 
Components Cooperation for Optoelectronics Research and 
Development, funded under FP6 of the European Union.
 Plenary speakers include: Hugo Thienpont, Vrije University 
(Belgium), top research priorities; Eugene Arthurs, CEO 
of SPIE Europe, global trends in photonics invention and 
innovation; Miguel Gonzalez-Herraez, University of Alcala 
(Spain), slow and fast light in optical fibres; James Grote, U.S. 
Air Force Research Lab, DNA-based biopolymers for photonics; 
Haisheng Rong, Intel (USA), silicon-based optical devices, 
silicon Raman lasers, wavelength converters, and dispersion 
compensators; Yasuhiro Koike, Keio University (Japan), the 
status of photonics polymers for “fibre to the display.”
 Events for newly elected SPIE Fellows, students, and early 
career professionals and a presentation from SPIE Women in 
Optics will round out the week.

Industry Sessions
 The industry perspective sessions include executive briefings 
on key technologies and market sectors to aid participants 
in identifying partners and early adopters for new products. 
Presentations on OLEDs, product design for MEMS, 
biotechnology drivers, the photovoltaic market, applications 
of thermography, the latest on Photonics21, and other topics 
will span three days.
 The symposium’s unique Innovation Village, during 
exhibition hours Tuesday through Thursday, is providing 
free exhibit space to 15 young photonics innovators from 
all over Europe who will compete for five special awards and 
gain introductions to venture capitalists who can speed the 
transfer of their research and technology into new and useful 
products. 
 The Innovation Village is cosponsored by Rhenaphotonics 
Alsace, a cluster organization in the province of Alsace.
 For more information about SPIE Europe Photonics Europe, 
go to http://spie.org/epe. n
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Telescope Builders Gather in France

 Synergies between ground- and space-based 
technologies to explore the universe have resulted 
in spectacular discoveries regarding astronomical 
objects, and a continuing collaborative approach 
to research and funding in this area is a primary 
goal for organizers of this year’s SPIE Astronomical 
Telescopes and Instrumentation Symposium.
 To be held in Marseille, France, 23-28 June, the 
2008 symposium will have two program tracks—one 
for technology advances and another for telescopes 
and systems—but attendees will focus on identifying 
the synergies among the various communities in 
this field.
 The central scientific theme is quite broad, 
the origin and evolution of the universe. Nobel 
Laureate John Mather will give a keynote plenary 
talk entitled “From the Big Bang to the Nobel Prize 
and on to the James Webb Space Telescope.” A half-
day plenary conference is being devoted to invited 
presentations on theoretical and observational 
studies of the early universe by some of the top 
researchers in this field.
 “The study of the early universe is pushing both 
ground and space observational capabilities to 

the limit,” said Mark C. Clampin of the NASA 
Goddard Space Flight Center, who is chairing 
the symposium with Alan F. Moorwood of the 
European Southern Observatory. “It’s also driving 
the development of ever larger ground and space 
telescopes at all wavelengths.” 
 Scientific synergy has existed for many years 
between ground and space, with most examples 
arising naturally when addressing specific scientific 
questions. 
 However, “When it comes to developing 
complementary ground and space facilities, which 
often require a decade or more to bring online, 
collaboration is critical,” Moorwood notes.
 These synergies are also becoming increasingly 
important for developing enabling technologies, 
addressing the challenges of systems engineering, 
and managing large, long-term projects. 
 The US Decadal Survey is an example of this 
cooperation, and a similar European-wide Science 
and Infrastructure Vision is being developed by 
scientists and funding agencies. 
 For more information:  http: / / spie.org/
astronomical-instrumentation.xml. n

Mark C. Clampin

Alan F. Moorwood

Innovation at Work
Plan now to attend the leading event for those in the international 
scientific community who are building the future through discovery 
and innovation.

Connect with others in the field by attending SPIE 
Optics + Photonics 2008.
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Exhibition: 12-14 August 2008
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San Diego, California, USA
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 Events Around the World

Log On
You can always find the 
most up-to-date informa-
tion about, or register  
for, SPIE events at  
spie.org/conferences.
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SPIE Europe Photonics Europe
7–11 April 2008, Strasbourg, France

There are over 1000 scheduled presentations of 
the latest research and technology breakthroughs 
at this year’s SPIE Europe Photonics Europe. 
The symposium will include conferences such 
as Photonics in the Automobile, Solid State 
Lasers and Amplifiers, and Metamaterials. Hear 
talks about industry opportunities, browse the 
exhibition of approximately 160 companies, and 
take courses and workshops to improve technical 
presentations.

SCANNING 2008 
15–17 April 2008, Gaithersburg, MD

Organized by NIST with SPIE as a sponsor, this 
symposium is a must-attend microscopy event 
for staying updated on emerging trends. Topics  
include Forensic Applications of SEM, Scanning 
Ion Microscopy, and Silicon Drift Detectors.

Photomask Japan 2008
16–18 April 2008, Yokohama, Japan

Now in its 15th year, this international symposium 
brings together experts in photomask, NGL mask, 
and related technologies. This year’s program 
features papers, posters sessions, and a panel 
discussion. Conferences covered at the event 
include Metrology Tools and Technologies, 
Photomask Writing Tools and Technologies, and 
Mask Cost and Development Strategies.

SPIE High-Power Laser Ablation
20–24 April 2008, Taos, NM

A crowd favorite that only comes around every 
other year! Join fellow experts in beautiful Taos and 
learn about the latest developments in session topics 
such as Simulations, Nanoengineering, and Laser 
Ablation Propulsion. There will also be a luncheon, 
conference dinner, and several other opportunities 
for professional engagement and networking.

SPIE Astronomical Telescopes 
and Instrumentation 2008
23–28 June 2008, Marseille, France

With synergies between ground- and space-based 
technologies the theme of this year’s Astronomical 
Instrumentation Symposium, join fellow scientists, 

researchers, and technicians to discuss the development 
of enabling technologies, and address the challenges 
of systems engineering, managing large, long term 
projects and adequately funding them over the 
development and operational lifecycles.

Laser Metrology 2008
30 June-2 July, Singapore

The 9th International Symposium on Laser 
Metrology will bring together experts in laser and 
optical metrology to discuss new developments 
in such areas as EUV, x-ray, NIR, thin films, and 
micro- and nano-metrology. A co-located conference 
of SPIE Student Chapters will bring optics and 
photonics students together to discuss their research 
efforts and explore future job prospects with 
exhibiting, attending, recruiting, and sponsoring 
companies. SPIE is one of nine supporting and 
sponsoring organizations.

SPIE/OSA/IEEE-LEOS 
International Symposium on 
Optical Memory and Optical 
Data Storage
13–16 July 2008, Waikoloa, HI 

This year, the International Symposium on Optical 
Memory and Optical Data Storage 2008 (ISOM/
ODS 2008) will be held on “The Big Island” of 
Hawaii. This is truly an international symposium 
on optical data storage, covering topics like recent 
progress in holographic data storage, liquid crystal 
active optics, and applications of ODS technology 
to lithography. Exhibitors will present their latest 
optical and data storage equipment.

SPIE Optics + Photonics
10–14 August 2008, San Diego, CA

Approximately 4500 people will attend this 
year’s Optics + Photonics. The event is made up 
of four symposia: Nanoscience and Engineering, 
Solar Energy and Applications, Photonic Devices 
and Applications, and Optical Engineering 
and Applications. Optics + Photonics offers 
opportunities to brush up on skills and gain 
technical knowledge with more than 60 courses 
and workshops. The marketplace is expected to 
top 280 exhibitors.






