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SPIE will launch the Journal  
of Medical Imaging (JMI) in  
early 2014.
Maryellen Giger, Editor-in-chief

JMI covers fundamental and trans-
lational research and applications 
focused on photonics in medical 
imaging, which continue to yield 
physical and biomedical advance-
ments in early detection, diagnos-
tics, and therapy of disease, as well 
as in the understanding of normal.

JMI will be published online and in 
print, with free access to the online 
version through 2015. 

SPIE.org/JMI

SPIE will launch the Journal 
of Astronomical Telescopes, 
Instruments, and Systems (JATIS)  
in mid-2014.
Mark Clampin, Editor-in-chief

JATIS publishes peer-reviewed 
papers reporting on original 
research in the development, test-
ing, and application of telescopes, 
instrumentation, techniques, and 
systems for ground- and space-
based astronomy.

JATIS will be published online and 
in print, with free access to the 
online version through 2015. 

SPIE.org/JATIS

SPIE will launch Neurophotonics  
in mid-2014. 
David A. Boas, Editor-in-chief

At the interface of optics and 
neuroscience, Neurophotonics 
covers cutting-edge technological 
advances and the impact 
on neuroscience and clinical 
applications.

Neurophotonics will be published 
online and in print, with free ac-
cess to the online version through 
2015.

SPIE.org/Neurophotonics

If you design telescopes, develop  
imaging techniques to detect disease,  
or use light to study the brain,   
SPIE now has the journal for you.

Submit your paper today.
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I believe that personal success 
depends less on one’s intellect 
and more on one’s abi l it y to 

c om mu n ic ate  one ’s  k nowle d ge 
and collaborate with others. If you 
know me, it is probably because you 
read something I wrote or heard a 
presentation I gave. 
 The odds are that it was an SPIE 
proceedings paper or presentation. 
 SPIE was in large part founded to 
meet the need of practicing engineers 
and application researchers to collect 
transient knowledge and practice and 
archive it for future use.
 The history of my professional career is contained in 
more than 150 proceedings papers, fewer than a dozen 
journal papers, and several trade-journal articles. I 
proudly cherish each one. 
 While the trade-journal articles provided me with 
the most recognition, the conference proceedings 
papers have been the most valuable for my career. 
They served as a “forcing function” to help me 
formulate, organize, and consolidate my thoughts, 
and they allowed me to explain something I had 
learned or a problem I had solved.
 It has only been in the last 10 to 15 years that I have 
taken the extra step of expanding my proceedings 
papers into journal papers. As someone who has 
reviewed papers and had papers peer reviewed, I can 
testify that there is no better form of peer review than 
presenting a paper in front of 100 of your colleagues 
and competitors. 

DOCUMENTING RESEARCH
 As a manager, I have found proceedings papers 
to be a great tool for documenting work at a level 
of detail beyond that of PowerPoint charts. The 
opportunity for my engineers to attend a conference 
to share their work provides me with the only 
motivational tool needed to get the paper written. 
Also, after spending millions of taxpayer dollars 
to create new knowledge, sending an engineer to 
a conference is a small cost to capture and make 
permanent that knowledge gain.  
 But I have a confession. Once I gave a presentation 
that people cited as having articulated a “rule” that 
one cannot successfully scale up an existing mirror 
technology by more than three times. 
 Well, I was busy and I did not complete the 
proceedings paper. As a result, that work is lost to 
history and I have no way to cite my “rule.”
 Early in my professional career, I presented my 
work at meetings for which there were no written 
proceedings. As a result, all of my ammonia-crystal-
scattering master’s research is lost to history as well 
as much of my early optical testing/metrology work, 

PRESIDENT’S LETTER

Publish and cherish
including a cellular, autonomous, 
phase-unwrapping algorithm.

CONNECTING WITH 
COMMUNITIES
 One of the joys of being SPIE 
President is connecting with our 
technical communities. 
 In December 2013, I visited with 
the Australian nano- and micro-
optics community in Melbourne 
and helped celebrate the Australian 

Optical Society’s 30th Anniversary in Perth. 
 The best part about these visits is the opportunity 
to recognize the excellence of our members. In 
Australia, I presented the SPIE best student paper 
award to SPIE member Kelsey Kennedy. 
 In February, I attended Photonics West, the 
largest laser and photonics event in North America 
and the largest event for our bio-optics community. 
I welcomed industry leaders at the annual Prism 
Awards for Photonics Innovation banquet and 
presented the SPIE Startup Challenge awards, 
sponsored by SPIE corporate member Jenoptik. 
 Also, it was my pleasure, on behalf of all SPIE 
members, to present a check to the University of 
Arizona College of Optical Sciences to establish an 
SPIE-endowed Graduate Student Scholarship in 
Optical Science. 
 Moreover, it was my privilege to recognize our 
newest Senior and Fellow members. These members 
are recognized by their peers not only for their 
exceptional professional achievement, contributions 
to the optics community, and service to SPIE, but also 
for their future contributions. 
 In March, I  helped celebrate the Optical Society 
of India’s 50th anniversary. 
 And in October, I plan to join my other alumni in 
celebrating the 50th anniversary of the University of 
Arizona’s College of Optical Sciences.
 I look forward to connecting with the defense 
community in Balt imore and the astronomy 
community in Montreal. .

H. Philip Stahl 
2014 SPIE President

How will you celebrate the 
International Year of Light 
(IYL) in 2015?

We all know that light is 
fundamental in human 
activities and that optics and 
photonics are essential for 
the future development of 
our society.

The UN’s declaration of 
the IYL is an important 
opportunity for us to 
communicate the importance 
of light and light-based 
technologies to both the 
public and to policy makers.

The IYL will celebrate the role 
of light from photoemission 
to photosynthesis, from art to 
architecture, from physics to 
philosophy. 

SPIE, a founding sponsor of 
the IYL, needs you to make 
light more visible and, more 
importantly, appreciated. 
What will you do to help with 
this important celebration? 
How can you participate?

Go to spie.org/IYL 
to get involved.

There is no better form of peer 
review than presenting a paper in 
front of 100 of your colleagues and 
competitors. 
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Taking the pulse 
of the photonics industry
Photonics West exhibitors worth $84 billion in core photonics sales

People who work in the photonics industry 
received mostly positive indicators about 
the future of the industry at SPIE Photonics 

West this year.
 An expanded industry program that included 
workshops and panel discussions about financing 
biophotonics startups, protecting intellectual 
property, and other technology-transfer topics, along 
with a sold-out exhibition, served to fuel an optimistic 
view of the photonics market and its economic impact. 
 And on the last day of the week-long event in 
February, SPIE industry and market strategist 
Stephen Anderson gave exhibitors a sampling from 
an ongoing market analysis by SPIE that shows the 
combined annual contribution to the global photonics 
market of the companies at Photonics West totals 
more than $84 billion.
 Anderson, who spoke at several industry events 
during the week, said new industry data analyzed 
by a team at SPIE indicates that Photonics West and 
BiOS Expo exhibitors represent about 18% of the 
global photonics product market, estimated at $480 
billion, and employ some 337,000 people. 
 The strong photonics market and employment 
figures are a sign of the industry’s resiliency through 
a time of economic upheaval throughout the world, 
said Eugene Arthurs, SPIE CEO.
 “We have the great fortune to be working in a 
vibrant area of science and technology, in a field that 
is expanding in so many ways, on so many fronts,” 
Arthurs said.

CORE OPTICS FIRMS AT EXHIBITION
 The SPIE market analysis was based on 1008 
exhibitors at the Moscone Center in San Francisco 
whose sales and employee data are compatible with 
the Dun & Bradstreet business information database 
(out of a total 1506 exhibitors). Anderson said the 
study, which focused only on exhibiting companies 
producing core optics and photonics components, 
excluded educational institutions, government labs, 
and other exhibitors that don’t make or ship optics 
and photonics components. 
 The SPIE team reviewing the company data 
from 2012, the latest year available, also created a 
“photonics factor” to pro-rate company revenues 
and employment information based on estimates of 
actual photonics-related sales.
 The data indicates that 40 out of the 1008 firms at 
Photonics West had photonics revenues exceeding 
$500 million and accounted for more than three-
quarters of the $84 billion in sales. Anderson noted 

the “long tail” of the photonics industry was evident 
in the data: No fewer than 757 companies with annual 
revenues below $10 million accounted for just 2.5% 
of the total.
 Of the 337,049 employees working for those 
exhibiting companies, 131,000 are in the US, he said. 
Japan ranks second in employment, with 121,000. 
French exhibitors were third on number of photonics 
jobs with 28,500, just ahead of Germany with 26,000.

PHOTONICS STILL STRONG
 Photonics West drew a record 21,360 registered 
attendees from 1-6 February, with more than 4700 
presentations and industry sessions that provided 
ideas for those looking to commercialize new 
technology.
 Pointing to these and other SPIE programs to 
help researchers transfer their technology into life-
enhancing products and services, Arthurs noted that 
“It is a source of great satisfaction that many of the 
technologies underpinning the medical advances 
and photonics economy of today were nurtured in 
SPIE meetings.” 
 At the Startup Accelerator Forum, for instance, legal 
and financial experts gave would-be entrepreneurs 
adv ice on patent protect ion, nondisclosure 
agreements (NDAs), and other IP-related topics 
that help scientists bridge the gap between basic 
research and commercial product development. At 
another session on photonics entrepreneurship, three 
photonics insiders gave job interviewing tips and a 
crash-course in feasibility analysis. 

EXECUTIVES SEE GROWTH
 A panel of seven executives at yet another session 
during the week offered a consistently upbeat view 
of photonics markets and their near-term potential.
Healthcare and the various markets for sensors were 
repeatedly cited as areas of impressive growth in the 
past year and good prospects for the coming year. 
 Arthurs agreed. “I believe that Photonics West 
2014 offers a window on some key opportunities 
for future business and for advances in the war on 
disease,” he said.
 While panelists said the automatic government 
spending cuts in the USA known as sequestration 
did impact the defense industry in particular, some 
companies were less affected than anticipated. 
 Rick Plympton, CEO of Optimax, even looked at 
the cutbacks in a positive light, saying “sequestration 
is going to realign defense spending.” The industry 
will have an advantage in the new era, as government 

INDUSTRY

Optoelectronics & 
Communications 

Stephen Anderson

JOIN THE  
SPIE GROUP  

ON LINKED IN:  
bit.ly/SPIELinkedIn
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looks for cost savings that can be enabled by 
photonics, he said.
 Tim Day, CEO and cofounder of Daylight Solutions, 
echoed the sentiment. A detailed analysis of lifecycle 
costs will be a part of any defense acquisitions, and 
“photonics has a distinct 
advantage” when that is 
factored in, he said.
 When asked where 
the opportunities lie in 
the years ahead, almost 
everyone on the panel 
mentioned life science 
and healthcare. Dirk 
Rothweiler, executive 
vice president of optical 
systems at Jenoptik, also cited the proliferation of 
“ambient intelligence.” Beyond the desktop or laptop 
computer, he said, semiconductor manufacturing is 
benefiting from consumer items with programmable 
displays. And the automotive industry, he said, 
continues to be an important market, including 
photonics in displays, ambient lighting, and potentially 
even self-driving cars.
 An audience member asked what disruptive 
technology worries them as a threat to their business 

and markets, but most analysts had a hard time 
coming up with an answer. Day’s response to the 
question was to point out that it’s actually photonics 
that is the disruptive technology.
 “There’s so much opportunity; I see growth,” 

said Jerry Jurkiewicz, 
president of IDEX. “If 
all of us on this stage 
organize our companies, 
our talents, and our 
technology on those 
opportunities, I think 
the positive side of the 
ledger so far outweighs 
the negative side, that I 
do not lose sleep at night 

in this industry.”
 While there are opportunities all around the 
world, Dennis Werth, the senior vice president of 
the Photonics Group at Newport, said that he would 
bet on the US as the place that will produce the next 
big thing. He cited Google, Amazon, and eBay as 
examples of successful innovators.
 “This country just has a repeated history of 
creating whole new industries,” he said. “You just 
don’t see that anywhere else.” .

Exhibitors at the BiOS Expo and 
the main Photonics West exhibition 
generate $84 billion in sales of core 
photonics components annually 
and employ some 337,000 people.

INDUSTRY

SPIE PHOTONICS 
WEST WILL 
RETURN TO SAN 
FRANCISCO 7–12 
FEBRUARY 2015.

SEE PAGES 
36–39 FOR MORE 
HIGHLIGHTS 
FROM PHOTONICS 
WEST 2014

TO SEE DAILY 
BLOG ENTRIES:
spie.org/pwnews

TO READ 
COPIES OF THE 
PHOTONICS WEST 
SHOW DAILY, GO 
TO optics.org/
showdaily
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Photonics innovators
celebrate 2014 Prism Awards
Industrial group Hübner of Germany won two Prism Awards for 

Photonics Innovation for 2014, and seven other companies from 
five countries received the prestigious awards for innovative 

new tools that improve the accuracy of medical devices, expand the 
capabilities of 3D printing and manufacturing systems, and enable 
the next generation of 3D video projection.
 Sponsored by SPIE and Photonics Media, the annual awards 
recognize photonic products that break with conventional ideas, 
solve problems, and improve life through the application of light-
based technologies. The awards ceremony at SPIE Photonics West 
was attended by 340 industry executives, analysts, technologists, 
and investors from around the world.
 Hübner won in both the scientific lasers section for its C-WAVE 
optical parametric oscillator and in the defense and security category 
for its T-Cognition terahertz spectrometer. The first T-Cognition 
system is about to be installed in a prison in Germany.
 Also picking up awards were Si-Ware Systems of Egypt, whose tiny 
MEMS-based Fourier Transform infrared spectrometer shrinks a 
product that has historically been the size of a kitchen appliance into 
a device about the size of a postage stamp. Si-Ware, which claimed the 
prize for test, measurement, and metrology, licensed the single-chip 
spectrometer to Japan’s Hamamatsu Photonics in 2013.
 Other winners included medical imaging firm AccuVein, whose AV400 
system displays a vascular map on the surface of the skin in real time, and 
SPIE Corporate Member Tornado Spectral Systems, whose OCTANE-860 

on-chip spectrometer for compact optical 
coherence tomography (OCT) applications first 
appeared at the BiOS Expo in 2013.

 Another 2014 Prism Award recipient to have made its debut at SPIE 
Photonics West in 2013 is Nanoscribe’s “Photonic Professional GT” 
3D nanoprinter, which won in the advanced manufacturing category. 
 NECSEL won for its frequency-converted green laser array; 
V-Gen claimed the industrial lasers prize for its short-pulse master-
oscillator power amplifier; and Compass-EOS won in optics and 
optical components.

BRINGING IDEAS TO MARKET
 The winners in nine categories were determined by a panel of 
expert judges and announced by presenters from companies across 
the photonics industry.
 “Our Prism Awards recognize the outstanding products that have 
emerged from ideas, concepts, and the distillation of networking 
at previous conferences,” SPIE CEO Eugene Arthurs said. “Smart, 
persistent believers ensured that these ideas survived the valleys of 
desolation and have come to market. 
 “I compliment and thank our judges for their dedication to studying 
the many submissions, selecting finalists, and the difficult task of 
picking winners from so many winners.”
 Photonics Media CEO Tom Laurin also praised the winners’ 
creativity. “It is our great pleasure to collaborate annually with SPIE 
to present the Prism Awards, and we congratulate the 2014 winners 
and all the finalists,” he said. 
 “It is wonderful to witness the ongoing innovation from companies 
that have been part of the industry for years, as well as to support 
the emerging organizations and individuals shaping the future of 
the photonics industry.”

Members of the Hübner team celebrate their double win.
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 The deadline for entries for the 2015 Prism Awards for Photonics 
Innovation will be 10 October. 
 More information: photonicsprismaward.com.

WINNERS IN EACH CATEGORY FOR 2014:

ADVANCED MANUFACTURING

Nanoscribe (Germany)
The Photonic Professional GT (PPGT), based on two-photon 
polymerization (TPP) in combination with ultra-high precision galvo 
technology, is the most accurate and fastest 3D laser-lithography 
system commercially available. The automated tabletop printer is 
used by researchers 
in key technologies 
such as photonics, life 
sciences, medicine, 
f luidics, electronics, 
optics, and mechanical 
metamaterials. The 
3D printer includes a 
user-friendly software 
package and an easy 
CAD import via DXR and STL file formats. Presenter was Homer 
Antoniadis, global technology director, DuPont.

DEFENSE AND SECURITY

Hübner (Germany)
T-COGNITION is a stand-alone terahertz spectrometer that 
automatically detects and identifies hazardous substances in mail. 
It was developed in collaboration with Fraunhofer IPM and is 
designed for public security in prisons, embassies, and other critical 
infrastructures. The patented 
software operates in an almost 
water-free atmosphere without an 
external supply of dry air, nitrogen, 
or other purging gases. Presenter 
was SPIE Fellow Jacobus “Jim” 
Oschmann, vice president and 
general manager of Civil Space and 
Technology at Ball Aerospace.

DETECTORS, SENSING, IMAGING, AND CAMERAS

Tornado Spectral  
Systems (Canada)
The OCTANE-860 (Optical Coherence 
Tomography Advanced Nanophotonic 
Engine) is a small, inexpensive, and 
robust spectrometer on a si l icon 
chip designed for full-featured OCT 
imaging. Its disruptive nanophotonic 
platform is the first of its kind to harness 
the scalability of integrated optics in OCT imaging. Presenter was 
SPIE Secretary-Treasurer Brian Lula, president and CEO of PI 
(Physik Instrumente).

INDUSTRIAL LASERS

V-Gen (Israel)
The VPFL-ISP-1-40-HE-50000 
is a ytterbium fiber laser with 
a short pulse width, high peak 
power, and high pulse energy. 
It dr i l ls, cuts, scr ibes, and 
contours diverse materials such 
as silicon, metals, and plastics, 
supporting touch-panel displays, PCB manufacturing, and the 
solar-cell, electronic, and automotive industries. Presenter was 
SPIE Fellow Reinhart Poprawe, director of the Fraunhofer-Institut 
für Lasertechnik.

Life Science and Biophotonics

AccuVein (USA)
The AV400 Vein Viewing System is a handheld, 
augmented-reality laser camera that detects 
and projects a vein map on a patient’s skin. 
It uses hemoglobin’s IR absorption and an 
arrangement of scanned lasers to detect and 
re-project a vein map directly onto a patient’s 
skin. The device weighs less than 10 ounces 
and is designed to be non-contact, accurate, 
permanently aligned, and movement tolerant. 
Presenter was Babak Parviz, Google Glass 
project lead, Google X, and University of 
Washington.

OPTICS AND OPTICAL COMPONENTS

Compass Electro-Optical 
Systems (USA)
The r10004 Router is the 
f irst design to allow for a 
full mesh architecture and 
an ASIC-to-ASIC link using 
an optical interconnect. The 
router can create a direct, 
silicon-to-photonics link and 
its switchless architecture 
can be redesigned with optical 
interconnects, resulting in 
improved size (6 RU), weight, power, and bandwidth. It is 
designed for service providers (internet, mobile, cable), data-
center operators, and high-performance computing. Presenter was 
SPIE Fellow Mario Paniccia, general manager of silicon photonics 
operations at Intel.

