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 SPIE PRESS

New Books from SPIE

www.spie.org/books

Read details and 
sample pages

Field Guide to Physical Optics
Daniel G. Smith
This Field Guide provides a concise overview of electromagnetic This Field Guide provides a concise overview of electromagnetic 
wave theory and phenomena, focusing on information wave theory and phenomena, focusing on information 
applicable to the fi eld of optical engineering. Author Dan applicable to the fi eld of optical engineering. Author Dan 
Smith has included tools central to describing polarization, Smith has included tools central to describing polarization, 
interference, and diffraction to assist the reader in solving a wide interference, and diffraction to assist the reader in solving a wide 
array of practical engineering problems.array of practical engineering problems.

Vol. FG17
SPIE Member $36 / Nonmember $42

The Proper Care of Optics: Cleaning, 
Handling, Storage, and Shipping
Robert Schalck
This book describes the cleaning, handling, and storage This book describes the cleaning, handling, and storage 
methods used by professional technicians to keep optics in methods used by professional technicians to keep optics in 
top condition. It is written for a diverse audience, from fi rst-top condition. It is written for a diverse audience, from fi rst-
time optical cleaners to assembly technicians and seasoned time optical cleaners to assembly technicians and seasoned 
engineers looking to expand their repertoire. In the lab or in the engineers looking to expand their repertoire. In the lab or in the 
fi eld, you’ll fi nd the right technique to protect your equipment fi eld, you’ll fi nd the right technique to protect your equipment 
from harm. Reference lists of tools, solvents, and suppliers are from harm. Reference lists of tools, solvents, and suppliers are 
provided to help you fi nd solutions quickly.provided to help you fi nd solutions quickly.

Vol. PM233
SPIE Member $46 / Nonmember $54

Stray Light Analysis and Control
Eric Fest
This book addresses stray light terminology, radiometry, This book addresses stray light terminology, radiometry, 
and the physics of stray light mechanisms, such as surface and the physics of stray light mechanisms, such as surface 
roughness scatter and ghost refl ections. The most effi cient roughness scatter and ghost refl ections. The most effi cient 
ways of using stray light analysis software packages are ways of using stray light analysis software packages are 
included. The book also demonstrates how the basic included. The book also demonstrates how the basic 
principles are applied in the design, fabrication, and testing principles are applied in the design, fabrication, and testing 
phases of optical system development.phases of optical system development.

Vol. PM229
SPIE Member $47 / Nonmember $55

Electro-Optical System Analysis and Design: 
A Radiometry Perspective
Cornelius J. Willers
The concepts and tools explored in this book empower The concepts and tools explored in this book empower 
readers to comprehensively analyze, design, and optimize readers to comprehensively analyze, design, and optimize 
real-world electro-optical systems. This book builds on solid real-world electro-optical systems. This book builds on solid 
foundational theory and strives to provide insight into hidden foundational theory and strives to provide insight into hidden 
subtleties in radiometric analysis. The author also provides subtleties in radiometric analysis. The author also provides 
a number of problems, many with solutions demonstrated in a number of problems, many with solutions demonstrated in 
MatlabMatlab® and the Python™ pyradi toolkit.  and the Python™ pyradi toolkit. 

Vol. PM236
SPIE Member $83 / Nonmember $98

Chemical Vapor Deposited Zinc Sulfi de
John S. McCloy, Randal W. Tustison
Zinc sulfi de has shown unequaled utility for infrared Zinc sulfi de has shown unequaled utility for infrared 
windows that require a combination of long-wavelength windows that require a combination of long-wavelength 
infrared transparency, mechanical durability, and elevated-infrared transparency, mechanical durability, and elevated-
temperature performance. This book reviews the physical temperature performance. This book reviews the physical 
properties of chemical vapor deposited ZnS and their properties of chemical vapor deposited ZnS and their 
relationship to the CVD process that produced them.relationship to the CVD process that produced them.

Vol. PM237 
SPIE Member $56 / Nonmember $66

Field Guide to Nonlinear Optics
Peter E. Powers
This Field Guide serves as a concise source of key This Field Guide serves as a concise source of key 
concepts, equations, and techniques for nonlinear optics. concepts, equations, and techniques for nonlinear optics. 
Nonlinear optical effects and phenomena, as well as recent Nonlinear optical effects and phenomena, as well as recent 
developments in nonlinear optics, are covered focusing on developments in nonlinear optics, are covered focusing on 
real-world applicability.real-world applicability.

Vol. FG29
SPIE Member $36 / Nonmember $42
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Photonics is one of the key technology 
enablers for the future of our society. So 
many innovations build on the fantastic 

success of photonics: Mobile devices enable us to 
communicate and share information via satellite 
and the Internet; medical imaging instruments  
can detect the most serious diseases; remote 
sensing of the environment helps manage the 
world’s vast but endangered resources; and 
great astronomical telescopes inform us of the 
beginnings of the universe and the balance of 
mass, dark energy, and dark matter. 
 Emerging fields such as biophotonics and 
metamaterials promise great breakthroughs 
in medicine and new materials for optics and 
electronics. 
 Yet the photonics community does not have the 
visibility and leverage of some much lower-impact 
communities. 
 In 2012, a U.S. National Research Council 
report advanced the idea of a photonics initiative 
as part of a National Academies’ report, “Optics 
and Photonics, Essential Technologies for Our 
Nation.” The committee that wrote the report 
was led by SPIE Fellow and past President Paul 
McManamon and SPIE Fellow Alan Willner.

Willner, McManamon to be honored 
 Now a coalition of 100 community members 
has drafted a white paper with recommendations 
for the formation of this initiative. The National 
Photonics Initiative (NPI) was launched in May 
and is being developed to increase collaboration 
and coordination among U.S. industry, 
government, and academia and to identify and 
advance areas of photonics critical to maintaining 
competitiveness and national security.
 For their work in facilitating this timely and 
important achievement, I will present the 2013 
SPIE President’s Award to Dr. McManamon 
and Dr. Willner at the SPIE Optics + Photonics 
meeting at San Diego in August. 

How the NPI can help you
 What’s in it for you? How will the NPI help 
your organization succeed?
 Many organizations, whether small, medium, 
or large, established or startup, single proprietor, 
university research spin off, corporate subsidiary, or 
public corporation, are striving to bring innovative 
photonics technologies to market. Each obstacle 
they face may seem unrelated. Indeed, each 
organization typically brings its own issues to the 

PRESIDENT’S LETTER

Sail with a rising tide:
Support the NPI

attention of a member of Congress or state legislator 
on its own. These issues may include:
• Outdated export regulations
• Shortage of skilled technicians in the U.S. 

workforce
• Need for IP protection
• Lack of data on the size of the industry
• Lack of name recognition for “photonics,” 

particularly in Congress and state legislatures
• Competition with other technologies for 

limited funding
• Lack of awareness in other industries as to how 

photonics might solve their challenges.
 However, they are related, and each one affects 
the overall health of the industry.

NPI to amplify many voices
 The NPI supports individual industry 
communications with legislators and acts as an 
advocate for the industry to amplify the voices 
of the many. It adds value by:
• Illustrating — in terms of jobs and revenue 

dollars — the true size of the impact of the 
technology and the impact of the obstacles the 
photonics industry faces 

• Increasing visibility for the value of 
interdisciplinary connections

• Seeking to create a conduit via a Congressional 
photonics caucus for industry to provide policy 
makers with useful information about industry 
challenges and which technologies need to be 
developed in order to meet economic, security, 
educational, healthcare, and other national 
objectives.

 The Photonics21 model works in Europe by 
giving industry a direct voice with policy makers 
and enabling the industry to help guide funding 
directions. The NPI is different in many ways but 
would enable a similar connection in a model 
that fi ts the U.S.
 We hope that in the years to come the word 
photonics will become as familiar as electronics 
to consumers and policy makers. 
 The NPI is our community’s attempt to build 
awareness of our past successes and future possibilities.
 Congratulations to Paul and Alan and all the 
others who have worked on launching this new 
initiative. Please give them your support. 

William H. Arnold
2013 SPIE President

° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °
° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° °

SPIEDigitalLibrary.org/JBO

Open access to your 
article by paying low 
voluntary page charges
spie.org/JournalsOA 

The National Photonics 
Initiative will increase the 
visibility of our industry 
and advance areas 
of photonics critical 
to maintaining U.S. 
competitiveness and 
national security.

See page 8.
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By Stephen G. Anderson

LED technology drives innovations in 
general lighting and the life sciences.

Mention light emitting diodes (LEDs) to most people 
today and they probably think first of lighting. 
General awareness of LED-based lighting has been 

boosted of late by increasingly widespread adoption of LEDs 
in a range of common lighting applications from supermarket 
refrigerators to street and automobile lighting and the presence 
of LED-based alternative-lighting products at hardware stores. 
 Media coverage of LED-based 
lighting, driven by high-profile 
product  announcement s  and 
the emergence of novel lighting 
applications for consumers and in 
the life sciences has also helped raise 
public consciousness of LEDs and 
their applications.
 Now a little over 50 years old, LED 
technology is driving a revolution in 
general lighting that spans the globe. The unique combination 
of LED size and effi ciency has enabled artifi cial lighting to 
reach parts of the world that have never before been able to 
enjoy its benefi ts. 
 Of course there are other signifi cant markets for high-
brightness LEDs, though many are starting to show signs 
of maturity. According to Ella Shum, conference chair at 
Strategies in Light in February, the use of LEDs for general 
lighting represented only 23% of the 2012 LED market, 
estimated at $14 billion. 
 Other segments include backlighting of TVs and monitors 
(22%), mobile (19%), signage (13%), automotive (10%), and 
the inevitable “other” category (13%), which includes many 
niche applications that are emerging as some of the benefi ts 
of LED technology are more fully developed. 

LEDs in lighting market
 It is lighting, however, that is getting everyone excited, 
says industry analyst Bob Steele, who has been tracking the 
emergence of LED technology and markets for almost 20 years. 
“It is a market in its early stages,” he says, and because LED 
penetration of the general lighting market is low, “there’s plenty 
of room for growth.” 
 Furthermore, Steele notes, LEDs are truly transforming the 
entire general lighting business.
 The inexorable progress of solid-state lighting technology 
is fueled by a unique combination of engineering advances, 

falling prices, and lighting-policy 
support from many of the world’s 
governments as they seek light 
sources that are more energy-effi cient 
than the traditional incandescent 
light bulb. And while market analysts 
all agree on the fact that LED market 
penetration of general lighting 
markets is accelerating — some say 

skyrocketing — their actual market estimates vary wildly. 
 Defi nitional differences combine with varying estimates 
of future price erosion and diffi culty reconciling demand and 
supply side forecasts to produce a confusing array of numbers. 
 At Strategies in Light, analyst Vrinda Bhandarkar pegged 
the 2013 LED lighting market at $17 billion with a compound 
annual growth rate of 12% projected from 2011 to 2017. A 
recent report from Digitimes Research (Taipei), however, 
projects the market will grow 54% from 2012 and reach $25.4 
billion in 2013.
 These forecasters are also challenged by the fast-moving 
technology advances — and apparently, so is the U.S. 
Department of Energy. In April 2012, the DOE projected that 
the industry would not achieve effi ciencies of 160 lumens per 
watt for LED lamps until 2015. In fact the DOE’s own web-based 
product-search tool currently doesn’t even offer the option of 

“LEDs are truly transforming 

the entire general lighting 

business.”
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LEDs fi nd uses in optogenetics
Researchers at Washington University School of 
Medicine in St. Louis and University of Illinois at Urbana-
Champaign (USA), have developed implantable light-
emitting diodes to study brain cells, behavior, and 
disease. 

The LEDs are thousands of times smaller than those 
currently available commercially and have been 
implanted into mice brains to activate special networks of 
light-sensitive neurons.

“This strategy should allow us to identify and map brain 
circuits involved in complex behaviors related to sleep, 
depression, addiction, and anxiety,” says Michael R. 
Bruchas of Washington University. “Understanding which 
populations of neurons are involved in these complex 
behaviors may allow us to target specifi c brain cells that 
malfunction in depression, pain, addiction, and other 
disorders.”

This use of LEDs in optogenetics, adds Illinois materials 
scientist and SPIE member John Rogers, “provides a 
recipe for delivering all sorts of advanced technologies, 
such as full integrated circuits down in the brain.” 

searching above 200 lumens/watt (See www.lightingfacts.com/
content/products). 
 However, startup Green Ray in the United States announced 
in April an LED-based fl uorescent tube replacement operating 
at 173 lm/W, and Philips announced a similar product prototype 
at 200 lm/W. 
 Both these devices are likely to further accelerate adoption of 
LED lighting. Current fl uorescent-tube lamps top out at around 
100 lm/W, so the prospects for an LED-based tube replacement 
with double the light output are … bright!

Everything changes with LEDs 
 Unlike many technology developments that are essentially 
incremental advances, the advent of LED-based lighting is truly 
transformative—the point made by Steele. It is  fundamentally 
changing the lighting industry, from product concept and 
specifi cation all the way through manufacturing and supply 
chains. Even the end market itself is being changed by novel 
lighting products that have never previously existed. 
 Some can be extremely compact, for instance, or can change 
color or brightness at the touch of a button. In some cases, LED 
bulbs can be controlled remotely by a smartphone app.
 At the product-concept stage, the ability to control the 
brightness and color as well as modulate LEDs is spawning an 
entirely new design process, including new design software for 
predicting the distribution and intensity of the light — not 
just of the devices themselves but also at the end-use level in 
room and building design, for example.
 At the fabrication stage, materials systems are also part of 
the competitive mix, with some LEDs made on silicon carbide 
(Cree) and others on gallium nitride (Soraa) or sapphire 
substrates. (See page 11.) 
 Hence the traditional industry leaders like Philips and Osram 
Sylvania, even as they develop new lighting products, are busy 
reinventing their business models as well. The longevity and 
effi ciency of solid-state lighting as compared to traditional 
incandescent and fl uorescent bulbs means these companies 
are gradually losing a profi table line of consumables even as 
they enter a series of newly forming markets. 
 At the same time, new entrants like Cree and Soraa in the 
United States and a multitude of companies in Japan and Asia 
are introducing competitive lighting products. Some, such 
as Soraa with its novel dimmable halogen bulb replacement 
(launched early in 2012) are staking out specifi c positions in 
the marketplace. Others are simply going after the LED-based 
replacement business for 40-, 60-, and 100-W incandescent 
bulbs. 

Markets and applications
 Philips projects that by 2015, LEDs will have penetrated 
about 45% of the global lighting market. Digitimes Research 
says 39%. Such penetration rates are aided by the fact that 
many countries have now banned the manufacture of new 
incandescent bulbs at typical outputs. 
 These market estimates are further confused by an ongoing 
redefi nition of markets and applications, some of which will 
likely add to the total available markets for LED lighting. In 
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Continued on page 11  
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A thin plastic ribbon printed with advanced electronics 
is threaded through the eye of an ordinary sewing 
needle. The device, containing LEDs, electrodes and 
sensors, can be implanted into the brain or other 
organs.

Ultra-miniaturized 
LEDs implanted 
into the brain 
illuminate mysteries 
of neuroscience. 
The light triggers  
targeted neurons, 
providing insight into 
structure, function, 
and complex 
connections within 
the brain.
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Photonics societies launch 
National Photonics Initiative
Alliance works to increase photonics R&D in the United States.

The U.S.-based National Photonics 
Initiative (NPI), an alliance of 
industry, government, and academic 

representatives born out of recommendations 
in the 2012 National Research Council 
report on optics and photonics, has offi cially 
launched and identifi ed a series of measures 
it believes are crucial for maintaining U.S. 
competitiveness and national security.
 A white paper published by the collaborative 
group, whose founding sponsors are SPIE and 
the Optical Society (OSA), makes several 
recommendations, including establishment 
of a public-private partnership similar to that 
being pursued in Europe by Photonics21 (see 
page 10), as well as a shared chip foundry 
service tailored for U.S. military requirements.
 SPIE Executive Director Eugene Arthurs, 
pointing to programs already initiated in other parts of the 
world, says the U.S. could be left behind if it does not come 
up with its own coordinated plan to support photonics. “As 
an international society, we work to realize the potential of 
photonics everywhere,” he said.
 Arthurs cited the 1998 “Harnessing Light” report, which 
presented a comprehensive overview of the potential impact 

of photonics on U.S. industry that prompted several worldwide 
economies to advance their already strong photonics industries. 
However, the U.S. never developed a cohesive strategy, he said, 
resulting in its loss of competitive technological advantage in 
photonics as well as thousands of U.S. jobs and companies to 
overseas markets.
 “The European Union, Germany, Korea, Taiwan, and China 
all recognize the importance of photonics and have taken 
action,” Arthurs said. 
 “More photonics research is needed to maintain U.S. 
national security in the face of growing non-traditional threats. 
The time is now for the U.S. to make the right investments in 
the crucial capabilities of the future.”

Federal funding critical
 The NPI white paper, entitled “Lighting 
the Path to a Competitive, Secure Future,” 
was written by more than 100 contributors 
and targets fi ve key photonics-driven fi elds:
• Advanced manufacturing
• Communications and in formation 
technology (IT)
• Defense and national security
• Energy
• Health and medicine
 “Li fe without photonics i s  a lmost 
unimaginable,” said OSA CEO Elizabeth 
Rogan. “From the moment you wake up to the 
alarm on your smartphone, swipe your credit 
card to pay for coffee, log into your computer, 
and connect with the world through the 
Internet, photonics makes it possible.

 “The NPI will work to advance photonics in the areas that 
are most critical to the U.S., like improving the economy, 
creating jobs, saving lives, and sparking innovation for future 
generations.”
 Other sponsors of the NPI are the American Physical Society 
(APS), the IEEE Photonics Society, and the Laser Institute of 
America (LIA).
 “The NPI offers an opportunity for us to show how critical 
it is for federally funded research to fl ourish in this country,” 
said Kate Kirby, executive offi cer of APS. “So many of the 
technologies that we use every day have come from the results 
of scientifi c research in optics and photonics funded by the 
federal government.”

