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Welcome to 2010 and the opportunities it offers in the 
field of optics and photonics!
 Last year’s award of the Nobel Prize for Physics 

to three “masters of light,” in the words of the Royal Swedish 
Academy of Sciences, focused the world’s attention on important 
applications of optics and photonics in communications.
 And this year brings another bright reminder of the potential 
of light to better the human condition: 2010 marks the 50th 
anniversary of the invention of the laser.
 With the first beam of red light from Ted Maiman’s ruby laser 
at Hughes Research Labs in California on 16 May 1960, the 
laser moved from concept to reality and later into the arena 
of industry and applications.
 It may seem amazing today that the public and even some 
scientists wondered in 1960 just how the technology could 
be used. In fact, today it is difficult to think of an aspect of 
modern life that is not somehow connected to laser technology. 
Consider:
• Lasers are used in surgery, ophthalmology, oncology, 

dermatology, and other areas of medicine, to safely and 
effectively treat and image targeted tissues without affecting 
healthy tissues nearby.

• Lasers power the Internet, which has revolutionized the 
information world and opened new social and commercial 
vistas. Lasers also enable communications along other fiber-
optic and wireless networks.

• Several different types of lasers are used in cellphone and 
computer-chip manufacturing. The field of lithography, led 
by researchers and innovators from the SPIE community, has 
sustained Moore’s Law many times over with the continued 
accelerated pace of development of technologies for these 
applications. 

• There are lasers in our CD and DVD players, and new 
applications for laser technology are being developed 
for HDTV and cinema displays. Others are used in the 
manufacture of that equipment.

• Lasers have provided the capability to miniaturize space 
systems, sending powerful sensors farther into space, thereby 
greatly extending our ability to answer long-standing 
questions about the nature of matter and the history of the 
universe. 

 The future of the laser is exciting, with major research efforts 
ongoing around the world. Projects at the National Ignition 
Facility at Lawrence Livermore National Lab in the United States 
and the Laser Mégajoule in France are exploring the feasibility of 
harnessing fusion to produce clean electrical energy. LASERLAB-
EUROPE II has several transnational projects underway exploring 
medical and materials science applications in energy, health, and 

security. Work at the National Defense 
Medical College in Japan, researching the 
use of lasers in gene delivery therapy and 
regenerative medicine, is among numerous 
projects in Asia.
 The story of the laser’s development 
illustrates the vital relationship between 
those pursuing fundamental scientific 
knowledge and in the lab and those who 
seek to apply their discoveries to new 
inventions and applications. The laser on Maiman’s workbench 
was a manifestation of Albert Einstein’s 1905 description 
of what was later called the photon and his explanation of 
stimulated emission of radiation. SPIE contributors Charles 
Townes and the late Arthur Schawlow and Alexander 
Prokhorov—among many others—added critical knowledge 
and insights leading to the laser’s development.
 Like many of you, my entire professional career has been 
deeply touched by lasers, from the beginning of my PhD 
dissertation through today. It has been filled with opportunity 
to conduct exciting R&D, enabled by the unique properties 
of coherent light.
 My journey has been rewarding at every turn, and I feel 
so fortunate to have picked this field and been able to play 
a role in the discovery process and in a few of the incredible 
innovations involving the use of lasers.
 SPIE is formally celebrating the importance of the laser in 
conjunction with the 50th anniversary of its invention in two 
celebrations. Advancing the Laser (spie.org/advancingthelaser) 
presents publications and events for the technical professional, 
and LaserFest (laserfest.org) provides information and outreach 
activities for the general public, educators, students, and policy 
makers. We are very pleased that SPIE has been able to contribute 
$41,000 for outreach grants in addition to the Society’s other 
participation. You can attend some of the events and find out 
more at SPIE Photonics West in San Francisco, 23-28 January.
 These laser celebrations give me the chance to celebrate 
the advances of the past and present, and I hope you will join 
in some of the events. 
 I am pleased to be serving as SPIE President this year. 
As I travel around the world meeting students, educators, 
researchers, engineers, and others in the field, I continually 
see new demonstrations of my colleagues’ enthusiasm for 
innovation and dedication to improving the quality of life and 
advancing science. I look forward to talking with many more 
of you and encouraging you in your work.

PRESIDENT’S LETTER

Ralph B. James, 2010 SPIE President

Celebrate the power 

of light-based 

technologies in the 

year of the laser. 
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Determination to prove the naysayers 
wrong and the courage to take risks have 
paid off for Ömür Sezerman of OZ Optics.

CAREER

By Kathy Sheehan
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The things a starving grad student is forced 
to do! For Ömür Sezerman, a budget that 
was insufficient for his PhD work drove 

him to invent an inexpensive coupling device for 
fiber optic systems, one that would launch him 
on an entrepreneurial journey and a successful 
business that continues to grow today.
 “Necessity is the mother of invention,” 
Sezerman, founder and CEO of OZ Optics Ltd. in 
Ottawa (Canada), says, recalling his predicament 
at Dalhousie University in Halifax, Nova Scotia, 
in 1982. Part of Sezerman’s PhD work involved 
solving the problem of how to couple light into a 
fiber from a laser source or from fiber to fiber. His 
professor had secured $2,500 in funding for the 
work, but the first of several pieces of equipment 
Sezerman wanted to buy was a positioner priced 
at about $2,000.
 “I was dealing with a very small core fiber, 
at 4 microns, and I had to couple light from a 
633-nanometer source,” he says. Spending so 
much of his budget on one expensive positioner 
wasn’t going to get him far. “I had to come up with 
a simpler, cheaper solution,” he says. 
 These challenges weighed on him heavily for 
several weeks, even into the evenings at home 
after spending long days in the lab. “I was a little 
bit down,” he says.
 And then it came to him one night while 
relaxing at home, playing with his infant 
daughter: O-rings. He had used O-rings and screws 
in cryogenic experiments for his master’s degree in 
solid-state physics. In those experiments, simple 
O-rings were critical to preventing air leakages. 
In fiber optics, controlling the beam focus and the 
tilt angle of the optical lens is critical to coupling 
efficiency. “Everyone was telling me to avoid angle 
misalignment,” Sezerman said, “but I’m the kind 
of person who asks why.
 “Why can’t I control the tilt angle with 
O-rings?” he asked himself. “If I can control the 
tilt angle, I can also control where the beam is 
focused.” He immediately realized that he might 
get good efficiency by tilting the fiber and lens 
together. And the cost of a few screws and an 
O-ring would be minimal.
 After creating a simple O-ring in the university 
machine shop himself, Sezerman tested his 
idea. The result was an efficiency of 60% in the 
4-micron fiber. 
 “I realized this could be something, and I 
applied for a patent,” he says.
 Indeed, that very simple, very inexpensive 
alignment technique for a fiber coupling device 
became the first of many fiber optic components that 
OZ Optics sells in more than 60 countries today.
 OZ Optics—the name is taken from the 
first letters of his name and his wife, Zahide—

is an SPIE corporate member that designs, 
manufacturers, and markets hundreds of fiber optic 
components and hand-held test and measurement 
equipment for the telecommunications, military, 
medical, educational, and other industries. With 
manufacturing plants in Ottawa, Turkey, and 
China and three regional offices in the United 
States, the Ottawa-based company has won 
awards for components that can analyze and 
maintain polarization and for a sensor system for 
structural health monitoring of bridges, pipelines, 
and other critical infrastructure.
 Sezerman is a former chair of the Canadian 
Photonics Consortium where he helped his and 
other companies with global trade issues, and he 
was named Ontario’s Entrepreneur of the Year for 
2001 by Ernst & Young.
 Sezerman says one reason for his company’s 
success is his persistence—out of necessity—in 
coming up with simple, inexpensive solutions 
for fiber optics, a technology he recognizes as the 
backbone of most other modern technologies.

Don’t Listen to Naysayers
 Sezerman’s entrepreneurial journey has never 
been easy.
 Born into a poor family in Turkey, he attended 
Bogazici University in Turkey (receiving a 
bachelor’s degree in physics and electronics 
engineering) and Dalhousie (where he received an 
MS but never finished his PhD) on scholarship. 
 In the early days of his 25-year-old company, 
“My main problem was that I couldn’t sell the 
product in Canada because I was a Canadian 
inventor living out the American dream,” he says, 
referring to the American philosophy where “a 
nobody can become a somebody.” 
 “Every time I tried to do this or to raise money, 
the question was ‘How can a foreign student at 
Dalhousie University come up with these ideas 
when all of these big companies like Nortel, 
AT&T couldn’t come up with these things?’
 “My answer to them was: My solution is simple. 
And necessity is the mother of invention. They 
have a lot of money; therefore, they can come up 
with complicated solutions.”
 He also tried to sell  directly to the 
telecommunications giant Nortel, but Nortel 
needed a much greater quantity of components 
than a grad student in Halifax could produce in 
his basement.
 Fortunately for Sezerman, American customers 
weren’t as fussy about who he was; they only 
cared if his fiber optic components worked. He 
became “somebody” by moving his three-year-old 
company from Halifax to Ottawa in 1988 where 
he had better access to American customers, 

CAREER

People Behind
The Curtain
Ömür Sezerman doesn’t 
just pay lip service to 
his opinion about the 
necessity of surrounding 
yourself with good 
people and rewarding 
them well. Employees 
at his Ontario, Canada, 
headquarters can play 
soccer in the indoor 
OZ Dome along with 
community members, 
have the use of a gym, 
indoor pool and spa, and 
other sports facilities, 
and receive a generous 
compensation package 
including stock options 
for a future IPO. 

The key people who 
helped him build the 
company:

• Zahide Sezerman, 
vice president for 
human resources, 
helped her husband 
start the business and 
took care of things on 
the home front in the 
early years.

• Gordon Youle, vice 
president for test 
equipment, has a 
master’s degree 
in physics from 
Dalhousie University 
where he met Ömür 
Sezerman. He liked 
Sezerman’s fiber cou-
pling idea so much he 
invested his life’s sav-
ings, some $70,000, 
to start up OZ Optics.

• Garland Best, vice 
president of compo-
nents, has been with 
the company since 
1991.

Continued on page 6  
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manufacturing facilities, research institutions, 
and a larger labor pool from which to draw 
employees.
 Today, he has 250 employees world-wide and 
yearly sales increases have averaged about 15% 
over the past five years. By focusing on exports 
to the legendary land of opportunity, OZ Optics 
has its biggest customer base, about 45%, in the 
United States; Canadians make up only 4% of 
his customers.
 Sezerman also struggled with capitalizing his 
startup in the early 1980s. He spent nine months 
negotiating with venture capitalists interested 
in financing his startup, but they wanted more 
control of the company than Sezerman wanted 
to give away. So he scraped together $100,000 
from friends, mostly other students at Dalhousie 
and his professors, to start his company. 
 (Much later, in 2000 before the telecom and 
dot-com bust, he was able to raise $25 million 
from institutional investors to expand the 
company.)

Appeal Patent Rejection
 Even the U.S. Patent Office initially turned 
down his first application for the coupling device, 
saying it was too simple.
 A few months after the patent rejection, 
Sezerman saw the patent examiner at an optics 
conference and the two discussed his application 
on the exhibition floor. Sezerman showed him 
how his fiber coupling system worked. “If it was 
too simple, why didn’t anyone else think of it?” 
he says.
 The patent examiner agreed to reconsider 
Sezerman’s application, and later issued him 
a patent for a tilt-adjustable optical fiber 
connector. 
 That same kind of resolve also paid off three 
years ago when Sezerman was a co-applicant for 
another patent (he has more than 20 to his credit 
now) and was rejected. He requested a review 
of that application and flew to Washington, 
DC, with lawyers, a co-inventor, and a dazzling 
presentation. “I did convince them also,” he says, 
and the patent for a method of writing waveguides 
inside optical fibers with femtosecond lasers was 
eventually approved. 

Always Ask Why
 Sezerman says he is an unlikely entrepreneur. 
Although he learned a little about business 
working for his mother’s tutoring company as a 
teen-ager, Sezerman thought he would eventually 
become a doctor, perhaps a surgeon since he was 
good with his hands.
 But physics and electrical engineering also 

interested him because he had a knack for asking 
“why?” about the world around him and he 
was good at engineering solutions to scientific 
problems. 
 He was two years into his PhD studies at 
Dalhousie when his professor got funding for a fiber 
optics project. “As soon as I got in there, I found 
my field because fiber optics is a combination of 
physics and electrical engineering,” he says.
 Sezerman jumped right into fiber optics and 
quickly devised the fiber coupling device and, 
with his colleagues at Dalhousie, a sensor that 
could determine the velocity of particles in the 
coronary artery. Their patented laser Doppler 
velocimetry technique opened the way for laser 
surgery on the coronary artery and later became 
an alternative method for the balloon-type 
angioplasty commonly used at the time to clear 
a clogged artery. 
 So, why not start a company selling these 
devices, he asked himself. Sezerman knew that 
one big disadvantage would be that it would take 
years for the sensor to get FDA approval and reach 
the medical market. “I didn’t have the patience 
to wait 30 years to make money,” he says. Besides, 
somebody else might soon get the same idea 
and introduce the product into the marketplace 
before he did.
 Why does it have to take so long to get FDA 
approvals? That was more of a rhetorical question, 
but he pondered that while other “why?” questions 
continued to bubble up. Finally, he asked himself: 
Why not use the alignment technique for the 
coupling device on applications other than 
medical?
 “And then I got the idea that we could use this 
thing for making numerous devices,” Sezerman 
says. His fiber optics coupling device could be used 
in countless products and processes and in many 
industries. With so many markets for the coupler, 
from telecommunications equipment to military 
devices, water treatment to food testing, and for 
oil and gas monitoring, “I would be recession 
proof,” he says. 
 It was 1985.
 “I realized this was my opportunity to start up 
a company. There were a lot of things I could do 
with this device,” he says.

Diversify and Win
 Sezerman says diversifying his product lines right 
from the beginning is another factor contributing 
to OZ Optics’ healthy business portfolio, although 
it turned out to be a disadvantage when he tried 
to take his business public in 2000. (He withdrew 
his plans to get listed on the NASDAQ Stock 
Exchange when the 9/11 terrorist attacks on 
America followed the tanking of the telecom and 
other high-tech markets and the contested U.S. 

OZ Optics
OZ Optics, which cele-
brates 25 years in business 
this year, will be at booth 
8016 at BiOS and booth 
4501 at SPIE Photonics 
West, both in San Fran-
cisco later this month.

Ömür Sezerman’s company 
is also supporting this 
year’s SPIE Smart Struc-
tures/NDE meeting (San 
Diego, CA, 7-11 March) as 
an exhibitor and sponsor.

Fiber Idea
Earns Kao
Nobel Prize
Charles Kao’s work on 
improving light trans-
mission in optical fibers 
earned him half of the 
2009 Nobel Prize in 
physics.

In a 1966 paper, Kao 
and George Hockham, 
a colleague at Stan-
dard Telecommunica-
tion Labs, suggested 
that light losses in thin 
optical fibers could be 
reduced if the fibers 
were made of higher 
purity glass. 

While transmission 
efficiencies of 1% were 
common at that time, 
95% efficiencies are 
typical in today’s ubiq-
uitous, energy-saving, 
optical cable networks 
that carry telephone and 
data communication 
around the globe.

Kao, who received the 
1992 Gold Medal of 
SPIE, shared the Nobel 
Prize with CCD devel-
opers Willard Boyle and 
George Smith.

For more on the Nobel 
winners, see page 12. 

t Continued from page 5 
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presidential election of 2000 
gave consumers jitters. He also 
disagreed with underwriters who 
advised him to focus OZ Optics’ 
business on just one market—
telecom—instead of multiple 
markets.) 
 OZ Optics’ fortunes have 
never been tied to any one sector 
or region. More than 10,000 
customers in some 60 countries 
buy OZ Optics’ products. Some 
years, polarization-maintaining 
components (PMCs), hermetic 
feedthroughs for optoelectronic 
packaging, and other components 
for the telecommunications 
market fly off the shelves. And in 
other years, visual fault locators, 
high-power isolators, and sensors, 
especially distributed strain and 
temperature sensors or systems 
(DSTS) for defense, security, 
aerospace, oil and gas, and 
construction businesses have 
kept OZ Optics continuously profitable.
 Sezerman says that sales of fiber optic equipment 
in the telecom market grew from less than 10% 
of total sales for OZ Optics in the 1980s to 80% 
to 85% in the 1990s when that industry saw 
tremendous growth. Now, total sales in telecom 
amount to about 30% of his business. 
 Since fiber optics drives so many high-tech 
advancements such as laser surgery, laser marking, 
and a plethora of Internet businesses, many of 
his products can be used in multiple markets. 
OZ Optics’ Foresight system is one such versatile 
offering. A year ago, OZ Optics received a 
Frost & Sullivan award for the development 
and commercialization of this structural health 
monitoring system. The DSTS uses Brillouin 
scattering in optical fibers to simultaneously 
measure temperature and strain in bridges, dams, 
pipelines, power and telecommunications lines, 
oil wells, and other structures where failure could 
be disastrous.
 Real-time, continuous monitoring of structural 
health allows problems to be corrected before 
failure occurs and is accomplished by embedding a 
standard, low-cost optical fiber inside the structure 
where it can detect unusual temperatures, leaks, 
corrosion, cracks, and power outages.
 The Foresight “smart structure” system 
is compatible with another system, Optical 
Network Safeguard known as OZ-Guard, which 
sends automated reports from remote locations 
wirelessly via cell phone, e-mail, IM, SMS, or 
text, giving fault time and location with GPS 
coordinates.

 OZ Optics has also done well in a varied 
number of industrial markets with its PMCs, 
collimators, and test equipment, all using simple, 
inexpensive techniques to control and measure 
beam angles. It was the first company in the world 
to commercialize PMCs in 1985.
 “What made us survive was the diversity of 
our customers and the diversity of products in 
different markets,” he says.

Pay No Attention to Wizards 
 Although Sezerman acknowledges that a good 
education in physics and engineering and the ability 
to innovate is important for any optics entrepreneur, 
he maintains that entrepreneurs are not wizards.  
 “I’m above average but not a genius,” he says.
 Successful business owners “are in the right 
place at the right time,” he says, and they have 
“the guts” to exploit opportunities. 
 And most important of all, they surround 
themselves with good people who can make the 
business grow and flourish.
 “The product is secondary,” Sezerman says. “It 
doesn’t even come close to the importance of the 
people who run the company.” A business can’t 
be successful if it remains small, he says.
 “What makes everything grow is the people,” he 
says, particularly those working in marketing the 
products. “Without the people, you will have a lot 
of product that is going to collect a lot of dust.” n

–Kathy Sheehan is managing editor of SPIE 
Professional.

Mysteries
Of Valuation
Turning down offers for 
good-paying jobs and 
abandoning his PhD 
studies, Ömür Sezerman 
took a huge risk in 
starting his fiber optics 
company in 1985. So it 
was quite ironic 15 years 
later when he prepared to 
take his highly profitable 
Canadian business public 
and underwriters told him 
that a history of success 
would work against him.