Continued on page 10  
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OTHER LIGHT SOURCES

Necsel (USA)
The Frequency Converted Green Laser Array offers the first RGB laser 
solution in 3D digital cinema projection. The array is four times brighter 
than the single lamp-based projector, allowing the use of a single 
laser-based projector instead of the pair of lamp-based projectors 
currently used in 3D cinema. The lasers use roughly half 
the electricity of a conventional lamp, reducing the waste 
associated with lamp replacement. This laser technology was 
developed to eventually replace high-power Xenon lamps and 
enable new lighting applications. Presenter was Barbara Paldus, CEO 
of Finesse Solutions.

SCIENTIFIC LASERS

Hübner (Germany) 
The C-WAVE is the first coherent continuous-wave source able to be 
tuned across the visible range without change of materials. It was 
developed in collaboration with Fraunhofer IPM and is designed for 
researchers in fundamental and applied sciences who depend on widely 
tunable, continuous-wave sources such as in precision spectroscopy, 
quantum optics, material analysis, and photochemistry. Presenter was 
Gisele Maxwell, CEO of Shasta Crystals.

TEST, MEASUREMENT, AND METROLOGY

Si-Ware Systems (Egypt)
The MEMS FT-IR Spectrometer is the first alignment-free, calibration-
free, and shock-resistant Fourier Transform-IR module on a chip scale. 
The module can be integrated into a wide variety of systems for qualitative 
or quantitative material-analysis applications in the environmental, 
healthcare, agriculture, food and beverage, industrial, pharmaceuticals, 
petrochemicals, and law enforcement fields. Presenter was Paul Johnson, 
executive director of global optics, Photop Technologies. .

Lasers

Moore’s Law repealed 
SPIE Fellow Chris Mack, the self-described “Litho 
Guru” and editor-in-chief of the Journal of Micro/
Nanolithography, MEMS, and MOEMS, declared 
the end of Moore’s Law in a toast with attendees of 
SPIE Advanced Lithography in February.
 Mack had predicted at the 2013 SPIE Advanced 
Lithography symposium that continued scaling 
of transistors to reduce cost would end on 
Wednesday, 26 February 2014, just before the 
poster session.
 With a crowd at the San Jose Convention Center 

in California waiting for the start of the poster session, Mack announced, “My prediction has come true.”
He then lifted a beer and declared, “Moore’s Law is over. Long live Moore’s Law.”
 The term refers to the trend described by Intel cofounder Gordon E. Moore in 1965, that the number of 
transistors on integrated circuits doubles approximately every two years.
SPIE.TV captured Mack’s toast live. See the video at youtu.be/IBrEx-FINEI. 

PHOTONICS INNOVATORS

t Continued from page 9

Industry 
perspectives
on SPIE.TV
SPIE.TV captured many 
of the multimedia 
presentations from SPIE 
Photonics West plenary 
sessions and BiOS Hot 
Topics in February. They 
are available online at 
spie.org/PW14TV

Two talks in particular 
highlighted unique 
industry perspectives:

• Photonics21 and the 
European photonics 
industry (Michael 
Mertin, president 
and CEO of Jenoptik 
and president of 
Photonics21.

• The role of research, 
funding, and 
entrepreneurism in 
the clinical translation 
of optical coherence 
tomography (Eric 
Swanson, OCT pioneer 
and editor of OCT 
News) 
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Horizon 2020 program:
Support for small- and medium-sized businesses.

INDUSTRY

Funding for photonics-related projects under Horizon 
2020, the European Union’s new research and innovation 
program, will be spread across eight separate private-public 

partnership (PPP) programs, including one for photonics, that have 
been allocated €6.2 billion over the next seven years.
 And since a major goal of Horizon 2020 is to support innovative 
small- and medium-sized enterprises (SMEs), much of the 
photonics research and innovation 
will come under the themes of ICT and 
“Leadership in Enabling Technologies” 
(LEIT), or industrial leadership. 
 The Photonics PPP and the Factory 
of the Future (FoF) PPP are set to 
play key and early roles in the new 
funding program. The first calls for 
proposals released in December involve research on laser-based 
manufacturing, organic LED lighting, biophotonics, solid-state 
lighting, and other photonics technologies. 
 One funding opportunity, €18 million for development of novel 
materials and systems for organic LED lighting, has a deadline of 
23 April.
 Representatives from the European Commission’s Photonics 
Unit and Photonics21, who explained the photonics-related calls, 
award criteria, deadlines, and rules for participation at a meeting 
16 January in Brussels, will be on hand at SPIE Photonics Europe 
14-17 April to answer questions about the program. 
 The EC, which approved a total €80 billion budget for all research 
and innovation under Horizon 2020, has allocated approximately 
€100 million a year for direct photonics research under the 
Photonics PPP through 2020. 
 That €700 million for the Photonics PPP will be matched by a 
€2.8 billion investment from industry, for a total of €3.5 billion for 
information and communication technologies (ICT), biophotonics, 
microelectronics, energy, lighting, sensing, and other applied 
photonics topics through 2020.

PHOTONICS PROGRAM A ‘CROWN JEWEL’ 
 EC Commissioner Neelie Kroes has called the Photonics PPP “a 
crown jewel of Horizon 2020,” with more than 1000 representatives 
from the photonics sector playing a key role in advancing Europe’s 
competitiveness. The new Photonics21 Association will partner 
with the EC in the Photonics PPP and help define the research and 
innovation priorities in future calls. 
 Photonics funding opportunities falling under the other PPPs 
will focus on areas that are typically enabled by photonics such 
as manufacturing, robotics, high-performance computing, and 
energy-efficient buildings. The eight new research partnerships 
are expected to leverage a combined €6.2 billion of public funds to 
attract up to €60 billion in additional private investments.

 Photonics researchers can also expect to share in a portion of 
the €17 billion to be spent under the LEIT and ICT themes since 
photonics, as a key enabling technology, can play a direct and 
indirect role in building a skilled workforce and creating knowledge, 
competitiveness, and economic growth in Europe. 
 Topics under the ICT and LEIT themes in the calls opened in 
December include €28 million for photonics used in the screening 

of diseases and for sensing for safety 
and civil security as well as €8 million 
for an open-system architecture for 
solid-state lighting.
 The EU will also fund projects 
employing silicon photonics, graphene, 
robotics, optical interconnects, PVs, 
wireless networks, and fabrication of 

photonic integrated circuits (PICs).

GRANTS, PRIZES FOR PHOTONICS 
 Horizon 2020 replaces the Seventh Framework Programme 
for Research (FP7), which ran from 2007 to 2013 with a budget 
of around €55 billion. Its goal is to deliver results that make a 
difference in people’s lives. So funding proposals should include a 
statement on the expected impacts, especially solutions for some 
of society’s major challenges. 
 Other changes in the new funding program include a single set of 
rules covering all the projects, simpler rules for grants, improved 
rules on IP, and the possibility of accessing business/management 
coaching and risk financing. The main form of funding is the grant, 
then prizes, then procurement.
 With the first awards expected to be announced in September, the 
initial Horizon 2020 projects are expected to begin 1 January 2015.
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That €700 million for the Photonics 
PPP will be matched by a €2.8 
billion investment from industry

FOR MORE 
INFORMATION:
Horizon 2020 site:  
http://ec.europa.eu/
programmes/horizon2020/en/

Participant portal:  
http://ec.europa.eu/research/
participants/portal 

Photonics21:  
http://www.photonics21.
org/AboutPhotonics21/
Photonics21_Association.php 
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New sensing
symposium
debuts in May 

The newly established 
Sensing Technology + 
Applications symposium 
at SPIE DSS includes 38 
conferences on sensors 
and sensing technologies 
for health, industry, 
automotive, and the 
environment.

Topics will include 
spectral-imaging 
sensor technologies; 
sensors for extreme 
harsh environments; 
and dimensional optical 
metrology and inspection.

“The field of optical 
sensing is burgeoning,” 
says Robert Lieberman, 
president of Intelligent 
Optical Systems (IOS) and 
vice president of SPIE. 

“Fiber-optic sensing is 
migrating from high-value 
military applications to 
large-scale deployment 
in oil fields and optical 
biosensors are moving 
beyond medical 
applications into 
agriculture and food 
safety. Plasmonic- and 
metamaterial-based 
sensors are no longer 
theoretical possibilities, 
but are being fabricated,” 
he said.

The event is 5-9 May in 
Baltimore (USA) and 
includes a 500-company 
exhibition and a job 
fair 6-8 May. For more 
information, see page 46 
or visit spie.org/sta. 

 With pollution monitoring, the breakthroughs 
have paired small semiconductor lasers with 
semiconductor chips that emit light at exactly the 
right wavelength to monitor one specific chemical, 
such as methane or acetone.
 “That’s going to wind up being very valuable,” 
Lieberman said.
 The applications below are a few favorites of sensor 
innovators. In every case, there are many more 
applications for each technology.

INSPECTING AND DIAGNOSING
 In Singapore, Wavelength Technology and the 
Singapore Institute of Manufacturing Technologies 
(SIMTech) have teamed up on dedicated infrared-
sensor systems. This collaboration has resulted 
in development of IR ellipsometry and laser-
calorimetry tools that are focused on advanced optics 
characterization.
 “Wavelength Technology, with its expertise in 
IR optics and components, is developing sensing 
tools that are instrumental for quality assurance of 
advanced optical thin-film coating,” said SPIE Senior 
Member Robert Huang, the company’s CEO.
 Wavelength Technology is also looking into new 
areas where IR optics can be applied. One such idea is 

From Singapore to San Jose, optical sensors 
are playing undreamed-of roles in industry 
and research. They monitor bridges from the 

inside. Spot storms from space. Look into at-risk 
cells. But hang on. They’re even reshaping sensor 
science.
 Up close, personal sensors such as a child’s “mood 
ring” can assess your emotions. A sugar-cube size 
sensor in a football or boxing helmet can measure 
brain waves, looking for signs of trauma. Sensors 
might be in your clothes, in your eyeglasses.
 All optical sensors, like the one in a cellphone 
camera, turn light into measurable energy. A sensor 
surface, about half your thumbnail in size, has 
millions of silicon semiconductors that respond to 
light as pixels, each perhaps three microns across. 
The sensor’s optics form it all into an image that can 
be displayed or stored. 
 Sensor innovators are using many optical 
technologies for a variety of applications to create 
the current boom in sensors.
 Some sensors produce free electrons when light 
strikes and are called photoemissive. In others, 
conductivity changes are measured – these are 
photoconductive sensors. Yet others turn light into 
a measurable voltage, as a photovoltaic panel would. 
 Analysis by humans or computers is often the key. 
New software can transform sensor data into advice 
to act on quickly.
 A major virtue of optical technology is that you 
don’t need to touch anything to make a measurement 
as the light travels out and back.
 “With laser ultrasound evaluation, you can easily 
look for cracks or other problem in car doors or 
airplane wings,” said Robert Lieberman, president of 
Intelligent Optical Systems (IOS) and vice president 
of SPIE. “You just zap it with a laser.”

Laser calorimeter

Continued on page 14  
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Huang, Eglash, Sieger, 
Abrams, Patel, Day, and 
Lieberman.
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to combine the flexibility of fiber lasers and advanced 
IR/thermal sensors or sensor arrays for making 
hand-held inspection tools for nondestructive testing 
in aerospace, marine, and other industries.
 Researchers envision a system where a fiber laser 
plays the role of a heat source with controllable input 
power, shape, and temporal characteristics. Thermal 
response is detected by an IR sensor, and a variety 
of signatures can help identify defective or abnormal 
regions by monitoring heat distribution in the region 
surrounding the laser spot. 
 For example, in the vicinity of a crack, the lateral 
heat pattern will be affected, while in the presence 
of corrosion under insulation, the time response of 
the surface temperature is used as a defect signature.
 SPIE member Uri Abrams, CEO of PD-LD, says 
he admires the fiber-optic sensors from Canadian 
company Verisante that perform noninvasive skin 
cancer (melanoma) detection, cell tagging, and 
sorting. The product, called Aura, won a Prism Award 
for Photonics Innovation in 2013.
 “It gives the dermatologist the ability to scan, say, 
300 marks worthy of interest and make a preliminary 
determination whether there’s reason for any concern 
about two of them,” Abrams said.
 A new sensor from California-based BaySpec has 
features to help monitor a conveyor belt in food 
inspection or the environment from a flying drone. 
The OCI-1000 and OCI-2000, two pocket-sized 
hyperspectral imagers, integrate the spectral-
dispersing element on an image sensor at the level 
of the chip itself.
 “This eliminates the need for expensive, bulky, 
and complex optics that are used on traditional 
hyperspectral imaging systems,” said Owen Wu, 
an applications scientist at BaySpec. The battery-
powered system weighs less than half a pound. 
The advanced OCI-2000 hyperspectral “snapshot” 
imaging sensor simultaneously disperses 2D images 
into multiple spectral bands. 
 “With just a simple snapshot like a conventional 
camera, the imager produces multispectral-image 
data cubes instantly,” Wu said. Such multispectral 
imaging at video rates can play roles in forensics and 
point-of-care diagnostics.

HARNESSING INVISIBILITY 
 At IOS, Lieberman predicts that metamaterial 
cloaking, which creates invisibility for certain 
molecules, will open doors to new medical devices. 
 “You will be able to buy hardware apps that you 
plug into a cellphone to let you make important health 
or pollution measurements or provide point-of-care 
medical testing. Sounds like pie  in the sky, but it’s 
on the way,” Lieberman said.
 IOS labs are working with neuroscientists at 
University of California, Los Angeles on a submicron-
scale nanosensor that can investigate what’s going 
on inside a cell. The probe, clearly smaller than a 

INDUSTRY

Biosensors
challenged by
stray light
Stray light may 
contribute to a wrong 
medical diagnosis 
when doctors use a 
noninvasive optics tool 
to look inside tissue. 

Hyperspectral imaging 
can provide lesion 
detection, find retinal 
disease, and observe 
blood as it flows, but 
the imager’s optical 
components that 
divide the broadband 
radiation into its 
spectral components 
are potential sources of 
stray light. 

The same problems arise 
in food inspection. SPIE 
member Bjorn Andresen 
at Acktar has solutions.

Mechanical baffles 
and absorbent black 
coatings within the 
optics housing of a 
sensor will minimize the 
effects of stray light.

Acktar’s coatings offer 
a reflectance of <1% 
from ultraviolet to long 
IR wavelengths, zero 
outgassing, and zero 
fluorescence.

Andresen’s motto: “To 
stay healthy, avoid stray 
light.”

Biomedical Optics
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cell, uses a single, very finely tapered optical fiber 
to make up to six different chemical measurements 
inside a living cell. 
 “You can tell how healthy the cell is. You can 
determine its oxygen use,” Lieberman said. “We can 
learn how neurons talk to one another.”
 Sensors are also important for monitoring highway 
and building infrastructure. Bridge rust can be 
costly to repair. One of PD-LD’s products can detect 
corrosion early inside a bridge, inch by inch. 
 PD-LD placed tiny sensors on the rebar in the concrete 
for the Riverside-Delanco Bridge, in New Jersey near 
Philadelphia, during construction of a new deck. The 
sensors are watching for signs of corrosion.
 “Instead of waiting for a huge pothole and having 
to repave the whole deck, we can know an exact spot 
to repair,” said Abrams of PD-LD. “We’d have to close 
the bridge for just a few hours.”

MONITORING ATMOSPHERIC GASES
 On the laser side of sensing, SPIE member Tim 
Day, CEO and cofounder of Daylight Solutions, says 
Daylight’s broadly tunable MIRcat, has uses from 
atmospheric monitoring to nanoscale imaging. 
 “It does it all, from one box,” Day said, “and there’s 
very good stuff in that box. It’s the only laser of its 
type with continuous wave (CW) output, for apps 
where you can’t use pulsed light,” Day said. 
 Laser sensors can detect pollutants such as 
nitrogen oxide (NOx), sulfur oxide (SOx), ozone, and 
methane; exhaled nitric oxide (NO), a biomarker for 
asthma; and glucose, the key analyte in diabetes.
 Nerve agents such as sarin and VX are detectable 
in the mid-IR, as are many explosives, including 
TNT and TATP. 
 These molecules absorb light at mid-infrared 
wavelengths (~3-20µm), and each molecule exhibits a 
unique spectral fingerprint within this region. This has 
resulted in an explosion of activity using mid-IR laser 
light for the sensitive detection and imaging of a wide 
range of molecules in numerous applications, Day said. 
 Other applications include biomedical diagnostics, 
process analytics, and fundamental scientif ic 
research. 
 Twenty years after the quantum cascade laser 
was invented at Bell Labs, the MIRcat has found 
homes from industry to cancer screening to scientific 
nanoscale research. 

SECURITY SCREENING
 Security scanning of liquids carried by air 
passengers can be a headache. Cobalt Lighting 
Systems, based in England, has developed a product 
called INSIGHT100 that uses Raman-based sensors 
to scan liquids in bottles for explosives. It can even 
analyze a liquid inside an opaque bottle. 

SENSORS COME OF AGE

t Continued from page 13

A wavelength-stabilized laser source from PD-LD.
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Long sensors
Intelligent Optical 
Systems (IOS) 
is developing 
environmental sensors 
hundreds of meters 
long, using the fiber-
optic cable itself as the 
sensor. 

The approach, known 
as Distributed Intrinsic 
Chemical Agent Sensing 
and Transmission 
(DICAST), can look 
for leakage of toxic 
compounds such as 
carbon dioxide or 
methane. 

“Instead of using point 
detectors, you just spool 
out a cable, and that is 
the sensor element,” 
said Robert Lieberman, 
IOS president. 

With sensitive detection 
along its entire length, 
it could one day protect 
the perimeter of large 
areas like military 
installations, sports 
arenas, or shopping 
centers. 
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 The European Union required such screening to 
begin in 2014. Cobalt and a partner in France, Hi-
Tech Detection Systems, are installing INSIGHT100 
systems in Paris airports.
 If a police team spots a white substance spilled in 
a car or airport, they may need a quick assessment 
of whether it’s detergent or an illegal, controlled 
substance. A new PD-LD product, called SERDS, for 
shifted excitation Raman differential spectroscopy, 
represents a significant development in the capabilities 
of Raman spectroscopy analysis, PD-LD says.
 It would let police assess a sample on the spot. It 
takes readings from two lasers and identifies the 
substance by subtracting one reading from other.
 “It  t a ke s R a ma n 
spectroscopy out of the 
huge hospital setting 
and onto the streets,” 
Abrams said. “There’s 
no risk of false arrest 
or of letting a criminal 
go free.”
 Narcotic sensors that 
use Raman spectroscopy can detect traditional 
illegal drugs such as cocaine, methamphetamine 
and heroin as well as synthetic drugs and benign 
cutting agents. US-based Thermo Fisher Scientific 
has developed the TruNarc™ analyzer, which uses 
a Raman-based sensor for that purpose.
 “The criminal element isn’t resting, so neither are 
we,” said Trey Sieger, safety and security market 
leader for Thermo Scientific portable analytical 
instruments. 
 To address technical challenges inherent to Raman 
spectroscopy, the company has developed a kit based 
on surface-enhanced Raman spectroscopy (SERS) 
that enables screening of heroin, which is often too 
fluorescent for Raman analysis, as well as synthetic 
cannabinoids and low-dose prescription pills. 
 At Pranalytica in the US, SPIE Fellow Kumar Patel 
and his team are working on a portable quantum-
cascade-laser sensing package that can be taken to 
a fire scene to detect toxic chemicals or be deployed 
in military, law enforcement, or homeland security 
applications to detect explosives and chemical-
warfare agents.
 Using eye-safe, long-wave laser beams in the 
near-IR range, it will check for dangerous substances 
burning 50 to 200 meters away. The package will 
measure gas concentrations in parts per trillion, 
using wavelengths of 7 to 10 µm, Patel said.
 The laser source must be small and power-
efficient, run on batteries for two to four hours, and 
be light enough to carry or place on a small aerial 
platform to monitor large areas. 
 “No one has reached the two-pound payload yet,” 
Patel said. “We are at 20 pounds. We are trying for 
the next step, four or five pounds, and that will be a 
significant breakthrough for a measurement system. 
From 20 pounds to two pounds won’t be easy, but 
that’s my job.” 

