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Collaborating for Cures

I am very pleased to begin my year as president 
of SPIE with the opportunity to share a few 
thoughts on my own fi eld within photonics—

biomedical optics applied to oncology—and 
to congratulate my colleagues whose work is 
spotlighted in an article about laser medicine in 
this issue of SPIE Professional.
 Lasers have been used in medicine virtually since 
the fi rst ruby laser was invented. With differing 
properties inherent in different wavelengths, we 
have been able to develop many types of lasers 
suitable for varying uses. Laser medicine is integral 
in the practice of dermatology, ophthalmology, 
and other specialties, as well as in oncology. 
 The fi rst medical applications of lasers were 
in ophthalmology, and still this is an application 
area of great value. Furthermore, lasers have 
applications in surgery, with the benefi t of less 
blood being spilled, and in diagnostics, with 
the ability to detect and pinpoint early changes 
in tissue. Some types of laser therapy, such as 
photodynamic therapy (PDT), have the ability 
to effectively deliver a laser-based cure with light, 
without damaging other nearby organs and tissues. 
 In oncology, we know that the most important 
prognostic factor in cancer treatment is early 
discovery. For tumors detected during an early, 
noninvasive stage, we see a high cure rate of 
more than 90%. 
 Clinical applications of optical and laser 
spectroscopy such as laser-induced fl uorescence 
diagnostics (LIF) enable us to detect tumors 
much earlier than is possible with conventional 
diagnostics that focus on structural changes in 
tissue. Not only can we detect malignancies 
earlier, but the methods are noninvasive and 
provide the clinician with results in real time. 

New laser techniques
 As an active clinical researcher, physician, and 
professor in oncology at Lund University Hospital 
in Sweden, I am also continually in contact with 
patients to learn what their real needs are and 
to see what new technologies have to offer. As a 
result, I have been able to introduce new treatment 
modalities for the benefi t of my patients. Every 
week we meet patients with skin malignancies and 
can offer them minimally invasive PDT with fast 
healing and good cosmetic results. 
 New techniques have been developed at my 
university in a close interdisciplinary collaboration 
with laser physicists, including my husband, 
professor Sune Svanberg. At the moment, we 
are planning early clinical work with a new 
modality for non-invasive gas monitoring based 

on laser spectroscopy 
for surveil lance of 
premature newborn 
babies. The hope is 
that we will be able 
to monitor the gas 
exchange in their not 
ful ly  mature lungs 
without arterial blood 
sampling and x-ray 
ba sed  t echn ique s . 
 In our fi eld, we work in an interdisciplinary 
fashion, encompassing both the medical and 
technological perspectives. It is useful to learn 
about the experience of colleagues in other fi elds, 
through the exchange of information in technical 
conference presentations and publications.
 Through understanding the possibilities 
of other disciplines, we can understand more 
about what photonics can do in our own fi elds 
of medicine.
 SPIE brings together our interconnected 
communities in many ways. Through SPIE 
Photonics West, with its symposia on topics 
in lasers, biomedical optics, MOEMS/MEMS, 
and optoelectronics, the Society provides an 
extremely valuable forum for information 
exchange and interdisciplinary connection. 
Following the event, papers published in the 
SPIE Digital Library continue to provide us with 
the opportunity to learn more about what other 
researchers have learned.
 I look forward to meeting more colleagues all 
over the world throughout the year ahead, and I 
know I will learn much from you about the many 
ways photonics is used to improve and even save 
lives.

Katarina Svanberg 
2011 SPIE President

Lasers
in medicine 
In this issue of SPIE 
Professional, several 
colleagues discuss 
recent advances in laser 
medicine.

Rox Anderson (Wellman 
Center for Photomedi-
cine at Harvard Univer-
sity) talks about a few 
of the considerations 
for choosing lasers for 
dermatology applications 
such as removing port 
wine stains and other 
birthmarks, or in ophthal-
mology, for reattaching 
retinas in damaged eyes.

Abraham Katzir (Tel Aviv 
University) tells about 
using infrared lasers to 
measure melanomas 
and other laser-based 
systems to replace the 
x-ray examinations used 
in mammography.

James Fujimoto 
(Massachusetts Insti-
tute of Technology) 
talks about potential 
new uses for optical 
coherence tomography 
(OCT), currently used in 
ophthalmology for di-
agnosing glaucoma and 
retinal disease but being 
examined for its potential 
in cardiology to look for 
unstable plaque within 
arteries.

See page 24.

PRESIDENT’S LETTER

SPIE President Katarina 
Svanberg (right) gave a 
plenary talk on lasers used to 
diagnose and treat tumors at 
the triennial RIAO-OPTILAS 
meetings in Lima, Peru, in 
September. Pictured with 
her (left to right) are Asticio 
Vargas (Chile); SPIE Fellow 
María Sagrario Millán (Spain); 
event chair and SPIE member 
Guillermo Baldwin (Peru); and 
SPIE Fellow Juan Campos 
(Spain).
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rapid communications from 6 journals published in the 
SPIE Digital Library. It covers topics of signifi cant originality 
and interest in optics and photonics, including:

• Biomedical optics

• Optical engineering

• Electronic imaging

• Nanophotonics

• Microlithography

• Remote sensing

spie.org/letters

SPIEDigitalLibrary.org

SPIE honors Britton Chance 
with new biomedical optics award 

SPIE has created a new award for biomedical optics 
honoring SPIE Fellow Britton Chance, who died in 
November at the age of 97. The fi rst Britton Chance 

Biomedical Optics Award will be presented at SPIE Photonics 
West in 2012. 
 The award will be presented annually to recognize 
outstanding contributions to the fi eld of biomedical optics 
through the development of innovative, high-impact 
biophotonic technologies. In particular, the award will 
acknowledge pioneering contributions to biophotonic methods 
and devices that have signifi cant promise to accelerate or have 
already facilitated new discoveries in biology or medicine. The 
award will target achievements that span disciplines and may 
include elements of basic research, technology development, 
and clinical translation. 
 “Brit Chance’s research, training, and leadership have 
helped fuel the growth of biomedical optics and biophotonics 
throughout the world,” says SPIE Fellow Bruce Tromberg, 
director of the Beckman Laser Institute at the University of 
California, Irvine, and a longtime colleague of Chance. 
 “His lifelong passion for measuring and understanding 
physiology and metabolism using light has 
inspired our community for decades. More 
than any other individual, Brit brought 
together people and ideas that spanned 
across disciplines, creating a special spirit of 
creativity, innovation, and enthusiasm that 
has characterized the fi eld of biomedical 
optics,” Tromberg says. 
 As a pioneer in the fi eld of biomedical 
op t i c s ,  Chance  made  impor tant 
contributions in a number of areas. He 
helped in the identifi cation and functioning 
of enzyme-substrate compounds and 
made advancements in breast cancer 
diagnostics, rf electronics, spectroscopy as 
a noninvasive analytical tool for clinical 
diagnosis, and radar. 
 Chance was the Eldridge Reeves Johnson 
Professor Emeritus of Biochemistry and 
Biophysics, and Professor Emeritus of 
Physical Chemistry and Radiological Physics 
at the School of Medicine of the University 
of Pennsylvania. Chance obtained two 
PhDs, one in physical chemistry at Penn 
in 1940 and one in biology/physiology at 
Cambridge University in 1942.
 He became a member of the Penn faculty 
in 1941 when he was appointed assistant 
professor of Biophysics and Physical 
Biochemistry in the School of Medicine. 
 Chance co-edited the SPIE Press book 
Medical Optical Tomography: Functional 

Imaging and Monitoring and had been an 
editor of the SPIE Journal of Biomedical 
Optics since its founding in 1996. 
He was the recipient of the SPIE 
President’s Award in 2006 and the 
National Medal of Science in 1974, 
and he won a gold medal in sailing in 
the 1952 Olympics.  
 A tribute to Chance by Tromberg 
and Arjun Yodh will be presented at 
the BiOS Hot Topics session during 
SPIE Photonics West in San Francisco 22 January. 
 SPIE presents several yearly awards that recognize 
outstanding individual and team technical accomplishments 
and meritorious service to the Society and invites nominations 
from the community. 
 Nominations may be made through 1 October of any 
given year and are considered active for three years from the 
submission date. Visit spie.org/awards for more information. 
Information on the Britton Chance Biomedical Optics Award 
can be found at: spie.org/chance. 
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PHOTONICS FOR A BETTER WORLD

 “We were looking at how to transform an 
organic transistor into a pressure sensor,” says 
Benjamin Tee, a graduate student in Bao’s 
program and an author on the paper. Stefan 
Mannsfeld, another co-author, “was looking at 
how to make fl exible pressure sensors for robots” 
and had the idea of microstructuring, Tee says.
 The material was made using soft lithography. 
First the microstructured films, shaped like 
miniature pyramids, were combined into the 
organic fi eld-effect transistors as a dielectric layer. 
The researchers then molded PDMS, a liquid 
rubber that turns into a solid when heated, with 
the pre-etched wafer into the desired shapes. 
The cured fi lm was then peeled off, resulting in a 
fl exible sensing sheet. 
 The material detects pressures “well below the 
pressure exerted by a 20-milligram bluebottle fl y 
carcass we experimented with and does so with 
unprecedented speed,” Bao says.
 The pressure sensitivity of the microstructured 
fi lms is around 0 to 15 kilopascals, which surpasses 
any unstructured elastomeric films of similar 
thickness previously demonstrated. It is also 
tunable by using different microstructures.
 “A centimeter-square area fi lm of our sensors 
can contain as much as 25 million tiny features,” 
Tee says. “It definitely took some time to 
optimize the fabrication process of the material, 
and we are happy with the fact that it works as 
expected.”

Berkeley’s low-volt touch
 Ali Javey’s group in Berkeley took an entirely 
different approach with inorganic material. 
The Berkeley e-skin is made of semiconductor 
nanowires on a commercially available substrate, 
and it operates using very low voltage. 
 “The problem is that organic materials are poor 
semiconductors, which means electronic devices 
made out of them would often require high voltages 
to operate the circuitry,” Javey says. “Inorganic 
materials, on the other hand, have excellent 
electrical properties and can operate on low power.”
 Berkeley graduate student Kuniharu Takei, 
a coauthor, says his team focused on making a 
low-power, macroscale integration of parallel 
nanowire arrays, 7×7 cm2, as the active-matrix 
backplane of a fl exible pressure-sensor array.

Electronic sensors can act as skin.
                              By Beth Kelley

Photonics for a Better WorldPhotonics for a Better World
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An artist’s illustration 
shows an artifi cial 
e-skin with nanowire 
active-matrix circuitry 
covering a hand and 
holding a fragile egg.

Multiple photonics technologies can 
assist human hearing and sight, but 
not many can assist us with touch. 

The ability to apply just the right amount 
of pressure to swat a mosquito or pet a 

kitten is hard to replicate, especially 
on a large scale. Creating a non-skin 
large-surface sensor that is flexible 

and stretchy and also highly 
sensitive has proven hard 
to achieve. 
 Now,  however,  two 
groups of researchers in 

California (USA) are one 
step closer to achieving artifi cial 

skin. They have each developed 
a sensitive fl exible sheet made of 

semiconductor nanowires. One team 
was led by SPIE Fellow Zhenan Bao 

from Stanford University 
and the other by Ali 
Javey from University 
of California, Berkeley.

 Both  methods  o f 
making electronic skin, 

or e-skin, resulted 
in high sensitivity 
using a low-cost 
manufactur ing 
technique. The 
Stanford team 
created a sensor 
with unsurpassed 

sensitivity, while 
t h e  B e r k e l e y 

t e a m  c r e a t e d  a 
fl exible sensor with 
e x c e p t i o n a l l y 
low voltage. The 

work of both Bao’s 
and Javey’s teams was 

published in the September issue of Nature 
Materials.

Stanford’s sensitive touch
 The Stanford team developed and demonstrated 
flexible, capacitive pressure sensors using 
microstructured thin fi lms made from biocompatible 
elastomer poly-dimethylsiloxane (PDMS). 
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 They grew GeSi core/shell nanowires by using 
a home-made chemical vapor deposition (CVD) 
system with GeH4 and SiH4 gases. “The nanowires 
are then printed on the fl exible substrates,” Takei 
says. “The GeSi nanowires are transistor materials, 
which allow us to control the on/off current. 
On top of fabricated nanowire-based transistors, 
we laminated a pressure-sensitive rubber where 
the rubber contacts the drain electrodes of the 
transistors. The drain current of transistors is 
changed by the conductance of rubber.”
 Since the Berkeley group used inorganic 
nanowires, they could operate the sensor at 
an extremely low voltage, less than 5V. “Our 
novel point is the platform of nanowire-based 
macroscale fl exible substrate,” Takei explains. “Our 
demonstration is the fi rst proof-of-concept to realize 
macroscale, low-voltage, and fl exible electronics.”

Old technology, new touch
 This kind of technology is already in use in 
devices like smartphones and e-readers. Takei 
notes that a University of Tokyo group was the 
fi rst to demonstrate e-skin devices using organic 
materials in 2004. “The pressure-sensitive rubber 
is not new and we can purchase that from a 
company,” Takei says.
 However, this kind of sensing is diffi cult to 
implement on such a large scale. Mimicking skin 
or any large surface sensor requires large arrays of 
pressure sensors that are fl exible and stretchable. 
The challenge is to fi nd chemical structures that 
provide good semiconducting properties and yet 
stay mechanically robust.
 “Making arrays of high-density sensors on fl exible 
substrates is hard to produce due to assembly and 
processing-related challenges that are involved 
with the related large-scale integration,” says SPIE 
Fellow Yosi Bar-Cohen, a senior research scientist 
at NASA’s Jet Propulsion Laboratory (JPL), who 
was not involved in either project.

Possible applications
 The sensors have several potential medical 
applications and could be used in robotics, touch-
screen displays, and for automobile safety.
 For example, the sensors can be used on curved 
surfaces such as steering wheels. “Being able to detect 
changes in pressure can be an aid to driver fatigue. 
When drivers fall asleep, the pressure on the steering 
wheel will decrease, and it can alert onboard circuitry 
to slow the car or warn the driver,” Tee says.
 Bar-Cohen adds that the e-skin can also be used 
for making robots with “a superb sense of touch.”
 Takei suggests the application of wearable 
electronics. “If we can really integrate circuits/
sensors on the large-scale fl exible substrates, we 
can wear the sensor with cloth and monitor our 
health,” he says.

 One of the most intriguing applications is the 
possibility of creating an artifi cial membrane or 
replacement “skin” for people who have artifi cial 
limbs or severely damaged skin. 
 The Stanford researchers noted that 
development of e-skin is critical to biomedical 
applications such as prosthetic skin and also could 
lead to the realization of artifi cial intelligence 
directly connected to the human nervous system.
 John Boland of the Centre for Research on 
Adaptive Nanostructures and Nanodevices at 
Trinity College in Dublin (Ireland) says that this 
will require the membrane to be wired to the 
nervous system of the wearer. While that is a big 
challenge, Boland says the research is nonetheless 
an important milestone in the development of 
ultrasensitive touch technologies. 
 “It is the application of these technologies to an 
important area that is so novel,” he says.
 Both teams acknowledge there is still a lot 
to learn about how to create a smooth interface 
between the electronic sensor membrane and the 
nervous system. 
 “Next steps include actual integration on 
robotic devices and scaling up the sensor area,” 
Tee says.
 “It will take a long time,” Takei says, “but if medical 
researchers fi nd interest in e-skin, the time to realize 
real e-skin would be drastically decreased.” 

–Beth Kelley is a science and technology writer.

Better retina
The team that devel-
oped the Argus II retinal 
implant has been rec-
ognized with a Popular 
Mechanics 2010 Break-
through Award.

The Argus II retinal 
implant, which also won 
an R&D 100 Editors’ 
Choice Award in 2009, 
is designed to restore 
vision to people who 
are blind because of 
degenerative retinal dis-
eases such as macular 
degeneration and reti-
nitis pigmentosa. There 
are millions of people in 
the world with degen-
erative retinal diseases.

The device takes im-
ages from an external 
video camera and 
sends electric signals 
to an array implanted 
in the eye, bypassing 
damaged photorecep-
tors to kick-start retinal 
cells that are still viable. 

Six U.S. national labs, 
four universities, and 
a commercial partner 
are continuing to 
develop technologies 
that will enable third- 
and fourth-generation 
models of the retinal 
implant that could pro-
vide enough resolution 
to read 24-point font 
and recognize faces.
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Stanford’s microstructured elastomeric surface 
showing 6-micron-high pyramid features on a 
highly curved surface. The sensors have from 
several hundred thousand up to 25 million pyra-
mids per square centimeter.

PHOTONICS FOR A BETTER WORLD
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Neurophotonic sensors for bionic limbs

Illustration courtesy of SM
U

.

PHOTONICS FOR A BETTER WORLD

Photonics research into improving prosthetic 
limbs for injured soldiers and other amputees 
got a boost from the U.S. Department of 

Defense last year with the establishment of the 
$5.6 million Neurophotonics Research Center at 
Southern Methodist University in Dallas, Texas.
 Two-way fi ber-optic communication between 
prosthetic limbs and peripheral nerves will be 
key to operating realistic robotic arms, legs, and 
hands that move like the real thing, and “feel” 
sensations like pressure and heat, researchers say.
Successful completion of this fi ber optic link will 
allow for sending signals seamlessly back and forth 
between the brain and artifi cial limbs, giving 
amputees revolutionary freedom of movement 
and agility. 
 Marc  Chr i s t en sen ,  d i r ec to r  o f  the 
Neurophotonics Research Center, says he and 
his colleagues also envision man-to-machine 
applications that extend far beyond prosthetics, 
leading to medical breakthroughs like brain 
implants for the control of tremors, neuro-
modulators for chronic pain management, and 
implants for patients with spinal cord injuries. 
 “This technology has the potential to patch 
the spinal cord above and below a spinal injury,” 
Christensen says. “Someday, we will get there.”

Biocompatible connection 
 Currently available prosthetic devices 

commonly rely on cables to connect them to other 
parts of the body for operation — for example, 
requiring an amputee to clench a healthy muscle 
in the chest to manipulate a prosthetic hand. The 
movement is usually deliberate, cumbersome, and 
far from lifelike.
 Replacing experimental electronic nerve 
interfaces made of metal with optical fi bers and 
polymers may also lessen the likelihood of an 
immune response.
 The research goal is to develop a link 
compatible with living tissue that will connect 
powerful computer technologies to the human 
nervous system through hundreds or even 
thousands of sensors embedded in a single fi ber.
 “Enhancing human performance with modern 
digital technologies is one of the great frontiers 
in engineering,” Christensen says. “Providing this 
kind of port to the nervous system will enable not 
only realistic prosthetic limbs, but also can be 
applied to treat spinal cord injuries and an array 
of neurological disorders.”

Military incentive
 The Defense Advanced Research Projects 
Agency (DARPA) is funding the $5.6 million 
center with industry partners as part of its Centers 
in Integrated Photonics Engineering Research 
(CIPhER) project, which aims to dramatically 
improve the lives of the large numbers of 

Tester donates
solar panels
TÜV Rheinland PTL, a 
provider of safety and 
performance testing and 
market certifi cation for 
the photovoltaic and 
solar thermal market-
place, has donated more 
than 50 solar panels for 
an Arizona water recla-
mation facility.