Key recommendations
 In addition to calls for more funding of photonics-
related research in each of the five photonics areas, key 
recommendations in the NPI white paper include:
• Develop federal programs that encourage greater collaboration 

between U.S. industry, academia, and government labs
• Increase investment in education and job-training programs, 

including two-year certifi cate and undergraduate degree 
programs in laser materials processing, and incorporating 
photonics technician training and certifi cate programs into 
existing education and retraining programs such as those for 
veterans

• Review international trade practices impeding free and fair 
trade and the current U.S. criteria restricting the sale of 
certain photonic technologies outside the U.S.

• Expand federal investments supporting university and industry 
collaborative research to develop new manufacturing methods 

“As an international 

society, we work to 

realize the potential 

of photonics 

everywhere.”
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NPI 
The National Photonics 
Initiative (NPI) is a 
collaborative alliance 
among industry, 
academia, and 
government.

It seeks to raise 
awareness of 
photonics and the 
impact of photonics 
on our everyday lives; 
increase cooperation 
and coordination 
among U.S. industry, 
government, and 
academia to advance 
photonics-driven 
fi elds; and drive U.S. 
funding and investment 
in areas of photonics 
critical to maintaining 
U.S. economic 
competitiveness and 
national security. 

The initiative is being 
led by a coalition of 
scientifi c societies, 
including SPIE, the 
Optical Society (OSA), 
the American Physical 
Society (APS), the IEEE 
Photonics Society, and 
the Laser Institute of 
America (LIA).

More information: 
www.LightOurFuture.org

that incorporate photonics such as additive 
manufacturing and ultra-short-pulse laser 
material processing

 For advanced manufacturing, the NPI wants 
to see a coordinated national effort focused 
on improving understanding of laser-material 
interactions to aid future applications in heavy 
industry and processing of ceramics, plastics, 
composites, and glass. 
 The paper makes the point that while 
u niver s it ie s  o f ten 
have the equipment 
and capability needed 
for innovation, they 
somet imes  l ack  a 
connection to real-
world problems or 
opportunities where 
those innovations could be applied.
 “There is a need for the creation of applied 
research and development institutions dedicated to 
photonics that would unite academia with industry 
and national labs in existing and emerging regional 
industrial hubs across the United States,” the paper 
says.
 Photonic institutes in regional industrial hubs 
would provide natural ecosystems for innovation 
and matching private funding and could also 
support educational and retraining activities.
 At a launch event in May, the NPI’s advisory 
committee chairman Thomas Baer, executive 
director of the Stanford Photonics Research 
Center, said that although the USA has been 
a leader in photonics for the past half-century, 
the rest of the world “has essentially caught up 
with us.”
 For example, he said, only 5% of the world’s 
production of photovoltaic panels is in the U.S. 
despite the pioneering work by Americans to 
develop the technology for solar panels. The 
United States also lags behind in manufacturing 
strategies for low-cost LED lighting, he said, with 
the majority of solid-state lighting R&D now 
being conducted in Europe and Asia.
 The primary barrier to American leadership in 
solar energy is the cost of manufacturing, he said.

Engaging with manufacturers
 Baer added that the NPI represented a 
coordinated effort among the five different 
societies sponsoring the initiative to speak with 
a “harmonious voice to the federal government” 
about the critical need to make investments in 
photonics.
 Baer cited the Fraunhofer model in Germany 
as a particularly effective way in which academia, 
government, and industry can be brought 
together. The NPI paper notes that President 
Obama’s administration has already established a 

National Network for Manufacturing Innovation 
(NNMI) that could serve as a similar model. The 
NNMI will create regional hubs for accelerated 
development and adoption of cutting-edge 
manufacturing technologies.
 “Photonics technology should be explicitly 
included in the NNMI institutes because of its 
broad role in supporting advancement across all 
sectors of manufacturing,” the NPI paper suggests.
 The NPI alliance says a review of international 

t r a d e  p r a c t i c e s 
is needed to deter 
problems threatening 
U.S. communications 
equipment suppliers 
and jobs as well as 
telecommunications 
network security.

 It also recommends developing a healthy supply 
chain of trusted components and equipment for 
the U.S. telecommunications infrastructure. A 
commercial-grade facility for fabricating photonic 
integrated circuits (PICs) would be a signifi cant 
step toward this goal. 

Disruptive innovation needed
 The call for investment in shared foundry services 
is based on a desire to keep the United States on 
the cutting edge of emerging PIC technology. Such 
a facility would allow affordable PICs for both 
military and commercial applications and permit 
larger-scale deployment of high-performance 
communication and sensor technology. 
 Steve Grubb, a fellow from NPI collaborator 
Infinera, said that a disruptive technology is 
needed to meet future Internet demands – on 
top of the existing photonics infrastructure that 
has already enabled a fi ve-orders-of-magnitude 
increase in online traffi c.
 On the healthcare and biophotonics front, 
the paper highlights the increasing infl uence 
of technologies such as optical coherence 
tomography (OCT), a market said by analyst fi rm 
BCC Research to be worth around $645 million 
in 2012,  and fl uorescence-based gene sequencing 
equipment.
 As the home to the world’s most technologically 
advanced but expensive healthcare system, the 
United States is regarded as a world leader in this 
area. But the alliance warns that a focused effort 
is needed to maintain that position.
 The NPI recommends the development of 
new imaging standards and software methods 
to automate extraction of useful diagnostic 
information from huge, multi-dimensional data 
sets, as well as funding for the development of 
advanced but affordable diagnostic devices.
 For more information and to read the white 
paper: www.LightOurFuture.org. 

“The time is now for the U.S. to 

make the right investments in the 

crucial capabilities of the future.”

Learn more
Sign up to receive the 
monthly public policy 
news from SPIE and 
learn more about the 
NPI: 
spie.org/npi 
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Photonics21 reviews commitment 
to public-private partnership 
By Mike Hatcher

Photonics21 has created a new entity for a public-private 
partnership (PPP) funded by the European Commission’s 
Horizon 2020 research and innovation plan.

 The Board of Stakeholders in April voted overwhelmingly 
to establish the “Photonics PPP Association,” a legal vehicle 
needed to sign a contract with the EC, at its annual meeting 
in April in Brussels.
 Photonics21 president and Jenoptik CEO Michael Mertin 
and the Photonics21 executive board also handed over their 
new multiannual strategic roadmap, “Towards 2020 – photonics 
driving economic growth in Europe,” to EC vice president 
Neelie Kroes in April at the Photonics21 annual meeting, 
which was sponsored by SPIE Europe and other organizations.
 Mertin said the plan outlined in that roadmap “should be 
a basis for the economic recovery of Europe,” and provide an 
approach aimed squarely at using technological innovation to 
generate economic growth.
 SPIE Executive Director Eugene Arthurs, a member of the 
Photonics21 Board of Stakeholders, said the roadmap is the 
latest of many strategic actions that the coalition of industry, 
academia, and policy-makers has taken “to help strengthen 
the economy and improve living conditions and opportunities 
through the advancement of photonics technologies. 
 “The hard work and visionary insights that have gone 
into this report and its predecessor documents have created a 
positive force for growth through successful, game-changing 
photonics projects throughout the continent,” Arthurs said.

PPP not a subsidy
 Kroes emphasized her commitment to keeping photonics — 
recognized by the EC as one of six Key Enabling Technologies 
(KETs) — as an area of strength for European industry. “This 
proposal is ambitious and strategic; not a plan to subsidize an 
industry, but to strengthen Europe’s innovation potential,” she said.
  The new roadmap, available at ow.ly/kZ2Cy, includes the 
original pledge by Photonics21 to spend €5.6 billion on the PPP, 
provided that the EC commits €1.4 billion.

 Noting that the PPP idea has been 
widely endorsed by the photonics 

community in Europe, the roadmap 
states that the PPP could 

bridge the so-
called “valley 
of death” fate of 

much publicly-funded technological development that does not 
translate to direct economic or societal benefi t.
 “For photonics to yield its full potential as an enabling 
technology,” it says, “it will be critical that the inherent 
synergies within the sector are exploited through integrated 
research aimed towards identifi ed market solutions, rather than 
towards isolated components or applications.” 
 Kroes said more than 60 companies and research institutes had 
already signed up for the PPP and that she was looking forward to 
more doing so. “Photonics makes ultra-high-speed fi ber broadband 
possible; it is the key to the 3D printing revolution. …It is the raison 
d’être of 5000 of Europe’s most innovative SMEs,” she said. “I want 
to make sure those companies have the R&D support they need to 
lead the €300 billion global photonics market, improve lives, and 
support new and existing jobs.”

Budget still undecided
 With political battles remaining to be fought over the EU’s 
spending plan for 2014-2020, the fi nal budget for Horizon 2020, 
which would effectively fund the PPP, has yet to be decided.
 The original proposal of an €80 billion real-terms budget for 
Horizon 2020 has been rebuffed by the European Council, though 
much of the current argument revolves around the wider EU.
 EC director for components and systems Khalil Rouhana 
said that the fi nal Horizon 2020 budget should be “at least” 
€70 billion in real terms, a level that would represent a 30% 
increase compared with the current Framework Programme 
Seven (FP7) spending.
 A fi nal decision on the Horizon 2020 budget is expected by the 
end of 2013. It should ensure at least €7 billion in funding for the 
information and communications technology (ICT) spending pot, 
of which €1.4 billion would likely be allocated to the key enabling 
technologies of photonics, microelectronics, and nanoelectronics. 

–Mike Hatcher is editor of optics.org. 

Pauline Klaus of the Royal 
Conservatory of Brussels 
plays a laser-printed violin at 
the Photonics21 meeting.

Holding their Photonics21 Student Innovation Awards are 
Rafael Betancur (Spain) and Asaf Shahmoon (Germany). 
Award sponsors are SPIE Europe, the European Commission,  
Hamamatsu, and the Fraunhofer Henrik Hertz Institute.
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one example, rolls of sticky-backed tape are now 
available with embedded LEDs. The LEDs can 
change color and the tape can be cut to length 
and affi xed pretty much anywhere to provide a 
strip of colored accent lighting. 

LEDs for optogenetics
 Looking further down the road, LEDs have 
spawned many development efforts aimed at 
understanding the potential of LED-based 
lighting and taking it into new areas such as 
medical research and horticulture.
 In India, Wipro GE, a joint venture between 
General Electric Co. and India’s Wipro Ltd., 
is fi elding an LED-based phototherapy system 
for treating jaundiced newborns. The system 
uses much less power and works faster than 
conventional systems.
 And researchers at Washington University 
School of Medicine in St. Louis and the University 
of Illinois at Urbana-Champaign have developed 
an LED the size of individual neurons that’s 
designed to be implanted in animals for activating 
cells in brain research. (See page 7.)
 Meanwhile, a fi ve-year, $4 million partnership 
between the Dutch government’s Technology 
Foundation STW and Philips recently launched 
eight new LED-related research projects, including 

The LED Revolution
t Continued from page 7

an attempt to understand why LED light on growing 
tomato fruits doubles their vitamin C content. 
Another project is aimed at developing more 
effi cient green emitters by incorporating aluminum 
gallium phosphide (AlGaP) nanowires into the 
semiconductor layer structure. 
 Such research is likely to further boost the 
market for LEDs, be it for lighting or other yet-
to-be-invented applications, and make them all 
the more commonplace in the future. 

–Stephen G. Anderson is industry and market 
strategist for SPIE. 

An LED phototherapy system using blue light 
treats jaundice in newborn babies at an Indian 
hospital.
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GaN LEDs
should
cut costs
A new facility for growing 
gallium nitride – the key 
material needed to make 
energy-saving LEDs – 
has opened at University 
of Cambridge (UK), 
enabling improvements 
to cut the cost of LED 
lighting by 50% while 
improving effi ciency.

GaN LEDs are already 
used in traffi c lights, 
bicycle lights, TVs, 
computer screens, auto 
headlamps, and other 
devices, but they are 
too expensive for more 
general use in homes 
and offi ces. 

The new GaN growth 
reactor, funded by the 
Engineering and Physical 
Sciences Research 
Council, will allow 
further improvement 
of a method to grow 
low-cost LEDs on silicon 
substrates instead of 
costly sapphire and 
silicon carbide. 

Sir Colin Humphreys, a 
professor of materials 
science and metallurgy, 
says making GaN LEDs 
more cost-effective 
could unlock benefi ts far 
beyond energy saving 
alone. Beams from 
LEDs could transmit 
information from traffi c 
lights to cars, for 
example, and ultraviolet 
LEDS could purify water 
supplies by killing off 
bacteria and viruses.

Humphreys was a 
co-author of a paper 
presented in the 
GaN Materials and 
Devices conference 
at SPIE Photonics 
West in February 
titled, “Changes in 
the Mg profi le and in 
dislocations induced 
by high temperature 
annealing of blue LEDs.” 

INDUSTRY

Participate in an international 
competition that recognizes 
cutting-edge products that 
break conventional ideas, solve 
problems, and improve life 
through photonics.

Apply online by 
20 September 2013
PrismAwards.org

APPLYAPPLY
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Call for Entries
PrismAwards.org
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Compact cameras are moving 
hyperspectral imaging out of the lab.

By Els Parton, Murali Jayapala, 
and Andy Lambrechts

can be identifi ed based on their different characteristics. For 
example, they could be used for food sorting, such as picking 
out the ideally roasted coffee beans or the brightest green 
peas. They can also detect skin cancer even before you can see 
anything with the naked eye. Or they could be used in farming 
to detect weeds around the crops and to spray herbicide only 
where needed. 

Challenges outside the lab
 Although there are many applications for hyperspectral 
cameras, there are also many problems. Many of today’s 
hyperspectral cameras are expensive, slow, big, and diffi cult to 
use. For this reason, they are mostly used as a scientifi c tool in 
dedicated laboratory settings. 
 Major innovations are needed before hyperspectral imaging 
could be used in more practical applications.
 And this is just what researchers at the Belgian research 
institute imec are doing. With its expertise in complementary 
metal–oxide–semiconductor (CMOS) technology, imec 
researchers are moving hyperspectral imaging out of the 
exclusive domain it is used in today. 
 They started with a commercially available image sensor and 
integrated a group of 100 spectral fi lters on top of that imager. 
These fi lters were arranged 
in the shape of a wedge. 
 To enable low-cost 
proces sing of  such a 
microscopic wedge filter, 
a design was introduced 
that is able to compensate 
for process variability. The 
result is a compact and fast 
hyperspectral camera made 
with mass-producible and 
fully CMOS-compatible 
process technology.
 The integrated spectral 
fi lters are narrow-banded 
Fabry–Pérot interference filters. The Fabry–Pérot filter is 
typically made of a transparent layer (called a cavity) with a 
mirror at each side of that layer. The height of the cavity defi nes 
the central wavelength of the optical fi lter, and the refl ectivity 

Nature has equipped the colorful mantis shrimp with 
a set of hyperspectral eyes, allowing it to see visible, 
infrared, and ultraviolet light. With these eyes, the 

shrimp can distinguish between different types of coral that all 
look the same to human eyes. 
 Humans are also interested 
in seeing objects through 
hyperspectral vision for 
applications in food sorting, 
medicine, agriculture, and 
many other domains. 
 Research on bringing this 
vision-discrimination power 
to more and more practical 
applications has resulted in 
the development of compact, 
low-cost, and easy-to-use 

hyperspectral cameras.
 So, forget Google glasses; get ready put on “mantis-shrimp 
glasses.” 

What is hyperspectral vision?
 As most optical scientists 
know, standard camera 
sensors capture light in 
three broadband spectral 
bands (red,  blue,  and 
green) that are visible to 
the human eye. Spectral 
image sensors, on the other 
hand, collect more detailed 
information. They sense 
the light in many small-
wavelength bands. The 
result is a spectral cube with 
one spectral and two spatial 
dimensions. 
  The spectral dimension 
visualizes light intensity in 
function of wavelength. 
The spectral cube may be interpreted as a stack of images, one 
for each wavelength.
 In contrast to multispectral sensors, which sense a discrete 
number of bands, hyperspectral sensors detect a high number 
of narrow bands, continuously positioned across the spectrum. 
 The spectral information gained from spectral cameras can 
be used in all sorts of applications where objects or materials 

A typical spectral cube.
Conceptual drawing of imec’s 
hyperspectral line-scan imager 
with 100 static spectral fi lter 
structures.

12 SPIE Professional | JULY 2013
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SPIEDigitalLibrary.org/OE

Open access to your 
article by paying low 
voluntary page charges
spie.org/JournalsOA 

About imec
Imec is a non-profi t 
research organization 
in nano-electronics 
that serves as a 
bridge between the 
fundamental research 
at universities and 
the technology 
development in 
industry.

With expertise in chip 
processing and system 
design, imec’s industry 
partners include those 
in healthcare, energy, 
and in information 
and communications 
technologies (ICT).

Headquartered in 
Leuven, Belgium, 
imec has R&D teams 
and/or offi ces in The 
Netherlands, China, 
Taiwan, India, Japan, 
and the United States.

Information: 
www.imec.be

of the mirrors defi nes the full width half maximum 
(FWHM) of the fi lter. 
 Different hyperspectral imager designs can be 
realized by using these fi lters. The hyperspectral 
filters can be processed, in principle, on any 
image sensor to match different application 
specifi cations. 
 Similarly, the spectral range can be tuned for 
the desired application. Both a line-scan and a 
snapshot camera prototype were developed based 
on this principle.

Line-scan hyperspectral camera
 The line-scan hyperspectral prototype can 
identify and classify objects that have controlled 
translational movement such as on a conveyor 
belt for food inspection. For the line-scan camera, 
optical fi lters were integrated on top of a CMOS 
sensor, as a stepwise wedge. The line fi lters for 
the different wavelengths are built by varying 
the cavity height in one direction over the sensor 
while keeping the cavity height fi xed over the 
second dimension. 

