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Full diffraction analysis

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

GLAD uses a general description of 
intensity and phase to perform full 
diffraction propagation through the  
most complex systems including 
detailed treatment of laser gain, 
nonlinear optics, stable or unstable 
resonators, diffractive optics, 
waveguides, fibers and coupling, 
fiber lasers, photolithography, exci-
mers, optical integrators, etc.

resonator

aberration spatial filter
2 photon 
process

line focus

beam combiner

New, Ver. 5.9, 32 & 64 bit

• Release: date: Jan 1, 2015
• Upgrade free with current support
• Captions available for graphics
• Detailed cornercube model
• Multiple data sets in udata 
• Complex numbers in Variable 

Monitor
• Gobal apertures/obscurations

Features:

• Complex, multiple laser systems
• Laser gain models
• Q-switch lasers
• Nonlinear optics
• Interferometry
• Diode pumped lasers
• Stable, unstable, ring resonators
• Lens and mirror arrays
• Binary optics and gratings

• 3D waveguides and fibers

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

Photonic switch in the off position

Technical Support
Excellent technical support, includ-

ing , for one-year by email 
and telephone.

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

Transient Q-switch laser mode at 2ns
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While SPIE has had a major focus in 2015 
on supporting the International Year of 
Light and Light-based Technologies (IYL), 

I would be remiss in my role as SPIE president not to 
acknowledge that this is also the 60th anniversary of 
our Society. 
 The Society of Photographic Instrumentation 
Engineers was founded in 1955 out of a need to 
solve problems for the many engineers working on 
scientific cameras. These engineers needed to use 
high-speed photography to solve design issues, provide 
measurements, and create capabilities in industries 
such as aerospace and communications.
 Sixty years ago, the world had not yet 
seen the first laser. Fiber optics were 
brand new. There were no artificial 
satellites circling the Earth. No 
humans had been in space, and 
solar cells were in the early stages of 
development as was the first video-
recording machine.
 Smart phones and e-readers? Science 
fiction had barely dreamed these up.
 Although individual labs were devising 
solutions to various challenges with high-speed 
photography, engineers had no forum in which to share 
information.
 Today, optics and photonics technologies and the 
people who work in the field have numerous venues 
where they can share information and continue to help 
solve problems in scientific measurement, medicine, 
space exploration, community security, and multiple 
other applications. SPIE members over the years have 
brought tangible social, environmental, health, and 
economic gains to humanity through inexpensive and 
efficient alternative energy and by helping people to see, 
hear, communicate, and live healthier lives.
 Our name evolved into the Society of Photo-Optical 
Instrumentation Engineers and it was later abbreviated 
to SPIE, the international society for optics and 
photonics, to recognize our global influence and the 
broad array of optics and photonics technologies that 
the Society represents. 

SPIE BY THE NUMBERS 
 A few facts about your Society:
• The first president of the Society was Richard R. 

Councilman.
• The first formal meeting of the Society was attended 

by 74 people and held at a restaurant in Hollywood, 
CA, 8 August 1955.

• SPIE held its first technical seminar-type conference 
in 1963 and published its first official proceedings 
(known as a “yellow book” for the color of its cover), 
on image enhancement. 

PRESIDENT’S LETTER

 

• The SPIE Digital Library now contains more than 
435,000 proceedings, journal papers, and eBooks. 

• Membership in the Society has grown steadily, from 
200 in 1957, to 1200 in 1969, to 10,000 in 1989, to 
more than 18,000 today. 

• SPIE truly serves an international constituency: 
Members hail from 93 countries, and SPIE Student 
Chapters are now present in 54 countries.

• SPIE held its first meeting in Japan 45 years ago. 
 As we think about the history of our organization, 
we can also pause to ref lect on other memorable 

anniversaries taking place in 2015. This year is 
also the 150th anniversary of the publication 

of James Clerk Maxwell’s original set of 
four equations, the 200th anniversary 

of Augustin-Jean Fresnel’s proposal of 
light as a wave, and what is believed 
to be the 1000th anniversary of Ibn 
al-Haytham’s Book of Optics, all of 
which are celebrated in the IYL.

THE NEXT 60 YEARS
 Looking to the next 60 years of the 

Society, we will continue to support the 
international optics and photonics industry 

and the talented researchers, scientists, engineers, 
industrialists, business leaders, politicians, educators, 
students, and others whose creativity and hard work 
have helped transform the world in which we live.
 SPIE distributed more than $4 million in support 
of education and outreach programs last year. And in 
2015, the Society is expected to spend a record $5.2 
million on altruistic activities, including more than 
$1.3 million on the IYL and the US National Photonics 
Initiative.
 We are fortunate to be in a position to support the 
community in this way.
 The next time you make a phone call, surf the web, 
use your computer, take a digital picture, turn on an 
LED light, or look at an image of our planet from space, 
give thought to the talented scientists and engineers 
who brought this technology to fruition.
 Take a moment to think about the optics and 
photonics technologies that enable flat-screen TVs, 
solar panels, mobile reading devices and a myriad of 
routine tasks we take for granted daily. You can be proud 
of your membership in SPIE and the contributions our 
community has made to society.
 It’s been an amazing 60 years. I can only imagine 
what you will accomplish in the coming decades. .

Toyohiko Yatagai 
2015 SPIE President
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INDUSTRY

The newly funded American Institute for Manufacturing 
Integrated Photonics (AIM Photonics) will form the central 
hub of a $610 million public-private effort to advance 

photonics manufacturing capability in the United States.
 It will also be a boost to the New York state economy and is expected 
to strengthen academic-industrial ties and the photonics workforce 
in New York and 19 other states that are part of a 124-partner 
consortium awarded a $110 million grant from the US Department 
of Defense (DoD). 
 US Vice President Joe Biden in July announced the award to a 
consortium led by the Research Foundation of the State University of 
New York (SUNY). The group includes 55 companies, 53 educational 
organizations, and 16 other consortium members, including SPIE, 
that plan to leverage some $500 million in matching funds to create 
a national infrastructure for integrated photonics based on an open 
foundry model. The state of New York has committed half of that, 
$250 million, for the AIM Photonics hub.
 Intended to be widely accessible and financially self-sustaining, 
the new institute will focus on developing lower-cost, higher-speed, 
and more efficient manufacturing processes for photonic circuits and 
improving the performance and reliability of telecommunications, 
radar, lasers, and other technologies. 
 Michael Liehr, a former IBM executive and executive vice president 
of innovation, technology, and research at the SUNY Polytechnic 
Institute nanotech campus in Albany, will be AIM Photonics’ CEO.
 Key operations, including a state-of-the-art photonics prototyping 
operation, will be spread across New York, California, Arizona, 
Massachusetts, and other areas, including University of California, 
Santa Barbara (UCSB), Hajim School of Engineering and Applied 
Science at University of Rochester (UR), and the College of Optical 
Sciences at University of Arizona in Tucson (OSC). 
  The new institute is the sixth of nine public-private partnerships 
in the National Network of Manufacturing Institutes (NNMI) that 
are expected to foster American manufacturing innovation and 
global technology leadership while creating jobs that strengthen 
the middle class. 
 Its core mission will be to serve the needs of the DoD, which 
organized the competition for the federal grant. The manufacturing 
capabilities resulting from this effort will also serve small- to 
medium-sized companies seeking to commercialize integrated 
photonics components.

SPURRED BY NATIONAL PHOTONICS INITIATIVE 
 SPIE leaders said AIM Photonics marks another important step 
forward in recognition for photonics technologies and their role in the 

economy and society, and it is an important milestone for the efforts 
of the National Photonics Initiative (NPI) and the International Year 
of Light and Light-based Technologies (IYL2015).
 “This announcement, occurring during the UN-decreed observance 
of the International Year of Light, is very energizing for our national 
photonics community,” said SPIE Fellow Jim McNally, chair of the 
SPIE Engineering, Science, and Technology Policy committee. “NPI 
and other advocacy activities intended to raise awareness among 
national, state, and local policy leaders and decision makers have 
produced a tangible outcome.”
 McNally noted that having photonics as a key part of the national 
network of institutes adds to the recognition of light-based 
science and technologies for their critical importance to US global 
competitiveness and for the optics and photonics applications that 
significantly improve quality of life.
 SPIE CEO Eugene Arthurs noted that the grant competition has 
provided a singular opportunity for photonics industry leaders across 
the USA to capture the attention of policy and decision makers in the 
federal funding sphere.
 The other projects competing in the final round were led by 
University of Central Florida and University of Southern California.
 “We who work in photonics on a daily basis already know how 
powerful and important our technologies are in advancing science, 
improving how we live, and in fueling the economy and job growth,” 
Arthurs said. “But the opportunity to advocate for the establishment 
of a photonics manufacturing institute, followed by the competition 

USA establishes new  
PHOTONICS 
MANUFACTURING 
HUB

US Vice President Joe Biden made the official announcement of 
AIM Photonics.
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Continued on page 6  

for this impressive level of funding, has helped gain new recognition 
for our industry’s research and development leaders. 
 “The wide range of life-enhancing, even sometimes life-saving, 
capabilities of light-based science 
and technology are being recognized 
and understood by important new 
partners at the highest levels of 
government strategy and funding 
direction.”
 SPIE is a founding partner of 
I Y L2015 as wel l as a founding 
sponsor of the NPI, a collaborative alliance in the US among 
industry, academia, government, and not-for-profit societies. The 
NPI was launched in 2013 to raise awareness of photonics, increase 
collaboration throughout the photonics community, and drive US 
funding and investment in areas of photonics critical to maintaining 
US economic competitiveness and national security.
 Arthurs said SPIE members and partners “have worked hard 
to communicate the benefits of photonics, in enabling lifesaving 
medical treatments and diagnostics, global communications, 
space exploration, 3D printing, sustainable energy and lighting in 
developing and developed nations, and more secure communities. 
We are gratified that policy makers and funding organizations have 
seen fit to support and enable further photonics advances.”
 Tom Battley, executive director of the Rochester Regional Photonics 
Cluster and New York Photonics, agreed. “The best and the brightest 
minds in optics and photonics science volunteered their time to lead 
the effort to tell the story of how important optics and photonics are 
to our nation,” he said.

55 COMPANIES BACK PHOTONICS INSTITUTE
 Among the private-sector partners of AIM Photonics are IBM, GE, 
Raytheon, Lockheed Martin, Synopsys, Infinera, Boeing, Corning, 
Chiral Photonics, Optimax, Sydor Optics, Freedom Photonics, and 
TeraDiode. 
 “The R&D that this photonics institute creates will filter down to new 
startup firms all over our region by creating jobs that will have lasting 
effects on our local and national economy,” said an elated James Sydor, 
president of Sydor Optics in Rochester. “That’s what this country needs.”
 Mike Mandina, president of New York-based Optimax Systems, said 
the institute will impact the regional economy and provide access to 
equipment that many companies cannot afford on their own.

 “I also think it’s going to strengthen the lines of study at the 
universities and bring world-class experts in the photonics space,” 
he said.

UNIVERSITY PROGRAMS AND RESEARCH
 Indeed, officials at UR, Rochester Institute of Technology (RIT), 
and other universities involved lauded the historic announcement. UR 
President Joel Seligman predicted that “AIM Photonics will provide 
and empower the absolute best talent, sustainable relationships, and 
infrastructure required to capture and sustain US global leadership 
in this critical industry.”
 Thomas Koch, the OSC dean, said he was gratified to see so 
many major stakeholders in the photonic integration community 
supporting a major federal initiative. “We are also indebted to the 
National Photonics Initiative for its support in advancing the cause. 
The applications that will be enabled by chip-scale, highly integrated 
photonics and electronics are boundless.”
 Koch will chair the Technology Review Board for AIM Photonics. 
Other OSC participation will come from faculty, including major 
contributions from SPIE Fellows Nasser Peyghambarian, Robert 
A. Norwood, and Stanley Pau. In addition, the Arizona Commerce 

Authority has committed up to $2.5 
million of tax incentives over the 
initial five-year period of the new 
institute to Arizona companies that 
support AIM Photonics programs at 
the university.
 “ The suppor t of the state of 
Arizona has positioned us well for 

national participation,” Koch said. “The role and influence of our own 
Optics Valley here in Tucson should also not be understated. These 
firms continually demonstrate the university’s propensity to move 
discovery to the marketplace.”

 The project is also a big win for Columbia University, with photonics 
experts Keren Bergman, Michal Lipson, and Alex Gaeta involved, as 
well as the recently launched Columbia Nano Initiative. 
 West Coast operations of the AIM Photonics hub will be coordinated 
at UCSB, a leader in integrating lasers onto silicon, under the 
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Celebrating the announcement in July, left to right: Arizona’s Tom 
Koch, SUNY Poly’s Liehr, and SPIE CEO Eugene Arthurs.
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UCSB’s John Bowers (left) and postdoctoral researcher Tin 
Komljenovic with a wafer of integrated photonic circuitry to be 
manufactured by AIM Photonics.

One non-US partner of AIM Photonics is 
IQE of Wales, which will provide advanced 
epitaxy services to the other partners.



INDUSTRY

leadership of John Bowers, professor of electrical and computer 
engineering and director of the campus Institute for Energy Efficiency 
(IEE), who has been named deputy CEO.
 “AIM and UC Santa Barbara are leading a revolution that is 
integrating photonics and electronics for the benefits of both,” Bowers 
said. “Our goal is to use CMOS processing to move photonics onto 
silicon, accelerate the integration of photonics, and eliminate the 
data bottleneck that advanced silicon chips are facing during the 
next decade.”
 Stanford University is also a consortium member as are other UC 
campuses at Davis, Berkeley, and San Diego.

INTERSTATE 90: PHOTONICS VALLEY?
 Experts at the Massachusetts Institute of Technology (MIT) are 
to manage key parts of the AIM Photonics program. For example, 
Michael Watts will be the CTO and lead an effort focused on silicon 
photonics while SPIE member Lionel Kimerling, the Thomas Lord 
Professor in Materials Science and Engineering, will head a program 
in education and workforce development.
 MIT’s existing collaboration with SUNY Polytechnic led to the first 
complete 300-millimeter silicon-photonics platform, Watts noted. 
That has led to numerous subsequent advances in silicon photonics 
technology, with MIT developing photonic designs that the SUNY 
team then built in its state-of-the-art fabrication facility.
 Among the many examples of applications set to benefit from highly 
integrated photonics, he said, could be lidar systems for collision-
avoidance in cars. “LIDAR systems that exist today are both bulky and 
expensive, because they use mechanically scanned lasers,” he said.
 Developing that kind of functionality at the nanoscale, using 
phased-array systems on a chip, could drastically reduce size and 
cost, providing high-resolution 3D imaging capabilities on a chip, 
he predicted.
 Kimerling echoed comments by Biden and others at the Rochester 
launch that industry coordination and a trained workforce were 
needed to develop a robust photonics industry in the US. 

PHOTONICS MANUFACTURING HUB
t Continued from page 5

MIT’s Michael Watts (left) and Lionel Kimerling.

M
IT

 p
ho

to
 b

y 
Br

yc
e 

V
ic

km
ar

k

 “Europe is ahead in industry coordination right now,” Kimerling 
said. With the AIM Photonics initiative, he said, “The bet is that the 
innovation and research here, combined with the manufacturing 
capability, will allow [US] companies to really take off.” 
 As an example, the new institute might spur development of a Silicon 
Valley-like corridor along Interstate 90, from Boston to Albany and 
Rochester. Industrial firms along the 400-mile-long corridor could 
build on the base of new photonics technology to develop related 
products and services.
 Education and job development programs that train people in 
electronics and optics will be key, Kimerling said. Until recently, he 
said, electronics and optical technologies have been regarded as two 
very different fields. 
 Both fields are important, but they “don’t exist today in one 
organization,” he said.
 Liehr said he was excited about the expanded collaboration between 
SUNY Poly and MIT. Establishment of the institute, he said, “will be 
truly transformational for both the industry and the nation.”
 For more information: AimPhotonics.com .
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TSMC pulls plug on CIGS solar effort
Taiwan-based semiconductor 

foundry TSMC has scrapped 
plans to manufacture photovoltaic 
modules based on copper indium 
gallium diselenide (CIGS) material 
– although it will install some 
leftover panels to help power its own 
buildings.
 The company is capable of making 
silicon wafers and chips in vast 
volumes for its various clients and is 
regarded as a pioneer in electronics. 
However, it has seemingly proved 
impossible for even TSMC to 
transfer that expertise to the world 
of thin-film PV.

 “TSMC continues to believe that solar power is an important source 
of green energy and that solar module manufacturing remains a robust 
and growing industry,” said Steve Tso, chairman of the subsidiary 
TSMC Solar and a senior VP with the parent company. “But despite 
six years of hard work, we have not found a way to make a sustainable 
profit.”
 TSMC Solar stopped manufacturing operations at the Central 
Taiwan Science Park in Taichung in August, with the parent company 
saying that it “believes that its solar business is no longer economically 
sustainable.”
 TSMC said it would continue to honor all product warranties offered 
to existing customers, while TSMC Solar employees would be offered 
posts in the wider company.
 The departure of TSMC from the PV market leaves Japan’s Solar 
Frontier as the only real volume producer of similar thin-film 
modules. .
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Global photonics 
components business
$182 BILLION ANNUALLY, NEW STUDY SHOWS

to medium-sized enterprises (SMEs), with under $10 million of 
annual business. 
 However, the majority of the revenues are still generated from the 
minority of companies. “Just 63 companies from the 3194 in the 2014 
sample account for 70% of the total business,” Anderson said. That 
compares with 2384 companies with only 4% of total sales.
 The latest SPIE survey also found that in the last two years, the 
industry’s job distribution is more even across the companies than is 
the distribution of revenues. Anderson commented, “We still clearly 
have the bias towards larger companies in terms of employment. But 
in 2014 the picture is a little more spread out.
 One measure of companies’ operating efficiency and performance 
is the sales ratio, measurable in dollars per employee. In the new 
analysis, the average yield per employee was down from $230,000 
(2012) to $211,000. “This is accounted for by the addition of many 
new Asian companies to the database,” he said, “although, in the 
US, the 2014 performance figure is around $260,000 per employee.”