“They said it means 
nothing,” Sezerman 
says. “They don’t look at 
whether you made money. 
They are looking at how 
fast you are going to 
grow, how your sales are 
down the road.”

Their added advice to 
focus his products solely 
on the telecom market in-
stead of diversifying was 
equally mystifying. He 
concluded that “common 
sense doesn’t exist.”

While economic and po-
litical factors in the United 
States were additional 
pressures to abandon 
plans to be listed on 
the NASDAQ in 2000, 
Sezerman says he will 
likely make another bid to 
issue stock in OZ Optics 
sometime in the future.

For more on how the 
finance world puts a value 
on technology compa-
nies, see page 8. 

Ömür Sezerman with OZ Optics products.
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Give Your Business 
VALUE

Even if your business is not trading in the 
public markets, you may need to determine 
an accurate and defendable value for your 

company for legal and tax purposes such as estate 
planning, impaired asset judgments, litigation 
support, or to resolve shareholder disputes. A 
valuation of your privately held technology 
company is also critical for strategic planning 
and for decisions and negotiations around capital 
financing, buying another business, or licensing 
intellectual property. 
 Most of all, if you want to sell or acquire a 
business, you want to know what it is worth.
 Your specific purpose for the valuation will call for 
different standards of value and different methods 
to converge on a defendable valuation opinion. 
Whether you are buying, selling, or growing, it 
is helpful for all stakeholders to know what the 
business is worth and what factors are driving 
that value, be they macroeconomic, operational, 
or legal, or issues involved with taxation, capital 
markets, financing, or industry served. 

Technology Businesses Special
 Regardless of valuation purpose, technology 
businesses are special. They exhibit high market 
and technological uncertainty. Their products 
typically are used in larger systems rather than 
alone and exhibit network externalities. 
 Technology businesses are also special because 
they are part of a complex business ecosystem 
with lots of “coopetition.” These businesses 
both cooperate with competitors and compete 
with strategic partners. Often, there is also 
one technology with many, many business 
opportunities and product possibilities. 
 Consider the Advanced Photo System (APS) 
that was introduced in 1996 by Canon, Minolta, 
Nikon, Fuji, and Kodak. The new system included 
a new film format, a new camera technology, 
and an advanced photofinishing technology. 
Consumers and suppliers had to adopt an 
entirely new system. Market risk was extremely 
high despite coopetition and was ultimately 
never mitigated. The unavailability of film and 

photofinishing facilities indirectly drove down 
the valuation of the camera businesses.
 Similar examples today are photonics 
technology companies addressing HDTV and 
medical imaging markets. While adhering to 
industry and regulatory standards, they are not 
directly supplying HDTV content or reagents. As 
a result, their valuation is heavily dependent on 
their coopetition in the value chain to mitigate 
market risk alongside them.
 This combination of unique characteristics 
of technology products makes valuation of 
technology companies challenging, but it 
certainly does not make it black magic.

‘Rule of Thumb’ Right for You?
 Even though your business is privately held, 
published multiples, or price-to-earnings ratios, of 
publicly traded companies and industry sectors are 
often quoted as rules-of-thumb for valuation.
 However, this rule-of-thumb analysis is 
plausible only if your business is very similar to 
the public companies analyzed with respect to 
the plethora of factors that affect the value of the 
public stock. The fact alone that your business is 
not public makes it extremely different. 
 Professional appraisers following the method 
known as “Guideline Public Company” would 
normally apply discounts greater than 30% because 
private company equity lacks marketability. 
 Other factors that can map to additional 
discounts for privately held companies:
• Your company is small relative to the size of 

comparable companies
• Your business would be harmed if you or 

another key employee left
• Your company has a high concentration of 

customers or suppliers in a single industry or 
market, or you have only one main customer

• Your company lacks diversification
 Whatever professional methods or guidelines 
are used, determining appropriate multiples 
requires multi-layered analyses of the business 
and its marketplace to realize any correlation to 
the public market.

Who Will
Decide Value?
Accounting, financial 
and legal advisers are 
critical in gathering the 
necessary information 
to perform an objec-
tive business valua-
tion. Very few lawyers, 
accountants and CPAs, 
however, have the nec-
essary expertise and 
credentials to value a 
business. 

These professionals 
may also have fun-
damental conflicts of 
interest in providing 
business valuation 
services, especially 
if the CPA or lawyer 
provides audit, tax, or 
legal services for your 
business. 

The Uniform Stan-
dards of Professional 
Appraisal Practice 
(USPAP) are the gener-
ally accepted standards 
for professional ap-
praisal practice in North 
America and include 
ethics and competency 
rules to maintain public 
trust in the appraisal 
profession.

With respect to closely 
held technology com-
panies, accounting 
and legal professionals 
often lack sources to 
deep and broad market 
knowledge and tech-
nology differentiation to 
make defendable and 
credible valuation opin-
ions. This is important 
because a company’s 
valuation is based on 
benchmarking recent in-
dustry transactions and/
or pro forma financials 
from the perspective of 
a strategic buyer in the 
markets served. 

What is your business worth?  
What factors drive the valuation?

By Linda Smith
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Which Standard of Value?
 Two standards of value that are applicable to 
most technology companies are fair market value 
and investment value, and the purpose of the 
valuation, not the type of company, drives the 
standard of value. See table at right.
 The term fair market value is used in many 
contexts, including loosely and inappropriately as 
the be-all, end-all, or enterprise value of a business. 
However, there is no such value in general terms. 
 For a business valuation, fair market value is the 
amount a willing buyer would pay a seller when 
neither party is under compulsion to buy or sell 
and when both have reasonable knowledge of the 
relevant facts about the business. It most closely 
represents the amount that a financial buyer 
(typically a private equity company or a venture 
capitalist with no operating or marketing synergies) 
would pay for your business, and it is often the 
standard of value used for tax and legal purposes.
 Investment value, on the other hand, is the 
specific value of an investment to a particular 
investor/buyer or class of investors/buyers based 
on their individual requirements. In the context 
of an acquisition, the investment value most 
closely represents the amount that strategic buyers 

with operating and market synergies would pay 
for your business.
 Strategic buyers differ from financial buyers in 
that they want to acquire your company not just 
for its future cash flows but for the incremental cash 
flows from their products that are sold because of 

 
Purpose

Typical Applicable 
Standard of Value

Financial reporting (FASB) Fair

Gift, estate, & inheritance 
taxes and charitable 
contributors

Fair

Employee Stock Option 
Plans

Fair

Dissenting stockholder 
actions

Fair

Purchase of sale by 
financial buyer

Fair

Purchase or sale by 
strategic buyer

Investment

New Workshop
On Valuation
Ceres founder Linda Smith 
will teach a new course at 
SPIE Photonics West on 
26 January that will focus 
on business valuation 
methods applied to the 
strategies and processes 
that business leaders 
use in financing, selling, 
buying, and licensing of 
IP. The course will use two 
case studies of photonics 
companies positioning 
themselves for maximum 
valuation in exiting and 
licensing.

Her financial valuation 
“bootcamp” is intended 
for entrepreneurs, product 
managers, and business 
owners.

For more information:  
spie.org/pwvalue.

Continued on page 35  

The purpose of the valuation drives the standard 
of value.

What is your business worth?  
What factors drive the valuation?
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The Good Word(s)
Companies with good internal communications can build confidence during 
tough times and keep employees focused on moving forward.

By Paul Palmer

CAREER

In an economy which 
generally has seen 
revenues in decline, 

some employers have 
managed to accomplish 
amazing things. Their 
key to reaching or even 
surpassing ambitious goals 
during a downturn is 
relatively simple: effective 
communication. 
 Effective corporate 
communication inside the 
workplace is an invaluable 
tool to improve morale, 
identify fresh ideas, and 
help shape corporate 
strategy. Communication methods among these 
employers are varied, but all make a concerted 
effort to attain their business goals.
 “We try to have a three-prong approach to our 
communication strategy,” says Rob Randelman, 
president of Ocean Optics, an SPIE corporate 
member company specializing in spectroscopy 
and photonic instruments and optical sensing. 
“We aim for transparency with employees, open 
forums where anything is open for discussion, and 
we always have something employees can digest 
on their own.” 

 Jay Kumler, president of 
Jenoptik Optical Systems 
(formerly Coastal Optical 
Systems) and a new member 
o f  the  SPIE  Board  o f 
Directors, says his strategy is to 
communicate more frequently 
and with more information. 
 “It’s a pat answer, but it’s 

true,” Kumler says. “We have quarterly meetings 
and weekly job sheets. We give detailed access 
to everyone so they know what we are currently 
doing.”
 Here are some of the elements successful 
employers cite as critical in their strategies:

Be Straightforward 
 Employees are looking for straightforward, 
truthful answers to their questions. A common 

element in most successful communication 
strategies is conducting employee meetings. These 
regularly scheduled events provide an opportunity 
for the leadership to keep employees current 
on programs, progress, and the general business 
environment. 
 In the end, the effectiveness of these meetings 
hinges on developing opportunities to answer 
employees’ questions and address their concerns.  
To solicit employee participation, companies use 
a variety of approaches ranging from an open 
forum to question boxes where employees can 
submit questions confidentially. Regardless of 
the particular format used, in an informal survey 
of CEOs, the level of straightforwardness and 
honesty correlate highly with the effectiveness 
of these sessions. 

Increase Face Time
 “We try to schedule time in remote offices 
that don’t correspond to any other activities like 
trade shows or customer events,” Randelman says. 
Ocean Optics’ corporate office and manufacturing 
facilities are in Florida but it does business out 
of offices in China and Europe. “This lets our 
leadership team be seen by our employees without 
other distractions.” 
 Some CEOs suggested one way to increase face 
time around the office: locate executive offices 
in different parts of the building. This simple 
strategy requires leadership team members to 

Palmer’s  
Tips for 
Effective 
Communication
1. Keep the 

communication simple.

2. Communicate on 
a regular, frequent 
schedule. Frequency 
and consistency are 
important.

3. Seek out tribal leaders.

4. Increase the amount 
of face time with 
employees. Take a long 
walk around the office 
rather than a direct 
path.

5. Ask for employee input.

6. Answer the tough 
questions. Honesty is a 
necessity.

7. Use a variety of 
communication 
methods.

8. Demonstrate how 
decisions will impact 
the company.

9. Show the wins! It’s not 
all bad news.

Ocean Optics employees in the company’s Florida lab are encouraged to 
ask questions within their work group and at company-wide meetings. 
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walk the halls much more frequently on their 
way to meetings.

Seek Out “Tribal Leaders”
 Knowing that communications are passed 
informally between employees is key to a 
successful strategy. 
 “Hoagies with Holly” is a program that Dave 
Holly, president of the Communication Test & 
Measurement business 
segment at  JDSU, 
implemented years 
ago. It is an informal 
lunch with about eight 
people from different 
departments of the company. The participants 
change every month. No questions are considered 
off limits. 
 “I would rather they ask the tough questions so 
I can get the truth out in the open, rather than 
people making up their own stories.” Holly says. 
 “Tribal leaders” is how Randelman describes 
this informal group of people. They are the key 
communication influencers in the office and/or 
manufacturing floor. Randelman’s team at Ocean 
Optics seeks out these “tribal leaders” and uses 
them to help communicate informally to the rest 
of the team. Both Randelman and Holly agree 
that these small group meetings help prevent 
speculative rumors from spreading by correcting 
any misinformation on an informal basis. 

Share Good News and Bad
 People read newspapers, watch television and 
are generally knowledgeable about what is going 
on with the economy. A marketing manager from 
Georgia recently told me: “Just tell me the truth. 
Tell me what I can expect, and let me help be 
part of the solution.” 
 The more the employees know about the 
state of the business, the more they understand 
why certain decisions are necessary. Recently, 
Randelman posed questions regarding benefits 
and salary issues to his employees. The employees 
were able to provide input that helped the 
leadership team reach their decision. Randelman 
noted Ocean Optics has even posed questions 
about strategic company issues to all employees 
and asked them to provide comments.

Open New Avenues
 An effective communication strategy takes 
investment. But whether it is increasing face 
time in remote locations or investing in capital 
equipment such as video conferencing technology, 
the effort does not go unnoticed by employees. 
 “We learned from the downturn in 2001,” 
Holly says of JDSU’s investment in a variety of 
communications methods. While some employees 

Communication
Workshop at
Photonics West
Thomas Tongue, founder 
and CEO of Zomega Tera-
hertz Corp., will give a talk 
on professional communi-
cation as part of a profes-
sional development speaker 
series at SPIE Photonics 
West 24 January.

In “Peaks and Pitfalls of 
Professional Communica-
tion: Tips from a Technical 
Entrepreneur,” Tongue will 
cover ways to communi-
cate with your professional 
network in a way that will 
effectively present your 
ideas and enthusiasm.

Tongue has master’s 
degrees in physics and 
business and more than 
14 years of experience in 
the software and photonics 
industries.

For more information about 
this speaker series and 
other resources for early 
career professionals, go to 
spie.org/ecp.

wondered what was afoot, the company proved 
to be ahead of the curve once the economy 
started to decline. JDSU, an SPIE corporate 
member, is committed—whether through video 
conferencing, increased face time with workers at 
all locations, or other means—to consistent and 
regular messaging in a variety of methods. 
 Ocean Optics made a similar commitment. 
“It helps my employees to know that at any 

time they can speak 
to me on Skype video 
conferencing even if it 
is just for a few minutes 
to resolve an issue or to 
strategize,” Randelman 

says. “People appreciate the time and enjoy using 
the medium.” 

Keep Your Eye on the Future
 Unfortunately, some companies have had to 
pursue staff reductions, pay cuts, furloughs, and 
shortened work weeks to survive the current 
downturn in the economy. While necessary or 
even critical in the short term, companies with 
long-term vision and an eye on recovery have 
focused on developing an effective communication 
strategy. They know it is critical in building 
confidence and keeping their employees focused 
on moving the business forward. n

–Paul Palmer is founder and 
owner of Global Recruiters of 
Sarasota, FL (USA). He helps 
companies identify and hire 
talent in the photonics, optics, 
and test and measurement 
industries by matching company 
needs and goals  with an 

individual’s motivations, style, and abilities. For 
more information, visit www.grnsarasota.com or call 
941-714-0017 x 301. He will be recruiting at SPIE 
Defense, Security, and Sensing in April.

Jenoptik’s Jay Kumler says 

communication with employees 

should be frequent and detailed.

More Connections for SPIE Corporate Members
SPIE is increasing the number of individual memberships that come with 
an SPIE corporate membership from one to three.

This enhanced benefit means more value, more access to a key technical 
audience, and more opportunities to stay connected within the optics 
community.

SPIE corporate members may now designate three individuals with spe-
cific roles in the organization to represent and vote on behalf of the com-
pany. In addition to the primary member in the organization, two others 
involved with executive, engineering, or technical management will receive 
full benefits of individual membership. That includes subscriptions to the 
online journal s/he chooses and SPIE Professional magazine.

For more information: membership@spie.org.

CAREER
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“Masters of Light”
Win Nobel Prizes

CAREER
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Charles Kao  Willard Boyle  George Smith

The science of light commanded world attention late last 
year as scientists working in fiber optics and charge-
coupled devices (CCDs) won the 2009 Nobel Prize 

in physics. 
 Charles Kao, Willard Boyle, and George Smith, whose 
work developed technologies enabling the digitization and 
electronic transmission of images and other information, 
shared the prize. 
 Their work from the 1960s has produced advances in many 
fields, from biomedicine and laser surgery to the discovery of 
cosmic dark energy.
 Kao, whose early career work at Standard Telecommunication 
Labs suggested that pure glass fibers would work as an efficient 
medium for carrying light, was awarded half of the $1.4-million 
prize. His discovery helped create high-speed, low-loss fiber-
optic cables that carry most of the world’s telecommunications 
data.
 Boyle and Smith, who worked at Bell Labs, share the other 
half of the award for developing the CCD image sensor that 
enabled high-resolution images from space and ubiquitous 
digital photography on Earth.
 Kao received the Gold Medal of SPIE in 1992 and has served 
on the symposium committees for SPIE meetings on optical 
communications in the Asia-Pacific region.
 “It is wonderful that the prestigious Nobel Prize is awarded 
to recognize engineering technologies that are making a 
great impact on the advancement of the human society,” said 
Tingye Li who is retired from AT&T Labs and has served on 
program committees for several SPIE symposia on optical 
communications.
 “SPIE congratulates these extraordinary scientists, whose 
work paved the way for the sharing of images, research, and 
other information in a plethora of ways that enrich life and 
increase understanding among people around the globe,” said 
SPIE CEO Eugene Arthurs. n

The accomplishments of the three Nobel Prize 
winners are included in a 1990 SPIE Press book, 
Technology of Our Times: People and Innovation in 
Optics and Optoelectronics (Frederick Su, Editor).
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Career Focused
Job seekers and employers with optics and photonics jobs  
to fill now have an easier time finding each other on SPIE.org. 
And our 2010 desk calendar is designed to inspire and  
promote your career growth.

CAREER

The SPIEWorks job site is now the new 
Career Center on SPIE.org. The Career 
Center is a prime resource for optics and 

photonics job seekers and employers, with job 
and resume postings and advice from experts and 
recruiters. In October, the name of the site was 
changed to better enable online searches, and the 
site was reformatted for easier use.
 The SPIE employment Web site retains existing 
job search and job posting functionality, including 
clear, separate paths for job seekers and employers. 
The new Career Center also has a listing of the 
newest job postings, logos of featured employers, 
advice from experts, activity tracking tools for 
employers, criteria-based notification for job 
seekers, and ads for job fairs.
 SPIEWorks was named among the top 
100 job boards and career portals from 
among 10,000 employment sites in the 
Weddle’s 2009/10 Guide. In the last eight 
years, the site has been used by more than 
11,000 people to find positions within the 
optics and photonics industry, and more 
than 3000 companies used SPIEWorks to 
find employees.
 SPIE also has reduced the cost for 
employers to post jobs by 10%. 
 “As a not-for-profit educational society, 
our goal is to continue to help advance 
progress by connecting skilled job seekers 
with companies seeking to fill positions,” 
says SPIE CEO Eugene Arthurs.
 The SPIE Career Center is available to 
all regardless of Society membership. 
 See the main navigation tab for the 
Career Center at SPIE.org or go directly to 
spie.org/careercenter.

Desk Calendar
 SPIE is offering free copies of the 2010 
SPIE Women in Optics monthly planner to 
SPIE members, career counselors, science 
teachers, and community organizations. The 
desk calendar features stories and pictures of 
optics and photonics professionals making 
a difference in the world through their 
work. 

The Women in Optics 
speaker at SPIE Photonics 
West is Dickinson College 
research professor Priscilla 
Laws, who will speak about 
her educational outreach 
activities in developing 
countries. 