A 200mm wafer image 
with both types of spectral 
fi lter layouts, snapshot and 
line-scan, monolithically 
integrated with CMOS image 
sensors.
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fi lters on top of the image sensor are organized in 
a tiled confi guration. Each of these fi lters senses 
only one narrow band of wavelengths.
 Second, an optical component is added to the 
system which duplicates the scene onto each fi lter 
tile. Lastly, an objective lens forms an image of 
the scene on the optical duplicator. In this way, 
the three dimensions of the spectral cube (two 
spatial and one spectral) are mapped on the two 
dimensions of the sensor. 

Compact high-speed camera with imec 
hyperspectral sensor enables real-world 
spectral imaging.

Two conceptual drawings (above, left) of the 
hyperspectral snapshot imager with 32 tiled 
spectrum bands.

 Security applications for the snapshot-camera 
concept include analyzing dynamic scenes where 
objects move randomly, such as in detecting 
license plates and tracking intruders.
 In agriculture, the camera could identify 
individual animals to allow precision livestock 
farming. For food control, the camera could be 
used to monitor processes such as coffee-bean 
roasting.

–Els Parton is a scientifi c editor and editor-in-chief of 
imec’s InterConnect magazine. She holds a PhD in 
bioscience engineering from the University of Leuven 
(KU Leuven) (Belgium).

–Murali Jayapala is a senior researcher in imec’s 
Integrated Imaging group where he focuses on system 
designs for next-generation imaging systems. He has 
an MsEE in systems science and automation from 
the Indian Institute of Science and a PhD in applied 
sciences from KU Leuven.

–Andy Lambrechts leads imec’s Integrated Imaging 
team and works on hyperspectral imaging, lens-
free microscopy, and other activities that combine 
imec’s process technology with systems and software 
knowledge to enable new applications in the vision 
domain. He has an MSc and PhD in electrical 
engineering from KU Leuven. 

 The prototype camera i s  fa ster than 
conventional line-scan hyperspectral cameras 
that typically scan the image line per line. The 
new camera is able to cover multiple spatial lines 
in one spectral band.
 This development is particularly interesting for 
applications in need of a low-cost, high-speed, and 
compact hyperspectral camera in combination 
with high spatial/spectral resolution. It can be 
fl exibly tuned to different applications just by 
adjusting the software. For example, it can be used 
to inspect carrots one day and beans the next day.

Snapshot hyperspectral camera
 The snapshot hyperspectral camera prototype 
can capture an entire hyperspectral image (cube) 
at one discrete point in time without scanning.
 To achieve operation at video rates, the optical 
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Best of green photonics

RResearch papers showing ways that solar 
energy, solid-state lighting (SSL), and 
optical interconnects can improve 

standards of living while saving money and 
resources were recognized at the Green Photonics 
symposium during SPIE Photonics West this year.
 “Each of the winning papers provides new 
information to help solve existing problems using 
photonics,” says SPIE Fellow Stephen Eglash of 
Stanford University (USA), founder and chair of 
the symposium. “Photonics innovations enable 
improved sustainable products and services 
worldwide. The winners of this year’s Green 
Photonics Awards are exemplary in this regard.”
 The four prize-winning papers are open-access 
in the SPIE Digital Library through 31 July.

Next-generation lighting
 SSL utilizing light-emitting diodes (LEDs) is 
the new industry standard for energy effi ciency, 
and the rapid development of LEDs has fl ooded 
the lighting market, Eglash noted. 
 However, there are large variations in the 
quality of these products, so Carsten Dam-
Hansen and Technical University of 
Denmark colleagues Anders Thorseth, 

Dennis Corell, and Peter B. Poulsen tested more 
than 300 LED lamps on the Danish market to 
evaluate quality and lifetime. They reported their 
results in “Light quality and effi ciency of consumer 
grade solid state lighting products” (ow.ly/kqDA7).
 Thorseth, who accepted the award in February, 
said the group hoped to work with other 
researchers on test and characterization “so the 
data can be shared all over the world to benefi t 
the individual nation importing or producing 
the products.”

Less electricity for computing
 Another photonics technology driving 
sustainable development is optical interconnects, 
considered a good solution for the challenges 
of designing and building computing systems. 
Eglash noted these devices can reduce the 
electrical power needed for communication and 
computation but board-level integration of optical 
interconnects is problematic.
  In their winning paper, “Hybrid polymer 
optical waveguides written by two-photon 

processing for 3D interconnects,” SPIE 
members Ruth Houbertz-Krauss and Sönke 
Steenhusen, along with Timo Grunemann, 
of Fraunhofer-Institut für Silicatforschung 

(Germany) illustrated how they were able to 
considerably simplify the fabrication 

of optical interconnects, resulting 
in both environmental and 
energy-saving benefi ts.
 A summary of their paper is 
available from SPIE at ow.ly/
kqEUg.

Cheap solar power
 Two papers  di scussing 
solar power received Green 
Photonics awards.
 A u t h o r s  o f  “ T h e 
photovoltaic potential of 
femtosecond-laser textured 
amorphous silicon” (ow.
ly/kqC0t) explain how 
they used femtosecond 

laser texturing to reduce 
refl ection and enhance light 
absorption, enabling high 
effi ciency from thin absorbers.

Call
for papers
Abstracts are due 
22 July for next year’s 
SPIE Green Photonics 
virtual symposium.

Green Photonics, part 
of SPIE Photonics 
West, highlights 
papers from OPTO, 
LASE, and MOEMS-
MEMS that showcase 
the latest photonics 
and optoelectronic 
tools and materials 
that reduce power 
consumption, enable 
cleaner manufacturing, 
and create new energy 
generation for a broad 
range of applications.

SPIE Photonics 
West will be held 1-6 
February 2014 in San 
Francisco. For more 
information: 
spie.org/green

Hansen and Technical University of 
Denmark colleagues Anders Thorseth,
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Stephen Eglash awards best paper prize in Green Photonics to Ruth Houbertz-Krauss 
and Sönke Steenhusen from Fraunhofer ISC.
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RECOMMENDED READING

Ray mapping for effi cient illumination

 High-effi ciency solar cells are needed to decrease 
the cost of solar energy, Eglash said. Solar cells that 
use thin absorber layers cost less and require fewer 
materials. But ineffi ciencies of conventional light-
trapping techniques limit the ability to reduce the 
thickness of thin-fi lm solar cells.
 Authors were Kenneth Hammond and SPIE 
members Meng-Ju Sher and Eric Mazur of Harvard 
University (USA) and Lysander Christakis of the 
Cambridge School of Weston (USA).
 Clément Colin of the Lab de Photonique et de 
Nanostructures, CNRS (France), an author of the 
other winning paper in the solar energy category, 
explained that his team of French researchers 
used new light-trapping strategies for broadband 
absorption in ultra-thin solar cells. 
 “These results allow at least a tenfold thickness 

The foundations of transformation optics, 
non-imaging optics, and advanced 
dynamics can be found in a celebrated 

memoir on optics presented to the Royal Irish 
Academy by Sir William R. Hamilton in 1824. By 
introducing the time of travel in terms of initial 
and fi nal point (now called the point eikonal), 
Hamilton was able to produce all the well-known 
results of Hamiltonian optics and mechanics.
 Starting with a prescribed wave front, and by 
judicious application of Huygens principle, the 
future wave fronts follow. SPIE member Vladimir 
Oliker’s seminal papers carry this work forward 
and show how the intensity distribution of a beam 
can be shaped and manipulated. 
 His recent paper in the Journal of Photonics for 
Energy, “Ray mapping and illumination control,” 
provides an excellent example of beam shaping/
manipulation.
 Oliker and Jacob Rubinstein of Emory University 
(USA), with coauthor Gershon Wolansky of 
Technion-Israel Institute of Technology (Israel), 
present two classes of non-imaging design problems 

and show how ray mapping can be calculated 
independently of lens design, greatly simplifying 
the design task.
 The mathematics is powerful and elegant, and 
the applications are of practical importance in 
illumination and energy conservation.
 Designers of illumination optics such as 
automotive headlights and luminaires that light 
indoor and outdoor spaces will benefit from 
studying and implementing the methods described 
in this paper.
Source: Journal of Photonics for Energy 3(1), 035599 
(2013) doi:10.1117/1.JPE.3.035599 (ow.ly/l6QGI) 

–Roland Winston  

More research highlights online

reduction of the absorber and pave the way to novel 
architectures for thin-fi lm and high-effi ciency 
photovoltaic technologies,” he said. Colin’s team 
showed light enhancement for CIGSe, GaAs, and 
other PV materials, demonstrating the potential of 
their technique for crystalline or poly-crystalline 
solar cells.
 Colin’s co-authors for “Broadband light 
trapping in ultra-thin nano-structured solar cells” 
(ow.ly/kqEeI) are Inés Massiot, Andrea Cattoni, 
Nicolas Vandamme, Christophe Dupuis, Nathalie 
Bardou, Jean-Luc Pelouard, and Stéphane Collin 
of the Lab de Photonique et de Nanostructures; 
Isabelle Gérard of Institut de Recherche et 
Développement sur l’Energie Photovoltaique, 
CNRS; and Negar Naghavi and Jean François 
Guillemoles of Université de Versailles. 

Imaging 
technique
compensates
for motion
Researchers at the 
U.S. Department of 
Energy’s Oak Ridge 
National Laboratory 
(ORNL) are developing 
a technology they 
hope will provide clear 
images of the living 
brains of children, the 
elderly, and people with 
Parkinson’s and other 
diseases without the 
use of uncomfortable or 
intrusive restraints.

Awake imaging provides 
motion compensation 
reconstruction, which 
removes blur caused 
by motion, allowing 
physicians to get a 
transparent picture of 
the functioning brain 
without anesthetics that 
can mask conditions 
and alter test results. 
The use of anesthetics, 
patient restraints, or 
both can trigger brain 
activities that may 
alter the normal brain 
functions being studied.

The single-photon- 
emission computed 
tomography system is 
called AwakeSPECT.

“We’re hoping to 
establish a new 
paradigm in noninvasive 
diagnostic imaging,” 
says SPIE member 
Justin Baba, a 
biomedical engineer 
who heads the ORNL 
development team.

Baba and colleagues 
envision development of 
more effective therapies 
for a wide assortment of 
conditions and diseases 
while also contributing 
to pharmaceutical drug 
discovery, development, 
and testing. The 
technology could also 
help with surgeries. 

SPIE member Roland Winston of University 
of California, Merced (USA), will present 
an invited talk at SPIE Optics + Photonics 
25 August on how William R. Hamilton’s 
memoir to the Royal Irish Academy led to 
transformation theory and non-imaging 
optics. More information: ow.ly/kqXTi

Did you know that the online version of R&D 
Highlights in SPIE Professional has more 
research resources, updates, and links to some 
of the top-notch optics and photonics research?

Go to spie.org/spieprofessional to fi nd the latest 
highlights from the research literature as well 
as other content from your SPIE membership 
magazine. 

The SPIE Digital Library and the SPIE Newsroom 
are two other great sources for photonics 
research. You can even fi nd out what research 
papers your colleagues are reading by browsing 
through the most popular SPIE Newsroom 
articles and SPIE Digital Library papers each 
month.

Go to spie.org/top10-news 
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Optical profi lometer metamaterials

A team at the U.S. Naval Postgraduate School 
has integrated a metamaterial structure into a 
nanomechanical thermal transducer to increase 

electromagnetic wave absorption in the terahertz (THz) 
range. Advanced optical profi lometry has enabled mapping of 
deformations in such structures with subnanometer accuracy.
 Work carried out on the fabricated MEMS sensor at the user 
facility at the Center for Nanophase Materials Science at Oak 
Ridge National Lab (USA) resulted in several research papers 
from the research team. The Oak Ridge facility is part of the 
U.S. Department of Energy.
 One paper, “High sensitivity metamaterial based bi-material 
terahertz sensor,” was presented at OPTO, part of SPIE 
Photonics West, in February.
 Authors Fabio Alves, Dragoslav Grbovic, Brian Kearney, 
and Gamani Karunasiri reported that the sensor provided 
nearly 95% absorption at 3.8 THz. “The absorbing element 
of the sensor was designed with a resonant frequency that 
matches the quantum cascade laser illumination source 
while simultaneously providing structural support, desired 
thermomechanical properties, and optical read-out access,” 
they reported. 

Optical profi le of 
the fabricated sensor.
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 “Although the sensors were not optimized for imaging, they 
can be further optimized for use in focal plane arrays for real 
time THz imaging,” they said.
 More about the sensor in the SPIE Digital Library: 
ow.ly/kLFP8 

ALL COURSES for SPIE Student Members

Take a 
Course at 
SPIE Optics+
Photonics
Essential training on core concepts in optical and 
systems engineering, optomechanics, manufacturing, 
remote sensing, astronomical optics, and more.

New courses include:
· Useful Lens Design Methods

· Introduction to Electro-Optical Systems Design

· Fundamentals and Applications of Spectroscopic Ellipsometry

· The Proper Care of Optics

See complete course listing online
www.spie.org/opcourses 
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Atmospheric turbulence
and high-power lasers 

TECHNOLOGY R&D

By Eddie Jacobs

I have always been a fan of science fi ction. A 
ubiquitous element of that literature is the use 
of powerful lasers as weapons. 

  Over the last year, I spent several months 
reading David Weber’s Honor Harrington series 
of novels. Weber’s stories prominently feature 
space-based navies battling with lasers across 
vast distances. 
 It was understandable then that two recent 
events piqued my interest. The first was the 
publication of the paper entitled “Temperature 
rise in objects due to optical focused beam through 
atmospheric turbulence near ground and ocean 
surface” (ow.ly/kr5BL) in the March issue of Optical 
Engineering. 
 The second was the announcement in early 
April that the U.S. Navy would be deploying a 
high-power laser weapon on a ship. 
 Due to the close conjunction of its publication 
with the Navy announcement, I believe this 
open-access paper will be of general interest to 
the Optical Engineering community. 
 The authors, Matthew Stoneback, Akira 
Ishimaru, Colin Reinhardt, and Yasuo Kuga, 
all affi liated with the University of Washington 
(USA), provide a detailed model for the amount 
of heating obtainable in some common materials 
using high-powered lasers over tactically signifi cant 
ranges and under atmospheric conditions. 

 The article is well 
referenced, providing 
the reader excellent 
resources for digging 
deeper into the body of 
research that underpins 
this work. The essence 
of the work is the combination of optical-intensity 
calculations at range, through turbulence, and the 
subsequent calculation of the propagation of heat 
through the material. 
 Using these calculations, the researchers show 
how some common materials can be brought to 
destructive levels of heating through the use of 
a high-power CO2 laser. Key parameters such 
as the power level and dwell time necessary to 
melt or boil materials are illustrated through 
informative plots. 
 As high-power lasers become more prevalent, 
the information and models contained in this 
article may prove useful for engineers considering 
their deployment in a variety of military and 
perhaps civilian applications. 
 Source: Optical Engineering 52(3), 036001 (2013); 
doi: 10.1117/1.OE.52.3.036001 (ow.ly/kr5BL).

–SPIE Fellow Eddie Jacobs of University of Memphis 
is a member of the Optical Engineering editorial 
board. 

Focused beam and object, 
from Optical Engineering.

U.S. to test new
laser weapon
The U.S. Navy 
announced in April that 
it would test a new laser 
weapon system next 
year aboard a ship in 
the Persian Gulf.

Admiral Jonathan 
Greenert told the 
House Armed Services 
Committee that the 
prototype weapon 
would be capable of 
disabling small vessels 
and shooting down 
surveillance drones.

The directed-energy 
weapon will be 
mounted on the USS 
Ponce, an amphibious 
transport and docking 
ship retrofi tted as a 
waterborne staging 
base.

Special section on high-energy lasers

A special section on high-energy laser 
(HEL) systems and components in the 
February issue of Optical Engineering 

surveys current technologies and challenges of 
HEL weapons development, along with providing 
a historical perspective on the technology. 
 Several articles are open-access. Topics covered 
include the utility of HEL weapons and:
• The physics behind free-electron lasers and the 

unique problems encountered when increasing 
average power

• Optical and pointing requirements placed on 
an HEL beam-control system and the evolution 
in performance and approaches used to meet 
those needs 

• Problems that tactical laser systems encounter 
when scintillation and anisoplanatism 

complicate the wavefront measurement process 
 In “High-power diode-pumped solid-state 
lasers,” SPIE member Steven Bowman of the 
U.S. Naval Research Lab discusses the materials 
properties enabling today’s capabilities in high-
average-power bulk lasers and the uses of solid-
state lasers in manufacturing, communication, 
biomedical, and defense applications.
 Addressing the problem of energy loss, “Ceramic 
windows and gain media for high-energy lasers” 
by Woohong Kim and other researchers provides 
an overview of the development of new ceramic 
materials.
 John Albertine, former leader of the U.S. 
Navy’s High-Energy Laser Program Office is 
guest editor.
 More information: ow.ly/ktqbI 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

SPIEDigitalLibrary.org/JNP

Open access to your 
article by paying low 
voluntary page charges
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Author choice 
for open access 
in SPIE journals
SPIE has adopted a new 
open-access publishing 
program that supports the 
needs of authors seeking 
open-access publication, 
including authors affected 
by new rules from the 
Research Councils UK 
(RCUK).

The RCUK recently 
expanded the scope of 
its open-access policy. 
Other public funding 
agencies and some 
employers around the 
world have implemented 
or are considering similar 
policies.

“New articles published 
in SPIE journals for 
which authors opt to 
pay modest voluntary 
page charges are open 
access in the SPIE Digital 
Library immediately on 
publication,” says SPIE 
Publications Director 
Eric Pepper. “We have 
chosen to adopt ‘gold’ 
open access with a 
Creative Commons CC-BY 
license.”

