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PRESIDENT’S LETTER

Solutions are green

Photonics — recognized as one of five 
“Key Enabling Technologies” by the 
European Commission — has enabled many 

improvements in life around the world. In Europe 
and elsewhere, sustainability is high among the 
priorities for R&D investment.
 Green photonics offers a number of paths 
toward an equitable and sustainable future. 
Witness the development of cost-efficient, 
clean sources of energy and of processes for 
manufacturing that require less energy and use 
materials to help lower the world’s collective 
carbon footprint.
 While sustainable energy has long been 
recognized as an important strategy for ensuring 
progress and stability, this year has brought 
a renewed sense of priority to the work of 
developing new sources of renewable energy.
 The latest annual report and forecast of the 
European Photovoltaic Industry Association 
notes that, following record installations in 
2010, there is now nearly 40 GW of at-peak 
photovoltaic (PV) capacity installed around the 
world. 
 The report also points out opportunity, saying 
that much more capacity development is needed 
to meet the world’s energy needs. And, indeed, 
major installations are underway in Europe, Asia, 
and North America
 Yet, renewable energy production may take 
years — if ever — to meet energy needs for 
food, housing, and clothing production, heat, 
transportation, etc. Energy conservation is 
absolutely crucial to sustainability.

Sustainable innovations
 We must all do our part to reduce our energy 
consumption, and people across the globe are 
taking steps to do so. Green photonics is enabling 
many of the advances that make that possible.
 Replacing less-efficient incandescent 
lighting systems with solid-state lighting (SSL) 
systems worldwide has the potential to reduce 
consumption of energy by approximately 15%. 
Sale of incandescent bulbs already has been 
banned or restricted in Australia, Canada, and 
the European Union, to be replaced by energy-
efficient lighting.
 Low-emissivity glass, a photonics innovation, 
contributes significant energy savings by 
optimizing transmitted light and IR into buildings. 
 There are many other examples where photonic 
sensors will reduce energy usage, such as motion-
activated light switches.
 Sustainable photonics solutions serve both 
industrialized nations and countries that are rebuilding 

SPIEDigitalLibrary.org
Find the answer

Biomedical
Optics

GREEN  
PHOTONICS

t h e i r  e c o n o m i e s 
and infrastructures 
t o  d e a l  w i t h  t h e 
challenges of protecting 
environmental quality 
and to provide jobs. 
Green photonics serve 
businesses through 
the ability to lower 
production costs.

SPIE support role
 SPIE supports these advances in many ways.
• The Society’s Journal of Photonics for Energy 

began publication in January under Editor-
in-Chief Zakya Kafafi (National Science 
Foundation). PV advances, energy storage 
solutions, and cost-efficient generation figure 
heavily in recent articles, all available via open-
access throughout the inaugural year.

• Meeting the challenge of making solar energy 
cost-competitive with carbon-based and other 
traditional sources is a central topic at next 
month’s annual symposium on Solar Energy and 
Technology in San Diego, chaired by Martha 
Symko-Davies (National Renewable Energy 
Lab) and part of SPIE Optics and Photonics.

• In September, the SPIE Remote Sensing 
congress in Prague will again provide a focus 
for work in monitoring agricultural and 
hydrological systems, climate changes, natural 
disasters, and other environments.

• Last March, SPIE Eco-Photonics in Strasbourg 
provided a new forum for discussion of 
sustainable solutions such as lighter-weight 
automobiles for better fuel efficiency and 
workforce re-engineering and education to 
meet changing industry needs. 

• Several sessions at SPIE Defense, Security and 
Sensing in April focused on technology used 
to track oil spills and other ocean events and 
phenomena.

• SPIE education programs support the need for 
continued training throughout all career phases, 
and the Society’s outreach programs bring an 
awareness to students at every level of the field 
of photonics about the opportunities it provides 
for a satisfying profession.

 Photonics has always been a source of solutions 
for the world’s challenges — never more so than 
today. SPIE remains committed to serving the 
community in its quest to advance the field and 
create a better world.

Katarina Svanberg  
2011 SPIE President

Sustainability
is our past
and our future
Nature’s use of solar 
photons over eons 
provided us with the 
fossil fuels of today.

Now we need to devise 
ways of replacing these 
in a vastly shorter 
timescale. 

Solar-fed and food-
supply-neutral biofuels 
such as algae, solar-
liberated hydrogen, or 
some other approach 
may support some of 
the growing and popular 
mobile platforms in our 
future. 

Improved batteries for 
storing solar-generated 
electricity is another 
option already in 
use by pioneers of 
sustainability.

How are you reducing 
energy consumption 
and innovating for 
a more sustainable 
future?

Write to us at 
spieprofessional@spie.
org. 



4 SPIE Professional | JULY 2011

PHOTONICS FOR A BETTER WORLD

 In Duncan Moore’s class in technical 
entrepreneurship, one group developed a business 
plan for a new company called SunDrop that aims 
to build inexpensive solar water pumps to bring 
drinking water and irrigation to drought-prone 
developing regions of South America, Africa, 
and elsewhere. 
 This serendipitous meeting occurred this spring 
at the University of Rochester, one of a growing 
number of academic institutions that offer 
entrepreneurial instruction to graduate students 
in science and engineering fields. 
 Students enrolled in these courses and programs 
aren’t necessarily out to make a personal fortune. 
Instead, they are applying what they learn to make 
the world a better place.
 The SunDrop business partners began their 
collaboration in January as part of an assignment 
in the class taught by Moore, vice provost for 
entrepreneurship and the Rudolf and Hilda 
Kingslake Professor of Optical Engineering. 
The interdisciplinary course pairs students from 
the Simon Graduate School of Business with 
engineering grad students to develop a technical 
business plan. 
 Chilean business students Roberto Chavarria, 
a civil engineer, and Paul Oyaneder, who has a 
background in social psychology, teamed up with 
Daniel Williams, a third-year doctoral student at 
the UR Institute of Optics, and Awak Malith, 
who fled war-torn Sudan along with thousands 
of other young boys in the 1980s.
 Williams, the team’s technical leader, proposed 
two potential designs for a solar-powered water 
pump that could be deployed in Chile, Sudan, 
or any desert area with existing equipment for 
pumping and storing water and little or no access 
to electricity.

PV panels power pump
 “This technology is designed to be deployed in 
off-grid locations in a desert environment,” says 
Williams who has a BS degree in math and physics 
from the University of Nebraska-Lincoln and whose 
research in Rochester involves the design and testing 

Thirst for the Sun 
By Natalie Antal

What do you get when you bring together two business 

students from Chile, a “Lost Boy” of Sudan, and an 

optical engineering student who’s passionate about 

energy conservation and sustainability?

Awak Malith, left, and Daniel Williams collaborated 
on the project at University of Rochester.

Photonics
For a Better 
World
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of optics for concentrating photovoltaic systems.
 Both designs for the solar water pump are 
relatively simple, he says, employing PV panels 
to generate electricity that could pump water into 
a large storage container. One system provides 
enough water for 750 head of cattle, or 11,000 
gallons per day. A second design will sustain the 
drinking needs of about 50 people, generating 
3000 gallons per day.
 People in desert 
a r e a s  n o w  m u s t 
pump wate r  f rom 
underground aquifers 
by hand or use diesel- 
or gasoline-powered 
generators to run the 
pumps. 
 “Although, it will probably be after my lifetime, 
I look forward to the day when the world does not 
heavily depend on fossil fuels,” Williams says. “I 
firmly believe that this will help mitigate many 
global problems, and my dream is to help (even 
if only a little) create such a world.”
 The solar photovoltaic panel array could 
provide enough electricity for the water pump to 
run for about 6-8 hours each day. Water pumped 
into the storage reservoirs would then be used on 
an as-needed basis. 
 “The idea of combining a photovoltaic system 
with a water pump to be used in a developing arid 
country shows how a team of students with diverse 
backgrounds can create innovative solutions to 
a world problem,” Moore, an SPIE Fellow, says 
with pride.

Sudanese farmers need water
 Malith, the “Lost Boy” of Sudan who is 
a student in the university’s new technical 
entrepreneurship and management (TEAM) 
master’s program, believes the pump can help 
people in his home country. 
 “An electric grid and power-generation 
technology are limited or non-existent in much 
of Sudan,” he says. “The cost to acquire a kWh 
of power from the grid is exorbitant compared to 
getting it from solar panels.”
 In Sudan’s rural southern region where Malith 
was born in 1978, there are long periods of 
sunlight during the dry season, late January to 
early May. Farmers there lose many cattle due to 
drought. Some households lose as many as 10 cows 
in one season, according to Malith. 
 Since no electrical infrastructure exists there, 
a solar-powered pump would be ideal to supply 
water for drinking and irrigation.