WHY A SENSOR BOOM NOW? 
 Low-cost microelectronics and low-power radios 
are reducing sensor costs to a tiny amount, said SPIE 
Fellow Steve Eglash, executive director of Stanford 
University’s Energy and Environment Affiliates 
Program. 
 “Things are getting more compact, and computing 
power is more cost effective,” added Abrams. Many 
of the hot new items have been in labs for decades, he 
said. “Now they are finding homes in the commercial 
world.”
 In commercial applications, “We’ve only scratched 
the surface,” Lieberman said. “In new technology for 
remote environmental monitoring, or spy satellites, 

or night vision, the thing 
that gives the advantage 
is the optical sensor.”
 Eglash agreed, saying, 
“I n t he  ne a r  f ut u r e , 
bi l l ions of networked 
sensors will query the 
physical world and permit 
us to ask and answer 

questions as varied as: Where is the closest place 
to buy Coca-Cola? What are my personal hydration 
and nutrition needs right now? Is this water pure? 
How will this approaching storm impact energy and 
transportation?”
 Good questions. Sensors can help. .
–Ford Burkhart is a science and technology writer 
based in the US. 

A major virtue of optical technology 
is that you don’t need to touch 
anything to make a measurement 
as the light travels out and back.

Construction workers install tiny sensors on the rebar of a New Jersey bridge.
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Finalists in
Startup Challenge
In addition to the three 
winners of the SPIE Startup 
Challenge, five finalists 
who made their pitches 
at the competition in San 
Francisco were:

• SPIE member Matthew 
Muller, cofounder of 
Swept Image (Canada), 
for SweptVue, a 
microscope with on-
demand precision depth 
mapping.

• Peter Skovgaard, CEO 
and cofounder of 
Norlase (Denmark), 
for a stable, low-noise, 
compact, visible diode 
laser system.

• Eric Wandel, vice 
president of Innovative 
Photonics Technologies 
(USA), for an all-optical 
analog-to-digital 
converter on a photonic 
integrated chip.

• Christian Weedbrook, 
CEO of QKD Corp. of 
Canada, for fiber-optical 
data-encryption systems 
and solutions for secure 
communication lines 
using quantum physics.

• SPIE Fellow Zeev 
Zalevsky, head of 
electro-optics at Bar 
Ilan University and 
CSO at Z-Square 
(Israel), for minimally 
invasive, disposable, 
multi-functional 
microendoscopy.

Needle microscope wins  
SPIE Startup Challenge
Western Australian researchers fighting 

breast cancer with a miniaturized optical 
coherence tomography (OCT) probe 

capable of 3D imaging have won the fourth annual 
SPIE Startup Challenge. Medical devices to improve 
human health also swept the second and third prizes 
at the international technology contest.
 Associate Professor Robert McLaughlin, from 
the University of Western Australia’s Optical and 
Biomedical Engineering Laboratory, won the top 
award for his presentation of the team’s “Microscope 
in a Needle” project. He received a $10,000 cash prize, 
$5,000 worth of Edmund Optics products to support 
further commercialization of the technology, and 
the opportunity to attend a week-long entrepreneur 
“boot camp.”
 The OCT probe inside a needle is designed to help 
surgeons remove tumors in breast-cancer patients 
and reduce the number of repeat surgeries. 
 McLaughlin fought off tough competition from 
Massachusetts Institute of Technology (MIT) 
and University of Toronto as well as technology 
companies to win. 
 The fast-paced business-pitch competition held 
at Photonics West in San Francisco in February 
invites new entrepreneurs to pitch their light-based 
technologies and products in front of a judging team of 
business-development experts and venture capitalists.

IMPROVED SURGERY
 “Our goal is to commercialize a technique that can 
help guide surgeons to perform safer, more effective 
breast-cancer surgery. We are lucky to be working 
with an excellent team of surgeons, pathologists, and 
radiologists in Western Australia,” McLaughlin said.
He explained the need for his microscope-in-a-
needle technology: “We have made a device that 
helps a surgeon find the edge of a tumor. It’s a mini-
fiber-optic probe inside a needle that helps perform 
biopsies below the skin’s surface.
 “This will improve success of surgeries, help to 
remove tumors completely and should reduce the 
25% figure of repeat surgeries currently necessary 
when malignant material is missed the first time,” 
he said.

MEDICAL INNOVATIONS TAKE 2ND, 3RD
 The second prize of $5,000 was awarded to SPIE 
member Nicholas Durr of MIT and PlenOptika for 
QuickSee, an innovative, low-cost, handheld device 
that can provide eyeglass prescriptions 
at the push of a button. The technology 
is designed to help people living in 

low-resource countries to obtain appropriate vision 
correction.
 Durr also received the People’s Choice Award, 
which includes a fee waiver for Photonics West 2015.
 Third prize of $2,500 went to SPIE member Amos 
Danielli, founder and CEO of MagBiosense, for a 
heart biosensor designed to speed the diagnosis of 
heart attacks.
 Winners are all eligible for the boot camp and take 
home valuable new contacts as well as recognition 
and experience pitching their business ideas.

PHOTONICS STARTUP ECOSYSTEM
 “It was an amazing experience,” Danielli said. “I 
met a lot of people and made good connections with 
judges, potential investors, and fellow applicants. 
After the competition, I was fortunate enough to 
be approached by Hamamatsu’s head of Business 
Innovations Group. She suggested talking about 
future collaboration, which will be great because I’m 
using their components.”
 The SPIE Startup Challenge is supported by founding 
sponsor Jenoptik, as well as Trumpf, Edmund Optics, 
Open Photonics, and Knobbe Martens. 
 Jenoptik’s Jay Kumler, who was a judge, had high 
praise for the quality of the technologies, pitches, and 
participants at this year’s Startup Challenge. “The 
growth of the Startup Challenge suggests SPIE has 
a great opportunity to develop a photonics startup 
ecosystem that brings ideas, entrepreneurs, mentors, 
and investors together to advance our industry,” he said.
 Also judging the finals were Samuel Sadoulet 
of Edmund Optics, SPIE Senior Member Jason 
Eichenholz of Open Photonics, Bruce Itchkawitz 
of Knobbe Martens, and SPIE Fellow Adam Wax of 
Duke University.
 The call for applications for the 2015 SPIE Startup 
Challenge will open in late October.
 More information and videos of the winning 
pitches: spie.org/startup14 .

Courtesy of  

Joey Cobbs

Robert McLaughlin with his 
microscope in a needle.
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2015 
PHOTONICS 
WEST•
Call for Papers.
Submit Abstracts
by July 2014
www.spie.org/pw2014

Conferences & Courses: 7–12 February
BiOS Expo: 7–8 February
Photonics West Expo: 10–12 February

The Moscone Center
San Francisco, California, USA

Other SPIE
scholarships
SPIE provided $3.2 
million in support 
of education and 
outreach programs 
in 2013, including 
more than $390,000 
in scholarships to 161 
outstanding individuals.

Individual scholarships 
range from $2,000 to 
$11,000 and include 
travel scholarships 
for students planning 
to attend an SPIE 
conference.

Deadlines are typically in 
February. Awards are for 
the future year.

More information:  
spie.org/scholarships

SPIE donates to Wyant scholarship program
for optics students at University of Arizona

SPIE is among 15 individuals and groups who 
have endowed graduate student scholarships 
at the University of Arizona College of Optical 

Sciences (OSC), all made possible by a $10 million 
gift from optics entrepreneur and educator James 
C. Wyant, past OSC dean and emeritus professor.
 SPIE and 14 others each donated at least $100,000 
to enable newly created or existing endowments 
through the new Friends of Tucson Optics (FoTO) 
program. Wyant, an SPIE Fellow and a past SPIE 
president, is making a 4-to-1 matching gift for each 
$100,000 donated, up to $10 million.
 The payout on each endowment provides grad 
student support in perpetuity at about $20,000 
annually, and the university is donating grad student 
tuition and fees as part of the scholarships.
 SPIE President H. Philip Stahl presented the 
society’s $100,000 donation at OSC’s 50th anniversary 
celebration held during SPIE Photonics West in San 
Francisco in February. Stahl, a UA alumnus, noted 
the many connections among OSC alumni, faculty, 

and SPIE membership, and he stressed the society’s 
delight in being able to support the college by enabling 
an endowed scholarship.
 Wyant’s gift, the largest for scholarships in the 
university’s history, comes at a time when decreases 
in public funding for education have resulted in 
dramatically increased tuition costs, said SPIE 
member Thomas Koch, dean of OSC, in making the 
announcement. The FoTO scholarships will enable 
OSC to continue to attract top students and are vital 
to the college’s continued contributions to leading 
research and new R&D partnerships, Koch said.
 SPIE CEO Eugene Arthurs personally thanked 
Wyant for his generosity. “SPIE is very much in 
support of education, and we see this as an investment 
in the future of optics and photonics,” Arthurs 
said. “Thank you for providing the opportunity to 
contribute in this very meaningful way.”
 Wyant has founded several companies including 
WYKO and 4D Technology Corp., where he continues 
to serve as chairman. 
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Salary survey
Look for the results of 
the 2014 SPIE Career 
Center  Salary Survey in 
May. Copies of the new 
report will be available 
at spiecareercenter.org/
salary

 Wyant, a professor emeritus, has been at UA for 
40 years. In 1999, he was named director of what 
was then the Optical Sciences Center, and he became 
the founding dean when the center became a college 
in 2005.
 The other FoTO scholarships were donated by:
• Michel Cagnet 
• The DeMund Foundation
• SPIE Senior Member Robert M. Edmund 
• SPIE Fellow Joseph W. Goodman 
• John B. Hayes and Jane C. Quale 
• Lawrence A. Johnson 
• SPIE Fellow Kenneth E. and Michele L. Moore 
• SPIE Fellow Jacobus “Jim” and Michelle L. 

Oschmann 

• SPIE Fellow Roland V. Shack 
• Richard L. Shoemaker 
• John Tipton 
• Family of SPIE Fellow William L. Wolfe 
• Willis Lamb Jr. 
• Wyant, in memory of his late wife, Louise Wyant  .

“SPIE is very much in support of 
education, and we see this as an 
investment in the future of optics 
and photonics.” 
 –SPIE CEO Eugene Arthurs

Stahl, Wyant, and Koch with the SPIE donation.

Energy



Frank Abboud
Intel Corp. (USA)

Bahman Anvari
University of California, 
Riverside (USA)

Ramendra 
Bahuguna
San José State University 
(USA)

Robert Boyd
University of Ottawa 
(Canada)

Jes Broeng
Technical University of 
Denmark (Denmark)

Alexander 
Cartwright
University at Buffalo 
(USA)

Fow-Sen Choa
University of Maryland 
Baltimore County (USA)

Mark Clampin
NASA Goddard Space 
Flight Center (USA)

Brian Cullum
University of Maryland 
Baltimore County (USA)

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

Nominees will 
be evaluated on 
their technical 
accomplishments in 
optics, photonics, and 
imaging, including 
publications and 
patents; service to 
the general optics 
community in the form 
of volunteer work at 
science fairs, service as 
an editor or technical 
reviewer, etc.; and 
service to SPIE.

Eligibility requires 10 
years of cumulative SPIE 
membership, excluding 
student membership.

Nominations of 
members working 
in industry are 
encouraged.

Nomination materials 
for candidates who are 
not elected the first 
time they are nominated 
are automatically 
considered in the next 
two years.

More information:  
spie.org/fellows
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SPIE has named 76 new Fellows of the Society 
this year, recognizing the significant scientific 
and technical contributions of each in optics, 

photonics, and imaging. 
 SPIE Fellows are honored for their technical 
achievements, for their service to the general optics 
community, and their service to SPIE in particular.
 The 2014 Fellows exemplify the full diversity of 
the photonics community and represent 18 different 
countries on five continents. 
 Their affiliations “encompass the full range of 
academia, industr y, and government labs and 
institutes,” said SPIE Fellows Committee chair 
Majid Rabbani of Eastman Kodak Research Labs 
and Rochester Institute of Technology. Rabbani 
noted that the expertise of the new Fellows spans 
the fields of astronomy, biomedicine, electronic 
imaging, holography, lasers, optoelectronics, smart 
materials, nanomaterials, nonlinear optics and more. 
“Congratulations to them all for their outstanding 
contributions,” he said.
 SPIE President H. Philip Stahl, senior optical 
physicist at NASA Marshall Space Flight Center, also 
extended personal congratulations to each of the 
new SPIE Fellows for their exceptional professional 
achievements, outstanding contributions to the optics 
community, and service to SPIE. 
 “They are our society’s role models and mentors,” 
Stahl said. “As a graduate student and junior engineer, 
I looked up to those with the Fellow ribbon below their 
name badge at conferences, and I continue to admire 
the accomplishments of SPIE Fellows and appreciate 

their contributions. I welcome our 76 newest Fellows.”
 Fellows are recognized at SPIE meetings of their 
choice throughout the year. This year, new Fellows are 
being inducted at SPIE Photonics West, SPIE Medical 
Imaging, SPIE Advanced Lithography, and SPIE 
Smart Structures/NDE. They are also scheduled to be 
honored at SPIE DSS, SPIE Photonics Europe, SPIE 
Astronomical Telescopes + Instrumentation, and SPIE 
Optics + Photonics.

This year’s honorees include the first female Fellow 
from Taiwan, Ray-Hua Horng of National Chung Hsing 
University who is being recognized for achievements 
in optoelectronic applied science and engineering. 
At left is SPIE President-Elect Toyohiko Yatagai.

SPIE names 76 new Fellows 

20 SPIE Professional | APRIL 2014



Alberto Diaspro
Istituto Italiano di 
Tecnologia (Italy)

David 
Dickensheets
Montana State 
University (USA)

Keith Doyle
MIT Lincoln Laboratory 
(USA)

Allen Earman
AOptix Technologies 
(USA)

Augustus 
Fountain
Army Edgewood 
Chemical Biological 
Center (USA)

Thomas George
Zyomed Corp. (USA)

Maryellen Giger
University of Chicago 
(USA)

Simonetta Grilli
Istituto Nazionale di 
Ottica (Italy)

Peter Hartmann
SCHOTT (Germany)

Alexander 
Heisterkamp
Friedrich-Schiller-
Universität Jena 
(Germany)

Henry Helvajian
Aerospace Corp. (USA)

Ray-Hua Horng
National Chung Hsing 
University (Taiwan)

Weilin Hou
Naval Research 
Laboratory (USA)

Jian-Jang Huang
National Taiwan 
University (Taiwan)

Bahram Jalali
University of California, 
Los Angeles (USA)

Ursula Keller
ETH Zürich 
(Switzerland)

Rainer Leitgeb
Medizinische Universität 
Wien (Austria)

Ai-Qun Liu
Nanyang Technological 
University (Singapore)

Xinbing Liu
Panasonic Boston 
Laboratory (USA)

Alexander Loui
Eastman Kodak Co. 
(USA)

Hai-Han Lu
National Taipei 
University of Technology 
(Taiwan)

Christopher 
Lynch
University of California, 
Los Angeles (USA)

Misoon Mah
US Air Force, Asian 
Office of Aerospace 
Research and 
Development (Japan)

Gary Matthews
Exelis (USA)

Colin 
McKinstrie
Alcatel-Lucent Bell 
Laboratories (USA)

Igor Meglinski
University of Otago (New 
Zealand)

Carmen Menoni
Colorado State University 
(USA)

MEMBERSHIP

Continued on page 22  
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Sarun 
Sumriddetchkajorn
National Electronics and  
Computer Technology  
Center (Thailand)

Kenneth Moore
Radiant ZEMAX (USA)

Ignacio Moreno
Universidad Miguel 
Hernández de Elche 
(Spain)

Asger 
Mortensen
DTU Fotonik (Denmark)

Bert Müller
Basel University Hospital 
(Switzerland)

Takanori 
Nomura
Wakayama University 
(Japan)

Stephen O’Dell
NASA Marshall Space 
Flight Center (USA)

C. Kumar Patel
Pranalytica (USA)

Stephen Payne
Lawrence Livermore 
National Lab (USA)

Gabriel Popescu
University of Illinois 
at Urbana-Champaign 
(USA)

Salil Prabhakar
DigitalPersona (USA)

Min Qiu
Zhejiang University 
(China)

Jianan Qu
Hong Kong University of 
Science and Technology 
(Hong Kong)

Azizur Rahman
City University London 
(UK)

Yun-Jiang Rao
University of Electronic 
Science and Technology 
of China (China)

Detlev Ristau
Laser Zentrum Hannover 
(Germany)

Devendra 
Sadana
IBM Thomas J. Watson 
Research Center (USA)

Joseph 
Robichaud
L-3 Communications 
IOS-SSG (USA)

Piet Schwering
TNO Defence, Safety and 
Security (Netherlands)

Jeffrey Shapiro
Massachusetts Institute 
of Technology (USA)

John Sheridan
University College Dublin 
(Ireland)

Gabriel Spalding
Illinois Wesleyan 
University (USA)

Ove Steinvall
Swedish Defence 
Research Agency 
(Sweden)

Larry Stepp
Thirty Meter Telescope 
Observatory (USA)

Adrian Stern
Ben Gurion University of 
the Negev (Israel)

Mark Stockman
Georgia State University 
(USA)

t Continued from page 21

Mark Neifeld
University of Arizona 
(USA)
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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 photovoltaics, neurophotonics, 
quantum devices, 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

Sarun 
Sumriddetchkajorn
National Electronics and  
Computer Technology  
Center (Thailand)

Frank 
Szmulowicz
University of Dayton 
Research Institute (USA)

Frank Tittel
Rice University (USA)

Li-Wei Tu
National Sun Yat-Sen 
University (Taiwan)

Xunbin Wei
Shanghai Jiao Tong 
University (China)

Vladislav 
Yakovlev
Texas A&M University 
(USA)

Yang Yang
University of California, 
Los Angeles (USA)

John Zavada
National Science 
Foundation (USA)

Mourad Zghal
SUP’COM (Tunisia)

Song Zhang
Iowa State University 
(USA)

Xi-Cheng Zhang
University of Rochester 
(USA)

Qifa Zhou
University of Southern 
California (USA)

Wenwu Zhu
Tsinghua University 
(China)

Norman Wereley
University of Maryland, 
College Park (USA)
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Senior Member nomination deadline: 15 April
The deadline for SPIE Senior Member nominations has been extended until 15 April. 

Eligibility for promotion to the rank of SPIE Senior Member requires five years of 
cumulative membership, excluding student membership.

Prospective Senior Members must also have made significant contributions to the 
Society, to the general optics and photonics community, and/or through technical, 
entrepreneurial, management, or educational accomplishments. 