Laws says support for girls’ 
education in countries 
like Mozambique and the 
introduction of low-cost, 
active learning strategies 
for physics teachers in 
the developing world are 
extremely effective for 
sustainable development.

Enjoy wine, cheese, and 
networking at 4:30 pm 
Monday, 25 January, at 
the Hilton Hotel in San 
Francisco.

 This year’s calendar (spie.
org/wio) focuses  on 21  
women in optics, including 
S P I E  m e m b e r s  J u l i e 
Bentley, associate professor 
at the Institute of Optics, 
University of Rochester; 
Kathleen Perkins, CEO of 
OpticsReport; Valentina 
D o u s h k i n a ,  d i r e c t o r 
of Engineering at Qioptic 
Polymer; and Susan Houde-Walter, CEO and 
cofounder of LaserMax.
 E-mail your request for a Women in Optics 
calendar to: pascale@spie.org. 
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The carbon dioxide laser has become the workhorse for the 
materials processing industry. 

By Anthony J. DeMaria and Thomas V. Hennessey Jr. 
Full Text Online
This is an excerpt from 
a comprehensive review 
of the CO2 laser by 
Anthony DeMaria and 
Thomas Hennessey. 
The full text of their 
article, which includes 
a summary of state-of-
the-art CO2 laser tech-
nology and a guide to 
choosing which laser is 
best for an application, 
is part of the industry-
wide celebration of the 
laser’s 50th anniversary 
and can be read online 
at advancingthelaser.
org. 

Since Ted Maiman’s creation of the first 
working laser nearly 50 years ago, the laser 
materials processing market has grown to 

become one of the largest industrial applications 
for lasers. 
 The CO2 laser, which will be 46 years old 
this year, has captured the largest portion of 
the market for laser materials processing. It has 
become the workhorse of the materials processing 
industry for a variety of reasons:
• Low cost (less than $100 per watt)
• Relatively high efficiency (greater than 

10%)
• Small size per watt of output power
• Large variation in output power, ranging from 

a few watts up to more than 60kW
• Long sealed-off lifetime of greater than 20,000 

hours
• Wide variety of output waveform formats
 Adding to the attractiveness of the CO2 laser 

is the high absorption of its infrared radiation. 
Numerous discrete output wavelengths can be 
selected between 9 and 11 microns with the use 
of isotopes in the laser’s gas mixture. Radiation in 
these wavelengths is strongly absorbed by paper, 
wood, cloth, ceramics, oxides, plastics, glass, 
stone, liquids, and most complex molecules. The 
use of different CO2 isotopes in the laser’s gas 
mixture of CO2:N2:He can produce a selection 
of hundreds of discrete IR wavelengths. 
 Optically pumped solid-state lasers of the rod, 
disk, or slab variety; fiber lasers; excimer lasers; 
high-power laser-diode arrays; and CO2 lasers 
all play a role in the laser materials processing 
industry. Yet, of these commercially available 
lasers, the CO2 laser’s beam quality, low cost, and 
other attributes have won it a 37% share in the 
$2.9 billion (€2 billion) global market for lasers 
used in laser materials processing, according to 
2008 figures from Optech Consulting. 

A TRUMPF TruFlow 
CO2 laser welds a 
stainless steel tube. 
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Manufacturing Revolution
 The reason for the CO2 laser’s dominance in 
the materials processing industry is that it has 
revolutionized many manufacturing processes.
 Cutting and welding with multi kW lasers 
reduce cost and waste while speeding up 
processing. Automobile manufacturers have been 
major beneficiaries of this reduced production 
time. (See how remote laser welding systems are 
being used in the auto industry on page 20.)
 The oldest and largest market for CO2 lasers 
systems is in cutting, welding, and drilling of sheet 
metal with high power CO2 lasers, with the largest 
revenues coming from laser systems that have output 
average powers in the 2 to 6 kW range. Even though 
the carbon dioxide laser is at a low-absorption 
disadvantage in processing metals over shorter 
wavelength lasers (such as Nd:YAG at 1.06 micron 
wavelengths and high-power laser diode arrays that 
operate between 0.808 and 0.975 microns), CO2 
lasers still have the larger share of the market. 
 At the other end of the power spectrum, 
low-average-power CO2 lasers (below 100W) 
have made it easy to mark products with date 
of manufacture and expiration, lot and serial 
numbers, and other ID markers, as required by law 
in many places across the globe. Laser marking 
is a fast-growing market and is now cutting into 
market share of the ink-jet industry. 
 Other fast-expanding markets are the scribing 
of glass and cutting of plates for the display 
market, the cutting/drilling of plastics, and 
the drilling of holes in 
printed circuit boards. 
The introduction of 
miniature and relatively 
inexpensive electronic 
devices such as cell- 
phones, laptops, and 
hand-held computers 
has forced increased 
speed in the number 
of holes drilled per 
unit and the resulting 
reduction in cost per 
drilled hole in printed 
circuit boards. One 
popular approach for 
achieving the increased 
speed and lower cost is the use of pulsed laser 
drilling systems instead of mechanical drill 
machines.

Variety of Powers and Modes 
 Flexibility in the laser processing of materials 
tends to increase with the increased availability 
of laser output modulation formats. Various 
configurations of CO2 lasers have achieved 

continuous-wave (CW) output power ranging 
from a few watts up to 60kW. Operating 
efficiencies approaching 30% have been obtained 
in commercially available CO2 lasers, although 
10% to 12% is more typical.
 The CO2 laser offers the option of operating 
continuously or in a wide variety of pulse 
repetition frequencies, from 
a few hertz to well over 
100kHz. 
 CO2 lasers available 
commercially operate in 
three modes: 
• A super pulsed mode 

where the pulse peak 
power driving the laser 
discharge can be up to 
several times the average 
CW power

• A gain-switched mode yielding 
megawatts of peak power but at low pulsed 
recurrence frequency (PRF) from a few hertz to 
about a kilohertz maximum, such as in Traverse 
Excited Atmospheric (TEA) lasers

• A Q-switched mode where the pulse widths are 
tenths of microseconds wide at PRF up to 30 
kHz and peak power is several hundred times 
the CW average power capability of the laser 

RF-Excited Lasers 
 Radio frequency (RF) excited, sealed-off CO2 
lasers with operational lifetimes well in excess of 

20,000 hours are also 
used commercially. 
The CO2 laser has 
been successfully 
energized electrically 
by RF and direct 
current (DC) energy 
as well as optically, 
gas-dynamically, 
chemica l l y,  and 
b y  e l e c t r o n -
beam exci tat ion 
(pumped). It has 
been excited by more 
different excitation 
approaches than any 
other laser. Electrical 

excitation is exclusively used in commercial 
applications.
 The largest materials processing markets served 
by CO2 lasers are applications that require CW, 
pulsed, or super-pulsed outputs from convectively 
cooled DC- or RF-excited lasers with output powers 
from 1kW to 60kW (with the largest market in 

LASERS

Continued on page 16  

Epilog Laser of Golden, CO, specializes in CO2  
and fiber laser systems for engraving, marking,  
and cutting. The barcode and other markings on  
this metal plate were made with an Epilog CO2 
laser and a bonding agent. 

Photo courtesy of Epilog.

World Market for  
Lasers for Materials  
Processing 2008
By Laser Type

Laser Market
Optech Consulting of 
Switzerland reports that the 
worldwide market for laser 
systems used in materials 
processing reached $9.14 
billion (€6.4 billion) in 2008. 
Sales attributed to laser 
units were $2.9 billion  
(€2 billion). (Average cur-
rency conversion in 2008 
was €70 to $100.)

Of those laser units sold 
for materials processing in 
2008, CO2 lasers accounted 
for a 37% share, followed 
by solid-state rod and 
disk (36%), excimer (17%), 
fiber (7%) and direct diode 
lasers (3%).
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t Continued from page 15 

LASERS

EggFusion uses 
a pulsed, sealed CO2 laser 
to etch eggshells with 
tamper-proof freshness 
and traceability codes.

systems with outputs in the 5kW to 6 kW range) 
and sealed-off, diffusion-cooled, RF-excited lasers. 
The latter type can be either the slab or waveguide 
variety, with an average output power range from 
a few watts to approximately 2kW.

Heat Removal: Design Challenge
 Heat removal is a primary concern in the 
design of a CO2 laser, as it is for all types of 

lasers, and a convenient way to name 
different types of CO2 lasers is by 

the means used to carry heat 
away from the discharge. 

Since only about 10% of 
the laser’s input power 
generates laser energy, 
approximate ly  90% 
of the input electrical 
power needs to be carried 
away as heat.

 Since the laser’s output 
beam quality is dependent 

on the alignment stability 
of the resonator’s mirrors, it is 

important to have symmetric and 
uniform heat extraction from the laser discharge 
to avoid bending and twisting of the mechanical 
structure holding the resonator’s mirrors. 
 To obtain good beam output quality and good 
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Continued on page 19  

TRUMPF’s TruFlow CO2 laser has a modular design and is used for sheet cutting, spot and seam 
welding, and other applications.

CO2 Share
In Market

While CO2 lasers are 
dominant in the materials 
processing market 
segment, they account for 
only 16% of all laser units 
sold in 2008, according 
to Laser Focus World. 
The lower-cost and much 
lower-power diode lasers 
had a 58% share of all 
laser units sold globally. 
All other laser technology 
revenues were below 
10%, the magazine 
reported.

Other 1% 

Fiber 4% 

DPSSL 6% 

Excimer 
       6%    

LPSSL 9% 

CO2 
16% 

Diode 
58% 

beam pointing stability in pulsed gas lasers, 
the laser designer has to minimize the optical 
distortions caused in the laser’s gas mixture by 
acoustic shocks generated by the pulsing of the 
gas discharge. This is difficult because the designer 
must use materials that are compatible with good 
high-vacuum technology so as not to contaminate 
the laser’s gas mixtures. Unfortunately, such 
materials are not usually good acoustic absorbers, 
and the manufacturers usually specify that the 
laser not be operated at pulse rates that coincide 
with the acoustic resonances of the laser tube.

Heat Removal Methods
 The two basic cooling techniques used in CO2 
lasers are
• Convective cooling, where the heat is carried 

away by flowing the laser gas mixture that is at 
sub-atmospheric pressures within the laser tube

• Diffusion cooling, where the molecules within 
the laser discharge are cooled by making 
collisions with the cooled walls containing 
the gas discharge

 The convectively cooled CO2 laser (also called 
flowing gas laser) is the oldest form of laser cooling 
and the most mature CO2 laser technology. It 
has been the workhorse of the high-power laser 
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INDUSTRY

Finalists Named for Prism Awards

Prism Awards sponsors Laurin Publishing and 
SPIE have announced the finalists in the 
2009 competition. The Prism Awards for 

Photonics Innovation recognize the best in new 
photonics technology and products worldwide.
 Finalists in each of the nine categories—Optics; 
Lasers; Other Light Sources; Detectors, Sensing & 
Imaging Systems; Analytical, Test & Measurement; 
Photonics Systems; Photonics Processes; Sustainable/
Green Technology; and Life Sciences—are listed 
below. A distinguished panel of technology experts 

chose three finalists in each category, except 
for Other Light Sources and Analytical, Test & 
Measurement, where there were ties.
 Winners will be announced Wednesday, 27 
January during SPIE Photonics West at an awards 
ceremony and banquet in the Grand Ballroom of 
the Hilton San Francisco Union Square.
 Ten companies from Spain, Germany, and the 
United States received awards for 2008.
 For more information: www.PhotonicsPrism 
Award.com

Join in the celebration of 
the laser anniversary in 
2010.

SPIE Members who receive 
this January 2010 issue 
of SPIE Professional in 
the mail and everyone 
attending SPIE Photonics 
West in San Francisco will 
receive a poster depicting 
50 years of laser tech-
nology.

The poster inside this 
issue was produced by 
SPIE and Laser Focus 
World, with support from 
Biophotonic Solutions, 
DILAS, Edmund Optics, 
Hellma Optik, CVI Melles 
Griot, Newport Corp., New 
Focus, Nufern, OptoSigma, 
Spectra-Physics, Toptica 
Photonics, and TRUMPF.

Optics
OneChip Photonics (Canada)
OneChip PIC-based PON transceivers
Semrock Inc. (USA)
Polarizing Beamsplitter Filters
Swamp Optics (USA)
BOA Pulse Compressor

Lasers
High Q Laser Innovation GmbH (Austria)
picoEMERALD
Laser Operations LLC – QPC Lasers (USA)
Brightlock Ultra-G
VI Systems GmbH (Germany)
Ultrahigh-Speed Components for Data 
Networks

Other Light Sources
Hamamatsu Corp. (USA)
160 kV Open-Type Microfocus X-Ray Source
Innovations in Optics Inc. (USA)
LumiBright LS Line Source
Innovations in Optics Inc. (USA)
LumiBright LE Light Engine
National Tsing Hua University (Taiwan)
Sunlight-Style Color-Temperature Tunable 
OLED

Detectors, Sensing, and Imaging 
Systems
GE Healthcare (USA)
Gemstone HD CT Detector
InfraTec Infrared LLC (USA)
MEMS Tunable Fabry-Perot Interferometer 
Microspectrometer for Infrared Absorption 
Spectroscopy
Novelx (USA)
mySEM

Analytical, Test, and Measurement
Agilent Technologies (USA)
Scanning Microwave Microscopy

Lehighton Electronics Inc. (USA)
1605 Mobility Mapping Unit
Olympus America (USA)
LEXT OLS-4000 Laser Scanning Microscope
QED Technologies (USA)
Aspheric Stitching Interferometer (ASI)

Photonics Systems
Aerotech (USA)
ANT130-L
IRphotonics (Canada)
iCure Thermal Spot Curing System
OEwaves Inc. (USA)
Ultrahigh-Performance Automated Phase 
Noise Measurement System

Photonics Processes
General Resonance LLC (USA)
Resonance Science
Linden Photonics (USA)
Strong Tether Fiber Optic Cable
Shasta Crystals (USA)
Modified Laser Heated Pedestal Growth 
Technique

Life Sciences
LightLab Imaging Inc (USA)
C7-XR Optical Coherence Tomography  
System (FD-OCT)
Nanonics Imaging Ltd. (Israel)
Hydra Multiprobe BioImaging NSOM SPM
Photometrics (USA)
Photometrics Evolve Camera

Sustainable/Green Technology
BaySpec Inc. (USA)
Portability-3 Raman Instrument
Electronic Housekeeper (USA)
Electronic Housekeeper (EHK)
National Semiconductor (USA)
SolarMagic Power Optimizer
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Top photo: Image of CO2 
laser courtesy of Coherent

Bottom left: A scientist at 
the Princeton Plasma Phys-
ics Laboratory inspects 
the CO2 laser system be-
ing used for the National 
Spherical Torus Experiment 
(NSTX).

Bottom right: The CO2 
laser chamber at the New 
Mexico Geochronology 
Research Laboratory 
The 50-watt CO2 laser is 
used to extract argon gas 
for geologic and mineral 
analyses. Copper sample 
disks are in background. 

Photo courtesy of New Mexico Tech and the New 
Mexico Bureau of Geology and Mineral Resources.
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materials processing industry, and it has generated 
the highest average output power (about 60 kW) 
in a commercial laser to date because of the large 
discharge volume.
 Diffusion cooling of CO2 lasers is the newer 
of the two cooling technologies and has found 
a commercial niche in CO2 lasers with average 
powers between a few watts to several kW. 
Waveguide and slab lasers are two examples and 
are favored for their compact size and smaller 
footprint on the factory floor.
 Diffusion-cooled CO2 lasers utilize the collision 
of hot CO2 molecules with the electrodes or walls 
of the housing containing the discharge. These 
collisions de-excite the energy of the hot CO2 
molecules down to the ground state, thereby 
cooling the CO2 molecules. The gas discharge 
container housing is, in turn, cooled externally 
by either liquid or air.
 The output power capability of diffusion-cooled 
lasers is lower than for convectively-cooled lasers 
because of the small discharge volume resulting 
from the need to have the electrode cooling walls 
close together.

Niche for TEA Lasers
 After RF-excited lasers, TEA lasers are the 
second-most mature of the CO2 laser types.
 Intuition leads one to correctly conclude that 
to obtain more power from a given CO2 laser-
tube diameter, simply increase the gas pressure. 
It is well known that CO2 lasers operate best 
with electric fields to pressure ratio (E/P) of 20 
to 50 volts/Torr. This means that for a 1-meter 
discharge at a high gas pressure, say, of 800 
Torr, voltages in the neighborhood of 800,000 
to 4 million are needed to create the discharge. 
Steady-state discharges at such high gas pressures 

Laser  
Applications
Materials processing 
was the top application 
for all 2008 laser reve-
nues, according to Laser 
Focus World magazine. 
Materials processing 
accounted for 29% of all 
laser applications. Other 
popular applications 
for lasers were com-
munications, at 27% of 
the market, information 
storage at 26%, and 
medical uses, 7%.

 

t Continued from page 16 

LASERS

are difficult to maintain without having the 
discharge degenerate into an arc. Consequently, 
CO2 lasers at such high pressures are operated in 
a fast-rise-time, pulsed mode. 
 TEA lasers have obtained single-pulse energies 
up to 10 Joules at low-pulse-per-second or less 
rates and up to pulse repetition rates of 800 Hz 
with approximately 1 Joule per pulse.
 At such high pulse energies, acoustic shocks 
need to be minimized by the laser designer 
because the shocks cause gas turbulence in the 
laser medium, which deteriorates the beam quality 
and the pointing stability of the beam. Acoustic 
shocks are one of the reasons for the low-pulse-
repetition frequency performance of TEA lasers. 
 TEA lasers have found niche applications 
requiring high peak power (up to megawatts), high 
peak energies (up to several joules per pulse), and 
relatively low-pulse-repetition frequencies (up to 
about 100 PRF, with 10 PRF being typical).
 Despite this, TEA CO2 lasers have the smallest 
share of the laser materials processing market. 
In most cases, TEA lasers are manufactured 
to order according to individual users’ unique 
specifications. n

– SPIE Fellow and past SPIE President Anthony 
DeMaria is chief scientist at Coherent, Inc. and 
professor-in-residence at the Department of Electrical 
and Computer Engineering at the University 
of Connecticut (USA). He founded DeMaria 
ElectroOptics Systems which he later sold to 
Coherent. 

Thomas V. Hennessey, Jr., is mechanical designer at 
Coherent, Inc. and has 21 years of experience working 
with CO2 laser technology.

CO2 Laser Inventor C. Kumar Patel

Lasers Put Shine 
on Metals
Researchers at the Fraun-
hofer Institute for Laser 
Technology ILT in Aachen 
(Germany) have devel-
oped a way of using lasers 
to automate the work of 
polishing metal surfaces 
such as molds for making 
plastic parts. Edgar Wil-
lenborg, group leader at the 
ILT, estimates that the new 
laser system will be ready for 
industrial use in one or two 
years.