TWO COUNTRIES SHARE 73% OF REVENUE
 Anderson highlighted another interesting element from the latest 
analysis. “If you look at the company count by country, the top five host 
countries are ranked: US, China, Germany, Japan, and France, as we 
expected,” he said.
 “But if you look at the where the revenues are coming from, you will 
see a very different picture. Almost half of the total revenues come from 
Japan. And if you look at Japan and the US together, then you are looking 
at 73% of total global revenues, which is actually down from their 80% 
joint total in 2012.”
 Updates on the SPIE market analysis are presented at many SPIE 
events throughout the year.
 To request slides from the latest SPIE update, email innovation@
spie.org. .

INDUSTRY

The value of annual sales in the global photonics components 
market has been updated to US $182 billion, according to new 
analysis by SPIE.

 Stephen Anderson, photonics industry and market strategist for 
SPIE, told exhibitors at SPIE Optics + Photonics in August that the 
2012 research that put the annual value of the photonics components 
market at nearly $160 billion has been refined and updated.
 An SPIE team working over the past two years to refine the list of 
key industry players and their sales found increases in the number 
of active companies, sales, and employees.
 “In 2012 there were 2750 photonics companies worldwide, 
employing 686,000 people,” Anderson said. “By 2014, we saw an 
18% increase in the number of active companies, now totaling 3194.”
 Because sales were up by 15% over the two years, “the global 
business is worth $182 billion per year, and we now believe it employs 
863,000 individuals, which would represent an increase of 26% over 
2012,” he said.
 Anderson described the 
updated analysis as “valuable 
information for industry leaders 
and academic researchers 
seeking to communicate the 
impact of the field.” These data 
have become more important 
in recent years, not just for 
forecasting and supporting 
investment, but increasingly 
at the polit ical level with 
developments such as the US 
National Photonics Initiative 
and the European Commission’s 
Horizon 2020 programs, into 
which serious public money and 
policies are being directed.
 Anderson explained how 
the list had been refined and the significant changes identified. “In 
updating the 2012 dataset of 2713 companies, we took 193 out, and 
674 were added,” he said. “So we ended up with a net change of 481. 
Of these, 305 Asian companies were added, 91 European, and 81 
from the US.”
 Referring to the increased activity in Asia, Anderson said that 
“since 2012, a lot of Chinese companies have been coming out of their 
shells, wanting to export more. At the same time, SPIE’s assessment 
procedure has been improved.”

BIG PLAYERS OWN 70% OF BUSINESS
 The data reveals much about recent business trends with photonics 
companies. Since 2012, most companies added had annual sales of 
less than $50 million. About three-quarters of firms are still small- 
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For three generations, LaCroix Optical has been manufacturing precision 
optics from next-generation aerospace and sophisticated military applications, to 
the latest scientific and medical device technology.  

• High volumes or prototypes—Made in the USA
• Cost effective alternative to offshore optics suppliers
• Intellectual property and technical data remain secure stateside
• Short lead times available
• Advanced metrology
• Custom coatings—UV to SWIR
• Exceptional customer service 
• Attention to detail and quality in every optical component we ship 

Quality insured, domestically produced precision optics since 1947

Custom Manufacturer of Precision Optics

INDUSTRY

Ireland unveils action plan for photonics
The Photonics Ireland 2015 conference kicked off 1 September with 

the launch of a new photonics technology platform for Ireland 
and a strategic action plan that includes a goal of training more than 
100 PhD students in photonics over the next five years and placing 
a heavier focus on technology transfer.
 Ireland’s Minister for Skills, Research, and Innovation Damien 
English formally unveiled the action plan at Cork City Hall. The city 
is home to the €30 million Irish Photonic Integration Centre (IPIC) 
that will coordinate the new technology platform.
 The strategy document, “Photonics Ireland: Making Light Work,” 
will provide a roadmap to increase photonics activities, specifically in 
the area of technology, startup incubation, and training for small- and 
medium-sized enterprises (SMEs). The platform will also address the 
needs of large multinational organizations who incorporate photonics 
in their next-generation products.
 “Photonics is one of the globe’s most important future industries 
and an area in which Ireland can flourish,” the minister said, adding 
that investment in R&D had “played a major part” in Ireland’s 
economic recovery.
 Irish stakeholders also plan to secure more funding from Europe’s 
Marie Sklodowska-Curie Actions researcher training program 
and implement a national outreach program to raise the profile of 
photonics in the country.
 IPIC, which is focused on innovations in optical communications 
and biophotonics, has already had some success bringing photonics 

industry partners together 
w i t h  s c ie nt i s t s  f r om 
Dublin City University and 
three institutions in Cork.
 One example of that 
industrial collaboration 
is a par tnership w ith 
California-based Compact 
I m a g i n g ,  a  s t a r t u p 
developing a miniaturized 
version of optical coherence 
tomography (OCT) imaging 
based on tiny, battery-powered optical sensors.
 The company has a long-standing relationship with Martin Leahy’s 
tissue optics and microcirculation imaging lab at the National 
University of Ireland in Galway, while more than 80% of its startup 
capital is said to have come from Irish investors.
 Speaking in March 2015, Compact Imaging’s CEO Don Bogue said 
that its IPIC collaboration came at a “critical time” for the company 
as it looked to transfer the technology out of the lab.
 Other actions identified include compilation of a “capabilities 
database” and the creation of a “bootcamp” for aspiring photonics 
entrepreneurs.
 SPIE CEO Eugene Arthurs chaired a session on photonics 
entrepreneurship at the Photonics Ireland conference. .

Irish Minister Damien English with 
SPIE CEO Eugene Arthurs
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Big data is of the highest interest to 
CERN, the European Organization 
for Nuclear Research. 

 The 2012 discovery of the Higgs boson 
by the ATLAS and CMS particle detectors 
at CERN’s Large Hadron Collider (LHC) was 
possible only because scientists could transmit, 
store, and analyze all the relevant data from the 
two experiments.
 The four main particle detectors at CERN produce approximately 
25 petabytes of data each year, taking up as much storage space as 
would a 175-year-long HD video file. 
 Before the detectors’ raw measurement data can be analyzed for 
interesting and rare physics, it has to be sent approximately 150 
meters from the particle detectors to their control rooms. 
 For this purpose, LHC currently has more than 100,000 optical 
links. Some of those are used to send timing and control signals 
to the accelerator and its subsystems. The majority of the links, 
however, provide the required bandwidth to read out the raw data 
of the particle collisions from the detectors.
 Although fiber-optic links are widely deployed throughout 
the world, commercial, off-the-shelf optical data-transmission 
components usually cannot be used inside LHC’s particle detectors 
because they must be small and lightweight and consume a minimum 
amount of electricity. 
 In addition to these packaging and power demands, the components 
must be designed to address the physical challenges imposed by the 
harsh environments such as the very strong magnetic fields (3.8 Tesla 
inside the CMS detector) and enormous levels of radiation. 

DAMAGE FROM RADIATION
 Among the various physical effects that can damage the optical 
components, radiation is typically the biggest concern. 
 Displacement damage caused by nucleons impinging on optical 

components, for example, creates atomic lattice defects that can 
introduce changes to fundamental material properties, thus 
impacting device performance. 
 Another concern is damage from incident high-energy photons, 
such as x-ray or gamma radiation, that lead to charge creation and 
trapping in the components. This trapped charge causes alterations 
of the electric field inside the components and also affects the 
component’s operation. 

VERSATILE OPTICAL LINKS 
 To mitigate these effects and meet the demands for the upgraded 
super LHC (to be called SLHC), scientists at CERN have developed 
so-called “versatile-link” optical components for LHC applications, 
based on III-V semiconductor materials. These versatile-link optical 
components are designed to withstand total ionizing doses (TID) of 
up to 10 kilo Gray. That’s approximately 10,000 times higher than 
the dose to which the electronic components were exposed during 
NASA’s Apollo missions. 
 Versatile-link optical components must also be resistant 
against a fluence of up to 500 trillion (5e14) neutrons per square 
centimeter (about 50,000 times more than the fluence during the 
Apollo missions). The dose and fluence limits are defined such that 
the components’ data-transmission quality will be kept above a 
predefined threshold during its 10-year life span. 
 This is especially important since the high radiation levels inside 
LHC mean the optical components cannot easily be replaced during 
operation. 

A Versatile Twin-Transmitter 
(VTTx) developed at CERN and 

used at the Large Hadron Collider 
comprises two commercial, off-the-

shelf, multi-mode, VCSEL laser diodes that 
have been qualified for radiation resistance 

and two laser drivers. 

TECHNOLOGY R&D

for data links at CERN’s LHC
Next-generation optical components for the LHC must provide faster data transmission 
and more resistance to radiation

By Marcel Zeiler
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LHC timeline 
The Large Hadron Collider 
(LHC) is the world’s largest 
and most powerful particle 
accelerator. It began 
operations in September 
2008 and remains the latest 
addition to the accelerator 
complex at CERN, the 
European Organization for 
Nuclear Research. 

The LHC consists of 
a 27-kilometer ring 
of superconducting 
magnets with a number 
of accelerating structures 
to boost the energy of the 
particles along a tunnel 
beneath the Franco-Swiss 
border near Geneva. 

More than 10,000 scientists 
and engineers from 100 
countries collaborated on 
the project. 

March 2010 to February 2013: 
First research run.

2012:  
Higgs-Boson discovered.

February 2013 – July 2015:  
LHC shut down for 
maintenance and upgrading. 

July 2015:  
LHC restarted for research 
“Run 2.”

2018-2020:  
LHC to be shut down for 
maintenance and upgrading, 
including installation 
of versatile-link optical 
components under the name 
Super LHC (SLHC). 

2021:  
SLHC expected to restart for 
“Run 3”

2023 or 2024:  
SLHC to be shut down for 
upgrades, including radiation-
hard components, for what will 
be called the High Luminosity 
LHC (HL-LHC). 

2025 or 2026:  
HL-LHC expected to restart 
operations. 

NEXT-GENERATION COMPONENTS 
 Even as these versatile-link optical components are 
to be installed in a 2018-2020 shutdown, it is already 
evident that next-generation optical components will 
be needed in 10 years when the high-luminosity-
LHC (HL-LHC) starts its operation. The HL-LHC is 
an upgraded version of the SLHC, providing more 
particles for each collision and leading to even higher 
radiation levels as well as more measurement data. 
 So, the next-generation optical components must 
provide higher data rates and be much more radiation 
hard.
 While current versatile-link optical components 
are composed of as many off-the-shelf parts as 
possible to keep manufacturing costs low, such 
parts cannot be used for the next-generation optical 
components. Thus, CERN is investigating custom 
optical components for HL-LHC use, with an 
emphasis on silicon photonics. 

SILICON PHOTONICS TECHNOLOGY
 As part of the Intel-CERN European Doctorate 
Industrial Programme (ICE-DIP), our group chose 
to investigate silicon photonics technology because 
of its compatibility with CMOS fabrication, its 
possibility for integration with electronics, and 
because radiation-hard electronic components have 
been fabricated in silicon for a long time. 
 We made an initial assessment of the radiation 
hardness of silicon photonics with irradiation tests of 
silicon photonic interferometric modulators (see dx.doi.
org/10.1109/TNS.2015.2388546). The modulators 
are based on a Mach-Zehnder design in which incoming 
light is split equally into two waveguides. 
 The optical path length, and thus the phase of 
the optical signal, in one waveguide is modulated 
by applying a voltage to a pn-junction incorporated 
into this waveguide. After recombining the light from 
both waveguides, phase modulation translates into 
an amplitude modulation. 

TECHNOLOGY R&D

A proton-proton collision leaves multiple tracks in the different layers of the CMS detector after the restart 
of the LHC in July.

 The irradiation results show that the pn-junction’s 
current leakage increases with neutron fluence and 
TID.
 While the modulator’s phase modulation efficiency 
does not significantly degrade during neutron 
irradiation, these initial results show that it falls to below 
50% of its pre-irradiation value when the modulators are 
exposed to x-ray doses expected in HL-LHC. 
 These early findings indicate that additional 
research is necessary before silicon photonics 
components can be applied to LHC’s environment. 
If the radiation hardness can be increased enough, 
silicon photonics could open up a new application 
area and contribute to future breakthroughs in 
particle physics at CERN.  
 The next step is to identify design parameters of 
Mach-Zehnder modulators that can be tailored in a 
way that the radiation hardness, particularly with 
respect to total ionizing dose, improves. 
 We are pursuing this work and are currently 
fabricating custom silicon-photonics Mach-Zehnder 
modulators. After those samples have been tested 
for radiation hardness, the research team will make 
a thorough assessment of silicon photonics for HL-
LHC applications.

–Marcel Zeiler is a PhD student 
at Dublin City University and a 
Marie Curie Fellow working on 
the ICE-DIP project. His research 
focuses on radiation-hard silicon-
p h o to n i c s  c o m p o n e n t s  a n d 
their potential use in the harsh 
environments at the LHC. He has 
a BSc and MSc in physics and previously conducted 
research on directly modulated diode lasers for 
opt ical data communicat ions at Fraunhofer 
Heinrich Hertz Institute for Telecommunications 
in Berlin. .
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NASA’s New Horizons discovered a new mountain range on the 
lower-left edge of Pluto’s “Heart.”

Hello, Pluto!
NASA probe snaps images of the distant 
dwarf planet.

Image Courtesy NASA/JHUAPL/SwRI
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 LORRI, a long-range reconnaissance imager, is a 1000×1000-pixel 
sensor that, in combination with a telescopic camera, delivers 
monochrome images and high-resolution geological data. LORRI 
has measured Pluto’s diameter at 1473 miles (2370 km). 
 “This result confirms what was already suspected,” NASA reported. 
“Pluto is larger than all other known solar system objects beyond the 
orbit of Neptune.”
 Two spectrometers aboard New Horizons, Ralph and Alice, are 
named after the 1950s couple on TV’s “The Honeymooners.” Together, 
they are known as PERSI, for Pluto Exploration Remote Sensing 
Investigation.
 Ralph, the main “eyes” of the probe, is a visible and IR imaging 
spectrometer designed to deliver the primary images of Pluto and its 
five moons, allowing scientists to study their composition, geology, 
and morphology. Alice, a UV imaging spectrometer, is designed 
to gather information on the composition and structure of Pluto’s 
dynamic atmosphere.
 The wealth of images and spectroscopic data are expected to reveal 
unprecedented details about the nature of the dwarf planet and other 
once-distant objects now in reach.

MOVING BEYOND PLUTO
 New Horizons has now moved beyond Pluto and is off to investigate 
more objects in the Kuiper Belt. 
 NASA plans to redirect the spacecraft in October to visit a small, 
icy body known as 2014 MU69, located nearly a billion miles farther 
into the Kuiper Belt region, beyond Neptune.
 Scientists think that small bodies like MU69 were the building 
blocks for Pluto, the largest known object in the Kuiper Belt. .

SPIEDigitalLibrary.org

Find the Answer 

Optics & Astronomy

Scientists across the world celebrated history in July when NASA’s 
New Horizons spacecraft flew close enough to Pluto to capture 
the first-ever, up-close images of the distant dwarf planet.

 The interplanetary space probe came within 7800 miles (12,500 
k) of the planet’s frozen surface. The stunning images are giving 
researchers new insights into Pluto — a mystery since its discovery 
in 1930 by Clyde Tombaugh. 
 The impressive information gathered is due in part to a suite of 
instruments including ultraviolet, visible, and infrared imaging 
spectrometers. The optical instruments aboard New Horizons 
captured images showing that Pluto is younger, slightly larger, colder, 
and far more complex than had previously been thought. Pluto is so 
small and distant that even the Hubble Space Telescope was unable 
to capture a clear view. 
 Images from New Horizons have provided the first good look at 
Pluto’s icy mountains, including one range that is similar in height 
to the Alps or the Rocky Mountains, possibly less than 100 million 
years old, making them younger than the Himalayas. 
 Pluto also has an apparently less lofty mountain range on the 
lower-left edge of its best-known feature, the bright, heart-shaped 
region named Tombaugh Regio. These frozen peaks are estimated to 
be one-half mile to one mile (1-1.5 kilometers) high, about the same 
height as the Appalachian Mountains in the eastern United States. 
 The lack of craters on several areas of Pluto’s surface indicates 
the dwarf planet is relatively young, but apparent signs of geological 
activity remain a mystery since Pluto is so far from the sun and the 
larger planets.
 “This may cause us to rethink what powers geological activity has 
on many other icy worlds,” said John Spencer, deputy team leader of 
New Horizons’ Geology, Geophysics, and Imaging Team.

OPTICAL PAYLOAD
 The piano-sized probe that flew by the dwarf planet weighed about 
1054 pounds (478 kg) at launch. A plutonium-fueled radioisotope 
thermoelectr ic generator produces the 200 watts needed 

to power onboard computers, 
communications systems, and 
a set of compact, l ightweight 
instruments, which includes two 
plasma instruments, a dust sensor, 
a radio science receiver/radiometer 
and three optical instruments. 
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Chip giant Intel has signaled a slowing of 
Moore’s law in response to the challenges 
of scaling to the semiconductor industry’s 

for thcoming 10nm technolog y “node,” w ith 
implications for the future introduction of laser-
powered extreme ultraviolet (EUV) lithography 
equipment.
 In July, Intel CEO Brian Krzanich announced 
that Intel had decided to introduce a third product 
at the 14nm node. That move marks a shift from the 
firm’s long-standing and metronomic release of new 
products packing ever more transistors onto chips.
 Referring to the slowdown of Gordon Moore’s 1975 
prediction that transistor density would double every 
two years thanks to scaling advances that are largely 
a result of photolithography, Krzanich told investors: 
“The last two technology transitions have signaled 
that our cadence today is closer to 2.5 years than two.”