The town of Chino Valley 
is just the latest of 
numerous organizations 
in Arizona that have 
benefi tted from TÜV’s 
solar panel donation 
program. TÜV has been 
recycling modules from 
its facilities for 12 years 
because they no longer 
have commercial value 
after testing. Per an 
agreement between TÜV 
and the manufacturers, 
the tested panels are 
donated for educational 
or nonprofi t purposes, 
primarily to expand 
awareness and share 
the benefi ts of renew-
able energy.

Chino Valley’s water 
reclamation facility uses 
microfi ltration processes 
and tertiary treatment 
to produce class A+ 
effl uent for replenishing 
the groundwater aquifer.

The town plans to 
expand its promotion 
of clean and renewable 
energy with the solar 
panels.

Photonics for a Better WorldPhotonics for a Better World
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PHOTONICS FOR A BETTER WORLD

Organizers of the Electroac-
tive Polymer Actuators and 
Devices (EAPAD) conference 
at SPIE Smart Structures 
and Non-Destructive Evalu-
ation in San Diego (USA) 
will hold an EAP-in-Action 
session 7 March.

Thomas Sugar, the Arizona 
State University associate 
professor who has created a 
mechanical ankle that uses 
artifi cial intelligence to store 
and release energy in the 
joint like a spring, will give 
a keynote talk during the 
session. 

More information: spie.org/
smart-structures-nde.xml 

Tell us your story
Articles in our Photonics for a Better World 
series highlight optics and photonics technolo-
gies that bring tangible gains to humanity.

Do you have a story to tell about the work 
that you or colleagues do to make the world a 
better place? Write to us at spieprofessional@
spie.org

military amputees returning from war in Iraq 
and Afghanistan.
 The center brings together researchers from 
SMU, Vanderbilt University, Case Western 
Reserve University, the University of Texas at 
Dallas, and the University of North Texas, and 
industry partners Lockheed Martin, Aculight, 
Plexon, Texas Instruments, National Instruments, 
and MRRA. 
 The center formed around a challenge from 
the industrial partners to build a sophisticated 
fi ber-optic sensor scaled for individual nerve 
signals. “Team members have been developing 
the individual pieces of the solution over the 
past few years, but with this new federal funding 
we are able to push the technology forward into 
an integrated system that works at the cellular 
level,” Christensen says. 
 The research builds on partner universities’ 
recent advances in light stimulation of individual 
nerve cells and new, extraordinarily sensitive 
optical sensors developed by SPIE member 
Volkan Otugen, chair of mechanical engineering 
at SMU and director of its Micro-Sensor 
Laboratory. 

 Otugen is site director for the new center and 
has pioneered research on tiny spherical devices 
that sense the smallest of signals utilizing a 
concept known as “whispering gallery modes.” 
A whispering gallery is an enclosed circular 
or elliptical area, like that found beneath an 
architectural dome, in which whispers can be 
heard clearly on the other side of the space.
 The ultimate combination of advanced optical 
nerve stimulation and nerve-sensing technologies 
will create a complete, two-way interface that does 
not currently exist. “It will revolutionize the fi eld 
of brain interfaces,” Christensen says. 
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University at Buffalo (USA) 
scientists have developed a new 
imaging approach capable of 

monitoring in real-time the transformations 
that cellular macromolecules undergo 
during programmed cell death.  
 The work could help realize the potential 
of customized molecular medicine, such as 
chemotherapy treatments that precisely 
target cellular changes exhibited by 
individual patients. It can also be a valuable 
drug-development tool for detailed 
screening of drug-biomolecular interaction. 
 “This new ability provides us with a 
dynamic mapping of the transformations 
occurring in the cell at the molecular 
level,” says SPIE Fellow Paras N. Prasad, 
executive director of the UB Institute for 
Lasers, Photonics and Biophotonics (ILPB) 
and a co-author of the study. “It provides 
us with a very clear visual picture of the 
dynamics of proteins, DNA, RNA, and 
lipids during the cell’s disintegration.” 

Solving a mystery
 This programmed cell death, apoptosis, is 
essential to normal development, healthy immune 
system function, and cancer prevention. The 
process dramatically transforms cellular structures, 
but the limitations of conventional microscopy 
methods have kept much about this structural 
reorganization a mystery. 
 Prasad notes that molecular medicine, in which 
treatments or preventive measures can be tailored 
to cellular properties exhibited by individual 
patients, depends on much better methods of 
visualizing what’s happening during critical 
cellular processes. 
 The new research, reported in the Proceedings 
of the National Academy of Sciences in July, can 
help improve our understanding of cellular 
events at the molecular level, Prasad says. “If we 
know that specific molecular changes constitute 
an early signature of a disease, or what changes 
may predispose a patient to that disease, then 
we can take steps to target treatment or even 

prevent the disease from developing in the 
first place.” 
 To capture the cellular images, a team of 
biologists, chemists, and physicists at UB, led 
by Prasad, utilized an approach that combines 
three imaging techniques: a nonlinear, optical 
imaging system (CARS or coherent anti-Stokes 
Raman scattering), TPEF (two-photon excited 
fl uorescence), which images living tissue and cells 
at deep penetration, and fl uorescence recovery 
after photobleaching to measure dynamics of 
proteins. 
 “For the fi rst time, this approach allows us 
to monitor in a single scan, four different types 
of images, characterizing the distribution of 
proteins, DNA, RNA, and lipids in the cell,” 
says Aliaksandr V. Kachynski, research associate 
professor at the ILPB and co-author. The resulting 
composite image (above) integrates in one picture 
the information on all four types of biomolecules, 
with each type of molecule represented by a 

Why detect 
apoptosis?
The SPIE Newsroom 
covers biomedical optics 
and medical imaging 
in a news feed (spie.
org/news-biomedical) 
containing technical 
articles, videos, product 
updates, and news 
articles pertaining to 
biophotonics.

A 2006 article by 
Rostylav Bilyy discussed 
the use of biophotonics 
to study programmed 
cell death and its 
importance in medical 
diagnostics:

“During apoptosis a 
cell performs suicide. 
It enzymatically slices 
the intercellular content, 
including DNA and 
proteins. As a result, 
the cell shrinks and 
is fragmented into 
membrane-coated 
vesicles, called 
apoptotic bodies, which 
are then engulfed by 
cells of the immune 
system.

“Apoptosis removes 
elderly and impaired 
cells so they can be 
replaced with fresh 
cells. This huge turnover 
makes programmed 
cell death an important 
player in the game 
called ‘Life.’ 

“We will not notice 
anything when things 
are going right, 
but if a mismatch 
arises between cell 
production and death, 
we suffer from a range 
of diseases. For this 
reason, control and 
detection of apoptosis is 
of great importance for 
clinical and biomedical 
diagnostics.”

In this composite image from the University at Buffalo, 
proteins are shown in red, RNA in green, DNA in blue, 
and lipids in gray. 

A technique 
employing 
multiplex 
imaging helps 
solve 
a mystery.
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A technique 
employing 
multiplex 
imaging helps 
solve 
a mystery.
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different color: proteins in red, RNA in green, DNA in 
blue, and lipids in gray. 

Visualizing fi nal transformation
 Multiplex imaging provided new information on the 
rate at which proteins diffuse through the cell nucleus, 
the UB scientists say in “Biophotonic probing of 
macromolecular transformations during apoptosis.” 
 Before apoptosis was induced, the distribution of 
proteins was relatively uniform, but once apoptosis 
develops, nuclear structures disintegrate, the proteins 
become irregularly distributed, and their diffusion rate 
slows down, says Artem Pliss, another co-author on the 
paper from the ILPB. 
 “This research gives us the unique ability to study 
and improve our understanding of individual subcellular 
structures and the transformations they go through,” 
Pliss says. 
 Such precise information will be especially useful for 
monitoring how specifi c cancer drugs affect individual 
cells. 
 “For example, say drug therapy is being administered to 
a cancer patient; this system will allow for the monitoring 
of cellular changes throughout the treatment process,” 
Kachynski notes. “Clinicians will be able to determine the 
optimal conditions to kill a cancer cell for the particular 
type of disease. An improved understanding of the drug-
biomolecule interactions will help discover the optimal 
treatment doses so as to minimize side effects.” 
 Andrey Kuzmin, the fourth co-author, adds that a 
related study by the UB team images the distribution 
of protein, DNA, RNA, and lipid macromolecules 
throughout the cell cycle, not just at death. See page 17.
 The work on both studies was supported by a grant from 
the John R. Oishei Foundation of Buffalo. 

University at Buffalo scientist 
and SPIE Fellow Paras N. 
Prasad is a member of the 
program committee for the 
Nanoscale Imaging, Sensing, 
and Actuation for Biomedical 
Applications conference at 
SPIE Photonics West 2011. 

He will discuss multiplex im-
aging at the BIOS Hot Topics 

session 22 January and in the Multiphoton Micros-
copy in the Biomedical Sciences conference. 

He is also scheduled to teach an SPIE course in 
biophotonics in San Francisco. 

See the 2009 SPIE Newsroom video interview with 
Prasad discussing nanophotonics’ applications in 
solar and medicine: spie.org/newsvideo-prasad
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Editor’s Recommendation: 
Journal of Nanophotonics

SPIE Fellow Akhlesh Lakhtakia, professor at 
Pennsylvania State University and editor-
in-chief of the Journal of Nanophotonics, 

recommends “Quantum dots in biomedical 
applications: advances and challenges,” published 
online in September 2010.
 Ludmila Otilia Cinteza of the University of 
Bucharest not only provides a succinct review of the 
advances made in the biomedical use of quantum 
dots but also discusses the challenges posed by the 
same nanoparticles because of their size.
 Quantum dots are superior to conventional 
fl uorophores for biomedical imaging applications 
because their properties can be conveniently selected 
by simply engineering the right size distribution. 
Quantum dots also appear promising for sensing 
pathogens as well as for treating certain forms of 
cancer and neural dysfunction. However, translation 
to clinical practice is bedeviled by their toxicity, 
which could persist despite encapsulation.
 Quantum dots thus underscore the continued 
appearance of nanotechnology as a double-edged 
sword.
 Source: Journal of Nanophotonics 4, 042503 
(2010); doi: 10.1117/1.3500388. 

Interest in alkali lasers
 The U.S. Air Force has reported several 
advances in alkali lasers for future military 
applications.
 An Air Force Research Lab press release in July 
reported fi rst-light lasing from a fl owing diode-
pumped alkali laser (FDPAL), a signifi cant fi rst 
step in the direction of high-power laser systems 
exhibiting the necessary thermal management 
characteristics.
 Early DPAL demonstrations relied on the use 
of gain media in static cell confi gurations, an 
approach that effectively limits the amount of 
heat deposited into a system before thermal effects 
begin to degrade performance. By incorporating 
fl ow technology into the standard DPAL design, 
the FDPAL innovation achieves the same effect: 
removing heat from the gain medium and thereby 
improving overall beam quality.
 Several recent research papers in the SPIE 
Digital Library also report advances with alkali 
lasers, most recently with power scalability.

 B.V. Zhdanov, M.K. Shaffer, and R.J. Knize of 
the USAF Academy in Colorado reported the 
results of a variety of experiments on alkali lasers 
at SPIE Photonics Europe in Brussels in June. 
They demonstrated effi cient Rb, Cs and K vapor 
lasers and the high potential of these lasers as a 
scalable source of high-power laser radiation in 
the near-infrared range.
 They also performed power scaling experiments 
with multiple diode-laser pumping sources and 
diode-pumped alkali vapor amplifi ers. 
 “As a result of this effort, we have increased 
the alkali lasers output power to tens of watts in 
continuous wave operation,” the authors report 
in “Alkali lasers: a new type of scalable high-
power laser.”
 Source: Proceedings of SPIE 7721, 77211V 
(2010); doi:10.1117/12.853409. 

Silicon boosts 
photon detectors
 A team of researchers at Delft University 
of Technology (Netherlands), Heriot-Watt 
University (UK), and the National Institute 
of Standards and Technology (USA) have 
developed a telecom-wavelength, single-photon 
detector with niobium-titanium-nitride (NbTiN) 
superconducting nanowires on oxidized silicon.
 Their superconducting nanowire single-photon 
detector (SNSPD) reached a peak practical detection 
effi ciency of 23% at 1310 nm, highly promising 
for high-speed, low-noise photon counting 

Full chip and fi ber arrangement showing sub-
strate layer structure, not to scale. 

Figure courtesy M
ike Tanner.

SPIE journal
to publish 
monthly

The SPIE Journal of 
Biomedical Optics is 
doubling its publication 
frequency with the transi-
tion from bimonthly to 
monthly in January.

The change enables the 
journal to continue the 
steady growth in size and 
impact it has seen since 
its launch in 1996 as a 
quarterly and to better 
manage the increasing 
number of submissions, 
says editor-in-chief Li-
hong Wang.

“The growth of the journal 
is in line with the growth 
of the fi eld of biomedical 
optics,” Wang says, 
becoming “the default 
choice for the fi eld.”

The journal has helped 
defi ne the fi eld of 
biomedical optics with 
special sections on high-
impact topics, many of 
which have been ‘fi rsts’ 
for the scientifi c com-
munity.

More information: 
spie.org/jbo.

Read more R&D 
Highlights online at 
spie.org/spieprofessional
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at telecommunications 
wavelengths.
 Their  research was 
reported at the Advanced 
P h o t o n  C o u n t i n g 
Techniques conference at 
SPIE Defense, Security, and 
Sensing in April 2010 and 
in the June 2010 issue of 
Applied Physics Letters.
 The detectors are a 
key enabling technology 
for a host of demanding 
infrared photon counting 
applications, from quantum 
cryptography to new methods 
of imaging and ranging. They 
offer picosecond timing jitter, 
short recovery times, and 
low dark counts even in free 
running mode. The detectors 
operate at approximately 4K, a temperature 
which can now be attained using compact 
and efficient closed-cycle refrigerators 
rather than liquid cryogens. 
 Their device is fabricated on an oxidized 
silicon substrate. The high refractive index 
difference between the oxide and silicon 
beneath gives a strong refl ection, like a 
cat’s eye, according to SPIE member Robert 
Hadfi eld of Heriot-Watt University, a co-
author of the Letters paper. Hadfi eld chaired 
a session on superconducting single-photon 
detectors and was an invited speaker at the 
conference in April.
 By picking the right oxide thickness, 
the absorption at the superconducting 

System detection effi ciency (DE) with vary-
ing wavelength. The increased effi ciency near 
to the design wavelength of 1310nm is due to 
increased photon absorption because of the 
cavity layer structure. The small fl uctuations are 
caused by the additional cavity formed between 
the fi ber end and the device surface.

Figure courtesy M
ike Tanner.

detector can be maximized at the 
wavelength of choice, Hadfield says. 
The devices were fiber coupled and 
characterized at a range of wavelengths. 
 “Further improvements are within 
reach using high refl ectivity silicon on 
insulator mirrors,” says TU Delft’s Val 
Zwiller, also a coauthor of the Letters 
article. “Superconducting nanowire 
devices on silicon substrates would also 
be compatible with other advanced 
photonic components such as photonic 
crystal cavities, plasmonic structures, and 
optical waveguide circuits.”
 Source: Applied Physics Letters 96, 
221109 (2010). 

OLED, PV research in 
Journal of Photonics for Energy
 The new SPIE Journal of Photonics for 
Energy (JPE) launches this January with 
papers covering OLEDs, photovoltaic 
technologies, and other applications of 
photonics for renewable and effi cient 
energy.
 SPIE Fellow Zakya Kafafi of the 
National Science Foundation (USA) is 
editor-in-chief of the new peer-reviewed 
electronic journal. It will be free to read in 
the SPIE Digital Library for the fi rst year.
 JPE covers fundamental and applied 
photonics research areas focused on 
energy harvesting, conversion, storage, 
distribution, monitoring, consumption, 
and effi cient usage. Its fi rst issue includes 

several papers based on OLED and PV 
research presented at two conferences at 
SPIE Optics and Photonics 2010.
 “Recognizing the need for a cohesive 
source for publications focused on 
photonics for energy applications, SPIE is 
pleased to provide an innovative electronic 
journal that will share research results 
with the international community to help 
advance solutions to the world’s needs for 
energy production, storage, transmission, 
effi ciency, and clean technology,” says SPIE 
President Ralph James.
 Information about the journal, along 
with submission information for authors, 
is available at spie.org/jpe
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Sharma editor
of Journal of 
Electronic 
Imaging 
SPIE member Gaurav 
Sharma, associate 
professor at University 
of Rochester (USA) and 
former director of the 
Center for Emerging and 
Innovative Sciences in 
New York, is the new 
editor of the SPIE/IS&T 
Journal of Electronic 
Imaging (JEI). Sharma has 
served as an associate 
editor for the journal and 
is the editor of the Digital 
Color Imaging Handbook 
published by CRC Press 
in 2003.

An inventor on more than 
40 U.S. patents, with 
several additional patents 
pending, Sharma succeeds 
Jan Allebach who served 
as JEI editor since 2001. 

JEI is co-published by 
SPIE and the Society 
for Imaging Science and 
Technology (IS&T). It dis-
seminates peer-reviewed 
papers online in article-
at-a-time mode and 
quarterly in print. 

Example of Teledyne Imaging Sensors packag-
ing: JWST Fine Guidance Sensor package for 
the H2RG.

Next generation of IR detectors
speed applications (Proceedings of SPIE 7660, 
76600V (2010); doi:10.1117/12.851795).
 In high-performance cooled detectors, the 
drive continues toward increasing format size, 
with some manufacturers now at 16M-pixel (4K 
x 4K) FPAs on a single array.
 New fabrication techniques allowing seamless 
mosaics of multiple arrays, such as reported by 
Teledyne Imaging Sensors (Proceedings of SPIE 
7021, 70210H (2008); doi:10.1117/12.790382), 
can enable essentially arbitrary array sizes going 
forward. This enables applications such as 
extremely high-resolution astronomy and/or 
surveillance on a broad scale.
 In the area of metamaterials, two interesting 
new developments could impact cooled detectors 
in the future. Both the Type II Super Lattice 
(T2SL) and nBn detector structures offer possible 
advantages over traditional semiconductor 
materials and are being studied intently. 
 For the T2SLS, data to date show these 
materials still have a long way to go to displace 
traditional semiconductor detectors (Journal of 
Electronic Materials 39 (7), 1030-1035 (2010); 
doi: 10.1007/s11664-010-1084-9), but efforts 
continue to achieve the performance that may 
be theoretically possible. The nBn detectors have 
been demonstrated to run at relatively elevated 
temperatures (relative to 77K baseline) and 
show promise for use in MWIR applications in 
the near term.
 Finally, researchers from Raytheon, NASA, 
and DRS Sensors and Targeting Systems have 
reported making strides with avalanche photo 
diode (APD) detectors (Proceedings of SPIE 
7660, 76603I, (2010); doi:10.1117/12.859186 
and Proceedings of SPIE 6542, 654217 (2007); 
doi:10.1117/12.719358). Previously in a niche 
market, these infrared detectors have the 
potential to dramatically improve ranges for 
various surveillance applications using an active 
laser-based approach. In particular, combining the 
active SWIR with the passive thermal MWIR in 
a single device with a single aperture signifi cantly 
reduces device size, weight, and power, which can 
be crucial for airborne applications. 

– John W. Devitt serves as division chief of the remote 
sensing groups at Georgia Tech Research Institute.