“Lost Boy” wants to help
 Malith’s childhood memories are infused with 
a civil war that has embroiled Sudan for decades. 

He remembers falling asleep to the sounds of 
bombs and gunfire. He became separated from 
his family during his 1987 escape — on foot — to 
Ethiopia as a boy. 
 World aid organizations estimate that of an 
estimated 30,000 Sudanese boys who walked to 
Ethiopia and Kenya for refuge and who came to 
be known as the Lost Boys, only about 10,000 
survived the journey.

 Malith returned to 
Sudan in 1991 only to 
flee again to Kenya one 
year later. With help 
from international 
aid volunteers, he left 
Africa in 2002, settling 
in Upstate New York. 

After earning his physics degree at UR in 2006, 
Malith took a job as a technician at a Rochester-
area optics company. In his free time, he worked 
to call attention to the injustices in Sudan, writing 
editorials and comments on news websites.
 “I became an activist,” he says. “I was too 
bothered by Sudan’s problems.”
 Last year, Malith decided to leave his optics 
job to enroll in the TEAM program. He sees 
the program as an opportunity to learn valuable 
business skills to help his home country in a 
variety of ways. 

Business plan comes together
 TEAM students take half their classes in 
the business school, learning concepts such as 
accounting, finance, economics, marketing, 
strategy, and management. The rest of their 
time is spent in graduate-level engineering 
courses in one of eight technical concentrations, 
including optics, energy and the environment, 
and computer science.
 Malith has recently founded an organization, 
New Sudan Aid, (newSudanAid.org) for 
Americans to invest and do business in Sudan. 
The organization hopes to build a medical clinic 
in Wunrok, Warrap State, in southern Sudan.
 Last summer, he visited the village where 
he grew up, reuniting with his father. He also 
outlined his plans to a Christian pastor there and 
interviewed the residents. 
 “There are farmers but they don’t have tools for 
modern farming,” he says. “I met a brick maker 
who wants to mechanize his business but he has 
no means to do so.” He is certain the brick maker, 
one of many small businesses springing up in 
Sudan, would welcome a source of cheap water- 
pumping equipment.
 For now, Malith continues to build a network 
of businesspeople and technical experts who feel 

Ideas from 
TEAM program
The Technical Entrepre-
neurship and Management 
(TEAM) master’s pro-
gram at the University of 
Rochester offers students 
the opportunity to look 
through the university’s 
portfolio of available pat-
ents, find ones that can be 
turned into profitable tech-
nologies, and then develop 
businesses around them. 

Vice Provost for Entrepre-
neurship Duncan Moore, 
one of the program’s 
founders, believes the 
university has a strong 
obligation to encourage 
engineers to think like 
businesspeople. 

The program is designed 
for students who have 
a bachelor’s degree in a 
technical field.

TEAM students take 
courses from the Hajim 
School of Engineering and 
Applied Sciences and the 
Simon Graduate School of 
Business.

Students choose from 
eight technical concen-
trations including optics, 
biomedical engineering, 
electrical and computer 
engineering, energy and 
the environment, and me-
chanical engineering.

More: www.rochester.edu/
team.

Continued on page 6  

A solar-powered pump would be 

ideal to supply water for drink-

ing and irrigation in areas where 

power generation is limited.

SPIEDigitalLibrary.org
Find the answer

Energy
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Thirst for the Sun
t Continued from page 5

just as passionately about propelling 
Sudan into the 21st century and 
helping its people as he does. The 
water pump system is just one aspect 
that he plans to see through.

Help for Chile, too
 Chavarria and Oyaneder, both 
Chilean master’s students in the 
Global Management of Business 
program at the Simon School and 
the University of Chile, saw similar 
market opportunities in Chile for the 
photovoltaic-based system. 
 Oyaneder notes that the Atacama 
Desert is known to be the driest in the world. 
The proposed water-supply system could assist 
in the industrial development of the arid region, 
and it would be especially useful for mining 
companies, rural communities, and small farms 
in the northern part of Chile. Other potential 
clients identified in their market evaluation 
include the Chilean government, non-profit 
organizations, and private customers concerned 
with environmental responsibility.

Multidisciplinary team
 Chavarria noted that the multidisciplinary 
backgrounds of the team members resulted in a 
comprehensive business plan to solve a known 
problem. 
 “A social psychologist, optical engineer, 
physicist, and civil engineer cooperated on this 
project,” Chavarria says. “We have come up with 
a set of products that obtain water in places where 

If you would like to contact the students, 
write to us at spieprofessional@spie.org.

PHOTONICS FOR A BETTER WORLD

it is currently not possible — or very expensive 
— permitting economic and social development 
in those territories.”
 Malith agrees that the technology will have 
positive effects. “The [Sudanese] people cannot 
go back to village life like it was before,” he says. 
“They want jobs, money, hospitals, and schools. 
I believe we can help give them those.”
 The class assignment has yet to get beyond the 
business plan stage, but the SunDrop partners say 
they would welcome investors or others interested 
in putting “photonics for a better world” into 
action. n

–Natalie Antal is editor of Innovations, an 
entrepreneurship newsletter at University of Rochester.

Science mixes
with business
Believing that optics, 
photonics, and other 
technologies cannot 
serve society unless 
they can be commercial-
ized, many colleges and 
universities like the Uni-
versity of Rochester are 
creating programs that 
combine entrepreneurial 
studies with science and 
engineering.

Here is a sampling of the 
programs:

Boston University Col-
lege of Engineering 
receives funding from the 
Kern Family Foundation 
for a partnership with the 
BU School of Manage-
ment.

The Biomedical Engi-
neering Entrepreneurship 
Academy at University of 
California, Davis, brings 
business and finance 
leaders together with 
students for an intensive 
one-week program.

The Institut d’Optique in 
Palaiseau, France, has 
two programs to train 
engineers in business 
methods.

Vrije Universiteit Brussel 
hosts an annual “En-
trepreneurship in 
Photonics” course for 
students interested in 
starting up new commer-
cial ventures.

The Universities of 
Glasgow, St. Andrews, 
Heriot Watt, and 
Strathclyde in Scotland 
collaborate with Stanford 
University and Caltech in 
the United States on an 
entrepreneurial fellowship 
where an early career 
researcher spends a year 
at Stanford’s Photonics 
Research Center to 
develop entrepreneurial 
skills.

Daniel Williams in the optics lab.

Awak Malith (center), on a visit to 
Sudan in the summer of 2010.
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Solar power makes drinking water safe
or heat in the form 
of a flame,” he says. 
“What we’re doing 
here is using energy 
f rom the  sun  to 
decompose organic 
pollutants.” 
 The TAU team 
includes Dror Avisar, 
Hadas Mamane, and 
Boxman.

Planned water 
research center
 A v i s a r  a n d 
Mamane are also involved in a planned water research center at 
TAU. The center’s main goal will be to improve water reclamation 
methods. 
 “Harmful pesticides and chemicals remain in water reclaimed by 
wastewater plants,” Mamane says, “and we’re developing innovative 
technologies for these plants aimed at enhancing water quality.” 
 The center will also provide a framework for graduate students 
researching water chemistry. n

From left, TAU’s Dror Avisar, Hadas 
Mamane, and Reuven Boxman.

A European Union research consortium is working on a 
compact and low-cost photocatalytic water treatment 
system to provide clean water to the more than one billion 

people in the world who have no access to clean water.
 The system harnesses photons from the sun to break down 
pollutants in water. It is funded by an EU Seventh Framework 
Program grant and includes groups from Israel, Denmark, the 
UK, France, Italy, South Africa, and Jordan. 
 The system, which will be designed to resemble a roof-top solar 
panel, will be placed on dwellings near ponds and streams with poor 
water quality. It will not require any consumables — electricity or 
chemicals — to run, and is therefore ideal for isolated or poorer 
communities in developing countries.
 Approximately 1.2 billion people in the world have no access 
to clean water, resulting in the deaths of 1.5 million young 
children every year from water-borne diseases, according to 
UNICEF. The lack of clean water is due, in great part, to rising 
pollution, growing populations, and lack of water-treatment 
infrastructure in developing countries. 
 “There are different ways to bring about chemical reactions,” 
explains Reuven Boxman, who heads the Tel-Aviv University 
(TAU) team in Israel working on the project. 
 “You often have to add an energy source, such as electricity 



8 SPIE Professional | JULY 2011

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. 

Articles in the SPIE 
Photonics for a Better 
World series and in our 
blog highlight optics and 
photonics technologies 
that bring tangible gains 
to humanity.

Read more articles in the 
SPIE Professional series 
at spie.org/betterworld. 

Join the blog discussion 
about the many ways that 
photonics are applied in 
creating a better world at  
PhotonicsforaBetterWorld.
org.