GOALS FOR TRANSISTOR DENSITY
 Originally, Moore’s law predicted a doubling of 
transistor density every year. But since the 1975 
adjustment to doubling every two years, Intel has 
stuck to what it calls its “tick-tock” model, launching 
two product families at each new node. The “tick” 
represents the introduction of the first product 
made using a new process technology, and the “tock” 
represents a refined version usually launched a year 
later.
 For the current 14nm node, that scheme is now 
changing to “tick-tock-tock.” Krzanich said Intel 
would now introduce a third 14nm product in the 
second half of 2016, under the code-name “Kaby 
Lake.” That will follow the imminent launch of 
“Skylake,” the first “tock” product of the 14nm node.
 “Then in the second half of 2017, we expect 
to launch our first 10nm product, code-named 
Cannonlake,” Krzanich said. “We expect that this 
addition to the roadmap will deliver new features 
and improved performance, and pave the way for a 
smooth transition to 10nm.”
 Questioned by investors on that decision, Krzanich 
replied: “We took a snapshot of the 14nm to 10nm 
transition. We looked at the history, and we said 
let’s be very predictable and do the best thing for 
shareholders and for our partners and customers.”

SCALING CHALLENGES AT 10NM
 A lthough Intel is widely believed to be the 
company that placed an order with ASML for 15 EUV 
lithography tools earlier this year, and which has – 

TECHNOLOGY R&D

INTEL DELAYS MOVE TO

10nm lithography
along with Samsung and TSMC – invested heavily 
in the equipment firm to support EUV technology 
development, it will not be using the new approach 
in its 10nm launch.
 “The lithography is continuing to get more 
difficult as you try and scale,” Krzanich said, and 
as the number of multi-pattern steps with more 
conventional deep-UV immersion lithography 
increases.
 “This is the longest period of time without a 
lithography node change. We’re assuming 10nm does 
not have EUV for our technology,” he said.
 Even assuming that Intel regains its “tick-tock” 
rhythm after the planned 10nm node launch in 2017, 
that would mean EUV will not be making chips in 
volume on Intel’s mass-production lines until the 
7nm node appears in 2019.
 And if “tick-tock-tock” becomes the new norm, the 
introduction of chips featuring EUV-manufactured 
transistors may not happen until 2020.

INVESTING IN EUV CONTINUES
 Discussing EUV progress at ASML’s own investor 
call in July, the equipment firm’s CEO Peter Wennink 
said that development work had now progressed to 
the point where one customer had been able to expose 
more than 1000 wafers in a 24-hour period, the kind 
of productivity level needed for mass production.
 However, EUV source power and stability still need 
to improve. Although six production tools are now on 
order, Intel and other companies have stipulated that 
these will need to meet key performance milestones 
before full payment is made for them.
 Meanwhile, IBM announced in July 
that it had built the first test silicon 
on the 7nm process node, and 
Trumpf has said it will invest 
€70 million in a new building 
where engineers will make 
ultra-high-power lasers for 
the emerging generation of 
EUV lithography equipment 
needed by semiconductor 
chip manufacturers.
 The new IBM chips were built in 
partnership with GlobalFoundries, 
Sa m su ng,  a nd IBM’s e qu ipment 
providers at the SUNY Polytechnic Institute’s 
College of Nanoscale Science and Engineering. The 
7nm chips are the first to use EUV and the first to 
use silicon germanium (SiGe). . 

How to make
EUV work?
Commercial deployment 
of highly complex 
and expensive EUV 
lithography systems 
and source power are 
a continuing source of 
discussion and debate 
at lithography and 
photomask conferences.

Hermann Gerlinger, 
president and CEO 
of Carl Zeiss SMT 
(Germany) was 
scheduled to give an 
invited talk at SPIE 
Photomask Technology 
in September on the key 
elements that will allow 
the industry to make 
EUV work.

SPIE Advanced 
Lithography, 21-25 
February 2016, will 
also have a focus on 
driving EUV lithography 
technology toward 
meeting targets 
for high-volume 
manufacturing for the 
7nm logic technology 
node.

In 1965, Gordon 
Moore predicted 

that the density 
of components 
in integrated 
circuits would 
continue to grow 

exponentially for 
at least the next  

10 years. Few 
people anticipated 

that his “law” would  
still remain valid after  

40 years.
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Highlights from Optics + Photonics
Impressive work in innovative photonics technologies that will 

change everyday life, enable new cures, and expand our knowledge 
of the universe was reported in more than 3300 talks at SPIE 

Optics + Photonics in San Diego in August. 
 The continuing celebration of the International Year of Light 
and Light-based Technologies, an awards banquet, and the Optics 
Outreach Games were also highlights of the annual event.
 Technical reports covered:
• How scientists engineered the landing of the Rosetta orbiter’s probe 

Philae on Comet 67P and future plans for the mission
• Laser technology challenges for spaceborne active optical sensing 

of earth 
• Single-atom-thick materials to revolutionize optical computing
• Changes in the optical “toolbox” for designing the next generation 

of wearable displays
• New technology for the Exo-S mission’s search for exoplanets
• Organic electrodes that improve monitoring and recording of brain 

function, including during epileptic episodes 
• Quality and performance improvements of the hardware, software, 

and imaging and sensing technologies embedded in mobile phones
• Cadmium telluride and perovskite for solar energy 
• Ultrafast and ultraslow imaging techniques, each with transferable 

potential in medicine, semiconductor R&D, and improving 
understanding of earthquakes

KUDOS FOR ROSETTA MISSION
 US Rosetta Project Manager Artur Chmielewski’s opening plenary 
presentation reviewed NASA’s Rosetta Mission, which last year 
set down the Philae lander on Comet 67P, more than 400 million 
kilometers from earth. 
 Chmielewski, of NASA’s Jet Propulsion Lab, also announced the 
decision to conclude the photonics-heavy mission by landing the 
Rosetta orbiter itself on the comet next year.
 The European and German Space Agencies built the Rosetta 
spacecraft, which transported Philae to the comet, and the US has 
donated various pieces of equipment to the project, he explained. The 
US also provides about 45 scientists who shared the job of navigation 
to reach the comet. 
 “It has been a very difficult challenge,” Chmielewski said. “I take 
my hat off to the navigators who achieved centimeter-precision 
control of the spacecraft over 400 million kilometers — which to me 
is mind-boggling.”
 Rosetta is about the size of a big SUV, while Philae is a more modest 
refrigerator-sized probe. The mission launched about 10 years ago. 

LASERS A CHALLENGE IN SPACE
 Among a series of presentations on other space-related 
technologies, George Komar, associate director and program manager 
at NASA’s Earth Science Technology Office (ESTO), said ESTO was 
seeking to improve its capabilities to conduct active optical remote-
sensing measurements of earth-environmental conditions. 
 “Many of today’s key science measurements made from satellites 
orbiting the earth rely on laser instruments, and there is a diverse 
range of applications” for measuring CO2 and tropospheric winds, 
profiling ozone and water vapor, and analyzing surface topography 
and vegetation, Komar said. 

 Only three ESTO projects have lasers on board, however, because 
of the difficulty of getting lasers to work in space, he said. Laser 
systems aboard satellites and the International Space Station must 
be highly efficient and powerful, and he detailed a wish list for new 
laser capabilities in space.
 “The environment is challenging with ever-present factors such 
as potential for damage, degradation, and contamination,” he said. 
“So the coatings and materials, pump-diode reliability, and scaled 
power are all significant issues.” 
 Nevertheless, Komar said, “Active optical remote sensing remains a 
key technology for NASA’s Earth Science Programs through surface-, 
aircraft-, and space-based observations.” 

INTENSE FOCUS ON SOLAR
 Commercial and technical aspects of renewable energy sources 
were also given a high profile at Optics + Photonics.
 Four plenary speakers addressed various aspects of solar power, 
ranging from the use of cadmium telluride as an alternative to 
silicon as a solar cell medium; converting solar energy to hydrogen; 
upconversion of low- to high-energy photons; and the US SunShot 
project’s aim to make subsidy-free solar electricity cost competitive 
with conventional energy sources by 2020.
 Wyatt Metzger, of the US National Renewable Energy Lab, told 
attendees that the latest research into cadmium telluride solar cells 
is targeting 24% efficiency. This is “driving the cost down to less than 
$0.40/W and could displace the dominant silicon market share, and 
reach grid parity,” Metzger said. 
 “By maximizing photocurrent, CdTe cell efficiency has recently 
reached 21.5% and surpassed the performance of multicrystalline 
silicon. We have made cadmium telluride competitive with GaAs. 
Cadmium telluride can certainly capture the multicrystalline silicon 
piece of the solar power pie,” he said.
 In his plenary talk, SPIE Fellow Yang Yang of the University of 
California, Los Angeles, summarized recent progress with light-
harvesting hybrid perovskite materials including advances and 
challenges with perovskite-based photodetectors and tandem solar cells. 
 Calling perovskite a “dream material,” Yang said its benefits are its 

SPIE President Toyohiko Yatagai (center) congratulates members 
of the SPIE Student Chapter at Washington State University (USA) 
for their prize-winning demonstration at the 2015 SPIE Optics 
Outreach Games.
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positive electron/hole transportation performance, low combination 
rate and high photoluminescence, long diffusion length, and long 
carrier lifetime.
 “Perovskites are a really amazing material, from a purely scientific 
point of view,” Yang said in an interview with SPIE after his talk.
 High absorption, good transport properties, and low-cost 
processing make them attractive for solar energy, compared to 
“high-end” solar cells that require special equipment, he said. Yang 
predicted that if perovskites can be shown to have long-term stability, 
they would reduce the cost of solar energy “comparable to or even 
lower than fossil fuels.”

MOBILE PHONE DIAGNOSTICS 
 SPIE Fellow Aydogan Ozcan, also of UCLA, outlined several 
photonics-based telemedicine technologies for the next generation 
of smart global health systems.
 The massive growth in mobile phone use in recent years has driven 
significant quality and performance improvements of the imaging 
and sensing technologies embedded in the phones, he said.
 This has transformed the mobile phone into a cost-effective and 
yet extremely powerful platform for biomedical tests and scientific 
measurements that would normally require advanced laboratory 
instruments, Ozcan said.
 The growing trend toward use of mobile phones and other 
consumer electronic devices in advanced imaging and sensing “is 

helping us transform current practices of medicine, engineering, 
and sciences through democratization of measurement science and 
empowerment of citizen scientists, educators, and researchers in 
resource-limited settings.”
 Ozcan described his research using computation/algorithms to 
create new optical microscopy, sensing, and diagnostic techniques. 

SCULPTING LIGHT WAVES 
 SPIE Fellow Nader Engheta, recipient of the 2015 SPIE Gold Medal, 
also described how his lab at University of Pennsylvania (USA) is 
expanding the properties of natural optical materials to create novel 
metamaterials with properties not found in nature.
 Engheta’s lab has demonstrated how waves can be confined to propagate 
along a single-atom-thick layer of graphene despite the wavelength of the 
light being larger than the height of the metamaterial surface.
 These 2D metasurfaces lend themselves to being used to recreate 
typical wavelength guiding devices on the nano scale, such as optical 
splitters, fiber-optic cables, and even wavelength guides. Optical 
metamaterials are used to create analogs of typical electronic 
components, such as resistors, capacitors, and inductors.
 In preliminary experiments, his lab fabricated analog optical 
capacitors and inductors, opening up the possibility for the future 
development of extremely fast optical integrated circuits.
 Read SPIE Professional online (spie.org/spieprofessional) for 
more highlights from SPIE Optics + Photonics. .
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RECOMMENDED READING

Telescope design twist with freeform optics
By Michael T. Eismann

Freeform optics is an emerging optical 
manufacturing technology that gives 
optical designers expanded degrees of 

freedom. In theory, this should allow them to 
optimize image quality and other design performance metrics with 
fewer optical elements. 
 Since advanced freeform manufacturing capabilit ies are 
not restricted to the symmetries of traditional manufacturing 
methods, asymmetric aberrations such as coma and astigmatism 
can potentially be reduced. The challenge for the optical designer, 
however, is to effectively exploit these new degrees of freedom.
 In the February issue of Optical Engineering, the use of freeform 
optics provides a new twist to the design of a classical two-mirror 
telescope in “Optical design of off-axis Cassegrain telescope using 
freeform surface at the secondary mirror.” 
 The traditional Cassegrain design is often coupled 
with a refractive relay lens group to compensate off-
axis aberrations, and it exhibits a central obscuration 
that reduces image quality. Authors Suryakant 
Gautam, Amit Gupta, and Ganga Sharan Singh of 
the Academy of Scientific and Innovative Research, 
Central Scientific Instruments Organisation (India) 
use a freeform secondary mirror in an off-axis design 
to eliminate both of these issues.
 As freeform optics present a quite unbounded 
design space, much of the article is devoted to 
the design optimization methodology. Ultimately, 
the authors arrive at an f/4.4 ref lective design 
using a prolate spheroid off-axis primary mirror 
and freeform secondary mirror to obtain near 
di f f ract ion-l imited per formance at v isible 
wavelengths over a 2-degree field of view. 
 Employing only two reflective elements without 
obscuration, the design provides achromatic 
performance with potentially high transmission 
over a broad spectral range. To simplify alignment 
during assembly, the designers used decentered as 
opposed to tilted optics.
 From the standpoint of history, it may be a 
misnomer to call an off-axis design such as this a 
Cassegrain because the fundamental concept attributed to the 17th- 
century Catholic priest was to achieve an on-axis design, specifically, 
using a suspended convex mirror to provide an imaging path through 
a hole in the primary mirror. 
 Practical implementation of the Cassegrain concept did not occur 
for a century after the original publication in 1672. While it should 

Imaging performance: Spot diagrams compared to Airy radius. 

3D layout of proposed telescope 

not take as long to produce this new variant, the next step is to 
demonstrate the practical implementation of the design.
 Source: http://dx.doi.org/10.1117/1.OE.54.2.025113 

–SPIE Fellow Michael T. Eismann is editor-in-chief of Optical 
Engineering. .
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Advances in flexible OLEDs 

Researchers at Pohang University of Science and Technology 
(Republic of Korea) have demonstrated good electrical, 
optical, and mechanical performance in various organic 

materials that may make commercial use of organic LED (OLED) 
technology more feasible and closer to implementation.
 Reporting in the Journal of Photonics for Energy, the researchers 
discuss advances in three key areas for OLEDs — flexible electrodes, 
flexible encapsulation methods, and flexible substrates — that are 
desired for the next-generation of solid-state lighting. 
 OLEDs show promise as a future light source because of their 
thinness, light weight, energy efficiency, and use of environmentally 
benign materials. Companies such as Philips and LG Chemical have 
begun producing flat OLED panels that produce non-glare, UV-free 
light but very little heat, with no need for lampshades or diffusers.
 If those panels were flexible, the technology could be bent into 
shapes, fit the interior or exterior curves of vehicles, even be 
incorporated into clothing.
 “The future trend in OLEDs is to make them on plastic substrates 
for flexibility, durability, and light weight,” says SPIE Fellow Franky 
So, a professor at North Carolina State University (USA) and an 
associate editor of the journal.

 In “Flexible organic light-emitting diodes for solid-state lighting,” 
Min-Ho Park and coauthors tested a variety of transparent electrodes 
as flexible alternatives to currently available devices based on indium 
tin oxide, which is brittle and expensive. They identified next steps 
needed to make flexible solid-state lighting commercially feasible:
• Develop a flexible electrode with high electrical conductivity, high 

bending stability, few defects, smooth surface texture, and high 
work function

• Reduce the water-vapor transmission rate of materials used, to 
counter the vulnerability of OLEDs to moisture

 OLEDs produce light by sending electricity through one or more thin 
layers of an organic semiconductor. The semiconductor is sandwiched 
between a positively charged electrode and a negatively charged one. 
These layers are deposited on a substrate and protected from exposure 
to air by a thin layer of encapsulants (traditionally glass).
 The Pohang team demonstrated good performance with flexible 
electrodes fabricated using graphene, conducting polymers, silver 
nanowires, and dielectric-metal-dielectric multilayer structures.
Coauthors are Tae-Hee Han, Young-Hoon Kim, Su-Hun Jeong, 
Yeongjun Lee, Hong-Kyu Seo, Himchan Cho, Tae-Woo Lee.
 Source: http://dx.doi.org/10.1117/1.JPE.5.053599  .
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Reducing stroke damage may be
next application for OCT technology

TECHNOLOGY R&D

Comparison of regions where arteriolo-arteriolar anastomosis (AAA) is relatively stronger or 
weaker, before and during an experimental middle cerebral artery occlusion (MCAO) and after 
reperfusion. Scale bar is 0.3 mm.