SPIE member C. Kumar N. Patel was a young 
physicist at Bell Labs in 1964 when he developed 
the first high-power gas laser using carbon 
dioxide. The CO2 laser would go on to become 
one of the most versatile and practical of all 
lasers. This laser cuts, welds, and drills on plastics 
and metals, aids in weather predictions and 
atmospheric analysis, and is used to perform 
intricate surgery without scalpels.

Patel, president and CEO of Pranalytica Inc., a 
manufacturer of quantum cascade lasers and gas 
detection equipment, worked for Bell Labs for 32 
years. He has earned 36 U.S. patents for lasers and 
their applications and was awarded the National 
Medal of Science in 1996. He was elected to the 

National Academy of Sciences in 1974 and the 
National Academy of Engineering in 1978. 

Before founding Pranalytica, he served as 
the vice chancellor for research at UCLA from 
1993 to 1999. His current work with QCLs and 
laser-based trace gas detection equipment 
is used mostly in industrial, environmental, 
military, and security applications.

He is a regular contributor and speaker 
at SPIE conferences, including SPIE 
Optics+Photonics, SPIE Photonics West and 
SPIE Security+Defence. Patel is one of many 
laser luminaries whose work will be featured in 
a laser display at SPIE Photonics West 2010.
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Manufacturing and design  
engineers can help remote laser 
welding technology catch on in  
North America.

By Robert Mueller

Although remote laser welding (RLW) is 
commonly used in Europe for joining 
metals in automotive manufacturing, 

RLW systems are not in wide use in the North 
American manufacturing sector. But using 
remote laser welding makes complete sense for 
high-volume manufacturing applications where 
resistance spot welding is currently used.
 A remote laser welding system, or cell, 
doesn’t take up much room on a shop floor and 
is significantly faster than traditional welding 
systems. RLW systems typically produce two to 
five welds per second, compared to one weld every 
three seconds for a resistance-welding gun. In the 
long run, it is also more cost effective for material 
processing applications requiring a large amount 
of spot welds on one assembly.
 All that is needed to increase acceptance of 
RLW is some education about this time-saving 
materials processing technology and a little help 
from manufacturing and design engineers willing 
to incorporate RLW early into their designs.

Lasers and Robots
 In an RLW system, the laser beam is focused 
over the workpiece from about a half meter or 
more. A combination of mirrors and mechanical 
movement of the laser-delivery mechanism results 
in very fast beam pointing. In fact, weld-to-weld 
repositioning may be less than 50 milliseconds. 
This is more efficient than traditional spot 
welding or more recent laser welding involving 
just robot motion because the seconds needed to 
move the robot from one weld to another are now 
eliminated. In some instances, the time it takes to 
move the robot from one weld position to the next 
takes up to 90% of the production cycle time.

 RLW needs only single-sided access to the 
joint, but the tooling must be configured so that 
the line of sight between the beam delivery and 
the workpiece is not blocked. 
 RLW relies on fixturing and external clamping 
to ensure proper joint fit-up. If weld shield gas 
is needed, delivery nozzles and piping must be 
incorporated in the tooling itself.

A Closer Look at RLW
 RLW became possible only with the advent of 
high-powered lasers that could generate beams 
with sufficient quality to keyhole weld from a 
distance. Today both CO2 and solid-state laser 
resonators can produce sufficient beam quality 
to accomplish the joining process.
 The keys to converting this powerful laser 
beam—usually from a resonator of at least 4,000 
W to 6,000 W—into a usable welding technology 
are the long-focal-length lens and the computer-
controlled targeting mirror. 
 Two types of mirrors are commonly used: 
galvo-style mirror structures and gimbal mirrors. 
The galvo approach includes two single-axis 
mirrors, which create the fan angle beneath the 
RLW head. This mirror structure often is found in 
compact and lighter-duty welding systems.
 The gimbal approach requires one heavy-duty 
mirror that has two rotational axes to deliver the 
beam and is usually favored in cells that have CO2 
laser resonators.
 Work area sizes for these RLW power sources 
and beam delivery systems range from 200 mm 
long by 240 mm wide by 200 mm high to more 
than 1 m by 1 m by 1 m in volume.
 The solid-state lasers (disk or fiber lasers) 
usually work with optical fiber-delivery systems. 

Continuing
RLW Education
RLW is primarily used 
in automotive applica-
tions and predominantly 
in Europe. It is used in a 
variety of high-volume, 
welding-intensive as-
semblies, such as doors, 
instrument panels, seat 
backs, and side impact 
structures. In one ap-
plication, an RLW system 
performs 46 welds on a 
rear seat back assembly 
in 12 seconds.

That type of perfor-
mance should interest 
all automakers and their 
suppliers, and it slowly 
is in North America: A 
Chrysler facility is now 
using RLW to join rear 
door assemblies for the 
Jeep Liberty.

In TRUMPF remote 
welding systems, a laser 
beam is guided across a 
3D work piece. Only the 
focusing point is moved, 
not the focusing optic.        
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This allows the process head to be mounted on a robot for 
improved positioning and access flexibility.
 Several systems offer on-the-fly processing where the robot 
sweeps out a smooth path and the RLW head performs the 
detailed pointing and drawing of the weld stitch on the part.
 Because of the flexibility of the laser beam delivery system, 
RLW cells have a smaller footprint than typical spot-welding 
cells found in North American manufacturing facilities. In 
many instances, the resonator is located on a mezzanine above 
the actual cell.

Investment and Operating Costs
 The most education about RLW needs to take place in the 
area of operating costs. The investment cost for an RLW system 
is much larger than for a single-gun resistance spot-welding 
system. However, RLW is faster than resistance welding and 
has lower operational costs as production volumes grow. 
 The chart above provides an amortized cost comparison of 
spot-welding systems—a single resistance spot-welding robot, 
a four-gun cell using resistance welding, an RLW system with 
a CO2 fixed laser head, and an RLW system with a robot 
and a fiber-delivered beam—over a two-year period. The 
resistance spot-welding technologies are very competitive as 
long as volumes are below five million welds per year, 
but as production volumes grow, the speed of the RLW 
systems stands out. Labor costs skyrocket as the single 
gun is unable to keep up with the multi-gun cell and 
the RLW systems.
 Running a CO2-powered RLW system is slightly 
more involved than a fiber-delivered system because 
you have to take into account laser gas usage. It’s 
not as involved as high-powered, deep transmission 
welds for which you need to flood the metal surface 
with helium to ensure that the beam gets down to 
the surface, but it does involve some planning to 
coordinate replacement of this consumable.
 Having said that, fiber-delivered RLW systems tend to run a 
little higher than CO2 RLW systems on a cost-per-watt basis. In 
the end, both RLW systems are similar in total operating costs.
 RLW cells really shine when manufacturing engineers design 
them to accommodate multiple jobs. It is conceivable that a 
multiple-station cell with the proper tools can perform the work 
of four resistance-welding cells, with most having multi-gun 
setups, and still not be at total capacity.

Agents of Change
 Because RLW systems are limited in North America, 
interested manufacturers simply can’t visit a facility near 
them doing RLW. That will change, though, as companies 
realize that RLW is a cost-effective means of joining metal 
when production volumes are large and when proper planning 
takes place. 
 Design engineers likely will have to be the agents of that 
change.
 But they can’t simply suggest that a manufacturing process 
be replaced. Vehicle chassis are crash-tested months in advance 
of model launches in the automotive industry. And welding 
technology is part of an official specification that will likely live 
on until the nameplate on the automobile is retired.
 Instead, design engineers need to incorporate the use of RLW 
during the prototype phase, so that the technology stands a 
better chance of becoming part of an official manufacturing 
specification. Only from those low-volume origins will 
RLW be able to prove itself in high-volume manufacturing 
settings. n

– Robert Mueller is senior laser solutions 
engineer for NuTech Engineering Inc. in 
Toronto. His PhD in physics is from York 
University in Toronto. A version of this article 
was originally published in The Fabricator 
magazine.

An example of a remote-weld cell concept, with three stations 
to accommodate four parts per cycle. The RLW system at-
tached to a robot can make all the welds on those four parts 
in 84 seconds. If done over two shifts for an entire year, a 
company would be looking at about 29 million spot welds per 
year at a lower cost per weld than resistance welding.              

An amortized cost comparison of welding systems.
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OLEDs Emerge  
in Lighting Markets
By Lawrence Gasman

In the past year, research results have 
demonstrated that OLEDs can achieve 
performance parameters that are competitive 

in lighting markets. More importantly, the first 
OLED lighting products are appearing (although 
in very limited quantities) and giving lighting 
designers their first real opportunity to think about 
what OLED lighting might look like.
 Philips, in particular, has made its first active 
move into marketing its Lumiblade OLED 
lighting products with a sort of do-it-yourself 
OLED lighting kit for designers. The other two of 
the big three lighting makers, GE and OSRAM, 
are also active in this space.

Lighting Options and Innovations 
 OLEDs are still not quite ready to go head-to-
head against more conventional lighting sources. 
For example, the first commercial OLED lights for 
general lighting applications will be very expensive 
and will probably consist of multiple small panels, 
rather than the majestic large panels that OLED 
lighting makers have sometimes discussed in their 
more exuberant moments. These bigger panels are 
an opportunity for the future.
 In the meantime, OLED lighting makers have 
other options. One is to focus on selling OLED 
lighting into niche markets such as novelties, 
designer lighting, or customized lighting for large 
buildings. This seems a reasonable way to generate 
early revenues, but it won’t be possible to build a 
sizeable business this way.
 Several OLED lighting firms are making it 
clear that OLED lighting is more than just a bulb 

substitute. Some believe that one 
way to increase early revenues for 
OLED lighting firms is to focus 
not just on the OLEDs themselves, 
but on the entire fixture. This 
gives OLED lighting firms a larger 
share of the value added and also 
more insight into the luminaire-
dependent performance of OLEDs, 
the all-important measure from 
the perspective of the consumer.
 There are also other ways that 
OLED lighting can be marketed in 
a unique and innovative manner. 

One obvious way is demonstrating that OLED 
lighting is potentially flexible, while incandescent 
lights, CFLs and HB-LEDs are not. Some 

prospective OLED lighting manufacturers are 
thinking well beyond this and imagining OLED 
window/light hybrids, walls that let in light during 
the day and shine at night.
 Another innovation that has been described in 
the literature is OLED light panels that operate 
interactively, perhaps responding to a hand gesture.
 All this should also be seen in the context 
of the fact that OLEDs are not likely to be 
price competitive with obvious alternatives, 
perhaps not initially even in terms of total cost 
of ownership. Therefore, OLED lighting makers 
need to make a strong marketing case that OLED 
lighting is the way to go.
 The innovations described above can help 
make that case. After all, prices for conventional 
lighting products are now so low that it is 
unlikely that any new technology can offer an 
improvement based entirely on price.

OLEDs as SSL
 OLEDs and high-brightness LEDs are both 
examples of solid-state lighting (SSL) which is 
getting a little help from regulators; Europe and 
the United States are on the verge of banning 
inefficient luminescent bulbs.
 NanoMarkets believes it will be hard for 
OLEDs to dislodge HB-LEDs in applications 
where they are already established. But otherwise, 
the relationship between these two kinds 
of LEDs is mostly positive. At the level of 
consumer psychology, the success of HB-LEDs 
has undoubtedly opened up minds with regard to 
trying new SSL technologies. 
 OLEDs will be manufactured as panels, 
arrays or sheets, while HB-LEDs are classic 
semiconductor chips. OLEDs therefore have the 
characteristics of flood lights, while HB-LEDs 
have the characteristics of spotlights. OLEDs can, 
at least in theory, be fabricated as large flexible 
panels that can provide new kinds of aesthetic 
appeal for architectural and vehicular lighting 
and perhaps in the general illumination market 
too. This is something that would be hard to 
duplicate with HB-LEDs, although it is possible 
to imagine how this could happen using some 
kind of transfer printing.
 Other attributes of OLED lighting that HB-
LED lighting would find hard to match are 
tremendous advantages in profile, weight, and 
aesthetics. 

Opportunities
NanoMarkets believes 
that by 2016, the market 
for OLED general and 
architectural lighting 
could reach $4.9 billion 
and the market for OLED 
backlighting about $2.1 
billion. 

OLEDs’ opportunity in 
the backlighting space 
will depend heavily on 
their ability to dem-
onstrate low power 
consumption. OLEDs will 
also have to compete 
against a much stronger 
technology: HB-LEDs.

If OLED backlights can 
be deployed to reduce 
the use of batteries in 
mobile electronics, they 
will find a ready market.

Low-end lighting markets 
that might find them-
selves invaded by OLED 
lighting include specialty 
colored lighting; interior 
and point-of-purchase 
signage; headwear and 
footwear lighting; and 
a variety of novelty/toy, 
decorative, safety, and 
holiday lighting.

NanoMarkets reports 
are available at www.
nanomarkets.net. 

Philips and Novaled are 
creating new ways of  
innovating lighting environ-
ments with HB-OLEDs.

Photo courtesy of Philips
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BiOS
• Photonic Therapeutics and Diagnostics
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• Tissue Optics and Engineering
• Biomedical Spectroscopy, Microscopy, and Imaging
• Nano/Biophotonics

LASE
• Laser Source Engineering
• Semiconductor, Ultrafast, Solid State, and Fiber Lasers
• LEDs, Solid State Lighting, and Illumination

MOEMS-MEMS
• Micro/Nanofabrication
• Laser Micro-/Nanoengineering and Applications

OPTO
• Optoelectronic Materials and Devices
• Nanotechnologies in Photonics
• Displays and Holography

Basic Optics
• Optics and Optical Engineering
• Optomechanics

Professional Development
• Patents + Intellectual Property
• Rapid Product Development
• Engineering Product Management
• ITAR

Economics of OLED Lighting
 How will OLEDs compete in the general 
lighting market?
 Cost per unit will certainly have to be part of 
the competitive profile, and it isn’t known yet how 
OLEDs can match up in this regard. Probably the 
three biggest factors that OLED lighting has going 
for it are wattage (wall-plug power), lifetime, and 
luminous efficiency. 
 And again, the economics of OLED lighting 
may not be a matter of a simple “bulb-for-bulb” 
comparison. A report from the Office of Energy 
Efficiency and Renewable Energy (EERE) of the 
U.S. Department of Energy suggests that because 
OLEDs are area emitters, “fixtures, to the extent 
that they are used to reduce glare, could almost be 
eliminated ... if the brightness of the OLED lamp 
itself could be kept below 800 [nits], distributing 
the total lumen output over a large area.”
 If this suggestion turns out to be correct, it 
is a big plus for the economics of OLEDs since 
in certain cases, the cost of OLEDs would be 

compared not to the cost of a light bulb, but to 
the entire fixture. In this context, OLED panels 
would still have to be replaced regularly, while 
fixtures seldom are.
 Thanks to OLEDs’ diffuse emission character 
and slim, lightweight form, lighting makers 
believe that they will enable people to create 
adaptable lighting environments to match any 
mood. Lighting tiles with controllable color are 
an especially intriguing notion, serving as RGB 
(red, green, blue)-adjustable mood lighting. This 
vision of large, low-cost, R2R-manufactured 
OLED lamps enabling walls of light, of course, 
intrigues architects. 
 Obviously, the future role of OLEDs in the general 
illumination market is a complex situation. n

–Lawrence Gasman is principal analyst for 
NanoMarkets, LC. He has nearly 30 years 
experience analyzing the commercial potential of 
complex technologies and has written extensively on 
technology topics.

DuPont Gets
DOE Award
For OLEDs
DuPont is receiving a $2.25 
million grant from the U.S. 
Department of Energy for a 
two-year project to develop 
an SSL source using low-cost 
OLED solution-processing 
manufacturing techniques 
that can significantly reduce 
energy consumption.

“The DOE is pleased to sup-
port DuPont in its work to 
further advance the science 
in OLED solid-state lighting 
and play an important role in 
eventually commercializing 
the technology,” says James 
Brodrick, the DOE’s lighting 
program manager. 

INDUSTRY
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Sharing scientific knowledge from 
military research labs brings huge 
advancements in ophthalmic medicine.

By Beth Kelley

There is a surprisingly long history of military research 
labs sharing technological developments with civilian 
medical researchers. Many common medical tools, 

technologies, and techniques were originally developed for 
defense purposes.
 Adaptive optics, for example, were developed for and are 
still used extensively in defense applications. But they are 
also commonly used in ground-based astronomical telescopes, 
and they are considered a foundation for laser and wavefront 

sensor design. 
 David Williams, 
d i r ec to r  o f  the 
Center for Visual 
S c i e n c e  a n d 
professor in the 
Institute of Optics 
at the University of 
Rochester (USA), saw the potential 
for adaptive optics in ophthalmology 
and studying the human eye early 
on. His work has led to huge 
advancements in medical applications 
for adaptive optics, including a better 
understanding of how the brain sees.

Eye Has Aberrations 
 Adaptive optics are a combination 
of technologies–lasers, wavefront 
sensors, and deformable mirrors–used 
together to adjust the phase of light 
so that image clarity can be improved 
or a point of light like a laser can be 
controlled.
 Adaptive optics that were first 
developed for military applications 

began being applied exclusively for defense purposes in the 
1970s. Information on adaptive optics was largely considered 
classified, and much of the research and work surrounding 
adaptive optics did not become declassified until 1991. Once 

The 200-inch Hale Telescope uses a laser in its adaptive optics 
system. The previously classified adaptive optics technology 
corrects for the effects of atmospheric turbulence and enhances 
the capabilities of the telescope.
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it was, the technology was immediately adopted 
by the astronomy community to help guide 
ground-based telescopes and correct atmospheric 
aberrations. Using a laser “guide star” as a 
reference is now considered almost indispensable 
for imaging distant objects in the sky.
 Meanwhile, Williams was working in the field 
of visual psycho-physics, in particular studying 
how the brain receives and processes information 
through the eye. 
 “Throughout my 
career, I’ve used optics 
as a way of probing the 
visual system,” Williams 
says. For many years, 
Williams used laser 
interferometry and other optical technologies 
to study vision. But he knew even with these 
technologies, his ability to study the eye was still 
limited. “I realized if you had a way of correcting 
the aberrations of the eye, you could do a lot more 
vision science,” he says.
 Williams’ introduction to adaptive optics 
was through a teacher, Tom Cornsweet, who 
was interested in deformable mirrors. Through 
Cornsweet, Williams learned about successes 
using adaptive optics for military and astronomy 
purposes. But no one had successfully used it for 
vision research. When Williams learned about 
work being done at the Starfire Optical Range at 
Kirtland Air Force Base, Albuquerque, NM, he 
and other vision researchers from the University 
of Rochester visited the Air Force lab. Their goal 
was to learn about adaptive optics technologies 
and whether they might be applied to correcting 
aberrations found in the human eye.
 Bob Fugate, a longtime researcher in lasers, 
optical sensors, and adaptive optics who retired from 
the Air Force Research Lab in 2006, recalls the visit. 