The GTRI researchers’ 
paper, “Detecting gait 
alterations due to 
concussion impairment 
with radar using 
information-theoretic 
techniques,” is  
available from the  
SPIE Digital Library:  
spie.org/radarhead.

PHOTONICS FOR A BETTER WORLD

By asking an individual to walk and talk in front of 
this radar system, GTRI researchers (left to right) 
Amy Sharma, Kristin Bing, and Jennifer Palmer 
can determine if that person is impaired.

Simple radar may help detect
concussions in soldiers, athletes

Walking and thinking at the same 
time can be difficult for persons 
who’ve suffered concussions, 

and scientists hope to use that multitasking 
challenge — measured by a simple radar 
system — to quickly screen individuals who 
may have suffered brain injuries.
 By asking an individual to walk a short 
distance while saying the months of the 
year in reverse order, American researchers 
at the Georgia Tech Research Institute 
(GTRI) can determine if that person is 
impaired and possibly suffering from a 
concussion. The simple test, which could 
be performed on the sideline of a sporting 
event or on a battlefield, has the potential 
to help coaches and commanders decide 
if athletes and soldiers are ready to engage in 
activity again. 
 “When a person with a concussion performs 
cognitive and motor skill tasks simultaneously, 
they have a different gait pattern than a healthy 
individual,” says GTRI research engineer and 
SPIE member Jennifer Palmer. “We can identify 
those anomalies in a person’s walk with radar.” 
 More than a million concussions and other 
mild traumatic brain injuries are reported each 
year in the United States alone. Catching them 
right after they happen can improve treatment 
and prevent further injury or other long-term 
health issues. 
 Although symptoms can last for weeks 
or months following an injury, diagnosing 
concussions can still be difficult. Most current 
detection methods focus purely on cognitive 
impairment and do not assess accompanying 
motor skill deterioration.
 Detai ls  of  GTRI’s  technique,  which 
simultaneously examines a person’s cognitive 
and motor skills using a radar system similar to 
those used by police for measuring the speed of 
vehicles, were presented in April at SPIE Defense, 
Security, and Sensing. GTRI research engineers 
Kristin Bing and Amy Sharma, principal research 
scientist (retired) Eugene Greneker, and research 
scientist Teresa Selee also worked on the project, 
which is supported by the GTRI Independent 
Research and Development program.
 For their study, the GTRI research team 
compared how 10 healthy individuals walked 
normally and when impaired. For the impairment 
scenario, individuals wore goggles that simulated 
alcohol impairment. Past research has shown that 

concussion impairment is equivalent to having a 
blood alcohol level of 0.05 percent. 
 The 10.5-gHz continuous-wave radar system 
provided information on the velocity of numerous 
parts of the body, including a person’s foot kicks, 
and head and torso movements.
 “By looking for differences in the gait patterns 
of normal and impaired individuals, we found that 
healthy individuals could be distinguished from 
impaired individuals wearing the goggles,” Palmer 
explains. “Healthy individuals demonstrated 
a more periodic gait with regular and higher 
velocity foot kicks and faster torso and head 
movement than impaired individuals when 
completing a cognitive task.”
 In the future, the researchers plan to collect 
additional data from healthy individuals of 
different heights and weights, and from individuals 
exhibiting concussion symptoms according to 
neuropsychological screening tests performed at 
a hospital. They also plan to reduce the size of the 
system so that it becomes more practical to use. 
 “For the military, we envision the system could 
fit into a tough box so that commanders can have 
it in the field,” Bing says. “They could simply press 
a button, connect the radar system to a laptop, and 
an easy-to-use interface would display the results 
and tell them whether their soldier is exhibiting 
signs of a concussion.” 
 Approval from the U.S. Food and Drug 
Administration will be required before this system 
can be used to diagnose concussions. n
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AquaBioTox system monitors
water quality in real time

Call for 
articles
SPIE Professional 
is accepting  
article proposals 
for upcoming 
issues of the 
magazine.

Please submit 
a short outline 
or abstract to 
spieprofessional@ 
spie.org.

German scientists develop a one-minute 
warning system for hazards in public water 
supplies.

Drinking water may be monitored more 
strictly than almost anything in the 
developed world. It should be cool, 

colorless, tasteless, and odorless. It may not have 
any pathogens or impair your health. 
 Although modern water supply networks 
are put through a series of screenings at regular 
intervals, they aren’t immune to accidents, 
targeted attacks, errors, or failure from normal 
deterioration. And analytical techniques are 
time-consuming, providing test results from 
random samples hours after testing. Often, they 
are also attuned to specific substances; limiting 
their application spectrum.
 Now, researchers at the Fraunhofer Institute 
(Germany) have created a system for constant, 
real-time monitoring of drinking water that can 
warn authorities of a wide range of potentially 
hazardous substances in a matter of minutes. The 
AquaBioTox project has a biosensor that quickly 
reacts to such substances as cyanide, ricin, or toxic 
metabolic products from bacteria that can be fatal 
even in concentrations of nanograms per liter.

Camera picks up glow
 The system works by diverting some drinking 
water from the main line into a sensor in a 
branching, descending line that contains two 
different strains of bacteria and mammalian 
cells. These micro-
o r gan i sms  in  the 
sensor are modified 
so that they produce a 
red fluorescent protein 
when they come into 
contact with toxic substances. Those substances 
can then be detected and analyzed by a highly 
sensitive camera.
 “We tested various classes of substances that 
might occur in water, even though they shouldn’t, 
and to date our sensor has reacted to each of 
these substances,” says Iris Trick, a co-developer 
and scientist from the Fraunhofer Institute for 
Interdisciplinary Engineering and Biotechnology 
(IGB) in Stuttgart. “Our sensor can document 
even very slight concentrations.”
 Thomas Bernard, the group manager at the 
Fraunhofer Institute of Optronics, System 

Technologies ,  and 
Image Exploitation 
(IOSB), came up with 
an analysis unit for the 
camera that registers 
even the most minute 
changes in fluorescence 
and analyzes them 
automatically. 
 “The monitoring 
unit has a machine-
learning process ,” 
Be rna rd  s ay s ,  f o r 
de te rmining  f rom 
historical data which 
fluctuations in the 
physical, chemical, and 
biological parameters 
are normal. “It sets off an alarm if an unusual 
pattern shows up in the signals,” he says.
 Another component of the AquaBioTox system 
is a daphnia toximeter from project partner bbe 
Moldaenke of Kiel, Germany. The environmental 
manufacturing company noticed that water fleas 
are particularly sensitive to nerve poisons, so 
researchers are testing this imaging/monitoring 
system in a closed-performance route on the 
grounds of Berlin’s water company, another 
partner in this project. The idea behind it is 

making the system as 
small and cost-effective 
as possible so that a 
network of sensor units 
communicating with 
one another could be 

distributed over sensitive points in the drinking 
water network.
 Because the micro-organisms in the biosensor 
are critical to the detector, and the detector must 
be operated continuously, IOSB researchers have 
developed a companion system that automatically 
monitors and regulates important parameters 
such as temperature and inflow of nutrients to 
guarantee optimum life conditions for the micro-
organisms. n

The red fluorescent bacteria in the glass tube at 
right change color when the micro-organisms in the 
biosensor come into contact with toxic substances. 
The measuring probe shows the intensity of 
fluorescence.

A one-minute warning system 

could set off alarms if there is a 

danger of toxins in the water.
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SPIE Fellow Mario Paniccia 
is director of the Photonics 
Technology Lab at Intel Corp. 
and leads a group in the 
area of silicon photonics. He 
answers questions about recent 
developments in “siliconizing 
photonics,” including Intel’s 
support of the new foundry 
service in the United States, 
OpSIS.

Intel announced the first silicon-based 
optical data connection with integrated 
lasers in July 2010. How does the 
50Gbps silicon photonics link work?
 What we demonstrated was the ability to 
communicate between two silicon chips via an 
optical fiber, using light instead of copper traces 
or wires. To the eye, the 50Gbps link consists of 
a thin optical fiber with each end plugged into 
a small circuit board about the size of a cracker. 
Mounted on each circuit board are several 
electronic components and a silicon photonics 
chip roughly the size of a fingernail. 
 On the transmitter side, electrical data signals 
are directed into the transmitter board, amplified 
by a CMOS (complementary metal oxide 
semiconductor) driver IC and then fed into the 
silicon photonics transmitter chip. The photonic 
transmitter chip includes four hybrid silicon lasers, 
formed by fusing a piece of indium phosphide onto 
a row of silicon waveguides. 
 The laser is formed by etching gratings into 
the silicon waveguides and used to create a 

Journal looks at
silicon photonics
The SPIE journal Optical 
Engineering will have 
a special section in 
July on integrated 
optics, including silicon 
photonics. 