Optical coherence tomography (OCT), a technology already 
widely used in ophthalmology and other medical fields, 
holds potential to reveal how blood flows in the brain 

during stroke, providing information that could someday guide new 
treatments and reduce stroke-induced damage to the brain.
 A recent article in the journal Neurophotonics describes work 
at the University of Washington (UW) using OCT to render high-
resolution images and information about blood-flow dynamics over a 
broad region of the brain before, during, and after stroke-like states. 
 “OCT is a well-established medical imaging technique that 
uses light waves to generate three-dimensional pictures of 
tissue structure,” said SPIE Fellow Ruikang Wang, professor of 
bioengineering and ophthalmology at UW. “Widely applied over 
the past two decades in clinical ophthalmology, it recently has been 
adapted for brain vascular imaging.”
 In “Vasodynamics of pial and penetrating arterioles in relation 
to arteriolo-arteriolar anastomosis after focal stroke,” Wang and 
coauthors Utku Baran and Yuandong Li describe their use of OCT-
based optical microangiography (OMAG) to reveal detailed brain-
vessel dynamics during real-time experimental stroke.
 Wa ng ha s b e en a  le ader  i n 
d e v e l o p i n g  O C T  t o  m e a s u r e 
microvascular angiograms and is now 
applying the methodology to explore 
the microvascular dynamics of blood 
vessels in the brain during stroke. The 
new application “enables the imaging 
of far more vessels in a shorter period 
of time and offers a greater depth 
penetration,” noted Neurophotonics 
Editor-in-Chief David Boas of the 
Massachusetts General Hospital and 
Harvard Medical School.
 Not only were the UW researchers 
able to achieve high-resolution 
images of in vivo vascular networks 
across a large area, but they also were 
able to evaluate the vessel diameters, 
red-blood-cell velocity, and total 
blood-flow change across the area. 
 In doing so, Wang said, they 
demonstrated a biologically initiated 
rescue mechanism in response to 
stroke. The new information could 
potentially provide guidance to 
clinicians treating stroke patients.
 “Our key f inding uncovers a 
non-uniform regulation event in 

penetrating arterioles — variance in the dilation among important 
vessels circulating blood throughout the brain,” Wang said. 
“Specifically, active dilation of penetrating arterioles during stroke 
requires strong connections — anastomosis presence — and dilation 
and therefore blood flow fail in the areas farther away from an 
anastomosis. 
 “Abundance of anastomoses may prevent or delay permanent 
neural damage by supplying blood to penetrating arterioles and 
recovering rescuable tissue called penumbra,” he said.
 With the enhanced imaging capability, Wang and colleagues may 
discover as-yet-unknown mechanisms by which the brain regulates 
blood flow to brain tissue, Boas said. 
 “OCT, which already is a billion-dollar industry, is likely to go on to 
play an increasingly important role in the neurosciences,” Boas said.
 The work was supported in part by grants from the US National 
Institutes of Health.
 Source: http://dx.doi.org/10.1117/1.NPh.2.2.025006  .
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Automated image-analysis system 
tested for fast and accurate  
breast-cancer diagnosis

Researchers at University of Illinois at 
Urbana–Champaign and at Chicago 
have tested a new optical method for 

diagnosing breast cancer that could lead to 
an automated process for rapidly and more 
accurately determining whether breast-tissue 
lesions are benign or malignant.
 In a recent special section of the Journal 
of Biomedical Optics, Hassaan Majeed, a 
PhD candidate in bioengineering at Urbana–
Champaign, and colleagues describe their use 
of quantitative optical-phase measurements 
for cancer diagnosis.
 When an abnormality is discovered 
during a screening procedure such as a 
mammography, standard practice is for the 
physician to take a tissue biopsy, which is then 
stained using hematoxylin and eosin (H&E). 
The staining provides enough contrast for 
a pathologist to study key morphological 
features of the tissue under a microscope.
 The tissue analysis is done manually; because of variations in 
things like staining intensity and the illumination used, the process 
does not lend itself to automation. Manual inspections are also subject 
to investigator bias, and the process is time-consuming. This can, in 
some cases, result in late disease diagnosis — a critical shortcoming 
given that early diagnosis is said to significantly improve chances 
of survival.  
 In “Breast cancer diagnosis using spatial light interference 
microscopy,” researchers used the breast-tissue biopsies of 400 
different patients, selecting two parallel, adjacent sections from 
each biopsy. One of these sections was stained using H&E, leaving 
the other unstained.
 The unstained samples were analyzed using a spatial light 
interference microscopy (SLIM) module attached to a commercial 
phase-contrast microscope. The system generated different 
interferograms for each tissue sample using shifting patterns of 
scattered and unscattered light. Four interferograms, corresponding 
to four different phase shifts, were used to produce one quantitative-
phase image. 
 On this SLIM image, areas with different refractive properties 
appear in different colors. The boundary between the tumor and its 
extracellular environment is clearly delineated, making it possible 
to assess whether the tumor is malignant. 
 As part of the experiment, two board-certified pathologists were 
trained to interpret the tissue morphological details from SLIM 
images by being shown H&E and SLIM images of the same tissue 
cores, labeled benign or malignant, side by side.
 At the testing stage, each pathologist was first shown the stack 
of SLIM images for 109 selected tissue cores. The pathologists 
classified each core as either benign or malignant. Then the process 

was repeated for the stack of H&E images for the same 109 cores. 
Using each pathologist’s diagnosis of the H&E stained cores as the 
gold standard, the researchers measured the success of diagnosis 
using SLIM images by counting the number of agreements between 
SLIM- and H&E-based diagnoses.
 The agreement between SLIM- and H&E-based diagnosis was 88% 
for the first pathologist and 87% for the second. Agreement between 
the two pathologists when rating SLIM images stood at 83%, whereas 
the same for H&E images was much higher at 98%. The authors of 
the paper expect the agreement between the diagnoses of the two 
pathologists on SLIM images would increase significantly if they 
received more training in interpreting SLIM images.
 Because this diagnosis method is based on quantitative data, 
rather than on a pathologist making a subjective assessment, the 
researchers believe that these preliminary results show the potential 
of their technique to become the basis for an automated image-
analysis system that would provide a fast and accurate diagnosis. 
 Coauthors are SPIE Fellow Gabriel Popescu, Mikhail Eugene 
Kandel, Kevin Han, Zelun Luo, Virgilia Macias, Krishnarao Tangella, 
and Andre Balla.
 Source: http://dx.doi.org/10.1117/1.JBO.20.11.111210  .

BENIGN MALIGNANT

Comparison between H&E-stained bright-field microscopy (top row) and SLIM (bottom 
row) images in their respective abilities to resolve tissue morphology for benign and 
malignant cancers.

Breast cancer is the second most-common 
form of cancer diagnosed worldwide, 
accounting for 11.9% of all cancers diagnosed 
in 2012, according to the International 
Agency for Research on Cancer.
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SPIE INTERNATIONAL YEAR OF LIGHT PHOTO CONTEST

Light for education
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A photo of a 5-year-old boy studying in 
a dark hut, with only natural morning 
l ight streaming through a small 
window, has been selected for the 
People’s Choice Award in the SPIE 

International Year of Light Photo Contest. 
 H a n d i  L a k s o n o ,  a 
t r avel  a nd la nd sc ap e 
photographer from East 
Java, took the photo 1 
September 2014 a f ter 
hiking three hours to the 
remote v i l lage of Wae 
Rebo on Flores Island in 
Indonesia.
 The village is known 
f o r  i t s  t r a d i t i o n a l 
Manggaraian architecture 
consisting of five-level, conical-shaped buildings 
called mbaru niang that are completely wrapped in 
thatched leaves from the surrounding tropical jungle. 
 As is the case for 1.5 billion people around the 
world who lack access to electricity, there is little to 
no electricity for the residents of Wae Rebo. The only 
lighting sources in the village are from the sun and 
small solar panels attached to the top of some houses. 
 Laksono says the solar panel in the house he visited 
powers a single light bulb that is turned on only from 
6 to 9 pm. “For the children who wish to study in their 
house in the morning, the light from the small windows 
is the [only] option,” Laksono says. 
 Laksono told SPIE he intends to donate his prize 
money for the boy’s education.

LIGHT IN DAILY LIFE 
 Nearly 2000 people from around the world cast 
votes in the People’s Choice Award competition, with 
the greatest number choosing the photo Laksono calls 
“Studying.” Thirty-two photos were eligible for the 
People’s Choice Award. 
 SPIE Professional magazine sponsored the contest 
as part of the International Year of Light and Light-
based Technologies (IYL), a global initiative adopted 
by the United Nations to raise awareness of how optical 
technologies promote sustainable development and 
provide solutions to worldwide challenges in energy, 
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INTERNATIONAL YEAR OF LIGHT

PHOTO OF BOY STUDYING  
BY LIGHT-FILLED WINDOW 
WINS PEOPLE’S CHOICE 
AWARD 
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PEOPLE’S CHOICE AWARD
t Continued from page 21

education, agriculture, communications, and health. 
SPIE is one of 12 IYL founding partners.
 The year-long IYL celebration has reached many 
outside the optics and photonics community, 
showcasing the crosscutting discipline of science that 
has revolutionized medicine, astronomy, and clean 
energy; opened up international communication via the 
Internet; and continues to be central to linking cultural, 
economic, and political aspects of the global society.
 More than 800 photos portraying light and light-
based technologies in daily life were submitted to 
the contest. SPIE has provided prizes of US $4,500, 
including $500 for the People’s Choice Award.
 Two panels of judges selected the first-, second-, 
and third-place photos from all submitted to SPIE 
in 2014, rating each photo on scientific interest, 

INTERNATIONAL YEAR OF LIGHT

PAUL REIFFER — 1st place winner

SUSANTA MUKHERJEE — 2nd place winner

IAN BELL  — 3rd place winner

artistry, and other criteria including how well the 
image depicted the contest theme of light and light-
based technologies in daily life. An additional 32 
were picked as finalists for the People’s Choice Award.

INSPIRED BY PHOTONICS 
 Inspiring images depicting the Milky Way, 
Northern Lights, solar energy, communication 
devices, lasers, sunsets, and other important uses 
of light in medicine, culture, economic development, 
and art were popular in the contest.
 British photographer Paul Reiffer won the top 
award for his image showing the vehicle, road, and 
other city lights on and around the Nanpu Bridge in 
Shanghai on New Year’s Eve. 
 Susanta Mukherjee’s second-place photo captured 
young Indian students receiving study lights that use 
rechargeable, solar-powered LEDs.
 Ian Bell’s third-place photo was a light painting 
of an athlete on a stand-up paddle board with LEDs 
strapped to his blade.

STUDY AFTER SUNSET
 Laksono’s image is one of several from the IYL 
Photo Contest that were included in the SPIE Press 
book, Celebrating Light: 50 Ways Light-based 
Technologies Enrich Our World. The book was 
produced for the IYL and is being distributed for free 
at many SPIE events. 
 The photo selected for the People’s Choice Award is 
also one of many submitted to the contest illustrating 
the importance of light for education and the lack of 
clean, efficient forms of lighting in many developing 
communities. One of the major themes of the IYL is 
to promote the use of portable, solar-powered LED 
lanterns in regions where there is little or no reliable 
source of light after sunset.
 The majority of children in developing countries 
are expected to work during the day to help provide 
for their families, according to the IYL website. “With 
no or inadequate light at night, these youth are unable 
to read or write, and thus deprived of an education,” 
the website says.
 Lack of electricity in Wae Rebo is one reason that 
children are sent to live at the nearest village, nine 
kilometers away, to attend school during the week. 
The child in Laksono’s photo, identified only as Andi, 
will be sent to the school when he reaches the age for 
elementary school.
 Wae Rebo received an award of excellence in the 
2012 UNESCO Asia Pacific Heritage Awards for a 
community-led rebuilding and conservation project 
that led to five new mbaru niang structures. .
Mérida, Mexico, where the IYL closing ceremonies 
will be held in February 2016, is close to the Mayan 
archaeological site of Chichen Itza and one of 
the earliest astronomical observatories there, El 
Caracol.

Voters in the People’s 
Choice Award competition 
who provided an email 
address were entered in 
a drawing for a GoPro 
camera. Christina Hall 
of Williamsburg, VA 
(USA), received a GoPro 
Hero and a headstrap for 
participating in the public 
vote.
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WOMEN IN 
LIGHT SCIENCES
The “Women in Light 
Sciences” exhibition honored 
12 women scientists.
• Jean McPherson Bennett
• Katherine Burr Blodgett
• Jocelyn Bell Burnell
• Yvette Cauchois
• Émilie de Châtelet
• Martha Coston
• Rosalind Franklin
• Nobel Laureate  

Maria Goeppert-Mayer
• Hedwig Kohn
• Henrietta Swan Leavitt
• Marie Luise Spaeth
• Martha Jane Bergin 

Thomas

IYL has reached millions 
SEEDS SOWN IN 201 5 WILL FLOWER IN THE FUTURE

The International Year of Light and Light-based 
Technologies 2015 (IYL) will be brought to an 
official close during a ceremony to be held over 

three days in Mérida, Mexico, 4-6 February 2016.
 This final event of the 2015 IYL celebration will be 
attended by the key figures behind the international 
year, including academics, international diplomats 
and decision-makers, CEOs, and science and industry 
leaders from around the world.
 Launched in January 2015 at a Paris ceremony 
attended by more than 1000 participants, the global 
initiative has been a year of great learning, exposure, 
insight, and appreciation of the importance of light and 
optical technologies for the development of society.
 IYL events and actions have reached millions 
worldwide, making it one of the most successful 
international science outreach actions ever. The 
closing ceremony will review the year and its 
successes and focus on ensuring an enduring legacy.
 While the United Nations-decreed observance 
has been very effective in raising awareness about 
photonics and the benefits of light-based applications, 
those gains should only serve to encourage more 
activity, said SPIE CEO Eugene Arthurs. 
 “There is still much that needs to be done, to end 
light poverty and make good on the promise of shared 
prosperity throughout the world,” he said.
 SPIE, as one of 12 founding partners of IYL, has 
cosponsored numerous events during the year. 
Arthurs, SPIE President Toyohiko Yatagai, SPIE 
President-Elect Robert Lieberman, and other 
SPIE leaders have promoted improved public and 
political understanding of light-based technologies to 
educators, scientists, government officials, business 
executives, and others through conferences, displays, 
hands-on activities, and other outreach activities.
 “The IYL has offered the optics and photonics 
communit y an oppor tunit y to celebrate the 
extraordinary contributions to health, longevity, 
communications, social interaction, entertainment, 
and economic prosperity,” Arthurs said.
 The year has also been one of revisiting the history 
of humankind’s ongoing attempts to understand 
and use l ight, Arthurs said, mentioning the 
accomplishments of the Neolithic people who built 
Newgrange in Ireland, the early Greeks and Chinese, 
and the great advances in the Islamic world during 
the Dark Ages.
 “We hope some young people have been excited 
and will consider contributing to further building 
civilization, to sustaining our world, with light,” 
Arthurs said. “We hope that many in our community 
have an expanded view of their contributions, a new 
pride in how the science and engineering of light has 

contributed so much, and of the potential.” He noted 
that many of the actions taken during IYL would be 
like seeds that will flower in future years.

EVENTS IN US AND SPAIN
 Three IYL events in September supported by 
SPIE were among hundreds this year that served 
that purpose.
 SPIE cosponsored an exhibit ion in Spain 
celebrating 12 women researchers who contributed to 
fundamental discoveries in optics and photonics, and 
the Society cohosted two events in Washington, DC. 
 The Washington events were organized by the 
National Science Foundation (NSF) in conjunction 
with SPIE and other US science organizations to 
promote the progress and promise of light research 
and education.
 A daytime event, Wonders of Light: Family Science 
Fun, provided educational activities demonstrating 
the science of light for more than 500 school-age 
children and their parents.
 Hands-on activities featured an LED-orb that 
changed color with music, an interactive video game 
using sensors, and a “green screen” enabling participants 
to simulate being a science reporter for a day.
 The evening event, Light for a Better World: A 
Celebration of US Innovation, was a public symposium 
attended by more than 200 people, including NSF 
Director France Córdova, who gave the opening remarks. 
Other talks were by Michael Liehr, CEO of the recently 
established American Institute for Manufacturing 
Integrated Photonics (AIM Photonics), and: 
• Shuji Nakamura of University of California, 

Santa Barbara and a 2014 Nobel Prize recipient, 
who spoke on the development of the blue LED

• Eric Betzig of the Howard Hughes Medical 
Institute, another 2014 Nobel Prize recipient, who 
discussed the role of telescopes and microscopes 
in understanding our universe and ourselves

• Gerald Duffy, GE Lighting Manager who spoke 
about how solid-state lighting has transformed our 
world

 The “Women in Light Sciences” exhibition was 
launched during the opening of the Spanish National 
Meeting in Optics in Salamanca and organized by 
the Spanish Society of Optics (SEDOPTICA) and 
the Women in Physics Group of the Spanish Royal 
Society of Physics.
 The 12 women highlighted in the exhibition 
included Nobel Laureate Maria Goeppert-Mayer 
and Jean McPherson Bennett, an authority on 
precise methods for measuring optical surfaces, who 
received the SPIE Technology Achievement Award 
in 1983. .

A poster showing  
Nobel Laureate  
Maria Goeppert-Mayer  
was among several  
SPIE produced for  
IYL2015.
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A team at University of Leeds (UK) has developed a new 
laser sensor that monitors blood glucose levels without 

penetrating the skin. The new technology, developed by 
Professor Gin Jose and associates at Leeds and licensed to 
GlucoSense Diagnostics of London, uses a small device with 
low-powered lasers to measure blood glucose levels rapidly 
and noninvasively. 
 With a recently acquired patent covering the core technology 
for the glucose sensor, company representatives say they hope 
to launch a finger-touch device and a separate wearable device 
within three years.  
 Once available on the commercial market, the laser sensor 
could potentially transform the lives of an estimated 382 
million people living with diabetes.
 “This could give people a simpler, pain-free alternative to 
finger pricking, squeezing drops of blood onto test strips, and 
processing the results with portable glucometers,” Jose said. 
“Our technology has continuous monitoring capabilities [that] 
could help improve the lives of millions of people by enabling them to 
constantly monitor their glucose levels without the need for an implant 
or frequent invasive tests.”

IONS FLUORESCE IN IR LIGHT 
 At the heart of the glucose sensor is a piece of nano-engineered 
silica glass, embedded with ions that fluoresce in infrared light when 
illuminated by low-power laser light. When the glass is in contact with 
the users’ skin, the extent of fluorescence signal varies in relation to 
the concentration of glucose in their blood. 
 The device measures the length of time the fluorescence lasts and 
uses that to calculate the glucose level in the bloodstream, a process 
that takes less than 30 seconds.
 Jose added that the glass used in the sensors is durable and similar 
to that used in smartphones. As a result, “our device is more affordable, 
with lower running costs than existing self-monitoring systems,” he said.