“Dave Williams came down, visited for several days, 
learned about this technology, and immediately 
started implementing it,” Fugate says. 

Technology Transfers Easily
 Williams was impressed by what he found.
 “Bob Fugate was very helpful in talking to 
us about the feasibility of translating adaptive 
optics from his satellite tracking telescope to 
eye applications,” Williams recalls. “In fact, 

we purchased the first 
drivers for our first 
mirrors from him. 
He was very helpful 
in helping us realize 
we could use this 

technology in an ophthalmic application.
 “We borrowed the technology lock, stock, and 
barrel–stole it might be the better term–from the 
astronomy community,” Williams adds.
 After some tinkering with this new technique 
and adjusting it for smaller-sized applications, 
Williams and his group became the first to 
successfully use adaptive optics technology to 
correct most of the eye’s aberrations so as to image 
the living human eye at high resolution. 
 SPIE Fellow Bob Tyson, associate professor of 
physics and optical science at University of North 
Carolina at Charlotte, says Williams and his team 
made advancements in their research as a result.
 “Researchers had started using wavefront 
sensors to measure the aberrations of the human 
eye,” Tyson says. “Williams took this research a 
step further by using full adaptive optics systems 
to correct those aberrations with a deformable 
mirror to get clearer images of the retina and other 
interocular structures.”

Gemini Observatory ALTAIR  
Adaptive Optics Image
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Optics  
In Astronomy
And Medicine
An SPIE Newsroom video 
on adaptive optics used 
for astronomy applications 
focuses on the laser guide 
stars and deformable mir-
rors at the Hale Telescope 
at the Palomar Observatory 
in California and speaks to 
the technology’s promise in 
human vision applications. 

The short video features 
Antonin Bouchez and 
Christoph Baranec, two 
researchers from the 
California Institute of Tech-
nology, which owns and 
operates the observatory, 
and Bob Tyson, associate 
professor of physics and 
optical science at the Uni-
versity of North Carolina at 
Charlotte and author of five 
books on adaptive optics.

Tyson notes that the fluid 
inside a human eyeball 
(vitreous humor) acts very 
much like the disturbed 
atmosphere that can cause 
fuzzy images of astrological 
objects. The adaptive optics 
technology once used 
exclusively for military ap-
plications is now being used 
for in vivo retinal imaging 
by David Williams and other 
researchers.

See the video at  
spie.org/palomar

Continued on page 26  

Wavefront sensors and deformable 

mirrors are used to measure and 

correct aberrations of the eye.
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Believe Everything You See
 Williams’ team was the first to image individual photoreceptor 
cells in the living eye, and in 1997, he obtained the clearest 
pictures ever of the photoreceptors with adaptive optics. 
Williams was able to image and identify the red, blue, and 
green color cones in the eye, and he found the cones had a 
completely random geometry.
 Fugate says Williams’ work was a big revelation into how 
important the brain is in processing information and making 
our eyes effective sensors. 
 “In the retina, there’s a very unorganized pattern, and it’s 
left up to the brain to somehow put the color picture together,” 
Fugate says. “I remember Williams calling me up; he just was 
so excited and he said, ‘If I were God, I wouldn’t have done 
it this way.’” 
 Williams and his team have done more than just image 
the retina or measure the fluid in the eye. In March 2009, 
they captured the first-ever images of “dark cells” in a living 
retina. Dark cells, or retinal pigment epithelial (RPE) cells, lie 
immediately behind the photo receptors of the eye. Up until 
now, it had been impossible to image that layer of cells without 
removing or damaging the eye.
 RPE cells are extremely important in maintaining the 
health of the eye’s photoreceptors, says Williams. If the RPE 
cells die or are damaged, photoreceptors soon follow. This can 
lead to eye diseases like macular degeneration or other forms 
of blindness.
 “Macular degeneration affects one in 10 people over the 
age of 65, and as the average age of the U.S. population 

continues to increase, it is only going to get more and more 
common,” Williams says. “We know these dark retinal cells 
are compromised by macular degeneration, and now that we 
can image them in the living eye, we might be able to detect 
the disease at a much earlier stage.
 “So it’s very important to understand what their role is and 
how they function.” 
 Williams’ team took advantage of an existing method, auto-
fluorescence imaging, for collecting light just from that layer 
in the retina. “We combined that method with our adaptive 
optics technologies,” Williams says. 
 The new technique for seeing only this nearly invisible layer 
of cells could help doctors identify the onset of many diseases 
of the eye much earlier. It also may help develop therapies that 
are effective in treating the disease.

Times They Are A-Changing
 When Williams first began his research into adaptive optics 
in the early 1990s, it was hard to find manufacturers who could 
produce the optical components on a small scale. The first 
company Williams’ lab approached to design the components 
they needed said they could not produce a deformable mirror 
for less than $1 million. 
 “It was only when one member of that company left and 
began his own little startup, that we were able to get the first 
deformable mirror for ophthalmic applications,” Williams 
recalls. Today there are many small companies that create 
adaptive optics for medical or astronomical applications. 
Fugate, for example, is now a technology transfer consultant at 

t Continued from page 25 
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Researchers in David Williams’ lab at the University of Rochester have constructed a new adaptive optics instrument called 
the fluorescence adaptive optics scanning laser ophthalmoscope (FAOSLO). It has a 904-nm laser beacon, a Shack-Hartmann 
wavefront sensor (WFS), and a 144-actuator Boston Micromachines MEMS deformable mirror (DM). The scanning system (VS: 
vertical scanner, HS: horizontal scanner) has an adjustable 0.5- to 2.89-degree field of view. Fluorescence imaging is achieved 
with an AR/KR tunable laser source and a photomultiplier tube (PMT) for fluorescence light detection. Infrared reflectance 
imaging of the retina is achieved with a 788-nm super luminescent diode source and an avalanche photodiode (APD) for light 
detection. The two imaging modalities have independent focus control and can be used simultaneously. So, it is possible to 
image the cone mosaic in the infrared and the RPE mosaic with autofluorescence (AF) in the visible, for example.

INDUSTRY
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New Mexico Tech and a partner in the company 
FASORtronics.
 Williams’ work was soon noticed by researchers 
looking into laser-refractive surgery, and adaptive 
optics became instrumental in improving Lasik 
corrective eye surgery. Adaptive optics have also 
been developed for imaging, laser communication, 
laser resonators, laser 
propagation,  l ight 
therapy, and several 
types  o f  surger ie s 
including Lasik.
 There is also current 
research looking at 
the incorporation of 
adaptive optics into microscopes, or in situations 
where doctors need to look through thick layers 
of tissue. Some studies have shown it is in fact 
possible to remove aberrations that arise in the 
tissue between the site that needs to be imaged 
and the microscope or other detector.
 “Williams’ work has been a forerunner in the 
applications for adaptive optics,” Tyson says.
 Williams is excited by the development 

INDUSTRY

The Lighter  
Side of Adaptive 
Optics
Bob Tyson discusses 
the development of and 
many uses for adaptive 
optics in the 2009 SPIE 
Press book “Lighter Side 
of Adaptive Optics.” The 
book is a nontechnical 
explanation of optics, 
the atmosphere, and the 
technology for “untwin-
kling” the stars. More 
information: spie.org/
press. 

of technology using adaptive optics for 
ophthalmology, and believes the main application 
for adaptive optics in medicine will remain in 
the eye. “Almost on a weekly basis there are new 
reports coming out about the use of adaptive 
optics in the eye,” he says. 
 The potential for technology transfer from 

military applications 
to civilian purposes, 
including medicine, 
is huge, and often 
without too many 
adjustments or changes 
to the technology. As 
Williams points out 

about adaptive optics, “It’s kind of remarkable 
how the same technology, with very little 
modification of the tools themselves, could 
be used in both domains; both to image stars 
through the turbulent atmosphere, and image 
the eye.” n

–Beth Kelley is an SPIE editor.

Comparative diagrams of 3- and 80-year-old retinal pigment epithelial (RPE) cells in the eye. As the 
eye ages, the RPE cells deteriorate, making it harder for the brain to receive and register light, lead-
ing to blindness.
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The new technique for seeing only 

the nearly invisible RPE cells may 

help with early identification of many 

eye diseases.
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Gloom Lifting?
No one is ready to call the global recession over, but more than a 
few in the photonics industry have seen some hopeful signs.

Have we seen the end of the global economic 
downturn?  Unemployment is still running 
high, especially in Europe and the United 

States. However, industries enabled by photonics 
technologies have seen glimmers of promise for a 
recovery in research funding awards, job-training 
and job-creation programs, subsidy projects, and 
the like in the last few months.
 Government stimulus investments in the energy 
sector have been particularly robust, but there have 
been major investments in the biomedical, defense, 
telecom, and other high-tech industries as well.
 In the United States, the Department of Energy 
(DOE) is awarding $151 million in new funding 
to small businesses, educational institutions, and 
some corporate R&D departments to pursue 
research projects that could fundamentally 
transform the energy landscape.
 Energy Secretary Steven Chu says the funding 
will come through a new agency within the DOE, 
the Advanced Research Projects Agency-Energy, 
or ARPA-E.
 “ARPA-E is a crucial part of the new effort by 
the U.S. to spur the next Industrial Revolution in 
clean energy technologies, creating thousands of 

new jobs and helping 
cut carbon pollution,” 
Chu says.
 In the initial round of 
funding, 37 ambitious 
projects  wi l l  each 
receive an average of 
$4 million. Among the 
innovative ideas being 
pursued:
• A high-pres sure

 ammonothe rma l
process for producing 
low-cost  crystals 
for LED lighting

• O r g a n i s m s  t h a t 
might produce a flow

 of gasoline directly from sunlight and carbon 
dioxide using a symbiotic system

• Synthetic enzymes that capture CO2 to counter 
global warming 

• New batteries for all-electric vehicles and for 
storing electricity produced by sunlight

• Solid-state electrochromic film for “smart 
windows”

 For a full list of these projects in PDF format, 
see the online version of this article at spie.org/
spieprofessional.
 Arun Majumdar, ARPA-E’s first director, is former 
associate lab director for Energy and Environment 
at Lawrence Berkeley National Lab.
 ARPA-E is modeled on the Pentagon’s Defense 
Advanced Research Projects Agency, or DARPA, 
which helped develop and/or commercialize 
microchips, the Internet, and body armor, but 
whose funding of basic research has declined 
drastically over the last decade. 
 A new DARPA director appointed by Obama, 
however, wants to strengthen partnerships with 
universities and other research institutions and 
is pressing to raise DARPA’s budget. “University-
based research is an important component of 
DARPA’s future activities,” the new director, 
Regina E. Dugan, said in a statement issued 
following visits to university campuses around 
the country last fall.
 A few weeks later, the Department of Defense’s 
(DoD) Strategic Environmental Research and 
Development Program (SERDP) announced it 
was seeking to fund environmental research and 
development in the Munitions Management 
focus area. The development and application of 
innovative environmental science and technology 
supports the long-term sustainability of DoD’s 
installations and range, as well as significantly 
reduces current and future environmental 
liabilities.
 The United States is also getting a 21st century 
upgrade of the nation’s electricity grid. The 
government will spend $3.4 billion of the $787 
billion allotted for economic stimulus on 100 
smart-grid projects in 49 states. That includes 
installation of 18 million smart meters to help 
citizens manage energy use in their homes; 700 
automated utility substations to restore power 
knocked out by storms faster; and 200,000 smart 
transformers so power companies can replace 
units before they fail.
 “There’s something big happening in America 
when it comes to creating a clean energy 
economy,” Obama said.
 In other hopeful signs in the United States 
and Canada: 
• SPIE Member Winston Schoenfeld and the 

University of Central Florida are getting 

SBIR Update
The U.S. Senate has 
extended through April a 
funding bill for the Small 
Business Innovation 
Research and the Small 
Business Technology 
Transfer programs. The 
Small Business Ad-
ministration programs 
support millions of small 
businesses and help 
commercialize many 
photonics and other 
high-tech technologies. 
SPIE leadership has been 
active in urging Congress 
to work out a multi-year 
extension of SBIR.  

“SBIR funding has 
proved to be invaluable 
to small companies in 
the optics and photonics 
industry,” according to 
M.J. Soileau, chair of 
the SPIE committee on 
Engineering, Science, 
and Technology Policy. 
“In many cases, it has 
provided early support 
for technology develop-
ment that has turned into 
important commercial 
products.”

An ITN Energy Systems 
employee at work in the 
lab. The Colorado com-
pany is receiving $5 million 
from ARPA-E to develop 
an inexpensive produc-
tion process for solid-
state electrochromic film 
for “smart” windows in 
energy-efficient buildings.             
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a $7.5 million research grant from Prime 
Source Initiative, Inc., to study ways to make 
photovoltaic cells more efficient in capturing 
and converting solar energy into electricity.

• Nate Lewis and SPIE Fellow Harry Atwater 
of California Institute of Technology are 
leading a four-year $4.2 million solar-research 
collaboration with Dow Chemical to develop 
new mineral-like electronic materials suitable 
for use in thin-film solar-energy-conversion 
devices.

• Zygo Corp.’s Optical Systems division received 
a multi-million dollar manufacturing contract 
for advanced helmet-mounted displays for U.S. 
Air Force jet fighter training programs.

• The photonics industry in Canada seems to be 
building economic momentum, attributable 
in part to a government lab that provides 
facilities so photonic startups can build device 
prototypes. A recent sampling of the financial 
health of 12 startups aided by the National 
Research Council’s Canadian Photonics 
Fabrication Centre concluded that the CPFC 
services and fabrication facilities will help 
those companies generate about $500 million 
through 2014.

Europe: Signs of Slow Recovery?
 While Europe’s stimulus plan is much 
more modest compared to America’s and its 
unemployment rate continued to surge in 2009, 
the European Commission’s economic sentiment 
indicator rose in October to 86 for the full 
European Union and 86.2 in countries using the 
euro, up 3.4 points in both areas. Manufacturing 
capacity also experienced a slight increase, rising 
from 70.2% at the end of September to 71.4% at 
the end of October.
 Other positive signs from photonics and 
photonics-related industries:
• Germany’s cash-for-clunkers program lifted 

Volkswagen sales in the third quarter by 48% 

even though the economic crisis caused its 
profits to plunge 86% from the previous year, 
according to Europe’s largest automaker.

• A survey released in early September indicates 
the global economic downturn may not have 
hurt efforts to build a fiber infrastructure in 
European homes. Telecom infrastructure has 
been among the chief beneficiaries of stimulus 
money in Europe. Sweden tops the list of 
nations rolling out fiber optics technology, 
with 10.9% of its broadband customers using 
fiber. 

• A Photonics Innovation Village competition 
at SPIE Photonics Europe in April 2010 will 
encourage technology transfer by showcasing 
new projects from optics-photonics research 
groups at universities, research centers, 
and startup companies across Europe. The 
Innovation Village is organized in cooperation 
with Vrije Universiteit Brussel.

China: Stepping Up Investment
 China has been offering subsidies to citizens 
who trade in old appliances and cars for more 
energy-efficient ones, and it also recently 
announced a major investment of 9 billion yuan 
($1.32 billion) in venture capital funds to support 
high-tech industries.
 The National Development and Reform 
Commission, China’s economic planning 
agency, announced the investments in the 
energy, environmental, electronics, information, 
biological, and pharmaceutical industries in 
October.
 Another government plan in China, “Swapping 
Old for New,” has led to an increase in sales of 
home appliances. The subsidy program has topped 
3 billion yuan ($440 million), according to 
some reports. Under the program, buyers receive 
10% off new TVs, computers, refrigerators, 
washing machines, and air conditioners. A 
similar government subsidy program to stimulate 
domestic spending and encourage buying from 
Chinese manufacturers targets automobiles that 
no longer meet China’s emissions standards.
 Separate from the government’s efforts in the 
renewable energy field, a DuPont subsidiary is 
opening a silicon based thin-film photovoltaic 
module manufacturing facility in Shenzhen, 
China. DuPont expects the photovoltaic market 
will grow rapidly over the next several years due 
to a surge in innovation aimed at transforming a 
global petroleum-based economy into one that 
increasingly and effectively uses non-depletable 
resources. DuPont expects overall sales of its 
products in the photovoltaic industry will exceed 
$1 billion by 2012. n
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OP-TEC Survey:
Shortage of
Photonics Techs
A survey of U.S. em-
ployers, conducted at the 
University of North Texas 
in early 2009, at the height 
of the recession, identified 
more than 2,100 jobs for 
photonics techs that need 
to be filled. This need will 
increase by 5,900 more 
new jobs over the next five 
years. 

In a poll of 3,989 U.S. 
employers, OP-TEC, the 
National Center for Optics 
and Photonics Education, 
also found:

• Nearly 20,000 photonics 
technicians are currently 
employed in the United 
States.

• The greatest need for 
photonics technicians is 
in R&D and production 
and manufacturing.

• The average annual 
salary of entry-level 
photonics technicians 
exceeds $39,000.

• Technicians with two-
year degrees are pre-
ferred and their salaries 
are higher. 

• The 28 two-year col-
leges with photonics 
programs (in the U.S.) 
graduate less than 250 
techs per year (less than 
15% of the demand).

UCF’s Winston Schoenfeld
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When innovating with light to improve 
the world, sometimes it’s what you 
don’t see that matters most. Photonics 

technology is being used to detect gas leaks, help 
people hear, protect against skin cancer, and 
produce amazing artwork.

From IR . . .  
 Methane and other gases are invisible to the 
unaided eye but can be visually detected using 
an IR camera. 
 Detecting gas leaks is important both as a 
life- and cost-saver. Methane is a potent heat-
trapping gas that accounts for as much as a third 
of the human contribution to global warming. In 
2006, the U.S. Environmental Protection Agency 
estimated that Russia let 427 billion cubic feet of 
methane escape annually, followed by the United 
States at 346 billion, Ukraine at 225 billion, and 
Mexico at 191 billion. 
 Growing from military applications, IR 
detectors cost relatively little and save companies 
money. A clearer view of the worst methane 
emissions could come next year, when Japan 
plans to start releasing data from the Greenhouse 
gases Observing SATellite (GOSAT) that began 
orbiting Earth in January. GOSAT may be able to 
identify the top hot spots within a few miles.

To UV
 It takes more than sunscreen to keep the sun’s 
ultraviolet rays from harming your skin. The type 
of clothing you wear can offer protection, too—or 
not. It is not just the type of fiber and the weave 
of the fabric that matters, but also the color. 
Ascención Riva of the Polytechnic University 
of Catalonia and colleagues have addressed the 
color issue, studying the effects of different dyes 
on the UV protection provided by lightweight 
woven cottons.
 The researchers chose three fabrics, not dyed, 
with different initial levels of UV protection 
based on the weave and other factors. Then they 
dyed them in varying shades of blue, red, and 
yellow and measured how much UV radiation 
was absorbed and transmitted.
 They found that red and blue shades performed 
better than yellow, particularly in blocking UV-B 
rays, which are the most harmful. Protection 
increased as the shades were made darker and 
more intense. And if the initial protection level 
of the fabric was higher, the darker shades offered 
even greater improvement. 