SPIE asks payment of 
$100 per published journal 
page for two-column 
journals or $60 per 
published page for single-
column journals.

This is less than half the 
article-processing charge 
required by most open-
access journals.

SPIE adopted the new 
policy in part to help 
authors satisfy funding- 
agency and employer 
requirements that their 
articles be open access. 

The new program also 
responds to growing 
author interest in 
expanding the reach of 
their research.

For more information: 
spie.org/JournalsOA

Special reports on thin fi lms

Technical papers on the fundamentals and 
applications of nanostructured thin fi lms 
form a special section in this year’s Journal 

of Nanophotonics.
 The SPIE e-journal, which publishes 
continuously throughout the year, 
posted eight special sections in 
2011 and 2012. This is the fi rst 
of what is expected to be three 
special sections for 2013.
 The fi rst papers published 
in the thin-fi lms special section 
include a report on how a group of 
Taiwanese researchers replicated the structural 
color of a swallowtail butterfl y; an open-access 
paper on oblique angle deposition (OAD); and 
a paper on chiral sculptured thin-fi lm (STF) 
technology.
 Guest editors for the special section are SPIE 
Fellows Tom G. Mackay of the University of 
Edinburgh (Scotland) and Raúl J. Martín-Palma 
of Universidad Autónoma de Madrid (Spain) and 
Pennsylvania State University (USA) and SPIE 
Senior Member Yi-Jun Jen of National Taipei 
University of Technology (Taiwan).

Biomimicry with butterfl ies
 In “Replica of structural color for Papilio 
blumei butterfl y,” researchers at the National 
Central University (NCU), Chung Li (Taiwan), 
reproduced the distinctive green iridescence 
of the butterfl y wing’s natural photonic crystal 
structure through self-assembly of polystyrene 
spheres, deposition using an electron-beam gun, 
and inductively coupled plasma etching.
 The three-step biomimicry approach was 
proposed by SPIE Fellow C-C Lee, founder of 
the Department of Optics and Photonics and 
the Thin Film Technology Center at NCU 
and Sheng-Hui Chen, the current chair of the 
department. The work was carried out by them, 
Mei-Ling Lo, Wen-Hsin Li, Shao-Ze Tseng, and 
Chia-Hua Chan.
 Lo, a PhD student, and Tseng, an assistant 
professor at NCU, are past offi cers of the SPIE 
Student Chapter at NCU.
 More information on their paper: ow.ly/ksJ3U

Oblique angle deposition
 SPIE member Motofumi Suzuki, an associate 
professor at Kyoto University (Japan), offers an 
open-access article, “Practical applications of thin 
fi lms nanostructured by shadowing growth,” in 
the special section.
 Suzuki reviews recent progress in the practical 
applications of OAD thin fi lms and introduces 

two examples that have 
overcome manufacturing 

challenges: Au nanorod arrays for 
surface-enhanced Raman scattering 
(SERS) and low-refl ectivity wire-grid 
polarizers. Both products are currently 

available on the market.
 More information: ow.ly/ksOAL

Chiral sculptured thin fi lms
 Another article in the special section discusses 
the fabrication by thermal evaporation of ordinary 
chiral STFs and tilt-modulated chiral STFs.
 In “Suppression of circular Bragg phenomenon 
in chiral sculptured thin fi lms produced with 
simultaneous rocking and rotation of substrate 
during serial bideposition,” researchers at 
Pennsylvania State University (USA) show how 
chiral STF technology can be used to produce 
both ordinary and circular-polarization Bragg 
fi lters.
 Authors are all SPIE members: PhD students 
Stephen E. Swiontek and Drew P. Pulsifer (also 
an SPIE Scholarship recipient in 2011), and 
faculty members Jian Xu and Akhlesh Lakhtakia. 
Lakhtakia is editor-in-chief of the Journal of 
Nanophotonics (JNP) and an SPIE Fellow. Xu is 
an associate editor of JNP.
 More information: ow.ly/ksOLH 

Journal of Nanophotonics
 The Journal of Nanophotonics focuses on the 
fabrication and application of nanostructures 
that facilitate the generation, propagation, 
manipulation, and detection of light from the 
infrared to the ultraviolet regimes. It can be found 
in the SPIE Digital Library at spie.org/jnp. 

TECHNOLOGY R&D

Join the SPIE group on 
Linked In: 

bit.ly/SPIELinkedIn
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TECHNOLOGY R&D

Promising new design for up-conversion in PVs
By Silke Chistiansen

PPV production in Europe seems to be going down the 
drain. Is there hope for a revival through revolutionary 
new designs? 

 Martin Green, the Australian researcher and godfather 
of third-generation photovoltaics (PVs), has promoted novel 
performance-enhancing strategies for several decades. Among 
these approaches is up-conversion (UC) of photons with 
energy below the bandgap of the light-harvesting material by 
intermediate electronic bands or spectral conversion. 
 Up-converting materials, which are highly effi cient under 
incoherent, low-intensity illumination, are in great demand. 
Lanthanide-based phosphors have been employed as UC 
materials to improve the performance of crystalline silicon 
(Si) solar cells, but they are weak absorbers, giving rise to low 
quantum yields. 
 In a recent paper in the Journal of Photonics for Energy, an 
Australian-German collaboration led by Timothy Schmidt 
at University of Sydney and Klaus Lips from Helmholtz-
Zentrum Berlin presents a new approach based on triplet-triplet 
annihilation up-conversion (TTA-UC) in multi-component 
organic systems, which is promising for PV and water-splitting 
applications. 
 It offers greater effi ciency under non-coherent and low-light 
illumination conditions, as well as spectral versatility. Higher 
quantum yields (QY) were achieved using TTA-UC when 
compared to PVs using inorganic lanthanide-based phosphors. 
 Still, the photocurrent enhancement by UC has to be 
increased by about two orders of magnitude and new device 

integration strategies have to be developed for widespread 
adoption of this approach in PVs.

Improving solar-cell photocurrent
 The journal article, “Micro-optical design of photochemical 
up-converters for thin-film solar cells,” reports on the 
application of a focusing micro-structured back reflector 
fabricated by a simple indentation process, in combination with 
a TTA up-converter behind a thin-fi lm Si PV cell. 
 It not only demonstrates an improvement of solar-cell 
photocurrent in the presence of the up-converter, but also 
highlights a pathway for a feasible device-integrated optical 
enhancement scheme, exploiting the inherent nonlinearity 
of the UC process. 
 By employing a refl ecting focusing device, the QY of the up-
converter can be increased, while the spectral regions outside 
the absorption of the UC unit are refl ected, thus increasing 
light harvesting across the solar spectrum. While the presently 
reached photocurrent improvements are still minute, the 
general approach of such optically enhanced UC layers is sound 
and offers a good option for effi cient solar-energy conversion.
 The paper is available in the SPIE Digital Library: 
ow.ly/kLJYm.

–Silke Chistiansen of the Max Planck Institute for the Science of 
Light (Germany) is a member of the Journal of Photonics for 
Energy Editorial Board. 

SPECIAL SECTIONS FOR 

Journal of Photonics for Energy

The Journal of Photonics for Energy (JPE) 
is an e-journal that covers fundamental 
and applied research areas focused on the 

applications of photonics for renewable energy 
harvesting, conversion, storage, distribution, 
monitoring, consumption, and effi cient usage.
 Recent special sections of the journal were 
on high and low concentrator systems for solar 
electric applications, guest edited by Kaitlyn 
VanSant of the National Renewable Energy 
Laboratory (NREL) (USA), and on reliability 
of photovoltaic cells, modules, components, and 
systems. 

 The latter special section was guest edited 
by SPIE member Neelkanth G. Dhere of the 
University of Central Florida (USA), John H. 
Wohlgemuth of NREL, and Kevin Lynn of the 
U.S. Department of Energy.
 Special sections scheduled for 2014 will cover:
• Smart photonic systems
• Solid-state lighting
• Nanophotonics and cell technologies for solar 

energy conversion. 
 SPIE Fellow Zakya Kafafi  is editor-in-chief.
 More information: spie.org/jpe.  SPIEDigitalLibrary.org/JNP

*  *  *  *  *  *  *  *  *  *  *  * * *  * *  *  *  *  *  *  *
* * * * * * * * * * * * * * * * * * * * * *

SPIEDigitalLibrary.org/JNP

Open access to your 
article by paying low 
voluntary page charges
spie.org/JournalsOA 
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International Year of Light
SPIE helps move proposal forward

Left to right: Stahl, Dudley, Johnson, and 
Chembo. Cetto is in foreground.

SPIE President-Elect H. Philip 
Stahl and SPIE members 
John Dudley and Anthony 

M. Johnson were part of a delegation 
of optics leaders from around the 
world who presented the goals 
and activities of the proposed 
International Year of Light (IYL) 
to representatives of the United 
Nations and UNESCO in May.
 A declaration by the U.N. to 
celebrate an International Year of 
Light would highlight to the citizens 
of the world the importance of light 
and optical technologies in our lives 
and futures.
 The meeting in New York was 
hosted by the Permanent Mission of 
Mexico to the U.N. and sets in place the procedure for adoption 
of an IYL by the U.N. General Assembly. 
 “The optics and photonics community certainly knows of 
the importance of light and light-based technology,” Stahl said. 
“Light underpins the world economy, enables a sustainable 
future, offers tremendous advances in human health and 
medicine, and inspires us to appreciate the beauty of our natural 
world and human culture.
 “But these contributions are often invisible to the policy 
makers of the world and the general public. The UN declaring 
an International Year of Light will help make light more ‘visible’ 
and increase its appreciation.”

Global effort for light
 In addition to Stahl, of the NASA Marshall Space 
Flight Center (USA), the senior researchers who made the 
presentation in May included Ana María Cetto from the 
National Autonomous University of Mexico; Yanne Chembo 
representing the African Physical Society; Dudley, president 
of the European Physical Society and professor at Université 
de Franche-Comté (France); and Johnson, a past president of 
OSA and representative for the Abdus Salam International 
Centre for Theoretical Physics.
 Mexico, along with Ghana, New Zealand, and the Russian 
Federation, submitted the IYL proposal in 2012 to the 
UNESCO executive board, which adopted the proposal with 
more than 30 countries as cosignatories. 
 At the May meeting, the optics leaders described the role 
that optics and photonics can play in addressing issues of 
sustainable development and in promoting science education. 
They also discussed the importance of ensuring that the IYL 
highlights both the science and the technological applications 
of light and emphasizes the key role of photonics as an enabling 

technology to solve problems of global concern. 
 “An International Year of Light is a tremendous opportunity 
to ensure that international policymakers and stakeholders 
are made aware of the problem-solving potential of light 
technology,” Dudley said. “Photonics provides practical and 
cost-effective solutions to challenges in so many different areas: 
energy, sustainable development, climate change, health, and 
agriculture.” 

SPIE raises photonics awareness
 SPIE Executive Director Eugene Arthurs said he was 
pleased that the United Nations is interested in advocacy 
of the profound importance of light in every facet of life. 
“SPIE is continually working to raise awareness of photonics 
technology, the many high-value jobs it creates, its numerous 
applications that already have revolutionized our world, 
and future applications that will solve pressing problems 
in communications, healthcare, food- and water-resource 
management, and other vital areas.”
 Arthurs, Stahl, Dudley, and Johnson are among numerous 
SPIE members serving on advisory committees for the 
International Year of Light. Others include past SPIE presidents 
Eustace Dereniak (USA), Katarina Svanberg (Sweden), and 
María Yzuel (Spain); SPIE Fellows Maria Calvo and Chris 
Dainty (Ireland); and SPIE member Angela Guzman (USA).  

SPIE Europe E-News 
To subscribe to the quarterly SPIE Europe E-News 
and other updates from SPIE, go to: 
spie.org/newsEUQ

“Light underpins 
the world economy, 
enables a 
sustainable future, 
offers tremendous 
advances in human 
health and medicine, 
and inspires us to 
appreciate the beauty 
of our natural world 
and human culture.”
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SPIE 2013 Election

YatagaiStahl

SantoyoLieberman
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Eismann

Leahy

Grote

Friesem

Mahadevan-
Jansen

Restaino

McNally

Robert Lieberman, 
Intelligent Optical 
Systems (USA)
Fernando Mendoza 
Santoyo, Centro de 
Investigaciones en 
Optica (Mexico)

 SPIE Fellow Brian Lula of PI (Physik 
Instrumente) (USA) is the candidate for 
secretary/treasurer.
 SPIE offi cers serve for one year while directors 
serve three-year terms. Candidates for the four 
seats on the Board of Directors are: 
• Michael Eismann, Air Force Research Lab 

(USA)
• Asher Friesem, Weizmann Institute of 

Science (Israel)
• James Grote, Air Force Research Lab (USA)
• Martin Leahy, National University of 

Ireland Galway (Ireland)
• Anita Mahadevan-Jansen, Vanderbilt 

University (USA)
• Demetri Psaltis, Ecole Polytechnique 

Fédérale de Lausanne (Switzerland)
• Sergio Restaino, Naval Research Lab (USA)
• Jim McNally, Applied Technology 

Associates (USA)
 SPIE members who are eligible to vote but 
who have not yet received their ballot should 
contact staceyc@spie.org.

 SPIE President-
Elect H. Philip Stahl 
of NASA Marshall 
Space Flight Center 
(USA) will become 
president in January 
2014.  SPIE  Vice 

President Toyohiko Yatagai from Utsunomiya 
University (Japan) will become president-elect 
in 2014 and president in 2015.
 For more information about leadership and 
governance at SPIE: spie.org/leadership.

SPIE members have until 16 August to vote on 
a slate of offi cers to serve the Society for 2014.
 The results of voting for vice president, 

secretary/treasurer, and four new directors will 
be announced at the SPIE annual general 
meeting during SPIE Optics + Photonics in San 
Diego, CA (USA), 27 August.
 The candidates for vice president are both 
SPIE Fellows who have served on the SPIE Board 
of Directors. The elected vice president will 
become president-elect in 2015 and president 
in 2016. Candidates are:

Psaltis
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Fujimoto receives Britton 
Chance Biomedical Award

SPIE President Bill Arnold of ASML (left) presented the 2013 
Britton Chance Biomedical Optics Award to James Fujimoto 
at SPIE Photonics West in February.

CREOL’s Richardson gets 
Harold E. Edgerton Award
 SPIE Fellow Martin C. Richardson, 
professor of optics and founding director 
of the Townes Laser Institute at CREOL 
at the University of Central Florida 
(UCF) (USA) is the 2013 recipient of the 
Harold E. Edgerton Award in recognition 
of his signifi cant contributions to the fi eld 
of high-speed diagnostics of transient 
dense-plasmas.
 “I have followed Dr. Richardson’s career 
and have professionally incorporated his technical accomplishments 
in high-speed photography, lasers, optical techniques, and solutions 
to laser spatial and temporal diagnostics in my research,” says 
Dennis L. Paisley, retired, Los Alamos National Lab (USA). “He 
has the theoretical understanding required to apply his knowledge 
to make direct application to his experimental research in high-
speed photography and lasers, a unique skill not acquired by many 
individuals.”
 Richardson and William Silfvast, professor emeritus of optics 
at UCF, established the Laser Plasma Laboratory at UCF in 
1990. Here they developed research programs in ultrafast laser 
development, laser-plasma studies, EUV/X-ray lithography 
and microscopy, laser materials processing, femtosecond laser 
structuring of materials, laser spectroscopy and sensing, and high-
intensity laser fi lamentation studies in the atmosphere.
 Deeply involved in the education of his students, Richardson directs 
a National Science Federation-sponsored International Research 
Experiences for Undergraduates Program at UCF. He is particularly 
interested in advancing science in under-developed countries and in 
gaining equal rights for women through science.

SPIE Fellow James Fujimoto, professor of electrical 
engineering at the Massachusetts Institute of Technology 
(MIT) (USA), is the 2013 recipient of the SPIE Britton 

Chance Biomedical Award in recognition of his pioneering 
research in optical coherence tomography (OCT) and its 
development as a clinical tool.
 As a result, the widespread use of OCT “stands out as the 
dominant achievement in biomedical optics in the past 20 years,” 
says Erich P. Ippen, professor of physics at MIT. 
 “OCT is now in regular use in thousands of ophthalmology 
centers and clinics, and instruments from more than 10 different 
companies are on the market.” OCT technology is being extended 
by advances in broadband sources and Fourier domain-signal 
processing, Ippen says. In addition, applications to other areas 
of medicine including cardiology, gastroenterology, neurology, 
dermatology, and dentistry are rapidly developing.
 “The last time I looked, there had been almost 10,000 
publications on OCT, with about half being ophthalmic in 
origin,” Ippen says.

 Fujimoto is the longtime chair of SPIE BiOS, serves on the 
editorial board for the Journal of Biomedical Optics, and is a 
member of the SPIE Board of Directors.

Thompson to receive 
A.E. Conrady Award
 SPIE Fellow Kevin P. Thompson, group 
director of R&D at Synopsys (USA), is 
the 2013 recipient of the A.E. Conrady 
Award in recognition of his efforts to 
discover and develop Nodal Aberration 
Theory (NAT) — a complete aberration 
theory for imaging optical systems that 
applies to rotationally nonsymmetric 
optical systems.
 An author of numerous technical 
papers in the fi eld of optics, Thompson has been developing 
optical design methods and tools for tilted and decentered optical 
systems using CODE V for over 30 years. His work in NAT has 
been linked to understanding freeform optical surfaces. This 
insight has opened a new perspective on how to approach the 
optical design of systems with freeform surfaces.
 Thompson has also recently been “at the forefront of 
exploring the implications of a revolutionary new optical 
design tool — freeform surfaces — and continues to be 
very active in this area,” says Dave Schafer, principal vision 
engineer at Intuitive Surgical.
 In his blog, “Idle Diffractions,” Thompson puts the spotlight 
on emerging optical technologies, explores industry hot topics 
and events, and shares his knowledge of optics history.