More information: spie.org/seniormember
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Halas selected for 2014 SPIE Biophotonics 
Technology Innovator Award

SPIE Fellow Naomi Halas, director of the Rice 
Quantum Institute and founding director 
of the Laboratory for Nanophotonics at 

Rice University (USA), has received the 2014 SPIE 
Biophotonics Technology Innovator Award.
 The award recognizes Halas for her invention of 
biocompatible nanoparticles and their innovative 
appl ic at ion s i n i mag i ng,  d iag nost ic s ,  a nd 
photothermal cancer therapy. 
 Halas is the Stanley C. Moore Professor of 
Electrical and Computer Engineering and professor 
of biomedical engineering, chemistry, physics, and 
astronomy at Rice, where “nanorice” was invented in 
2006. Nanorice is similar in form to the nanoshell, a 
spherical nanoparticle Halas invented in 1998. 
 The nanosystems have been used as therapeutic 
agents with various potential payload delivery 
opportunities, and specifically as a local photothermal 
necrosis agent for tumors. The development of the 
core-shell plasmonic nanoparticle has allowed 
the use of a single particle to concentrate optical 
electromagnetic fields, a process that normally 
requires complex structures or aggregates of two or 
more particles.
 The SPIE Biophotonics Technology Innovator 
Award is presented annually for extraordinary 

ac h ie vement s  i n  biophoton ic s  te c h nolog y 
development that show strong promise or potential 
impact in biology, medicine, and biomedical optics.
 SPIE President H. Philip Stahl presented the award 
at the BiOS Hot Topics session at SPIE Photonics 
West in February. .

SPIE President H. Philip Stahl (left) presents the 
SPIE Biophotonics Technology Innovator Award to 
Naomi Halas.

Rothschild
receives
Zernike Award

The 11th Frits Zernike 
Award for advances in 
optical microlithography 
was presented to 
Mordechai Rothschild 
of MIT Lincoln Lab 
(USA) at SPIE Advanced 
Lithography in February.

Rothschild’s instrumental 
work in the field includes 
leading programs 
that have enabled 
the advancement of 
nanolithography in 
the deep-UV (248nm 
and 193nm) and the 
vacuum-UV (157nm and 
121nm). He directed sub-
micron technology and 
nanoscale technologies 
groups at Lincoln Lab 
that pioneered the use of 
much of the lithography 
materials and systems 
used today for excimer-
laser technology.

Rothschild also 
managed programs 
in micro- and nano-
fabrication, photonics, 
resist processing, and 
standoff sensing of trace 
chemicals.

SPIE presents the 
Frits Zernike Award 
for Microlithography 
annually for outstanding 
accomplishments in 
microlithographic 
technology, especially 
those furthering 
the development 
of semiconductor 
lithographic imaging 
solutions. 

MEMBERSHIPMEMBERSHIP

Brian Wilson to receive Britton Chance Award

SPIE member Brian C. Wilson 
of the Ontario Cancer Institute 
(Canada) is the 2014 recipient 

of the SPIE Britton Chance Biomedical 
Optics Award. Wilson received the 
award in recognition of 30 years of 
contributions to biomedical optics. 
 Wilson, who will accept the award at 
SPIE Photonics Europe in Brussels in 
April, performed pioneering work in 
photodynamic therapy (PDT). His contributions 
include the novel concepts of PDT beacons, 
metronomic PDT, and nanotechnology-enabled 
PDT as well as unique technology development and 
clinical trials in the brain, prostate, and metastatic 
bone lesions.
 Wilson’s groundbreaking research in multimodality 
endoscopic detection/assessment of early tumors 

draws on the complementary strengths of 
fluorescence, Raman, diffuse reflectance, 
and opt ica l-coherence-tomography 
effects. 
 In addition to innovative work in the 
gastrointestinal tract, these platforms 
are now being extended to detection and 
differential diagnosis of lung and head and 
neck cancers, including the development 
of cancer-specific targeting contrast 

agents to enhance efficacy.
 The Britton Chance Biomedical Optics Award is 
presented annually in recognition of outstanding 
lifetime contributions to the field of biomedical 
optics through the development of innovative, high- 
impact technologies. The award honors pioneering 
contributions to optical methods and devices that have 
facilitated advancements in biology or medicine. .

SPIE Education Outreach grants

As part of its education outreach mission, SPIE 
provides support for optics- and photonics-
related education outreach projects all over 

the world. 
 Not-for-profit organizations such as universities, 
optics centers, science centers, primar y and 

secondary schools, youth clubs, and industry 
associations are eligible for project support.
 Applications are judged on their potential to impact 
students and increase optics awareness. The next 
deadline for the competitive award process is 31 May.
 More information: spie.org/outreach. .
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SPIE 2014 ELECTION

The SPIE Board of Directors has approved the following 
election slate for the Society’s 2014 election. 
 SPIE members will select four new directors and vote on 

candidates for vice president and secretary/treasurer. The election 
will be conducted by electronic voting 6 June through 6 August.
 The candidates for vice president are: 
• Glenn D. Boreman, University of North Carolina at Charlotte 

(USA)
• Seung-Han Park, Yonsei University (Republic of Korea) 
 The candidate for secretary/treasurer is Gary Spiegel, Newport 
Corp. (USA).
 SPIE directors serve three-year terms and officers serve for 
one year.
 For director, the candidates are: 
• Julie Bentley, University of Rochester (USA)
• Marc Himel, Jenoptik Optical Systems (USA)
• Brian Lula, PI (Physik Instrumente) (USA)
• Kristen Maitland, Texas A&M University (USA)
• Craig Olson, L-3 Communications (USA)
• Wolfgang Osten, Institut für Technische Optik (Germany)
• Andrew Rakich, European Southern Observatory (Germany)
• Richard Youngworth, Riyo (USA)
 Other officers, previously elected, are 
SPIE President-Elect Toyohiko Yatagai 
(Japan), who will become SPIE president 
in January 2015, and SPIE Vice President 
Robert Lieberman of Intelligent Optical 
Systems (USA), who becomes president-
elect next year. H. Philip Stahl will become 
Immediate Past President.
 Election results will be announced at the 
SPIE annual general meeting in San Diego 
(USA) 19 August. 
 For more information about leadership and governance at SPIE, 
email governance@spie.org or visit spie.org/leadership. .
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Maintain your competitive 
edge with training at  
SPIE DSS 2014
5–9 MAY 2014

NEW COURSES FOR 2014:

-  Introduction to Electro-Optical Systems Design

-  Infrared Optics Design Principles

-  Finite Element Analysis of Optics

-  Laser Beam Formation and Propagation in 
Photonics Instruments and Sensor Systems

-  Designing IR Instrumentation

-  Multispectral Image Fusion and Night Vision 
Colorization

-  Infrared Optical Materials, Fabrication and  
Testing for the Optical Engineer

-  Atmospheric Codes (MODTRAN, FASCODE,  
and HITRAN) for Sensor Development and 
Evaluation 

Register today  
www.spie.org/dsscourses

40•SPIE COURSES  
& WORKSHOPS

SPIE STUDENT MEMBERS 
GET 50% OFF COURSES—
SEE DETAILS ONLINE 

MEMBERSHIP

SPIE annual awards 

SPIE has announced the 2014 recipients of 10 other annual 
awards. Pick up the July issue of SPIE Professional for more 
information about these SPIE award recipients.

 Nominations for an SPIE Award may be made through 1 October 
and are considered active for three years from the submission date. 
To nominate a colleague, go to spie.org/awards. 
 The other recipients are:
• SPIE Gold Medal: James Harrington 
• E. Conrady Award: Matthew P. Rimmer
• Dennis Gabor Award: Pramod Rastogi
• George W. Goddard Award: James J. Bock
• SPIE Early Career Achievement Award: Jeremy N. Munday 
• Harold E. Edgerton Award: Jeff Squier 
• SPIE Educator Award: Christina E. Solano 
• G. G. Stokes Award: J. Scott Tyo 
• SPIE Technology Achievement Award: Rajendra Singh
• Chandra S. Vikram Award in Optical Metrology:  

Rajpal S. Sirohi .



MAY ENDANGER AVAILABILITY OF RAW 
MATERIALS FOR OPTICS
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By Peter Hartmann



What remains if you take the glass lenses and filters out 
of a microscope or a theodolite? Or the glass-ceramic 
scales from a 3D computer numerical control (CNC) 

measuring machine? 
 Why should the availability of optical materials be a problem, 
considering the growing enthusiasm experts and politicians have 
developed for photonics, especially 
in the European Union? 
 The EU has recognized photonics 
as a key enabling technology 
(KET) that supports the general 
targets set out in the Horizon 2020 
research and innovation program 
for Europe: Competitiveness in 
excellent science, industrial leadership, and solutions to societal 
challenges. 
 Other EU policies are making the world safe against hazardous 
substances that may be toxic, carcinogenic, or mutagenic and 
enabling better recycling of electronic waste by removing hazardous 
substances from the electronic devices from the very beginning. 
 Who could disagree with these goals? Yet, two European Union 
regulations, REACH and RoHS, endanger the short- and long-
term availability of optical materials, which are vital for general 
technology, research, and development, particularly in medicine, 
life sciences, computer technology, safety, and security. 
 R E ACH is the regulat ion on registrat ion, evaluat ion, 
authorization, and restriction of chemicals. It controls the 
production and use of chemical substances such as arsenic oxide 
and boron oxide because of their potential impacts on human health 
and the environment. 
 Arsenic oxide is commonly used as a marginal but important 
constituent in UV detectors, microscopes, telescopes, metrology 
optics, and low-expansion glass ceramics. However, arsenic 
oxide will be prohibited for use as a raw material in optical 
systems after May 2015. Its use will remain allowed as a so-called 
intermediate substance if the material properties of the substance 
are substantially changed and made non-hazardous, as does occur 
during the glass-production process.
 RoHS, the regulation of certain hazardous substances used 
in electrical and electronic equipment, restricts or prohibits the 
use of mercury, lead, cadmium, chromium VI, and the f lame 
retardants polybrominated biphenyls (PBB) and polybrominated 
diphenyl ether (PBDE) in the production of electronic and electrical 
equipment. Although PBB and PBDE play no role as optical 
materials, prohibition of lead and cadmium will lead to the loss 
of many essential properties of specialty glass such as refraction 
and filtering. 
 These regulations would impair the performance of optical 
systems strongly if not preventing it totally.
 Lead arsenic oxide, for example, is crucial in the making of 
fluorescence microscopes, and cadmium is needed in laser safety 
goggles, infrared cameras, bar-code readers, semiconductor 
crystals, and other devices.
 Because of the extreme leverage effect of optical systems, these 
regulations would be very harmful for the Horizon 2020 program.

OPTICAL MATERIALS VITAL 
 Around the year 1600, optics gave a boost to science with the 
inventions of the telescope and the microscope. However, for 
about 150 years, the achievable image magnification with these 
instruments could not surpass a factor of 10. 

 With only one type of glass, it was not possible to eliminate the 
limiting color blur. 
 In the 1750s, a new glass type, the lead-containing flint glass, 
made optical systems possible with better color imaging, thus 
gaining another factor of 10 in magnification. 
 Another 130 years would pass until the next and final factor of 10 

opened the micro world for biology, 
medicine, and general technology, 
w ith Ot to Schot t introducing 
boron oxide, barium oxide, and 
phosphorus oxide into glassmaking 
in the 1880s. 
 The large var iet y of opt ica l 
materials now becoming available 

with high reproducible quality was one of the key enabling factors 
for the incredible progress humankind has made since then.
 Today, virtually all industry relies on high-end optical systems. 
These systems provide key functions for research, diagnosis, 
surveillance, and quality assurance in medicine, scientific 
research, general industry, safety installations, and environmental 
monitoring. 
 They are crucial for the automotive, aviation, shipbuilding, and 
road- and building-construction industries. Even the food industry 
needs optical-measurement equipment for quality inspection and 
machine alignment. 
 Optical systems are ubiquitous in metrology and not replaceable. 
What cannot be measured cannot be manufactured. So, remove 
optics and we are back in Galileo’s time.

CONFLICTING OBJECTIVES
 These regulations have led to an unnecessary conf lict of 
objectives: Safety of health and the environment against 
technological progress. 
 Optical materials need a considerable variety of substances 
to provide all required properties for high-end systems. Among 
them are lead oxide, arsenic oxide, cadmium oxide, boron oxide, 
and other substances that might be hazardous under certain 
circumstances. 
 Admittedly, careless use of these substances cannot be allowed. 
On the other hand, for many years, they have been used responsibly 
under strict safety regulations for glass production. 
 Moreover, once molten into glass, these substances become part 
of the glass matrix on the atomic level and thus are removed from 
bioavailability in general. 
 The removal of lead from gasoline many years ago was an 
important step for human health and the environment. However, 
the removal of lead from optical glass would have hardly any effect 
at all in this respect. Instead, the lack of lead causes big problems, 
for example in microscopy.

DEMISE OF HIGH-END OPTICAL SYSTEMS? 
 The EU’s REACH lists “substances of very high concern” (SVHC) 
that may be hazardous for living beings. Each substance on this list 
is assigned a date after which its use in production is prohibited. 
The “sunset date” for arsenic oxide is 21 May 2015. 
 Lead oxide, boron oxide, and cadmium oxide are on a second list, 
the so-called SVHC-candidate list. A decision on when or if they 
will be prohibited is expected soon. 

Continued on page 28  
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Optical materials need a considerable 
variety of substances to provide all  
required properties for high-end systems
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 All these substances are 
needed as raw materials 
for opt ical mater ia ls. 
With arsenic oxide, lead 
oxide, and boron oxide 
forbidden, optical glasses 
will be almost eliminated. 
Of 120 glass types in the 
SCHOTT catalog, only 
five would be permitted 
under REACH in the near 
future.
 Everybody in the optics 
world knows that this will 
mean the end of high-end 
optical systems.

REPLACEMENTS 
ARE INFERIOR
 M a n y  c o m p a n i e s 
replaced lead and other 
hazardous substances in 
consumer optics in the 
1990s. Arsenic oxide was 
replaced by antimony 
oxide, and lead oxide by 
titanium oxide, niobium 
oxide, and barium oxide. 
These were successful 
replacements f rom a 
technical point of view. 
 To determine i f an 
N-BK7-type glass, where 
0.2% of arsenic oxide 
has been replaced by 0.3 
% of antimony oxide, is 
really an environmental 
benefit, however, may be 
left to the reader. 
 Lead oxide is present 
in up to 75% of classical 
f lint glasses. It can be 
removed completely. 
However, even with long 
and intensive research, 
no compositions have been found that have the 
same high transmission in blue-violet light as the 
lead glasses. 
 Using only lead-free glass in microscopes thus 
cuts away an important part of the spectrum. 
Rigid endoscopes have a glass light path of 400 
mm, sometimes even 600 mm. Images from the 
abdominal cavity from these lead-free instruments 
will be dark, with hardly any color contrast. 
 If you are to be exposed to minimally invasive 
surgery, ask the doctor if s/he uses lead-free glass 
in his/her endoscope. And if s/he does, stand up 
and run!
 There are many other special optical materials 
where unique functions require the use of hazardous 

REACH and RoHS 
The EU regulation No. 
1907/2006 concerning the 
registration, evaluation, 
authorization, and 
restriction of chemicals 
(REACH) addresses the 
production and use of 
chemical substances and 
their potential impacts on 
both human health and 
the environment. 

In its annex XIV, REACH 
lists substances of very 
high concern (SVHC) and 
their “sunset dates” from 
which market placement 
and use of the substance 
will be prohibited unless 
an authorization is 
granted. 

The latest update of 
this annex is given in 
regulation No. 125/2012 of 
14 February 2012. 

Glass is accepted as 
a UVCB substance 
(substance of unknown or 
variable composition).

Intermediate means a 
substance manufactured 
for and consumed in 
or used for chemical 
processing in order to be 
transformed into another 
substance.

The EU directive 2011/65/
EU on the Restriction 
of the use of certain 
Hazardous Substances in 
electrical and electronic 
equipment (RoHS II or 
RoHS-recast) restricts 
(with exceptions) the 
use of the four elements 
mercury, lead, cadmium, 
and chromium VI in the 
production of electronic 
and electrical equipment.

It is a sub-regulation to 
the Waste Electrical and 
Electronic Equipment 
Directive (WEEE) 
2012/19/EC for collection, 
recycling, and recovery of 
electrical goods and for 
reducing toxic electronics 
waste.

EUROPEAN REGULATIONS
t Continued from page 27
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The Abbe diagram shows the optical glasses in the current SCHOTT catalog 
(120) and the remaining glass types (five) if arsenic oxide, lead oxide, and 
boron oxide are prohibited.

The classical flint glass type SF57 containing lead arsenic is far superior to 
lead-arsenic-free variants. SF57 and its lead-arsenic-free variant N-SF57 have 
the same refractive index 1.84666 and dispersion (Abbe number 23.8) but 
very different transmission in the blue-violet wavelength range. The dashed 
line at 400nm divides visible light from UV-light. 

substances. Finding replacements requires significant 
research and development effort, which in many 
cases will not be economically feasible. 
 Plus, there is no future scenario upon which 
glass manufacturers can rely. The REACH SVHC-
candidate list is continuously growing. 
 If an optical systems manufacturer replaces one 
hazardous raw material with a substance that is 
presently not on the list, there is no guarantee that 
the replacement will not appear later on the list. 

BULK GLASS PIECES NONHAZARDOUS
 Optical glasses, filter glasses, glass ceramics, and 
infrared materials are molten from well-defined 
mixtures of raw materials. During the melting 
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process, the raw materials react and create a new chemical substance 
totally different from the starting materials. The physicochemical, 
toxicological, and ecotoxicological properties of the substance glass 
are totally different from those of the raw materials or oxides. 
 In the state of bulk pieces, glass is of no hazard at all. 
 The raw-material supply, melting process, and subsequent 
transforming of the glass substances to optical elements like lenses 
and prisms are done under strictly controlled environmental, health, 
and safety procedures and are enforced by permanent surveillance 
and regular auditing. 
 Moreover, the total production volume of inorganic optical materials 
is very small. The total world production is 10,000 – 20,000 tons. 
Compare this with polycarbonate at 2 million tons, lead at 10 million 
tons and steel at 1.5 billion tons. 

DESIGNERS NEED STEADY SUPPLIES 
 Optical systems for professional use — and nowadays even 
for consumer applications — are designed for utmost imaging 
performance for a wide wavelength range. Such applications require 
a variety of high-quality glass types. 
 Industrial optical systems typically need two years from initial 
design to first glass purchase and are used for 10 years (even longer 
in defense applications). Designers must be able to rely on the long-
term availability of the materials they use.
 Since 2005, the German industrial photonics federation 
SPECTARIS, supported by its more than 100 German member 
companies, especially SCHOTT and Carl Zeiss as contributing 
partners, succeeded two times in obtaining exemptions from the 
EU RoHS regulation for lead-containing flint glasses and cadmium-
containing filter glasses. The current exemption expires in July 2016. 
 SPECTARIS and its partners, including the consulting company 
ERA Technology (UK), have already started the next application for 
prolongation. 