Guest editor is Giancarlo 
Righini of the Istituto di 
Fisica Applicata Nello 
Carrara (Italy).

“Besides being an 
excellent material for 
photonics, silicon has the 
advantage of leveraging 
the manufacturing 
infrastructure 
developed by the silicon 
microelectronics industry,” 
Righini says.

Intel’s Mario Paniccia holds 
a 50Gbps silicon photonics 

transmit module. Laser light 
from the silicon chip travels 
to a receiver module where 

a second silicon chip de-
tects the data on the laser 

and converts it back into an 
electrical signal.
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Continued on page 12  

laser cavity. From this, four different colors of 
continuous-wave laser light or wavelengths are 
generated. 
 These four continuous streams of light then 
pass into four integrated silicon modulators that 
encode the data at a data rate of 12.5 Gbps, based 
on the incoming electrical data stream. The four 
optical signals then enter a silicon multiplexer 
where they are combined and coupled out into 
an optical fiber.
 All of this happens in a single piece of silicon! 
The 50Gbps data stream (4 laser wavelengths 
times 12.5 Gbps) then travels down the fiber into 
a silicon photonics receiver chip. The optical 
signals are then separated by a demultiplexer 
where they are directed 
into four integrated 
sil icon germanium 
photodetectors that 
convert the optical 
signals into electrical 
signals. The optical data are then regenerated 
electrically. So we have now transmitted 50Gbps 
of data from one silicon chip to another “optically.”

What impact will an optical microchip have 
on communications and other apps?
 The ability to communicate optically will 
dramatically change the way data and information 
is moved and communicated in the future. Today, 
as more and more video and information are being 
stored in the “cloud,” it is getting more and more 
difficult to move this information around.

 Having very high-speed, low-cost optical 
communications will enable new usage models 
for getting and moving this information in and 
around the PC, server, tablet, and handheld. 
 For personal devices, imagine backing up your 
hard drive or transferring all your music libraries 
in less than a second. Imagine going to a kiosk 
and downloading a week’s worth of TV shows or 
a few movies to your handheld in a few seconds 
via a simple fiber. 
 Imagine having a wall-size, high-resolution TV 
display in your home that can be fed via a thin 
optical fiber. All of this could happen if you had 
the ability to connect your devices via silicon 
photonics. 

 In the cloud or for 
the data center, the 
ability to have low-
cost fiber connections 
b e t w e e n  s e r v e r s 
would eliminate the 

traditional design constraints we have with 
CPUs and servers. This would allow completely 
new architectures and systems to be built which 
connect CPUs to memory or CPUs to CPUs, all 
of which would enable better performance, more 
efficiency, and less power consumption.

Why do you think silicon photonics is 
the way to go?
 We are running into fundamental limits with 
copper as we continue to scale Moore’s Law and 

A 50Gbps silicon 
photonics transmitter 
module (left) sends 
laser light from the 
silicon chip through 
optical fiber to the 
receiver module 
(right), where a 
second silicon chip 
detects the data on 
the laser and converts 
it back into an 
electrical signal.

Imagine going to a kiosk and 
downloading a week’s worth of 
TV shows.

SPIEDigitalLibrary.org
Find the answer

Optoelectronics & 
Communications

INDUSTRY
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drive bandwidth up in frequency. Moving data 
faster or further over traditional copper wires 
requires more power, bulkier cabling, and more 
complex circuits. All of this can be done more 
efficiently with optical technology, but today 
optical communication is still very expensive. 
 However, just as with the integrated circuit, 
the benefit of silicon photonics is not about 
a single device. It’s about integration of these 
devices. Moore’s Law is not about putting two 
transistors down onto silicon; it’s about what 
happens when you integrate millions or billions 
of transistors. 
 When you do this, you enable new form factors, 
higher performance, and lower power — all at 
lower cost. 
 The benefits can be seen today in handheld 
devices that have the same computing power that 
you probably had on a desktop a few years ago. 
 What has limited the adoption of photonics in 
and around the PC and server has been the cost.
By having the ability to manufacture photonics in 
silicon we can draft off what has happened in the IC 
industry. We will be able to have highly integrated 
photonic devices with very low cost that can be 
manufactured in high volume. This will allow us 
to put photonics and optical communications in 
and around the PC and server and everywhere you 
need devices connected.

What else is the Intel Photonics 
Technology Lab currently working on 
to “siliconize” photonics? 
 The 50Gbps link was just the first step in 
demonstrating not only integration of photonic 
devices in silicon but also low-cost packaging and 

assembly. We continue to optimize the silicon-
photonics process work to improve performance 
and yields and are aggressively pushing toward 
commercialization of this technology.
 We are trying to tackle the challenges that are 
needed to enable this technology in high-volume 
production. In terms of speed, 50 Gbps was also 
just the beginning, and we are also aggressively 
pushing toward higher data rates i.e. 100Gbps, 
200Gbps and eventually 1Tbps.
 We are just at the beginning of this journey to 
siliconize photonics. 
 Hang on; the next few years will be exciting.

How long do you think it will take 
before silicon photonics becomes 
commercialized and has a significant 
share of the telecom or other markets?
 While I cannot comment on specific dates, 
I can say we are working with our internal 
business units to find appropriate landing zones 
and product introductions that span all areas 
from the consumer space to the data center and 
to high-performance computing. While we are 
going as fast as we can, the specific time frame 
will be determined by our product groups based 
on the different market opportunities they see. n

Intel’s 50Gbps silicon 
photonics link uses 
passive alignment 
techniques, wherein the 
connector mates to pins 
embedded in the silicon 
chip to ensure alignment 
of the laser beam to the 
optical fiber.

SPIEDigitalLibrary.org
Find the answer

Defense
& Security

New foundry service  
receives Intel aid

What support is Intel giving to 
the new foundry service OpSIS 
to help it create the needed 
ecosystem for silicon photonics?

In addition to financial support for OpSIS, 
we are providing ongoing technical 
guidance and support as the center 
develops. I’ve worked closely over the 
years with Professor Hochberg of the 
University of Washington who has led 
the establishment of this center, and we 
will hopefully continue to collaborate on 
research projects in the future. 

By providing a foundry service capability 
to the research community, we believe 
OpSIS will also help train and enable 
the next generation of silicon photonics 
researchers and engineers that will be 
needed as we move to commercialize 
silicon photonics in the future.

Mobile and optical technologies are the 
future. OpSIS gives us a playing field 
where people can now start playing.

See page 14 for more information on 
OpSIS.

The silicon/photonics data connection
t Continued from page 11
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Clean energy generation through solar 
photovoltaics and the energy-saving 
potential of solid-state lighting are 

usually the first things that come to mind when 
looking at environmental credentials of photonics 
technology.
 But those increasingly valuable applications 
are by no means the limit of the possibilities. 
And as the environmental agenda becomes more 
prominent in global politics, it’s a good time for 
the photonics community to be highlighting 
these less obvious “eco-friendly” technologies.
 One key area where green photonics shines is 
advanced manufacturing, in which photonics-
based techniques can produce stronger, lighter 
components and ways to fabricate such components 
with a lower overall environmental impact.
 As speakers and attendees noted at SPIE’s first 
Eco-Photonics event in Strasbourg, France, in 
March, one highly evident trend is the way in which 
high-power lasers used in materials production and 
manufacturing processes have become dramatically 
smaller and more energy-efficient in recent years.
 Laser sources are continually revolutionizing 
product design as well, and this makes them a 
key element for a sustainable economy.
 In a keynote paper at SPIE Eco-
Photonics, Berit Wessler of OSRAM and 
Ursula Tober of VDI Technologiezentrum 
outlined the direct environmental 
benefits arising from new product designs 
that have been enabled by a switch to 
laser-based manufacturing techniques.
 In “Green Photonics: the role of 
photonics in sustainable product 
design,” Wessler and Tober also provide 
a broad overview of laser-based and 
other technological advances and 
government policies that are accelerating 
the development of green photonics 
technologies and promoting their 
adoption into society. 
 Their paper is available as an open-
access article from the SPIE Digital 
Library: bit.ly/greenPhoton.

Advantages of using lasers
 Lasers have found major industrial 
applications in crash-safe car bodies, wind-
turbine blades, and fuel injection nozzles, 
among others, the authors say. “The trend 
towards product customisation and the 
growing importance of industrial design, 
as observed most notably in consumer 
electronics, will benefit greatly from the 
flexibility, rapid reconfigurability, and 

Green photonics shine in industry 
SPIE supports
EU investments
SPIE leaders have 
recommended that the 
European Commission 
continue its invest-
ment in high-tech laser 
research projects such 
as HiPER and ELI and 
establish an ecosystem 
that supports the com-
plete innovation cycle 
for optics and photonics 
products and systems.