TECHNOLOGY R&D

Developments in the fi eld of both cooled 
and uncooled infrared detectors are paving 
the way toward the next generation 

of detectors, focal plane arrays, and associated 
applications for the defense and other industries.
 Recent increases in demand for uncooled 
bolometer detectors have spurred investments 
from the manufacturing community, with some 
manufacturers now at capacities of 5000 or more 
units per month.
 Raytheon, for instance, has moved production 
from small, internal fabrication lines dedicated 
to limited-run projects for the U.S. Department 
of Defense to a more open-market approach 
using external commercial foundries with 
large-scale equipment and high-capacity lines. 
(Proceedings of SPIE 7660, 76600X (2010); 
doi:10.1117/12.853675) 
 The move to smaller pixel pitch, such as the 
current industry standard of 17 µm, also enables 
more focal plane array (FPA) die per wafer, further 
enhancing yield and driving down costs. These 
types of economies of scale will continue to drive 
down market prices and open up more and more 
new applications.
 Other developments with IR detectors include 
higher bolometer performance, such as a lowering 
of the time constant while maintaining high 
sensitivity. This is key to reducing the traditional 
bolometer Achilles heel of slow response, which 
leads to blur and other artifacts and limits higher-

IR applications
The latest developments 
on IR detector materials, 
devices, and systems 
will be presented in the 
Infrared Technology and 
Applications conference 
at SPIE Defense, Security, 
and Sensing in April and 
in a special section of 
the SPIE journal Optical 
Engineering in February. 
Papers can be accessed 
through the SPIE Digital 
Library (spiedl.org).
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Imaging: In life as in death
 Scientists at University at Buffalo (USA) have 
combined several imaging techniques to provide 
new information about the life cycle as well as 
the death process of macromolecules. 
 In a study published in the October 2010 issue 
of Biophysical Journal, Artem Pliss, Andrey Kuzmin, 
Aliaksandr Kachynski, and Paras Prasad combined 
Raman microspectrometry, coherent anti-Stokes 
Raman scattering (CARS), and two-photon excited 
fl uorescence (TPEF) nonlinear optical microscopy to 
visualize macromolecular organization of the nucleus 
throughout the mitotic cell cycle.
 “The overall analysis of the Raman spectroscopy 
and CARS/TPEF imaging data in HeLa cells 
supports the view that the cell nucleus employs 
thermodynamic diffusion for transport of 
macromolecules,” they concluded.
 Prasad will discuss the study of the dynamics 
in live cells 22 January at a Hot Topics session 
at BiOS, part of SPIE Photonics West in San 
Francisco. 
 See related story on page 12. 

Metamaterial for ultrasound
 American and Spanish scientists have found 
a way to improve the resolution of the pictures 
captured in ultrasound imaging.
 In a paper in the journal Nature Physics in 
November, physicists at University of California, 
Berkeley, and Universidad Autonoma de Madrid 
demonstrate how to capture evanescent waves 
bouncing off an object to reconstruct detail as 
small as one-fi ftieth of the wavelength of the 
sound waves. 
 “With our device, we can pick up and transmit 
the evanescent waves, which contain a substantial 
fraction of the ultra-subwavelength information 
from the object, so that we can realize super-
resolution acoustic imaging,” says fi rst author Jie 
Zhu, a post-doctoral fellow at UC Berkeley.
 The device is a three-dimensional, holey-
structured metamaterial consisting of 1600 hollow 
copper tubes bundled into a 16-centimeter bar 
with a square cross-section of 6.3 cm. Placed 
close to an object, the structure captures the 
evanescent waves and pipes them through to the 
opposite end.
 In a practical device, Zhu says, the metamaterial 
could be mounted on the end of an ultrasound 
probe to vastly improve the image resolution. 
The device would also improve underwater 
sonography as well as nondestructive evaluation 
in industry applications.
 “For ultrasound detection, the image resolution 
is generally in the millimeter range,” says co-
author Xiaobo Yin. “With this device, resolution 
is only limited by the size of the holes.”

 The work was performed in the laboratory of 
Xiang Zhang at Berkeley and based on theoretical 
predictions of the group led by Francisco J. 
García-Vidal of the Universidad Autonoma de 
Madrid. Other co-authors are J. Christensen 
of the Universidad Autonoma de Madrid, L. 
Martin-Moreno of CSIC-Universidad de Zaragoza 
in Spain, J. Jung from the Aalborg University in 
Denmark, and L. Fok of Berkeley. 

Flexible display 
wins gold award
 Photonics technologies won the top two prizes 
and several others in the Wall Street Journal’s 2010 
Technology Innovation Awards.
 Taiwan’s Industrial Technology Research 
Institute won the overall Gold Award for 
developing its a flexible universal panel for 
displays, FlexUPD, and Zoom Focus Eyewear took 
a silver award for TruFocal eyeglasses, which have 
a manual focus adjustment.
 The key to ITRI’s technology that will allow 
mass production of FlexUPD is an ultra-thin 
and transparent soft plastic substrate and a non-
stick de-bonding layer material that smoothly 
removes the substrate from the glass layer without 
damaging the electronics.
 Researchers see the displays becoming e-books 
and e-maps, roll-up mobile phone screens, and 
medical sensors that could be wrapped around 
the body. 
 Others recognized in 17 categories were:
• Lightfleet Corp.: method of using beamed 

light instead of copper or fi ber-optic wires in 
connecting computer processors

• NanoLumens, fl exible digital displays
• Solexant Corp.: ultrathin-fi lm inorganic solar PV 

cells
• Life Image Inc: cloud-based platform for sharing 

and storing diagnostic images
• Aribex: hand-held dental x-ray device
• BriefCam: browsing technology for viewing 

surveillance video
• Liquid Robotics: unmanned 

seagoing craft with instruments 
powered by a solar panel

• InVisage Technologies: image 
sensor for digital cameras 
that uses semiconducting 
nanocrystals for light capture.

• STMicroelectronics: smart 
multisensory devices  to 
measure movement, pressure, 
temperature and altitude

• Nanosys:  semiconductor 
component for notebooks 
and mobile devices. 

A fl exible display from ITRI.

QCL lasers
Advances in quantum 
cascade laser (QCL) 
technology and its many 
applications are the sub-
ject of a special section 
in the November issue of 
the SPIE journal Optical 
Engineering.

QCL technology enables 
compact, powerful, and 
effi cient infrared (IR) 
sources that meet indus-
trial and military needs 
and highly sensitive, 
low-cost, fi eld-friendly, 
narrow-line lasers for 
spectroscopic applica-
tions such as atmo-
spheric monitoring.

Authors in the special 
section include SPIE Fel-
lows Federico Capasso 
of Harvard University 
and leader of the group 
who fi rst demonstrated 
QCL technology 16 years 
ago at Bell Labs; Kumar 
Patel, developer of the 
fi rst CO2 laser and CEO 
of Pranalytica; Manijeh 
Razeghi of Northwestern 
University; and other 
leading international 
researchers.

U.S. Naval Research 
Laboratory scientists 
Jerry Meyer and Igor 
Vurgaftman are the spe-
cial section editors.
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Advances in optics and photonics have made wind energy more viable.

By Beth Kelley

Interest in wind energy has picked up in the 
last few years, thanks in large part to advances 
in optical sensing and communications 

technologies. Wind power production utilizes 
laser-based atmospheric measurement and 
sensing, pyrometry to map and monitor turbine 
blades, fatigue-related measurements through 
thermography or embedded fiber optics, and 
optical position sensing.  
 From creation to system maintenance to 
transmission, photonics technologies have made 
wind power competitive with other forms of 
alternate energy on a large scale.

Wind on land and sea
 Wind power is as old as the sails that propelled 
our ancestors across water. The current need for 
alternative energy sources has made people revisit 
wind, and rural areas that once used windmills to 
pump water and produce power are again leading 
the way in wind production. 
 Historical farmland territories across the 
United States and Canada are becoming hot 
spots for wind power because they are known 
for consistent winds and there is space to 
build. According to the nonprofi t Renewable 
Northwest Project, wind turbines in the U.S. 
Pacifi c Northwest currently generate about 4300 
megawatts of electricity, enough to keep the lights 
on in 1.1 million homes.  
 The United States is currently the largest 
producer of this power, generating 35 gigawatts 
(GW) of wind energy, but it has some major 
competition. A 2010 Global Wind Energy 
report found that China has become the second 
largest producer of wind power, with 25.8 GW.

 Germany came in third, with 25.77 GW. 
 Spain, Holland, France, Romania, Turkey, 
Belgium, and 15 other European countries have 
already begun to develop wind power. Wind farms are 
also being built in open spaces of Morocco, Ethiopia, 
Kenya, Japan, and Australia. The governments of 
all these nations are providing funding and other 
resources for developing wind power.

Bigger, faster, stronger
 Other reasons for renewed interest in wind 
technologies are improvements in wind turbine 
effi ciency and power production and expanded 
transmission capabilities. 
 Wind turbines rely on anemometers to optimize 
the blades’ confi guration to produce the most 
energy. Mounted to the back of the turbine’s 
gear-housing unit, today’s anemometers are a big 
improvement over the old analog cups designed 
in the 1930s. With advanced optical sensors, wind 
propellers are able to sense how much wind they 
are receiving and adjust accordingly to increase 
the effi ciency of the turbine output.
 The sensors are the control variables for 
feedback in the control systems, says Alan Turner, 
optical sensing specialist at Micron Optics. “As 
the industry goes forward, smart blades with 
active control surfaces will increase effi ciency 
even more,” he says.
 Laser-based anemometers seem especially 
promising. Lidar instruments are capable of 
measuring with high resolution (~0.1 ms–1) at 
different heights and allow wind turbines to “see” 
the wind before it hits the turbine blades. The 
National Laboratory for Sustainable Energy at the 
Technical University of Denmark (Risø DTU) 
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recently completed 
testing on a lidar-based 
wind turbine system 
that can predict wind 
direction, gusts of 
wind, and turbulence. 
In various studies, this 
kind of sensing has 
allowed turbines to 
increase productivity 
by 5 to 10%.

Sense and 
protect
 Lidar, which has seen 
rapid improvements in 
cost, compactness, and 
reliability the last fi ve 
years, could also be 
used for sensing and 
monitoring bearing 
or gearbox failures, 
delamination of blades, 
or out-of-balance blades or systems, Turner says. 
 New sensing technologies make the job 
of monitoring distant towers, with lots of 
moving parts, easier. Two of the most important 
monitoring tools are the tower’s strain and 
temperature sensors. Conventional electronic 
sensors are prone to failure from the harsh 
environmental conditions wind turbines normally 
operate in. 
 “Wind turbines are often struck by lightning 
and this has had adverse effects on conventional 
electrical sensors,” says Jason Kiddy, principal 
at Aither Engineering near Washington, DC. 
Optical fiber sensors have gained popularity 
in wind turbines because of their resistance to 
electromagnetic interference, lightning, and 
electric noise. Manufacturers see them as a 
practical, reliable, and cost-effective monitoring 
tool.
 “Fiber-optic monitoring of the wind turbine 
blades helps primarily by reducing stresses on the 
blades and thereby increasing the blade’s life,” 
Kiddy says. It can also detect blade problems 
before they become huge.
 Many different types of optical fi bers are used, 
each with its own advantages and disadvantages. 
“POF (power-optical fi ber) is easy to handle and 
easy to terminate, and no injury is possible when 
using polymer vs. glass,” says Mickael Marie, 
marketing manager for Avago Technologies. 
However, Marie says hard-clad silica (HCS) offers 
better bandwidth and distance than POF.
 Fiber Bragg-Grating (FBG) sensors are also 
gaining popularity in wind turbine monitoring. 

Their primary advantage is their immunity 
to lightning strikes. Kiddy adds that “FBGs 
allow for many more measurements 
compared to other fi ber-optic sensor 
types.”
 Motion sensors also allow 
wind towers to monitor other 
objects in its airspace, like 
birds or planes. Norway-
based OCAS (Obstacle 
Co l l i s i on  Avo idance 
Systems) developed a 
ground-based, low-power 
radar that will detect and 
track an aircraft’s proximity to a 
wind tower and illuminate the tower’s 
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Turbine 
maintenance 
Sensing capabilities on 
wind turbines are still 
fairly basic. 

“Right now, only rela-
tively large problems can 
be detected, perhaps not 
as early as desired,” says 
Jason Kiddy of Aither 
Engineering. 

Future wind turbine 
manufacturers will need 
improved monitoring as 
these new turbines start 
to break down and need 
maintenance. 

Offshore wind turbines 
also need more moni-
toring than land-based 
turbines due to their size 
and remoteness.

Optical sensors to increase the effi ciency of the turbine output are mount-
ed on the back of the wind turbine.
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Fiber-optic strain gauges are installed dur-
ing construction of the wind turbine blades.

Continued on page 23  
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Avago’s HFBR-3810Z is a 
semiconductor that can de-
liver data transmission from 
the wind turbine at signal 
rates of DC to 10 MBaud
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Numerous papers on 
optical technologies for 
wind applications will be 
presented in March at 
SPIE Smart Structures and 
Non-Destructive Evalua-
tion in San Diego.
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Greenhouse gases (GHG) have the potential to cause 
catastrophic climate changes, and the atmospheric 
concentrations of the gases, mainly CO2, CH4, and 

N2O, are increasing over time. However, the natural “sinks” 
that remove or absorb these natural and man-made gases are 
not understood. For example, CO2 is being absorbed by oceans 
and land areas much faster than models predict, and no one 
knows whether the current absorption rate will be sustained 
in the future.
 As industrialized nations attempt to grapple with this 
uncertain situation, a need has arisen for monitoring GHG 
concentrations and emission rates globally. The emergence 
of cap-and-trade schemes has only heightened the need for 
verifi able monitoring techniques. 
 Monitoring GHG emission rates is diffi cult for several 
reasons. The gases have a long lifetime in the atmosphere; 
their characteristic spectra are in the infrared; and they are 
emitted on spatial scales ranging from point sources such as 
smokestacks all the way to regional areas.
 Their long lifetimes imply that measurements of emissions 
have to be done in the presence of large background signals. 
 For example, the global average CO2 concentration is about 
390 parts per million by volume (ppmv) but the maximum 
variations from one location to another are only about 10% 
of the average value, or about 40 ppmv. In order to accurately 
monitor the variability of CO2, the measurement accuracy 
must be about ±1 ppmv, which is only about 0.25 % of the 
total. That’s very demanding for a remotely sensed atmospheric 
measurement.

Choosing the right technology
 All greenhouse gases absorb IR light; this is the phenomenon 
responsible for the greenhouse effect, and so sensors for GHG 
tend to exploit their IR absorption spectra. 
 Unfortunately, the technologies of both IR laser sources and 
detectors provide poor performance and fewer options than the 
ultraviolet and visible regions. Off-the-shelf solutions will not 

Lidar Tracks CO2
The international lidar community is pioneering a suite of techniques 
to monitor greenhouse gases in the Earth’s atmosphere.

By Gary Gimmestad

provide the required accuracy. For that reason, active IR remote 
sensing for GHG requires pioneering technology development. 
 The need to monitor GHG emissions on a huge range of 
spatial scales, from point sources to regions spanning hundreds 
of kilometers, presents another problem. The solution is a suite 
of techniques including point sensors, ground-based open-path 
and remote sensors, and spaceborne remote sensors. 
 The international lidar community is rising to these 
challenges. Lidar, or laser radar, is often used to provide range-
resolved profi les of trace gases such as ozone. However, due to 
the challenges outlined above, a variation on the technique 
known as integrated path differential absorption (IPDA) is 
most often proposed for GHG. 
 IPDA uses a pulsed-laser transmitter but it relies on a 
strong backscattered signal from terrain or water (rather than 

Mike Dobbs of ITT, instrument co-principal investigator for 
the ASCENDS project, pours liquid nitrogen that will cool a 
laser detector during one of the test fl ights. 
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atmospheric aerosols), and it only provides one 
data point: the number of trace gas molecules 
in a column from the lidar to the terrain. To get 
the mixing ratio, a measurement of atmospheric 
density is also required, and so a corresponding 
measurement of another gas, usually O2, is required. 

Combination of platforms
  Remote-sensing systems often go through 
evolutionary phases, starting out as ground-
based (usually in mobile vans), later becoming 
airborne, and fi nally spaceborne. All three of 
these measurement platforms have applications 
in GHG monitoring. 
 Ground-based GHG remote sensors are useful 
for monitoring emissions from point sources or 
the concentrations in downwind plumes from 
area sources, which may be as much as 1 kilometer 
wide. Airborne nadir-viewing sensors can be fl own 
across such plumes to infer emission rates, if the 
wind speed can be estimated or measured. This 
technique has been previously demonstrated by 
NOAA for ozone plumes, using an ozone lidar 
and a wind-sensing lidar aboard the same aircraft.

NASA mission
 In its most recent decadal survey for earth 
science, the U.S. National Research Council 
recommended a future space mission called 
ASCENDS (Active Sensing of CO2 Emissions 
over Nights, Days, and Seasons), with the goal of 
monitoring unbiased global atmospheric column 
CO2 amounts (See Earth Science and Applications 
from Space: National Imperatives for the Next 
Decade and Beyond, The National Academies 
Press, 2007). 
  The NASA centers are preparing for this 
planned mission with several lidar development 
efforts. For example, the Goddard Space Flight 
Center has developed an airborne IPDA lidar that 
measures the shape of a CO2 absorption line near 
1.57 microns at up to 20 discrete wavelengths. 
The main reason for resolving the line shape is 
that different parts of it are sensitive to different 
altitudes in the atmosphere. That lidar was fl own 
nine times in 2009 at altitudes of 3-13 km, and 
an extrapolation of the technology’s performance 
showed that a future space-based sensor with the 
desired accuracy appears to be feasible.

 The Langley Research Center has developed 
and fl own a different technology known as the 
multi-functional fi ber laser lidar (MFLL), which 
measures at the center, on one side, and off of the 
CO2 line. MFLL was fl own in eight campaigns in 
2009 at altitudes of 2–8 km and achieved a typical 
accuracy of about ±0.6 % in CO2 concentration.
 In addition to these sensors using precisely 
tuned lasers, other researchers at Goddard are 
investigating a novel broadband approach, in 
which a Fabry-Perot spectrometer is tuned to 
match the wavelength of a whole group of CO2 
absorption lines (see above). The main potential 
advantage of this idea is that one broadband 
laser replaces a suite of lasers with precisely 
controlled wavelengths. A big disadvantage is that 
most of the laser photons are not useful for the 
measurement, and those photons are expensive, 
especially in space.

Global efforts
 The European remote sensing community is also 
pursuing lidar technology for greenhouse gases. 
Investigators at DLR, the German Aerospace 
Center, recently performed a sensitivity analysis 
for spaceborne measurements [G. Ehret et al., 

Where is
the CO2?
While scientists can 
accurately measure 
the amount of carbon 
dioxide in the atmo-
sphere, much about the 
processes that govern 
its atmospheric concen-
tration, where it comes 
from, and where it goes 
remains a mystery. 

Learning more about the 
magnitudes and distribu-
tions of carbon dioxide’s 
sources and the places 
it is absorbed (sinks) 
will help improve critical 
forecasts of increases 
in atmospheric CO2 for 
evaluating options for 
mitigating or adapting to 
climate change.

The Orbiting Carbon 
Observatory (OCO) was 
a NASA mission de-
signed to make precise, 
time-dependent global 
measurements of at-
mospheric CO2 from an 
Earth-orbiting satellite. 
On 24 February 2009, 
OCO failed to reach 
orbit, however. NASA 
now hopes to launch its 
replacement, OCO-2, in 
February 2013.