MEMBERSHIP

Join the Twitter Conversation 
at SPIE Optics + Photonics
#opticsphotonics
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Federico Capasso of Harvard receives 
2013 SPIE Gold Medal Award. 

By Karen Thomas

Harvard University’s Federico Capasso, 
whose scientific accomplishments with 
quantum cascade lasers (QCL) and bandgap 

engineering have transformed the fi eld of photonics 
across the globe, will receive the 2013 SPIE Gold 
Medal in August.
 “Federico Capasso is a world-changing scientist 
and engineer,” says SPIE Fellow Vladimir Shalaev of 
Purdue University (USA).
 “His pioneering contributions to bandgap 
engineering of optoelectronic heterostructure 
materials and devices; quantum optoelectronic 
devices culminating in the co-invention of the 
QCL, a revolutionary infrared light source; and 
his recent work on plasmonics will always stay in 
the history of science,” says Shalaev, a professor 
of electrical and computer engineering. “With his 
seminal contributions, Professor Capasso has totally 
transformed the field of photonics, creating new 
opportunities that will continue to be pursued long 
after we are all gone.”

24 SPIE Professional | JULY 2013

“You can’t go wrong becoming 

a very strong optical scientist 

because you can work in many 

different fi elds.”
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 Known as the father of bandgap engineering, 
Capasso, the Robert Wallace Professor of 
Applied Physics at the Harvard School of 
Engineering and Applied Sciences (SEAS) 
(USA), has permanently changed the way light 
can be manipulated and controlled, opening up 
a host of new applications.
 Starting with his distinguished career at 
Bell Labs, Capasso has been a major force in 
photonics for more than 30 years, making major 
contributions to solid-state physics devices, 
materials, and applications. 
 Considered one of the most important 
developments in laser physics in the last 20 
years, QCLs are used in a wide range of 
industrial, defense, and security applications 
including exhaust sensing, explosives detection, 
medical diagnostics, infrared imaging and 
countermeasures, and many other precision 
sensing and spectroscopic applications.
 As researchers and manufacturers gain more 
experience with QCLs, the number of markets 
and applications continues to increase. 

In the shadow of Fermi
 Born in Italy in 1949, Capasso grew up in post-
World War II Rome, a city with a long history in 
science. The physicist Enrico Fermi who, along 
with Robert Oppenheimer is considered the 
father of the U.S. atomic bomb, was a native of 
Rome and a professor of physics at the University 
of Rome before emigrating in 1938. 
 After the war, nuclear energy was considered 
the next great wave in science. Almost every 
country in Europe was investing in nuclear 

technology and the demand for physicists was 
growing.
 It was in this environment that the 7-year-old 
Capasso fi rst read Our Friend the Atom and was 
inspired by nuclear science. Written in 1956 by 
Heinz Haber and popularized by a Walt Disney 
fi lm, the book was an attempt to show the kinder 
side of atomic power. 
 Capasso says as a child he was “hooked by 
the simple style of writing and how complex 
problems were explained in a simple, graphical 
way.” Learning to think of scientifi c concepts 
in terms of pictures would later inspire his own 
research and teaching methods at Harvard. 
 “It was an instant love affair,” Capasso says 
of his experience reading the book. “I decided 
then I would become a physicist.”

Optics for a versatile career
 In 1969, Capasso began his studies at 
the University of Rome where three faculty 
members had worked with Fermi. Within 
two years, the strenuous course load had him 
reconsidering the idea of being a physicist. His 
mother persuaded him to continue the uphill 
battle, however, and during his third year, things 
fi nally began to fall into place. 
 His faculty advisers encouraged him to go into 
optics – in particular lasers. At the time, the use 
of lasers was rapidly expanding, and Capasso’s 
advisers told him training in optics would prove 
useful in several areas of physics.

MEMBERSHIP

Eos Photonics
Founded in 2009 by 
Federico Capasso of 
the Harvard School 
of Engineering and 
Applied Sciences, 
Eos Photonics 
(eosphotonics.
com) designs and 
manufactures IR 
spectroscopy tools 
for the industrial, 
scientifi c, and defense 
markets. 

Eos delivers devices 
on submounts to 
system integrators and 
researchers. 

The company is also 
developing QCL array-
based spectroscopy 
products for the 
security, industrial 
monitoring, material 
identifi cation, and 
earth science sectors. 

Continued on page 26  
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 “How good that advice was!” Capasso 
says. “A PhD in either electronic 
engineering or physics with a focus on 
optics and photonics gives access to many 
areas of science and technology and as 
such provides many career options.” 
 He fi nished his studies at University of 
Rome with several important papers to his 
credit and a new focus on nonlinear optics.

The road to the QCL
 After a stint doing fi ber optics research 
at Fondazione Bordoni in Rome, Capasso 
began looking for opportunities to 
work abroad. He applied for a Rotary 
Foundation scholarship that would 
support research outside of Italy for nine 
months.
 Capasso’s father had insisted that he 
and his sister learn English because the 
language would open doors to greater 
opportunities. Being fl uent in English 
almost backfi red when Capasso was slated for 
Belfast, Northern Ireland – not the safest place 
then for the Catholic Capasso and his new bride, 
Paola. An appeal to the Rotary board placed 
Capasso at Bell Labs in New Jersey in 1976 where 
he would remain for 27 years.
 Capasso held several management positions at 
Bell, including head of the Quantum Phenomena 
and Device Research and Semiconductor 
Physics Research departments. He was made a 
Distinguished Member of Technical Staff in 1984 
and a Bell Labs Fellow in 1997.
 While at Bell Labs, Capasso observed advances 
being made in creating diode lasers, avalanche 
photodiodes, and engineered quantum-well 
structures. Studying these types of structures led 
to thoughts of creating ultralow-noise avalanche 
photodiodes. 
 His research eventually led to the breakthrough 
concept of a heterostructure comprised of 
multiple-graded bandgap regions forming an 
energy staircase, which became the basis for a new 
class of electron-transport structures, detectors, 
and lasers. Capasso and his collaborators 
continued their research on these models and 
over the next 10 years wrote more than 100 papers 
and received more than 20 patents on graded 
bandgap physics, bandgap-engineered structures, 
and applications.

An unconventional laser
 In 1994, Capasso and a team of researchers 
demonstrated the fi rst QCL at Bell Labs. This 
fundamentally new light source featured an 
emission wavelength that could be designed 

Gold Medal Award
t Continued from page 25

to cover the mid- to far-infrared spectrum by 
tailoring the active region layer thickness. The 
QCL was a novel laser concept that represented 
a radical departure from conventional solid-state 
lasers and made many IR diode lasers obsolete. 
 “The mid-infrared spectrum is of paramount 
scientifi c and technological importance since 
many molecules have their telltale absorption 
fingerprints in this region,” says SPIE Fellow 
Malvin C. Teich, professor emeritus at Boston 
University (USA). “Yet, until the advent of the 
QCL, this ‘molecular fi ngerprint’ region lacked 
suitable compact, continuously tunable, and high-
power single-mode lasers.” 
 Through Capasso’s collaborations with dozens 
of researchers in industry and academia, QCLs 
have become commercially available in a variety 
of forms for chemical sensing, trace gas analysis, 
spectroscopy, and other applications.
 Bell Labs became Lucent Technologies in 
1996. A year later, Capasso became head of the 
Semiconductor Physics department, and he served 
as vice president of physical research from 2000 
to 2002. By then Lucent was already feeling the 
effects of the telecom meltdown and in 2003, 
Capasso was persuaded by his former boss at Bell 
Labs, Venkatesh Narayanamurti, then a dean at 
Harvard, to join SEAS.
 At Bell Labs, Capasso had learned the 
importance of research focused on actual 
application and how science and industry can 
blend. This experience, combined with the 
emphasis on cross-disciplinary research in an 
academic environment, made Harvard the perfect 
venue for Capasso.

Federico Capasso
on the QCL
Federico Capasso and 
collaborators at Bell Labs 
invented the quantum 
cascade laser (QCL) in 1994.

It was a fundamentally 
new light source whose 
emission wavelength can be 
designed to cover the mid- 
to far-infrared spectrum by 
tailoring the active region 
layer thickness. 

Capasso discusses the 
development of the QCL 
and its applications in a 
2010 interview at SPIE 
Photonics West.

See the interview on SPIE 
TV: spie.org/Capasso. 

Capasso Group
At Harvard University, 
Federico Capasso’s group 
has expanded its research 
into mode-locked QCLs and 
new QCL-based terahertz 
light sources utilizing 
difference-frequency 
generation; plasmonic 
devices to shape the 
wavefront of lasers; and 
nanomechanical devices 
based on the control of the 
Casimir force.

Recently his group 
discovered a generalization 
of the laws of refl ection and 
refraction, which form the 
basis of new planar photonic 
devices such as fl at lenses 
without optical aberrations.

Capasso in his Harvard lab.
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Wide vs. narrow approach
 At Harvard, Capasso leads his own research group of talented 
graduate students and post-docs. The Capasso Group’s current 
research projects include expanding the capabilities of QCLs, studying 
the Casimir Force, and working with plasmonics and metamaterials.
 Applying his experience in science and industry, he started Eos 
Photonics in 2009. Eos designs and manufactures commercially 
available broadband QCLs for chemical sensing applications.
 “I take a wide approach to science,” Capasso says. “I have many 
different areas of interest and that has always been my style.
 “To be creative, you can’t focus too narrowly on a topic,” he 
says. “I tell my students, if you want to be successful in science 
these days, if you want to be marketable — and those two things 
go together to some extent — you need to become an excellent 
problem solver. You can’t be a Jack-of-all-Trades. Yet, you also 
shouldn’t be too specialized. You should be learning a set of tools 
so that you can do research in a number of different areas.”
 Capasso believes that scientists will be called on more and more 
to solve the huge problems facing the world. If students are too 
focused in a single area, he says, they will miss some potentially 
big opportunities for research, so they need the fl exibility to be 
able to move around in various areas.

Can’t go wrong in optics
 An active SPIE member since the 1980s and an SPIE Fellow 
since 1990, Capasso has long been a fi xture at SPIE conferences 
where he has been involved in organizing symposia, giving 
presentations, and teaching courses. 

 His research group presented 20 papers at SPIE Photonics 
West in February, including three invited papers and a keynote 
presentation on “Broadband mid-infrared wavefront engineering 
with optical antenna metasurfaces.” 
 At SPIE Optics + Photonics in August, Capasso will be a 
plenary speaker at the NanoScience + Engineering symposium.
 He encourages his students to attend scientifi c conferences 
because of the exposure to a variety of subjects and fellow 
scientists. 
 “Optics is one of the most exciting fi elds,” Capasso says. “Every 
year, there seems to be a new surprise in optics, in both science 
and technology. Optics is widely applicable in so many fi elds, like 
medicine, physics, chemistry, and engineering.” 
 According to Capasso, optics has a privileged position in 
science. He points out the laser as an example, citing its wide 
use in a number of fi elds. 
 “I always tell students, if you gain skills in optics and photonics, 
you’ll be able to use them in many areas of science and technology,” 
Capasso says. “You can’t go wrong becoming a very strong optical 
scientist because you can work in many different fi elds.”
 Almost 40 years later, Capasso is still following the advice of 
his university mentors who encouraged him to study optics – and 
passing that enthusiasm on to his students. 
 In honor of his world-changing achievements, Capasso will 
be awarded the SPIE Gold Medal, the highest honor the Society 
bestows, on Wednesday 28 August at SPIE Optics + Photonics.   

– Karen Thomas, SPIE staff
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Markle receives Zernike Award for Microlithography
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SPIE President Bill Arnold of ASML (left) presented 
the Zernike Award to David Markle at SPIE Advanced 
Lithography in February.

SPIE member David Markle, co-founder of Periodic 
Structures (USA), is the 2013 recipient of the Frits 
Zernike Award for Microlithography in recognition of his 

pivotal role in the development of numerous lithography tools, 
including the PerkinElmer Micralign and Micrascan tools and 
the Ultratech Stepper. 
 He was honored for his insights and engineering talents that 
have helped to guide both mechanical and optical designs of 
lithography tools for the last 40 years.
 Throughout his career, Markle has made major 
contributions to engineering theory and practice and has 
played an instrumental role in the development of advanced 
photolithography systems used in the manufacture of 
semiconductor devices. In 2004, Markle was elected to the 
U.S. National Academy of Engineering, one of the highest 
professional distinctions accorded an engineer.
 “David Markle has been a near legendary presence as an 
innovator and leader since the earliest days of projection 
lithography,” says SPIE member Marc D. Levenson, an 
optics consultant. “Beginning by helping design the first 
successful projection wafer exposure tool at PerkinElmer’s 
Microlithography Division, Dave has had a hand in every major 
advance in microlithography.”

Gil receives 
G.G. Stokes Award
 SPIE member José Jorge Gil, research 
physicist and professor at University 
of Zaragoza (Spain), is the 2013 
recipient of the G.G. Stokes Award 
in recognition of his groundbreaking 
collection of rigorous mathematical 
descriptions of polarization that are 
used widely to interpret experimental 
data. His work in polarization optics 
forms part of the underpinnings of 
modern polarimetry. 
 Gil’s articles on depolarization indices and polar 
decomposition of Mueller matrices have explained how 
the different — and mixed — contributions of polarization 
properties of an optical system can be split up, characterized, 
and analyzed as individual properties. Gil has also proposed a 
parallel Mueller matrix decomposition, which includes all the 
polarimetric degrees of freedom and provides more information 
than the classical distribution.
 “The fact that all these works can be successfully 
implemented into real experiments adds relevance to Professor 
Gil’s findings,” says Juan Bueno, professor of physics at 
University de Murcia (Spain). “The junction between the 
mathematical formalism of Stokes vector and Mueller matrices 
developed by Professor Gil and the possibility of this being 
physically realizable is the cornerstone for the advance of 
science in this fi eld.”

Kujawinska honored with 
Chandra S. Vikram Award
 SPIE Fellow and Past SPIE President 
Malgorzata Kujawinska, professor of 
applied optics at Warsaw University 
of Technology (Poland), is the 2013 
recipient of the Chandra S. Vikram 
Award in recognition of her lifetime 
of achievements in full-fi eld optical 
metrology and optical testing. 
 She has made pioneering contributions 
to fi elds such as automatic fringe pattern 
analysis, integrated interferometric sensors, optical and digital 
holography, optical tomography, structured light and moiré fringe 
methods as applied to fi elds such as experimental mechanics, 
multimedia, material engineering, and civil engineering.
 “Through her innovative research on fringe analysis and 
its applications to interferometry, digital holography, optical 
tomography, and 3D optical profi lometry, Professor Kujawinska 
is known internationally as a leading scientist of the fi eld,” says 
SPIE Fellow Mitsuo Takeda, professor of optical research and 
education at Utsunomiya University (Japan).
 “What distinguishes her research from that of others is that 
she has successfully carried out her research with a very wide 
scope on the basis of cross-disciplinary principles, systematically 
combining and integrating optics and photonics, electronics, 
experimental mechanics, information science, multimedia 
engineering, and even civil engineering into new technologies,” 
he says. “She is a real forerunner.”
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Bovik earns 
SPIE Technology Achievement Award
 SPIE Fellow Alan C. Bovik, professor of electrical 
and computer engineering at the University of 
Texas at Austin, (USA), is the 2013 recipient of 
the SPIE Technology Achievement Award in 
recognition of his broad and lasting contributions 
to the fi eld of perception-based image processing. 
 During his career, Bovik has contributed 
widely to the fi eld of biomedical image processing. 
His work includes developing techniques for 
improving and measuring the quality of digital 
images and videos, creating infl uential models for 
the analysis of patterns in images, and developing 
systems for image and video compression. 
 “I consider Al to be in the top 2% of researchers 
in image processing in the world,” says SPIE 
Fellow Edward J. Delp, professor of electrical and 

computer engineering at 
Purdue University. “Al 
has widely investigated 
the diffi cult problem of 
objective image-quality 
assessment. His metric, 
the Structural Similarity 
(SSIM) index,  i s  a 
breakthrough in image 
quality assessment” and 
has been shown to do 
better than nearly any other metric proposed in 
the past 40 years. 
 “This work is seminal, widely cited, and very 
important,” Delp says. “It has completely changed 
the way we think of image quality.”

USAFRL’s White to receive 
SPIE Early Career Award
 SPIE member Timothy J. White, a research 
engineer in the Materials and Manufacturing 
Directorate of the U.S. Air Force Research 
Laboratory in Ohio, is the 2013 recipient of the 
Early Career Achievement Award in recognition 
of his innovative work in the development of light 
responsive materials and their employment as 
smart, remotely cued, optically and mechanically 
adaptive devices.
 “Tim is an extraordinary individual who has 
produced a truly groundbreaking body of work 
that has changed the way we look at polymer 
networks and liquid crystals,” says C. Allan 
Guymon, professor of chemical and biochemical 
engineering at the University of Iowa (USA). 
 “By under standing the dy namics  of 
polymerization in concert with actuating driving 

forces, a new class of 
transformative materials 
has been developed that 
could allow fast response 
and high power output 
f rom photoactuated 
materials,” Guymon 
says. “His dissertation 
work and especially his 
subsequent research at 
AFRL are impressive. I 
have been very impressed with Tim’s growth as a 
researcher and the amazing quality of his work.”
 White has presented papers at both SPIE 
Photonics West and SPIE Optics + Photonics. He 
received the 2011 Directors Jr. Force Award, and the 
2012 Early Career Award from the U.S. Air Force.