REGULATIONS ONLY SEEM BENIGN
 EU REACH accepts glass in general (for windows, bottles, etc.) 

as a substance of variable composition, without the 
need for registration. Raw materials are classified as 
“intermediate substances” because their properties 
completely change during melting. So at present 
there doesn’t seem to be an acute reason for concern. 
However, this interpretation is not safe. 
 The hazardous substances are not explicitly or 
officially recognized by authorities as intermediate 
substances for optical materials production. So the 
declaration by industry that these are intermediate 
substances may be subject to lawsuits, creating 
uncertainty among optical companies.
 Moreover, more and more additional substances 
must be used under the declaration of intermediate 
substances, even further increasing the possibility of 
lawsuits.
 It is astonishing how the EU releases regulations 
that strongly endanger the only remaining supplier 
of optical glasses in Europe. On one hand, European 
regulators strongly support photonics, while on the 
other hand eliminating its fundamental materials and 
undermining the strategic importance of optical glass 
companies. 
 Inventing fancy new materials won’t secure the 
future of optical glass in Europe. Existing materials 

must also be preserved. European regulators simply did not know 
the ramifications of these rules. And the photonics community, up to 
now, has been unable to explain such a complicated subject, especially 
with very unpopular words like arsenic, lead, and cadmium. However, 
ignoring the problem or kicking the can down the road will cause an 
even more serious predicament.
 And – non-Europeans: Don’t feel safe. Other countries tend to 
utilize EU regulations for their own legislation. 

INDUSTRY RECOMMENDATIONS
 The optical materials optical glass, filter glass, and optical glass 
ceramics must be taken completely out of the scope of RoHS.
 All chemical raw materials needed for the manufacturing of optical 
materials must be classified “intermediate substances” with legal 
certainty to guarantee their future availability.
 The problems with RoHS and REACH were presented to the 
Science and Technology Options Assessment (STOA) committee at 
the European Parliament in February.
 To the author’s impression, it was the first time that the message 
was received by EU officials, with feedback that they have understood 
and are also concerned about the situation. But the situation is not 
yet resolved. The future development must be closely monitored and 
followed up by the optics community.

–SPIE Fellow Peter Hartmann is director of market and customer 
relations for SCHOTT. He has served on the SPIE Board of Directors 
and presented a paper on the RoHS regulations at SPIE Eco-
Photonics in 2011. Hartmann is a cochair of SPIE Photonics Europe, 
to be held in Brussels 14-17 April, where he and Wenko Süptitz 
of SPECTARIS will discuss the REACH and RoHS regulations. 
Hartmann has a PhD in physics from Max-Planck-Institut Mainz 
centered on the development of scintillation glasses. He wishes to 
thank Thea Marcoux, head of SCHOTT’s marketing department; 
Uwe Hamm of Carl Zeiss; and Süptitz for assistance in preparing 
this manuscript. .
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The F2 glass type widely used for endoscopes contains 45% PbO. It shows 
high transmittance over total wavelength range even at the 400mm glass path 
typical for surgical endoscopes The N-F2 (lead-free variant of F2) has a low 
transmittance, which leads to dark image and does not allow clear distinction 
of different tissue colors. This could result in a higher risk of cutting into the 
wrong tissue. 
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WHAT’S NEW IN  

Infrared Systems?
By Ronald G. Driggers

FLIR Systems’ FLIR ONE smartphone 
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Find the Answer 

The i n f r a r e d- s y s tem c om mu n it y, 
particularly in the United States, 
is not that large. After the defense 

drawdown in the 1980s, there remained 
very few infrared-system experts. Many 
were optical engineers, physicists, or like 
myself, electrical engineers who specialized 
in electro-optics. It became such a small 
community that those of us who stuck with 
it knew each other pretty well.
 In the 1980s, it seemed that the pace of IR 
technology was fairly rapid with transition 
from f irst-generation forward-looking 
infrared (FLIR) line scanners to second-
generation FLIR time-delay-integrated 
scanned detectors to two-dimensional 
staring array systems. The optics were all 
single f-number systems with traditional IR 
materials, but progress was a new aperture 
size, a more narrow field of view (NFOV), and 
a larger, narrow- to wide-field switch ratio. 
 I  used to t hink t hat t he technolog y 
maturation rate was too much to keep up 
with back then. Now, things are crazy!
 It is the most exciting time ever to be 
an infrared-systems engineer. There are 
multiple breakthroughs every year and the 
progress is staggering. I want to provide a 
quick sampling of some of the significant 
developments in components and IR systems 
over the past five years or so. Many of these 
IR technologies are associated with military 
systems, but some imaging systems are 
breaking into commercial markets.

PERSISTENT 
SURVEILLANCE
 Persistent intell igence, 
s u r v e i l l a n c e ,  a n d 
r e c o n n a i s s a n c e  ( P I S R ) 
systems are the newest IR 
systems in military inventory. 
These systems started out 
approximately six to 10 years 
ago in the visible spectrum. 
They were used on manned 
aircraft flying circles in the 
sky above small towns in war 
zones for periods as long as 12 
straight hours. 
 The idea was that af ter 
a n  e x p l o s i o n  f r o m  a n 
improvised explosive device, 
suicide bomber, or vehicle, 
the picture sequence could 
be rewound so forensics 
investigators could identify 
t he p e ople a nd veh ic le s 
involved. 
 Since PISR operations are 
better accomplished at night, 

when devices can be placed and operated 
more covertly, developers came up with 
infrared PISR systems. These systems can 
be placed on moving or stationary unmanned 
platforms, with an operator in a remote 
location specifying ground sample distance, 
area coverage (km2), and frame rate to 
determine system performance.
 Militar y labs in many countries are 
pursuing systems in this area.

DUAL-BAND IMAGING
 The development of dual-band imagers 
has provided significant benefits in defense 
applications, allowing an operator to see 
in both midwave infrared (MWIR, 3 to 5 
µm) and longwave infrared (LWIR, 8 to 
12 µm) with the same focal plane. DRS 
Technologies, Raytheon, Teledyne, Lockheed 
Mar tin, Sofradir, and FGA N-FOM, the 
Research Institute for Optronics and Pattern 
Recognition, are some of the organizations 
that have produced focal planes to do this. 
 The optics associated with dual-band 
imagers are complicated and expensive. And 
while some scientists and engineers argue 
over the usefulness of simultaneous imaging 
with combined bands, the benefit of having 
access to both MWIR and LWIR for a given 
aperture size is clear.
 Most of the world’s armies use LWIR for 
“dirty battlefield” conditions and most of the 
world’s aviation and maritime communities 
use MWIR due to smaller waveleng th, 
higher standoff range, and more humid  
atmospheres. The clear benefit of having 
MWIR for ground applications is that 
an MWIR camera with given aperture 
can see about 2.5 times as far as an LWIR

U.S. Navy photo by Mass 
Communication Specialist 
2nd Class Jason Johnston

DoD photo by Chief Petty Officer Matthew 
J. Thomas, U.S. Navy. U.S. Air Force photo by Airman 1st Class 

Jeffrey Hall

Figure 1: Persistent surveillance system platforms.
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Continued on page 32  
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Figure 2. Burning barrel in 
field of view of MWIR imager 
and LWIR imager.
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imager (due to diffraction limits) under “good” 
conditions. 
 However, most armies will not sacrifice 
LWIR for MWIR because of the dirty-battlefield 
conditions of hot targets, burning objects, 
smoke, obscurants, and even cold weather, 
where MWIR is photon-starved. 
 A good example of the dirty-battlefield power 
of LWIR is burning barrels as shown in figure 2 
(previous page). Hot targets shift left on Planck’s 
curve with huge energy in the MWIR that 
blooms the detector and provides veiling glare, 
whereas the LWIR image is still functional with 
burning barrels in the field of view. 
 Also, since there are many more photons 
in the LWIR band with terrestrial targets 
and backgrounds, integration times are much shorter, and moving 
around fast does not blur your image. So having both bands in a 
single camera can be of significant benefit. The US Army Night Vision 
and Electronics Sensors Directorate (NVESD) is a primary leader in 
dual-band IR technology.

SMALL DETECTOR SYSTEMS
 Small IR detectors can provide very different system characteristics 
than classically designed IR systems. First, they have long-range 
target-identification capabilities at low f-numbers. Most IR engineers 
are accustomed to long-range sensors having higher f-numbers, but 
that’s primarily because we have been saddled with larger detectors 
for so many years. 
 The visible-imager community has been doing long-range imaging 
with low f-numbers for a long time. A high-density array of small 
detectors can offer both long-range identification and wide field of 
view with all-electronic zoom. 
 SPIE Fellow Nibir Dhar of the US Defense Advanced Research 
Projects Agency (DARPA) has led the charge on small detector 
systems with a number of successes with detectors scaled to a pitch 
of 5 to 8 µm. Figure 3 (below) shows a camera and a camera image 
with five-µm-pitch detectors that were developed as part of DARPA’s 
Large Aperture Marine Basic Data Array (LAMBDA) program. DRS 
Technologies designed and built the camera with a mercury-cadmium-
telluride focal-plane array in the MWIR.

PANORAMIC SYSTEMS 
 A relatively new area of infrared systems is panoramic IR systems, 
designed to image 360 degrees around an area. In the future, such 

systems could range from cheaper, low-resolution systems that see 
around a vehicle or small boat to midrange systems for towers and facility 
surveillance. High-resolution systems are very expensive and are used 
for protection of high-value platforms such as ships and submarines.
 Figure 4 (above) is a panoramic camera that Jim Waterman at the 
U.S. Naval Research Lab (NRL) developed. Remote Reality built the 
“doughnut” lens that projects the panoramic image on a single focal 
plane, and L-3 Cincinnati Electronics built the 2ooo-by-2000-pixel 
InSb focal plane that images the entire panorama and can give a 
virtual tour of the area. 
 The doughnut image has to be “de-warped” in real time to provide 
a cylinder-coordinate image. This particular camera provides around 
5000 pixels on horizon in the MWIR, which is the workhorse IR band 
in naval applications due to the humid environments. 
 Frame rate is also important with panoramic systems. While these 
doughnut lenses can provide high frame rates, scanned systems that 
rotate to make an image are usually slower. If the frame rate is too slow, 
the camera may not meet target-detection and tracking requirements 
or mobility requirements.

PBSE BREAKTHROUGH
 One breakthrough this past year that will definitely have an impact 
on infrared systems is the lead selenide (PbSe) detector that Kenton 
Green and Sung-Shik Yoo at Northrop Grumman developed. They 
have been developing low-cost PbSe detectors for some time for threat-
warning systems aboard aircraft to defend against man-portable 
air-defense systems (MANPADS) and other anti-aircraft weapons. 
 The focal planes on these detectors are PbSe-deposited on silicon 
readouts, which make them very inexpensive. The remarkable aspect 
of these MWIR detectors are that they are non-cryogenically cooled 
with two thermoelectric coolers. 
 Sensitivities are now 30 milliKelvin with an f/1 optic and a 
2.5-milllisecond integration time, operating at 230 Kelvin. The arrays 
are 320 by 240 pixels with 60 µm pixels and 99.6 reproducibility. 
 Many of us in IR-systems engineering never thought we would see 
the day when non-cryogenically cooled photon detectors would have 
great sensitivity. The applications of these detectors not only include 
threat-warning and hostile-fire indication, but they could make a 
difference in high-speed industrial inspection, driving, rifle sights, etc. 
 The niche they hold above cheap microbolometers is derived from 
their good sensitivity and high speed. 
 Green, Yoo, and colleague Christopher Kauffman are authors 
of a paper on these sensors, “Lead salt TE-cooled imaging sensor 
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INFRARED SYSTEMS
t Continued from page 31

Figure 3. DRS’ LAMBDA scale camera and image from the 5-µm-
pitch camera.

Figure 4. Panoramic MWIR imager 
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development,” to be presented at SPIE DSS in 
Baltimore in May. I encourage attendance at this 
session. I would be remiss if I did not also mention the 
good work in this area at New Infrared Technologies 
in Madrid. 
 It’s not easy to say, but this technology will be 
critical the day that we start seeing rogue MANPADS 
against commercial aircraft.

SMALLER FLAT LENSES
 In terms of optical components that improve 
IR systems, one really interesting concept gaining 
traction is the flat-lens approach to optics. DARPA 
funded Ravi Athale’s original idea, and the project 
made great progress with a collaborative group that 
included researchers at University of California, 
San Diego (UCSD). The original concept looked like 
a hockey puck (top in figure 6) where light entered 
the disk around the edges, bounced around inside 
the puck, and came out the other side in focus. The 
reflective surfaces provided optical power, and an 
image was formed not too far from the back of the disk. 
 Advantages of this approach are smaller size, 
lighter weight, and better functionality of the 
detector. The disadvantage is reduced modulation-
transfer function and light collection due to the 
obscuration. However, it is a great technology when 
small size, weight, and power are needed.
 Joe Ford at UCSD says the infrared version has 
“graduated” from UCSD. Philip Perconti, Jay Vizgaitis, 
and Colin Reese, of NVESD, have received awards for 
implementing this technology in lightweight systems. 
A paper presented at SPIE DSS in 2010 describes 
this approach and shows how the IR version was 
implemented using a microbolometer detector array. 
(See the middle and bottom images in figure 6).

PACKAGING FOR MICROBOLOMETERS
 Let’s switch gears to the commercial side now. 
There is a revolution in microbolometers today as 
several companies are and have been developing 
(some with the help of DARPA and Dhar) wafer-level 
packaging of microbolometer arrays. 
 The technology involves placing a window with 
a vacuum over an entire wafer of microbolometer 
arrays. Then the array and window are sliced and 
diced with the window and vacuum intact. 
 Now, I realize I have oversimplified the process, 
but you can probably understand its impact. In 
terms of price, the bottom is going to drop out of 
the microbolometer market. Where microbolometer 
arrays have come down from tens of thousands to 
thousands of dollars in the past three or four years, 
we will see arrays for hundreds of dollars in 2014. 
I would not be surprised to see arrays sell for less 
than $100 next year and be even cheaper for small-
format arrays.
 Whi le microbolometers have been in the 
thermography, automotive, and other commercial 
markets for a few years, the cheap arrays will allow 
further commercialization of thermal imaging. 

TECHNOLOGY R&D

Figure 5. PbSe thermoelectrically cooled camera and image

SEE PAGE 40 TO LEARN ABOUT  
IR SENSORS FOR DETECTING  
ASTEROIDS.

C
ou

rt
es

y 
N

or
th

ro
p 

G
ru

m
m

an
.

Figure 6. FLAT optics in the 
infrared.

 A recent example is FLIR Systems’ FLIR ONE 
personal thermal imager for smartphones, released 
in January. The smartphone system costs $350 and 
has a protective case that covers a visible camera 
and a microbolometer camera that are fused and 
presented on the smartphone screen. 
 The small thermal camera in the case is a very 
low-cost microbolometer-based core, the Lepton. 
The Lepton is an 80-by-60-pixel array with 17-µm 
pitch detectors. The response band is 8 to 12 µm 
and the core has a lens with a 50-degree horizontal 
field of view. 
 With wafer-level packaging and even wafer-level 
camera fabrication, we are going to see quite a bit 
more commercialization of this type of IR-system. 

WHO CAN KEEP UP ANYMORE?
 It is an exciting time in IR systems and progress will 
only accelerate. In mentioning new IR components 
and systems associated with military and commercial 
systems, I have only scratched the surface. 
 Most of my colleagues will point out there are 
many other recent breakthroughs. They will say I 
missed shortwave infrared systems (SWIR), active- 
and passive-IR systems, hyperspectral systems, 
polarization systems, coherent imaging in infrared 
systems, and many other recent developments. 
 I only provided some examples. I can’t keep up 
anymore!

–SPIE Fellow Ronald G. Driggers is CEO and 
cofounder of St. Johns Optical Systems, editor-in-
chief of Optical Engineering, and a member of the 
SPIE Board of Directors. He has previously worked 
at the US Naval and Army Research Labs, including 
as superintendent of the Naval Lab’s Optical 
Sciences Division. The author of four books on IR 
and electro-optics systems, he has a PhD in electrical 
engineering from University of Memphis (USA).
 See SPIE Professional online for references and 
links for this article. .



34 SPIE Professional | APRIL 2014

RECOMMENDED READING

Photoacoustic flowmetry  
in deep tissue
By Ruikang Wang

TECHNOLOGY R&D

Photoacoustic 
tomography
a ‘Hot Topic’

At SPIE Photonics 
West in February, SPIE 
Fellow Lihong Wang of 
Washington University 
in St. Louis (USA) 
discussed, “Photoacoustic 
Tomography: Ultrasonically 
Beating Optical Diffusion 
and Diffraction” as part 
of the BiOS Hot Topics 
session.

Wang, editor-in-chief 
of the SPIE Journal of 
Biomedical Optics, noted 
that a decade of research 
has pushed photoacoustic 
CT to the forefront of 
molecular-level imaging.

While modern optical 
microscopy has resolution 
and diffraction limitations, 
noninvasive functional 
photoacoustic CT has 
overcome this limit, Wang 
noted. 

The imaging technique 
offers deep penetration 
with optical contrast and 
ultrasonic resolution of 1 
cm depth or more — up to 7 
cm of penetration in some 
cases. 

This opens up applications 
in whole-body imaging, 
brain function, oxygen 
saturation, label-free cell 
analysis, and noninvasive 
cancer biopsies.

The ability to image the 
brain in vivo is “simply 
exhilarating,” he said.

Fig. 2 Measured blood-flow speed (vmeas) versus 
set-flow speed (vset).

Lidai Wang and his colleagues at Washington 
University in St. Louis (USA) describe a novel 
technique to measure blood-f low speed in 

deep tissue in “Ultrasound-heated photoacoustic 
f lowmetry,” recently published in the Journal of 
Biomedical Optics.
 The ar t icle descr ibes the development of 
photoacoustic flowmetry assisted by high-intensity 
focused ultrasound (HIFU). This method employs 
HIFU to generate a heating impulse in the f low 
medium, followed by photoacoustic monitoring of 
the thermal-decay process. 
 Blood-flow speed is important in assessing tissue 
functionality and diagnosing many diseases. The 
unique attributes of photoacoustic (PA) imaging 
make it well suited for blood-flow measurement. 
 Photoacoustic f lowmetry is highly sensitive to 
optical absorption, providing high contrast for 
blood sensing. Photoacoustic flowmetry can also be 
readily integrated with other photoacoustic-imaging 
modes, providing naturally co-registered imaging 
of vasculature, hemoglobin concentration, oxygen 
saturation, and blood f low as well as sensing of 
oxygen metabolic rate.

DEPTH OF IMAGING INCREASED
 Current PA flow-imaging techniques are limited 
to shallow depth (within ~1 mm) in biological tissue. 
Based on focused ultrasonic heating and PA thermal 
clearance detection, the new technique extends 
photoacoustic flowmetry to deep tissue. 
 First, a focused ultrasonic transducer generates 
a small, locally heated region in f lowing blood. 
Blood flow accelerates thermal clearance, and PA 
temperature sensing is employed to monitor the 
thermal-clearance process. 
 The heat transfer and detection are mathematically 
modeled to calculate the flow speed from the PA 
signal. Both the ultrasonic heating and photoacoustic 
detection can focus beyond the optical diffusion 
limit (~1 mm deep in tissue), providing high spatial 
resolution at depths. 
 Blood f low speeds up to 41 mm∙s–1 have been 
experimentally measured in a tube covered by 1.5-
mm thick tissue, which can potentially be further 
improved.

 The authors cite several advantages of ultrasound-
heated photoacoustic flowmetry:
• The PA signal is generated from optical absorption 

and thus has a clean background in blood-flow 
measurement. 