Goddard researchers are investigating a broadband approach. Using this 
method, the CO2 spectrum appears as green. The Fabry-Perot instrument 
response is in brown. 
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Lidar Tracks CO2
 Continued from page 21

Applied Physics B 90, 593-608 (2008)], predicting that ±0.4 – 
0.6% accuracy could be obtained for total column amounts of 
all three GHGs with an IPDA lidar satellite. 
 In addition, DLR has developed an airborne lidar known as 
CHARM-F (CO2 and CH4 Atmospheric Remote Monitoring–
Flugzeug), and a joint German-French satellite mission known 
as MERLIN (Methane Remote Sensing Lidar Mission) is 
scheduled for launch in 2014. The Merlin investigators point 
out that the greenhouse effect of CH4 is 25 times that of CO2 
and that CH4 concentrations in the atmosphere have more 
than doubled since the start of the industrial revolution (CO2 
has increased by about 30%).
 The European Space Agency is considering a future mission 
called A-SCOPE (Advanced Space Carbon and Climate 
Observation of Planet Earth) to improve our understanding 
of the global carbon cycle and regional carbon dioxide fl uxes. 
Like the NASA systems, A-SCOPE will measure total column 
carbon dioxide with a nadir-looking IPDA lidar. Work on 
critical scientifi c and technology underpinnings for A-SCOPE 
is ongoing, and European lidar researchers intend to propose 
it for a future Earth Explorer mission.
 Researchers in Japan are also developing lidar technology 
for monitoring CO2, including a multi-function system 
operating near 1.57 microns to measure atmospheric pressure, 
temperature, and wind speed, as well as a 2-micron lidar for 
both CO2 and winds. 

–SPIE Fellow Gary Gimmestad is the Glen Robinson 
Chair in Electro-Optics in the Electro-Optical Systems 
Laboratory at Georgia Tech Research Institute (USA) 
where he leads the lidar team. He serves on the 
program committee for the Atmospheric Propagation 
conference at SPIE Defense, Security, and Sensing 
where he will present a talk on lidar in April.

TECHNOLOGY R&D

NOAA’s measurements of CO2 in the atmosphere at an 
altitude of 3400 meters. The red line represents the monthly 
mean values of CO2. The black line represents the same, after 
correction for the average seasonal cycle. The 2010 data was 
preliminary as of press time.

Scientists have recorded increasing atmospheric CO2 off 
Hawaii since 1958. The black curve represents seasonally 
corrected data.
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Recent Monthly Mean CO2 at Mauna Loa
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Dedicated to Optomechanical Engineering and Optomechanical-
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Newsletter includes design, development, fabrication, 
assembly, testing and alignment of instruments 
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SPIE Professional to hold 
prize drawing at member reception
 Join the editor of SPIE 
Professional magazine at the 
SPIE Photonics West member 
reception in San Francisco for 
a chance to win an iPod nano 
or Kindle.
 It’s your member magazine, 
and we want your input on 
future issues. 
 While enjoying dessert 
at the Hilton San Francisco 
Union Square Hotel, spend 
a minute telling us about an 
exciting technology development that other members should 
know about, and you could go home with a new e-book reader, 
music player, or other prize.
 The casual dessert reception is at 8 pm Tuesday, 25 January 
at the top of the Hilton, 333 O’Farrell St.
 Can’t attend? Write to us for an entry form for the drawing 
by 20 January at spieprofessional@spie.org 

SPIE members during the 
January 2010 member 
reception at SPIE Photonics 
West.
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visual warning lights when an aircraft is 
detected. 

Offshore investments
 Many people believe that offshore wind 
turbines are the future of wind power 
production. 
 Spain, the UK, and other European 
countries have several offshore wind 
projects in place or in development. In the 
United States, developers of a 130-turbine 
project proposed for the waters off Cape 
Cod in Massachusetts won federal permits 
for the country’s fi rst offshore wind farm in 
2010 and hope to pave the way for more 
offshore wind projects. 
 Offshore wind turbines need to be more 
powerful than those on land because of 
higher maintenance costs and wind speeds 
on the high seas. This was tricky until sensing 
and monitoring technologies caught up and 
components became more reliable.
 Marie explains that the durability and 
reliability of optical sensors are important 
“because it is diffi cult to access offshore 
wind turbines.” He believes they will fi nd 
a niche market in offshore sensing. 
 “Another area of monitoring, especially 
as wind moves offshore, will be sensors in 
the towers’ base and nacelles,” says Turner. 
 Lidar is also applicable to offshore 
monitoring because it works well over large 
open areas, like the ocean, and is most cost 
effective when used over larger areas.

Power to the people
 One drawback to siting wind farms 
in rural settings or offshore is the long 
distances the power transmission lines must 
traverse. The wind boom in the U.S. states 

Optics & Wind Power
 Continued from page 19 of Washington and Oregon, for example, 

has led to a shortage of substations and 
transmission lines to carry electricity to 
cities where the usage is. 
 Optical transmission and communication 
networks using fi ber optics have turned out 
to be a great fi t for this need. A consortium 
backed by Google, Green Energies, and 
Tokyo-based Marubeni announced a $5 
billion undersea transmission cable project 
off the East Coast of the United States in 
September. Upon completion in 2020, the 
new 350-mile cable will have the capacity 
to carry 6,000 MW of energy – enough 
to power 1.9 million homes, according to 
a press release. The project, dubbed the 
Atlantic Wind Connection, will have an 
underwater cable approximately 17 miles 
off the coastline, from northern New Jersey 
to southern Virginia. 
 As well as getting power to homes 
and industries, communication among 
far-fl ung towers, power stations, and data 
centers is critical. Ethernet protocols 
for wind turbine applications for real-
time monitoring are currently being 
explored by Avago and Phoenix Contact. 
Single-mode transceiver solutions for 
networking turbine router switches are 
also being explored by several companies. 
Transformers and converters using high-
frequency cores and silicon switching 
devices have proven extremely robust 
in wind and wave energy applications.
 Making sure the lines are open, both 
for communication and transmission, 
will allow wind power to continue its 
growth as a viable alternate energy 
option now and into the future. 

–Beth Kelley is a science and technology 
writer.

Tilting at windmills
As happens with any technological change, groups 
have sprung up to oppose wind power.

Some people complain about noise produced by 
turbines in rural areas while others do not like the look 
of wind farms disrupting the landscape or ocean views. 

Some people have voiced concerns about the impact 
on migratory birds, fi sheries, and tourism.  

 Another concern is space, since wind farms typically 
need large open areas.
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Over the past half century, lasers have found their way into 
ophthalmology, oncology, cosmetic surgery, and many areas of 
medicine and biomedical research.

By Siân Harris

ADVANCING THE LASER

The possibility of using light in treating 
illness has been known for thousands of 
years. The ancient Greeks and Egyptians 

used sunlight as a therapy and the two ideas were 
even tied together in mythology, with the Greek 
god Apollo taking responsibility for both light 
and healing.
 However, it has only been since the invention 
of the laser 50 years ago, that the potential of light 
in medicine has really been revealed. 
 The special properties of lasers make them 
much better than sunlight or other light sources at 
targeting medical applications. Each laser operates 
within a very narrow wavelength range and the 
light emitted is coherent. They can also be very 
powerful. The beams can be focused to a very small 
point, giving them a high power density. These 
properties have led to lasers being used in many 
areas of medical diagnosis and treatment.

Lasers repair skin and eyes
 The earliest medical applications for lasers 
were in ophthalmology and dermatology. Just a 
year after the invention of the laser in 1960, Leon 
Goldman demonstrated how a ruby laser, which 
emits red light, could be used to remove port 
wine stains, a type of birthmark, and melanomas 
from the skin.
 This application relies on the ability of lasers to 
operate at a specifi c wavelength. Lasers are now 
widely used in dermatology for things like tumor, 
tattoo, hair, and birthmark removal. 
 “In dermatology, I probably use a dozen 
different lasers,” R. Rox Anderson, an SPIE 
Fellow, dermatologist at the Wellman Center for 

Photomedicine at Harvard University (USA), 
and co-chair of the SPIE BiOS symposium, 
observes in an SPIE video interview. The type of 
laser and the wavelength of its emissions depend 
on the type of lesion being treated and what the 
main absorber is within it. The wavelength also 
depends on the patient’s skin type. 
 “You can’t really practice dermatology — or 
ophthalmology — now without access to lasers. 
They are mainstay tools of what we do for 
patients,” he says.

Pioneer of 
laser medicine 

No talk of laser medicine 
can occur without men-
tioning Leon Goldman, 
known as the “father of 
laser medicine.” 

Just a year after the laser 
was invented, Goldman be-
came the fi rst researcher to 
use a laser to treat a human 
skin disease. The technique 
he used paved the way for 
later developments in laser 
dermatology. 

His research also led to the 
application of the ruby laser 
in retinal surgery in the mid 
1960s and to discoveries 
such as lasers being able 
to simultaneously cut skin 
and seal blood vessels to 
restrict bleeding.

Goldman, who worked for 
much of his career as a der-
matologist at the University 
of Cincinnati, founded the 
American Society for Lasers 
in Medicine and Surgery 
and helped lay the founda-
tions of current safety 
assessments of lasers. He 
died in 1997.

Patients with certain forms of macular degen-
eration can be helped with laser surgeries such 
as laser photocoagulation and photodynamic 
therapy. In a laser photocoagulation procedure 
(above), a laser beam is used to seal leaky blood 
vessels and slow abnormal vessel growth under 
the macula. Illustration © JirehDesign.com

Macular
degeneration

Laser
beam

Abnormal
vessel growth
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ADVANCING THE LASER

 The use of lasers for vision correction and a 
wide variety of ophthalmology applications grew 
after Charles J. Campbell in 1961 became the fi rst 
physician to use a ruby laser to treat a human patient 
with a detached retina. Later, ophthalmologists used 
argon lasers (which emit green-wavelength light) 
to treat detached retinas. This application uses the 
properties of the eye itself–specifi cally the lens–to 
focus the laser beam onto the area where the retina 
has become detached. The highly-localized power 
from the laser causes the retina to reattach. 
 Similar experiments had been tried in the 
1940s with sunlight, but doctors required the 
unique properties of lasers before the work was 
a success.
 Another medical approach, also with argon 
lasers, is used to stop internal bleeding in patients. 
Green light is selectively absorbed by hemoglobin, 
the pigment in red blood cells, in order to seal off 
bleeding blood vessels. This can also be used in 
cancer treatment to destroy blood vessels entering 
a tumor and deprive it of nutrients.
 “None of these applications could be done 
with sunlight,” points out SPIE Fellow Abraham 
Katzir, director of the Applied Physics Group 
at Tel Aviv University (Israel). “Medicine is 
very conservative—as it should be—but the 
laser is gaining acceptance in many medical 

disciplines. In many applications lasers are 
replacing traditional tools.”
 Both ophthalmology and dermatology have also 
benefi tted recently from excimer lasers, which 
emit in the ultraviolet range. These lasers have 
become widely used to reshape corneas (LASIK) 
so that patients no longer need to wear glasses. 
They are also used in cosmetic surgery to remove 
spots and wrinkles from the face.

Profi table cosmetic surgery
 Such technology developments are inevitably 
popular with commercial investors due to the 
huge revenue potential. The analyst fi rm Medtech 
Insight estimated in 2008 that the market for 
energy-based aesthetic devices would be worth 
more than $1 billion by 2011.
 Indeed, despite a decline in overall demand 
for medical laser systems during the global 
recession, laser-based cosmetic surgeries continue 
to be in regular demand in the United States, 
the dominant market for medical laser systems, 
according to a September 2010 Global Industries 
Analysts report. 
 “The biggest profi t area is really cosmetic, and 
because of the potential earnings, these areas 

James Fujimoto with a high-resolution, 3D image generated using a laser in combination with the 
OCT system he co-developed in the early 1990s at MIT.
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Miniaturization
brings changes 
to laser surgery
“When I fi rst used a 
2-micron laser, it was 
the size of a king-sized 
bed and liquid-nitrogen 
cooled. Now we have 
diode lasers that can fi t 
into the hand and fi ber 
lasers that are even 
smaller,” says Leon 
Esterowitz, biophotonics 
program director at the 
National Science Foun-
dation (USA). This kind 
of change is paving the 
way for new applications 
and developments. 

“One of the future ap-
plications is going to 
be very small lasers 
for brain surgery,” he 
predicts.

Technological advances 
are also driving down 
costs. Just as lasers 
have become everyday 
components in house-
hold appliances, they are 
playing more of a key 
role in the equipment 
found in hospitals.

“Previously, laser 
systems were very 
large and complicated 
equipment. Now people 
are starting to make 
some components out 
of optical fi bers. This 
decreases the cost, and 
going to the nanoscale 
will also reduce costs,” 
Esterowitz says.
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will continue to be big,” says Leon Esterowitz, 
biophotonics program director for the National 
Science Foundation (USA). His main interests 
for NSF lie in a different area though. “I am 
most pushing detecting cancer very early. There 
are some very serious diseases that if you don’t 
detect them very early, the prognosis is very bad, 
especially things like pancreatic and ovarian 
cancer.”

Laser imaging and diagnosis
 Lasers have a major role to play in the early 
detection of cancer as well as many other diseases. 
For example, in Tel Aviv, Katzir’s group is looking 
at infrared spectroscopy using IR lasers. This is 
interesting, according 
to Katzir,  because 
cancer and healthy 
t i s s u e  m a y  h a v e 
different transmissions 
in the IR range.
 One promising application of the technique 
is to measure melanomas. With skin cancers, 
early detection is very important for the patients’ 
survival rates. Currently melanoma detection is 
done by eye, so relies on the skill of the physician.

 “In Israel  every 
year, we have a day 
when everybody can 
go for free melanoma 
screenings. Two years 
ago we took our system 
to one of the big health 
centers and were able 
to see a difference in 
the IR between the 
suspect but benign 
marks and the actual 
melanomas,” Katzir 
says.
 Katzir, who organized 
SPIE’s fi rst conference 
on biomedical optics 
in 1984, and his Tel 
Aviv group have also 
developed opt ica l 

fi bers that are transparent at IR wavelengths so 
that the technique can be extended to internal 
investigations. It could provide a quick and 
painless alternative to cervical smear tests in 
gynecology, for example.
 Laser-based systems are also starting to replace 
the x-rays traditionally used in mammography. 
Using x-rays poses a challenge: high intensities 
are needed to be able to detect cancers well, but 
as the intensity of the x-ray is raised, so is the risk 

of the x-ray itself causing cancer. The alternative 
being studied is to use very fast laser pulses to 
image breasts as well as other parts of the body 
such as the brain.

OCT for eyes and beyond
 There is much enthusiasm about the potential 
of optical coherence tomography (OCT) in many 
areas of medicine. This imaging technique can 
give high-resolution (on the order of microns), 
cross-sectional, and three-dimensional images of 
biological tissue in real time, using the coherence 
properties of laser light. OCT is already used in 
ophthalmology and can, for example, enable 
ophthalmologists to see a cross section of the 
cornea to diagnose retinal disease and glaucoma. 
It is now beginning to be used in other areas of 

medicine too.
 “One of the big areas 
that’s emerging (for 
OCT) is fiber optic 
imaging of arteries,” 
s ay s  SPIE  Fe l low 

Jim Fujimoto of Massachusetts Institute of 
Technology (USA), a co-inventor of the 
technology. Fujimoto, also a symposium chair at 
BiOS, discusses his work with OCT in a SPIE 
Newsroom video linked to this article online. 
OCT can be used to assess unstable plaque that 
is prone to rupture.
 Anderson of Harvard agrees about the potential 
of this technique. “I’m very excited about OCT 
as an imaging tool for looking at heart vessels. 
Cardiologists have never been able to see what 
they are doing. Giving them eyes is a good thing 
to do,” he says.

In vivo microscopy
 Lasers also play a key role in many different 
types of microscopy. There have been many 
medical developments in this area and the aim is 
to be able to see what is going on inside the body 
without cutting the patient open.
 “Right now the most sophisticated way to 
remove a cancer is to have the surgeon run back 
and forth to the microscope to see if he’s got it 
all,” says Harvard’s Anderson. “The opportunity 
to do in vivo microscopy and have that happen 
in real time is very strong.”
 One example of an emerging area in medical 
applications is scanning near-field optical 
microscopy, which can produce images with a 
resolution much greater than that obtained from 
standard optical microscopes. This technique is 
based on optical fi bers that have been etched at 
their tips at a smaller scale than the wavelength 
of the laser. This enables sub-wavelength imaging 
and paves the way for imaging biological cells.

ADVANCING THE LASER

 Continued from page 25 

Lasers in Medicine

You can’t really practice 

dermatology or ophthalmology 

now without access to lasers.

Other laser uses
in medicine 
• Urologists can treat 

urethral strictures, 
benign warts, urinary 
stones, bladder 
obstructions, and en-
larged prostates with 
lasers.

• Neurosurgeons use 
lasers for precision 
cutting and endo-
scopic guidance into 
the brain and spinal 
cord.

• Veterinarians make 
use of lasers for en-
doscopic procedures, 
photocoagulation 
of tumors, excision, 
and photodynamic 
therapy.

• Dentists use lasers for 
drilling cavities, gum 
surgery, antibacte-
rial treatments, tooth 
desensitization, and 
orofacial diagnostics. 

SPIE Newsroom
The SPIE Newsroom is a 
great source of news and 
technical articles about 
lasers and their use in 
medicine and industry. 
Go to spie.org/newsroom
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ADVANCING THE LASER

 Katzir and colleagues are looking at a version 
of this technique with IR lasers. “We want to 
do imaging of individual cells in the IR and 
maybe see the sub-cell structure,” says Katzir, 
who sees applications of this in understanding 
Alzheimer’s disease, cancer, and other changes 
in cells.

PDT and other treatments
 Developments in optical fi bers are helping 
extend the potential uses of lasers in other ways 
too. In addition to enabling imaging techniques 
within the body, these enable the energy of the 
laser to be transmitted to wherever it’s required. 
The same optical fi ber used in diagnosis could 
also be used in treatment. Esterowitz of the NSF 
predicts an increasing use of fi ber optics in medical 
applications. “Fiber lasers are getting much more 
advanced. In the future this will be a big change 
in medicine,” he says.
 The area of photomedicine, using light-
sensitive chemicals that act with the body in 
particular ways, also enables lasers to be used in 
both diagnosis and treatment. In photodynamic 
therapy (PDT), for example, a laser and a photo-
sensitive drug can restore vision for patients 
with the “wet” form of age-related macular 
degeneration (AMD), the leading cause of legal 
blindness in people over the age of 50. 
 In oncology, some porphyrins will accumulate 
in cancers and fl uoresce if illuminated with a 
particular wavelength of light to show where 
the cancer is. If these same compounds are then 

Laser tweezers
Optical tweezers, cell 
sorters, and a host of 
other laser-based tools 
are used by biomedical 
researchers around the 
world. Laser tweezers 
promise better and 
faster cancer screening 
and have been used 
to trap everything from 
viruses, bacteria, small 
metal particles, and 
strands of DNA.