TWO PROTOTYPES UNDER DEVELOPMENT
 "We are currently piloting a benchtop version in our clinical 
investigations, and we aim to develop two types of devices for the 
market,” he said. “One will be a finger-touch device similar to a 
computer mouse. The other will be a wearable version for continuous 
monitoring.” 
 The Engineering and Physical Sciences Research Council is funding 
a £1.4 million pilot manufacturing facility at Leeds for scale-up and 
is scheduled to be ready by 2016.”
 The results of a pilot clinical study conducted at the Leeds Institute of 
Cardiovascular and Metabolic Medicine and supervised by Peter Grant, 
professor of medicine and diabetes specialist at University of Leeds, 
suggest that the new monitor can perform as well as conventional 
technologies. More clinical trials and product optimization are 
required for regulatory approvals.

Photonics for  
a Better World

NEW GLUCOSE MONITOR  
USES LASER SENSOR

PHOTONICS FOR A BETTER WORLD

 Noninvasive monitoring will 
be par t icularly va luable for 
people with Type 1 diabetes, 
Grant said. “Within this group, 
those attempting precise control 
such as pregnant women or 
people experiencing recurrent 
hypoglycemia could find this 
technology very useful.”
 There are about 400,000 
people with Type I diabetes in 
the UK alone. 

BETTER MANAGEMENT 
OF DIABETES
 Glucosense Diagnostics is a 
spinout company jointly formed 
and funded by the university and NetScientific, a biomedical and 
healthcare technology group. It announced in July the award of the 
first critical European patent covering the core technology for the 
glucose sensor.
 Sir Richard Sykes, chairman of NetScientific, noted that because 
diabetes is a growing problem, the need for noninvasive glucose 
monitoring has become more urgent. “This technology could help 
empower millions of people to better manage their diabetes and 
minimize interventions with healthcare providers,” Sykes said.
 Jose said the developers believe that the global market for this 
capability is currently worth at least £6 billion per year and that the 
device might be used to measure other conditions besides diabetes.
 “In the longer term, we believe we can develop other sensors to 
identify stroke risk and other cardiovascular potential problems,” 
Jose said. “We are applying for further research funding to develop 
such applications.” .

Professor Gin Jose with the prototype diabetes tester.
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GlucoSense’s “prototype I” is 
a benchtop device designed 
to validate the noninvasive 
technology.

Small device could replace implants and frequent finger  
pricking for diabetics
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PHOTONICS FOR A BETTER WORLD

CONTRIBUTE 
TO A BETTER 
WORLD
Do you have a story to 
contribute about how 
optics and photonics 
technologies benefit 
humanity?

Do you have a 
question or comment 
about articles in our 
“Photonics for a Better 
World” series?

Write to us at 
spieprofessional@
spie.org.

Read more articles 
and blog posts 
celebrating the many 
ways that optics and 
photonics are applied 
in creating a better 
world at PhotonicsFor 
aBetterWorld.org.

PHOTONICS FOR COMBATTING
AIR POLLUTION AND DIRTY WATER
Cleaner air and purer water are the aim of two 

projects under way in Europe. 
In one, people in several major cities get to be citizen 
scientists as they participate in iSPEX-EU, a program 
that recruits volunteers to measure air pollution 
using their smartphones.
 The iSPEX-EU project, from 1 September to 
15 October, is one of many activities celebrating 
the International Year of Light and Light-based 
Technologies (IYL) and was organized by LIGHT2015, 
which is funded by the Horizon 2020 research and 
innovation program. 
 Cities taking part include Athens, Barcelona, 
Belgrade, Berlin, Copenhagen, London, Manchester, 
Milan, and Rome. 
 Like the Dutch iSPEX project, which was 
successfully trialed in the Netherlands in 2013, 
iSPEX-EU involves distributing thousands of small 
“spectropolarimeters,” which, in combination with 
a smartphone camera, becomes an optical sensor 
capable of measuring the macro- and microphysical 
properties of atmospheric aerosols. These particles 
can be natural, as in sea salt or ash from forest fires, 
or man made from automotive traffic and industrial 
pollution. 

CITIZEN SCIENTISTS TAKE AIR 
MEASUREMENTS IN EUROPE
 The iSPEX add-on measures the spectrum and 
degree of polarization in visible light with SPEX – 
the Spectropolarimeter for Planetary Exploration 
– designed to measure atmospheric particles. 
 Participants are instructed to scan a cloud-free 
sky at various times of day while their smartphone’s 
built-in camera takes pictures through the iSPEX 
add-on. These measurements provide information 
on the amount of particles in the air, their size, type, 
and distribution — all crucial aspects in determining 
the impact of atmospheric aerosols on environment 
and health.
 The iSPEX not only enables crowd-sourced 
measurements of atmospheric aerosols at locations 
not covered by current air-pollution monitoring 
systems, it also makes atmospheric science accessible 
to almost anyone through active participation in 
taking scientific measurements. 
 More information at www.ispex-eu.org and 
www.europe.light2015.org. 

WATER TREATMENT TECHNOLOGY
 Researchers at the CNR Institute for Microelectronics 
and Microsystems (IMM) in Italy, meanwhile, have 
found that zinc-oxide-coated alpha-phase ferric oxide 
particles show good promise for water purification.

 I n  a  r e c e n t  S P I E 
Newsroom article, “Core-
shell nanostructures with 
promising photocatalytic 
cha rac ter is t ic s ,”  t he 
researchers conducted a 
series of UV irradiation 
te s t s  a s  pa r t  of  t he 
Water Project, which 
supports applications of 
nanotechnology for water 
treatment.
 Semiconductor photo-
catalytic processes have 
shown great potential 
as a water-treatment 
technology to remove 
p e r s i s t e n t  o r g a n i c 
compounds and micro-
or ga n i sm s i n w ater. 
However, drawbacks that 
limit their application for large-scale photocatalytic 
processes include a high recombination rate of 
photogenerated electron-hole pairs and poor recovery 
after water treatment of the catalyst particles.
 Their research offers ways to overcome these 
drawbacks, making the technology more affordable 
for people in developing countries, where there is 
inadequate access to clean water and sanitation. 
 “The project’s findings are significant because 
water is the second-most important problem 
facing humanity, after energy,” notes Water Project 
coordinator Vittorio Privitera. “With this project, 
we are trying to address this mammoth challenge.” 
 The CNR-IMM team plans to conduct further 
studies to optimize the photocatalytic activity of 
synthesized nanostructures. The researchers also 
plan to investigate the antibacterial activity of 
their materials against Escherichia coli, a common 
indicator of fecal contamination in water.
 More information in the SPIE Newsroom article: 
dx.doi.org/10.1117/2.1201508.006078. .

The iSPEX add-on turns a mobile phone into an 
optical sensor capable of measuring the macro- and 
microphysical properties of atmospheric aerosols.
 © iSPEX-EU

JOIN THE SPIE GROUP 
ON LINKED IN:  

bit.ly/SPIELinkedIn



Conference apps
help with 
networking 
Conference apps are often 
full of hidden treasures to 
help you network. 

For example, the SPIE 
conference app lists all 
attendees, allows you to 
send messages to these 
attendees, and helps you 
tweet and retweet relevant 
conference messages 
directly from your device. 

The apps for SPIE and 
other conferences can also 
connect you to other social 
media sites, announce 
newly added events and 
activities, and even give 
you transportation options 
to and from the convention 
center.

NETWORKING  
AT CONFERENCES
Ten tips to leverage a golden opportunity
By Alaina G. Levine

CAREER

There’s nothing like a good conference. Who 
doesn’t enjoy SPIE Optics + Photonics or look 
forward to Photonics West every year? 

 Most professionals attend conferences with a 
specific purpose: to present a poster, give a talk, 
serve as an expert on a panel, or to actively look for 
a new job. But many erroneously think that once 
they complete their conference “activity,” they can 
be a passive participant. Alternatively, if they are 
not looking for a job or giving a talk, they don’t 
attend at all. 
 However, actively engaging in conferences — at any 
stage in your career — is a necessity and should be 
an essential element of your career strategy. These 
gatherings represent a golden opportunity to network 
— that is, to build mutually beneficial partnerships 
with others. In fact, meetings like Optics + Photonics 
and Photonics West provide singular opportunities to 
access and learn from decision makers, appropriately 
promote yourself and your brand, and discover 
prospects that can lead to employment, awards, and 
other game-changing career experiences.
 But what if you’re more comfortable taking your 
drink and hiding behind a plant than circulating and 
chatting at conference mixers? What if you’d rather 
run to the lab than approach an industry leader out 
of the blue?
 Whether you consider yourself an introvert, 
socially uncomfortable, or just a networking newbie, 
fear not. Here are some tips to help make the most of 
your next conference. 

DON’T WING IT 
 First, don’t wing it. If you simply show up at a 
conference and participate in whatever events catch 
your fancy, you’re likely to miss the best networking 
opportunities. 
 Before attending the conference, familiarize 
yourself with its program. Start reading the program 
about a month in advance. 

GO TO SPECIAL EVENTS 
 In addition to attending talks and workshops, 
set aside time for special events such as town 
halls, career events, meet-and-greets, and other 
networking-centered affairs. Pencil in time to walk 

the exhibit hall and go to poster sessions and any 
non-technical events. 
 Go to the job fair and SPIE Women in Optics 
reception if they are part of the program and consider 
taking a course. 

CULTIVATE A DIVERSE NETWORK  
 Many symposia hold multiple conferences 
simultaneously. Even if your area is nanomaterials, 
mosey over to some of the talks (and mixers) that 
are part of an organic sensor or medical imaging 
conference. Inspiration — and opportunities to 
meet new colleagues — can come anytime and from 
anywhere.

MAKE APPOINTMENTS AHEAD  
 If you know you’d like to meet with fellow 
attendees, request appointments with them at least 
two to three weeks before the conference. They 
are busy too, so it’s wise to get on their calendars 
beforehand. 
 And even if the person you want to meet is not on 
the program (i.e., s/he isn’t speaking or presenting 
a poster), it’s OK to reach out to ask if s/he will be 
attending, and, if so, whether her schedule would 
allow a short meeting. 
 When making plans to meet, ask for short 
appointments, such as a coffee meeting. The other 
person may not have time for a lunch or dinner, 
but s/he can probably squeeze in 15 minutes over 
a cup of joe. 

LEVERAGE THE EXHIBIT HALL 
 Don’t just wander around the  
exhibit hall aimlessly looking for 
free pens and cup holders. Instead, 
try to learn new things and make 
connections that will serve you 
well long after those free pens 
have run dry. Photonics West 
has hundreds of exhibiting 
organizations, so carefully 
study the list of exhibitors 
and map out the locations 
of the ones you really want 
to visit.

More information about 
Networking for Nerds:  
tinyurl.com/
NetworkingForNerdsBook 

DOWNLOAD A FREE 
SPIE APP FOR YOUR 
SMARTPHONE
SPIE apps available at 
the iPhone and Android 
App Stores. 

SPIE Conferences 
and Exhibitions 
App

SPIE Profiles 
App
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Tweeting before,
during, after 
a conference

Twitter is 
especially useful 
for conference 

networking because 
you can tweet and 
follow tweets with the 
conference hashtag. 

You’ll get incredibly useful 
insight about leaders, 
hot topics, and popular 
sessions. Often, this 
information isn’t shared 
anywhere else. 

You’ll also discover who 
the trendsetters and 
other established leaders 
are in the community 
and get a sense for 
potential collaborators. 
You can retweet these 
individuals’ tweets to help 
establish and amplify your 
brand and demonstrate 
your dedication to the 
community. 

And by doing all of this, 
you’ll have a reason to 
contact your newfound 
colleagues after the 
conference.

CAREER

DON’T EAT ALONE
 At most conferences, at tendees f low into 
restaurants within a few blocks of a convention 
center. At mealtimes, you can usually identify fellow 
conference participants because they tend to keep 
their name tags visible.
 If you see someone from the meeting eating alone, 
don’t be afraid to ask, “Do you mind if I join you?” 

HAND OUT BUSINESS CARDS
 Bring business cards to the conference. If you 
are giving a talk, sitting on a panel, or presenting a 
poster, put a sticker on the back of your card with the 
name, date, time, and location of your presentation. 
This way, whenever you hand out your card, you can 
easily promote your talk.

BE AN EARLY (AND FRIENDLY) BIRD 
 Arrive early to talks and sit near someone you 
don’t know. This is a great opportunity to network, 
especially for introverts, because there is a reason 
to speak with the other person: You are both here to 
attend the session.
 Furthermore, this networking has an “expiration 
date,” so you won’t be stuck making conversation 
indefinitely. 

BE A VOLUNTEER
 Volunteering at a conference is your ticket to 
achieving more of your conference (and career) goals 
than you thought possible. And quite frankly, very 
few people take advantage of this opportunity. 
 Volunteering at a conference establishes you as 
a professional and a hard worker, allows others to 
observe your dedication to your work, gives you easy 
access to networking opportunities, and opens doors 
to leadership and other volunteer experiences. 
 A few years ago, I gave a workshop to the SPIE 
Student Chapter leaders at Optics + Photonics. 
During a break, I chatted with a high school student 

“I refer to conferences as 
‘networking nodes’ because 
they aggregate people of related 
disciplines or industries in 
one location, which makes 
networking extremely efficient.”

— ALAINA G. LEVINE 

who was there only because he had asked for the 
opportunity to volunteer and was granted the chance 
to do so by SPIE. 
 I mentioned his bold measure in my talk just as the 
president of SPIE entered the room. The next thing 
I knew, the president was also praising the student, 
and they ended up meeting because of this. 

BRING A GREAT ATTITUDE 
 Yes, it’s a cliché, but making sure there’s a smile 
on your face as you approach someone or enter the 
room for a mixer can go a long way toward laying 
the foundations for productive relationships. No 
one wants to chat with someone who isn’t happy to 
be there, is looking at his/her shoes, or is reading a 
text while simultaneously speaking.
 Show people that you are serious about your craft 
and about their craft by recognizing that in-person 
networking is a privilege and an honor and is, in 
fact, enjoyable. 

Continued on page 28  

 27OCTOBER 2015 | SPIE ProfessionalOCTOBER 2015 | SPIE Professional



28 SPIE Professional | OCTOBER 2015

Read Online 
 spie.org/spieprofessional

MEMBERSHIP

NETWORKING AT CONFERENCES
t Continued from page 27

 This doesn’t mean that you have to be the life of 
the party or change your personality from being an 
introvert to an extrovert. Rather, show up with the 
expectation that you will take pleasure from the 
experience of participating in the conference. That 
enjoyment will be infectious and will help to fuel 
your conversations.

NETWORKING GETS RESULTS 
 While “born connectors” might make networking 
look effortless, it isn’t. The more time and energy you 
put into making and developing career-enhancing 
relationships, the better your results will be. 
 When you optimize your time before, during, and 
after a conference, you will be pleasantly surprised 
by the relationships you forge and the opportunities 
you uncover. 
 And who knows? In our increasingly connected 
world, your greatest future success might be a 

direct result of the networking you do at your next 
conference. 
 Enjoy your SPIE conference opportunities! .

–SPIE member Alaina G. Levine 
is a science writer, professional 
speaker, corporate comedian, 
STEM career consultant, executive 
communicat ion s coach,  and 
author of Networking for Nerds: 
Find, Access, and Land Hidden 

Game-Changing Career Opportunities Everywhere 
(Wiley, 2015). Parts of this article were drawn from 
this book, which is specifically about networking 
strategies for scientists and engineers. Levine is 
founder and president of Quantum Success Solutions 
(alainalevine.com), an enterprise advancing the 
professional expertise of both nerds and non-nerds 
alike. Follow @AlainaGLevine. 
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Dereniak receives  
SPIE President’s Award 

Dereniak

Correction 
An article in the July 
issue of SPIE Professional 
that referenced a “Light 
for Life” session at 
the 2015 SPIE/OSA 
European Conferences 
on Biomedical Optics 
(ECBO) gave an incorrect 
name for the session’s 
organizer.

SPIE Fellow  
Rainer A. Leitgeb, the 
ECBO program chair, 
organized the session. 

SPIE Fellow Eustace L. Dereniak, professor 
emeritus of optical sciences at University of 

Arizona (USA) who was SPIE president in 2012, has 
received the 2015 SPIE President’s Award for his 
lifetime of service to SPIE and the greater optics and 
photonics community.
 Dereniak, who has taught at UA since receiving 
his PhD there in 1976, retired from teaching last fall. 
He is being honored for his involvement in education 
as well as his achievements in R&D with industry, 
academia, and government.
 He is an internationally recognized expert in 
infrared detectors and systems whose research 
has contributed to breakthroughs in medicine, 
astronomy, and defense. His projects have found 
application in surveillance aircraft, camouf lage 
systems, and snapshot image spectrometers for the 
detection of anti-tank missiles.
 Dereniak received the UA College of Optical 
Sciences Award of Distinction for Undergraduate 
Teaching in 2006, and he has mentored over 60 
postgraduates at UA. He also has taught courses for 
SPIE, the US Air Force, University of Michigan, New 

Mexico State University, 
University of Hawaii, 
University of Central 
Florida, and West Point 
M i l i t a r y  A c a d e m y, 
where he received the 
US Army Commander’s 
Award for Public Service 
in 2009.
 NASA recognized his service in 2001 with a 
certificate of recognition, and University of Arizona 
named an endowed scholarship for an undergraduate 
in optics in his honor.
 In addition to being a past president of SPIE, 
he has served on the SPIE Board of Directors and 
numerous governance and conference committees. 
In accepting the award at SPIE Optics + Photonics 
in August, Dereniak noted that he has been an SPIE 
member since 1972.
 Dereniak has coauthored three books on optical 
sciences and contributed to over 100 refereed articles 
in the scientific and technical literature. .
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Fraunhofer researchers receive 
Rudolf Kingslake Award
Five researchers from Fraunhofer Institute for 

Applied Optics and Precision Engineering 
(Fraunhofer IOF) (Germany) are recipients of the 
2014 Rudolf Kingslake Medal and Prize. 
 Stefan Heist, Andreas Mann, Peter Kühmstedt, 
Peter Schreiber, and Gunther Notni wrote the 
winning paper, “Array projection of aperiodic 
sinusoidal fringes for high-speed three-dimensional 
shape measurement,” published in the November 
2014 issue of Optical Engineering. 
 This annual prize is for the most noteworthy 
original paper on theoretical or experimental 
aspects of optical engineering published in Optical 
Engineering, the flagship journal of SPIE. 
 The paper introduces a new array projector for 
high-speed 3D shape measurement. This alternative 
method of measuring uses aperiodic sinusoidal 
fringes instead of the well-known phase-shifted 
sinusoidal fringes and Gray code patterns. The LED-
based multi-aperture projection system is suitable 
for high-speed measurement of object topographies 
since it enables pattern projection with frame rates 
of several 10 kHz.
 The authors note that in their previous work, 
they used the phase-shifting fringe projection 
in conjunction with Gray code. Since the phase 
difference between the sinusoidal patterns varied 
strongly with the projection distance, measuring 
ability was restricted.