• The PA effect is inherently sensitive to temperature. 
• The method does not rely on discrete scatterers 

or absorbers and can be potentially applied to 
homogenous media, e.g., flowing lymph. 

• Ultrasonic heating and PA detection potentially can 
be performed by the same ultrasonic transducer, 
producing naturally confocal acoustic heating and 
detection. 

 Along with Lidai Wang, co-authors of “Ultrasound-
heated photoacoustic flowmetry” include Junjie Yao; 
Konstantin I. Maslov; Wenxin Xing, and SPIE Fellow 
Lihong V. Wang, editor of the Journal of Biomedical 
Optics.
 Source: http://dx.doi.org/10.1117/1.JBO.18.11.117003

Fig. 1 Photoacoustic signal decays under varied 
flow speeds (0-41 mm∙s–1).
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New editor to expand coverage
of Journal of Nanophotonics

SPIE Fel low A l i  Ad ibi 
of Georgia Institute of 
Technology (USA) has 

been named editor-in-chief of 
the Journal of Nanophotonics 
(JNP).  
 JNP focuses on the fabrication 
and application of nanostructures 
that facilitate the generation, 
propagation, manipulation, and detection of light 
from the infrared to ultraviolet regimes. 
 Adibi is an internationally recognized expert in 
nanotechnology and has extensive experience in 
design, optimization, simulation, and fabrication 
of integrated photonic structures for optical 

sensing, optical communications, and optical signal 
processing. His group has demonstrated multiple 
photonic structures, especially resonators and 
spectrometers, with world-record performance.
 Adibi succeeds founding editor-in-chief Akhlesh 
Lakhtakia of Pennsylvania State University (USA), 
who served from 2007 through 2013.
 Adibi’s goals for JNP include expanding the 
coverage of the journal, adding special-focus issues 
more often to cover state-of-the-art research, and 
positioning JNP among the top journals in the field. 
 The Journal of Nanophotonics is published online 
in the SPIE Digital Library. For more information, 
see spie.org/JNP. .

Many topical
sections in
SPIE journals 
The Journal of Applied 
Remote Sensing is seeking 
papers for a special section 
on high-performance 
computing in remote 
sensing for environmental, 
commercial, or military 
applications. 

This section will explore 
computational aspects of 
remote sensing related 
to mathematical models, 
quantitative-analysis 
techniques, and numerical 
methods that will lead to 
improvements in remote-
sensing data and products. 
Manuscripts are due 1 
June. 

The Journal of Photonics 
for Energy seeks papers 
by 1 July for a special 
section on nanophotonics 
and plasmonics for solar-
energy harvesting and 
conversion. Other special 
sections will cover organic 
and hybrid solar cells.

Manuscripts are due 1 July 
also for a special section 
in the Journal of Micro/
Nanolithography, MEMS 
and MOEMS on continued 
scaling of optical 
and complementary 
lithography. 

Neurophotonics will 
have a special section 
on causal control of 
biological systems with 
light. Manuscripts are due 
1 August. 

Manuscripts are due 
1 October for another 
special section in 
Neurophotonics, honoring 
Lawrence Cohen of Yale 
University (USA) and the 
Korean Institute of Science 
and Technology.

More information:  
spie.org/journals

Special section in journal 
highlights new micro devices

Fifteen papers in a special section of the 
SPIE Journal of Micro/Nanolithography, 
MEMS, and MOEMS (JM3) explore emerging 

MOEMS technology used in space telescopes, 
telecommunications, biomedical imaging, chemical 
detection, and other applications.
 The special section, “Emerging MOEMS Technology 
and Applications,” covers micro-opto-electro-
mechanical systems technology and applications in 
adaptive optics, digital micro-mirror devices, and 
MOEMS miniaturized systems.
 The papers include two open-access articles, 
one from researchers at Massachusetts Institute of 
Technology (USA) on wavefront control with MEMS 
deformable mirrors, and the other by German 
researchers who conducted a cryogenic test on a 
unimorph-type deformable mirror. 
 The special section includes outstanding new 
results in commercial R&D in photonics where 
micro-optics and MEMS are merged, said SPIE 
Fellow M. Edward Motamedi, a guest editor. “As 
a result of this merger, innovative breakthrough 
devices are coming to light,” he said.
 Among the 15 papers are four articles on digital 
mirror devices (DMD), three on microscanning 
applications, three on adaptive optics, and others 
on 3D profiling, focusing micromirrors, Fabry Perot 
filters, and mircomachined spectrum analyzers. 
 Researchers from Los Alamos National Lab (USA) 
authored two of the papers, and scientists at three 
different divisions of the Fraunhofer Institute in 

Germany contributed three papers.
 Motamedi also praised the work of his co-editors, 
each of whom chairs a conference at SPIE Photonics 
West, for assembling the collection. 
 Co-editors are Joel Kubby of University of 
California, Santa Cruz (USA); SPIE member Patrick 
Ian Oden of Texas Instruments (USA); and SPIE 
Senior Member Wibool Piyawattanametha, director 
of the Advanced Imaging Research Center at 
Chulalongkorn University (Thailand). 
 Motamedi, an executive at Revoltech Microsystems 
(USA), is founding chair of the MOEMS-MEMS 
Symposium, and a JM3 senior editor.
 The special section is published in the JM3 and 
available at  http://owly/uf5jk. .

DOCUMENT YOUR RESEARCH
Present your latest discoveries in optical 
engineering, remote-sensing techniques, 
laser materials, electronic imaging, or other 
photonics topics at a future conference.

Become part of the world’s largest collection 
of optics and photonics research papers.

See page 48 for a list of upcoming 
abstract-due dates
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Photonics showcase 
Research that makes a difference

SPIE Photonics West set new records in San 
Francisco this year, with 21,360 scientists, 
researchers, engineers, suppliers, entrepreneurs, 

and industry analysts from 30 countries registered and 
more than 4,700 presentations.
 A new Translational Research virtual symposium 
emphasized outcomes-based biophotonics research 
and product acceptance, a theme that carr ied 
throughout the week. The new program joined the 
Green Photonics virtual symposium and long-running 
symposia on biomedical optics and biophotonics 
(BiOS), optoelectronics (OPTO), lasers (LASE), and 
microtechnology and nano-optics (MOEMS-MEMS).
 Throughout the first week of February, advances 
were reported on new technologies for noninvasive 
medical treatments, ultrafast lasers to enable 
more efficient manufacturing applications, silicon 
photonics to meet the escalating demand for data 
transfer, bioinspired optical systems for sensors to 
monitor changes within the body, and hundreds of 
other topics for the international laser and photonics 
community.
 Proceedings are available from the SPIE Digital 
Library.
 A technology-transfer information session and 
startup accelerator forum providing ideas for those 
looking to commercialize new optics and photonics 
technologies were among several new programs 
for business executives. These sessions added even 
more energy to established events such as the Prism 
Awards for Photonics Innovation and the SPIE Startup 
Challenge that celebrate innovative new products and 
nurture startups.

LASERS ATTACKING CANCER 
 Researchers celebrated several laser milestones 
during the week, including the 45th anniversary 

of Robert Alfano’s discovery of supercontinuum 
generation and applications and the 25th anniversary 
of the BiOS conference on Optical Interactions with 
Tissue and Cells.
 And for a real-life example of a promising laser 
therapy for cancer, a melanoma patient who underwent 
a new laser immunotherapy procedure attended his 
physician’s presentation at BiOS.
 The physician, Mark Naylor, of Dermatology 
Associates of San Antonio (USA), and SPIE Fellow Wei 
R. Chen, a professor at University of Central Oklahoma 
(USA) and co-inventor of laser immunotherapy, have 
developed a new therapy that uses a laser to damage, 
but not destroy, a melanoma tumor.
 While melanomas on the skin are not typically 
what kill a patient with the disease, at more advanced 
stages, the cancer metastasizes throughout the body. 
These are the tumors that make the disease’s survival 
rate very low. 

IMMUNE SYSTEM ROLE
 Chen and Naylor’s approach takes advantage of the 
body’s defense mechanisms to respond to the laser-
damaged tumor by generating an immune response 

specif ic to that tumor. The immune 
system then finds and destroys — or at 
least shrinks — other instances of the 
cancer that have spread around the body. 
 This is showing encouraging signs of 
increasing survival rates and possibly 
changing melanoma from a fatal to a 
chronic disease — one that could be 
managed with recurring treatments.
 A big advantage of this approach is that 
it does not require chemotherapy, so the 
patient is able to have a normal life, with 
very few side effects from the treatment. 
 Rex Tullis, one of the patients that 
Naylor has treated, was living proof. 
Diagnosed with advanced melanoma in 
2011, Tullis has already lived well beyond 
the six-month prognosis he received after 
the cancer spread to his lungs.

Technology
matchmaking
Technology-transfer 
managers at a 
handful of American 
universities outlined 
the commercialization 
opportunities 
available from 
researchers at their 
institutions during the 
Technology-Transfer 
Showcase at SPIE 
Photonics West.

A physics professor at 
University of Chicago, 
for instance, has 
developed a large-
area picosecond 
photo detector but 
is not interested 
in making the 
device himself, said 
Matthew Martin 
of the university’s 
Center for Technology 
Development and 
Ventures. 

Henry Frisch prefers 
to have someone 
else manufacture and 
market it so he can 
spend more time in his 
high-energy physics 
lab, Martin said.

At the University 
of Central Florida, 
researchers who have 
developed a widely 
tunable IR laser for 
military and medical 
applications and 
an uncooled far-IR 
sensing device are 
also looking to sell, 
license, and otherwise 
partner with someone 
in the business world 
who can turn their 
technologies into 
commercial success.

SPIE Fellow David 
Wick, licensing 
executive for Sandia 
National Labs, 
moderated the panel 
of speakers. “The hard 
part is finding that 
match, a company to 
take the technology 
to the marketplace,” 
he said.

Mark Naylor (left) with Wei R. Chen (right) and the 
patient at center, Rex Tullis.

Duco Jansen, far left, says about 278 years’ worth of laser-tissue-
interaction experience is represented in this photo of some of the 
participants at a 25-year-anniversary session at SPIE Photonics 
West.
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Oracle invests in silicon photonics
The growing demand for mobile electronics coupled with 
technology companies’ need to scale infrastructure and systems 
to meet those demands is driving database-software giant Oracle 
to make major investments in silicon photonics. 

Data centers of the future must have extremely high-efficient 
processors, memory chips and interconnects, and silicon 
photonics will be key to revolutionizing those communication 
systems, according to Ashok Krishnamoorthy, chief technologist 
for photonics at Oracle.

(Left to right), Bahaa Saleh, Thomas Koch, and X.-C. Zhang, the 
deans at university optics programs in Florida, Arizona, and New 
York, respectively, during a gathering at SPIE Photonics West. 

 “I was looking for something that would give me better quality of 
life and potentially more time,” Tullis said. “I feel like I’m part of a 
team, and we’re in this battle together.”
 Chen and Naylor discussed the trials underway in the Bahamas, 
Peru, and in the United States, and the promise the treatment has for 
other cancers such as breast cancer. Naylor said due to the simplicity 
of the approach, it could be important for use in countries without 
advanced medical facilities, where cancer treatments are often done 
only once, and “if it doesn’t work, you die.”
 “Basic research is exciting and fun, but until you do something to 
impact the lives of people, to me it doesn’t have quite the kick,” Naylor 
said. “I want to see people live longer and not die from tumors.” .

Krishnamoorthy gave an overview of Oracle’s work on developing 
photonics solutions for data centers and cloud computing at a 
luncheon during SPIE Photonics West where 34 of the 76 newly 
promoted SPIE Fellows were officially recognized. 

He said Oracle Labs is working closely with industry, government, 
and academic partners to break through today’s technology limits 
with manufacturable and low-cost solutions to support a world 
increasingly dependent on high-speed interconnects for instant 
communications on tablets and smart phones.

“The future is mobile,” Krishnamoorthy said. After all, he joked, “I 
txt thr4 I am.”
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BiOS Hot Topics
Translating research to clinical care

New optical methods and tools to improve disease 
diagnostics and treatment and to provide new insights 
into the function of complex human organs like the brain 

were among the breakthroughs presented at the BiOS Hot Topics 
session during SPIE Photonics West in February.
 The optical technologies and applications reported at BiOS this 
year and the commercial success of optical coherence tomography 
(OCT) are a reflection of how “we are all trying to help people,” 
according to SPIE Fellow R. Rox Anderson, BiOS symposium co-
chair. “This symposium gets a little better, broader, and deeper 
every year,” he said. 
 One of eight Hot Topics speakers, SPIE Fellow 
Bruce Tromberg of Beckman Laser Institute 
(USA) described a multi-center clinical trial 
studying diffuse optics methods for assessing 
breast cancer chemotherapy – the first optics trial 
supported by the American College of Radiology.
 “In breast cancer over the last 10-15 years, 
there has been tremendous growth in use of pre-
surgical neoadjuvant chemotherapy for stage 2 to 
4 tumors,” Tromberg explained. “There is a clinical need to predict 
the pathological response as early as possible.”
 Tromberg’s group has been working with a combination of 
frequency-domain phase modulation and continuous-wave diffuse 
infrared spectroscopy for monitoring neoadjuvant chemotherapy.
 A nother ta lk covered developments in 
scanning-fiber endoscopy, which offers clinicians 
both an improved method of guided intervention 
and a higher resolution diagnostic capability, 
according to Eric Seibel of the University of 
Washington (USA).
 Coherent fiber bundle technology is a mainstay 
for imaging very small ducts, but the resolution 
is only about 100 pixels across, Seibel explained. 
“Really, you are legally blind when you are using that scope,” he 
said, which is an issue with sophisticated procedures in small ducts.
 Seibel’s group has focused on developing ultrathin widefield 
high-resolution endoscopy for imaging the bile duct for biopsy. “It 
is very important to get high-resolution images for this, and we 
had never seen these kinds of images before,” he said as he showed 
videos on a huge screen. 

PROBING SINGLE CELLS 
 Gary Shambat, a member of Jelena Vuckovic’s 
group at Stanford University (USA) and a senior 
scientist at Adamant Technologies, told the 
audience about a nanoscale photonic probe. Built 
using semiconductor manufacturing methods, 
the device is enabling researchers to probe single 
cells for days at a time.
 “We wanted to take an optical fiber and insert 
it into a single cell without too much damage” to 
measure nanocavity resonances in the cell, Shambat said. They 
attached the fiber with epoxy to a GaAs membrane and tested the 
nanoprobe on common cancer cells (PC3). 

 The process was “minimally cytotoxic” to the cells, with about 
75% of the cells surviving. This means the probe could be used 
to measure long-term cell behavior; in early experiments, they 
observed cells containing the probe for eight days.

ENTREPRENEURS BOOST OCT
 On the commercial side of biophotonics, Eric 
Swanson of OCT News paid tribute to innovative 
researchers, government support, and an 
“entrepreneurial spirit” for their role in making 
optical coherence tomography (OCT) the most 
successful biomedical optics product to date. 
 First introduced into ophthalmology clinics 
and, more recently, cardiology practices, OCT 
technology is the basis for more than 40 OCT 
companies worldwide today and is used in surgery, microscopy, 
the oral cavity, bronchoscopy, gastroenterology, dermatology, 
gynecology, neurology, and pathology, Swanson noted. 
 “Over the last decade, more than half a billion dollars has been 
invested by government agencies, and the ROI on that investment 
has been outstanding,” Swanson said.
 “The clinical translation of OCT has been impactful scientifically, 
clinically, and economically,” he said. 
 Meanwhile, a decade of research has pushed 
photoacoustic computed tomography (CT) to the 
forefront of molecular-level imaging, according 
to Lihong Wang, a professor at Washington 
University, St. Louis (USA) and editor-in-chief 
of the Journal of Biomedical Optics.
 Modern optical microscopy has resolution 
and diffraction limitations, Wang noted. But 
noninvasive functional photoacoustic CT has 
overcome this limit, offering deep penetration with optical contrast 
and ultrasonic resolution of 1 to 7 cm depth of penetration. The 
technology can be used in evaluating sentinel lymph nodes for 
breast-cancer staging. 

RESEARCH INTO THE BRAIN
 Several “Hot Topics” presentations focused on how optical tools 
are helping to improve our understanding of neurological structures 
and processes. 
 Massachusetts General Hospital’s David 
Boas, editor-in-chief of the new SPIE journal 
Neurophotonics, discussed how advances in 
microscopy are providing new details about how 
oxygen is delivered and consumed in the brain 
and elsewhere in the body. But microvascular 
oxygenation is a very complicated process, he 
noted, and “We need methods to measure blood 
flow in the capillary networks.” 
 He and his collaborators are using multimodal microscopy to study 
microvascular blood flow and map oxygen throughout the vascular 
network. “What we found is that significant oxygen is extracted from 
the arterioles – in fact, 50% of oxygen being distributed is coming 
from the arterioles, and this is a new finding,” Boas said. 
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 Paul Selvin and colleagues at the University of 
Illinois at Urbana-Champaign have developed 
quantum dots that provide super resolution 
imaging of AMPA receptors (AMPAR) and 
support structures at live neuronal synapses.
 Using photo-activated localization super-
resolution microscopy (PALM) and the PALM cycle 
to achieve 10-20 nm resolution, they have measured 
the exact distance between pre-synapse and post-
synapse and observed the volume change of synapses. They did this by 
creating quantum dots (~8 nm) that can fit inside the synapse and big 
quantum dots (~20 nm) that can bind to them.
 “We can get 3D fluorescence imaging with 10-20 nm resolution,” 
with photostable dots, Selvin said, to gather totally new information 
about synapse function.
 As part of the European Union’s Human 
Brain Project’s efforts to build a whole-brain 
imaging infrastructure, Francesco Pavone and 
collaborators at the European Laboratory for 
Non-Linear Spectroscopy have combined two-
photon correlative microscopy and light-sheet 
microscopy to enhance the ability to image the 
brain and its processes. 
 “Two-photon microscopy can only acquire 
superficial layers, so we correlate with confocal light sheet 
microscopy to reconstruct the entire brain and trace single 
processes,” Pavone said. .
–  Kathy Kincade
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Biophotonics in Brazil

Biophotonics researchers and post-docs looking for a 
welcoming environment in which to begin their next project 
might want to consider Brazil, where SPIE is organizing a 

biophotonics conference in 2015.
 “São Paulo accounts for about half of the science that occurs 
in Brazil and publishes more scientific articles than any country 
in Latin America,” according to Carlos H. de Brito Cruz, science 
director for the Foundation for the Support of Research in the State 
of São Paulo (FAPESP).
 With a taxpayer-supported 2012 budget of about R$1.035 billion 
(about US $500 million), FAPESP offers grants ranging from 
$200,000 to $3 million for a broad spectrum of scientific research 
projects, including optics and photonics, Brito told an audience at 
SPIE Photonics West in February. There are currently 100 optics/
photonics grants in process, he noted.
 Two Brazilian researchers gave presentations on their FAPESP 
projects:
• A multimodal photonic platform that can be used to manipulate 

and acquire spatial- and time-resolved biochemical and 
biomechanical information from single live cells, developed by 
Carlos Lenz Cesar’s group at University of Campinas. 

• A project under the direction of Helena Nader at University of Sao 
Paulo that is using biophotonics to better understand the mode 
of action of the anti-thrombotic drug Heparin.