Optical tweezers use 
laser light to hold and 
rotate microscopic 
objects, similar to the 
way we use metal or 
plastic tweezers to pick 
up small and delicate 
objects. Individual 
molecules can be ma-
nipulated by attaching 
them to a micron-sized 
glass or polystyrene 
bead. When a laser 
beam hits the bead, its 
light bends and exerts 
a small force on the 
bead, pulling it directly 
into the center of the 
beam. 

This creates an “optical 
trap” which is able to 
hold the small particle 
at its center. 

SPIE offers laser papers 
Hundreds of research papers involving lasers 
will be presented at SPIE Photonics West 
in San Francisco 22-27 January. Read more 
about Photonics West on page 43.

During the year-long celebration of the 
50th anniversary of the laser, SPIE has 
made available numerous papers and other 
resources about the laser’s role in daily life. 
See www.AdvancingtheLaser.org. 

illuminated with a different wavelength they 
become toxic and kill the cancer cells. 

Personalized medicine
 Another future area of medicine that Esterowitz 
anticipates for lasers is genetics and epigenetics. “In 
the future things will go to the nanoscale and this 
will enable us to do medicine at a cell level. Lasers, 
which can operate at femtosecond pulses and be 
tuned to exact wavelengths, are perfect partners 
for this,” he says. This, he predicts, will open the 
door for personalized medicine, based on what is 
discovered about patients’ individual genomes, and 
even changing the genes themselves. 

–Siân Harris is a science and 
technology journalist based in 
the UK. Her PhD in chemistry 
is from University of Bristol. 
Find multimedia files and other 
resources for this article at spie.org/
spieprofessional. 

In one type of photodynamic therapy, left, patients are injected with a light-activated drug called a 
photosensitizer which is selectively retained by cancer cells. Doctors then use fi ber-optic probes to 
expose the cancer to laser light. This activates the photosensitizer and produces a toxic reaction that 
destroys the tumor without irreparably damaging the surrounding normal cells. At right, laser twee-
zers are used in biomedical research.
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Recognizing cutting-edge 
products that break conventional 
ideas, solve problems and 
improve life through photonics.

PrismAwards.org

Sponsored by

SPIE and Photonics Media wish 
to thank and congratulate
all the Prism Award Finalists.

Winners Announced January 
2011 at SPIE Photonics West

Join the gala celebration in San 
Francisco. Join 350 industry 
leaders, top executives and 
scientists for an enjoyable and 
important industry event. 

Prism Award Presenters Include: 

TICKETS $75
TABLE OF TEN $700

BANQUET & AWARD 
CEREMONY

6:30 pm Cocktail 
Reception

7 pm Dinner & 
Awards Ceremony

3RD ANNUAL PRISM AWARDS 
FOR PHOTONICS INNOVATION

WEDNESDAY 
26 JANUARY 2011

Hilton 
San Francisco 
Union Square 
Level B, 
Continental Ballroom
San Francisco,   
California

Stuart Schoenmann
CEO CVI Melles Griot

Milton Chang
Managing Director of 
Incubic Management

Robert Edmund
CEO and Chairman of 
Edmund Optics 

TO PURCHASE TICKETS OR GET ADDITIONAL INFORMATION 

EMAIL: innovation@spie.org
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Prism Award Finalists

The 2010 Prism Awards for Photonics Innovation (PrismAwards.org) will be presented by SPIE 
and Photonics Media at a gala banquet Wednesday 26 January during SPIE Photonics West.
The majority of the companies whose products made the fi nalists list will be exhibiting at 

the annual event in San Francisco.
 This global competition recognizes photonics products that have been judged as promising,  
innovative solutions for the industry. The fi nalists in the nine categories below were chosen by a 
panel of independent experts.

Defense and Security
Block Engineering†

LaserScan
CVI Melles Griot†

Xsquared™ High Extinction Plate Polarizer
Headwall Photonics†

Hyperspec Point & Stare Sensor

Detectors, Sensing, Imaging, 
and Cameras
Ball Aerospace & Technologies
Electronically Steerable Flash Lidar
General Electric
TrueSense Personal Water Analytics
Specim, Spectral Imaging Ltd.†
Thermal hyperspectral imagers

Industrial Lasers
Amplitude Systemes†

Tangerine
IPG Photonics†

YLR-150/1500-QCW-AC
Raydiance†

Smart Light Active Pulse Management

Information and Communication
PHOTONIS USA
Optical Receiver Module
Pixel Qi Corp.
3Qi Screen

Life Sciences and Biophotonics
Genia Photonics†

Synchronized Programmable Picosecond Fiber Laser
JenLab GmbH†

MPTfl ex
PHOTONIS USA
Gen2 UltraFast™ Time-of-Flight Detector

Optics and Optical Components
Edmund Optics†

TECHSPEC Plastic Hybrid Aspheric Lenses
Molecular Technology GmbH (MolTech)
Focal-piShaper Beam Shaping Optics
Semrock†

VersaChrome Tunable Bandpass Filters

Other Light Sources
Energetiq Technology†

EQ-99 LDLS™ Laser-Driven Light Source
Innovations in Optics†

1240B-100 UltraViolet LED Projector
Texas Instruments†

DLP LightCommander

Scientifi c Lasers
Coherent†

Legend Elite Duo HP
EKSPLA†

NT200 series nanosecond tunable 
wavelength lasers
MPB Communications/
European Southern Observatory†

Visible Raman Fiber Amplifi er

Test, Measurement, Metrology
4D Technology Corp.†
PhaseCam Sq Dynamic White Light 
Interferometer
Anasys Instruments Corp.
nanoIR
Lumen Dynamics
formerly EXFO Life Sciences & 
Industrial Division
X-Cite XP750

Industry @
SPIE
Photonics 
West
Two exhibits at SPIE 
Photonics West provide 
a venue for gathering 
information on the state 
of the art in the laser 
and photonics industry.

The Photonics West ex-
hibition, 25–27 January, 
is North America’s 
largest covering light-
driven technologies. 
Some 1100 suppliers, 
technology clusters, 
and industry asso-
ciations have reserved 
space in San Francis-
co’s Moscone Center, 
including hundreds of 
companies that will 
launch new products 
there. 

The Biomedical Optics 
(BiOS) exhibition runs 
over the weekend, 
22-23 January, and 
features nearly 200 
companies in the bio-
medical and biopho-
tonics industry.

†Exhibitors at Photonics West
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An Edmund Optics 
vision inspection PV 
subassembly

Optical innovations are spurred by the growing 
market in Germany.

By Thomas Kessler and John Cleather

Photonics Market 
Blossoms in the 
Heart of Europe

The Business View from Edmund Optics

With its reputation for efficient manufacturing, technical 
innovation, and product development, Europe has emerged as a 
leader in the global photonics market. Sitting at Europe’s heart, 

Germany is home to many of the industry’s major players and is pushing 
the boundaries in several applications. Energy, imaging, metrology, and 
life sciences are major photonics applications now, with others such as 
automotive on the rise.
 A survey by market analyst Optech Consulting estimated that the total 
sales generated by German companies with optical technologies in 2008 
were a staggering €23.1 billion. Of this, more than half comes from energy, 
imaging and metrology, and medical and life sciences. 

Energy and inspection markets
 In energy technology, Germany has the largest end market for photovoltaic 
(PV) cells worldwide today and is a major developer. According to Optech 
Consulting, 23% of Germany’s 2008 optical market — over €5.3 billion — 
was related to energy technology, with government subsidies a major driver. 
While China has the number one company supplying PV cells, fi ve of the 
top 10 companies are German. Even the lone US-based company on the 
top-10 list — First Solar — has a major production site in Germany. 
 Silicon remains the dominating technology in today’s PV market and 
is certainly the focus in Germany. Other countries are investing in new 
technologies such as concentrator photovoltaics (CPV), which uses optics 
to focus sunlight onto a small area. 
 There is little doubt that CPV will become increasingly important as time 
progresses. Behind closed doors, established silicon players will certainly be 
researching CPV, but for now silicon reigns.
 The next-largest optical market in Germany, at 18% or €4.2 billion, is 
imaging and metrology using machine vision. Industries such as PV cell 
production are helping drive new development in both vision systems and 
the optics that support those systems. 

 Edmund Optics works with vision-integration partners who design 
complete vision systems to defi ne the cameras and lenses used for 

inspection in bulk- and thin-fi lm silicon PV-cell fabrication. 
In the case of CPV, EO supplies components for collecting 
and focusing solar energy, including concentrator lenses, 

light pipes, and mirrors. Additionally, innovations 
such as EO’s micro video lenses now support high 

throughput automation.
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Biotech and medical 
 Germany, France, Spain, Italy, and other 
countries in western Europe are taking leading 
roles in the third largest optical market in the 
Optech survey, biotechnology. Germany, by itself, 
has created an optics market worth €3.5 billion 
for medical technology and life sciences. 
 A major application for a large, fast-growing 
biotech company is biomolecular analysis based 
on fl uorescence measurements. Achieving high-
precision, quantitative measurement in this 
application typically 
requires a pair of fi lters, 
one for the excitation 
path and one for the 
detection path. Both 
fi lters need to be cutting 
edge in terms of transmission, spectral profi le 
accuracy, and blocking performance. Edmund 
Optics’ advanced plasma reactive sputtering 
coating technology is making generations of such 
optical fi lters less custom and more routine.
 A good example of a medical application 
driving optical innovation is the DNA blood 
analyser, which works with a drop of blood and 
a specifi c reagent on a glass slide. The sample 
absorbs a particular wavelength of light or emits 
a telltale fl uorescence that fl ags the presence of a 
specifi c disease. These systems require a signifi cant 
number of high-precision optical elements, 
including fi lters to pinpoint a narrow excitation 
or emission wavelength and lenses to focus light 
from a laser or lamp onto a sample.
 Another medical application with increasing 
traction is intra-oral cameras for dental professionals 
wanting to automate the manufacture of dental 
inlays. The camera replaces the conventional 
process of taking a dental imprint and manually 
forming the inlay with a 3D intra-oral imaging 
technique. The new technique directly transfers 
the recorded image into electronic vector data 
that feeds into a CNC machining system and 
automatically generates the inlay.

Auto and academic 
 While such medical, imaging, and energy 
applications currently represent the majority of 
the optics market, there are many other growing 
applications that demand optical innovation. 
For example, machine vision systems 
using advanced telecentric lenses play 
a significant role in automating car 
manufacturing. Innovative optics are also 
being integrated into cars as a value-add 
for features such as driver-assistance systems 
with lane-departure warnings, optical-distance 
measurement, and road-sign recognition. (See Road 
to the Future, SPIE Newsroom, spie.org/autos)
 Such features are appearing in many new cars 

and represent a growing opportunity to companies 
across the breadth of the optics market. Not only 
do these driver-assistance systems require optical 
components such as lenses, prisms, and fi lters, 
they also require cameras and image-processing 
software. Like many other optical manufacturers 
and suppliers, Edmund Optics has partnered with 
automotive market suppliers and is optimistic 
about this market going forward.
 Edmund Optics has found that the academic 
market across Europe is also very important. It 

is, in fact, the largest 
single market that EO 
addresses. 
 Further, EO believes 
that this market will 
not see saturation any 

time soon. A shortage of skilled young engineers 
across the continent is prompting continued 
further investment in the academic area. 
The resource at stake is human capital, and 
governments across Europe will continue to invest 
in high-level, technical education. 

–Thomas Kessler is executive vice 
president, Global Sales at Edmund 
Optics and is based in the company’s 
Karlsruhe, Germany, offi ce. His 
PhD in physics is from J.W. Goethe-
Universität in Frankfurt/Main.

–John Cleather has been managing 
director of the UK offi ce since its 
inception.

EO grows with EU
The importance of optics in 
European industry, especially 
Germany, has prompted 
Edmund Optics to increase 
its decade-long presence in 
Europe. Starting with offi ces 
in the UK, the company has 
since expanded into Ger-
many and Italy to support its 
catalogue-based business. 

As a supplier of stock and 
custom components, EO is 
providing the optical ele-
ments that enable many of 
the products and technolo-
gies that are fueling growth 
today. 

The photovoltaic, imaging 
and machine vision, and 
biotechnology markets are 
the major markets today 
and academic investments 
ensure that new markets will 
continually be on the rise. 

Industry
perspectives at 
Photonics West
Executives from several 
top optics companies will 
give their perspectives on 
the international optics and 
photonics market at an 
industry event 26 January 
at SPIE Photonics West in 
San Francisco. Tom Hausken 
of Strategies Unlimited will 
moderate.

Confi rmed panel members 
are: 
• Robert Edmund, Edmund 

Optics
• Kenneth Kaufmann, 

Hamamatsu Corp.
• Timothy Morris, TRUMPF 

Inc. 
• Stuart Schoenmann, CVI 

Melles Griot
• Mark Sobey, Coherent
• Dennis Werth, Newport 

Corp.

The aging population in many 

European nations is a factor in 

the growth of biotechnology.

Do you have a Business View 
to share in future issues of 
SPIE Professional? Write to us 
at spieprofessional@spie.org.
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Eco-Innovation 
Optics and photonics companies are well positioned to eco-innovate 
and improve their profi ts and the profi ts of their customers.

By Rosemarie Szostak

Better, cheaper, faster will always bring 
customers to your door. But if you want to 
stay ahead of the pack, your new products 

should also be environmentally sustainable. 
 The biggest misconception in the marketplace 
is that environmentally sustainable products and 
services are inherently more expensive and only 
target the tree-hugging boutique customer. They 
are not and do not. 
 Following sustainability principles can improve 
products’ value, reduce manufacturing and 
shipping costs and, in an increasing number of 
markets, comply with “green” mandates. 
 Are you aware that U.S. patent applications 
that will materially enhance the quality of the 
environment or “contribute to the development 
or conservation of energy resources” can be 
petitioned to be “made special,” or given priority 
examination, without a fee? Many sustainable 
inventions fi t in one of these categories. 
 The optics and photonics fi eld is well positioned 
to eco-innovate across a large swath of industries 
including solar energy, lighting, production 
technologies, and optical communication. 
Companies taking up this green challenge are 
steadily improving their own and their customers’ 
profi ts by reducing carbon emissions and providing 
better, more cost effective products. They get it.

The C2P conundrum
 Have teen-agers in your household? Then you 
may have seen your electric bill steadily rise with 
each computer, gaming console, and smart phone 
they add to their arsenal of must-have gear. As a 
prudent consumer, we typically cost-compare before 
purchasing any new widget. Now, we are also asking 
how these products will affect our energy bills.
 Industry is asking the same questions. How can 
costs be minimized, capacity optimized, and power 
requirements reduced? This challenge is not for 
the faint of heart, but it’s a win-win solution for 
those willing to consider the environment as a 
critical component of the solution.
 Alcatel-Lucent has taken up this challenge by 
fi rst tracking the cost-to-power (C2P) requirements 
across the different layers in the optical transportation 
network. The company reported in a 2009 white 

Eco-regulations
More and more govern-
ments are enacting 
requirements for energy-
effi cient products, iden-
tifi cation of chemical 
substances used in the 
manufacturing process, 
and environmentally 
safe disposal of elec-
trical and electronic 
equipment, creating 
new compliance and 
marketing challenges.

For example, the 
European Union now 
requires electrical and 
electronic devices and 
heating equipment 
to be designed to be 
more energy-effi cient, 
and products that use 
electricity must reduce 
their environmental im-
pact across their entire 
lifecycle.

A large push toward 
product-oriented regula-
tions is evident in China, 
India, and South Korea. 
And Latin America has 
witnessed an explosion 
of rules requiring the 
private sector to take 
responsibility for con-
sumer product waste 
disposal. 

To position your com-
pany for a future of 
stringent environmental 
regulations and greater 
customer awareness 
of their environmental 
footprint, evaluate your 
technology portfolio for 
energy, water, and mate-
rial use.

paper that, as data traffi c increased, most of it did 
not require the higher, more power-intensive levels 
to move data. A traffi c cop, an intelligent multilayer 
architecture, one that can automatically direct 
traffi c to the lowest level of switching required, 
could improve energy effi ciency. The three key 
components are bandwidth, network availability, 
and service requirements.
 Combining this with new operation, 
administration, and management (OAM) tools 
that work at the photonic level and improving 
thermal effi ciency of the system allowed Alcatel-
Lucent to eco-innovate and shed some new light 
on communication technology effi ciency while 
improving cost and bandwidth availability.

Light control meets C2P 
 Optical fi bers we use today can transmit data 
at light speed, but the devices we use to route and 
process that data still require converting those light 
signals to electronic signals. Recent breakthroughs 
are projected to lead to the next generation of 
lower-power, all-optical data systems. 
 In 2008, Japanese researchers showed they 
could slow the speed of light 170x. Researchers 
at University of California, Santa Cruz, and 
Brigham Young University have ramped that up 
an order of magnitude. They reported in Nature 
Photonics (November 2010) slowing the speed 
of light by a factor of 1200 using an atomic 
spectroscopy chip. Their new optical device relies 
on quantum interference effects with a rubidium 
vapor inside a hollow-core optical waveguide 
built into a silicon chip. It can be produced using 
standard manufacturing techniques. Although 
the goal of the research wasn’t to save energy, 
researchers acknowledge that the device has low 
energy requirements. 
 Commercial manufacturing methods have been 
making rapid improvements in energy effi ciency, 
reduced water requirements, and minimized 
toxic-waste streams. Thus, the ability to build new 
technology using conventional methods eliminates 
the need to reinvent the green wheel. Time will 
tell whether this new technology represents the 
disruptive one that opens up a plethora of devices 
and apps we must purchase for our teens while 

More on
eco-innovation
Read more online about 
regulations and initia-
tives related to green 
technologies in the 
extended version of this 
article. Go to spie.org/
spieprofessional 
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simultaneously providing our planet with less energy-intensive 
ways to communicate.

Even patents are going green
 Of course, using present manufacturing methods isn’t the 
only way to be environmentally sustainable. Open innovation, 
a paradigm that assumes that companies can use external as well 
as internal ideas and markets to advance their technology, has 
spawned a green cousin, open eco-patents.
 The Eco-Patent Commons (tinyurl.com/ecopatents) was 
launched in 2008 by companies such as HP, IBM, Nokia, Pitney-
Bowes, Sony, Xerox, DuPont, Dow 
Chemical, and Bosch in collaboration 
with the World Business Council for 
Sustainable Development. It began 
with IBM donating 31 environmental patents to the public 
domain, and it now has more than 100 patents. These eco-
patents include refrigerants and heat transfer agents, remediation 
technologies, and electrical energy management controls for 
improved fuel effi ciency. 
 Anyone who wants to bring environmental benefi ts to market 
can use the Commons’ patents to improve environmental 
performance of their product, protect the environment, 
and ultimately enable collaboration that fosters the next 
generation of greener innovations. Another marketplace for 
sharing intellectual property is the GreenXchange, launched 
in January 2010. 

Is your technology sustainable?
 Does your development pathway have environmentally neutral 
attributes? Does it reduce resource needs? When commercialized, 
what would your product’s environmental footprint look like?  
 This economic downturn is an excellent time to evaluate 
the greenness of your technology and patent portfolio. The 
intersection of environmental sustainability and innovation is also 
about reduction, which can also mean a reduction in expenses.
 Identify patents in your portfolio that may not be well 
positioned for a move to a sustainable economy future 
or that represent outdated, environmentally unfriendly 

technologies. Focus on developing 
energy-effi cient, less polluting, or 
cleaner technologies. These might 
be the gems that could be in demand 

in the next fi ve to 10 years as we move away from petroleum, 
toward higher levels of recyclable content and fewer chemicals 
that are toxic or persistent in the environment. 