HIGH PROJECTION FRAME RATES
 The new set up fe at u re s “n i ne aper iod ic 
sinusoidal fringe patterns with spatially varying 
offset, amplitude, period length, and phase shift, 
consecutively projected onto the object to be 
measured, which is observed by two calibrated 
cameras,” the authors write. They solved the 
stereo-correspondence problem with the help of the 
temporal-correlation technique.
 After verifying the accuracy of the array projector, 
the authors needed to prove its capability for 
high-speed 3D shape measurement. Their first 
measurements at 3-kHz projection frame rate 
resulted in a 3D frame rate of >330 Hz. The 
measurement of a test plane (a flat piece of granite 
painted white) showed the standard deviation as 
~100 μm. The high-speed capability of the setup was 
verified by taking measurements of a collapsing wall 
made of wooden toy blocks.
 SPIE Fellow Tomasz Tkaczyk, chair of the 
Kingslake Award committee, said the array projector 
demonstrates a new paradigm in that the proposed 
method “enables higher projection frame rates 
and the ability to accurately measure the variable 

Heist

Mann

Kühmstedt

Schreiber

Notni

Camera image (top) and point cloud (bottom) 
during measurement of a collapsing wooden-toy 
wall.

topography of 3D objects at high speeds.”
 At Fraunhofer IOF, Heist works with 3D scanning 
systems in the Optical System Department; 
Kühmstedt is group manager of the 3D Measurement 
Group; Schreiber heads the Illumination and 
Projection Group; and Notni heads the Optical 
Systems Department. Mann is currently working in 
Esslingen (Germany).
 SPIE presented the award at SPIE Optical Systems 
Design 2015, in Jena (Germany) in September. .
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SPIE Fellow Maryellen Giger, A.N. Pritzker 
Professor of Radiology at University of 
Chicago (USA) and director of the Imaging 

Research Institute there, has been elected to serve 
as the 2016 vice president of SPIE.
 With her election, Giger joins the SPIE presidential 
chain and will serve as president-elect in 2017 and as 
the SPIE president in 2018.
 Gary Spiegel, retired, Newport Corp. (USA), was 
reelected as secretary-treasurer. Four SPIE members 
were also elected to serve on the SPIE Board of 
Directors beginning in January: 
• David Andrews, University of East Anglia (UK) 
• Jennifer K. Barton, University of Arizona (USA) 
• James Fujimoto, Massachusetts Institute of 

Technology (USA)
• Joseph Howard, NASA Goddard Space Flight 

Center (USA) 
 Giger served on the SPIE Board of Directors 
from 2012 to 2014 and is editor-in-chief of the SPIE 
Journal of Medical Imaging. 
 Considered one of the pioneers in the development 
of computer-aided diagnosis (CAD), she is the 
founding committee chair for the CAD conference 
at the SPIE Medical Imaging symposium. 
 She holds or has held several key research, 
administrative, and educational positions in medical 
physics and biomedical engineering at the university. 
In addition to directing the Imaging Research 
Institute in the Biological Sciences Division, she 
is the vice chair for basic science research in the 
Department of Radiology, senior fellow at the 
Computation Institute, and inaugural fellow at the 
Institute of Molecular Engineering.
 Giger received her MSc in physics from University 
of Exeter (UK) and her PhD in medical physics 
from University of Chicago. Her research interests 
include CAD for breast-cancer-image interpretation; 
quantitative image analysis and data mining of 
medical images for radiomics; and imaging genomics 
for risk assessment, diagnosis, prognosis, and 
response to therapy.
 SPIE 2015 President Toyohiko Yatagai, of 
Utsunomiya University (Japan), announced the 
election results in August. He will serve on the board 
in 2016 as immediate past president.
 Other previously elected SPIE officers who will 
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Giger

begin terms in January are Robert Lieberman, 
president of Lumoptix (USA), who will become 
SPIE president, and SPIE Vice President Glenn 
Boreman of University of North Carolina (UNC) at 
Charlotte and Plasmonics Inc. (USA), who becomes 
president-elect next year. 
 Lieberman is a leading authority on biological, 
physical, and chemical sensors. He has chaired 
more than 25 sensor conferences and served 
in several SPIE leadership roles, including the 
Board of Directors, the Publications Committee, 
the SPIE committee on Engineering, Science and 
Technology Policy, and the editorial board of Optical 
Engineering. 
 He holds a PhD in physics with an emphasis on 
solid-state physics and biophysics from University 
of Michigan (USA). His areas of expertise include 
technology management, spectroscopy/chemical 
detection, and optical sensing and monitoring.
 Boreman has a PhD in optical science from 
University of Arizona (USA) and has served on 
several SPIE boards and committees, including the  
Board of Directors. He is the director of the Center 
for Optoelectronics & Optical Communications at 
UNC Charlotte; professor emeritus at University of 
Central Florida (USA); and cofounder and chairman 
of Plasmonics.
 He is the author of the SPIE Press book, Basic 
Electro-Optics for Electrical Engineers, and is a 
longtime instructor of the SPIE course, “Basic Optics 
for Engineers.” 
 The SPIE nominat ing commit tee accepts 
recommendations for the election slate on an ongoing 
basis. To make a recommendation or for more 
information, contact governance@spie.org. .
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Join your peers—Attend the conference where the science  
of medical imaging is explored and presented.

REGISTER TODAY WWW.SPIE.ORG/MI2016

Town & Country Resort and Convention Center, San Diego, California, USA
Conferences & Courses: 27 February – 3 March 2016

•
•

•
•

•
R

ETURNI NG TO
•

•
•

•
•

S

A N  D I E G O

MEMBERSHIP

31 groups receive SPIE support
for optics education outreach
Thirty-one not-for-profit organizations that conduct activities 

to increase optics awareness in 16 countries are sharing in 
$90,000 worth of grants from the SPIE Education Outreach 

Program this year.
 The SPIE education outreach grants for 2015 will be used for 
such things as helping grad students purchase materials for 
demonstrations at elementary and high schools and developing an 
online solar-powered observatory available to teachers and the public.
 Two separate groups at University of Western Australia* are 
receiving SPIE grants this year for outreach activities, including 
one group that plans to bring low-cost origami microscopes to 
schoolchildren across Western Australia.
 Not-for-profit organizations such as universities, optics centers, 
science centers, primary and secondary schools, youth clubs, and 
industry associations are eligible for SPIE project support each year.
The next deadline to apply for SPIE Education Outreach grants is 
31 January.
 Those receiving grants are:
• Changchun Institute of Optics, 

Fine Mechanics and Physics 
(China)

• Cologne University of 
Applied Sciences (Germany)

• Foundation of Astronomical 
Studies and Exploration (Sri 
Lanka)

• Fountain Hills High School 
Research Club, Arizona 
(USA)

• Indian Institute of Science 
Bangalore (India)

• ITMO University (Russian 
Federation)

• Life Christian School, 
Oregon (USA) 

• Lomonosov Moscow State 
University SPIE Student 
Chapter (Russian Federation)

• Lund University SPIE 
Student Chapter (Sweden)

• National Institute of 
Technology, Goa (India)

• Optics Institute of Southern 
California (USA)

• B.P. Poddar Institute of 
Management & Technology 
(India)

• Shanghai Institute of Optics 
and Fine Mechanics Club, 
(China)

• Stellenbosch University 
SPIE Student Chapter (South 
Africa)

• Three Rivers Community College, Connecticut (USA) 
• University of Arizona (USA)
• Universidad Autonoma de Nuevo Leon (Mexico)
• Universidad Central de Venezuela SPIE Student Chapter 

(Venezuela)
• University of Colorado Boulder CU Science Discovery (USA)
• Universitat Jaume I (Spain)
• University of Maryland (USA) 
• Universita degli studi di Napoli Federico II Student Chapter 

(Italy)
• Universidade Nove de Julho (Brazil)
• University of Oregon SPICE program (USA)
• University of Otago (New Zealand) 
• University of Southampton SPIE Student Chapter (UK)
• Universitat de Valencia (Spain) 
• University of Western Australia (Australia) 
• Vanderbilt University SPIE Student Chapter (USA)
• West Salem High School, Oregon (USA)

SPIE ELECTION 
RESULTS•

@SPIEtweets

@SPIEEvents

@SPIEEurope
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SPIE promotes 171 to Senior Member 

An all-time record number of nominations 
this year led to a record number in 

promotions as 171 dist inguished SPIE 
members have been elevated to the rank of 
SPIE Senior Member for 2015.
 These new Senior Members are being 

honored for their impressive contributions 
to SPIE and the optics community through 
education, volunteering, promoting the optics 
and photonics industry, technical leadership, 
and/or significant performance that sets them 
apart from their peers.

Thomas Abraham
Penn State College of 
Medicine (USA)

Matthew Arnold
University of Technology 
Sydney (Australia)

Charles Atkinson
Northrop Grumman
Aerospace Systems (USA)

Hari Atkuri
Cardinal IG (USA)

Alexei Baranov
University Montpellier 2 
(France)

Richard Bartell
Riverside Research (USA)

Kenneth Bartels
Oklahoma State 
University (USA)

Robert Bates
FiveFocal (USA)

Mikhail Berezin
Washington University 
School of Medicine in St. 
Louis (USA)

Steve Blair
University of Utah (USA)

David Boas
Athinoula A. Martinos 
Center for Biomedical 
Imaging (USA)

Alexandra Boltasseva
Purdue University (USA)

Rami Reddy 
Bommareddi
Alabama A&M University 
(USA)

Ekaterina Borisova
Institute of Electronics 
(Bulgaria)

Vladimir Burdin
Povolzhskiy State 
University of 
Telecommunications 
and Informatics (Russian 
Federation)

David Burrows
Pennsylvania State 
University (USA)

Christopher Carter
Johns Hopkins University 
Applied Physics Lab 
(USA)

Brian Catanzaro
CFE Services (USA)

John Caulfield
Cyan Systems (USA)

Eric Chan
Boeing Co. (USA)

Monish Chatterjee
University of Dayton 
(USA)

Nerine Cherepy
Lawrence Livermore 
National Lab (USA)

J.-C. Chiao
University of Texas at 
Arlington (USA)

Vamsy Chodavarapu
McGill University 
(Canada)

Yuri Chugui
Technological 
Design Institute of 
Scientific Instrument 
Engineering (Russian 
Federation)

Thomas Cooley
Air Force Research Lab 
(USA)

Ronald Coutu
Air Force Institute of 
Technology (USA)

Eugene Cross
Lockheed Martin Space 
Systems (USA)

Blake Crowther
Synopsys (USA)

Jürgen Czarske
Technische Universität 
Dresden (Germany)

Mats Danielsson
KTH Royal Institute of 
Technology (Sweden)

Judith Dawes
Macquarie University 
(Australia)

Robert Dean
Auburn University (USA)

Peter Delfyett
CREOL—University of 
Central Florida (USA)

Celine d’Orgeville
Research School 
of Astronomy and 
Astrophysics (Australia)

Peter Doucette
Integrity Applications 
(USA)

Henrik Eliasson
Axis Communications 
(Sweden)

Audrey Ellerbee
Stanford University (USA)

Harland Epps
Lick Observatory (USA)

Rainer Erdmann
PicoQuant (Germany)

Benjamin Eynon
SAMSUNG Austin 
Semiconductor (USA)

Xudong Fan
University of Michigan 
(USA)

Michael Finlan
Northrop Grumman (USA)

Dror Fixler
Bar-Ilan University (Israel)

Alexandre Fong
Gooch & Housego
Orlando (USA)

Martin Forrer
FISBA (Switzerland)

Hiroshi Fukuda
Hitachi High-Technologies 
Corp. (Japan)

Keisuke Goda
University of Tokyo 
(Japan)

Peter Goldstein
Philips Color Kinetics (USA)

Kenneth Grant
Defence Science and 
Technology Organisation 
(Australia)

Robert Grasso
Consultant (USA)

James Grote
Air Force Research Lab 
(USA)

Ruediger Grunwald
Max-Born-Institut für 
Nichtlineare Optik 
(Germany)

Mircea Guina
Tampere University of 
Technology (Finland)

Terence Haran
Georgia Tech Research 
Institute (USA)

Jon Hardeberg
Gjøvik University College 
(Norway)

Benjamin Henderson
Air Force Research Lab 
(USA)

Duncan Hickman
Tektonex (UK)

Christopher Howle
Defence Science and 
Technology Lab (UK)

Steve Hranilovic
McMaster University 
(Canada)

Sijung Hu
Loughborough University 
(UK)

Baldemar Ibarra-
Escamilla
Instituto Nacional de 
Astrofísica, Óptica y 
Electrónica (Mexico)

Nicusor Iftimia
Physical Sciences Inc. 
(USA)

M. Saif Islam
University of California
Davis (USA)

Mark Itzler
Princeton Lightwave (USA)

Masanori Iye
National Astronomical 
Observatory of Japan 
(Japan)

Supriya Jaiswal
Hamamatsu Corp. (USA)

Christopher James
Georgia Tech Research 
Institute (USA)

Madambi Jayaraj
Cochin University of 
Science and Technology 
(India)

Kenneth Jerkatis
Boeing Directed Energy 
Systems (USA)

Jianzhong Jiao
OSRAM Opto 
Semiconductors (USA)

Nigel Johnson
University of Glasgow (UK)

Karen Joos
Vanderbilt University (USA)

Yasser Kadah
Cairo University (Egypt)

Vyacheslav Kalchenko
Weizmann Institute of 
Science (Israel)
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Nominations for 
the 2016 class 
of SPIE Senior 
Members will be 
accepted through 
15 April 2016.

Chih-Ming Ke
Taiwan Semiconductor 
Manufacturing Co Ltd 
(Taiwan)

Stephen Kendrick
Consultant (USA)

Tina Kidger
Kidger Optics Associates 
(UK)

Young-Soo Kim
Korea Astronomy and 
Space Science Institute 
(Republic of Korea) 

Rainer Kling
ALPhANOV (France)

Vitaly Kober
Centro de Investigación 
Científica y de Educación 
Superior (Mexico)

Junichiro Kono
Rice University (USA)

John Koshel
College of Optical 
Sciences, University of 
Arizona (USA)

Stephen Kuebler
CREOL—University of 
Central Florida (USA)

David Kwartowitz
Clemson University (USA)

Michael Lam
Mentor Graphics (USA)

Bennett Landman
Vanderbilt University 
(USA)

Tim Lee
BC Cancer Agency 
Research Centre 
(Canada)

Hyoung Lee
Missouri University of 
Science and Technology 
(USA)

Won Suk Lee
University of Florida (USA)

Robert Leif
Newport Instruments 
(USA)

Paul Leisher
Rose-Hulman Institute of 
Technology (USA)

Yanqiu Li
Beijing Institute of 
Technology (China)

Shien-Kuei Liaw
National Taiwan 
University of Science and 
Technology (Taiwan)

Kevin Liddiard
Electro-optic Sensor 
Design (Australia)

Paul Lightsey
Ball Aerospace and 
Technologies Corp. (USA)

Jingyu Lin
Texas Tech University 
(USA)

John Lincoln
Harlin (UK)

Pierre Lucas
University of Arizona 
(USA)

Svetlana Lukishova
University of Rochester 
(USA)

Kelvin Lynn
Washington State 
University (USA)

Howard MacEwen
Reviresco (USA)

Krishna Mandal
University of South 
Carolina (USA)

Michael Marciniak
Air Force Institute of 
Technology (USA)

Manuel Filipe Martins 
Costa
Universidade do Minho 
(Portugal)

John McCloy
Washington State 
University (USA)

Kunal Mitra
Florida Institute of 
Technology (USA)

Warren Montgomery
SUNY CNSE/SUNYIT 
(USA)

Jay Nadeau
McGill University 
(Canada)

Georges Nehmetallah
Catholic University of 
America (USA)

Shouleh Nikzad
Jet Propulsion Lab (USA)

Naveen Nishchal
Indian Institute of 
Technology Patna (India)

Robert Nishikawa
University of Pittsburgh 
(USA)

Fahima Ouchen
Air Force Research Lab 
(USA)

Gonzalo Paez
Centro de Investigaciones 
en Óptica (Mexico)

Kyung Hyun Park
Electronics and 
Telecommunications 
Research Institute 
(Republic of Korea)

William Parker
Creative Microsystems 
Corp. (USA)

David Parker
US Patent and Trademark 
Office (USA)

Mary Pastel
Food and Drug 
Administration (USA)

Paul Pellegrino
Army Research Lab (USA)

Xiang Peng
Raydiance (USA)

Ron Pieper
University of Texas at 
Tyler (USA)

Michael Pivovaroff
Lawrence Livermore 
National Lab (USA)

Menelaos Poutous
University of North 
Carolina at Charlotte 
(USA)

Michelle Povinelli
University of Southern 
California (USA)

Richard Prestage
National Radio 
Astronomy Observatory 
(USA)

Junle Qu
Shenzhen University 
(China)

Tamer Refaat
NASA Langley Research 
Center (USA)

Robert Rice
Dreamcatchers 
Consulting (USA)

Peter Roming
Southwest Research 
Institute (USA)

Richard Salisbury
Thermoteknix Systems 
(UK)