 SPIE member Cristina Kurachi of University of São Paulo is the 
local organizer of an SPIE biophotonics conference to be held 22-
26 May 2015 in Rio de Janeiro. The new event will be collocated 
with a meeting of the International Photodynamic Association. .
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Asteroid
Detectors

In the ongoing background noise of potential 
natural disasters vying for your attention 
— hurricanes, tornadoes, earthquakes, 

lightning strikes — the idea that a random 
piece of rock from outer space will cross paths 
with Earth is most likely a distant worry.
 And if a project involving a team of 
University of Rochester scientists in New York 
and researchers at NASA’s Jet Propulsion 
Laboratory (JPL) in California succeeds, you 
may eventually be able to rest even easier 
when it comes to the faint possibility that an 
asteroid will strike Earth with catastrophic 
consequences. Or at least put the possibility 
into the same category as other hazards that can 
be predicted and prepared for, if not averted.
 For much of the past decade, Amanda 
“Amy” Mainzer, the principal investigator for 
two JPL missions designed to survey space 
for asteroids and comets, and colleagues at 
Rochester have been collaborating in an effort 
to improve the ability of space telescopes to 
map the course of asteroids. The long-term 
goal is to put in place a network of detection 
involving both space-based and ground-
based observatories that will alert observers 
when asteroids or comets are on a collision 
course with Earth. This will allow disaster 
professionals time to prepare a course of 
action to avert as much danger as possible.
 In 2013, the Rochester team of Craig 
McMu r t r y, a senior eng ineer; Jud it h 
Pipher, professor emerita; and Bill Forrest, 
professor emeritus, along with Mainzer and 
other researchers reported an important 
breakthrough in that effort: a new generation 
of sensors appears ready to serve as the 
electronic eyes of a mission designed to hunt 
for “near-Earth objects.”

 With initial funding from NASA, the group, 
all in the Department of Physics and Astronomy 
at Rochester, is proposing a new space-based 
telescope that would sit close to Earth’s orbit and 
use infrared sensors to scan the sky for asteroids 
on a possible collision course with Earth. Named 
NEOCam, or “Near-Earth Object Camera,” the 
mission would be able to detect objects that have 
a diameter of 30 to 50 meters, about the size of 
an office building.

POTENTIAL FOR DESTRUCTION
 While that won’t account for all the objects 
with potential to cause catastrophic damage, 
it would go a long way toward filling in a wide 
swath of missing information about asteroids. 
When such near-Earth objects are relatively 
small — objects the size of basketballs are 
estimated to enter the atmosphere once or 
twice a week — they dissipate harmlessly in 
the atmosphere.
 The larger they get, of course, the greater 
their potential for destruction. The world was 
reminded of that in February 2013 when an 
asteroid 17 to 20 meters in diameter entered 
the atmosphere over the Ural region of Russia 
and exploded about 30 miles from the city of 
Chelyabinsk. 
 Mainzer published a detailed census in 2011 
of large and midsize asteroids, reporting that 
the majority of objects larger than 1 kilometer 
in diameter and the ones measuring between 
300 meters and 1 kilometer have already been 
spotted. Part of a project called the NEOWISE 
survey, the results were based on data from 
the Wide-field Infrared Survey Explorer, or 
WISE, a NASA mission launched in 2009 that 
was designed to scan for luminous galaxies 
and stars with a cooler temperature signature.

New sensors to detect asteroids 
that could hit Earth

By Scott Hauser
Artist’s conception of a solar 
system with planets,  
a comet, and an asteroid.

Send Bennu
a message
NASA is inviting people 
around the world to 
submit their names to be 
etched on a microchip 
aboard a spacecraft 
headed to the asteroid 
Bennu in 2016.

The “Messages to 
Bennu!” microchip will 
travel to the asteroid 
aboard the agency’s 
Origins-Spectral 
Interpretation Resource 
Identification Security 
Regolith Explorer 
(OSIRIS-REx) spacecraft. 

The robotic mission will 
spend more than two 
years on Bennu, which is 
1760 feet (500 meters) 
wide. The spacecraft 
will collect a sample 
of Bennu’s surface and 
return it to Earth in a 
sample-return capsule.

Participants should 
submit their names 
online no later than 
30 September at: 
planetary.org/bennu

MEETING, SEE PAGE 45.
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 Like the WISE mission, NEOCam is based 
on the asteroid-hunting technology of using 
infrared radiation as a way to spot dark, 
nonreflective objects. IR radiation can be 
used to measure the heat emitted by an object, 
making it ideal for searching for objects like 
asteroids. Asteroids don’t emit their own 
light, but when warmed by the sun, emit 
enough IR radiation to stand out in space.
 But unlike WISE, the proposed NEOCam 
mission will be designed to scan specifically 
for near-Earth objects, and where the longest 
wavelength detections in WISE were based 
in silicon, the new sensors would be made of 
a newly developed combination of mercury, 
cadmium, and tellurium. The combination 
allows the sensors to collect infrared 
wavelengths up to about 10 microns, the range 
at which most asteroids emit IR radiation.

LONG-LASTING, COOL DETECTORS
 In an open-access paper published in 
a special section of Optical Engineering 
in September 2013, the Rochester team 
reported that the new sensors could operate 
comfortably at about 40 degrees above 
absolute zero, the temperature at which 
most space-based telescopes eventually 
live out their lives in space. The ability to 
operate at 40 degrees Kelvin means NEOCam 
would not have to carry an artificial coolant 
such as liquid helium or solid hydrogen, a 
requirement for silicon-based arrays, which 
operate best at 10 degrees or less above 
absolute zero.
 “It doesn’t sound like a big difference … 
but to an instrument astronomer working on 
space telescopes, it’s night and day,” Mainzer 
says. “With these new detectors, we can get 
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The NEOCam sensor (right) in this artist’s 
conception is the lynchpin for the proposed 
NEOCam space mission (left).

Photos courtesy of JPL.

away with not using cryogen to keep them 
cold. The benefit is that they can enable the 
mission to have a very long life.”
 The team worked with Teledyne Imaging 
Sensors to develop and test the new sensors. 
If all goes as planned, the new detectors will 
be capable of capturing 16 megapixels of 
light and will be paired with a complement 
of sensors at a shorter wavelength to allow 
for more precise measurement of asteroids. 
 While the mission has more NASA approvals 
to get through before a launch date can be set, 
the team envisions that the ability to make 
such measurements eventually could add up 
to a more advanced system for keeping track 
of asteroids that’s analogous to the National 
Oceanic and Atmospheric Administration’s 
efforts to track hurricanes and other storms. 
 As science gets better at detecting asteroids 
and tracking their orbits, a warning system 
could be put in place that gives people more 
options for dealing with potential impacts. 
For larger impacts, trying to divert the objects 
might be possible. For smaller objects, a 
future system could provide enough warning 
for people to get out of harm’s way.
 The paper, “Development of sensitive long-
wave infrared detector arrays for passively 
cooled space missions,” can be found in 
the SPIE Digital Library at http://dx.doi.
org/10.1117/1.OE.52.9.091804.
 More information about asteroids and 
near-Earth objects is at: jpl.nasa.gov/
asteroidwatch. 

–Scott Hauser is editor of the Rochester 
Review of the University of Rochester. This 
article was excerpted and slightly edited, 
with permission from the Rochester Review. .

Planetary
defense
NASA is pursuing 
new partnerships 
and collaborations in 
an “Asteroid Grand 
Challenge” to accelerate 
the work of finding 
asteroid threats to Earth 
and determining what to 
do about them. 

As part of the initiative, 
NASA is developing 
an Asteroid Redirect 
Mission (ARM), a first-
ever mission to identify, 
capture, and redirect an 
asteroid to a safe orbit of 
Earth’s moon for future 
exploration by astronauts 
in the 2020s.

ARM will use capabilities 
in development, including 
the new Orion spacecraft 
and Space Launch System 
rocket, as well as assets 
in the Near-Earth Object 
(NEO) program, which 
scans the entire celestial 
sky in infrared light.

NASA is combining 
public-private 
partnerships, 
crowdsourcing, and 
incentive prizes.

For more information, 
including opportunities 
for funding and other 
participation: nasa.
gov/mission_pages/
asteroids/initiative/
index.html

A collision 65 million years ago 
with a near-Earth object believed 
to be about 5 to 10 kilometers in 
diameter resulted in the extinction 
of the dinosaurs. ( E D I T O R ’ S  N O T E S :  T h e 

WISE mission was renamed 
NEOWISE in September 2013 
and became part of a new 
asteroid initiative in the USA 
to enhance NASA’s ability to 
find potentially hazardous 
asteroids. See above.

Mainzer, McMurtry, Forrest, and 
Pipher are among co-authors 
of a paper to be presented at 
SPIE Astronomical Telescopes 
+ Instrumentation in June 
on a LWIR megapixel array 
developed by Teledyne for 
NEOCam. Paper 9154-82.)
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Sharpening
eye surgery
Physicians in the 
Netherlands have turned 
to expertise from a 
planet-hunting telescope 
to steady their surgical 
microscope and save the 
sight of people threatened 
by blindness.

Doctors at the University 
Eye Clinic Maastricht 
found their microscope 
was quivering, making 
one in five sight-saving 
operations impossible.

The answer came in the 
form of the revolutionary 
Hummingbird device. 
Originally designed for 
testing Darwin, a potential 
European Space Agency 
space observatory, it 
enabled engineers to 
stabilize the surgical 
microscope and unlock 
its full potential for 
preventing sight loss.

The team mounted the 
Hummingbird device 
between the ceiling and 
the microscope’s arm to 
create an active-vibration 
damper to counter low-
frequency vibrations.

Engineers invented and 
patented a ‘horizontal 
coupling’ mechanism, 
which keeps horizontal 
vibration sensors level at 
all times.

A team of scientists at Washington University 
School of Medicine in St. Louis (WUSTL) 
led by SPIE Fellow Samuel Achilefu has 

developed a pair of high-tech glasses that help 
surgeons visualize cancer cells during surgeries. 
The cells glow blue when viewed through the glasses.
 The technology incorporates custom video and a 
head-mounted display. Physicians inject a patient 
with a targeted molecular agent that attaches to 
cancer cells, making them glow. 
 The wearable technology is aided by near-IR 
quantum dots and was used during surgery for the 
first time on 10 February.
 “This technology has great potential for patients 
and health-care professionals,” said Achilefu, a 
professor of radiology and biomedical engineering 
at WUSTL and co-leader of the Oncologic Imaging 
Program at Siteman Cancer Center. “Our goal is to 
make sure no cancer is left behind.”
 Achilefu is the long-time chair of the conference 
on Reporters, Markers, Dyes, Nanoparticles, and 
Molecular Probes for Biomedical Applications at 
SPIE Photonics West. He also serves on the program 
committee and chairs several sessions at the annual 
event, where he has presented his research for more 
than a decade. 
 Achilefu has also published extensively in the 
SPIE Journal of Biomedical Optics, including the 
2013 study he coauthored as part of a special section 
on f luorescence molecular imaging that details 
the development of the wearable technology. The 
open-access article, “Near-infrared f luorescence 
goggle system with complementary metal-oxide-
semiconductor imaging sensor and see-through 
display,” is available in the SPIE Digital Library at 
http://dx.doi.org/10.1117/1.JBO.18.10.101303.  

VISUALIZING CANCER CELLS 
 Cancer cells are difficult to see, even under high-
powered magnification. The high-tech glasses are 
designed to make it easier for surgeons to distinguish 
cancer cells from healthy cells, helping to ensure 
no stray tumor cells are left behind during surgery.
 Currently, surgeons are required to remove the 
tumor as well as neighboring tissue that may or may 
not include cancer cells. The samples are sent to a lab, 
and if cancer cells are found in neighboring tissue, 
a second surgery often is recommended to remove 
additional tissue. 
 “We’re in the early stages of this technology, and 
more development and testing will be done, but 

we’re certainly encouraged by the potential benefits 
to patients,” said breast surgeon and WUSTL 
associate professor of surgery Julie Margenthaler, 
who performed the operation in February. “Imagine 
what it would mean if these glasses eliminated the 
need for follow-up surgery and the associated pain, 
inconvenience, and anxiety.”
 The glasses could reduce the need for additional 
surgical procedures and continued stress on patients, 
as well as time and expenses. Margenthaler said 
about 20-25% of breast cancer patients who have 
lumps removed require a second surgery.
 Achilefu worked with Washington University’s 
Office of Technology Management and has a patent 
pending for the technology. He also is seeking FDA 
approval for a different molecular agent he’s helping 
to develop for use with the glasses. The other agent 
specifically targets and stays longer in cancer cells.
 The National Cancer Institute at the National 
Institutes of Health funded the research.
 For more information on the research: http://
dx.doi.org/10.1117/1.JBO.18.10.101303 .

SPIE Fellow Samuel Achilefu will 
present a keynote talk on nano-
technology in oncologic medicine 
at SPIE DSS 8 May.

Photonics for  
a Better World

SURGEON’S GLASSES DETECT 
GLOWING CANCER CELLS

The fluorescence goggle system is based on CMOS 
sensor and see-through display technologies.

SPIEDigitalLibrary.org

Find the Answer 

Nano/Micro Technologies
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PHOTONICS: INSPIRING AS THE OLYMPICS

2014 
OPTICS + 
PHOTONICS•
Register Today.
www.spie.org/op2014

Conferences & Courses: 17–21 August 2014
Exhibition: 19–21 August 2014

San Diego Convention Center 
San Diego, California, USA

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

Records are broken, new tricks are introduced, 
new stars step onto the world stage — there 
is a lot of inspiration generated when the 

Olympic Games get underway. Athletes at the 
Olympic Winter Games in Sochi, Russia, earlier this 
year performed feats that were not imagined to be 
possible, and possibly not even imagined, as recently 
as 10 years ago.
 It’s the same with photonics. Except that the 
general public may not be aware of all the photonics 
innovators making the world a better place. 
 And there are very few clothing-endorsement 
contracts for photonics engineers.
 Yet, records are broken, impressive new tricks are 
introduced, and new photonics stars step onto the 
stage to help improve our society.

 For example, in separate talks at SPIE Photonics 
West in February, Michal Lipson of Cornell University 
and Ashok Krishnamoorthy of Oracle described new 
tricks with light that could help solve one of the most 
profound problems facing our increasingly digitally 
plugged-in world: data storage capacity, or more 
precisely, the projected lack of it sometime in the 
next five or 10 years.
 It isn’t just old email messages that won’t be savable 
unless something major changes. It’s your medical 
records, bank account, family photos; your research 
records, copyrights, company payroll. 
 Anything computer-generated that you would like 
to ever see again will essentially disappear.
 Photonics engineers across the globe are at work 
on that problem and many others. .

Photonics for
a better world
Read more articles and 
blog posts celebrating the 
many ways that optics and 
photonics are applied in 
creating a better world:

• spie.org/betterworld

• PhotonicsforaBetter 
World.org

Read Online 
 spie.org/spieprofessional
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SPIE Photonics Europe 2014
Brightened under Horizon 2020

Optics & Astronomy

SPIE Photonics Europe, 14-17 April in Brussels, 
will offer programs dealing with many of the 
toughest issues facing optics and photonics 

technologies today while also providing a window on 
the industry’s bright future under Europe’s Horizon 
2020 research and innovation program. 
 And three days of “Hot Topics in Photonics” plenary 
talks will cover plans for the International Year of 
Light (IYL) celebration in 2015 and recent advances 
in large-scale integrated photonics, biophotonics, 
silicon photonics, nonlinear optics, diode lasers, and 
on-chip nanophotonics.

PRESENTATION OF SPIE AWARDS
 Photonics Europe will open with the presentation 
of two SPIE annual awards by SPIE President H. 
Philip Stahl. Brian C. Wilson of the Ontario Cancer 
Institute (Canada) will receive the Britton Chance 
Biomedical Optics Award. Wilson, who is being 
recognized for 30 years of pioneering contributions 
to biomedical optics, will also present a plenary talk 
on nanoparticle-enabled endoscopy.
 Stahl will also present the 2014 SPIE Dennis 
Gabor Award to Pramod Rastogi of the Swiss 
Federal Institute of Technology (EPFL). Rastogi 
has conducted groundbreaking research in the 
development of high-resolution and multi-component 
parametric-phase formulation methods for the 
simultaneous estimation of multiple phases and their 
derivatives from holographic-interference patterns.
 In addition to Wilson, plenary speakers will be 
SPIE member John Dudley of Université de Franche-
Comté (France), Wolfgang Boch, the new head of the 
European Commission’s Photonics Unit, and silicon 
photonics expert Michal Lipson, an SPIE member 
from Cornell University (USA).
 Dudley, chairman of the IYL2015 steering 
committee, will discuss the goals and plans for the 
IYL while Boch will give an overview of photonics-
related funding opportunities under Horizon 2020. 
Lipson will discuss advances in ultrahigh-speed 
devices.
 Other plenary speakers are:
• Raymond G. Beausoleil of HP (USA)
• SPIE member Frank Koppens of Institut de 

Ciències Fotòniques (Spain)
• Marc Sciamanna of Supélec (France)
• John Sipe of University of Toronto

PHOTONICS INDUSTRY CHALLENGES
 The industry program at SPIE Photonics Europe, a 
series of executive briefings on expanding photonics 
markets, current trends, and opportunities, will 
include talks on laser-additive manufacturing, 
the Photonics21 Public-Private Partnership, and 
two EU regulations that some believe will have an 

extremely negative impact on the manufacturing of 
optical glass.
 Two talks will cover Registration, Evaluation and 
Authorization and Restriction of Chemicals (REACH) 
and Restriction of the use of certain Hazardous 
Substances in electrical and electronic equipment 
(RoHS). 
 SPIE Fel low Peter Har tmann of SCHOT T 
(G er ma ny) w i l l  ex pla i n t he sc ient i f ic  a nd 
technological background on why RoHS and REACH 
are endangering key enabling optical materials. (See 
page 26 for Hartmann’s article on the regulations). 
Wenko Süptitz of SPECTARIS (Germany) is to discuss 
what measures the photonics industry can take to 
minimize the damage caused by RoHS and REACH.
 Other speakers in the industry program include:
• SPIE industry and market strategist Stephen G. 

Anderson, discussing an ongoing SPIE project to 
measure the economic impact of the photonics 
industry

• SPIE Fellow Reinhart Poprawe, Fraunhofer ILT 
(Germany), on laser-additive manufacturing and 
the vision of 3D printing

• Elisabeth Leitner, Deutsches Institut für Normung 
(Germany), on ISO standardization of optics and 
photonics

• Els Van de Velde, IDEA Consult (Belgium), on a 
project to track the implementation of key enabling 
technologies (KETs) in Europe

• Peter Peumans, IMEC (Belgium), on integrated 
photonics for life sciences

• Anthony Hillion, Aquiti Gestion (France), on 
venture capital for photonics.

SPIE SPECIAL EVENTS
 Along with 18 conferences covering neurophotonics, 
silicon photonics, quantum optics, semiconductor 
lasers, micro- and nanotechnologies, metamaterials, 
and other topics, SPIE Photonics Europe includes an 
exhibition 15-16 April and:
• SPIE Student Chapter Leadership Workshop
• SPIE Women in Optics presentation and reception
• Professional development speaker series
• Poster sessions
• Photonics Innovation Village
 General chairs of Photonics Europe are Ronan 
Burgess of the European Commission Joint 
Research Centre (Belgium) and SPIE Fellows 
Francis Berghmans of Vrije Universiteit Brussel 
(VUB) (Belgium), Jürgen Popp of the Institute of 
Photonic Technology Jena (Germany), and Hartmann 
of SCHOTT. Honorary chair is SPIE Fellow Hugo 
Thienpont of VUB.
 More information: spie.org/pe2014 .