–Rosemarie Szostak, formerly of the Georgia 
Technology Research Institute, is a technology and 
innovation analyst for Nerac, advising companies 
on energy, materials, and sustainable design. 
She previously managed the Philip Morris USA 
Environmental Footprint Program and served as 
a program manager for DARPA. She earned her 
PhD in chemistry at UCLA.

Open eco-innovation has 

spawned open eco-patents.
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Math teachers and students in Florida get hands-on training to guide 
and inspire the next generation of scientists and engineers. 

By Beth Kelley

In today’s networked, integrated world, 
innovative ideas and breakthrough projects 
are frequently created through a combination 

of different technologies and topics of research 
and collaboration among a variety of businesses. 
That’s why SPIE and its members emphasize and 
advance an interdisciplinary approach to the 
science and application of light.
 Some education systems, however, have seemed 
to miss the boat on this concept by continuing 
to teach subjects in a compartmentalized way, 
teaching math as if it were an isolated concept 
and not connected to everyday applications. 
This is not good, since numerous studies have 
demonstrated that students learn more with 
dynamic representations and hands-on, real-life 
projects than with traditional approaches.
 Teaching math skills early is crucial for an 
innovative society; studies have also shown that 
success in middle school mathematics is key to 
students’ later educational success, high school 
graduation, and pursuit of careers in science, 
technology, engineering, and math (STEM) 
fields. And math, of course, is fundamental 
in optics and photonics for designing lenses, 
measuring optical components, angles, and 
aberrations, and understanding the laws of 
refl ection and refraction. 
 Some technology companies are reaching 
out past their traditional business and research 
partners and are taking an active role in educating 
the next generation of engineers and optical 
scientists, either by volunteering at schools, or 
by helping develop effective curriculum for math 
and science teachers. 

Soccer and math
 One example is the SunBay Digital Math 
program, developed by SRI International 
in collaboration with University of South 
Florida St. Petersburg (USFSP) and the Pinellas 
County School District in Florida where it was 
implemented as a pilot program in 2009. 
 Geared towards middle school students, the 

SunBay program uses technology and other tools, 
not just the traditional lecture-and-notes system, to 
help students learn advanced math. For example, 
classes of 7th-grade students in Pinellas County have 
completed a “Managing the Soccer Team” project 
using real-world scenarios. They learned about rates 
and proportionality by fi guring out how to move a 
typical soccer team from one city to another during 
the season using the least amount of time and fuel. 
The curriculum also includes having the students 
graph the players’ improvements during practice 
sessions and calculate such things as a player’s rate 
of speed in a dash, ticket revenue for home games, 
and equipment costs.
 That project employed SimCalc MathWorlds™ 
software, designed by the late James Kaput, a 
pioneer in improving math education.
 While many students don’t take advanced math 
until their last years in high school, the SunBay 
algebra and advanced math materials are designed 
for students in middle school or early high school. 

How it works 
Finding the right partners 
and team players is key 
to building a collaborative 
program like SunBay. 

“Technology alone is not 
a silver bullet,” says SRI’s 
Phil Vahey. “We have to 
integrate efforts with dis-
trict capability and needs 
as well as with teacher 
professional develop-
ment. SRI is uniquely sit-
uated, since we’ve been 
investigating the use of 
technology in science, 
technology, engineering, 
and math education for 
two decades.”

Universities with knowl-
edgeable education 
faculty provide the critical 
bridge of research and 
practice to support the 
teachers in the schools 
and make the programs 
sustainable, says Vivian 
Fueyo, dean of the 
College of Education at 
USFSP. 

An integrated approach 
that includes curriculum, 
technology, and teacher 
professional development 
is also important. To build 
a similar program, Fueyo 
recommends:

• Use evidence-based 
curricula

• Implement university-
based teacher 
professional 
development

• Maintain a close 
coordination with 
the local school 
district

• Focus on sustainable 
change

EDUCATION

George Roy, Phil Vahey, and Nicole Collier of 
USFSP work on the SunBay training program for 
teachers

e Collier of

Photo courtesy USFSP
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University partnership 
 SRI had already run a pilot project in Texas, 
beginning in 2003, and found it to be very 
successful at engaging kids and teaching higher 
math. “After the Texas effectiveness study, the 
next step in our program was to roll it out at the 
district level,” says Phil Vahey, senior scientist 
at SRI International’s Center for Technology in 
Learning (CTL). 
 The program moved to Florida where Vivian 
Fueyo, dean of the College of Education at 
USFSP, and George Roy, assistant professor of 
math education, became the leads to implement 
the SunBay pilot program in Pinellas County. 
Fueyo and Roy are also co-principal investigators 
on a research project studying the effectiveness 
of the program.
 Roy, a former middle-school teacher who 
is National Board-certified in middle school 
mathematics, was a good fi t for the new program. 
“I had the practical background that was vital in 
implementation of the program,” he says. Roy and 
fellow professor Andy Reeves worked with SRI 
to adapt the digital mathematics materials that 
were used in Texas to align with Florida’s Next 
Generation Sunshine State Standards. 

Teachers need training, too 
 The Helios Foundation, Pinellas County Schools, 
and the Pinellas Education Foundation funded 
the pilot program, and the USFSP team recruited 
teachers to participate in the project. The university 
partners were also responsible for teacher professional 
development, engaging teachers in co-design of 
digital math units, and supporting teachers in their 
use of the technology-based materials.
 Teachers participated in workshops over 
the summer to learn about the curriculum and 
software and to implement the SunBay program 
during the 2009-2010 school year. 
 “The goal was to teach teachers how to teach 
math better using the technology and using the 
mathematics, providing a layered approach,” 
Fueyo says. This approach was fairly unique since 
teachers are often introduced to a new curriculum 
with little to no training, and the teacher must 
often learn alongside the student on how best to 
use it. With the SunBay program, teachers were 
confi dent in presenting the curriculum to the 
students because they had been provided with 
hands-on training and ideas on how to integrate 
the technologies into the lessons.
 As part of the study of effectiveness of the 
program on student learning, the USFSP team 
also developed a teacher observation protocol 
to measure the teachers’ knowledge of the 
technological and pedagogical content and 
see how the teachers were implementing the 
technology in their math curriculum. 

 While some teachers stuck strictly 
to the laid-out lesson plans and others 
integrated their own ideas into the 
course structure, both strategies were 
found to be effective in teaching 
students the materials.
 The preliminary research data 
collected at the end of the school 
year found that Pinellas students had 
statistically identical learning gains to 
the students who used SunBay materials in Texas. 
In both Florida and Texas, there were consistent 
gains across student demographics, including 
ethnicity and prior math achievement. 
 “We also found learning gains using a unit 
on geometric similarity,” Vahey says. The data 
from units using the SimCalc and Geometer’s 
Sketchpad software indicate that the SunBay 
Digital Math approach “can be used across 
multiple math topics to increase middle school 
students’ procedural knowledge and conceptual 
knowledge,” he said.
 USFSP’s participation in the project also 
contributed to creating an improved professional 
development and learning community for the 
teachers throughout Pinellas County, not just for 
teachers involved in the SunBay program.

Sustainable practices
 Even with the huge success of the pilot program, 
the Florida schools knew they needed to make this 
program more cost-effi cient and not dependent on 
outside funding. USFSP College of Education was 
charged with creating an ongoing and sustainable 
program, and creating a strategic plan for using 
the technology and teaching best practices for 
mathematics. 
 While the USFSP team is continuing to make 
adjustments, Pinellas school district has agreed 
to continue teaching the curriculum. A new 
group of teachers was trained in mid-August, 
and the second round of the program began in 
September 2010. 
 The USFSP College of Education is also 
currently designing a certifi cate program in Middle 
Grades Digitally Enhanced Mathematics as part 
of the sustainability plan.
 “We’re also looking for additional funding to 
expand the program in Pinellas County and other 
school districts,” Vahey says, and to customize the 
program to fi t the needs of those school districts. 
In fact, Fueyo adds, “based on the success of this 
SunBay project, we are currently developing a 
dissemination template, which we plan to share 
with interested districts in the next few years.” 

–Beth Kelley is a science and technology writer.

SPIE grants 
for education 
outreach
SPIE supports numerous 
education outreach 
programs in industry 
and academia through a 
competitive grant process. 
Awards are made twice a 
year.

The next deadline for 
submitting proposals for an 
SPIE education outreach 
grant is 31 January.

For more information and 
to access the new online 
application form, go to 
spie.org/outreach.

EDUCATION

Florida 7th graders use 
computer software in the 
SunBay program. 
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SPIE
scholarships
SPIE will award more 
than $300,000 in scholar-
ships this year to college 
students studying optics, 
photonics, imaging, and 
related subjects. Apply 
online by 15 February at 
spie.org/scholarships.
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CAREER

Photo by Dirk Fabian

Successful  women in 
the f ie ld of  optics 
and photonics  are 

confident and passionate 
about what they do, know 
how to build and maintain 
professional relationships, 
and aren’t afraid to take 
risks. They seek out mentors, 
learn to delegate, and aren’t 
discouraged by negative 
criticism.
 And that’s precisely the 
career advice offered by 
23 women from across the 
globe who are profi led in the 
2011 SPIE Women in Optics 
monthly planner.
 SPIE produces the desk 
calendar every year and offers 
free copies to SPIE members, 
career counselors, science 
teachers, and community organizations as a way 
to encourage girls to choose optics as a career and 
to promote personal and professional growth for 
early career professionals.
 The women featured in the 2011 calendar 
(spie.org/wio) discuss what a typical work day is 
like for a university professor, engineer, CEO, and 
lab scientist, and they offer “words of wisdom” for 
those contemplating a career in science.
 “I enjoy the opportunity to change the 
world—hopefully to be a better place,” says 
Erica Fuchs, an assistant professor at Carnegie 
Mellon University (USA) who is featured in the 
calendar. Fuchs’ research focuses on the roles 
governments play in technology development and 
innovation. She recently completed a study on 
development of photonics, microelectronics, and 
other technologies supporting Moore’s Law at the 
Microsystems Technology Offi ce at the Defense 
Advanced Research Projects Agency. 
 Angelique Irvin, president and CEO of Clear 
Align (USA), which designs, prototypes, and 
manufactures imaging, sensing, and fi ber-optic 
systems for the defense and aerospace industry, is 
also passionate about the important role that optics 

and photonics plays in solving society’s problems. 
 “The part of my job that I enjoy the most is 
the overarching mission that Clear Align works 
toward: to save lives,” Irvin says. “Our products 
are used to protect the war fi ghter and our citizens 
at home. 
 “When my day gets stressful, I simply remind 
myself of the difference our work makes.” 

CEOs and professors
 Irvin is one of two CEOs featured in the 
Women in Optics 2011 calendar. Although 
SPIE member Ursula Keller doesn’t have the 
CEO title, Keller says in the calendar that her 
work as a physics professor at ETH Zurich (Swiss 
Federal Institute of Technology) is comparable 

Top Women Scientists
Offer Career Advice

Visionary

e 
nizations as a way 
ti d

On the cover of the 2011 SPIE Women in Optics 
calendar is Tebello Nyokong, center, with her 
students at Rhodes University in South Africa.

Pick up the new Women in Optics monthly plan-
ner at SPIE Photonics West or request a copy by 
e-mail: pascale@spie.org

SPIE Fellow Bernice 
Rogowitz is the founder 
of Visual Perspectives 
Consulting, a research 
scientist at University of 
Texas Austin, and founder 
of the IS&T/SPIE Human 
Vision and Electronic 
Imaging conference (to 
be held at IS&T/SPIE 
Electronic Imaging, 23-27 
January at the San Fran-
cisco Airport Hilton). 

Her research in human 
and machine vision and 
in image processing 
has included important 
contributions to many 
aspects of spatial vision, 
spatial-temporal interac-
tions, shape perception, 
color vision, and image 
perception.

She is currently working 
for the UT Center for 
Advanced Computing on 
a National Science Foun-
dation grant called iPlant 
(www.iplantcollaborative.
org). 

“My contribution is at the 
interface between plant  
biology and computer 
science, providing dis-
covery tools and methods 
that will enable new 
scientifi c insights,” she 
says. “I’m participating 
in two working groups, 
one on visualization and 
visual analysis for genome 
to phenome (G2P) data 
analysis and one on 
visualizing a 500,000-
species tree of life.”

Twenty-three optics and photonics professionals profi led in the 
2011 SPIE Women in Optics monthly planner offer career advice 
for young women entering the fi eld of optics and photonics.
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Participate in the essential event for sensing and related 
technologies applied to industry, defense, and the environment.

25–29 April 2011 
Orlando World Center Marriott Resort & Convention Center
Orlando, Florida, USA

spie.org/dss

25–29 April 2011 
Register Today

Connecting minds for global solutions

CAREER

to running a small company. “Our ‘products’ are the research 
results, educated students, and education materials and notes,” 
Keller says. “I need to acquire suffi cient resources to keep this 
enterprise going. The more successful our products are, the 
more successful I am.
 “Therefore, my typical job is to do the long- and short-
term strategic planning for my research projects, my funding 
acquisition, and my teaching schedule. I have regular meetings 
with my group members regarding their research projects and 
our strategic planning. I am responsible for the fi nal correction/
modifi cation of our external communication (which are mostly 
papers, and conference presentations) and often write part of 
it. In addition, I keep the necessary contacts, establish and 
maintain a network of colleagues and political contacts, as well 
as an outreach program to the public, to keep our company 
successful.”

Tips and warnings
 The advice these optics and photonics professionals offer 
to encourage a career in optics comprise a handy list of Dos 
and Don’ts.
 Keller, Irvin, and others who enjoy successful careers stress 
the importance of fi nding a good mentor, and both Fuchs and 
Yoko Miyamoto, an assistant professor at the University of 

Electro-Communications in Tokyo, advise young women to 
“Follow your heart.”
 “Be prepared to be fl exible, because the world is changing 
fast,” Miyamoto adds.
 “Get used to walking into a meeting as the only woman in 
the room, and be in charge,” says SPIE Fellow Meimei Tidrow, 
chief scientist for focal plane arrays at the U.S. Army Night 
Vision Lab in Virginia. “Don’t underestimate yourself and 
never give up,” she says.
 Tebello Nyokong, director of  the DST/Mintek 
Nanotechnology Innovation Centre for Sensors at Rhodes 
University in South Africa, counsels: “Do not let negative 
reviews of your papers discourage you. Use them to learn and 
keep improving your research.”
 SPIE Fellow Bernice Rogowitz, a research scientist 
at University of Texas at Austin (USA) and founder of 
a consulting company, discusses her typical work day, 
involvement in SPIE conferences, and the importance of 
learning from other researchers. Working collaboratively 
with scientists from other disciplines fuels creativity, she says 
in the calendar.
 “If you meet someone you learn from or enjoy thinking 
with, keep in touch with them,” Rogowitz says. “This is a gift 
that keeps giving.” 
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ASatisfying
Career: 

When scientists decide to pursue a career 
in industry, they can do so with little 
understanding of what it takes to be 

successful. This is why I embarked on my “Turning 
Science into Things People Need” project. My 
goal was to show how the unique skills and 
attributes of research scientists can translate into 
satisfying careers in industry. 
 Most early career scientists face real challenges 
when they consider pursuing a career in industry. 
Graduate students in the sciences normally get 
little exposure to the private sector 
because their professors typically 
have spent their entire career 
in academia. When faced with 
this dilemma, certain questions 
emerge:
• What skills do I have that are 

useful in industry? 
• How is work in industry different 

than academia?
• What kind of jobs do scientists 

hold in the private sector?
• What do I need to learn in order 

to be successful in this new 
environment?

• Will I enjoy working at a company 
instead of a research lab?

 These are the kinds of questions I asked industry 
scientists in my book, Turning Science into Things 
People Need.

Return on academic investment
 For most of my graduate school career, I planned 
to follow the traditional path into academia. 
It was only while completing my dissertation 
research that I realized a career in industry might 
be a better fi t for my skills and interests. Rather 
than spend years working to become a tenured 
professor, I chose the fast-paced world of product 
development, where projects are constantly 
changing, and results are required within a matter 
of weeks or months. 
 I have always loved the excitement of discovery 

that is central to science research. I enjoy the 
challenge of solving complicated problems and the 
satisfaction that comes from learning something 
new every day. 
 However, I felt frustrated that it might be 
20 years before my research fi nally found some 
practical application, and then only a few hundred 
people around the world might understand my 
work and its importance. 
 I wanted a much faster return on my investment. 
I wanted to see tangible results that would help 
people today, not in 20 years. I wanted to turn 

science into things people need.

Evaluation of skill sets
 I had no idea where my broad 
technical skill set might fi t into a 
product design environment, plus 
I had no industry connections to 
help answer these questions for 
me. It was clear that if I wanted to 
pursue the industrial career path, I 
was on my own.
 I embraced the challenge, found 
the information I needed, made the 
necessary connections, and built a 
rewarding career for myself in the 

private sector. 
 Today, after spending a decade and a half 
working in industry, my perspective is very 
different. I now know that a broad technical skill 
set is an ideal background for working as a system 
engineer or leading a product development team. 
 I am much better at selling myself as a skilled 
problem solver who is not afraid of technologies 
I’ve never worked with before. I know I can 
quickly learn whatever I need to, to be successful. 
I am also more confi dent than ever that I chose 
the right career path.

Helping others fi nd the path
 Motivated by my own experience, I decided to 
interview a number of scientists who work in the 
fi eld of engineering to fi nd out what skills and 

CAREER

Author at
Photonics West
David Giltner of Zolo 
Technologies will answer 
the question, “Can a 
scientist fi nd a rewarding 
career in industry?” 
at the professional 
development speaker 
series 23 January at 
SPIE Photonics West 
in San Francisco. The 
speaker series is open 
to all Photonics West 
attendees.

Leadership 
Series

Read more practical 
career and workplace 
advice online at 
spie.org/leaderseries

Articles and other 
resources in the SPIE 
Student Services and 
SPIE Professional 
Leadership Series 
help SPIE members 
through educational 
and career transitions 
to fi nd satisfying 
careers as research 
scientists, educators, 
industry consultants, 
project engineers, 
entrepreneurs, and 
more.

Academia
or 
Industry?

A new book shows how researchers can turn science into “things 
people need” and fi nd rewarding careers in industry.

By David Giltner
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Courtesy of ESO/Swinburne Astronomy Productio
ns.

Having it all
Scientists have varying 
motives and interests for 
seeking jobs in academia or 
industry—or both.

Shuji Nakamura, who de-
veloped LEDs and the blue 
laser with gallium nitride 
material while working as 
an engineer at Nichia Corp. 
in Japan, wanted to be an 
academic scientist from the 
time he was a child. “For a 
while after I joined [Nichia], 
I aimed at being a scientist, 
but there was no spare time 
to read books or papers,” he 
told author Bob Johnstone 
in 1999. “And if you don’t 
make things, then you can’t 
build a business, so you 
have to be an engineer.” 

Nichia didn’t want its 
engineers writing academic 
papers, but that didn’t stop 
Nakamura.

Nakamura, now a professor 
at University of California 
at Santa Barbara and co-
director of the Solid State 
Lighting and Energy Center, 
says he wrote patent ap-
plications for Nichia instead. 
“I secretly started writing 
the patent and the paper at 
the same time,” he said in 
an interview with SPIE. That 
way, “if the company found 
out about my paper, they 
wouldn’t become so mad.” 