María Sánchez-López
Universidad Miguel 
Hernández de Elche 
(Spain)

Andrew Sarangan
University of Dayton 
(USA)

Kevin Schomacker
Candela Corp. (USA)

Paul Scowen
Arizona State University 
(USA)

Eric Seibel
University of Washington 
(USA)

Joel Seligson
KLA-Tencor Israel (Israel)

Omur Sezerman
OZ Optics (Canada)

Brandon Shaw
Naval Research Lab (USA)

Colin Sheppard
Istituto Italiano di 
Tecnologia (Italy)

Daniel Smith
Nikon Research Corp. of 
America (USA)

James Smith
Naval Research Lab (USA)

Cesare Soci
Nanyang Technological 
University (Singapore)

Marat Soskin
Institute of Physics 
(Ukraine)

Vincenzo Spagnolo
Politecnico di Bari (Italy)

Ashok Srivastava
Louisiana State University 
(USA)

Igor Sukhoivanov
Universidad de 
Guanajuato (Mexico)

Haiyin Sun
ChemImage Corp. (USA)

Xiaodi Tan
Beijing Institute of 
Technology (China)

Ion Tiginyanu
Academy of Sciences of 
Moldova (Moldova)

Alexander 
Tikhonravov
Lomonosov Moscow 
State University (Russian 
Federation)

Bernhard Tittmann
Pennsylvania State 
University (USA)

Monte Turner
Air Force Research Lab 
(USA)

Giacomo Vacca
Kinetic River Corp. (USA)

Robert Vanderbei
Princeton University 
(USA)

Anatoly Vasiliev
KLA-Tencor California 
(USA)

Kenton Veeder
Senseeker Engineering 
(USA)

Esa Viherkoski
Dual Laser (Finland)

Moriaki Wakaki
Tokai University (Japan)

Thomas Wang
University of Michigan 
(USA)

Christopher Wilcox
Naval Research Lab (USA)

Axel Wismüller
University of Rochester 
Medical Center (USA)

Chee Wei Wong
University of California
Los Angeles (USA)

Tian-Bing Xu
National Institute of 
Aerospace (USA)

Ronald Xu
Ohio State University (USA)

Takanori Yamanashi
Theta Optical (USA)

Kazuto Yamauchi
Osaka University (Japan)

Xincheng Yao
University of Illinois at 
Chicago (USA)

Xiang Zhu
Neptec Design Group 
(Canada)

Daniele Zonta
Università degli Studi di 
Trento (Italy)

Jun Zou
Texas A&M University 
(USA)
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SPIE invests in photonics advocacy
REPORT ON SPIE ANNUAL MEETING

SPIE ’s leading role in and support of the International Year of 
Light and Light-based Technologies (IYL) and the US National 

Photonics Initiative (NPI) were the major achievements highlighted 
at the Society’s annual general meeting in August.
 Reports by SPIE President Toyohiko Yatagai, Secretary/Treasurer 
Gary Spiegel, and CEO Eugene Arthurs showed that SPIE spent some 
$4 million on altruistic activities for the photonics community in 2014 
and is expected to expend $5.2 million in 2015.
 Careful financial stewardship allowed SPIE to reach its financial 
goals in 2014, including the disbursing of 10% of its annual operating 
revenues on mission-related altruistic activities such as the NPI and 
IYL, they said. 
 SPIE has been a founding partner/sponsor in both the IYL and the 
NPI, which have been highly successful in raising public awareness of 
the importance of optics and photonics in our everyday lives. 
 The NPI is a collaborative alliance established in 2013 to increase 
cooperation and coordination among US industry, government, and 
academia to drive US funding and investment in photonics. A newly 
funded American Institute for Manufacturing Integrated Photonics 
is the NPI’s most recent success, with SPIE and 123 other partners 
comprising a consortium to create the photonics hub. 
 The IYL has been similarly successful, with planning and outreach 
efforts occurring for several years leading up to the 2015 celebration. 
SPIE contributed to numerous major events, displays, and articles in 
2014 and 2015 that showcase how optics and photonics technologies 
provide solutions to worldwide challenges in energy, agriculture, 
communications, and sustainable development. 
 Yatagai attended numerous IYL celebrations this year, including 
the opening ceremonies at UNESCO headquarters in Paris in January 
and several in Japan where he is the national IYL coordinator. Closing 
ceremonies will be held in Mexico in February 2016.

YEARLY REPORTS FROM OFFICERS, CEO
 Yatagai also announced the results of the 2015 election (see page 
30) at the annual business meeting in San Diego, CA, where other 
highlights from SPIE operations in 2014 were reported.
 Spiegel reported on the “strong and stable” financial status of the 
Society that has enabled SPIE to maintain 18 months of operating 
reserves while still meeting the ongoing commitment to support 

the photonics community through 
altruistic programs. Spiegel said 
total assets surpassed $100 million 
in 2014, and net assets approached 
$80 million.
 Total revenue for 2014, including 
investments, was $42 million, 
he said, with operating revenue 
accounting for $38 million. 
 Even with $4 million for altruistic 
activities taken from operating 
funds in 2014, the Society had a 
$2.1 million operating surplus and 
an overall surplus of $4.9 million. 
 Spiegel also noted that SPIE 

investments performed well in a long-lasting bull market in 2014, 
growing by over $5.2 million to close the year at $86.3 million.

SPIE FINANCIAL 
PICTURE 2014 2013

Assets $101,566,000 $96,035,000

Liabilities $21,604,000 $20,981,000

Total Net Assets $79,962,000 $75,054,000

Operating Revenue $38,296,000 $36,053,000

Operating Expense $36,176,000 $32,658,000

Operating Surplus $2,120,000 $3,395,000

Non-Operating 
Surplus/(Deficit)

$2,798,000 $6,934,000

Total Surplus $4,918,000 $10,329,000

 In his report, Arthurs gave an overview of SPIE events, publications, 
courses, and membership trends in 2014 and noted that SPIE is 
celebrating its 60th anniversary in 2015. 
 SPIE priorities for public policy activities in 2014 included support 
for Photonics21, the European technology coalition, as well as the NPI 
in the United States, he said. SPIE also focused on photonics advocacy 
regarding US limits on government employee travel to scientific 
conferences and proposed rules on technology exports, both of which 
have been major concerns for the photonics community, he said.
 Other highlights from the 2014 annual report to members:
• 17 events organized in 2014, including biennial conferences 

such as SPIE Photonics Europe, Astronomical Telescopes and 
Instrumentation, Photonics Asia, and Asia Pacific Remote Sensing.

• 361 proceedings volumes and 16,232 new proceedings papers 
published.

• Event attendance increased by 4.7% over 2013, for a total of 39,058. 
• 3 new journals launched.
• 346 new articles and 101 new videos posted to the SPIE Newsroom
 The next SPIE annual meeting will be 30 August 2016, at SPIE 
Optics + Photonics in San Diego, CA.
 To receive a copy of the official minutes of the SPIE annual general 
meeting, email governance@spie.org. .

MEMBERSHIP

Follow photonics industry updates 
from SPIE on LinkedIn at  
linkedin.com/company/spie
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AHonor your co-workers with an SPIE Award
The SPIE Awards Program is not only one of the most prestigious ways the Society 
recognizes excellence, but also one of the longest running SPIE Programs. Since 
1959, SPIE has honored the best in optics and photonics for their significant achieve-
ments and contributions in advancing the science of light. 

www.spie.org/awards

AWARDS
•

S P I E .O R G /AWA R D

S
•

NOMINATE A
COLLEAGUE

SPIE Fellow Jim Oschmann, vice president and general manager 
of the Civil Space and Technology business unit of Ball Aerospace 

(USA), received the 2015 SPIE Directors’ Award for his service to 
SPIE, the astronomy community, and the greater optics community. 
 Oschmann has served as session or conference chair numerous 
times for SPIE Astronomical Telescopes + Instrumentation and SPIE 
Optics + Photonics, and he was symposium chair for the astronomy 
symposium in 2004 and 2006. 
 He is an expert in astronomical telescope design and lasers and is 
responsible for acquisition and execution of Ball Aerospace programs 
for civil customers that address science and technology development 
objectives. 
 He has held several key positions at Ball Aerospace including 
chief engineer and director or manager of advanced technologies 
and tactical solutions. Prior to joining Ball in July 2004, Oschmann 
served in technical and managerial positions across industry and 
the science community, including at the Gemini Observatory, the 
National Solar Observatory, Phase Shift Technology, Sensis Corp., 
Hughes Aircraft, and TRW.

 Oschmann is on the program 
committee for a conference on 
innovative technologies and concepts 
for UV/optical/IR space telescopes 
and instruments at SPIE Optics + 
Photonics, where he accepted his 
award in August.
 A former member of the SPIE 
Board of Directors and a lifetime member of SPIE, Oschmann serves 
on the SPIE Awards and Strategic Planning Committees and is chair 
of the Membership Committee.
 Oschmann has a master’s degree from University of Arizona where 
he was named the College of Optical Sciences Alumnus of the Year 
in 2014. 
 He has presented some 25 papers at technical conferences and 
holds two patents.
 The SPIE Directors’ Award is presented to recognize significant 
services of outstanding benefit to the Society. .

Oschmann receives 
SPIE Directors’ Award 
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www.spie.org/journals 

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

- All SPIE Journals are part of the SPIE 
Digital Library, the world’s largest 
collection of optics and photonics 
research.

- Pay voluntary publication charges and get 
the benefit of Gold Open Access for your 
paper: www.spie.org/JournalsOA 

- Join SPIE and get a subscription to one 
online journal with your membership, or 
request access from your librarian.

Submit your next paper to 
an SPIE Journal

Optical Engineering
Michael Eismann, Editor-in-Chief

Journal of Electronic Imaging
Gaurav Sharma, Editor-in-Chief

Journal of Biomedical Optics
Lihong V. Wang, Editor-in-Chief

Journal of Micro/Nanolithography, MEMS,  
and MOEMS
Chris Mack, Editor-in-Chief

Journal of Applied Remote Sensing
Ni-Bin Chang, Editor-in-Chief

Journal of Photonics for Energy
Zakya H. Kafafi, Editor-in-Chief

Journal of Nanophotonics
Ali Adibi, Editor-in-Chief

Journal of Medical Imaging
Maryellen L. Giger, Editor-in-Chief

Neurophotonics
David A. Boas, Editor-in-Chief

Journal of Astronomical Telescopes,  
Instruments, and Systems
Mark Clampin, Editor-in-Chief
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U Rochester 
student
receives Kidger 
Award 
The 2015 Michael Kidger 
Memorial Scholarship 
was awarded to Eric 
Schiesser, a PhD student 
at University of Rochester 
(USA). Schiesser’s research 
addresses the advantages 
of non-axi-symmetric 
optical elements in optical 
design. 

SPIE Senior Member Tina 
E. Kidger will present the 
scholarship at SPIE Optifab 
in October.

The Michael Kidger 
Memorial Scholarship 
was established in 1998 
to honor Michael John 
Kidger, a well-respected 
education, design-
software developer, and 
member of the optical 
science and engineering 
community.

126 students receive 2015  
SPIE scholarships
SPIE awarded $353,000 in education scholarships 

this year to 126 outstanding individuals, based 
on their potential for long-range contribution to 
optics and photonics or a related discipline. 
 Five students were awarded the top scholarships.
 Daming Xu, a PhD student at 
CR EOL at Universit y of Centra l 
Florida (USA), received the SPIE D.J. 
Lovell Scholarship, the Society’s most 
prestigious scholarship.
 Xu’s career goals include developing 
new optical technologies that benefit 
humanity. Xu plans to use the scholarship to attend 
conferences and to share his passion for optics 
research and education.
 “Interacting with experts in optics and sharing 
experiences with them at technical conferences helps 
me reach my career goals,” Xu says. “Their passion in 
research and advanced technologies inspires me to 
become like those great minds and serve the optical 
engineering community in a similar way.”
 Weibo Cheng, a PhD student at 
University of Arizona (USA), was 
awarded the John Kiel Scholarship, 
the second-largest scholarship SPIE 
sponsors. 
 Cheng’s research focuses on the 
fundamental aspects of femtosecond 
laser micromachining. His lab work includes 
investigating ultrafast ionization dynamics involved 
in the volumetric and surface laser ablation of 
materials and the development of new regimes of 
laser machining using spatially and temporally 
shaped femtosecond laser pulses.
 “My lifetime goal is to use the knowledge I 
accumulate through my lab and class work to the 
advancement of optical science that will ultimately 
improve the quality of life of people around the 
world,” Cheng says.
 The Laser Technology, Engineering 
and Applications Scholarship was 
awarded to Amina Hussein, a PhD 
student at University of Michigan (USA). 
 Her research includes the numerical 
s i mu l at ion of  pl a sm a m ater i a l 
interaction for applications including 
nuclear fusion and advanced nanolithography. She 
plans to use the award to continue her work at the 
John Adams Institute for Accelerator Science at 
Imperial College London (UK).
 “My PhD work will explore the use of brilliant, 
spatially coherent, femtosecond X-ray f lashes, 
generated by laser-plasma accelerators, to produce 
the f irst sub-picosecond resolution images of 

transient phenomena in high-energy-density 
experiments,” Hussein says.
 The Optical Design and Engineering Scholarship 
was awarded to James Corsetti, a PhD 
student at University of Rochester 
(USA). His research focuses on 
gradient-index (GRIN) materials 
for broadband imaging systems 
with a strong emphasis on thermal 
considerat ions.  He is  cur rent ly 
involved in a DARPA-sponsored project to improve 
the manufacturability of GRIN materials. 
 “My professional ambition is a career in optical 
systems design,” Corsetti says. He plans to use the 
scholarship to fund conference travel and purchase 
reference materials on optical systems and design. 
Corsetti also plans to become a lifetime member of SPIE, 
“the society that has opened so many doors for me.”
 Yow-Gwo Wang, a PhD student at 
University of California, Berkeley 
(USA), was awarded the BACUS 
Photomask Scholarship, sponsored 
by BACUS, the SPIE photomask 
international technical group.
 His research focuses on design, 
fabrication, and testing of mask/lens concepts for 
EUV aerial image monitoring and mask inspection. 
 With the help of the scholarship, Wang plans to 
tackle critical issues in photomask technology. “I 
want to bridge the gap between scientific research 
and engineering applications,” Wang says.
 SPIE offers optics and photonics education 
scholarships and travel scholarships for SPIE student 
members who are studying or planning to study 
optics, photonics, or a related field anywhere in the 
world.
 The optics and photonics education scholarships 
are for high school, pre-university, secondary school, 
undergraduate, and graduate students. Postdoctoral 
students and others who have completed a PhD are 
not eligible to apply. The scholarships generally 
support tuition, books, research activities, and other 
education-related expenses.
 Scholarship awards are in varying amounts 
ranging from $2,000 to $11,000. 
 The deadline to apply for the 2016-17 academic year 
is 15 February 2016. 
 SPIE has distributed over $4 million in individual 
scholarships to date, ref lecting the Society ’s 
commitment to education and to the next generation 
of optical scientists and engineers around the world.
 More information on the 2015 SPIE scholarship 
recipients and the SPIE scholarship program: spie.
org/scholarships. .

Xu

Cheng

Hussein

Wang

Corsetti
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Commercial sensing and imaging become  
major focus of SPIE event in Baltimore
SPIE Defense + Commercial Sensing debuts 17-21 April 2016 

Now in its 40th year, the SPIE event focusing on defense and 
sensing technologies will have an updated name and an 
expanded emphasis on imaging and commercial sensing 

in 2016.
 SPIE Defense + Commercial Sensing (DCS) will debut in Baltimore, 
MD (USA), 17-21 April as the latest iteration of SPIE Defense, Security, 
and Sensing (DSS). The name change reflects a broadened scope for 
the conferences and exhibition to serve the fast-growing commercial 
segment of the sensing and imaging industries.
 The new SPIE DCS includes two symposia and a three-day expo of 
sensing, imaging, laser, and infrared technologies in the Baltimore 
Convention Center. Conferences will cover imaging and image 
processing, sensors, robotics, big data analytics, biometrics, pattern 
and target recognition, display technologies, lasers, ocean sensing, 
energy harvesting, and more. 
 “This meeting continually evolves to keep up with new technologies 
and application areas,” said Andrew Brown, senior director for global 
business development. “SPIE looks forward to continuing to support 
these exciting, dynamic technologies and ever-evolving applications.”
 The SPIE Commercial + Scientific Sensing and Imaging symposium 
(formerly SPIE Sensing Technology + Applications) is chaired by 
Ming C. Wu of University of California, Berkeley and cochaired by 
SPIE Fellow Majid Rabbani of Eastman Kodak. It will include 24 
conferences on sensor technologies that are driving new commercial 
applications in health care, industrial processing, manufacturing, 
communications, agriculture, and transportation. 
 The Commercial + Scientific Sensing and Imaging symposium is 
paired with the larger SPIE Defense + Security symposium so that 
participants can benefit from a rich array of defense and security 
technologies already developed for dual-use applications. The SPIE 
Defense + Security technical program includes 38 conferences and 
focuses on sensors, imaging, and optical technologies for security, 
law enforcement, avionics/aerospace, homeland defense, and military 
applications.
 SPIE member David A. Logan of BAE Systems will chair SPIE 
Defense + Security next year. Donald A. Reago Jr. of the US Army 
Night Vision & Electronic Sensors Directorate is the symposium 
cochair.

NEW CONFERENCES AND PANEL TOPICS
 New conferences at SPIE Defense + Security next year include one 
on ultrafast bandgap photonics, chaired by SPIE members Michael 
Rafailov of University of Alberta (Canada) and Eric Mazur of Harvard 
University (USA), as well as one covering device refrigeration via 

optical technologies as well as thermo-electric and mechanical 
means.
 Other new conferences will have sessions devoted to technologies 
for long-range imaging; anomaly detection and imaging with x-rays; 
and advanced, multi-band systems covering the UV region all the 
way to long-wave IR.
 On the Commercial + Scientific Sensing and Imaging side, a new 
conference on computational imaging will cover the design, methods, 
and applications of devices and systems that can image and sense in 
unconventional ways. 
 SPIE expects to release a detailed schedule of events in January, 
but panel sessions on situational understanding, cyber physical 
systems, and other topics are being planned as part of the technical 
and industry programs. 
 Michael Kalodny and Tien Pham from the US Army Research Lab 
are organizing a panel of experts to discuss what is needed to be able 
to comprehend and predict activities and group behaviors in a world 
where even the problem sets have become asymmetric. 