Tech transfer  
at Photonics 
Europe 
The 6th edition of the 
Photonics Innovation 
Village, a competition 
designed to support and 
encourage the transfer of 
optics/photonics research 
and technology into new 
and useful products, will 
be held at SPIE Photonics 
Europe 15-16 April.

Organized by Vrije 
Universiteit Brussel 
(VUB), the Innovation 
Village provides each 
participant team with 
a complimentary 
mini-booth in a high-
traffic section of the 
SPIE Photonics Europe 
exhibition in the Square 
Brussels Meeting Centre.

Awards will be made in 
three categories, with 
winners determined by 
representatives from the 
European Commission 
Photonics Unit; SPIE, 
Photonics21; VUB; a 
bank or venture-capital 
company; and a large 
European photonics 
company.

Winners each will 
receive €1500, and first 
and second runners-up 
receive €500 each.

The Photonics Innovation 
Village is open to all 
registered attendees 
of the conference and 
exhibition. Winners will 
be announced 16 April. 

EVENTS
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Telescope developers  
to meet in Montréal
SP I E  A s t r o n o m i c a l  Te l e s c o p e s  + 

Instrumentation 2014 takes place 22-27 
June at the Palais des congrès de Montréal 

in Quebec. The biennial symposium and two-day 
exhibition feature two program tracks, one for 
technology advances and another for telescopes and 
systems. 
 The 12 conferences within those tracks will offer 
more than 2,200 presentations in key areas such as 
adaptive-optics systems; observatory operations; 
ground-based and airborne instrumentation; facility 
concepts; and cyber infrastructure.
 Symposium chairs are Gillian S. Wright of the UK 
Astronomy Technology Center and Luc Simard of the 
National Research Council (NRC) of Canada. 

COSMIC, BUT HUMBLE BEGINNINGS
 New obser vat ional capabi l it ies have been 
transforming our understanding of the universe 
from cosmic background radiation to exoplanets.
  The ideas behind these technologies are often 
conceived in ordinary settings such a morning coffee 
break or dinner with colleagues and may initially 
be cast on a restaurant napkin. The path from these 
humble beginnings is a critical mixture of science, 
technology, people, and timing.
 In keeping with this theme, SPIE Astronomical 
Telescopes + Instrumentation will have eight plenary 
talks on topics covering the past, present, and future 
of astronomy, paying special attention to the behind-
the-scenes processes that have led, or are leading, 
from the drawing board to the sky.
• Roland Bacon of the Observatoire de Lyon (France) 

will discuss the Multi Unit Spectroscopic Explorer 
(MUSE) – a second-generation instrument in 
development for the Very 
Large Telescope (VLT) of 
t he European Sout her n 
Observatory (ESO). This 
unique and powerful tool 
is designed for discovering 
objects that cannot be found in imaging surveys.

• Pierre Cox of Atacama Large Mil l imeter/
submillimeter Array (ALMA) in Chile will talk 
about some of the harsh lessons learned while 
bringing the most complex telescope array in 
existence on-line. 

• SPIE Fellow Mark Clampin of NASA (USA) will 
review the current work on the James Webb Space 
Telescope (JWST) that is proceeding at a frantic 
pace and the challenges the mission has faced so 
far.

• Philip Diamond, director general of the SKA 
Organisation (UK) will discuss the radio telescope 
Square Kilometre Array (SKA), a mega-science 

facility with sites in Australia 
and South Africa that may 
become the most complex 
ground-based observatory 
ever built.

• John B. Hutchings of the 
NRC-Herzberg Inst itute 
of Astrophysics (Canada) 
will describe the history of 
astronomy in Canada and 
review the technical and 
scientific capabilities that 
exist there today. 

• Satoshi Miyazaki of the 
Nat ion a l  A s t r onom ic a l 
Observatory of Japan will discuss the Hyper 
Suprime-Cam (HSC), a next-generation wide-
field optical-imaging camera built for the Subaru 
telescope in Mauna Kea, Hawaii (USA).

• Timo Prusti of the European Space Agency 
(Netherlands) will present on-orbit performance 
results of the Gaia mission as it charts a three-
dimensional map of the Milky Way.

• George R. Ricker, Jr., of the Massachusetts 
Institute of Technology (USA) will comment on 
the Transiting Exoplanet Survey Satellite (TESS). 
The successor to the Kepler mission, TESS is the 
first-ever spaceborne, all-sky transit survey. 

COURSES AND SPECIAL EVENTS
 Onsite courses taught by experts from around 
the world will cover systems engineering; advanced 
composite materials; aerial spectrograph design and 
development; optics analysis; and related topics at 
introductory and intermediate levels. 

 More than 90 companies 
w i l l d isplay products and 
technologies during the two-
day exhibition.
 René Doyon, professor and 
director of the Mont-Mégantic 

Observatory at University of Montréal (Canada) will 
discuss the quest for life outside the solar system at an 
all-conference dinner 24 June. Tickets to the dinner 
and presentation are sold separately.
 Doyon and his students led the development of 
differential-imaging techniques that contributed 
to obtaining the first images of a multiple planetary 
system outside our solar system in 2008. 
 SPIE member Sarah Kendrew (UK) is also 
organizing a “Software Hack Day” for Thursday 26 
June in conjunction with the conference on software 
and cyber infrastructure for astronomy. 
 More information: spie.org/AS .

EVENTS

New SPIE meeting
in Texas
The new SPIE workshop 
Translational Biophotonics 
takes place 19-20 May 2014 
at Rice University (USA).

This interdisciplinary forum 
includes oral and poster 
presentations focusing on 
optical diagnostics, image-
guided intervention, 
novel microscopy 
techniques, new probes, 
and system design 
and implementation. 
Applications include 
cancer diagnostics, 
cardiovascular imaging, 
and detection of infectious 
disease.

Special sessions will 
feature leaders in 
biophotonics discussing 
the paths that led to their 
advancements, clinicians 
giving their perspectives 
on application needs, and 
industry representatives 
discussing pathways to 
commercialization.

The chair for Translational 
Biophotonics 2014 is SPIE 
member Tomasz Tkaczyk 
of Rice University (USA).

From the drawing board 
to the sky

SPIE Astronomical Telescopes + Instrumentation 
2014 takes place 22-27 June.
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Commercialize It
SPIE DSS promotes technology transfer 

Two technical programs, commercialization 
workshops, high-level speakers from industry, 
and collocated meetings of such organizations 

as the Directed Energy Professional Society (DEPS) 
are bringing the business side of commercial and 
defense sensing to SPIE DSS in a big way this year.
 Held 5-9 May in Baltimore, MD (USA), SPIE DSS 
2014 will also offer new conferences in the newly 
established Sensing Technology + Applications (STA) 
symposium in recognition of the burgeoning field 
of sensing, especially those with photonics-based 
capabilities, for health, industry, automotive, and 
environmental applications. 
 The STA symposium debuts this year alongside 
the long-established SPIE Defense + Security (DS) 
and the 500-company DSS EXPO to help drive the 
commercialization of optical sensing technologies 
and expand development opportunities for dual-use 
applications.
 Stephen Auvil, senior vice president of technology 
transfer and commercialization at Mar yland 
Technology Development Corp. (TEDCO), will 
moderate the first commercialization workshop in 
the Baltimore Convention Center on Tuesday to show 
prospective entrepreneurs how new products make 
their way out of universities and federal labs.
 Divided into three sessions in the exhibition hall, 
the workshop will cover the steps of taking technology 
from the lab to the market and end with a panel of 
entrepreneurs sharing their experiences.
 Joseph X. Montemarano, executive director of 
the Mid-InfraRed Technologies for Health and the 
Environment (MIRTHE) Engineering Research 
Center at Princeton University, will lead another 
industry session on Wednesday with representatives 
from US government labs, the venture-capital 
community, and industry. The experts will discuss 
technology commercialization for early-stage 
defense and homeland security applications, with an 
emphasis on mid-IR technologies.
 The Wednesday session also includes a technology 
showcase where entrepreneurs with new, small 
companies will discuss and demonstrate their 
market-ready technologies.
 The two workshops are free to exhibition and 
conference attendees.

TECHNOLOGY GROUPS AT DSS
 Since relocating to Baltimore in 2012, SPIE 
DSS has offered a cost-effective opportunity for 
government scientists, researchers, and engineers in 
the Washington, DC, area to access mission-critical 
information and meet with commercial suppliers to 
develop solutions to problems. 
 This year DEPS is holding its advanced high-power 
laser conferences at DSS, and the Pennsylvania State 

University’s Electro-Optics Alliance (EOA) will 
hold its annual meeting during the week, further 
enhancing the cost-effectiveness of attending.

NEW SENSING CONFERENCES
 While the IR Technology and Applications 
Conference will be celebrating its 40th year at SPIE 
DSS, several new technical conferences will be 
introduced at STA and DS, including those covering:
• Sensors for extreme, harsh environments and 

robotics
• Image-sensing technologies, materials, devices, 

systems, and applications
• Fiber sensing for oil and gas
• Information fusion for smart cities
• Spectral-imaging sensor technologies
 Overall, some 2300 presentations in 58 conferences 
will cover the latest on IR, laser, spectroscopic, and 
other photonics technologies for displays, imaging, 
energy harvesting, oil and gas exploration, food 
safety, and other applications.

TOP TECHNOLOGY EXPERTS
 The plenary presentations will feature Troy E. 
Meink, deputy under secretary of the Air Force for 
Space (USA), Ludger Overmeyer of Leibniz University 
Hannover (Germany), and William Ruh of GE Global 
Software (USA).
 Kerry Scarlott, an attorney at Goulston and 
Storrs, will lead two sessions on international trade 
regulations and legal best practices.
 Technical events include a workshop on the night 
vision integrated performance model (NV-IPM) 
developed by the US Night Vision and Electronic 
Sensors Directorate and panels on trusted systems 
in defense, optical-metrology trends, and open 
architecture (OA) open business mode (OBM) 
systems.
 Other panel discussions will cover subjects such 
as information fusion in contested environments; 
generalized point-cloud and 3D site models; and 
strategic vision security and defense.
 Sy mposium chair for SPIE 
DSS is David Whelan of Strategic 
Innovat ion, Phantom Work s, 
and Boeing Defense, Space, and 
Security (USA). Symposium co-
chairs are Nils R. Sandell, Jr. of 
the US Defense Advanced Research 
Projects Agency (DARPA) for DS 
and Wolfgang Schade of Clausthal University of 
Technology and Fraunhofer Heinrich Heinz Institute 
(Germany) for STA.
 More information: spie.org/dss .

Special events
at SPIE DSS
• The Fellows Luncheon 

Monday 5 May 
will feature SPIE 
Fellow Sivalingam 
Sivananthan 
(University of Illinois 
at Chicago) speaking 
on photovoltaic 
materials. 

• The DSS Expo, 
featuring workshops, 
product tutorials, and 
other industry events, 
will run from Tuesday 
6 May to Thursday 8 
May.

• Defense industry 
companies will discuss 
job opportunities 
at the DSS Job Fair 
Tuesday 6 May 
through Wednesday 7 
May.

• Lunch with the 
Experts on Tuesday 6 
May offers students 
the opportunity to 
meet with defense, 
security, and sensing 
experts for optics 
and photonics career 
advice.

• At the DSS banquet, 
Wednesday 7 May, 
David Honey of the 
US Office of the 
Director of National 
Intelligence will 
receive the DSS 
Lifetime Achievement 
Award.

• Half- and full-day 
courses will include 
current approaches 
in lasers and 
applications, sensors, 
imaging, IR systems, 
and optomechanical 
engineering.

EVENTS
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PRODUCT: 
Custom Imaging 
and Illumination 
Optics

Design and 
Manufacturing 
of custom 
optical systems 
for sensing 
applications

www.greenlightoptics.com

Booth #974

PacTech is an ITAR certified leading supplier of Advanced Packaging 
Equipment with more than eighteen years of engineering experience. 
Our state-of-the-art automated equipment meets high quality standards 
and is suitable for various applications, especially for the optoelectronic, 
aerospace and defense industry. We are also worldwide leader in Wafer 
Level Bumping & Packaging Services. These services meet the high 
quality demands of our customers and support both engineering and 
prototyping services as well as high volume production.

For more product information visit us at our booth 871 at  
SPIE DSS 2014 or contact us at sales@pactech.de

Photon Control Inc.         Booth 945
#200 8363 Lougheed Hwy, Burnaby BC, V5A1X3
Tel: 604.422.8861 · Toll Free: 1.855.5.PHOTON (746866)
Fax: 604.422.8418 · info@photon-control.com
www.photon-control.com

Photon Control Inc. specializes in precision measurement solutions and OEM manufacturing. 
Available products include UV/Vis/NIR Spectrometers, and Fiber Optic Temperature Systems 
paired with Immersion, Contact or Life Science probes. Preview the next generation handheld 
Fiber Optic Temperature Measurement System, PalmSense

2
 for high temperature measurement 

in RF or EMI environments.

Estab: 1988 Empl: 40 Area: 35,000 sq ft Certified: ISO 9001:2008 Clean Rooms: 3 class 1000
Execs: Christopher Weston, Pres. · Jessica Dunn, Sales & Marketing Mgr.

ALIO’s Hybrid Hexapod®

Find us at  
Booth 332 

DSS EXPO Sensor Product Showcase



Upcoming events and deadline dates
Check your monthly SPIE Member E-News for web links to the items below.

Read more about the 
International Year of Light at 
spie.org/iyl.

Supported by SPIE and 
100 international partners 
and coordinated by the 
European Physical Society 
under the auspices of the 
UN, the International Year 
of Light and Light-based 
Technologies is a global 
initiative for 2015 to highlight 
the importance of light and 
light-based technologies.

Find photos and daily summaries of many SPIE meetings online:  
spie.org/eventNews 
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SPIE meetings
S   M    T   W    T    F    S S   M    T   W    T    F    S

S   M    T   W    T    F    S S   M    T   W    T    F    S

APRIL MAY

JUNE AUGUST

APRIL

7:  Abstracts due for SPIE Laser Damage 2014
11:  Abstracts due for 2014 UK Optical 

Designers Meeting 
13:  SPIE Student Chapter Leadership 

Workshop in Brussels 
14:  Abstracts due for 2014 SPIE Asia-Pacific 

Remote Sensing
15:  SPIE Senior Member nominations due 
15-16:  SPIE Photonics Europe Exhibition, with 

Photonics Innovation Village
26-27: USA Science and Engineering Festival 2014
MAY
5:  SPIE Fellows luncheon at SPIE DSS
6:  Student Lunch with the Experts at SPIE DSS
6-7:  SPIE Career Center Job Fair at SPIE DSS 
6-8: SPIE DSS Expo 
12:  Abstracts due for SPIE/COS Photonics Asia 

2014
31:  Applications due for SPIE Education 

Outreach grant

JUNE
6:   Start of SPIE 2014 election 
23:  Student Lunch with the Experts at 

SPIE Astronomical Telescopes + 
Instrumentation Exhibition

25-26: SPIE Astronomical Telescopes +  
Instrumentation Exhibition

26:  Software Hack Day at SPIE Astronomical 
Telescopes + Instrumentation

30:  Paper submissions due for the 
International Seminar on Photonics, 
Optics and its Application (ISPhOA) 

JULY
28:  Abstracts due for SPIE Photonics West 2015 

and IS&T/SPIE Electronic Imaging 2015
AUGUST
6:  Last day to vote in SPIE 2014 election 
16:  SPIE Student Chapter Leadership 

Workshop in San Diego
19:  SPIE Annual General Meeting 
19-20: SPIE Career Center Job Fair at SPIE Optics 

+ Photonics
19-21:  SPIE Optics + Photonics Exhibition 
26-29: ICO-23, General Congress of the 

International Commission for Optics
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New Books from SPIE

Read details and sample pages:  www.spie.org/books

Computer-Aided Cancer Detection  
and Diagnosis: Recent Advances
Jinshan Tang and Sos S. Agaian (Editors)
Accurate imaging of cancerous tissue is a critical step in the fight 
to lower cancer mortality rates, and computer-aided detection and 
diagnosis (CAD) technologies play a key role. Over the last three 
decades, the field of diagnostic cancer imaging has witnessed a 
remarkable evolution that has affected virtually every aspect of 
research and clinical management of cancer. This book discusses 
recent high-quality research in key technologies used in CAD 
systems; the 11 chapters cover different types of cancers (including 
skin, breast, prostate, and colon cancer) and different scientific 
fields (such as biomedicine, imaging, image processing, pattern 
recognition, and system analysis) to further the major goals of current 
cancer imaging.

Vol. PM240 · SPIE Member $63 / Nonmember $74

Field Guide to Displacement  
Measuring Interferometry
Jonathan D. Ellis
This Field Guide provides a practical treatment of the fundamental 
theory of displacement measuring interferometry, with examples 
of interferometry systems and uses. It outlines alignment 
techniques for optical components, signal processing systems for 
phase measurements, and laser stabilization for homodyne and 
heterodyne sources. The concept of displacement measurement 
uncertainty is discussed with a practical example of calculating 
uncertainty budgets. For practicing engineers, this Field Guide 
will serve as a refresher manual for error sources and uncertainty 
budgets. For researchers, it will bring new insight to the way in 
which this technology can be useful in their field. For new engineers, 
researchers, and students, it will also serve as an introduction into 
basic alignment techniques for breadboard-based optical systems. 

Vol. FG30 · SPIE Member $36 / Nonmember $42

COMING SOON
Fundamentals of Dispersive Optical 
Spectrometer Systems
Wilfried Neumann
Vol. PM242 · SPIE Member $56 / Nonmember $66

Solid State Lasers: Tunable Sources  
and Passive Q-Switching Elements
Yehoshua Y. Kalisky
The possibility of controlling and continuously changing laser 
emission wavelengths in a wide spectral range without using external 
elements based on nonlinear optics (to shift the fundamental 
wavelength) is of primary importance to scientists. With the advent 
of novel high-power pumping sources, it is possible to design and 
operate a new class of tunable solid state laser devices for various 
applications. This book demonstrates the design of new laser 
materials based on quantum mechanical principles, spectroscopic 
properties of transition-metal ions, and ion-host interaction. This 
approach includes the theory of electronic structure of transition-
metal ions, modeling of energy transfer and nonradiative processes, 
and symmetry considerations in spectroscopic analysis of d orbitals.

Vol. PM243 · SPIE Member $47 / Nonmember $55

Field Guide to Holography
Pierre-Alexandre J. Blanche
Although they are mostly known by the general public for producing 
beautiful artworks, holograms are used in a variety of technical 
applications. From nondestructive testing of composite materials 
to data storage and processing, there are numerous situations 
where holography is better suited than any other method. This Field 
Guide presents an overview of the various concepts of holography, 
including a theoretical foundation and descriptions of the different 
types of holograms, techniques used to produce them, and the most 
common recording materials. Written with a large audience in mind—
including students, researchers, and engineers—the book provides a 
broad panorama of the field to help readers understand its concepts 
and methodology.

Vol. FG31 · SPIE Member $36 / Nonmember $42