 The researchers say the findings, reported in 
Industrial and Engineering Chemistry Research, 
should help fabric and garment manufacturers 
optimize their products for UV protection.

From Outer Space  . . .
 Scientists are using 
LIDAR to monitor 
forest  health from 
space. Measurements 
of forest canopy height 
and under-story yield 
essential information 
f o r  m a n y  f o r e s t 
management activities 
and are also barometers 
for changes in the 
carbon cycle and the 
environment generally. 
This forest biomass can 
be measured remotely 
from space. 
 A hyperspectra l 
imaging LIDAR (LADAR) instrument is being 
developed to measure forest canopy height 
and canopy cover/fraction, even above sloping 
ground.
 The  Cent re  fo r  Ear th  Observat ion 
Instrumentation (UK) has provided funding to a 
number of projects to develop technologies such 
as LIDAR imaging which can help deliver this 
important information.

To the Inner Ear
 A new study conducted at Medical University 
Hannover (Germany) published in the Journal of 
Biomedical Optics last July investigated the use of 
green laser light to provide localized activation 
of the cochlea, as measured by eliciting optical-
induced auditory brainstem responses.
 Laser light can be focused in a controlled manner 
and may provide more localized sensorineural 
activation across different frequency regions in 
the inner ear.
 The study demonstrated that visible light 
can effectively and reliably activate the cochlea 
without damaging the ear. Further studies are 
in progress to investigate the frequency-specific 
nature and mechanism of green light cochlear 
activation. The authors will present a paper on 
laser hearing aids at SPIE Photonics West in San 
Francisco. n

Small
Beauty
Photonics is also 
making our world more 
beautiful. For more than 
30 years, Nikon has re-
warded the world’s best 
photomicrographers 
who make critically 
important scientific 
contributions to life sci-
ences, bio-research, and 
materials science. 

The 2009 winner of 
the Nikon Small World 
Photomicrography com-
petition was Heiti Paves 
of Tallinn University of 
Technology (Estonia) for 
his confocal microscope 
image of the anther of 
a tiny thale cress plant, 
the male sex organ of a 
small flowering plant.

Submissions for the 
2010 competition are 
due April 30.

Information:  
www.nikonsmallworld.
com  



JANUARY 2010 | SPIE Professional 31

Access papers in 2 to 4 weeks

SPIEDigitalLibrary.org

Papers from the presentations at Photonics West (and ALL SPIE Conferences) 
are available on the SPIE Digital Library.

Subscribe in January and get 25% OFF a personal subscription.
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The Solar Decathlon gave students 
and the public a personal look at the 
possibilities of energy-efficient living.

By Rich Donnelly

EDUCATION

Hosting a cozy evening of dinner and 
a movie for friends. Doing a load of 
laundry. Generating enough electricity 

to put some of it back into the grid. These 
are just a few of the challenges to 20 unique 
solar-powered houses—and dedicated teams of 
student designers—at the Solar Decathlon in 
Washington, DC. 
 The Solar Decathlon is a biannual competition 
sponsored by the U.S. Department of Energy 
(DOE). Twenty university teams design and build 
solar-powered homes to meet strict construction 
and efficiency criteria for the event. The 
competition is intended to raise public awareness 
and further the integration of energy-efficient 
technology into residential building practices. 
 Team Germany, from Technische Universität 
Darmstadt, won top honors for the most attractive 
and efficient solar-powered home in the 2009 

competition. The University of 
Illinois at Urbana-Champaign took 
second place followed by Team 
California in third. 
 The winners were announced 
by DOE Deputy Secretary Daniel 

See additional coverage 
of the Solar Decathlon 
and other news about 
solar and alternative 
energies on the SPIE 
Newsroom: 

• Video: Students show 
you around their Solar 
Decathlon houses - 
spie.org/decathvideo

• News Article: Team 
Germany wins second 
consecutive Solar 
Decathlon -  
spie.org/decathnews

• Solar News Feed: 
spie.org/news-solar

Poneman. More than 200,000 visits were recorded 
at the 20 solar-powered homes displayed on the 
national mall in Washington, DC, over a 10-day 
period last October.
 The 10 categories of scoring for the “decathlon” 
ranged from the functional to the aesthetic. Houses 
were scored in architecture, market viability, 
engineering, lighting design, communications, 
comfort zone, hot water, appliances, home 
entertainment, and net metering. On the more 
technical side:
• The engineering contest considered functionality, 

efficiency, innovation, and reliability, as 
evaluated by professional engineers. 

• In the hot water contest, teams scored points 
by successfully completing several daily 
15-gallon “hot water draws.” The goal during 
these tests was to deliver 15 gallons of hot 
water (110°F/43.3°C) in 10 minutes or less.

• For the net metering contest, each house 
was equipped with a utility meter to measure 
how much net energy the house produced or 
consumed over the course of the competition. 
Teams scored points for producing as much 
or more energy than they consumed. For a 

The public toured the 
energy-efficient, solar-
powered houses built by 
20 university teams from 
North American and Eu-
rope on the National Mall. 
Above: Team Germany’s 
winning Cube House.

Photos courtesy of Stefano 
Paltera/U.S. Department of 
Energy Solar Decathlon
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net consumption of zero, teams received 100 
points; 15 of 20 teams accomplished this. 
Fifty bonus points were possible for surplus 
energy generation. Team Germany won the 
maximum.

Customizing by Need
 Each house incorporated an array of innovative 
technologies—available products and custom 
developments—to maximize efficiency. 
 One big change from the 2007 Solar Decathlon 
was the migration of solar panels from the 
roof to the façade. Several houses in the 2009 
competition featured solar collectors on the sides 
of the house to take advantage of low winter sun 
angles and indirect solar radiation. 
 The home built by Team Germany, the winner 
in 2007 as well, was almost completely covered 
with custom vacuum insulation panels covered 
with CIGS (copper indium gallium diselenide) 
thin-film solar “shingles” – allowing it to generate 
more than 200% of its electricity needs.
• Natural Fusion, the Penn State house, used a 

water bladder system embedded in the floor 
and phase-change material in the walls and 
ceiling to store heat during the day and emit 
it at night. The main source of solar electric 
power is cylindrical photovoltaics over a 
green roof. The cylindrical design of the 
photovoltaics collects 360 degrees of direct 
and indirect sunlight, to mimic a tracking array 
without moving parts.

• Team Spain’s Black and White House featured 
a solar-tracking inverted-pyramid rooftop 
made possible by a ball-and-socket, central-
pivot system.

• In Virginia Tech’s Lumenaus, single-crystal 
silicon wafers are mounted between transparent 
glass plates in the solar array, so that some 
sunlight passes through the panel, is reflected 
off of the roof, and bounces back up to the 
back side of the wafer to generate additional 
electricity.

Maximizing Efficiency
 Most of the houses included a computerized 
monitoring and regulating system that responded 
to usage patterns and environmental conditions 
to maximize efficiency. The user can adjust the 
solar arrays, blinds, and other systems remotely via 
iPhone or other Internet connection. 
 Johnny Rodgers, from a Canadian team of 
students from three universities, said his Team 
Ontario/BC developed “an intuitive, really useful 
system” for their home called North House that 
allows residents to “gain energy feedback so they 
can make better decisions about their energy 
consumption.” 
 Flexibility was built into most of the houses, 
from the energy monitoring systems that allow– 
even encourage–residents to modify their usage 
patterns, to the modular furnishings that allow the 
relatively compact living spaces to be expanded 
for different uses. Many of the teams from warmer 
climates incorporated extensive outdoor living 
spaces into the homes, such as the courtyard that 
Team California’s Refract House wraps around. 
BeauSoleil, from the University of Louisiana 
at Lafayette, incorporated a covered porch for 
socializing, a space between the kitchen and living 
room bookended by sliding glass doors. 

Commercializing Technology
 The opening of the Solar Decathlon on 8 October 
provided a platform for U.S. Energy Secretary 
Steven Chu to announce up to $87 million in 
funding for the development of new solar energy 
technologies and the 
rapid deployment of 
available carbon-free 
solar energy systems. 
The 47 projects with 
universities, electric 
power utilities, DOE’s 
National Laboratories, 
and local governments 
will help accelerate 
the commercialization 
of solar technologies 
in an effort to achieve 
cost-competitive solar 
electricity by 2015. 
More information  
is available at www.
eere.energy.gov/solar/.
 Each house was targeted toward a specific 
market, from independent living for seniors (Iowa 
State’s Interlock House) to “a minimal zen style, 
ideal for a relaxing vacation home” (Team Spain, 
Black and White House). 

In Madrid 2010,
Washington 2011
The Solar Decathlon 
travels across the Atlantic 
this year. Solar Decathlon 
Europe will take place this 
June in Madrid. 

The European organizers 
have licensed the name 
from the U.S. Department 
of Energy, which organizes 
the U.S.-based events. The 
DOE is providing advice 
and support to the Madrid 
effort. See www.sdeurope.
org. 

In 2011, the Solar 
Decathlon returns to 
Washington, DC.

Proposals have already 
been submitted and the 
qualifying teams were to 
receive their notifications 
in December. Design 
and construction of a 
solar house for the event 
is a two-year project. 
See solardecathlon.org 
for the complete list of 
competitors.

Ohio State University students Dave Nedrow, 
left, Steve Winter, center, and Kara Shell, right, 
fold laundry in their solar-powered house on the 
first rainy day of the Solar Decathlon.

Team Virginia Tech’s solar-
powered house glows at 
night during the lighting 
design contest.

Continued on page 35  
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Extracurricular Optics

EDUCATION

SPIE Student Chapter members in Maryland 
(USA) and Osaka (Japan) formed an 
appreciative audience for leading scientists 

who visited their schools recently as part of the 
SPIE Visiting Lecturer Program. 
 SPIE Fellow David L. Andrews, professor of 
chemical physics at University of East Anglia 
(UK), gave an invited lecture on light-harvesting 
nanomaterials to members of the new Osaka 
University SPIE Student Chapter in June. And 
Jean-luc Doumont, founding partner of Principiae 
in Belgium who has trained thousands on 
scientific, technical, and business communication, 
participated in the first North-American-based 
IONS meeting at the University of Maryland in 
College Park in September.
 The SPIE Visiting Lecture Program, a benefit 
of membership, provides opportunities for SPIE 
Student Chapter members to interact with world-
class optics and photonics scientists. 
 “I was honored and truly delighted to mark the 
launch of a new SPIE Student Chapter,” Andrews 
said of his visit to Osaka in June. “It was apparent 
to me that the new student chapter is thriving 
with support and gentle guidance from Professor 
Satoshi Kawata, and the student body is a true 
credit to SPIE.”
 The visit was arranged by Kawata, SPIE Fellow 
and director of the Photonics Advanced Research 
Center at Osaka University, and Chapter 
President Jun Ando, a PhD candidate. 
 Ando said Andrews’ visit to Osaka made an 
immediate impact on the students’ research. 
One of Ando’s fellow students met with Andrews 
after his lecture to discuss his research on a 
theoretical model for measuring interactions 
between molecules and photons that are exposed 
to laser light. “Professor Andrews kindly explained 
how quantum electrodynamic theory might 
provide a higher order model for his research, 

and the student was able to make a more precise 
calculation based on it,” Ando said. 

Student Conference
 Members of the University of Maryland SPIE/
OSA Student Chapter hosted more than 80 
international participants from 15 countries for 
the four-day IONS conference in September. The 
SPIE Visiting Lecture Program provided support 
for Doumont’s presentation on how to effectively 
write and present scientific content. 
 IONS is a student volunteer organization 
dedicated to networking and the academic 
interaction of international students in optics 
and photonics.
 The conference included plenary speakers, 
student talks and poster sessions, a professional 
development program, tours of several nearby U.S. 
labs and the U.S. Naval Observatory, networking 
events, and Congressional visits to discuss science 
policy and funding with legislators. 
 “IONS-North America carried on the IONS 
tradition by providing participants with a means 
for meeting young scientists on a professional 
and personal level, for discussing science, for 
visiting state-of-the-art research centers, and for 
expanding personal horizons by visiting a foreign 
country,” said Brooke Hester, president of the 
Student Chapter and conference chair.

Winter College in Trieste
 A Winter College on Optics and Energy 
will be held 8-19 February at the Abdus Salam 
International Centre for Theoretical Physics (ICTP) 
in Trieste, Italy. Supported by SPIE and a number 
of other organizations, the annual Winter College 
will expose participants from developing areas of 
the world to a broad range of topics related to the 
applications of optics and photonics for energy 
production and saving. 
 The scientific program consists of lectures 
by international experts, group discussions, 
and laboratory demonstrations covering optical 
properties of materials and structures for light 
harvesting; charge photogeneration; transport 
in semiconductors; photovoltaic components; 
and other important aspects of physics involved 
in solar energy conversion.
 An ICTP preparatory school will be organized 
1-5 February for a limited number of selected 
participants.
 For the 2009 Winter College in Optics, 100 
students from developing countries learned about 
optics in environmental science.
 More information: www.ictp.trieste.it n

Photonics21

Award 
The 2010 Photonics21 
Student Innovation 
Award will be presented 
during the opening cer-
emony of SPIE Photonics 
Europe in April. Any 
person under the age of 
35 with innovative work 
in photonics that has 
the potential to impact 
industry may apply for 
the €5000 prize. The ap-
plication deadline is 10 
February. 

More information:  
www.photonics21.org

Fellowship
Application
The deadline for applying 
for the SPIE/OSA Arthur 
H. Guenther Congres-
sional Fellowship is 8 
January.

The Congressional 
Fellowship program is 
designed to bring tech-
nical backgrounds and 
external perspectives 
to the decision-making 
process in Congress and 
enhance the optics com-
munity’s ability to more 
effectively communicate 
with Congress. The 
Fellow gains first-hand 
knowledge of Congres-
sional operations. 

More information:  
spie.org/policyfellowship

SPIE  
Scholarships 
SPIE will award more 
than $300,000 in scholar-
ships this year to students 
studying optics, pho-
tonics, imaging, opto-
electronics, and related 
programs. Apply by  
15 January.  
spie.org/scholarships Osaka University student Yasuhito Sugano (right) 

discusses his research with David Andrews.
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your products’ differentiation. Considering that 
technology products are typically not used alone, 
but in larger systems, your company’s investment 
value with strategic buyers in your business 
ecosystem can significantly exceed your company’s 
fair market value with financial buyers.

Stand Out in the Crowd
 An appraiser may also approach the valuation 
by reviewing published data for recent transactions 
involving mergers and acquisition (M&A). 
 Recent M&A data in many market sectors is 
laden with distressed sales. Forecasts of future cash 
flows that are based on recent historical industry 
averages are also weighed down.
 However, if your business is not distressed, has 
growth market opportunity, or is competitively 
positioned to take market share, these distressed 
transactions are not a basis for your company’s 
valuation.

Advanced
Methods
Monte Carlo simulation is a 
well established method to 
simulate optical phenomena 
in design software models, 
raytracing, and tolerancing 
of optical systems. 

Monte Carlo simulation, 
“Real Option,” and other 
advanced mathematical 
methods are being applied 
more and more to financial 
modeling and valuation 
of high risk, intangible as-
sets such as IP, R&D, and 
venture-capital-financed 
businesses.

Traditional Discounted Cash 
Flow (DCF) methods that 
employ a single discount 
rate, regardless of risk miti-
gation over time and static 
forecasts assuming abso-
lute certainty with no option 
of abandonment, often yield 
valuations that not even the 
most risk-tolerant investor, 
product manager, or CEO 
would tackle. Yet, these 
high risk opportunities can 
offer enormous rewards. 

Advanced methods such as 
Monte Carlo simulation give 
insight at critical decision 
points and better account 
for high-risk, high-reward 
intangibles in early stage 
financings, impaired asset 
judgments, and licensing 
transactions. 

–Linda Smith

t Continued from page 9 

t Continued from page 33

 Where does that leave you? Such an overall 
distressed market climate can be a timely 
opportunity for a high-performing or high-potential 
business to shine above the scorched earth and 
realize a favorable valuation in acquisition. 
Climbing out of the bunker to sell or to divest 
a product line may be a profitable alternative 
regardless of peer market comparables. n

–Linda Smith, founder and 
principal at Ceres Technology 
Advisors, Inc. (cerescom.
net), has 20 years experience 
i n  m a r k e t i n g ,  p r o d u c t 
management, and sales in the 
photonics industry. She received 
bachelor’s degrees in optics and 

mathematics from University of Rochester and an 
MBA from Babson College. Smith is an associate 
member of the American Society of Appraisers.

 Rice University’s Zerow House is a modern interpretation 
of a row house, targeting low- to middle-income residents and 
incorporating affordable, practical energy-saving solutions.  
The house will be donated to Project Row Houses, a 
community organization that develops low-income housing 
in Houston, TX.
 The Solar Decathlon’s run in Washington ended on a soggy 
note, as rain plagued the last several days. Even so, enthusiastic 
crowds turned out to tour the homes and listen to the student 
tour guides who still had plenty of energy even after more 
than a week of long days and late nights. DOE’s Richard King, 

director of the event, said that “you can just see a raising of 
the bar, a step up this year, with these houses.” He said the 
solar systems on the houses showed increasing sophistication, 
and “the architects have really discovered that it’s a building 
product,” incorporating panels into facades, overhangs, and 
creating a lot of power even on cloudy days.
 “It’s been incredibly fun out here all week long,” King said.
 For a list of the 2009 teams and links to team sites: 
solardecathlon.org/teams.cfm n

–Rich Donnelly is managing editor of the SPIE Newsroom.

Approximate discount rates used with the DCF method to value technology companies and IP.