Responding to a request 
for input on proposed 
changes to EU research 
and innovation funding, 
SPIE leaders also rec-
ommended increased 
support for partner-
ships between large and 
smaller enterprises.

More information:  
SPIE.org/fundEU

minimal wastage of laser-based manufacture,” 
they write.
 Wessler and Tober point to other advantages 
of industrial lasers:
• Laser surface treatment via thin-film coating or 

surface modification results in increased product 
durability, avoiding chemical consumption.

• Laser processing allows the use of new 
lightweight materials, such as aluminum, 
titanium, or composite materials instead of 
iron and steel, with consequent improvements 
in strength and weight.

• Vehicles built using lightweight laser-processed 
structures require less energy consumption in 
use.

• Small spot sizes (1μm instead of 10μm) used 
in laser cutting and welding techniques reduce 
the processed area and can thus save valuable 
material. 

 The full, lifetime environmental impact and 
importance of solar cells, optical communications, 
sensor networks, and other photonics technologies 
are also discussed in the paper.

– Mike Hatcher and Kathy Sheehan

INDUSTRY
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The opening of a new foundry service for 
silicon photonic chips in Seattle, WA 
(USA) earlier this year signals a “new 

age” for optical integrated circuits, one that could 
revolutionize the computing industry as well as 
communications, biomedicine, and imaging.
 The University of Washington (UW) launched 
the new Optoelectronic Systems Integration 
in Silicon (OpSIS) lab in February to allow 
engineers and researchers working on different 
projects anywhere in the world to share the cost 
of prototyping and fabricating chip-scale systems 
in silicon.
 The lab, partly supported by Intel Corp., 
BAE Systems, and the U.S. Air Force Office 
of Scientific Research, is modeled on the 
Metal Oxide Silicon 
Implementation 
Se rv ice  (MOSIS) 
deve loped  a t  the 
University of Southern 
California in 1981. 
M O S I S  h a s  b e e n 
widely credited with 
ushering in the current 
era of integrated circuit 
computing technology.
 The multi-project 
wafer service for silicon 
photonics at UW’s new 
Institute for Photonic 
Integration aims to make it radically easier 
and cheaper to design and manufacture the 
next generation of computer chips that move 
information with light as well as electricity. 
OpSIS will bring prototyping capability within 
reach of startups and academic research groups by 
coordinating “shuttle runs” that spread the cost of 
processing across many users of a single mask set. 
 BAE Systems, the Institute of Microelectronics 
in Singapore, and other foundry partners will 
produce the prototype chips for multiple users.

Creating an ecosystem
 The complexity of silicon photonic systems on 
chips has exploded over the past several years, and 
the processes needed to build these circuits are 

Foundry service aids
silicon photonic chips
A new foundry service for silicon photonics will reduce costs and 
allow new lines of research on computer chips.

usually too expensive or too risky for the research 
community to access. This, in turn, has hampered 
progress in low-cost, volume manufacturing.
 To solve this problem, OpSIS will provide 
the shuttle runs as well as design rules, device 
design support, and assistance with design-flow 
development so that even non-specialists can 
design and build functioning chips that integrate 
photonics and electronics. By developing standard 
rules and protocols, SPIE member Michael 
Hochberg, OpSIS director and assistant professor 
of electrical engineering at UW, says the overhead 
connected to dozens of different formats will be 
eliminated.
 “Our goal is to create an ecosystem for fabless 
silicon photonics to really take off, much like the 

fabless semiconductor 
indust ry  d id  over 
the past 30 years,” 
Hochberg says. 
 Because a single 
circuit design might 
use only a few square 
millimeters of a wafer, 
shuttle runs at OpSIS 
can result in a 100-fold 
reduction in costs, says 
Hochberg, a founder 
of Luxtera, a fabless 
semiconductor company 
commercializing silicon 

CMOS photonics.
 “We would like the photonics industry, 10 years 
from now, to function in a way that’s very similar 
to the electronics industry today,” Hochberg says. 
“People building optoelectronic systems will send 
designs out to an inexpensive, reliable third party 
for manufacturing, so they can focus on being 
creative about the design.”
 Hochberg notes that ePIXfab, a European effort 
to build silicon photonic chips in shared processes, 
has produced many wafers for device researchers. 
It offers shuttle services for passive devices but 
not yet for processes that include modulators and 
detectors, or transistors. 
 “ePIXfab has provided a fantastic service for 
device research, allowing users to customize 

OpSIS Director  
Michael Hochberg 

About OpSIS
OpSIS is a new foundry 
service for silicon 
photonics in Seattle in 
which the community 
shares the cost of 
fabricating complex 
chip-scale systems 
across many projects. 

Multiproject-wafer 
(or shuttle) runs will 
aggregate the designs 
of many users into a 
single complementary 
metal–oxide–
semiconductor (CMOS) 
process, with designs 
fabricated together on 
the same wafers.

Each user will pay only 
for the cost associated 
with the wafer area 
they use, which might 
be as small as a few 
square millimeters.

OpSIS Director 
Michael Hochberg is 
a founder of Luxtera 
and a 2009 recipient 
of a Presidential 
Early Career Awards 
for Scientists and 
Engineers, the highest 
honor bestowed by the 
U.S. government on 
young professionals in 
the early stages of their 
independent research 
careers.

A photonic circuit is about the size of a U.S. 
penny.

INDUSTRY
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Leveraging CMOS fabs
OpSIS Director Michael Hochberg says that silicon photonic devices can be built 
using commercial CMOS chip fabrication facilities if academic groups, startup 
companies, and large semiconductor manufacturers collaborate on shared CMOS 
foundry infrastructure.

“It is possible to integrate devices that use silicon waveguides into CMOS electronics 
flows,” Hochberg says. “Practical challenges exist,” he adds, but “Luxtera, where I 
was a founder, has done this already; Luxtera has run electronics and optics through a 
CMOS fab on the same chip. And they’re not the only ones who have done it.”

Intel’s Mario Paniccia; Carver Mead, the CalTech professor emeritus who is one of 
the inventors of VLSI circuits; and SPIE Executive Director Eugene Arthurs cel-
ebrate the launch of OpSIS.

future, downloading the entire contents of a 
modern hard disk in a second or less.
 “The ability to produce such low-cost 
silicon chips that manipulate photons, 
instead of electrons, will lead to new 
inventions and new industries beyond 
just data communications, including low-
cost sensors, new biomedical devices, and 
ultra-fast signal processors,” says Justin 
Rattner, CTO at Intel.
 “Together, we usher in a new age of 
optical integrated circuits,” Rattner says.
 SPIE CEO Eugene Arthurs has 
congratulated Hochberg and UW on the 
establishment of OpSIS. “The visionary 
work and energy provided by Intel, BAE 
Systems, the Air Force, and future partners 
will do much to move science forward and 
enable applications that help improve lives 
through more robust communications, 
improved medical technologies, and other 
advances,” he says.
 The center plans to offer three or 
four runs per year, with the first one 
expected this summer. Each run could 
accommodate 30 to 40 users. n

processes individually,” Hochberg says. 
“Our focus at OpSIS is on standardization 
of a few processes, to enable a transition 
from devices to full electronic-photonic 
systems.”

Ushering a new age
 Combining photonics and electronics 
promises to improve radar and sensing 
technology and could allow for biological 
sensors that can test hundreds of blood 
samples on a single inexpensive chip. 
Biomedical sensing devices that now cost 
hundreds of thousands of dollars and are 
the size of copy machines, for instance, 
could be replaced one day with hand-
held devices with tiny optical chips that 
cost $1 or less, Hochberg says.
 A fingernail-size chip loaded with optical 
integrated circuits could download an 
entire movie or 150 albums worth of music 
in a second. OpSIS is seen as a means of 
making all that happen cost-effectively, to 
serve the estimated 15 billion connected 
devices in use by 2015. Hochberg also 
predicts speeds of terabits per second in the 
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A laser-based, steam-wetness 
(quality) sensor can measure the 
presence of wet steam at the 
last stage of the turbine bucket, 
or blade.

TECHNOLOGY R&D

Diode laser sensors and other non-intrusive metrology systems can 
help predict failures and prevent major accidents and financial losses. 