Today, Nakamura is still ac-
tively involved in basic and 
applied research.  He co-
founded Soraa, a clean-tech 
semiconductor company, 
and Kaai, a subsidiary which 
is commercializing green 
and blue laser diodes.

attributes they have found to be most useful in 
industry. I also asked them what skills they may 
have lacked and how they changed their approach 
in order to be successful. 
 I asked them what books and references have 
been helpful in their pursuit of a rewarding career 
and how their perspective changed since they 
graduated. 
 I asked them to name their most outstanding 
accomplishments and talk about what has 
contributed most to their success. 

Key skills and career achievement
 One important skill is something you learn 
very early in experimental physics: to challenge 
your assumptions. 
 You tend to make certain assumptions about 
your products and about the customer’s application 
for your product. To solve fi eld-return problems I 
had to challenge those assumptions. I traveled to 
the customer’s site to determine for myself how 
their system actually worked. 
 An understanding of data analysis is also 
important. As scientists, we are trained in the 
skills of careful data analysis and the importance 
of data-driven conclusions that are independent 
of our own pre-formulated ideas. 
 When speed is vital, it can be tempting to make 
a quick decision, believing that we intuitively 
know what is happening. Our experience as 
scientists tells us to challenge that tendency and 
let the data speak for itself.

–Tanja Beshear, reliability engineer and Product Stability 
Group leader at Covidien in Boulder, CO (USA)

School learning useful in industry
 In academia, the product is the science itself 
and the hardware doesn’t have to be so robust. It is 
important that it give accurate data, and precision 
measurements may require stability over a matter 
of hours or days, but it doesn’t need to operate 
longer than that without adjustment. 
 This is very different from developing a product 
that needs to work for a long time without 
continuous adjustment. Above all, I learned the 
value of working quickly. 
 My advisor used to say “Any job worth doing 
well is worth doing fast.” This attitude pushes you 
to explore the parameters of failure, because no 
matter how smart you are, you are more likely to 
fail than to succeed. 
 Work quickly and fi gure out what doesn’t work, 
so you can fi nd out what does.

–SPIE member Jason Ensher, engineering programs 
manager at dBm Optics in Lafayette, CO (USA)

Industry roles are a good fi t
 A scientist who is right out of school can fi t 
into an individual contributor role in almost 
any industry, particularly in a company with a 
strong R&D focus. Options increase as one gains 
experience. 
 Physicists make very good technical leads and 
project managers because of their critical-analysis 
and problem-solving skills. They’re able to ask 
the right questions and understand many aspects 
of a project simply because they have a basic 
understanding of a lot of different areas.

–SPIE member Roger McGowan, research fellow 
at Boston Scientifi c in Maple Grove, MN (USA)

CAREER

I wanted to see tangible results 

that would help people today.

 What I discovered is that scientists have a 
number of drag-and-drop skills that can be very 
useful in industry. These include:
• Love of discovery, with little fear of the 

unknown
• Dislike of pre-fabricated answers
• Need to challenge assumptions
• Need to solve new problems every day
• Critical thinking
• Systematic approach to data analysis 
• Broad technical knowledge and vision
• Good ability to see the big picture
 Product development is a very different activity 
than basic science research. Both are invaluable 
and both offer rewarding careers for those who 
enjoy the process of scientifi c discovery and the 
challenges of problem solving. 
 Answers to some of the questions I posed to 
industry scientists are excerpted at right.
 For more interviews with industry scientists, 
see Turning Science into Things People Need or go to 
scientists.50interviews.com. 

–David Giltner is president of 
the Colorado Photonics Industry 
Association and has worked in the 
photonics industry for 15 years, 
developing laser-based products for 
SDL, Inc., JDS Uniphase, Ball 
Aerospace, and currently Zolo 

Technologies (www.zolotech.com). He has a PhD 
in physics from Colorado State University where he 
performed research in precision laser spectroscopy and 
atom interferometry. “Turning Science into Things 
People Need,” serves as a guide for other scientists 
seeking to pursue a similar career path.
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See SPIE on Facebook: 
facebook.com/spie.org
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Optimax fi nds its niche in quick delivery of prototype optics.

By Rick Plympton and Mike Mandina

Optimax was founded 21 August 1991 
by four guys who believed computer-
controlled machining of brittle materials 

(glass) could create superior optical component 
manufacturing. Optimax was one of the fi rst 
optics companies to adopt this breakthrough 
technology, setting a precedent for collaboration, 
experimentation, learning, and innovation.
 Kevin Bartlett, Bob Bechtold, Mike Bechtold, 
and Doug Story started Optimax by moonlighting 
while working full-time jobs elsewhere. A few 
months later, Mike Mandina joined the team, 
bringing his optics manufacturing know-how 
and management experience. The four original 
founders eventually left the company for various 
reasons, but Kevin later returned to Optimax and 
is currently employed as a master optician. Rick 
Plympton signed on in 1995 to provide marketing 
and sales leadership. 
 Our company is a precision optics manufacturer 
that started with antiquated equipment for 
making spherical and plano optics in the 
basement of a pig barn outside Rochester, NY. In 
1998, we built a factory for versatility and speed 
and grew from a small team of opticians struggling 
to make weekly payroll into one of the largest 
independent optics manufacturers in the USA. 
 We have grown for 20 years by recognizing 
emerging market opportunities, developing 
innovative manufacturing and metrology 
technologies, creating a workforce culture of 
continuous learning and improvement, and 
providing profi t-sharing rewards to our workforce. 

Recognizing opportunities
 From the beginning, we recognized a need for 
quick delivery service of custom optics. In 1993, 
typical delivery for a precision lens was about 10 
weeks, so we purchased an OPTICAM machine 
(the third in existence, behind Kodak and Texas 
Instruments), a prototype multiple-axis brittle 
material machine center for lens fabrication. With 

it, we developed a process to manufacture lenses 
much quicker. By the summer of 1995, Optimax 
could process raw material into a precision lens 
within a few hours. Our expedited delivery services 
enabled companies to fulfi ll product demonstration 
commitments, such as for trade shows, and in 1998 we 
built and shipped a set of imaging lenses for a NASA 
shuttle launch in just fi ve days. 
 Making the lenses to customer specifi cation 
is paramount — you don’t get a second chance 
to repair optics launched into outer space, 
Hubble excluded. We have developed optics 
manufacturing processes for deep ultraviolet 
(DUV) applications, high energy lasers (HEL), 
and multispectral systems that span from the 
visible to mid-infrared. 
 In the mid-1990s, advancements in computing 
technology enabled powerful new optical design 
software programs, such as CODE V, Beam 
IV, OSLO Light, Zemax, and Kidger, and we 
recognized another market opportunity. In 
contrast to the traditional model of a vertically 
integrated company with optical design and 
fab under one roof, the new design software 

CAREER

Innovation
at Optimax
SPIE corporate member 
Optimax (www.optimaxsi.
com) is based in Ontario, 
NY. Its 20th anniversary 
celebration this year is 
focusing on the innova-
tion that differentiates the 
company in the market.

The optics manufacturer 
specializes in small 
volume, high quality, and 
quick delivery of proto-
type optical components.

“It is ironic that Optimax 
has become the largest 
independent optics 
manufacturer in the USA 
with more than 100 opti-
cians,” notes CEO Rick 
Plympton.

“Optimax has devel-
oped a unique corporate 
culture and team that 
reliably provides optical 
components made to 
customer specifi cations.”

40 SPIE Professional | JANUARY 2011

Optimax has streamlined its production pro-
cesses so that R&D and manufacturing teams 
work together.
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empowered independent optical engineers. This, 
in turn, created a demand for an independent 
optics manufacturer. 
 At the same time, the Internet helped transform 
the optics industry from a cottage industry with 
small regional manufacturers to a national and 
global marketplace. With the technology to 
provide small-volume, high-quality optics quickly 
in a global market, the manufacture of prototype 
optics became Optimax’s niche. 
 High demand for quick delivery of prototype 
optics and interest in the Optimax Manufacturing 
Tolerance Chart caused our company to grow from 
20 to 100 employees by the late 1990s.
 We began making cylindrical and aspheric 
optics and also experimented with unconventional 
surface-processing ideas like spirograph motion, 
ultrasonic, and belt lapping. In 2005, Optimax 
patented VIBE polishing for high-speed removal 
of optical material and fi ne fi nishing of high-
precision optical surfaces. With VIBE processing, 
we can produce non-spherical optics from hard-
ceramic optical materials in one tenth the time 
of conventional processes

Many forms of innovation 
 As our facility size grew, so did the queue 
time in the production process. Because this was 
counter to our quick-delivery value proposition, 
we shifted from departmentalized manufacturing 
to lean manufacturing. Streamlining the shop 
floor layout into cross-functional and lean 
manufacturing cells was a diffi cult transition, but 
the training we provided successfully supported a 
cultural shift in the workforce from “I’m a grinder” 
to “I’m an optician.” 
 However, an optician cannot reliably produce 
a high-quality optical form, particularly with 
aspheres and free-form optics, that cannot 
be measured. Optimax created processes and 
instruments for that by collaborating with 
university researchers and industrial partners, 
including University of Rochester, Arizona State 
University, and University of Central Florida. 
 The addition of sophisticated metrology 
equipment has given us the ability to measure 
optical components to a fraction of a wave. That 
equipment includes Zygo’s VeriFire Asphere 
(VFA) interferometer and QED’s Subaperture 
Stitching Interferometer (SSI) which improve 
the manufacturing of fractional wave aspheres. 
QED’s Q22-Y machine expands the capability 
of manufacturing high-precision spheres and 
aspheres, increasing speed and producing 
results better than λ/20 p-v on diameters up to 
200 mm or more. QED’s Aspheric Stitching 
Interferometer (ASI) can measure aspheres and 
spheres with up to 1000 waves of departure. The 
most current CAD, CAM, and CMM software 

enhance complex shaping operations, and Zygo’s 
PVr software helps provide the most accurate 
inspection data.
 In 2004, Optimax also began improving 
manufacturing methods for HEL and DUV optics, 
creating unique, proprietary processes to increase 
transmission and optical component lifetime 
while decreasing absorption, mid-spatial error, and 
slope. For example, we developed our own coating 
chambers to deliver laser-damage-threshold, 
anti-refl ection coatings to the National Ignition 
Facility and Omega EP laser lines.

Focus on research 
 As Optimax matures, we remain focused 
on optical component manufacturing while 
diversifying our capabilities to include new optical 
materials, including glasses, ceramics, and crystals. 
After years of trial by many in the industry, 
R&D and manufacturing engineering teams 
have developed manufacturing technologies to 
process hard ceramics, such as AlON, Spinel, 
CeraLumina™, and Ceramic YAG into precision 
optical components. 
 Optimax makes off-axis aspheres by using raster 
grinding and polishing the off-axis segment of a 
lens with CNC machines. EUV toroidal optics 

Continued on page 42  

CAREER

Toroidal optics
Optimax developed 
capabilities to manu-
facture synchrotron 
mirrors for Brookhaven 
National Laboratory 
(BNL) in New York. 

Optimax manufactured 
toroidal optics last 
year to be included in 
an x-ray photoelectron 
spectroscopy micro-
scope at BNL. The fi n-
ished optic had a clear 
aperture of 103.5mm 
x 31mm with 100nm 
thick gold coating.

The project opened 
the way for Optimax 
and U.S. companies 
with similar capa-
bilities to manufacture 
synchrotron optics 
that could meet the 
specialized needs of 
the numerous syn-
chrotrons around the 
world.

Physicists Peter Takacs of Brookhaven, 
Dan Fischer of NIST, and Steven Hulbert of 
Brookhaven install the Optimax-made mirror 
at the Brookhaven National Synchrotron Light 
Source.
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CAREER

made with proprietary processes are being used 
in a synchrotron.
 One way we cultivate a culture of continuous 
technology advancement is through Small 
Business Innovative Research (SBIR) grants. 
We have received several grants since 1994 
and have three projects currently under way 
for an aerodynamic infrared dome, conformal 
optics, and an optically precise conformal sensor 
window. Although much of this research is funded 
by the U.S. Defense 
D e p a r t m e n t ,  n e w 
manufacturing capabilities are often applied 
outside the defense sector. For example, fractional 
wave aspheres that Optimax produced under a 
1997 SBIR project have become industry standard 
for LASIK and cataract procedures.
 As optical  engineers ’  preference for 
specifi cations, such as irregularity and cosmetics, 
continue to tighten, Optimax has expanded 
its capabilities. In January 2010, we updated 
the Manufacturing Tolerance Chart to refl ect 
currently achievable tolerances, and the products 
we can deliver in our one-week delivery timeframe 
have grown from basic commercial- and precision-
tolerance optics to 10th-wave (1/10 wavefront 
peak-to-valley) optics.

Workforce training
 None of this growth in capability and 
manufacturing methods could have occurred 
without employees with strong technical skills 
in math, science, and computer technology and 
strong analytical and problem-solving abilities. 
 In older, departmentalized factories, a new 
technician is taught a single step in a complex 
process. In lean manufacturing, the technician 
must understand the entire manufacturing process.
 In general, we cannot go out on the street 
and hire people with the skills that we require, 
so Optimax built a training program to educate, 
mentor, and strengthen its workforce.
 Our on-the-job training program teaches the 
skills necessary to perform every operation, from 
polishing and machining to inspection. External 
courses reinforce the need for lifelong learning 
and provide employees with leadership and 
professional skills for career development. 
 The realization that our team can’t know 
everything has been the driving force behind 
Optimax’s collaboration with local schools and 
community colleges to develop courses and 
programs that will provide technicians with the 
advanced manufacturing skills needed for success 
in the global marketplace.
 Because building the workforce pipeline with 
skilled technology workers is so important to our 

future, Mike and others founded the Finger Lakes 
Advanced Manufacturers’ Enterprise (FAME). 
FAME focuses on collaborating with workforce 
educators and local colleges to train advanced 
manufacturing technicians and create awareness 
of employment opportunities. 
 We instill the Optimax culture and the 
expectation of personal accountability and 
integrity in each employee through mentoring. An 
environment of safety, trust, and mutual prosperity 
is crucial to team success. A few years ago, Mike 
drove home a point about not taking what doesn’t 

belong to you by asking 
Rick for a $50 bill and 

taping it to the wall in the shop. It’s still there.
 An empowered workforce is the company’s 
greatest asset. At its best, this means having 
clearly defi ned roles, openly sharing information, 
being accountable, recognizing and appreciating 
team member strengths, and focusing on a team 
effort to satisfy the customer. Optimax reinforces 
this by rewarding every employee with a monthly 
profi t-sharing check. 
 Today, Optimax has nearly 150 employees, 
including more than 100 opticians. Continuous 
improvement is at the heart of everything we 
do. Optimax is constantly seeking improvement 
with current processes to reduce cost and improve 
quality while actively developing manufacturing 
solutions for emerging market needs. 
 We frequently take on the work that is beyond 
current manufacturing technology. We love a 
good challenge. 

–Rick Plympton is CEO 
of Optimax and Mike 
Mandina is its president. 
Both have BS and MBA 
degrees and started their 
careers on the production 
fl oor. They also serve on 
a number of non-profit 
boards. 

– M i c h a e l  M a n d i n a , 
who managed two optics 
manufacturing businesses 
before joining Optimax, 
was inducted into the New 
York Business Hall of Fame 
in 2008 for his role in the 
development of FAME 
(www.nyfame.org) and 
was named the 2009 

Entrepreneur of the Year by the Rochester Regional 
Photonics Cluster.

Top workplace
Optimax was one of the 
top 20 companies chosen 
for Inc. Magazine’s 2010 
Top Small Company 
Workplaces competition 
for “recognizing inno-
vation and leadership 
in establishing a great 
workplace.” 

The company’s work-
place practices have 
also been highlighted in 
a case study of suc-
cessful organizations by 
the non-profi t Winning 
Workplaces.

 Continued from page 41

A niche in optics

“We love a good challenge.”
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SPIE Photonics West, the world’s largest 
international  event encompassing 
photonics, laser, and biomedical optics 

research and technology, will host some 4000 
papers and presentations on the latest advances 
in photonics R&D.
 More than 18,000 attendees are expected 22-27 
January at the Moscone Center in San Francisco, 
CA, in addition to more than 1200 exhibiting 
optics companies and organizations.
 Numerous special events for SPIE members, 
industry professionals, students, entrepreneurs, 
and researchers will occur throughout the week, 
and the winners of the Prism Awards for Photonics 
Innovation will be announced at a gala banquet. 
(See the list of fi nalists on page 29.)
 A special after-dinner reception for SPIE 
members only will be held at 8 pm Tuesday 25 
January at the Cityscape Room at the top of the 
Hilton San Francisco Union Square Hotel. 
 Technical highlights will include the BiOS 
Hot Topics session on Saturday evening where 
advances in OCT and other imaging technologies 
will be presented, a panel discussion on progress 
in microfl uidics on Tuesday, and nearly 300 papers 
on green photonics for energy, sustainability, and 
conservation at the new Green Photonics virtual 
symposium.
 Industry panels will discuss the state of the 
market in optics and photonics, silicon photonics, 
green photonics, lasers, and the effort to publish 
a new report on the impact of photonics in the 
United States. 
 Also contained within SPIE Photonics West 
will be two exhibitions: Biomedical Optics 
(BiOS) on Saturday and Sunday, and Photonics 
West Tuesday through Thursday.
 In addition, SPIE is hosting a job fair and 
offering an extensive selection of more than 
65 courses and workshops on optoelectronics, 
biomedical spectroscopy, optomechanics, 
holography, and other topics.

SPIE
Photonics 
 West 2011

Plenary speakers 
 An all-star lineup of plenary speakers for BiOS, 
OPTO, LASE, and MOEM/MEMS will focus 
on little things that have a big impact in light-
based research. Speakers include Max Planck 
Institute’s Stefan Hell discussing nanoscopy 
with focused light, Princeton University’s Robert 
Austin, who will illustrate his talk on “What I 
Have Learned from Playing with Toys about the 
Physics of Living Cells” with rubber duckies, and 
SPIE Fellow Andreas Ostendorf, whose plenary 
presentation will be on using lasers in particle-
based applications.
 A nano/biophotonics plenary 
session will feature SPIE Fellow 
Frances Ligler, senior scientist 
for biosensors and biomaterials 
at the U.S. Naval Research Lab, 
and Harold Craighead, a pioneer 
in nanofabrication methods and 
founding director of the National 
Nanobiotechnology Center at 
Cornell University (USA).

 BiOS is the world’s largest and most infl uential 
biomedical optics and biophotonics symposium 
and kicks off Photonics West on Saturday 22 
January with more than 1700 research papers 
in 37 conferences covering such topics as 
photodynamic therapy, laser dentistry, tissue 
engineering, endoscopy, single-molecule 
spectroscopy, and numerous technologies for 
cancer screening and treatment. For instance, 
researchers from Northwestern University and 
NorthShore University Health System (USA) 
will report on a non-invasive method to detect 
early signs of lung cancer with partial-wave 
spectroscopic microscopy, a technique developed 
by Northwestern’s Vadim Backman. Backman 
is an author on the paper (7907-24) and a 

Future of
photonics
Join SPIE in a “town hall” 
meeting at Photonics 
West to harness com-
munity energy for a new 
study of optics and pho-
tonics, with an emphasis 
on its economic impact. 