Places in the SUN

Market and Technology Risk Discount Rates

Risk-free, such as a duplicate plant to make more of a currently made 
and sold product in response to presently high demand

8% to 18% approximate 
corporate borrowing rate

Very low risk, such as incremental improvements of existing business 
with a well-understood technology used to make a product presently 
made and sold in response to existing demand

15% to 25%, discernibly 
above shareholder ROI goals

Low risk, such as product with new features using well-understood 
technology into a presently served and understood customer segment 
with evidence of demand for such features

20% to 30%

Moderate risk, such as new product using well-understood technology 
to customer segment presently served by other products made by the 
corporation and with evidence of demand for such a new product

25% to 35%

High risk, such as new product using a not well-understood technology 
and marketing it to an existing segment or a well-understood technology 
to a new market segment

30% to 40%

Very high risk, such as new product with new technology to a new 
segment

35% to 45%

Extremely high risk, such as creating a startup company to go into the 
business of making a product not presently sold or even known to exist 
using unproven technologies

50% to 70% or higher
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GIRLS SCOUTS SAY SCIENCE WORKSHOP

Makes Optics and 
Photonics ‘Cool’

EDUCATION

Middle- and high-
school-aged Girl 
Scouts rated optics 

not only interesting but “cool” 
after participating in a hands-
on science workshop in San 
Diego (USA) in October.
 The workshop, titled “You 
Can Be … Looking into the 
Future,” was part of a series of 
programs offered by the San 
Diego Imperial Girl Scout 
Council to present science, 
math, and technology topics to 
girls in grades 6 through 12.
 The event was sponsored 
by SPIE and other optics and 
photonics organizations, and 
staffed by an all-women team of volunteers 
including a physicist from the U.S. Space and 
Naval Warfare Systems Command (SPAWAR), 
a college physics instructor, and physics doctoral 
candidates.
 The 55 attendees were provided with 
demonstrations on topics such as what makes 
laser light unique, how to bend light and focus 
it onto a target, and why the sun appears to the 
human eye as red and orange even though it is 
green. The girls also talked with volunteers about 
careers in physics and optical engineering.
 Participants said the workshop enhanced what 
they have learned in their classrooms and that 
they were inspired by the women scientists who 
assisted as volunteers. 
 “Women in the field of science=fabulous,” one 
participant wrote. Another summarized what she 

had learned: “Light is really cool!”
 “Programs such as this are vital in inspiring 
the next generation of scientists to discover how 
optics and photonics work and their relevance 
in solving many of the world’s challenges,” said 
SPIE member Lisa Tsufura, technical marketing 
manager for CVI Melles Griot and chair of the 
SPIE Corporate and Exhibitor Committee. 
 “These technologies are fundamental in the 
communications networks that bring information 
to all parts of the world, enabling medical and 
biomedical advances, and in improving the 
quality of life in ways we have yet to conceive,” 
Tsufura said. 
 SPIE supports numerous outreach programs 
at schools, universities, and community events 
around the world each year, ranging from poster 
contests and panel discussions to multi-day science 

camps and community events. 
The Society also awards 
education outreach grants 
twice a year and produces free 
posters and DVDs on various 
topics in optics, including 
careers in optics. 
 The outreach activities 
p r o v i d e  o p t i c s  a n d 
photonics professionals with 
opportunities to directly 
connect with and mentor the 
next generation of scientists, 
engineers, and researchers. n

Girl Scouts learn about polarizing filters.

Apply for
SPIE Education
Outreach 
Grants
As part of its education 
outreach mission, SPIE 
supports youth clubs 
like the Girl Scouts, 
universities, optics cen-
ters, schools, industry 
associations, and other 
not-for-profit organi-
zations in increasing 
optics awareness.

Education outreach 
grants are awarded 
twice a year after a 
competitive application 
process.

The next deadline for 
submitting proposals for 
SPIE education outreach 
grant is 31 January. 
More information:  
spie.org/outreach

Jeux
Photoniques
Nearly 50 Canadian 
college students vol-
unteered to introduce 
optics to 115 high school 
students at the Jeux 
Photoniques (Photonic 
Games) in Quebec late 
last year.

The program was funded 
through an SPIE educa-
tion outreach grant and 
brought a full day of 
optics-related science 
activities to expose 
young people to the field 
of optics and photonics.

Students from Laval Uni-
versity and Ecole Poly-
technique de Montreal 
used Jell-O (pictured) 
and more conventional 
optics “tools” to teach 
students from Vanier, 
Brebeuf, and La Cama-
radiere high schools 
about the properties of 
light.

High school students at Jeux Photoniques.
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• Micro/Nano Technologies

• Disruptive Organic and Bio Photonics

• Highly Integrated and Functional Photonic Components

• Advances in Laser and Amplifier Technologies

• Photonics in Industrial Applications

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

The Square Conference Centre
Brussels, Belgium

www.photonicseurope.org

Plan to Attend

NEW

LOCATION

Connecting minds for global solutions
Gain visibility at the essential photonics and laser conference

EDUCATION

Optics Outreach

Recipients of SPIE education and outreach 
grants in 2009 gathered high school students 
in Lebanon to help build a solar car (above), 

engaged whole families in Moscow with diffraction and 
laser activities, and increased overall awareness about 
the importance of science education and optics.
 Organizers of the all-Moscow Science Festival 
at the International Laser Center of Lomonosov 
Moscow State University in October reported 
that some activities were so popular among the 80 
students, teachers, and parents that they had to 
convince participants it was time to leave at the end 
of the day. “We finished just because all the SPIE 
student members were too tired after five hours of 
non-stop work with the kids,” says Elena Silaeva, the 
Chapter faculty president. 
 The support SPIE provided last year for optics and 
photonics related education outreach projects helped 
Cristina Solano of Centro de Investigaciones en 
Óptica buy equipment and conduct workshops for a 
science club that engaged children and teen-agers in 
León, Mexico. And 50 college students from Quebec 
and Montreal (Canada) hosted the second annual 
Photonic Games for 115 students from three Québec 
City high schools. (See page 36).
 One of the most successful outreach projects was 
the Spring 2009 Science and Arts Fair organized 
by the Lebanese American University in Byblos in 
May. Nearly 900 students from 32 high schools across 
Lebanon attended the two-day event. Some of the 
high-schoolers helped LAU students design and build 
a solar-power car that drew attention to the need for 
energy conservation and alternative energy sources 
in a region that suffers from shortages and rationing 
of electricity.
 “Solar cells could serve as a viable and reliable energy 
source with a low carbon and particulate emission,” says 
Brigitte Wex, assistant professor at LAU.
 Applications for SPIE Education outreach grants 
are reviewed twice a year, 31 January and 31 May.  
spie.org/outreach n
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MEMBERSHIP

SPIE Senior Members 2010

Thomas Grycewicz
Aerospace Corp., USA

For specific achievements in optical 
correlators, focal plane technology, 
and imaging simulation

Twenty-four SPIE members from 11 countries have 
been designated Senior Member to honor their 
significant contributions to the 

optics and photonics community and 
for outstanding leadership in project 
management, educational outreach, and/
or entrepreneurial operations.
 Separate from the Society’s Fellows 
program, SPIE’s Senior Member program provides important 
recognition for volunteers who have devoted many hours to 
ensure the success of SPIE events and activities and to help 
the industry overall. The program recognizes technical and 

professional excellence in industry, government, and academia 
as well as volunteer service as conference chairs, community 

educators, and other service roles. 
 A minimum of five years of continuous 
regular SPIE membership or active 
volunteerism is required for nomination 
as a Senior Member. Senior Members 
also have at least 10 years of significant 

professional experience and achievement in industry or 
academia. More information: spie.org/seniormember.
 SPIE’s new Senior Members, listed below, join 20 others who 
were so designated in 2009, the first year of the program.

James Baer
Ball Aerospace & Technologies, USA

For specific achievements in space-
based optical instrumentation

Brett Bagwell
Sandia National Labs, USA

For specific achievements in military 
optical systems

Pablo Benitez
Universidad Politécnica de Madrid, 
Spain

For specific achievements in 
nonimaging optics

Valentina Doushkina
Qioptiq Polymer, USA

For specific achievements in optical 
instrument design engineering and 
education

Keith Doyle
MIT Lincoln Lab, USA

For specific achievements in 
optomechanical analysis and 
integrated modeling of optical systems

Maurizio Ferrari
CREATE-NET, Italy

For specific achievements in 
photonic glasses and spectroscopic 
characterization techniques

Pascuala García-Martínez
Universidad de València, Spain

For specific achievements in optical 
systems for image processing

Roger Groves
Technische Universiteit Delft, 
Netherlands

For specific achievements in optics and 
opto-electronics

Alexander Heisterkamp
Laser Zentrum Hannover, Germany

For specific achievements in the 
application of ultrashort lasers 
phenomena to surgery and cellular 
manipulation
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Nicolas Holliman
Durham University, United Kingdom

For specific achievements in 
stereoscopic imaging

Holger Jaenisch
Licht Strahl Engineering, USA

For specific achievements in data 
modeling and adaptive algorithms

Yi-Jun Jen
National Taipei University of 
Technology, Taipei

For specific achievements in 
participation with SPIE, professional 
experience and significant performance

Thomas Kampe
NEON Inc, USA

For specific achievements in optical 
technology for earth remote sensing

Alexis Kudryashov
Moscow State Open University, Russia

For specific achievements in adaptive 
optics

William Kuhn
Opt-E, USA

For specific achievements in optical 
advancement of telescopes and 
measurement techniques

Edmund Lam
University of Hong Kong, Hong Kong

For specific achievements in digital 
image processing

Guoqiang Li
University of Missouri, USA

For specific achievements in optical 
research and electro-optical solutions 
for ophthalmic applications

Yu-Cheng Lin
National Cheng Kung University, 
Tainan City

For specific achievements in MEMS, 
micro/nano advanced mechanical 
technology, medical engineering

Justin Mansell
Active Optical Systems, USA

For specific achievements in adaptive 
optics

Andrew Rakich
Large Binocular Telescope Corp, USA

For specific achievements in optical 
design and engineering

Stanley Rogers
Air Force Research Laboratory, USA

For specific achievements in photonic 
MEMS, spatial light modulation, 
IRCM & surveillance systems

Cristina Solano Sosa
Centro de Investigaciones en Óptica 
AC, Mexico

For specific achievements in materials 
for polarization holography and 
education outreach in Mexico

Sarun Sumriddetchkajorn
National Electronics and Computer 
Technology Center, Thailand

For specific achievements in photonics 
and fiber optics
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2010 SPIE 
Leadership

The following officers and directors 
will serve as SPIE’s leaders in 2010. 
Contact anyone listed here through 

Bobbie Lively, SPIE director of executive 
and administrative services, at bobbie@spie.
org. For more information, go to spie.org/
leadership.

MEMBERSHIP

President
Ralph B. James
Brookhaven National 
Laboratory (USA)

Executive Committee

Directors

Ray O. Johnson
Lockheed Martin Corp. 
(USA)

Jennifer K. Barton
University of Arizona 
(USA)

Katarzyna 
Chalasinska-Macukow
Uniwersytet 
Warszawski (Poland)

Junhao Chu
East China Normal 
University (China)

Donis G. Flagello
Nikon Research Corp 
of America (USA)

Marta de la Fuente
Indra Sistemas SA 
(Spain)

James G. Grote
Air Force Research 
Laboratory (USA)

Bahram Javidi
University of 
Connecticut (USA)

Jay Kumler
Jenoptik Optical 
Systems (USA)

Robert Lieberman
Intelligent Optical 
Systems (USA)

Harry J. Levinson
GLOBALFOUNDRIES 
(USA)

Fernando Mendoza 
Santoyo
Centro de 
Investigaciones en 
Óptica, A.C. (México)

Kathleen Perkins
OpticsReport (USA)

Upendra N. Singh
NASA Langley 
Research Center 
(USA)

Immediate Past 
President
María J. Yzuel
Universidad Autónoma 
de Barcelona (Spain)

President Elect
Katarina Svanberg
Lund University 
(Sweden)

Vice President
Eustace L. Dereniak
University of Arizona 
(USA)

Secretary/
Treasurer
Brian Lula
Physik Instrumente LP 
(USA)

Executive 
Director
Eugene G. Arthurs
SPIE (USA)

Ralph P. Tatam
Cranfield University 
(UK)

Hugo Thienpont
Vrije Universiteit 
Brussels (Belgium)

Bruce Tromberg
Beckman Laser 
Institute and Medical 
Center (USA)

David Wick
Sandia National 
Laboratories (USA)
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SPIE Thanks Journal Editors

After a combined two decades of service 
as editors of Optical Engineering and 
the Journal of Biomedical Optics, Donald 

O’Shea and Bruce Tromberg take their leave with 
the thanks of many in the SPIE community.
 “Because of Bruce and Don’s dedicated efforts, 
the reputation and stature of these two SPIE 
journals have grown tremendously,” said María J. 
Yzuel, SPIE’s 2009 President.
 Both editors oversaw the successful transition 
of their journals into the digital publishing realm, 
with an online peer review process, multimedia 
attachments, e-First publication mode, and full 
integration with the SPIE Digital Library.
 “SPIE is fortunate to have had these two editors 
during this period of exciting growth,” said Ralph 
James, SPIE’s 2010 President.
 Tromberg, an SPIE Fellow and member of the 
SPIE Board of Directors, is professor of biomedical 
engineering and surgery at the University of 
California, Irvine, and director of the Beckman 
Laser Institute and Medical Clinic. He received 
last year’s SPIE Directors’ Award in recognition of 
his outstanding leadership as editor-in-chief of the 
Journal of Biomedical Optics from 1999-2009.
 The Journal of Biomedical Optics publishes 
papers that utilize modern optical technology for 
improved health care and research. It has been a 
leading journal in this fast-advancing field since 

its launch in 1996, and its annual impact factor 
has consistently ranked in the top five of optics 
journals. The number of papers published since 
Tromberg became editor-in-chief has increased 
500%, and he instituted a series of special sections 
featuring “Pioneers in Biomedical Optics.” 
 Lihong V. Wang, professor of biomedical 
engineering at Washington University in St. 
Louis (USA), is the new editor of the Journal of 
Biomedical Optics.
 O’Shea, emeritus professor at the Georgia 
Institute of Technology, SPIE Fellow, and a former 
president of SPIE, served as editor of Optical 
Engineering from 1998 until last year. During that 
time, Optical Engineering received more than 9,300 
submissions of papers reporting on the research 
and practical applications of optical science and 
engineering, published more than 5,100 papers, 
and established the Optical Engineering Letters 
section of the journal.
 O’Shea, too, is a previous recipient of a SPIE 
Directors’ Award, winning in 2004 for his exceptional 
service as editor, educator, and tireless volunteer for 
the optics community. 
 Ronald G. Driggers, superintendent 
of the Optical Sciences Division at 
the U.S. Naval Research Laboratory, 
is the new editor of OE. n

Call for
Laser Papers
Optical Engineering will 
publish a special section 
in September commemo-
rating the 50th anniver-
sary of the laser.

Edited by Gregory 
Quarles and Yehoshua 
Kalisky, the special 
section will have peer-
reviewed papers on all 
aspects of laser physics 
and laser technology. 

Manuscripts are due 1 
February. More informa-
tion: spie.org/oelaser

SPIE eBooks Available

SPIE Press field guides, handbooks, 
monographs, and tutorial 
texts on a wide range of 

fundamental and cutting-edge 
topics in optical science and 
technology are now available 
in the SPIE Digital Library as 
eBooks. 
 SPIE  eBooks ,  which  wi l l  inc lude 
approximately 140 titles by year’s end, are fully integrated 
into the SPIE Digital Library, enabling researchers and students to cross-search and 
access journals, proceedings, and books on a single site.
 “Electronic access provides researchers with the ability to easily search the literature 
for new ideas and information,” said Harry Levinson, chair of the SPIE Publications 
Committee.
 “We are pleased with the launch of this new capability enabling researchers and 
students around the world to access and use SPIE Press books electronically,” said Eric 
Pepper, director of publications at SPIE. 
 As with all technical articles, eBook chapters are also available for individual 
purchase.
 More information: spie.org/ebooks. n
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50 YEARS AGO, on 16 May 1960, the first laser was fired 
by Theodore Maiman. Since that time the laser has enabled 
some of the greatest innovations of our time. Join SPIE in 
paying tribute to the laser.

Laser Luminary Display
Visit the Laser Luminary Display located outside the 
entrance to the North Exhibition Hall and see historic 
images and artifacts from past years, watch archival video 
footage, and see an overview of current applications  
and future possibilities. 

For more information visit:

spie.org/advancingthelaser

at SPIE Photonics West.

The Laser: A 50-Year Retrospective
Walk the floor of the laser equipment display and see how laser 
technologies have evolved through the years. From some of the 
earliest lasers to recent laser innovations, companies from across 
the industry are contributing archival equipment and their most 
recent developments to create a display that presents the evolution 
of the laser over the past five decades.

Dream the next 50 years of the laser at a 
Welcome Reception unlike any other.

“Cirque du Lasaire” 
Date: Monday 25 January ·  Time: 7:00  to 8:30 pm

Hilton San Francisco Union Square Hotel  
333 O’Farrell Street

Enjoy a night of laser infused magic, conversation,  
acrobatics, and laser displays.

Dress is casual.
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SPIE Members Making News 

Two recently formed partnerships in Japan and in Europe are designed to enhance 
collaborations among scientists in the optics and photonics community.
 SPIE and the Japan Society of Applied Physics (JSAP) recently agreed to 

an information exchange and other joint activities to foster strong bonds between 
members of both international societies. A memo of understanding signed in November 
will guide the two societies in cooperative ventures over the next two years.
 While in Japan to sign the agreement, SPIE 2009 President María Yzuel met with 
a number of SPIE Fellows including Toyohiko Yatagai, a professor at Utsunomiya 
University and president of the Optical Society of Japan, pictured below.

 In Europe, Yzuel congratulated 
members of the new Southern 
European Cluster in Photonics and 
Optics (SECPhO) for helping to 
strengthen the regional economy 
and encouraging innovation. 
SECPhO’s goal is to improve the 
competitiveness of the optics and 
photonics sector in Spain and 
southern Europe. 
 “SECPhO will provide impetus 
for developing innovation, 

networks, and resources for transferring research knowledge from universities and 
research laboratories to industry,” Yzuel said.
 SECPhO (www.secpho.org) is an industry-oriented cluster with a strong 
technological base which will promote collaborative efforts to increase international 
business in optics-related industries. Members include nearly 40 research institutions 
and companies involved with optics and photonics.
 The new cluster is supported by the Catalonian government, the Spanish 
Department of Industry, Tourism and Trade, and the city of Terrassa.
 SPIE Board Member Marta de la Fuente of Indra Sistemas SA is a founding member 
and sits on SECPhO’s Strategic Committee. 

R&D Caucus
 In the United States, SPIE 
Members Dennis Matthews 
and David Benaron joined 
SPIE Fellow Naomi Halas in a 
December briefing to members 
of the Congressional R&D 
Caucus on how government 
can help accelerate healthcare 
innovation.
 Hala s ,  d i rec tor  o f  the 
nanophotonics lab at Rice 
University, told the caucus 
a b o u t  d r u g - f r e e  c a n c e r 
therapies utilizing light and 
nanomedicine.
 Matthews, director of the 
National Science Foundation’s 

Center for Biophotonics Science and Technology and professor at the University of 
California, Davis, spoke on multi-disciplinary approaches to meet challenges in the 
life sciences and medicine. And Benaron, CEO of Spectros, talked about marketplace 
R&D opportunities for bioimaging, biosensing, and nanophotonics. n

Yzuel and Yatagai in Japan

In Washington (left to right), SPIE Executive 
Director Eugene Arthurs, Halas, Benaron, and 
Matthews



44 SPIE Professional | JANUARY 2010

SPIE’s Biggest Event Gets 
Even Bigger In San Francisco

EVENTS

For SPIE Photonics West, bigger is definitely 
better: big names, big breakthroughs, and 
bigger exhibition space.