By Chayan Mitra,  
Rachit Sharma, 
Sandip Maity, and 
Sameer Vartak

Optics and photonics-related technologies have 
promising potential when it comes to fast, accurate, 
and in-situ measurements and monitoring of gas 

turbines and other machinery in the energy sector. 
 The ability to detect impending problems, whether at 
a steam, coal, or nuclear power plant or in a natural gas 
pipeline, is essential for energy efficiency. Non-intrusive and 
real-time monitoring systems are also critical for preventing 
leaks, accidents, explosions, and other failures that can have 
catastrophic consequences for the power supply, workers, and 
the public.
 To make failure prediction and remaining-life assessment 
efficient and reliable, novel sensors for on-line measurement 
of machine parameters have become increasingly important.
 Most of the commercially available sensors used for optical 
diagnostics and prognostics operate in the UV to near IR 
(~2000nm) range. In each spectral domain, the optical sensors 
can monitor emission, absorption, scattering, or fluorescence. 
 Spectroscopic methods improved significantly after the 
invention of the semiconductor diode laser in the early 1960s. 
Pioneered by Ronald K. Hanson and the Hanson Research 
Group at Stanford University, diode-laser-based diagnostics 
technology has since found applications in a variety of areas 
and a versatile range of operating conditions. In particular, 

tunable diode-laser-based absorption spectroscopy (TDLAS) 
has proved to be a strong and reliable technique for remote 
measurements of concentrations and temperatures in harsh 
environments. 

Sensitive measurement capabilities
 TDLAS sensors have enabled rapid developments in the 
field of monitoring and diagnostics for gas and steam turbines. 
These sensors are mostly based on line-of-sight absorption 
spectroscopy and provide unique capabilities for fast and 
accurate in-situ measurements of a variety of important 
parameters. 
 Commercially available TDLAS units from Zolo 
Technologies (USA), CEMTEK Instruments (USA), and 
TDL Sensors (UK), allow sensitive measurements (up to a few 
ppm) of CO or CO2, NOx, H2O, and NH3 from the exhaust 
of gas turbines. This allows for real-time, high-stability 
measurements, which lead to better emission control 
through optimization of the DeNOx  process.
 TDLAS systems are now also frequently 
used in coal boilers, internal 
c o m b u s t i o n  e n g i n e s , 
explosion protection 
systems, and 
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A New SPIE e–Journal
Free online access this year. 
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Covering renewable energy harvesting, 
conversion, storage, distribution, monitoring, 
consumption, and efficient usage.
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natural gas pipelines for similar applications. 
A major evolution from single-path 
measurement has been the 2D tomography 
of gas species concentration. One such system 
is Zolo Technologies’ ZoloBOSS that maps 
multiple tunable-diode-laser paths, like a 
grid, across coal-boiler combustion zone for 
identifying the burner that needs tuning. 

Need for new technology
 For combustion diagnostics in gas turbines, 
a similar 2D-tomography technique would 
allow for local control of parameters, thus 
leading to better process optimization. 
However, the line-of-sight-based diode-laser-
absorption technique fails to provide spatially 
resolved measurements. 
 Recent research has focused on combining 
tunable-diode-laser-absorption data with 
computerized tomography (CT) to determine 
concentration distribution of chemical 
species in the combustion zone. 
 Although optical techniques are non-
intrusive and provide fast and accurate 
measurement of the controlling parameters, 
they require one or more optical access 
ports, which can be challenging in a 
practical application. For example, in 
grid-like measurements, it is necessary 

to have multiple ports on the machine, 
which makes it almost impossible 

to maintain structural integrity. 
While this technology has 

been demonstrated several 
t i m e s  i n  l a b o r a t o r y 

conditions, successful field 
implementation in gas 

turbines has yet to 
occur.

Steam metrology
 Laser-based concentration 
measurements are also 
applicable when monitoring 
the performance of steam 
turbines .  Per formance 
m o n i t o r i n g  e n t a i l s 
continuously evaluating the 
efficiency of the equipment 
over time.
 Performance calculating 
procedures for individual 
turbine sections involve 
knowing the current and 
expected turbine section 
efficiency. The efficiency 
of low pressure sections of 
steam turbines cannot be 
directly determined due to 
the presence of wet steam in 
that region. Several reports 
have pointed out erosion 
damage of last-stage buckets 
(or rotating turbine blades) 
due to wet steam. 

GE scientist Robert Hall invented the semiconduc-
tor diode laser, which is used for the detection of 
small droplets of water in steam moving at high 
velocities.Continued on page 18  
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 To overcome this problem, GE has developed 
an optical absorption-based steam wetness 
sensor to directly measure the wetness fraction of 
saturated steam inside steam turbines.
 Using optical absorption, two broadband lasers 
measure the concentration of water and steam 
individually to estimate wetness. The choices of 
wavelengths are such that the different phases 
(water and steam) differ widely to minimize the 
measurement error.

Combustion temperature test 
 Another important parameter used as a 
primary control for the combustion process is 
the combustion temperature. Temperature values 
can be measured using TDLAS by studying the 
absorption line broadening of chemical species. 
 For instance, vibration bands of H2O between 
1.3 and 1.41 μm can provide accurate temperature 
measurements as they are readily accessible by 
commercially available diode lasers. However, 
the selection of line pairs becomes tricky when 
this technology is used to measure temperature at 
high-pressure combustion zones.
 At pressures above 5 atmospheres, the vibration 
bands start broadening, and this can cause the 
spectral features to overlap. This leads to an 
increase in inaccuracies in the temperature 
measurement. Some researchers have suggested a 
multiple-fixed-wavelength technique, instead of a 
scanned-wavelength strategy, to solve this problem.

System design challenges 
 In addition to careful selection of absorption 
bands, measurement of temperature at the 
combustion zones offers other challenges, such 
as designing the “pitch” and “catch” optics. 
Thermal and density variations in these zones 
cause extensive beam steering and distortion. 
 Several articles published by the Hanson 
Research Group highlight the use of large area 
detectors, high-quality anti-reflective coatings, 
and wedge-shaped windows for this purpose. 
 Another challenge with the conventional TDLAS 
“pitch” and “catch” technique for combustion 
temperature measurement is the optical accessibility 
to the combustion zone. Patents presented by Zolo 
Technologies Inc. and Siemens AG propose using 
a single optical access port for both “pitch” and 
“catch” and using the laser reflection from the 
inner wall of the combustion zone for temperature 
measurement. So far, a practical demonstration of 
this technique in gas turbines has not been shown.

Machine-failure prognostics
 Since their development in the 1940s, gas 
turbines have come a long way in terms of efficiency 

Opto-Diagnostics for Power Plants
t Continued from page 17

Problem with
wet steam
Steam can exist in two 
forms, wet and dry.

The wet steam has 
water droplets in it in 
suspension. 

If we provide additional 
heat to the steam, the 
temperature will remain 
constant until all water 
is evaporated. It is then 
that the temperature 
increases above satu-
ration temperature and 
we get superheated 
steam or dry steam.

In dry steam, we will 
not see any water drop-
lets in suspension.

Steam at atmospheric 
pressure has little 
practical use (apart 
from humidifiers), as we 
cannot transport it from 
one point to another 
through a pipe under its 
own pressure. As the 
pressure is increased, 
the temperature at 
which the steam and 
water co-exists de-
creases. 

In steam turbines used 
for power genera-
tion, even the smallest 
amounts of suspended 
water droplets can hit 
the turbine blades like a 
bullet, therefore eroding 
the blades.

The technology to 
detect these small 
droplets of water in 
steam moving at high 
velocities was enabled 
by semiconductor 
diode lasers invented 
by GE scientist Robert 
Hall in 1962. 

and sophistication. Major turbine manufacturers 
such as General Electric and Westinghouse, 
began by developing turbines for military aviation 
applications. As gas turbines proved their capability 
in generating power, the industry split and “power 
generation” became a separate gas-turbine sector.
 Since then, R&D advances, fuel availability, 
and environmental concerns have consistently 
driven the growth of gas turbines. Today, gas and 
combined-cycle power plants are prime movers 
of the power-generation market.
 Along with advancement of material science, the 
development of cooling technology for gas turbines has 
allowed machines to operate at higher temperatures, 
thus producing higher efficiencies. For example, a 
major focus for R&D during the 1980s involved steam 
injection into the gas turbine combustor from the 
Heat Recovery Steam Generator (HRSG) to boost 
the power output by raising the firing temperature. 
Higher temperatures, however, also made machines 
more vulnerable and prone to accidents. 
 This increased demand of machine-failure 
prognostics capability, so that possible failures 
could be predicted and remedial actions taken to 
prevent major safety incidents and financial losses. 

Sensors of the future
 Fast, reliable, and accurate prognostics are 
the ultimate goal for monitoring the health of 
machines in the energy sector. The ability to 
detect an impending problem and provide an 
estimate of remaining time to critical failure is 
critical for safety, reliable operation, and the 
prevention of catastrophic failure. 
 For an accurate and real-time estimation of 
remaining life, these optical sensors show promise. 
In the years to come, optics-based monitoring will 
be a major player in solving some of the toughest 
problems in the power-generation industry. n

– Chayan Mitra, Rachit Sharma, Sandip Maity, 
and Sameer Vartak work at the Micro and Nano 
Structures Technology Lab at GE Global Research in 
Bangalore, India. SPIE members Mitra and Maity are 
senior scientist and lead scientist, respectively, at the 
lab. Sharma is a research scientist and Vartak a lead 
scientist. Their research is focused on the development 
of optical sensors for energy applications.