Fellow selected to work with U.S. Congress
 SPIE member Carly Robinson, a PhD candidate 
in atmospheric chemistry at University of 
Colorado, Boulder (USA), will serve as the 2013-
2014 Arthur H. Guenther Congressional Fellow.
 Robinson, who has been active in student 
government and has won several grants for her 
research, will serve a one-year term working as a 
special legislative assistant to a member of the U.S. 
Congress or a congressional committee.
 The Congressional Fellow program is sponsored 
by SPIE and the Optical Society (OSA).
 Robinson is a member of the Margaret Tolbert 
Research Group where she studies optical 
properties of coated aerosols in the atmosphere 
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with cavity ring-down 
a e ro s o l  ex t i nct io n 
spectroscopy (CRD-
AES). Her dissertation 
i s  o n  hy g r o s c o p i c 
o p t i c a l  g r ow t h  o f 
atmospherically relevant 
mixed particles.
 During her fellowship, 
Robinson hopes to serve 
as a resource to policy 
makers on science-related issues, particularly 
climate change, and educate fellow scientists on 
how they can impact science policy. 
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New SPIE Biophotonics 
Technology Innovator Award

SPIE Fellow Aydogan Ozcan, professor of electrical 
engineering and bioengineering at the University of 
California, Los Angeles (UCLA) (USA), has been 

awarded the inaugural SPIE Biophotonics Technology 
Innovator Award in recognition of his seminal contributions to 
computational imaging, sensing, and biophotonics technologies 
impacting telemedicine and global health challenges.
 The Ozcan Research Group at UCLA has developed a 
number of lensless computational imaging technologies for use 
in a variety of applications, particularly in telemedicine. Many 
of these devices, including a cellphone-based microscope with 
applications such as diagnosing malaria, will provide access to 
medical tests in resource-poor countries. 
 “Dr. Ozcan is clearly one of the most innovative biophotonics 
researchers I have met during the last decade and he stands 
out as truly exceptional with regards to clear-sightedness in 
research, ingenuity of approach, effectiveness in completion 
of the research projects and publication record,” says Bahram 
Jalali, professor of electrical engineering at UCLA.

 Ozcan received his PhD at Stanford University (USA) in 
2005 and received the SPIE Early Career Achievement Award 
in 2011. His work has been published “in the most prestigious 
academic journals and has resulted in more than 20 licensed 
patents and several major international awards,” Jalali says.
 The new award will be awarded annually.

SPIE President Bill Arnold of ASML (left) presented the SPIE 
Biophotonics Technology Award to Aydogan Ozcan at SPIE 
Photonics West in February.

Duke’s Brady to receive 
Dennis Gabor Award 
 SPIE Fellow David J. Brady, the 
Michael J. Fitzpatrick Professor 
of Photonics at Duke University 
(USA), is awarded the 2013 SPIE 
Dennis Gabor Award in recognition 
of his development of compressive 
holographic and tomographic imaging 
systems and for advances in the 
physical and information science of 
imaging and spectroscopy.
 Brady heads the Duke Imaging and Spectroscopy Program 
(DISP), which builds computational imaging systems. Current 
projects at DISP include snapshot gigapixel photography using 
multiscale optics, x-ray scatter tomography, millimeter-wave 
diffraction tomography, focal tomography, and compressive 
spectral imaging.
 “He was one of the fi rst to fully recognize the signifi cance 
of novel sampling strategies and coding schemes, to achieve 
improved, smaller, more effi cient imaging and spectroscopy 
systems by placing more of the burden of information extraction 
through computational processing,” says Michael A. Fiddy, 
professor of physics and optical science at University of North 
Carolina, Charlotte (USA).
 ”He has successfully applied these concepts to compressive 
measurement and compressive tomography, multiscale imaging, 
and coded aperture spectroscopy.”

Moseley recognized with 
George W. Goddard Award
 SPIE member Samuel Harvey 
Moseley, a senior astrophysicist at 
NASA Goddard Flight Center (USA), 
is the 2013 recipient of the George 
W. Goddard Award in recognition 
of his extraordinary inventions of 
superconducting imaging arrays for 
astronomy. His inventions range from 
submillimeter bolometers to energy-
sensitive X-ray microcalorimeters, and 
dark matter detectors.
 Moseley conceived and led the development of the fi rst 
microshutter arrays for use on the James Webb Space Telescope 
(JWST) near-IR spectrometer. This micromechanical device 
will allow the JWST to make its most critical observations 100 
times faster and enable detailed studies of the fi rst galaxies to 
form in the universe after the Big Bang.
 “Harvey is the most creative inventive genius I have ever 
been blessed to know,” says Nobel Laureate and SPIE Fellow 
John C. Mather, senior project scientist at NASA Goddard 
Flight Center. “He is a practicing astronomer, but his greatest 
insights have been in the area of detectors and microdevices. 
 “He founded the fi eld of the X-ray microcalorimetry, springing 
from his work on cosmic ray interference with infrared bolometers.”
 Microcalorimeters are now the standard for x-ray astronomy, 
Mather says “because they combine imaging capability with 
energy resolution, and the resolution is far better than previous 
technologies could offer. Similar technology is now the basis 
for imaging arrays of far-IR and microwave detectors, and now 
the standard for research in those fi elds of astronomy.”See SPIE on Facebook: facebook.com/spie.org
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Ni-Bin Chang named next editor
of Journal of Applied Remote Sensing

SPIE Senior Member Ni-Bin Chang of the University of 
Central Florida (USA) has been appointed editor of the 
Journal of Applied Remote Sensing (JARS), effective 1 

January 2014. 
 Chang, a professor in the Civil, Environmental, and 
Construction Engineering Department at UCF, will succeed 
founding editor Wei Gao who has served as editor since 2007.
 JARS is published online in the SPIE Digital Library and 
disseminates peer-reviewed papers covering remote-sensing 
theory and applications in the atmosphere, oceans, ecosystems, 
agriculture, space, hydrology, and other environmental areas.
 SPIE Publications Committee Chair John Greivenkamp said 
that SPIE is pleased that Chang will become editor of JARS. 
 “Dr. Chang is an internationally recognized expert in remote 
sensing who brings a wealth of knowledge, insight, and enthusiasm 
that will be a great benefi t to the journal and the entire technical 
community,” Greivenkamp said.
 Chang has master’s and PhD degrees in environmental 
systems engineering from Cornell University (USA) and a BS 
from National Chiao Tung University (Taiwan). He has edited, 
authored, and coauthored more than 205 peer-reviewed journal 

articles, 13 books, 11 special 
issues of academic journals, 
19 invited articles in books, 
encyclopedias, and newsletters, 
and 167 conference papers.
 The holder of eight U.S. 
patents, Chang’s major research 
interests include water resources 
and environmental systems 
analysis, sustainability sciences, 
and hydrological and environmental remote-sensing and 
monitoring networks. 
 His research activities include both basic and applied sciences 
for the development of next-generation engineering systems in 
the areas of ecological engineering, green engineering, industrial 
ecology, and earth-systems engineering.
 “JARS has become a distinguished journal in the fi eld of remote 
sensing since its launch in 2007,” Chang said. “I’m delighted to 
continue the work of Dr. Wei Gao and to carry on the tradition 
of excellence at this journal.”
 More information: spie.org/jars. 

Ni-Bin Chang

2013

Conference: 23–26 September 2013
Exhibition: 24–25 September 2013 
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Internationales Congress Centre Dresden
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SPIE Educator Award for Barry Shoop

Barry L. Shoop, an SPIE Fellow and professor 
at the U.S. Military Academy, West Point, 
is receiving the 2013 SPIE Educator Award 

for his work on the development of program 
criteria for optical and photonics engineering 
in the undergraduate college curriculum in the 
United States.
 Shoop, who chairs the SPIE Education 
Committee, is also the SPIE representative director 
on the Accreditation Board for Engineering 
and Technology (ABET), a federation of 30 
professional and technical societies that acts 
as the recognized accreditor for U.S. college 
and university programs in applied science, 
computing, engineering, and technology. ABET 
has designated SPIE as the co-lead society for 
optics and photonics criteria.
 As the SPIE representative on the ABET 
board, Shoop has overseen the implementation 
of requirements used for accreditation of 
undergraduate degrees in optical and photonics 
engineering. 
 Shoop is doing a “fantastic job” of leading a 
group working to make accreditation a reality, 
says SPIE Senior Member Marc Nantel of Niagara 
College (Canada), also a volunteer on the SPIE 
Education Committee. 
 “This is no small task,” Nantel says, “and I must 
commend him for his critical work at bringing 
IEEE, SPIE, and ABET together on this process-
heavy partnership. When new ABET-accredited 
photonics engineering programs emerge in the 
future, it will be in great part due to Barry Shoop’s 
tireless efforts.”
 In leading the accreditation group, Shoop 
studied ABET’s currently accredited undergraduate 
engineering programs in optics and photonics to 
determine common elements and to ensure 
that any new criteria would encompass existing 
programs and others that will be developed.
 In 2012, Shoop outlined the process of 
gaining ABET accreditation in a paper titled, 
“ABET accreditation and optics 
and photonics engineering: 
An association whose time 
has come.” The open-
access paper is available at 
ow.ly/kqxd9.
 “T he  g row t h a nd 
infl uence of optical and 
photonics engineering 
as a discipline warrants 
increased recognition 
within both academia 
and industry,” Shoop 
and co-author Kathleen 

Robinson, education services manager at SPIE, 
write in the paper. “A number of existing and 
emerging optical engineering, optical science, 
and photonics programs across the country are 
attracting some of the best and brightest students, 
and these programs clearly need a base of organized 
standards at the undergraduate level. 
 “Defi ning separate and distinct criteria within 
ABET for optical and photonics engineering 
signals another step in the maturation of the fi eld 
and defi nes it as a separate discipline within the 
engineering profession.”
 Shoop is a U.S. Army colonel and past director 
of the Photonics Research Center at West Point 
who serves as deputy department head of the 
Electrical Engineering program. He is one of more 
than 100 West Point professors who helped build 
the National Military Academy of Afghanistan, 
the fi rst engineering-focused military school in 
Afghanistan that was founded 10 years ago to help 
rebuild the infrastructure in the war-torn country.
 Shoop has a PhD from Stanford University, 
an MS from the Naval Postgraduate School, and 
a BS from Pennsylvania State University, all in 
electrical engineering. 

Call for 
SPIE Fellow
Nominations
The SPIE Fellows 
Committee will accept 
nominations for the next 
class of SPIE Fellows 
through 15 September.

Nominees will 
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imaging, including 
publications and 
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and executive manager 
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Nomination materials 
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the fi rst time they 
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are automatically 
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two years.

More information: 
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Register Today
www.spie.org/op2013

For the latest in optical engineering and 
applications, solar energy, nanotechnology, 
and organic photonics research

Conferences & Courses
25–29 August 2013

Exhibition
27–29 August 2013

Location
San Diego Convention Center
San Diego, California, USA

SPIE outreach awards fund 25 organizations

Twenty-fi ve organizations in 10 countries 
across the globe are recipients of 
the first round of SPIE Education 

Outreach grants for 2013.
 As part of its mission, SPIE provides 
support for educational activities organized 
by not-for-profi ts such as schools and colleges, 
optics centers, youth clubs, and science 
centers to increase optics and photonics 
awareness.
 Some $67,000 in support was awarded to 
groups who had applied by 31 January. The 
second round of awards will be announced 
later this year.
 Among the activities the SPIE funds will 
support are teacher trainings in northern 
Chile and Canada, science fairs in London 
(UK) and Cambridge, MA (USA), and 
hands-on demonstrations for students 
in Ethiopia, Mexico, Poland, India, and 
elsewhere.
 For more information: spie.org/outreach. 

 Recipients are:
• Addis Ababa Institute of Technology 

(Ethiopia)
• Alberta Science Literary Association 

(Canada)
• Aston University (UK)
• Beth Tfi loh Dahan Community 

High School (USA)
• Cambridge Science Festival (USA)
• Center for Integrated Access Networks, 

University of Arizona (USA)
• Centro de Investigaciones en Óptica 

(Mexico)
• Frankfort High School (USA)
• Fruitvale Independent School 

District (USA)
• Gdańsk University of Technology 

(Poland)
• Huntsville Electro-Optical Society 

(USA)
• Idaho State University (USA)
• Imperial College London (UK)

• Indian Institute of Science Education 
and Research-Kolkata (India)

• Kent State University Tuscarawas 
(USA)

• Kettering University (USA)
• Koç University (Turkey)
• Laser Research Institute, University 

of Stellenbosch, SPIE Student 
Chapter (South Africa)

• The Leonardo (USA)
• National Optical Astronomy 

Observatory/Association of 
Universities for Research in 
Astronomy (USA)

• Norwalk High School (USA)
• Oakwood High School (USA)
• Optics Institute of Southern 

California (USA)
• St. Petersburg State University
 Aerospace Instrumentation, SPIE
 Student Chapter (Russian Federation)
• University of Utah (USA)
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New photonics centers advance
research, workforce, and economy

New center
in U.S. for
thin fi lms
Four SPIE Fellows and 
two SPIE members 
are among the 10 
researchers who will 
staff the new Center of 
Excellence in Thin-Film 
Research and Surface 
Engineering (CETRASE) 
at University of Dayton in 
Ohio (USA).

CETRASE researchers 
will focus on energy 
systems found in 
advanced medical 
imaging, cell phones, 
medical devices, and 
solar energy systems.

“We want to fi nd ways 
to make better, more 
effi cient, cost-effective 
sensors, electronics, 
electro-optics, and 
energy systems, and 
hopefully create new 
jobs for the region,” 
said SPIE member Guru 
Subramanyam, chair of 
Dayton’s electrical and 
computer engineering 
department.

The researchers, 
who come from 
the departments of 
electrical and computer 
engineering, materials 
engineering, biology, 
physics, the electro-
optics graduate program, 
and the University 
of Dayton Research 
Institute, include 
SPIE member Andrew 
Sarangan as well as SPIE 
Fellows Partha Banerjee, 
Joseph W. Haus, Peter 
Powers, and Qiwen Zhan.

The new center is not a 
brick-and-mortar facility, 
but rather a reallocation 
of existing lab space at 
the university.

New photonics research and education 
centers opened this spring with the goal 
of helping their local economies while 

preparing students for a variety of jobs in optics 
and photonics.
 The Fraunhofer Centre for Applied Photonics 
(CAP) at the University of Strathclyde in 
Glasgow and the Centre for Optical and 
Laser Engineer ing (COLE) at Nanyang 
Technological University (NTU) in Singapore 
launched in April with strong support from 
industry, government, and academia.
 Fraunhofer CAP, UK headquarters for Europe’s 
largest contract research organization, will 
provide laser R&D and associated technologies 
for a variety of sectors such as security, healthcare, 
energy, and transportation.
 The center “will work closely with partners 
to solve global challenges, design and develop 
the products and services of tomorrow, and 
support the economy,” said Sir Jim McDonald, 
professor and principal of the University of 
Strathclyde.
 Tim Holt, executive director of Fraunhofer 
UK Research Ltd., added that the new center 
will also provide UK companies “with a supply 
of well-informed, knowledgeable, and practical 
recruits who understand what industry demands 
from them.”

 Martin Dawson, a professor at the Institute 
of Optics at Strathclyde, was appointed head of 
the center.
 More information: ow.ly/kZeAJ. 

Funding for laser engineering 
 At NTU, the newly launched COLE has already 
secured more than $10 million (Singapore) in 
industry and research funding, bringing its total 
worth to S$30 million. The center’s research will 
be focused on developing commercial applications.

Oliver Ambacher of Fraunhofer IAF and 
Fraunhofer UK; Martin Dawson, the head of 
Fraunhofer CAP; and Franke Treppe from 
Fraunhofer Zentrale at the CAP opening.

Anand Asundi, director 
of COLE (left), and 

his students use the 
patented Holoscope 

for 3D measurement of 
micro-objects.

Courtesy of NTU
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 “In recent years, NTU has developed many new 
optical and laser technologies, such as a patented 
lensless 3D microscope which allows us to take a 
photo and focus on the details later,” said SPIE Fellow 
and COLE Director Anand Asundi. “We have also 
been successful in developing precision laser systems 
which improve emerging technologies, such as 3D 
printing and nano-patterning. 
 “With COLE, we expect our successes in optical 
and laser engineering to grow further,” Asundi 
said, propelling the precision engineering and 
biomedical sectors to new heights in Singapore 
and beyond.
 W i t h  d e m a n d 
for optical and laser 
engineer s  g rowing, 
NTU in 2011 initiated a 
specialization in optical 
engineering as part of 
a master’s program in 
precision engineering. 
The program, endorsed 
by the Optics and Photonics Society of Singapore, 
already has 30 graduates.
 More information: www.ntu.edu.sg. 

New degree at CREOL
 A new undergraduate program approved 
in March at the University of Central Florida 
(USA) is aimed at helping the United States 
stay competitive in global technology as well as 
providing broader career paths for students.
 The BS in photonics science and engineering 
was established by the College of Optics and 

Photonics (CREOL) and the 
College of Engineering and 
Computer Science. CREOL 
Director and SPIE Fellow Bahaa 
Saleh said the fi rst classes of the 
new program will be offered this 
fall.
 The curriculum will prepare 
students for a wide variety of jobs in optics 
and photonics and satisfy the requirements of 
the Accreditation Board for Engineering and 
Technology (ABET), a federation of professional 
and technical societies that acts as the recognized 

accreditor  for  U.S. 
college and university 
programs in applied 
science, engineering, 
c o m p u t i n g ,  a n d 
technology.
 S t u d e n t s  w i l l 
r e ceive  k nowle dge 
and lab experience in 

geometrical optics, physical optics, optical 
materials, and photonics devices and systems, 
striking a balance between general engineering 
knowledge and practical skills for solving 
problems and designing and building working 
optical systems.
 More information: creol.ucf.edu. 

New institute
in Finland 
The new Institute 
of Photonics at 
the University of 
Eastern Finland will 
promote international 
cooperation, transfer 
of research knowledge, 
and societal impact in 
the fi eld of photonics.

Pasi Vahimaa, newly 
appointed director, 
said the institute is a 
network organization 
that would also enhance 
recruitment of master’s 
and doctoral students in 
photonics.