 Already the largest photonics technical 
symposium and exhibition in North America by 
attendance, SPIE Photonics West moves to The 
Moscone Center in San Francisco later this month 
to allow for expansion of the exhibition halls and 
the technical conferences. Attendance is expected 
to match or exceed last year’s, 18,000, and abstract 
submissions have topped last year’s record number 
with more than 3,600 papers.
 “This is the first time the conference is held 
in San Francisco, in a larger venue, and thus 
testimony of the wonderful growth of the science 
and technology of light,” says OPTO symposium 
chair E. Fred Schubert, a Rensselaer Polytechnic 
University (USA) professor and SPIE Fellow. 
 “The move to San Francisco is an exciting 
one, and we look forward to having the room 
to expand that will go along with the move,” 
says MOEMS-MEMS symposium chair Thomas 
Suleski, an SPIE Fellow from the University of 
North Carolina Charlotte (USA).
 Taking place 23–28 January, Photonics West’s 
conferences are organized into four symposia: 
BiOS, LASE, MOEMS-MEMS, and OPTO.

 Long-time BiOS chairs and SPIE Fellows 
James Fujimoto (MIT) and R. Rox Anderson 

Two Exhibitions
“The vendor exhibition 
is still the best place to 
gather information on the 
state of the art in the op-
tics and photonics industry 
for new projects,” says 
MOEMS-MEMS sympo-
sium chair Thomas Suleski.

The Photonics West 
exhibition, 26–28 January, 
is North America’s largest 
covering light-driven tech-
nologies. More than 1100 
suppliers have reserved 
space in the Moscone 
Center, including approxi-
mately 175 companies who 
will launch new products 
there. 

Exhibition space for both 
the weekend Biomedical 
Optics (BiOS) exhibi-
tion and the mid-week 
Photonics West exhibition 
will exceed previous years’ 
events. 

Exhibitors will include sev-
eral regional technology 
clusters representing the 
U.S. states of New York, 
Arizona, Florida, Colorado, 
and the Carolinas as well 
as Germany, Finland, Neth-
erlands, Canada, France, 
Scotland, and China. 

The laser tribute at the 
Moscone Center will 
include historic images 
and artifacts illustrating the 
evolution and applications 
of coherent light over the 
past 50 years. Read more 
about SPIE’s celebration 
of the laser anniversary at 
spie.org/advancing 
thelaser.

(Massachusetts General Hospital) once again 
lead this influential symposium that kicks off 
Photonics West.
 The BiOS Lifetime Achievement Award will 
be given to Reginald Birngruber, Medizinisches 
Laserzentrum Lübeck GmbH (Germany), at the 
Hot Topics session, 7-9 pm, Saturday, 23 January.

 Birngruber, a long time 
contributor to SPIE events 
and publications, will open 
the Hot Topics session with 
“Observations on the Past 
and Future Developments in 
Biomedical Optics.” 
 “I will be discussing the 

development of ophthalmic laser therapies, 
and the newest ideas in short-pulsed refractive 
surgery,” Birngruber says. 
 Two standout Hot Topic speakers are industry 
representatives. “Retinal Functional Imaging,” 
will be presented by Amiram Grinvald, Optical 
Imaging Inc. (Israel), and “Intravascular OCT 
Extends Reach to Clinical Practice” will be 
presented by Joseph Schmitt, Lightlabs Imaging 
(USA). 
 Hours for the Biomedical Optics exhibition 
(23–24 January) have been extended this year, 
at the request of exhibit visitors. For the first 
time, the BiOS exhibition will have room to host 
product demonstrations for suppliers who provide 
solutions for the thousands of optical engineers, 
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Birngruber
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biophotonics researchers, clinicians, and others 
who attend this yearly event.
 The BiOS symposium will also host its own 
student “Lunch with the Experts” event. On 
Sunday, 24 January, students can mingle with 
industry experts and experienced medical 
researchers at the 12:30 pm lunch.

 SPIE is celebrating the 50th anniversary of 
the invention of the laser through its Advancing 
the Laser tribute, and 
is a founding partner 
and sponsor of LaserFest, 
a  c o m m u n i t y - w i d e 
celebration. A series of 
events held at Photonics 
West will help showcase 
the influence of the laser. 
This includes a “Cirque 
du Lasaire” reception, a 
panel of industry insiders 
discussing “The Making 
of an Industry: 50 Years of the Laser and 
Beyond,” and displays of archival photographs, 
laser equipment, and videos illustrating past 
achievements and future possibilities.
 The plenary session for the LASE symposium, 
held Wednesday, 27 January, includes:
• Paul B. Corkum, University of Ottawa 

(Canada), “Attosecond-Angstrom Science”
• Andreas Tünnermann, Friedrich-Schiller 

University Jena (Germany), “Ultrafast Fiber 
Laser Technology: Status and Prospects”

• Holger Lubatschowski, Laser Zentrum Hannover 
e.V. (Germany), “Challenges and Prospects of 
Ultrafast Lasers in Ophthalmology”

 The MOEMS-MEMS symposium hosts more 
than 225 research papers in two tracks: Micro- 
and Nanofabrication and Devices, Applications, 
and Reliability.
 “We are very excited to have three excellent 
plenary speakers this year,” Suleski says. The 
MOEMS-MEMS plenary takes place on Monday, 
25 January and features:
• Yogesh B. Gianchandani, University of 

Michigan (USA), “Emerging Research in 
Microsystems: Opportunities and Challenges 
in Health-Care and Environmental Sensing 
Applications” 

• Wilfried Mokwa, RWTH Aachen University 
(Germany), “MEMS Technologies for Artificial 
Retinas” 

• Thomas Bifano, Boston University Photonics 
Center (USA), “Shaping Light: MOEMS 
Deformable Mirrors for Microscopes and 
Telescopes” 

 Solid-state lighting is an up and comer in the 
world of photonics this year. “This technology 
will wipe away conventional lighting technologies 
such as incandescent and fluorescent light 
sources,” Schubert says.
 This year’s OPTO plenary speakers discuss 
the latest breakthroughs in solid-state lighting 
technologies and include Shuji Nakamura of 
the University of California, Santa Barbara 

(USA), developer of the 
blue laser and the first to 
make an LED that would 
emit bright blue light. 
Nakamura will speak 
on“GaN-based nonpolar/
semipolar LEDs, laser 
diodes and bulk crystal 
growth.” 
 Plenary speaker Jeffrey 
Y. Tsao of Sandia National 
Labs (USA) will speak 

on “Solid-state lighting: science, technology and 
economic perspectives.” 

Special Events
 Even with severe market challenges in 2009, new 
solar energy technology and market development 
continues to grow. The talk, Hot Markets in 
Photonics: Solar, 3:30, Tuesday 26 January, is 
part of the Industry Perspectives program. Paula 
Mints, Energy Practice Navigant Consulting, and 
Patricia Glaza, Clean Technology and Sustainable 
Industries Organization, share the stage to discuss 
the direction of solar technology, worldwide 
markets, and opportunities for business. From core 
optical engineering to nanotechnology, materials 
science to funding and economic policy, both 
speakers bring a forward-looking understanding 
of market and technology trends on the path to 
widespread commercialization.
 The 2009 Prism Awards for Photonics Innovation, 
cosponsored by SPIE and Laurin Publishing, will 
be awarded in nine categories at Photonics West. 
The awards program was introduced in 2008 to 
recognize the best in innovative technology in 
optics and photonics. For a list of finalists and more 
information, see page 17.
 SPIE Photonics West also offers an extensive 
program of 65 courses and workshops, including 15 
new courses. A professional development speaker 
series features top-level young optics professionals 
discussing leadership, communications, proposal 
writing, and entrepreneurship, and a student 
“Lunch with the Experts” is scheduled for 12:30, 
Tuesday, 26 January.

–Beth Kelley

SPIE iPhone
Application
In San Francisco

Everything you need to 
know about SPIE Photo-
nics West, The Moscone 
Center, and San Francisco 
is at spie.org/pw.

Other special events are 
listed on page 48.

Explore the Photonics West 
program from your iPhone 
or iPod Touch with the  
SPIE iPhone application, 
available on iTunes and 
spie.org/mobile. 

The iPhone app will let you 
lay out your schedule for 
the week, direct you to the 
technical conferences and 
special events you want 
to attend, even tell you 
where a supplier is on The 
Moscone Center exhibition 
floor. 
spie.org/mobile
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Lithography Meeting 
Looks to the Future 

Hopkins Wins
BACUS Award
SPIE member Barry 
Hopkins, CEO and co-
founder of RAVE LLC, is 
the recipient of the 2009 
BACUS Lifetime Achieve-
ment Award.

Hopkins has 47 years 
in the semiconductor 
industry, with 40 of 
those working with every 
aspect of photomask 
technologies. He and 
his RAVE cofounders 
pioneered the use of the 
Atomic Force Microscope 
(AFM) in a revolutionary 
new nanomachining 
approach for repairing 
extremely small defects 
on advanced, critical-
level photomasks. 

The BACUS award com-
mittee cited Hopkins’ 
vision in the mask repair 
equipment arena, lauding 
his role in providing 
a yield-improvement 
pathway and a tre-
mendous cost-saving 
advantage to advanced 
mask makers around the 
world.

The award was presented 
in September at the 2009 
Photomask Technology 
symposium, sponsored 
annually by SPIE and 
BACUS.

BACUS is SPIE’s interna-
tional technical group for 
photomask technology.

After a rough year, the semiconductor 
industry appears to be making strides 
back to the top. 

 Global semiconductor sales in units shot up 
23% in the third quarter of 2009, with 300 million 
chips predicted to have been shipped by the end 
of the year, according to International Data Corp. 
Cymer rang up 2009 third-quarter sales of $90.6 
million, well ahead of earlier forecasts. ASML’s 
estimated orders for semiconductors in the fourth 
quarter of 2009 were at least level with their €777 
million intake in the third quarter.
 Semiconductor industry insiders from around 
the world will be gathering at SPIE Advanced 
Lithography in February to learn where and in 
which directions the industry is rebounding.
 For 34 years, the SPIE Advanced Lithography 
symposium has been the premier international 
meeting that drives the future of lithography 
research and applications. This year the meeting 
takes place 21-25 February in San Jose, CA. 
 “With the addition of a new conference 
in 2010 covering EUV lithography, the total 
spectrum of lithography technology is presented,” 
say symposium chairs and SPIE Fellows Chris 
Progler, CTO of Photronics Inc. (USA), and 
Donis Flagello, Nikon Research Corp. of America 
(USA). 
 The EUV lithography conference brings 
the total number of conferences to six, jam-
packed with more than 600 papers from the 
world’s top researchers. The other conferences 
cover the topics of alternative lithographic 
technologies, metrology, resist materials, optical 
microlithography, and semiconductor design. The 
poster receptions offer a great opportunity for 
one-on-one interaction with authors.
 The plenary speakers will all be looking to 
the future in the advanced lithography industry: 
Kazuo Ushida, president of Precision Equipment 
Co., Nikon Corp. (Japan), presents “The Future 
of Optical Lithography;” Eric Chen, managing 
director of Silver Lake Partners (Hong Kong), 
presents “Investing in Technology Industries in 
the Reset Economy;” and Sam Sivakumar of Intel 
Corp. (USA) presents “Lithography of the Future: 

A Technical and Economic Challenge.”
 The numerous evening panel discussions and 
debates are guaranteed to get people talking. 
The BACUS Technical Group Panel Discussion 
this year focuses on EUV. The rather long title, 
“EUV Source $10M. EUV Scanner $100M. 
Defect Free EUV Photomask, Priceless! For some 
there’s NIL, for everyone else, there’s EUV,” 
humorously underscores the excitement around 
EUV lithography and its potential applications 
in the industry. 
 The Nanotechnology in Microlithography 
Panel Discussion will focus on “Self-Assembling 
Molecules for Semiconductor Patterning and 
Nanoelectronics.” 
 Other panel discussions are the National 
Institute for Standards and Technology (NIST) 
sponsored “Strategies for Increasing the Value of 
Metrology and Inspection,” “New Metrology in 
the Present Economy,” “The Trial of EUV and 
DPT ArF for the 22nm 1/2 Pitch Node,” and “The 
Role of Reference Metrology in Nanotechnology 
Progress.”
 Twenty-one courses taught by hand-picked 
instructors cover a variety of topics from the basic 
to the advanced. Popular course topics include 
Practical Photoresist Processing; Modeling of 
Exposure Tools for OPC and Tooling Analysis; 
Nano-Scale Patterning with Imprint Lithography; 
and Optical Lithography Modeling. Course prices 
increase $50 after 5 February, so be sure to register 
for the courses soon.
 One of the most exciting places at SPIE 
Advanced Lithography is the exhibition hall, 
where leading companies display their latest 
products. Companies like Synopsys, Inc. , NIST, 
Micro Lithography Inc., OMG-Cyantek, KLA-
Tencor,  Molecular Imprints, Inc., Cymer, Inc., 
and 4D Technology Corp., just to name a few, 
will be on hand to discuss their new products and 
future applications.
 The exhibition is open Tuesday, 23 February, 
from 10 am to 5 pm, and Wednesday, 24 February, 
10 am to 4 pm.

–Beth Kelley
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Smart
Thinking!

Record levels of new R&D funding initiatives 
are on the horizon for the EU, U.S. 
agencies such as NIST, NSF, and DOE, and 

governments worldwide. Global R&D Funding 
Forecast reported that global R&D spending was 
expected to reach $1.143 trillion by the end of 
2009, 3.2% higher than 2008. One bill passed by 
U.S. Congress last November provides $30.6 billion 
in science funding to NASA, NSF, and NIST, an 
increase of $1 billion over 2008 spending. 
 That includes $88.2 million in NIST funding for 
nine research projects on structure monitoring and 
inspection technologies over the next five years.
 This financial shot in the arm makes it the 
perfect time to attend the SPIE Smart Structures/
Non-Destructive Evaluation (NDE) symposium 
(7-11 March 2010 in San Diego, CA) to learn 
about new directions in the field.
 This symposium is a multidisciplinary forum 
that promotes research in adaptive structures and 
mechanisms, smart sensors and materials, NDE, 
civil infrastructure, aerospace systems, and other 
applications. The “smart” technology to monitor 
bridges, water pipes, and the energy grid would 
not be possible without the sensor technology 
presented at this symposium. And electroactive 
polymer (EAP) technology is being used to 
develop artificial muscles and prosthetic limbs 
for soldiers, as well as Braille reading displays that 
refresh themselves.
 Over 800 presentations will be made on 
structural health monitoring, nanotechnology, 
new types of energy harvesting and energy systems, 
piezoelectric materials, and all kinds of sensors.

Artificial Muscles in Action
 The 12th EAP-in-Action demonstrations will 
be held during a session chaired by SPIE Fellow 
Yoseph Bar-Cohen Monday, 8 March, from 4:30-
5:45 pm. Coinciding with the Electroactive Polymer 
Actuators + Devices (EAPAD) conference, the 
demonstrations highlight the latest capabilities and 
applications of EAP materials. Attendees see these 
materials in action, get to interact directly with 
technology developers, and are given “hands-on” 
experience with this emerging technology. 

 The first Human/EAP-Robot arm-wrestling 
contest was held during this session in 2005, 
which increased the visibility of the field 
worldwide and the recognition of its potential. 
This year, presenters will demonstrate other types 
of artificial muscles and EAP devices that will help 
humanity in the near future. Highlights include 
tactile Braille displays, self-sensing and dielectric 
elastomer actuator (DEA)-based systems, high 
strain PolyPower films, bi-stable electroactive 
polymers, and other EAP applications.
 The October 2009 issue of SPIE Professional 
chronicled progress in the effort to develop a 
low-cost, efficient, refreshable display for Braille 
text to allow people with visual impairments to 
benefit from the growing advances in computer 
technology. Deane Blazie and Noel Runyan of the 
National Braille Press will be demonstrating some 
of the commercial active Braille displays during 
the demonstration session.

Other Special Events
 A “Student Lunch with the Experts” networking 
event is scheduled for Tuesday, 9 March.
 The exhibition is free and is a great place to 
network, see new products, and see where the 
SSM/NDE industry is going. The exhibition, with 
companies such as OZ Optics (see page 4), IOP 
Publishing, Polytec Inc., and Bose Corporation, 
will be held Tuesday, 10 March, from 10 am-4 
pm and 6 pm-7:30 pm, and from 10 am-4 pm 
Wednesday, 11 March. 

–Beth Kelley

Plenary
Speakers
Gordon Wallace, Uni-
versity of Wollongong 
(Australia): Can We LEAP 
Tall Buildings? Electroactive 
Polymers: An Alternative 
Platform for Bionic Devices

Fu-Kuo Chang, Stanford 
University (USA): Structural 
Health Monitoring: Where to 
Go From Here?

Jose Zayas, Sandia Na-
tional Labs (USA): Tech-
nology Opportunities for 
Wind Energy Systems

Christian Boller, 
Fraunhofer Institute of 
Non-Destructive Testing 
(Germany): Ways and 
Options for Getting 
Structural Health Monitoring 

Awards
The SSM Lifetime Achieve-
ment Award will be 
presented to Alison Flatau, 
professor of aerospace 
engineering at University 
of Maryland, College Park 
(USA). This award recog-
nizes outstanding contribu-
tions to research in smart 
structures and materials 
as well Flatau’s extensive 
service to the symposium.

The NDE Lifetime Achieve-
ment Award will be pre-
sented to Fu-Kuo Chang, 
director of the Structures 
and Composites Labora-
tory at Stanford University 
(USA). Chang is the editor 
in chief of International 
Journal of Structural Health 
Monitoring, a fellow of 
several societies, and one 
of the plenary speakers at 
the symposium. 

The Smart Structures 
Product Implementation 
Award, ASME Gary An-
derson Early Achievement 
Award, ASME Best Paper 
Awards, and SPIE/ASME 
Best Student Paper awards 
will also be presented.

Commercial active Braille displays
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Special Events  
Brought to You by SPIE 
23 January, Saturday
· BiOS Hot Topics, 7-9 pm

24 January, Sunday
· Professional development activities

25 January, Monday
· SPIE Fellows lunch, 12 noon-1:30 pm 

(RSVP required) 
· Women in Optics presentation and 

reception, 4:30-6 pm 
· All-Symposium Welcome Reception and 

Advancing the Laser Celebration 7-8:30 pm

26 January, Tuesday

· SPIE Member reception, 8 to 9:30 pm at 
Cityscape Room at the top of the Hilton 
Hotel, Union Square 

27 January, Wednesday
· Prism Awards Banquet, 6:30-10:30 pm

28 January, Thursday
· Industry event, final conferences

spie.org/pw

San Francisco,  
CA, USA

Science-Engineering-Technology 
Congressional Visits Day
28-29 April
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