Sensors for gas-turbine combustion diagnostics 
must operate around rotating parts and under 
harsh conditions.
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Editor’s Recommendation: Moving quantum information
 Semiconductor nanowires provide a powerful 
platform to bridge the worlds of quantum 
transport and quantum optics. Due to the 
nanowire geometry, they are well suited for an 
efficient interface between electron spins and 
photons, which is required for long-distance 
transfer of quantum information.
 For the latest in this area of research, SPIE 
Fellow Akhlesh Lakhtakia, editor-in-chief of the 
Journal of Nanophotonics, recommends reading 
an article from the March issue of the journal: 
“Single photon emission and detection at the 
nanoscale utilizing semiconductor nanowires.” 
 Michael Reimer of Delft University of 
Technology (The Netherlands) and his co-

authors explain how they have integrated an 
InAsP quantum dot in the depletion region of 
a p-n junction in an InP nanowire. By injecting 
current into the quantum dot, light is emitted 
with a wavelength that is precisely controlled by 
the size of the quantum dot. 
 The researchers were able to detect photons 
with high sensitivity and large gain using only 
a single Si nanowire comprised of a p-i-n diode.
 “Combining InAsP quantum dots in Si 
nanowire p-n junctions opens up the possibility 
to perform quantum-optics experiments on-chip,” 
the authors state. 
 Source: Journal of Nanophotonics 5, 053502 
(2011); doi:10.1117/1.3562279

Progress reported in EUV lithography
 Flare levels below 5% in extreme ultraviolet 
(EUV) lithography, once thought to be practically 
impossible, have been achieved and EUV scanners 
have been installed at chip manufacturers for early 
process development, it was reported at SPIE 
Advanced Lithography earlier this year.
 EUV Lithography conference co-chair and 
SPIE Fellow Bruno La Fontaine writes in 
the Proceedings for that conference that the 
introduction of EUV lithography in industrial 
pilot lines is in “full swing.”
 “Although the throughput of these scanners and 
source power is not at the expected levels yet, many 
wafers have been printed with these beta tools 
with excellent results down to approximately 20-
nm half-pitch resolution and with good overlay,” 

La Fontaine writes. “Source manufacturers report 
progress in the stability, lifetime, and average usable 
power for the scanner.”
 In addition to providing updates on the 
status of tools and process development, papers 
presented at the conference address critical issues 
for EUV technology, such as sources, masks, resist 
performance, and components lifetime. 
 The EUV mask infrastructure also continues to 
make progress, according to researchers presenting 
papers at the conference. “A lot of effort is 
devoted to put in place actinic inspection tools,” 
says La Fontaine, whose co-chair was Patrick 
Naulleau. 
 Source: Proceedings of SPIE 7969, 796901 
(2011); doi:10.1117/12.897483

Robotic ankle puts the spring in the step
 A robotic tendon that acts like a spring 
has helped reduce energy requirements for a 
new robotic ankle while also advancing the 
development of a computer-controlled prosthesis 
that allows a user to climb stairs and even jog. 
 Thomas Sugar of the Human Machine 
Integration Lab at Arizona State University (USA) 
demonstrated the new device called SPARKy, 
for Spring Ankle with Regenerative Kinetics, in 
March at SPIE Smart Structures /NDE.
 SPARKy has overcome the large moment, 
power, and energy challenges needed for a bionic 
ankle, Sugar says, through the addition of springs 
in series with a motor.

 “We developed a robotic tendon that reduces 
the peak power by altering the required motor 
speed. By changing the required speed, the spring 
acts as a ‘load variable transmission’,” Sugar says.
 The new device, whose actuator is optimized 
through a spring that is customized for each person, 
can actively support a user under normal conditions, 
such as walking forward and backward, ascending 
and descending stairs and slopes, and even jogging. 
 It is described in “Walking with Springs,” a 
paper Sugar co-authored for the Electroactive 
Polymer Actuators and Devices conference.
 Source: Proceedings of SPIE 7976, 797602 
(2011); doi:10.1117/12.882214 Thomas Sugar testing the 

mechanical, prosthetic ankle 
that stores and releases energy 
during the gait cycle. 

New record 
for LED efficacy 
Cree has reported what it 
says is an industry-best ef-
ficacy record of 231 lumens 
per watt for a white LED.

The result improves upon 
Cree’s previous industry re-
cord of 200 lumens per watt 
in 2010. The LED efficacy 
was measured at 231 lumens 
per watt using a single-die 
component at a correlated 
color temperature of 4500 K. 

Standard room-temperature 
350 mA testing was used to 
achieve the results, which 
were reported in May.
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Motion-system design and manufacturing 
techniques need 6D precision.

By Bill Hennessey

TECHNOLOGY R&D

6D Nanometrology

Nanometrology is the science 
of calibrating and using 
measuring equipment to 

quantify the physical size of, or 
distance from, any given object at the 
nanometer-precision level. Inspection 
is a critical step in product development 
and quality control. This is even more 
important to the manufacturing 
process today considering the trend 
of miniaturization, nanoprecision 
processes, and precision manufacturing 
that has challenged legacy metrology 
motion systems and sensors.
 While it’s not possible to be perfect 
in the real world, attaining 6D 
precision for motion systems is a 
must, and it begins with taking the 
right approach to the problem. Many 
engineers do not realize it’s possible 
to have excellent repeatability to a 
planar position but still experience 
‘point-in-space’ misalignment because 
of the degrees of freedom in an axis. 
 But some engineers are on the 
forefront of nanoprecision metrology with 
innovative thinking that has resulted in 
advancements in manufacturing techniques 
and metrology sensors to solve the challenge of 
reducing errors.

Legacy metrology systems
 Modern measurement equipment such as 
hand tools, CMM (Coordinate-Measurement 
Machines), and optical comparators are some of the 
more common tools currently in use. A CMM is 
based on computer numerical control  technology 
to automate measurement of Cartesian coordinates 
typically from physical contact with the part 
although they may have laser- and vision-based 
sensors. Optical comparators are used when the 
part can’t physically be touched. Today, optical 
3D (laser) scanners are becoming more common.
 By using a light-sensitive detector (e.g., digital 
camera) and a light source (laser, line projector), 
the triangulation principle is employed to generate 
3D data, which is evaluated in order to compare 
the measurements against nominal geometries. 

 These systems, in particular CMMs, have 
used motion systems that deliver mostly 2D 
precision. They look at repeatability, accuracy, 
and resolution, which describe only part of the 
motion performance, since repeatability and 
accuracy is relative only to a plane in space, not 
to the point required by nanometrology sensors. 
 Equipment using legacy metrology motion 
systems with new technology sensors often measure 
the motion system and not the actual object. 
 There is a great need for motion systems and 
for kinematic models of modern measurement 
systems to evolve to a still higher precision 
level. However, basing the approach on 
legacy 2D positioning technology often fails 
spectacularly, as the measurement-tool dot size 
is much smaller than a traditional 2D motion 
system’s ability to follow a programmed path.

The 6D visualization model
 The basic principle of nanometrology is a six-
dimensional visualization of the point in space that 
you wish to measure versus the conventional 2D 

All the world’s
a stage
In addition to metrology 
systems, ALIO Indus-
tries designs and builds 
precision automation 
stages, or platforms, for 
nano-level manufacturing 
applications, including 
microlithography, fiber 
optics, medical devices, 
micro-machine tools, 
photovoltaics, and semi-
conductors.

In lithography, for 
instance, the stages are 
precise enough to project 
images on substrates 
without the need for a 
photomask. 

In medical applications, 
images are stitched 
together precisely, thus 
reducing the need for 
software to “best fit” the 
images together. 

The role of the stage is 
critical to the stitching, as 
it controls the alignment 
of the exposures. Also, if 
the substrate is curved, 
a 6D motion system is 
the only way to control 
pitching up or down. 

ALIO’s products are 
6-D Nano Positioning™ 
motion systems in serial 
and parallel kinematic 
platforms.

6-D NANO PRECISION™
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In many applications, a  

misalignment of one micron 

might as well be one meter.