Enormous progress has 
been made in photonics 
sciences and technolo-
gies since the U.S. Na-
tional Research Council 
published “Harnessing 
Light” in 1998. 

SPIE is supporting an ef-
fort to publish an updated 
version of the report to 
review market trends and 
inform industry plans 
and government policy 
on the future direction of 
photonics.

Don’t miss this opportu-
nity at 8:45 am Thursday 
27 January to provide 
your unique view and 
contribute to plans for an 
analysis of the contribu-
tion of optics and photo-
nics to technical solutions 
to the grand challenges of 
the 21st Century.

Continued on page 44  
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session chair in the conference on Biomedical 
Applications of Light Scattering. 
 Among the BiOS special events are a roundtable 
discussion on standards for biophotonics, a 
meeting of the International Biomedical Optics 
Society, and the popular Hot Topics session on 
Saturday evening. 
 Speakers and the “hot topics” they will discuss 
are:
• Ed Boyden of Massachusetts 

Institute of Technology (USA), 
an SPIE member and pioneer 
in optogenetics: controlling the 
brain with light

• David Huang, a co-inventor of 
optical computed tomography 
(OCT) and SPIE member 
who is now at the Casey Eye 
Institute in Oregon (USA): 
new developments in OCT for 
ophthalmology

• Karsten König, CEO of JenLab 
and professor at Saarland 
University (Germany): clinical 
multiphoton tomography

• Laura Marcu, SPIE member 
and professor at University 
of California, Davis (USA): 
fl uorescence lifetime techniques 
for intravascular diagnostics

• Eric Mazur, SPIE member and 
professor at Harvard University 
(USA): femtosecond laser pulses 
in biophotonics

• Alexander Oraevsky, founder, 
p r e s i d e n t ,  a n d  C T O  o f 
TomoWave Labs (USA) and 
an SPIE member: 3D acoustic 
tomography 

• SPIE Fellow Paras N. Prasad, 
executive director of  the 
Institute for Lasers, Photonics 
and Biophotonics  a t  the 
University at Buffalo (USA): 
multiplex biophotonic platform 
for analyzing macromolecular 
dynamics in live cells

 The Hot Topics session will 
also include a talk by MIT’s Dasari 
Rao Ramachandra in a tribute to 
Michael Feld, who died in April 
2010. A pioneer in the use of light in 
atherosclerotic and cancer research, 
Feld served as director of MIT’s 
Spectroscopy Lab for 33 years was 
director of the Laser Biomedical Research Center 
at MIT, an NIH-supported center that he founded 

in 1985. Britton Chance’s contributions to the fi eld 
will also be honored. See page 7.
 BiOS co-chairs are SPIE Fellows James 
Fujimoto of MIT and R. Rox Anderson of 
Massachusetts General Hospital and Harvard 
School of Medicine.
 The BiOS exhibition, with 180 companies 
showing the latest laser systems, imaging tools, 
fi lters, sensors, and other products, will fi ll the 
South Hall of the Moscone Center on Saturday 
and Sunday, and product demonstrations on the 
exhibition fl oor are scheduled for both days. 
 Poster sessions for BiOS will be held Sunday 
and Monday evening.

 The plenary session for LASE will be held 
Wednesday morning and includes three speakers: 
• Nader Engheta, a professor at 

University of Pennsylvania 
(USA), will forecast future 
possibilities for light, electrons, 
and metamaterials

• Andreas Ostendorf, chair of 
Laser Applications Technology 
at Ruhr-University Bochum 
(Germany) ,  w i l l  d i s cu s s 
how laser irradiation creates 
interesting effects and properties 
on particles

• Paul Denney, a senior laser 
app l ica t ions  eng ineer  a t 
Lincoln Electric (USA) with 
28 years experience in laser 
materials processing, will give 
his perspective on how new 
laser technologies are impacting 
industrial applications

 Nearly 700 papers in basic and applied research 
into laser devices and applications will be presented 
in 26 LASE conferences.
 Among the noteworthy papers to be presented 
at LASE is one covering the history and current 
status of ceramic laser technology. SPIE member 
Jasbinder S. Sanghera of the U.S. Naval Research 
Lab will discuss the fi rst demonstration of lasing in 
a ceramic in 1964 up to today’s 100 kW Nd:YAG 
lasers of today in “Overview of ceramic laser 
technology” (7912-63).
 In a joint session of the LASE conference 
on quantum communications and the OPTO 
conference on advanced quantum and 
optoelectronic applications, Andrew Shields 
and Mark Stevenson of Toshiba Research Europe 
will discuss their collaborative research with 
University of Cambridge (UK) scientists in a 
paper titled, “A light-emitting diode for entangled 
photons” (7933-64).

EVENTS

SPIE Photonics West 2011
 Continued from page 43
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The annual IS&T/SPIE 
Electronic Imaging 
symposium, 23-27 
January at the San 
Francisco Airport Hyatt 
Regency, features 23 
technical conferences 
covering all aspects 
of electronic imaging, 
and attendees can 
receive transportation 
and free entrance to the 
SPIE Photonics West 
Exhibition at the nearby 
Moscone Center.

Electronic Imaging 
presentations will cover 
the latest advances 
in imaging systems, 
image processing 
and metrology, 
image quality, digital 
photography, video 
processing, 3D displays, 
CMOS sensors, and 
related topics. A new 
conference has been 
added this year on 
Parallel Processing for 
Imaging Applications.

Plenary speakers 
include SPIE Fellow 
Al Bovik of University 
of Texas at Austin 
discussing “New 
Dimensions in Visual 
Quality” and Jelena 
Kovacevic of Carnegie 
Mellon University 
presenting “Problems 
in Biological Imaging: 
Opportunities for Signal 
Processing.”

Other special events 
include a 3D theater 
night on Monday 24 
January and technical 
courses taught by 
experts from academia 
and industry.

Some 1200 companies 
and organizations 
will be represented at 
the Photonics West 
Exhibition.
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 Semiconductor lasers and LEDS are one of 
the hottest technologies within the fi eld, and 
SPIE member Ursula Keller of ETH Zurich 
(Switzerland) is chairing a new LASE conference 
on vertical external cavity surface emitting lasers 
(VECSELs) that will span two days.
 Friedhelm Dorcsh, head of process sensor 
systems at TRUMPF (Germany), is LASE 
symposium chair along with Alberto Piqué of the 
U.S. Naval Research Lab.
 The interactive poster session at LASE will be 
held Tuesday evening, followed by a discussion 
on free-space, atmospheric and oceanic laser 
communications, remote sensing, and supporting 
technologies at a technical session chaired 
by SPIE Fellow Hamid Hemmati of the Jet 
Propulsion Lab (USA).

 Academic researchers and optics industry 
professionals from around the globe will present 
1300 papers in 33 OPTO conferences focusing 
on the latest R&D on optoelectronic devices and 
materials, semiconductor lasers, LEDs, fl exible 
displays, plasmonics, holography, and optical 
communications.
 SPIE Fellow Liang-Chy Chien of Kent State 
University (USA) is chair of the symposium 
where technologies used for alternative energy 
and energy conservation are ubiquitous.
 In addition to Stefan Hell, OPTO plenary 
speakers Tuesday morning are:
• Chang-Dong Kim, vice president 

of the LG Display R&D Center 
(Republic of Korea), discussing 
the challenges of fl exible displays 

• Eli Yablonovitch, UC Berkeley 
(USA), professor who coined 
the term “photonic crystal,” 
discussing the frontiers of metal 
optics

 German researcher Dwayne 
Miller will follow the plenary 
speakers with a keynote presentation 
in the Ultrafast Phenomena in 
Semiconductors and Nanostructure 
Materials conference. He will discuss “Making 
the molecular movie,” his experiments with 
femtosecond electron diffraction to watch atoms 
move in real time. (7937-39)
 In a session on display holography Sunday, SPIE 
Fellow Hans I. Bjelkhagen, chair of the Practical 
Holography conference, will present a paper on 
color holograms for museums along with a display 
of holograms he and his colleagues at Glyndwr 
University in the UK recorded using the single-
beam Denisyuk color refl ection technique. The 
holograms are being used in a Welsh museum 
exhibit instead of the real objects.

 “The images are so real that it is not possible to 
see the difference between the artifact itself and 
the image of it,” he says.
 Other OPTO papers of note include those on:
• Dark resonances in coupled micro-cavities 

(7949-17) co-authored by Michelle Povinelli, 
the University of Southern California professor 
who is one of six SPIE members who recently 
received Presidential Early Career Awards

• Plasmonics for improved photovoltaics (7933-
1), by Harry A. Atwater, Jr. of California 
Institute of Technology

• Controlling the speed of light using resonators 
(7949-19) by Michal Lipson, the Cornell 
University (USA) professor who recently won 
a MacArthur Fellowship

• Wireless networked systems for aircraft (7958-
18) by Mohsen Kavehrad of Pennsylvania State 
University(USA)

 Several conferences in the MOEMS-MEMS 
symposium have organized joint sessions to 
showcase the miniaturized products and systems 
of the future and their applications in lithography, 
energy harvesting, medical testing, LEDs, and in 
space exploration.
 SPIE Fellow Thomas Suleski of the University 
of North Carolina at Charlotte (USA) and 
SPIE member Harald Schenk of the Fraunhofer 
Institute for Photonic Microsystems (Germany) 
are the MOEMS-MEMS symposium chairs who 
will chair the plenary sessions Monday morning. 
 In addition to Robert Austin’s 
presentation on the toys and the 
physics of living cells, Amit Lal will 
give a plenary talk on advances in 
MEMS-based power sources, and 
Hiroshi Toshiyoshi will discuss the 
potential of wavelength-division 
multiplexing (WDM) systems for 
applications such as interferometry 
and OCT endoscopy. Lal is 
associate professor at Cornell 
University and Toshiyoshi is at the 
University of Tokyo (Japan).
 In addition to more than 200 
papers in nine conferences and 
a poster session Tuesday night, 
technical events within MOEMS-
MEMS inc lude  two  pane l 
discussions on nano devices and 
micro-electro-mechanical systems 
for space and a panel on progress on microfl uidic 
chips for the life sciences.
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Connect
In San Francisco
Follow events at Pho-
tonics West on Twitter, 
Facebook, and/or your 
iPhone, and network with 
colleagues and experts:

• Follow daily news 
highlights at spie.org/
pw11news.

• Share comments and 
photos on Facebook: 
www.facebook.com/
spie.org.

• Create a daily 
schedule of confer-
ences, courses, and 
special events to 
attend. Get the SPIE 
conference program 
iPhone app from the 
iTunes store or 
spie.org/mobile.

• Attend a profes-
sional development 
speakers’ series on 
Sunday 23 January 
devoted to industry 
and entrepreneurship 
for beginners. 

• Reserve a spot at 
the Lunch with the 
Experts student 
networking event on 
Sunday and Tuesday. 
Tickets available on 
site.

• Got a great research 
project with com-
mercial potential? 
Make a pitch at the 
Biophotonics Startup 
Challenge at 4:45 
Monday 24 January. 
Winners will go on 
to the University of 
California, Davis, Bio-
medical Engineering 
Entrepreneurship 
Academy courtesy of 
Newport Corp. Email 
dirkf@spie.org for 
more information.

• Tweet with us with 
#PW11 or #SPIE: 
Twitter.com/SPIEtweets.

Austin

Kim

Lal

Yablonovitch

Toshiyoshi

Continued on page 46  
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SPIE Courses
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Attend a course at SPIE Photonics 
West, the leading event for 
photonics research and applications

BiOS
• Nano/Biophotonics
• Biomedical Spectroscopy, 

Microscopy, and Imaging
• Tissue Optics, Laser-

Tissue Interaction, and 
Tissue Engineering

• Photonic Therapeutics and 
Diagnostics

• Clinical Technologies and 
Systems

LASE
• Nonlinear Optics
• Laser Source Engineering
• Laser Applications

MOEMS-MEMS
• Micro/Nanofabrication
• Laser Micro-/

Nanoengineering

spie.org/pwcourses

22-27 January 2011
San Francisco, California, USA

OPTO
• Semiconductor Lasers 

and LEDs
• Optoelectronic Materials 

and Devices
• Nanotechnologies in 

Photonics
• Basic Optics
• Optical Engineering
• Optomechanics
• Standards

Business and 
Professional 
Development
• Smart Patenting
• ITAR
• Technology Company 

Valuation
• Negotiation Strategy & 

Tactics

RAIN N
NCES ONLINE COU

COMPANY TRAINING
CES ONLINE COUR

RSESSS

 SPIE Fellow Stephen Eglash of the Precourt 
Institute for Energy at Stanford University is 
chair of the new Green Photonics symposium 
at Photonics West.
 The symposium is a virtual event of sorts 
at Photonics West: The program committee 
has assembled nearly 300 papers submitted to 
Photonics West that advance a more sustainable and energy-
effi cient future and designated them for the green photonics 
track. Awards will be presented to the best green photonics 
paper in three technology tracks.
 Research in green photonics for energy, sustainability, and 
conservation will be advanced with papers and presentations 
on:
• Solid-state lighting and displays
• Laser-assisted manufacturing and micro/nano fabrication
• Optical communications
• Renewable energy generation via fusion and photovoltaics
 A special session on light’s effect on human health will 
include a series of invited talks exploring “biologically 
effective” LEDs and other solid-state technologies. “Tunable 
LEDs are enabling smart lighting solutions,” says LED 
conference co-chair Li-Wei Tu of National Sun Yat-Sen 
University (China). Among the papers in the special session 
on “Light and Health: Human Factors for SSL” on Tuesday is 
one from Dieter Lang of OSRAM (Germany). He will discuss 
energy-effi cient lighting’s effect on the human biological clock.
 Representatives from JENOPTIK (Germany) will present 
a paper in the Green Photonics symposium on the increasing 
industrial applications and higher effi ciencies of its high-power 
single emitters and laser bars (7918-27). Another notable paper 
will discuss the U.S. Naval Research Lab’s work on krypton-
fl uoride lasers for a proposed fusion test facility (7916-31). 
 For up-to-date information on SPIE Photonics West: 
spie.org/pw

EVENTS

SPIE Photonics West 2011
 Continued from page 45

Eglash

SPIE Eco-Photonics
Photonics for clean energy generation, energy-
effi cient lighting, pollution control, ecologically friendly 
manufacturing processes, and environmental monitoring 
will be advanced at SPIE Eco-Photonics, a technical 
congress in Strasbourg (France) 28-30 March.

SPIE Fellow Patrick Meyrueis, a professor at University 
of Strasbourg, and Dan Curticapean, a professor at 
Offenburg University of Applied Sciences (Germany), 
will co-chair the event, which will include a technical 
programme and exhibition covering green photonics and 
workforce education, a job fair, and activities for students. 

Keynote presenters include Berit Wessler of OSRAM 
(Germany) and Stephen M. Pompea of the National 
Optical Astronomy Observatory (USA).
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Connecting minds for global solutions

The premier optical science and emerging 
technologies meeting.

21–25 August 2011
Call for Papers
Submit your abstract by 7 February 2011

21–25 August 2011 
San Diego Convention Center
San Diego, California, USA

spie.org/op

Chip Challenge at 
SPIE Advanced Lithography

Finding solutions to the technology and cost-
effi ciency challenges in the semiconductor 
industry will be a prominent topic at 

conferences, panel discussions, and plenary talks 
during this year’s SPIE Advanced Lithography 
symposium in San Jose, CA (USA).
 The event, to be held 27 February-3 March, 
will bring together hundreds of top lithography 
researchers in six conferences dedicated to such 
topics as EUV, resist materials, self assembly, 
double patterning, maskless lithography, optical 
extension, and metrology, all aimed at achieving 
the advancements predicted in Moore’s Law.
 The 2011 program will also include an 
exhibition, 12 courses and workshops taught by 
experts in the fi eld, poster sessions, and several 
SPIE hosted lunches. 
 Plenary speakers Luc Van den hove, president 
and CEO of IMEC (Belgium), and Shang-
Yi Chiang, senior vice president of Taiwan 
Semiconductor Manufacturing Co. (Taiwan), 
will address the question of how the industry 

can sustain itself and prosper in an era of smaller 
and smaller chips. Their presentations will be on 
Monday morning, 28 February.
 William M. Tong of SES Consultants will 
also moderate at a discussion 2 March on 
the economics of lithography for alternative 
applications such as biotech. A panel of experts 
will discuss the requirements of emerging 
applications whose performance metrics may not 
be as high as in semiconductor production.
 SPIE Fellows Donis Flagello of Nikon 
Research Corp. and Harry Levinson of 
GLOBALFOUNDRIES Inc. are chair and co-
chair, respectively.
 Other technical events include:
• Panel discussion on nanotechnology and 

patterning for green energy semiconductor 
solutions

• Panel discussion on collaboration and 
competitiveness among mask makers

• Part 2 of a mock trial of EUV and DPT ArF
• Reference metrology workshop 

EVENTS

Funds for
students
Cymer is sponsoring an 
optical microlithography 
best student paper 
award at SPIE Advanced 
Lithography. 

Find more information at 
spie.org/al.

SPIE Pro Jan2011 Insides#27.indd   47 12/23/10   9:14 AM



48 SPIE Professional | JANUARY 2011

EVENTS

JANUARY

SPIE Photonics West
22-27 January
San Francisco, CA (USA)

IS&T/SPIE Electronic Imaging
23-27 January
San Francisco Airport, CA (USA)

FEBRUARY

SPIE Medical Imaging
12-17 February
Lake Buena Vista, FL (USA)

SPIE Advanced Lithography
27 February-4 March
San Jose, CA (USA)

MARCH 

SPIE Smart Structures/NDE
6-10 March
San Diego, CA (USA)

SPIE Eco-Photonics
28-30 March
Strasbourg (France)

APRIL

SPIE Microtechnologies
18-20 April
Prague (Czech Republic)

SPIE Optics and Optoelectronics
18-21 April
Prague (Czech Republic)

SPIE Defense, Security, and Sensing
25-29 April
Orlando, FL (USA)

MAY 

SPIE Optifab
9-12 May
Rochester, NY (USA)

SPIE/OSA European Conference 
on Biomedical Optics
22-26 May
Munich (Germany)

SPIE Optical Metrology
23-26 May
Munich (Germany)

Call for Papers: Abstracts Due
7 February: SPIE Optics and Photonics 

(21-25 August)
7 March:  SPIE Optical Systems Design 

(5-8 September)
7 March:  SPIE Photomask Technology

(19-22 September)
22 March: SPIE Remote Sensing 

(19-22 September)
22 March:  SPIE Security and Defence 

(19-22 September)

WINTER COLLEGE on 
OPTICS in IMAGING SCIENCE 
31 January - 11 February
Trieste, Italy

Information Online
You can always fi nd 
the most up-to-date infor-
mation about, or register 
for, SPIE events at spie.org/
conferences

Advertiser 
Index

Advanced Film 
Services 23 
www.advanced
fi lmservices.com 

American Elements 2 
www.americanelements.
com 

Applied Optics
Research Cover 2
www.aor.com 

LaCroix Optical 15
www.lacroixoptical.com

OKO 
Technologies Cover 3
 www.okotech.com

Optical Research 
Associates Cover 4
www.opticalres.com

Optimax Systems, 
Inc. 11
www.optimaxsi.com

Software Spectra, 
Inc. 4
www.sspectra.com

Science-Engineering-
Technology 
Congressional Visits Day
6-7 April 
Washington, DC
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