Timo Jääskeläinen, 
dean of the Faculty of 
Science and Forestry 
under which the institute 
will reside, is chair of 
the Board of Directors 
for the institute. Other 
board members from 
the faculty are Seppo 
Honkanen, Markku 
Hauta-Kasari, Markku 
Kuittinen, and SPIE 
member Jyrki Saarinen.

Saleh

“With COLE, we expect our 

successes in optical and laser 

engineering to grow further.”
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After 10 years of bringing optics and 
photonics to students and the general 
public, the Optics Institute of Southern 

California (OISC) (USA)  is developing a new 
outreach program especially for high-school 
students. 
 Our mission is to work with young people  
(mostly high school and college students) and 
to introduce them to the wonderful world of 
optics and photonics. Our new OptoBotics 
program shows students how optics and photonics 
components are integrated into robotic systems in 
many areas of everyday life, science, and industry.
 OptoBotics materials, presentations, workshops, 
kits, books, activity guides, and events can help 
students understand everything from the most 
basic concepts about photonics to the most 
complex  sy s tem s 
such as those aboard 
Curiosity, the roving 
vehicle exploring the 
surface of Mars.

Epiphany in outreach
 Our transition from doing traditional optics 
outreach presentations began in 2007 when the 
OISC was invited to present at the University 
of California at Los Angeles Sci |Art NanoLab 
Summer Institute for high-school juniors. I used 
the lenses, polarizers, and other interactive 
tools from my Optricks Suitcase while a 
friend from the NASA Jet Propulsion Lab at 
the California Institute of Technology did a 
presentation on remote sensing using optics 
and photonics. My friend Mark was a big hit, 
and the students were buzzing outside the 
auditorium during the break. 
 Ever since then, I knew we had to make 
signifi cant improvements in our outreach efforts 
to high-school students, as they are the ones who 
will go to college and beyond using the optics 
and photonics that piqued their interests from 
our interactions. 

 To make our outreach efforts more appealing to 
high-school students, we began weaving remote 
sensing concepts into OISC presentations. 
However, it still did not create that very special 
instant recognition and ‘ah-ha’ moment I was 
seeking.
 A couple of years later, I saw a new science, 
technology, engineering, and math (STEM) 
outreach business open its doors near my offi ce 
at Physik Instrumente (PI) in Irvine, CA. It was 
called Mathobotix. I was intrigued and stopped 
by one day to see what was going on.
 Mathobotix was all about using the LEGO 
robotics tools to get kids interested in math and 
science. 
 Its success in engaging students in the fun 
side of STEM got me thinking about ways to get 

optics and photonics 
into the mix with 
robotics.
 Then one day in 
January 2012, while 
participating in the 

Irvine Valley College Astounding Inventions 
competition and exhibition, I saw a student in a 
high-school robotics team try to put his iPhone on 
his robot. That was the moment it hit me.
 He was having trouble fi guring out how to give 
his robot eyes. The word came into my mind: 
OptoBotics.
 I knew then that teaching students in robotics 
clubs how to implement optical technologies into 
their robots would capture their imaginations and 
encourage them to use optics and photonics in 
their college studies and careers.

Launching OptoBotics
 My new friend from Mathobotix asked me to 
speak at one of his open houses, so I created a 
new presentation with the OptoBotics concept 
and delivered it to a packed house in March 
2012. While the presentation went OK — my key 
wireless video demonstration was all static and 

OptoBotics combines optics, photonics, and robotics to engage 
high-school students.

By Donn Silberman

Science 
Education
Many organizations 
have drawn attention 
to the alarming 
number of jobs in the 
United States that 
are or will go unfi lled 
because of a shortage 
of employees with 
science, technology, 
engineering, and math 
(STEM) skills. 

Since enhanced 
science education and 
outreach efforts are 
key to attracting young 
people to careers 
and college studies 
in STEM fi elds, the 
Optical Institute of 
Southern California is 
focusing on students 
at the secondary-
school level, where 
decisions about 
college and career are 
being made.

A white paper from 
the alliance promoting 
the U.S.-based 
National Photonics 
Initiative (NPI) has 
also recommended 
increased investment 
in science education 
and job-training 
programs.

“A well-trained 
manufacturing 
workforce is essential 
to regaining and 
maintaining U.S. 
leadership in advanced 
manufacturing,” the 
NPI white paper says. 
STEM education 
should therefore 
include a photonics 
curriculum in high 
school and two-year 
institutions, with a 
focus on photonics-
related engineering 
programs.

Read more about the 
proposed NPI on 
page 8. 
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there were several other technical diffi culties — I 
knew I still had to have that killer demonstration 
to capture the students’ attention before I could 
teach them anything.
 Shortly after that, while walking through 
an airport shop, I saw my first commercially 
available drone. The Parrot AR.Drone is a fl ying 
quadricopter with a wireless, high-defi nition video 
camera that you control from your SmartPhone or 
tablet. This was the demo that I needed.
 I bought one when I returned home and 
integrated it into the presentation I had created 
months before. At our next big event, the 
University of California, Irvine Beall Center for 
Art + Technology Family day in November, I 
tried it out.
 It was a big hit with the all-ages audience. 
We streamed live video onto an overhead LCD 
projector so the audience could see themselves 
from the fl ying camera in real time.
 We now have several OptoBotics demonstrations 
under development and will be beta testing them 
with high-school robotics clubs. We hope to bring 
OptoBotics materials, presentations, workshops, 

SPIE supports
education 
outreach
This Optics Institute of 
Southern California is 
one of 25 organizations 
receiving an SPIE 
Education Outreach 
grant so far this year. 
(See page 33 for the full 
list.)

As part of its mission, 
SPIE provides support 
for optics- and 
photonics-related 
education outreach 
projects that promote 
optics and photonics 
awareness. 

Qualifying not-for-
profi t organizations 
such as universities, 
optics centers, science 
centers, primary and 
secondary schools, 
youth clubs, industry 
associations, and 
international optical 
societies are eligible for 
project support. 

The next deadline for 
education outreach 
grant applications is 
31 January 2014.

More information: 
spie.org/outreach

kits, books, activity guides, and events to as many 
groups as we can manage.
 More information: oisc.net/optobotics
 See photos from more than 75 OISC outreach 
events at: picasaweb.google.com/OpticsAge. 

–SPIE Senior member 
Donn Si lberman i s 
founding director of 
the Optics Institute of 
Southern California 
(oi sc.net),  a  non-
profi t promoting math, 
science, and engineering 
education through the 
use of optics. A senior 
applications engineer 

for Physik Instrumente (PI), he also founded and 
serves as the chair of the Advisory Committee for 
the UC Irvine Optical Engineering and Instrument 
Design certifi cate programs. Silberman has an MS in 
technology management from Pepperdine University 
and a BS in engineering physics from University of 
Arizona. 

“Our mission is to work with young people (mostly high 
school and college students) and to introduce them 
to the wonderful world of optics and photonics.”

The drone is a fl ying 
quadricopter.
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Engaging next generation 
in sustainable photonics

ABSTRACTS DUE 
22 July 2013 for 
Photonics West 2014.

One of the many future promises of 
sustainable photonics research is its 
attraction for younger students.

 Harvard University graduate student Meng-Ju 
Sher, an SPIE member, noted that her co-authors 
of a paper that won a Green Photonics award at 
SPIE Photonics West 2013 included a high-school 
student and an undergraduate along with SPIE 
member Eric Mazur, a Harvard professor whose 
optical physics research group studies black 
silicon, femtosecond lasers, and nanophotonics.
 “The most exciting thing for me is the 
opportunity to engage young researchers,” Sher 
said. “We are excited that young students are 
interested in energy materials.” 
 Sher’s coauthors were Lysander Christakis, who 
attends the Cambridge School of Weston (USA), 
and Kenneth Hammond, who was an undergrad 
at Harvard while working on the project.

 Their open-access paper, “The photovoltaic 
potential of femtosecond-laser textured 
amorphous silicon,” explains how the research 
group used femtosecond laser texturing to reduce 
refl ection and enhance light absorption, enabling 
high effi ciency from thin absorbers.
 High-efficiency solar cells are needed to 
decrease the cost of solar energy, notes SPIE 
Fellow Stephen Eglash of Stanford University 
(USA), founder and chair of the Green Photonics 
symposium at Photonics West. 
 Solar cells that use thin absorber layers cost 
less and require fewer materials. But ineffi ciencies 
of conventional light-trapping techniques limit 
the ability to reduce the thickness of thin-fi lm 
solar cells.
 The award-winning paper is available in the 
SPIE Digital Library: ow.ly/kqC0t. 

Meng-Ju Sher (right) 
receives award from 
Stephen Eglash.

Call for Papers
Abstracts Due: 22 July 2013
www.spie.org/pw2014

Biomedical optics · Lasers · 
Optoelectronics · MOEMS-MEMS

Conferences & Courses
1–6 February 2014

Exhibition
BiOS Expo: 1–2 February 2014
Photonics West: 4–6 February 2014

Location
The Moscone Center
San Francisco
California, USA

2014
Photonics
West®

SPIE Professional 
is accepting article 
proposals from 
members.

Future issues of the 
open-access magazine 
will cover career and 
industry topics as well 
as advances in optics, 
sustainable energy, 
high-power lasers, and 
more.

Do you know of a 
researcher, engineer, 
or entrepreneur who 
is making the world a 
better place? 

Please submit your idea 
as a short outline or 
abstract to:

spieprofessional@
spie.org

Call for Articles
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Bug detection
gets quicker

Photonics
For a Better 
World

Thermal imaging
gaining interest
in health settings
Potentially life-saving 
medical uses of thermal 
imagery are gaining 
interest in areas like 
infl ammatory breast 
cancer, pain alleviation, 
and diabetes, but it’s 
slow going since the 
techniques are often 
considered alternative 
medicine.

Gary Strahan, CEO 
of Infrared Cameras 
Inc. (USA), says his 
company’s cameras 
have checked athletes 
at the Beijing Olympics 
to ensure that their body 
heat was not excessive, 
and in the last Tour de 
France, a handheld 
version helped to check 
riders’ conditions.

Thermal imaging can also 
spot a lack of blood fl ow 
to the body’s extremities, 
a common feature in 
diabetic patients.

“In an emergency room, 
why not image a patient’s 
body thermally right 
away?” Strahan asked 
the audience at the 
ThermoSense: Thermal 
Infrared Applications 
conference at SPIE 
Defense, Security and 
Sensing in Baltimore in 
April.

For more on the 
translational research 
presented at the annual 
symposium, visit the 
SPIE Digital Library or 
spie.org/dssnews.

- Ford Burkhart

By Arnie Heller

A new technology 
f rom Lawrence 
Livermore National 

Lab (USA) combines 
clever algorithms and a 
tiny microarray to identify 
thousands of pathogens 
within 24 hours.
 Speed and accuracy 
in identifying viruses, 
bacteria, fungi and other 
disease-causing pathogens 
are becoming increasingly 
important for public health, 
food safety, and biodefense. 
While several techniques 
ex i s t  for  ident i f y i ng 
pathogens via their genetic 
code, most methods are 
costly and/or slow. 
 The new technology, the Lawrence Livermore 
Microbial Detection Array (LLMDA), rapidly 
identifi es any known microbe whose genetic code 
has been sequenced by combining innovative 
bioinformatics with a microarray. 
 Livermore scientists analyzed the genetic code 
of every microbe that has been sequenced (about 
6,000 species and strains in all) and then selected 
the roughly 360,000 most important genetic 
markers. In one microarray confi guration, 360,000 
probes—short stretches of DNA or RNA that 
complement the isolated genetic markers—are 
arrayed in a microscopic square grid on a 2.5- by 
7.5-centimeter glass slide. 
 When a fluorescently labeled fluid sample 
containing the genetic material of microbes 
contacts the microarray’s probes, only the 
squares with DNA or RNA unique to a particular 
organism are activated. The activated squares 
produce a fl uorescent pattern, from which species 
present in the sample are identifi ed. (See above.)

Laser, photodector in use
 In this way, multiple pathogens are detected 
simultaneously, with typical processing times of 
less than 24 hours. 
 Analyzing the microarray results requires a 
workstation with 200 gigabytes of memory and 

12 processors as well as the 
Livermore-developed analysis 
algorithm that makes sense of 
the voluminous data produced 
by the scan. 
 First, the slide containing 
x hybridized probes is placed 
in a scanner. A laser then 
scans across the slide’s surface, 
and a photodetector picks up 

t he  f luore s ci ng 
squares.  Within 
a few minutes, an 
enormous image fi le 
of 100 megabytes is 
built up.
 Commercial soft-
ware analyzes the 
image and produces 
a fi le quantifying the 
fl uorescent intensity 
at each spot. 

 T h e  L L M DA  c a n i d e n t i f y  3111 
viruses, 1967 bacteria, 94 protozoa, 136 fungi, 
and 126 archaea (primitive bacteria). 
 In trials for international researchers, 
government agencies, and health-product 
companies, it has accurately and rapidly identifi ed 
bacterial and viral pathogens present in human 
and animal clinical samples, environmental 
samples, and product samples. 
 Government agencies and private research 
centers are collaborating with Livermore’s team 
to identify viruses and bacteria that are correlated 
with high cancer risk, vaccine safety, and defense 
against a bioterrorist attack. 
 If widely adopted, LLMDA could allow 
professionals in medicine, pharmaceuticals, law 
enforcement, product and food safety, public 
health, animal  health, the military, and global 
disease surveillance to detect within one day 
any virus or bacteria included among the array’s 
probes.
 The device also could realize significant 
cost savings in routine health care by readily 
identifying bugs causing the common cold, 
infl uenza, and other sicknesses.
 Excerpted with permission from Science & 
Technology Review.
 For the full article: ow.ly/l260W.  
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Photonics for a 
Better World
Read more articles and 
blog posts celebrating 
the many ways that 
photonics are applied in 
creating a better world:
• spie.org/betterworld
• Photonicsfora

BetterWorld.org

PHOTONICS FOR A BETTER WORLD

LEDs improve precision in surgery 

The handling of surgical tools requires the 
utmost sensitivity. Surgeons need to know 
how deep they have turned a screw into a 

bone and whether they have applied the correct 
force in a critical operation.
 Until now, they relied only on instinct and 
experience. 
 German researchers at the Fraunhofer Institute 
for Manufacturing Engineering and Automation 
IPA and Weber Instrumente have 
developed a vulcanized instrument 
handle incorporating an LED-
based optical feedback system so 
that surgery can be easier, safer, 
and more precise. 
 The new device integrates 
electronic components to give 
the surgeon feedback during the 
procedure, advising him/her if an instrument can 
be inserted even further. For example, if she/he 
tightens a screw, then the sensors measure the 
applied force. As soon as a medical procedure’s 
optimal torsional moment is reached, an LED on 

the inside of the instrument handle lights up to 
alert the surgeon.
 “It is primarily the young, less-experienced 
surgeons with little surgical practice who will 
benefit the most from this technology,” says 
Christof Giers, a development scientist at 
Fraunhofer IPA.
 The electrical power is supplied and stored via 
an inductive charging process or a coil system.

 “One coil is located inside the 
hand grip; the other is in a little 
table. The surgeon merely has to 
put the handle on the table, and 
the battery is charged,” Giers adds.
 All the electronics can be 
switched off  for sterilization, 
maximizing the hygiene of the 
device.

 The researchers say they plan to enhance 
the approximately 9-cm handle with a wireless 
interface so that the data can be transmitted to 
a PC, thus allowing the surgical process to be 
documented.  

Bioengineers win 
global innovation award

Bioengineering professors Rebecca Richards-
Kortum and Maria Oden of Rice University 
(USA) have received the 2013 Lemelson-

MIT Award for Global Innovation for partnering 
with undergraduates to develop and improve 
access to health innovations for the world’s 
poorest communities.
 Richards-Kortum, an SPIE member, and Oden 
established the Beyond Traditional Borders (BTB) 
engineering design initiative at Rice University in 
2005, and it became part of the Rice360 Institute 
for Global Health Technologies in 2007. Kortum 
is director of the institute.
 The professors have guided more than 
3000 students through the multidisciplinary 
program’s invention process, resulting in 58 health 
technologies that are helping 45,000 people in 24 
countries. Undergrads are provided with a hands-
on education and a roadmap to become inventors 
and innovators.
 BTB inventions include the Global Focus 
Microscope, a device that uses battery-operated 
LED lighting for f luorescent microscopy to 
diagnose diseases like tuberculosis and malaria. 
The Global Focus Microscope and the Rice 360 

Institute were featured 
in an SPIE Professional 
article in July 2010. The 
portable microscope, 
built by Andrew Miller before graduating from 
Rice in 2009, can be manufactured for about $240, 
compared to fl uorescent microscopes sold in the 
developing world for $40,000 or more. 
 Richards-Kortum and Oden are donating the 
$100,000 prize money to the Day One Project, 
another Rice 360 program, which will renovate 
the neonatal ward at Queen Elizabeth Central 
Hospital in Blantyre, Malawi. 
 Appropriate technologies that reduce 
neonatal mortality in low-resource district 
hospitals can be developed, refined, tested, 
and scaled at the hospital that has helped 
implement Rice’s low-cost, student-designed 
health-care technologies.   

Photonics
For a Better 
World

Smart helmet
senses danger

SPIE Senior Member 
Babak Shadgan and 
colleague Behnam Molavi 
of University of British 
Columbia (Canada) have 
won the 2012 Wearable 
Technologies Innovation 
World Cup in the safety 
and prevention category 
for a helmet that monitors 
vital signs of fi refi ghters 
and other rescue workers.

The smart fi re-rescue 
helmet is a non-invasive 
wireless system capable 
of monitoring several vital 
statistics in real time. 

The system includes 
a GPS to help rescue 
operations should a 
central monitoring 
center detect carbon 
monoxide poisoning 
or other critical health 
conditions of rescue 
workers in the fi eld.