SOME CONFERENCES 40 YEARS OLD  
 The origins of SPIE Defense + Commercial Sensing started with 
conferences on atmospheric imaging, high-powered lasers, and 
fibers and reconnaissance in Reston, VA, in 1976. When it moved 
to Orlando, FL, in 1986, it became SPIE Aerospace Sensing, with 
a strong technical program on aerospace, imaging, sensors, and 
display topics.
 In 1996, the meeting became known as AeroSense, SPIE’s 
International Symposium on Aerospace/Defense Sensing, 
Simulation, and Controls, or simply AeroSense.
 Topics expanded to include image and signal processing, optical 
pattern recognition, modeling and simulation, data mining, 
unmanned and unattended space, and IR imaging and sensing. By 
2003, none of the conference topics focused specifically on aerospace 
and the name became SPIE Defense and Security. 
 In 2009, the name expanded to SPIE Defense, Security, and 
Sensing with non-defense sensing conferences such as sensing for 
industry, environment, and health.
 Still under the name SPIE DSS, the event moved to Baltimore, 
MD, in 2012.
 More information: spie.org/DCS. .

The SPIE Defense + Commercial Sensing 
Expo (formerly SPIE DSS Expo) will be held 
19-21 April 2016 in Baltimore. It is the larg-
est exhibition on sensors, infrared detectors, 
laser systems, imaging, optical components, 
cameras, and more. 

Logan WuReago Rabbani
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Education

GET
SMARTER•

Technology advances on a daily basis.  

HOW WILL YOU KEEP UP? 

Continue your education and training  
at your convenience.  

LIVE
INSTRUCTION

DISTANCE
EDUCATION

COURSES AT 
EVENTS P
IN-COMPANY 
TRAINING P
ONLINE 
COURSES P
DVDS P

 

For more information, visit:  
www.spie.org/courses

SPIE Micro + Nano meeting
in Australia marks 
International Year of Light 

SPIE Micro + Nano Materials, Devices, and Applications 6-9 
December in Sydney, will be one of the last technical meetings 
to celebrate the International Year of Light and Light-based 

Technologies (IYL).
 This biennial forum on nano- and microscale materials and 
technologies will feature more than 225 oral and poster presentations 
on nanostructured and biocompatible materials; medical and 
biological micro/nanodevices; micro/nanofluidics and optofluidics; 
nanophotonics for biology and medical applications; plasmonics; and 
solar cell technologies and fabrication.
 “Research activity at small scales is driving the 
convergence of traditionally disparate disciplines 
including engineering, science, biology, and medicine,” 
says program committee member James Friend of 
University of California, San Diego (USA). 
 The research in these areas enables promising 
new materials and applications across many fields 
including energy, security, and medicine as well as 
for air, water, and food quality, Friend says.

TOP SPEAKERS IN NANOSCIENCE
 On Tuesday, 8 December, a talk on IYL will be open 
to all attendees and the general public. Audience 
members can ask questions and learn more about 
the global initiative from a panel of experts who are 
raising awareness about the importance of light-based 
technologies. 
 A two-day industry exhibit will feature photonics 
technologies addressing industrial and research 
applications in nanoscience.
 Plenary speakers at SPIE Micro + Nano Materials, 
Devices, and Applications are:
• Michal Lipson, Columbia University (USA), on the 

strong interaction among photons, phonons, and 
electrons enabled by silicon photonics

• Fiorenzo Omenetto, Tufts University (USA), on silk 
biomaterials

• Gordon G. Wallace, University of Wollongong 
(Australia), on nano to macroscopic 3D fabrication

• SPIE Fellow Xiang Zhang, University of California, 
Berkeley (USA), on plasmon waveguides, cavities, 
and integrated laser circuits

 Benjamin J. Eggleton of University of Sydney, a 
past president of the Australian Optical Society, is 
symposium chair. SPIE member Stefano Palomba, 
also of University of Sydney, is cochair.
 More information: spie.org/AU.

Lipson

Omenetto

Wallace

Eggleton

Zhang

Palomba
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Since its debut in 1995, SPIE Photonics West has 
been connecting with the optics and photonics 
industry through the entire life cycle of 

business, from small startups seeking funding to 
large corporations looking for the newest innovation.
 Next year’s Photonics West, 13-18 February 2016 in 
San Francisco, continues that tradition with industry 
events ranging from a forum on getting hired to an 
executive panel giving perspectives on the optics and 
photonics industry. 
 Among the 70 special events for Photonics West 
2016 are 20 for industry professionals, including 
competitions for the annual Prism Awards for 
Photonics Innovat ion and the SPIE Star tup 
Challenge. Topics for workshops, seminars and panel 
discussions in the industry program will include 
the future of 3D printing, managing intellectual 
property and patents, evaluating portfolios, and 
developing a startup business plan. 
 Well-established technical conferences will 
cover biomedical optics, optoelectronics, and 
laser research under the umbrellas of BiOS, 
OPTO, and LASE, and three virtual symposia will 
showcase innovative advances in green photonics, 
translational research, and 3D printing. 

NEW IMAGING TECHNIQUES AT BiOS
 BiOS, the world’s largest international biomedical 
optics symposium, covers new imaging modalities, 
neurophotonics, biophotonics, diagnostics and 
therapeutics, optical coherence tomography, 
optogenetics, tissue optics, and other applications 
of biomedical optics.
 BiOS will open with the popular Hot Topics 
session, facilitated by SPIE Member Sergio Fantini, 
featuring experts in biophotonics discussing the 
latest advances in their various technologies.
 New in the BiOS lineup for 2016 are sessions 
on wave frequencies; biophysics, biology, and 
biophotonics; and high-speed biomedical imaging 
and spectroscopy.
 Symposium chairs for BiOS are SPIE Fellows 
James Fujimoto of Massachusetts Institute of 
Technology (USA) and R. Rox Anderson, director 
of the Wellman Center for Photomedicine at 
Massachusetts General Hospital (USA).

SUPPORTING THE LIFE CYCLE OF INDUSTRY
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EMERGING TECHNOLOGIES IN LASE 
 LASE 2016 brings together a broad range of laser-
related technologies including laser manufacturing, 
laser materials processing, micro-nano packaging, 
solid-state lasers, laser resonators, ultrafast, 
semiconductor lasers and LEDs, and 3D-fabrication 
technologies.
 A new conference will cover the latest developments 
in rogue waves, nonlinear dynamics, and real-time 
instrumentation and measurements.
Plenary speakers for LASE are:
• SPIE Fellow Satoshi Kawata of Osaka University 

(Japan)
• Philip Russell of Max-Planck Institute for the 

Science of Light (Germany)
• Scott Keeney of nLight Corp. (USA)
 Symposium chairs for LASE are SPIE Fellow 
Yongfeng Lu of University of Nebraska Lincoln 
(USA) and Guido Hennig of Daetwyler Graphics 
(Switzerland). SPIE Fellows Reinhart Poprawe of 
Fraunhofer-Institut für Lasertechnik (Germany) and 
Koji Sugioka of RIKEN (Japan) are LASE co-chairs.

OPTO TO INCLUDE MOEMS-MEMS 
 OPTO conferences address developments and 
advances in a broad range of optoelectronic devices 
and technologies as well as their integration for 
commercial and industrial applications. 
 Research presentat ions w i l l cover si l icon 
photonics, photonic crystals, semiconductor lasers, 
quantum dots, and nanophotonics. Other topics 
include MOEMS-MEMS in photonics, optoelectronic 
materials, photonic integration, displays, holography, 
advanced quantum and optoelectronic applications, 
LEDs, and optical communication devices and 
systems.
 Chairing the OPTO symposium are SPIE Fellow 
Shibin Jiang of AdValue Photonics (USA) and Jean 
Emmanuel Broquin of IMEP-LAHC (France). SPIE 
Fellows David L. Andrews of University of East 
Anglia (UK) and Alexei L. Glebov of OptiGrate Corp. 
(USA) are symposium cochairs.

THREE VIRTUAL SYMPOSIA
 The three v ir tual sy mposia, 3D Pr int ing, 
Translational Research, and Green Photonics, will
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Innovators 
compete
for Prism Awards
Nominations for the 2016 
Prism Awards for Photonics 
Innovation will be accepted 
through 9 October.

The international 
competition for the 
photonics industry 
recognizes innovative 
technologies and products 
that break conventional 
ideas, solve problems, 
and improve life through 
photonics.

Awards will be made  
17 February during SPIE 
Photonics West 2016.

Judges will evaluate 
innovative products, 
processes, devices, 
systems, instruments, and 
technologies that are newly 
available on the open 
market in the following 
categories:
• Additive Manufacturing
• Alternative Lighting
• Biomedical 

Instrumentation
• Detectors and Sensors
• Displays
• Imaging and Cameras
• Industrial Lasers
• Materials and Coatings
• Optics and Optical 

Components
• Optical Communications
• Other Metrology 

Instrumentation
• Scientific Lasers
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highlight papers from BiOS, LASE, and OPTO that 
cover their respective themes.
 The 3D Printing track returns to Photonics West 
in its second year to present further advances in this 
multidimensional and multidisciplinary technology. 
3D printing, also known as additive manufacturing, 
rapid prototyping, laser deposition, and selective 
laser melting, is quickly finding applications such as 
customized, rapid prototyping for the medical, life 
sciences, automotive, food, and aerospace industries.
 Widespread adoption of 3D printing could possibly 
upend currently accepted production economics by 
allowing products and components to be produced 
economically in smaller numbers, with more 
flexibility and newer materials. 
 The 3D Printing symposium will include topics 
such as software to increase speed and efficiency; in 
situ sensors and probes; and conformal photonics 
an electronics.
 Symposium chair for 3D Printing 2016 is SPIE 
Fellow Henry Helvajian, senior scientist in the Micro/
Nano Technology Department at the Aerospace Corp. 
(USA). 
 Introduced in 2014, SPIE Translational Research 
is chaired by SPIE Fellow Bruce J. Tromberg, 
director of the Beckman Laser Institute and Medical 
Clinic at University of California, Irvine (USA), and 
Gabriela Apiou of Harvard Medical School, Wellman 
Center for Photomedicine, Massachusetts General 
Hospital (USA). Translational Research is designed 
to facilitate the translation of biophotonics research 
into clinical practice and features photonics tools, 
techniques, and technologies to meet challenges in 
global healthcare, especially those involving cancer, 
heart disease, and neurological disease.
 Presentations will demonstrate outcomes-based 
optical and light-based solutions for the healthcare 
industry.
 The Green Photonics symposium has been 
highlighting the latest photonics and optoelectronic 
tools and materials to reduce power consumption, 
enable cleaner manufacturing, and increase new 
energy generation since 2011. Advances in green 
photonics are providing more energy efficiency, safer 
lighting, and improved living conditions around the 
world.
 Topical areas for this interdisciplinary symposium 
include solid-state lighting and displays, laser-

assisted manufacturing, micro/nano-fabrication, 
fusion, photovoltaics, and communications.
 Papers featuring technologies in all areas of SPIE 
Photonics West that impact energy sources, energy 
efficiencies, sustainability, conservation, and other 
“green” focused components will be eligible for the 
Green Photonics Best Paper Awards.
 SPIE Fellow Stephen J. Eglash of Stanford 
University (USA) is founder and chair of Green 
Photonics. 
 Plenary and keynote speakers for many of the 
conferences had not been confirmed by press time for 
this issue. However, SPIE Fellow Halina Rubinsztein-
Dunlop of University of Queensland (Australia) 
has confirmed as a plenary speaker in the nano/
biophotonics program track.

TWO EXHIBITIONS AT MOSCONE
 Beyond the technical events, for many Photonics 
West attendees, the big draw is the exhibition halls.
The BiOS Expo, 13-14 February, is the world’s largest 
biomedical optics and biophotonics exhibition. 
This two-day event features biomedical optics 
and photonics technologies such as spectroscopic/
microscopic imaging, therapeutic lasers, biosensors, 
molecu la r i mag i ng,  a nd na no/ biophotonic 
instrumentation.
 The BiOS Expo will be held in Moscone West in 
2016, along with BiOS conferences.
 The Photonics West Exhibition, 16-18 February, is 
the largest in North America with more than 1250 
companies showing components, systems, lasers, 
and applications for optics, lasers, and photonics 
manufacturing.
 Both exhibitions are free.
 For more information: spie.org/PW. 

The SPIE Startup 
Challenge for 
photonics technologies 
is a lively, interactive 
pitch competition 
similar to Dragon’s 
Den in which new 
entrepreneurs in 
photonics have just 
three minutes to pitch 
their ideas to a team of 
expert judges. 

The winner will receive 
$10,000 from founding 
partner JENOPTIK 
and $5,000 worth of 
equipment. Supporting 
sponsors confirmed 
at press time were 
TRUMPF, Edmund 
Optics, and Open 
Photonics. 

Information on how to 
enter will be available 
in October at spie.org/
startup. 

SPIEDigitalLibrary.org

Find the Answer 

Biomedical Optics



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

NEW BOOKS FROM SPIE

Publications

Optics for Technicians
Max J. Riedl
Vol. PM258
Print: SPIE Member $56 $48
Nonmember $66 $56 
eBook $48 / $56

Field Guide to Astronomical 
Instrumentation
Christoph Keller, Ramón Navarro, and 
Bernhard Brandl 
Vol. FG32
Print: SPIE Member $36 $31 / Nonmember $42 $36
eBook $31 / $36

Field Guide to Lidar
Paul McManamon
Vol. FG36
Print: SPIE Member $36 $31 / Nonmember $42 $36 
eBook $31 / $36

Tissue Optics: Light Scattering 
Methods and Instruments for 
Medical Diagnosis, Third Edition
Valery Tuchin
Vol. PM254
Print: SPIE Member $110 $94 
Nonmember $129 $110
eBook $94 / $110

Digital Converters for  
Image Sensors
Kenton T. Veeder
Vol. TT97
Print: SPIE Member $47 $40  
Nonmember $55 $47 
eBook $40 / $47

Applications of Dispersive  
Optical Spectroscopy Systems
Wilfried Neumann
Vol. PM253
Print: SPIE Member $53 $45 
Nonmember $62 $53 
eBook $45 / $53

New Horizons in Nanoscience  
and Engineering
David L. Andrews and  
James G. Grote
Vol. PM257
Print: SPIE Member $89 $76 
Nonmember $105 $89 
eBook $76 / $89

Analog and Digital Holography  
with MATLAB
Georges T. Nehmetallah,  
Rola Aylo, and Logan Williams
Vol. PM256
Print: SPIE Member $110 $94 
Nonmember $129 $110 
eBook $94 / $110

Introduction to Liquid Crystals  
for Optical Design and  
Engineering
Sergio R. Restaino and  
Scott W. Teare
Vol. TT100
Print: SPIE Member $47 $40 
Nonmember $55 $47 
eBook $40 / $47

SPIE SPOTLIGHTS
How to Set Up a Laser Lab
Ken Barat
Vol. SL02

Image Resolution: 
Deconstructing 
Hollywood’s Zoom and 
Enhance
Robert D. Fiete
Vol. SL01

eBooks available in PDF, ePub, Kindle 
SPIE Member $25 / Nonmember $31

Optimization Techniques for 
Diffraction Spectrometers
Elena Sokolova
Vol. SL05

Femtosecond-Laser-Assisted 
LASIK Eye Surgery and Imaging
Hui Sun
Vol. SL06

Optical Sensing: Microstructured 
Fibers, Fiber Micromachining, 
and Functional Coatings
Minghong Yang, Dongwen Lee,  
and Yu-Tang Dai
Vol. SL03

Carbon Nanoparticles in 
Photoacoustic Imaging
Ti Zhang and Huizhong Cui
Vol. SL04
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FOLLOW SPIE ON: 

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.

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

Find photos and daily summaries of many SPIE meetings 
online:  spie.org/eventnews 

SPIE Event News

SPIE EVENTS
Find detailed information 
about SPIE conferences at 
spie.org/conferences

Create your schedule with 
the SPIE Conference App 
for iPhone and Android. 
The mobile app is available 
at spie.org/mobile and at 
the Android Market and 
AppStore. 

OCTOBER
1: Deadline to nominate a colleague for an 

SPIE award
5: Abstracts due for SPIE Defense + 

Commercial Sensing 2016 and SPIE Asia-
Pacific Remote Sensing 2016 

8-9:  Delaware Optics Symposium 
9:  Deadline for Prism Awards applications 
12-15:  SPIE Optifab
16:  Applications due for ICTP Winter College 

on Optics 2016
19:  Abstracts due for SPIE Photonics Europe 

2016
27-28:  SPIE/OSJ Biophotonics Japan

NOVEMBER
10-12:  Mirror Technology/SBIR/STTR workshop
16:  Abstracts due for SPIE Translational 

Biophotonics 2016

DECEMBER
6-9:  SPIE Micro + Nano Materials, Devices, 

and Applications 
10:  Applications due for ICO/ICTP Gallieno 

Denardo Award 

JANUARY 2016
31:  Applications due for SPIE Education 

Outreach Grants

FEBRUARY 2016
4-6:  International Year of Light closing 

ceremony
13-18:  SPIE Photonics West
15:  Applications due for SPIE education 

scholarships
15-26:  ICTP Winter College on Optics 
21-25:  SPIE Advanced Lithography
27-3 MARCH: SPIE Medical Imaging

201516
20 2015 16

@SPIEtweets

@SPIEEvents

@SPIEEurope

Follow #SPIEPro on Twitter