The GlobalFocus 
microscope was 
designed by Andrew 
Miller when he was an 
undergraduate at Rice 
University. 
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Conference sessions on high-power laser systems, climate 
change education, remote sensing for agriculture and 
chemical threats, optronics, quantum cryptography, 

unmanned sensor networks, and optical countermeasure 
techniques are among the comprehensive science topics to be 
covered at the co-located SPIE Remote Sensing and SPIE Security 
+ Defence symposia in Dresden, Germany, in September.
 While maintaining a distinctly European focus, the two events 
provide a forum for researchers from more than 25 countries to 
present the latest research from around the world on remote 
sensing, security, and defense topics.
 Both symposia, the 20th for SPIE Remote Sensing and the 
10th for SPIE Security + Defence, will be held 23-26 September 
at the Internationales Congress Center in Dresden.
 A two-day exhibition featuring displays, electronic imaging 
components, detectors, infrared sources, and other technologies 
for security and defense will be held 24-25 September.
 Technical attendees at either symposium have access to the 
free exhibition and plenary sessions at both. Attendees are also 
invited to tour the Fraunhofer Institute for Applied Optics and 
precision Engineering (IOF) in Jena on Friday, 27 September. The 
tour is free to the fi rst 50 attendees. Other visits with Jena-based 
companies on the same day are under discussion.

Remote sensing technologies
 SPIE Immediate Past President Eustace Dereniak (USA) is one 
of two plenary speakers at SPIE Remote Sensing. 
He will discuss novel imaging spectrometers 
and polarimeters while Andreas Eckardt of the 
German Aerospace Center will speak on very 
high-resolution imaging systems.
 Eleven conferences cover recent advances 
and trends.
• Adapting to the Challenges of Climate Change
• High-Performance Computing in Remote 

Sensing
• Image and Signal Processing for Remote 

Sensing 
• Lidar Technologies,  Techniques,  and 

Measurements for Atmospheric Remote 
Sensing

• Optics in Atmospheric Propagation and 
Adaptive Systems 

• Remote Sensing for Agriculture, Ecosystems, 
and Hydrology

• Remote Sensing for Environmental Monitoring, 
GIS Applications, and Geology 

• Remote Sensing of the Ocean, Sea Ice, Coastal 
Waters, and Large Water Regions

• Sensors, Systems, and Next-Generation 
Satellites

• Remote Sensing of Clouds and the Atmosphere 
• SAR Image Analysis,  Modeling, and 

Techniques 
 Symposium chair is SPIE Senior Member 

Charles R. Bostater (USA). Ulrich Michel (Germany) is co-chair. 
 For more information: spie.org/rs2013. 

Security applications and systems
 Papers presented at 12 conferences at the Security + Defence 
event will cover biomimetics, silicon micro-systems, signal processing 
and control, terahertz sensing, free-space optical communication 
techniques and systems, and many other emerging and enabling 
technologies for advanced defense and security systems.
 One special session will be dedicated to biological and medical 
applications for THz sensors as the wide frequency band of the 
spectrum makes it potentially rich in information on biological 
systems.
 SPIE Fellow David H. Titterton (UK) and SPIE member 
Reinhard R. Ebert (Germany) are symposium chair and co-chair, 
respectively.
 More information: spie.org/sd2013.  

Dresden to host 
2 symposia Defence

Security+
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As research and exploration programs 
such as the NASA Curiosity Rover and 
the Kepler telescope look for habitable 

planets and signs of life other than our own, 
the question, “Are we alone?” is becoming more 
common. 
 This question and others will be examined 
at SPIE Optics + Photonics 2013, 25-29 August 
in San Diego, CA (USA). More than 4500 
attendees will have access to more than 3200 
papers on the latest research in emerging 
optics and photonics technologies as well as 
technical and networking events, a three-day 
industry exhibition, job fair, and professional 
development activities for students.
 In sessions open to all attendees, 19 plenary 
speakers discuss technologies covered by the 
four symposia: NanoScience + Engineering; 
Solar Energy + Technology; Organic Photonics 
+ Electronics; and Optical Engineering + 
Applications.
 Plenary speakers will include SPIE Fellow and 
2013 SPIE Gold Medal recipient Federico Capasso 
of Harvard University (USA) and SPIE Fellow 
and former SPIE president Joseph B. Houston of 
Houston Research Associates (USA).
 Capasso, co-inventor of the quantum cascade 
laser, will speak on “Molding Optical Wavefronts: 
Flat Optics based on Metasurfaces.” Houston and 
colleagues will discuss in two presentations the 
optical technologies behind the Red Bull Stratos 
Project, a record-breaking “skydive” from the 
stratosphere. 

Are we alone?
 Two symposium-wide plenary sessions and 
other presentations will highlight ongoing 
research in astronomy and optics technologies.
 Asteroids and comets that cross Earth’s orbit 
could have severe consequences to our planet 
and its inhabitants if they impact the Earth. 
Most of the strategies proposed for dealing with 
these potential hazards entail dedicated missions 
to eradicate each object. One of those missions 
includes the Directed Energy Solar Targeting of 
Asteroids and exploRation (DE-STAR), a solar-
powered, modular-phased array of lasers designed 
to heat the surface of possibly threatening objects 
to the point of evaporation.
 In his plenary talk, “DE-STAR: A Planetary 
Defense and Exploration System,” Philip M. Lubin 
of the University of California, Santa Barbara 
(USA), will discuss this orbital planetary defense 
system that could ward off potentially dangerous 
objects in space.
 The Kepler Mission, NASA’s undertaking to 
search for potentially habitable planets, will be 
the topic of a plenary talk by Jon Jenkins of the 
SETI Institute at NASA Ames Research Center 
(USA). Jenkins will discuss the challenges of 
designing and building the Kepler photometer 
and its software systems along with the fl ood of 
data that Kepler has gathered since its launch in 
March 2009. Kepler’s accomplishments include 
discovery of more than 2700 candidate planets.
 Despite a major malfunction to the spacecraft 
in May, scientists still have about two years’ worth 
of data to examine.

EVENTS

Annual meeting
and events for
SPIE members
The Annual General 
Meeting of SPIE 
will be held at the 
San Diego Marriott 
Marquis and Marina 
at 6 p.m., Tuesday, 27 
August, during SPIE 
Optics + Photonics. 
Topics will include the 
results of the 2013 
SPIE election, a report 
on the “State of the 
Society,” and a Q & 
A with SPIE offi cers. 
All SPIE members are 
encouraged to attend.

The meeting will 
be followed by 
a members-only 
reception at 7 p.m.

New Fellows will be 
introduced at the SPIE 
Fellows luncheon 
earlier in the day. 
Harry Atwater of the 
California Institute of 
Technology (USA) will 
give a presentation on 
the past, present and 
“abundant future” of 
solar energy. Fellows 
planning to attend 
are asked to RSVP 
to Brent Johnson at 
brentj@spie.org

The SPIE Senior 
Member breakfast 
and the 2013 Annual 
Awards banquet will 
be Wednesday, 28 
August. Learn more 
about award winners 
elsewhere in this 
issue.
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In another astronomy-related talk, Roger C. 
Wiens of the Los Alamos National Lab (USA) 
will discuss the laser-based remote-sensing device 
on the Curiosity Rover in the Optical Engineering 
+ Applications plenary session.

Red Bull Stratos skydive
 The plenary session on Tuesday 27 August will 
be chaired by Houston and SPIE President-Elect 
H. Philip Stahl of NASA’s Marshall Space Flight 
Center (USA). 
 A pioneer in telescope design, fabrication, 
and testing for more than 50 years, Houston 
contributed to the Stratos Project as an 
optical engineering resource expert. Houston 
will explain how the Stratos Project enabled 
Austrian Felix Baumgartner to skydive from 
127,852 feet in October 2012, becoming the 
first person to break the sound barrier in free 
fall. 
 Then, Stratos Project team members Dennis 
Fisher of Genesis Applied Imaging (USA) and 
Jay Nemeth of FlightLine Films (USA) will detail 
the work of the optical imaging scientists who 
spent more than four years developing and testing 
the necessary systems and equipment to capture  
Baumgartner’s historic leap.
 The group from FlightLine Films that 
brought the launch and imaging tracking 
vehicle f rom the project to IS &T/ SPIE 
Electronic Imaging in February will bring the 
vehicle to the exhibition floor during SPIE 
Optics + Photonics to show how they captured 
the skydive on camera.

New developments in plasmonics
 SPIE Fellow Naomi Halas of 
Rice University (USA), one of 
the world’s most-cited experts in 
nanophotonics and a pioneering 
researcher in the fi eld of plasmonics, 
will give a keynote presentation at 
the Plasmonics: Metallic Nanostructures and 
Their Optical Properties conference. 
 Her presentation, “Light-induced liquid-vapor 
phase transitions: solar steam generation using 
nanoparticles,” will cover groundbreaking 
technology that uses nanoparticles to convert 
solar energy directly into steam. First unveiled by 
Halas in 2012, this “solar steam” method produces 
steam from cold water. The technology is designed 
for future sanitation and water-purification 
applications in the developing world.
 Halas, a professor of biomedical engineering, 
chemistry, physics, and astronomy who was 
recently elected to the U.S. National Academy of 
Sciences, will also chair a session on plasmonic 
enhancement in the conference, which will 
feature presentations on metal plasmonic 
nanoparticle arrays, plasmonic nano-antennas, 
and nanoplasmonic Fano resonances.

Women in Optics: Fitting in
 The speaker at the SPIE Women 
in Optics presentation and reception 
on Monday 26 August will be Kathy 
Perkins, director of PhET Interactive 
Simulations at University of 
Colorado Boulder (USA). The PhET 

EVENTS

Student events
Students at SPIE 
Optics+Photonics 
have an opportunity 
to meet peers and 
professionals in the 
fi elds of optics and 
photonics beginning 
Saturday 24 August at 
the Student Chapter 
Leadership Workshop.

The Optics Outreach 
Olympics on Sunday 
25 August will feature 
networking and 
learning opportunities 
during a friendly 
competition among 
SPIE Student Chapters 
who have developed 
optics and photonics 
educational outreach 
projects.

At the Lunch with the 
Experts on Monday 
26 August, students 
can enjoy a casual 
meal with colleagues 
and professionals who 
share their experiences 
in choosing a career 
path in optics and 
photonics.

Student Chapter 
exhibits, many on 
programs to increase 
science awareness 
and literacy, will be 
grouped together in the 
exhibition hall Tuesday 
through Thursday. 

For more information, 
email students@spie.
org

Stratos Project
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(Physics Education Technology) program creates 
free, interactive, research-based simulations of 
physical phenomena where students can engage 
in scientist-like exploration to make sense of the 
underlying science. 
 The 127 simulations cover physics, chemistry, 
biology, mathematics, and other areas. The 
simulations are used more than 40 million times 
a year by students from grade school through 
graduate school worldwide.
 In, “Finding the Right Fit: From Atmospheric 
Scientist to Educating the Next Generation of 
Scientists Worldwide,” Perkins will discuss her 
current work with PhET as well as career path 
ideas and lessons.
 Attendees will learn how science education 
is changing based on the latest research on how 
students learn.
 “It’s an exciting and rewarding time to work in 
science education,” says Perkins, who was profi led 
in the 2013-14 SPIE Women in Optics calendar. 
“Leveraging new technologies, PhET’s interactive 
simulations are transforming how science is taught 
and learned in classrooms across the U.S. and all 
around the world.”

Tribute to H. John Caulfi eld
 On Wednesday 28 August, an all-day special 
conference will pay tribute to the late H. John 
Caulfi eld’s pioneering contributions to holography 
and information optics with some 20 papers 
pertaining to the many areas of research in which 
Caulfi eld excelled. 
 Caulfi eld, an SPIE Fellow, fi rst joined SPIE in 
1970 and served in several roles including secretary, 
symposia committee vice president, and editor of 
SPIE’s fl agship journal, Optical Engineering. His 
accomplishments were acknowledged by SPIE 
with the President’s Award (1977), the Directors’ 
Award (1984), and the Dennis Gabor Award 
(1994).
 In 2005, he received the SPIE Gold Medal 
in recognition of his numerous contributions 
to holography, imaging, optical computing, and 
optical logic. His numerous inventions include 
local reference beam holography, coherence-
gated imaging, generalized matched fi lters, optical 
linear algebra, fuzzy optical metrology, artifi cial 
color, and passive conservative interferometric 
logic gates.
 In a 2005 article on Caulfield in SPIE’s 
oemagazine, John L. Johnson, then command 
group science adviser for U.S. Army Europe who 
collaborated with Caulfi eld on projects in the 
1990s, spoke of what he called “The Caulfi eld 
Approach.”
 While giving a lecture Johnson attended, 

Caulfi eld had drawn a circle on the blackboard 
and told the attendees: “This is the area of all of 
the knowledge Man has discovered.” Caulfi eld 
then “drew a dot on the board, far away the circle, 
Johnson said. 
 “By processes of creativity, perhaps the 
subconscious, or by some inspiration, we have a 
new idea, and it is out here, not connected to the 
general body of knowledge,” Caulfi eld said. “So 
we jump, landing in this new place apart from 
all that we have known before. What do we do?” 
Caulfi eld then drew a long wavering line from the 
isolated point back to the circle. “We reason our 
way back and connect our idea to everything else.” 
 Caulfi eld next drew an arrow pointing from the 
body of knowledge to the new point. “But what 
we publish is this,” he said. “The logical path 
that steps us to the new place in well-connected 
links. Everyone thinks we did it by extraordinary 
reasoning, plodding across one tightly-reasoned 
link to the next, while in fact we soared across 
the empty space!” 
 “What John did not say,” Johnson said, “was 
that when most people soar, they land in places 
that you can’t connect back to the big circle. 
John’s fl ights land in the right places, and that is 
one of his great gifts.”

Life in the Cosmos
 In the continuing search for life on other 
planets, SPIE Fellow Richard B. Hoover, an 
astrobiologist at Athens State University (USA) 

SPIE Optics + Photonics 2013
t Continued from page 45
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Federico 
Capasso, 
Harvard 
University (USA)

Philip M. Lubin, 
University of 
California, 
Santa Barbara, 
(USA)

Plenary 
Speakers

Symposium-wide 

Jon Jenkins, 
SETI Institute, 
NASA Ames 
Research 
Center (USA) 

NanoScience + 
Engineering

Solar Energy + 
Engineering

Nikolay I. 
Zheludev, 
University of 
Southampton 
(UK) and 
Nanyang 
Technological 
University 
(Singapore)

Scott 
Burroughs, 
Semprius 
(USA)

Susumu 
Noda, Kyoto 
University 
(Japan)

Andrew J. 
Ferguson, 
National 
Renewable 
Energy Lab 
(USA)

Thomas J. 
Bialek, San 
Diego Gas & 
Electric Co. 
(USA)
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EVENTS

and the Buckingham Centre for Astrobiology (UK), has led 
scientifi c expeditions to search for microbial extremophiles, 
organisms that can live in extreme conditions. Hoover’s work 
shows that there really could be something out there.
 On Tuesday 27 August ,  Hoover  and Chandra 
Wickramasinghe, director of the Buckingham Centre, will 
convene a panel of well-known speakers in the popular “Life 
in the Cosmos” session. This year’s panel will review recent 
discoveries in astronomy, microbiology, and astrobiology and 
discuss their implications with the audience.
 In preparation for the Life in the Cosmos discussion and 
other astronomy related sessions, all registered attendees are 
invited to attend the welcome reception and “Star Party” on 
Monday evening, 26 August to view the San Diego night sky. A 
variety of telescopes set up by the San Diego Astronomy Club 
will be available for those who want to learn about different 
styles of telescopes, share their interest in astronomy, and join 
in the continuing search for what’s out there.

Professional development and courses
 More than 40 courses and workshops for students, 
experienced researchers, educators, and others are available 
during the week.
 In addition to half-day, whole-day, and multiple-day courses 
on optical design, metrology, nanoscience, astronomical 
instrumentation, and related topics, new courses will cover 
the proper care of optics, lens design methods, spectroscopic 
ellipsometry, and introductory electro-optical design. Cost and 
credit availability vary.
 For those interested in career advancement, networking 
and other free events include an informal session on Tuesday 
on how SPIE involvement can enhance your career and a 
professional-skills workshop for students and early-career 
professionals on Sunday morning.
 More information: spie.org/op 
 Follow the news from San Diego: spie.org/opnews. 

–Karen Thomas, SPIE staff. 

Plenary Speakers

Signal, Image, and 
Data Processing

Stephen 
Aylward, 
Kitware (USA)

Roger C. Wiens, 
Los Alamos 
National Lab 
(USA)

Optical Engineering 
+ Applications

Organic Photonics + 
Engineering

Remote Sensing

Joseph B. 
Houston, 
Houston Research 
Associates (USA)

Dennis Fisher, 
Genesis Applied 
Imaging (USA)

Jay Nemeth, 
FlightLine Films 
(USA)

Omrane Fadhel, 
Novaled 
(Germany)

Tobin J. Marks, 
Northwestern 
University (USA)

Z. Valy Vardeny, 
University of 
Utah (USA)

Martin P. 
Pfeiffer, Heliatek 
(Germany)

Gail E. Bingham, 
Utah State 
University (USA)

Mark Schoeberl, 
Science and 
Technology 
Corp. (USA)

on a Project

Help SPIE Make a Difference

In 2012, SPIE provided over $3.2 million in support of 
education and outreach programs. Visit the Photonics 
for a Better World Pavilion at SPIE Optics + Photonics 
and cast your vote on an outreach project for SPIE 
to fund.
www.spie.org/altruism
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24 August: SPIE Student 
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25 August: SPIE Optics 
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26 August: SPIE Women in 
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27 August: SPIE Annual 
General Meeting and 
members’ reception
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Center Job Fair 
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Create your schedule with the SPIE Conference App for iPhone and 
Android. The mobile app is available at spie.org/mobile and at the 
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conference (Portugal)
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