TECHNOLOGY R&D

thinking of a plane somewhere along the path of measurement. 
Motion-system design and manufacturing techniques need to 
be radically changed to meet these 6D precision demands from 
sensors and precisely manufactured products.
 One type of sensor for nanometrology is a white light laser 
interferometer. These sensors and others based on lasers have 
pushed the metrology motion systems requirements with less 
than 100-nm accuracies and a 5-micron dot size or smaller data 
measurement range.
 ALIO typically uses < 1-nm to 5-nm resolution non-contact 
optical-position-feedback encoders that can move meters per 
second but has used position-feedback systems that can achieve 
38-picometer resolution.
 The motion systems and kinematic 
structure of the modern measurement 
systems need to have better precision 
than the sensors, thus 6 degrees of 
error for each axis of motion needs to be reduced from microns 
to nanometers. 
 To better understand 6D precision, we must understand 
where the point in space we are measuring is because the 
flatness, straightness, pitch, yaw, and roll of the motion system 
are generally more important errors to account for than 2D 
repeatability and accuracy in a plane. 
 The 2D visualization of a plane does not account for where the 
point in space is since the biggest potential errors of straightness 
and flatness are not factored in but assumed. As illustrated 
above, the true precision in the real world is much larger than 
the assumed errors in the 2D world. Thus the data collected will 
need sophisticated algorithm manipulation and many more data 
points collected to approximate the part’s full dimensional quality. 

Real-world applications
 There are several applications in the photonics industry that 
can benefit from this point precision, especially when working 
with optics and steering mirrors. Trying to measure the surface 
of a concave or convex surface with a 5-micron dot-size sensor 
moving in a serpentine motion multiple times back and forth 
across the surface assumes that the motion system straightness 
and flatness are perfectly parallel with no bi-directional motion 

errors. But this is not the case with legacy motion systems that 
can have 20 to 50 microns of errors. 
 Six-dimensional nanoprecision motion systems reduce these 
errors below the 5-micron measuring sensor, thus allowing the 
optics to be measured and not the motion system.

6D motion systems
 Now that we understand the challenges of measurement with 
new nanoprecision-sensor technology, we need to focus on the 
motion system and how to reduce all the errors of each axis.
 Nanoprecision motion systems begin with the design of a 
new product from concept to component selection, paying 

particular attention to assembly. 
Precision and quality are foremost 
when creating a revolutionary motion 
system. Motion-system errors need 
to be minimized during design, 

manufacture, and assembly. The following is a list of critical 
areas that need to be thought out and focused on for success. 
These points, along with an understanding of the true meaning 
and results of repeatability and accuracy of a system are key for 
success in the world of 6D nanometrology.
• Design of the motion-system structure is the critical 

foundation for 6D precision. Legacy designs and past design 
practices need to be replaced with an “outside-the-box” 
look at the design while factoring in environment, stiffness, 
thermal growth, assembly, and quality. 

• Bearing selection is determined per the application needs. 
Ultra-precise crossed rollers or air bearings are the current 
precision standards. 

• Drive systems include amps and controllers, which must 
work together with the position feedback system to not 
only move precisely to a point, but hold position without 
dither and minimize velocity deviation during continuous 
data capture.

• Position-feedback systems are based on optical encoders, 
laser interferometers, and laser scales and are application- 
and environment-dependent.

What is the Real Error?

Assumed errors in the 2D and 4D world are only a fraction of the real-error story. When all six dimensions are included, the er-
ror you get is a lot larger.
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6D Nanometrology
t Continued from page 21
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• Material selection is dependent on the application, but 6061 
aluminium is still the most cost-effective material if it can be 
machined to high tolerance without deforming the structure. 
Proper machining technique is the foundation of building a 6D 
nanometrology system.

• Assembly is critical since even the most precise structure can be 
deformed by poor assembly techniques.

• Testing with laser interferometers and other NIST-traceable 
metrology solutions are the only way to verify that all the previous 
steps have been completed successfully. n

– Bill Hennessey is founder and CEO of ALIO 
Industries (www.alioindustries.com). He has some 
30 years experience as an entrepreneur, mechanical 
engineer, and marketing professional in the robotics, 
lasers, and automation fields. ALIO Industries is 
based in Colorado (USA) and has been focused 
on 6D nanopositioning systems for semiconductor, 
metrology, ink-jet deposition, PV, medical, and 
other photonics-enabled industries for more than 

10 years. The company holds several patents and pending patents based 
on 6D nanopositioning.

Go to SPIE Professional online (spie.org/spieprofessional) to view 
an ALIO presentation on measuring real error in 6D.
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Exhibition dates 
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Call for Papers
Submit your abstract by 11 July 2011

Do you know an SPIE member who has made considerable 
technical and scientific contributions in optics, photonics, 
optoelectronics, and imaging and who is not yet an SPIE 
Fellow? 

Nominate your colleague, mentor, or student by 15  
September at spie.org/fellows.

“The annual recognition of Fellows provides an opportunity 
for us to acknowledge SPIE members for their outstanding 
technical achievements and service to SPIE and the general 
optics community,” says SPIE President Katarina Svanberg.

More than 900 SPIE members from academia and industry 
have become Fellows since the Society’s inception in 1955. 

Both regular members and Fellow members in good standing 
may nominate individuals as candidates for promotion to 
SPIE Fellow. After receiving letters of recommendation and 
other supporting materials by 15 September, the SPIE Fellows 
Committee will evaluate and recommend a class of SPIE 
members for promotion to Fellow.

If a nominee is not chosen as a Fellow the first time he or 
she is nominated, the application will remain active for the 
next two years.

More information: SPIE.org/fellows

Call for nominations for SPIE Fellow
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Getting to the point
U.S. scientists measure the resonant frequency of an AFM sensor tip 
to gauge wear and tear.

Scientists at the National 
Institute of Standards and 
Technology (NIST) have 

developed a way to measure 
the wear and degradation of the 
microscopic probes used to study 
nanoscale structures in situ and 
as it’s happening.
 Their technique, called contact 
resonance force microscopy, can 
both dramatically speed up and 
improve the accuracy of the most 
precise and delicate nanoscale 
measurements done with atomic 
force microscopy (AFM).
 If you’re trying to measure the 
contours of a surface with a ruler 
that’s crumbling away as you work, then you at 
least need to know how fast and to what extent 
it is being worn away during the measurement.
 This has been the challenge for researchers and 
manufacturers trying to create images of the surfaces 
of nanomaterials and nanostructures. Taking a photo 
is impossible at such small scales, so researchers use 
atomic force microscopes to measure the peaks and 
valleys on the surface of nanostructures. But the 
AFM tips are so small that they tend to wear down 
as they traverse the surface being measured.
 Today, most researchers stop the measurement 
to “take a picture” of the tip with an electron 
microscope, a time-consuming method prone to 
inaccuracies.

IN MEMORY:
Nobel laureate Willard Boyle
Willard Boyle, who shared half of the 2009 Nobel 
Prize in physics for co-developing the CCD image 
sensor that revolutionized photography, has died 
in Nova Scotia, Canada. He was 86.

Boyle and Nobel co-recipient George Smith 
invented the charge-coupled device in 1969 while 
working at Bell Labs in New Jersey.

The photosensitive microchip they developed has 
made chemical film virtually obsolete and has 
enabled the world to see astonishing images in 
space and under the sea. 

“We are the ones who started this profusion of 
little cameras all over the world,” he said after 
winning the Nobel.

Willard Boyle, left, and George Smith in 1974. 
Their work on the charge-coupled device won 
them a Nobel Prize in 2009.

IN MEMORY:
Don Braggins,  
expert in  
machine vision
SPIE Fellow and machine 
vision expert Don Braggins, 
70, died 25 May in the UK. 
A founding member and 
former director of the UK 
Industrial Vision Associa-
tion, Braggins specialized 
in image processing and 
analysis.

He was also a founder of 
Machine Vision Systems 
Consultancy in Royston, 
England, where he stayed 
on top of the vision market 
in Europe and evangelized 
for widespread adoption in 
manufacturing of machine 
vision in statistical process 
control.

Braggins, who wrote 
hundreds of articles on 
innovations in and applica-
tions of vision in a variety of 
technical magazines, served 
as associate editor for 
machine vision for the SPIE 
journal Optical Engineering 
from 2005 to 2009.

As an atomic force microscope’s tip degrades, the change in tip 
size and shape affects its resonant frequency and which can be 
used to accurately measure, in real time, the change in the tip’s 
shape, thereby resulting in more accurate measurements and 
images at nanometer-size scales.

Image courtesy Jason Killgore

 Now NIST materials engineer Jason Killgore 
has developed a method for measuring in real time 
the extent to which AFM tips wear down. Killgore 
measures the resonant frequency of the AFM sensor 
tip while the instrument is in use. Because changes 
to the size and shape of the tip affect its resonant 
frequency, he is able to measure the size of the 
AFM’s tip as it works—in increments of a tenth 
of a nanometer, essentially atomic scale resolution. 
 The technique was described in the journal 
Small in April. n

Source: Killgore, J., et al. “Continuous measurement 
of AFM tip wear by contact resonance force 
microscopy,” Small 7, 1018-1022 (2011). 
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Harrison Barrett will receive the SPIE Gold Medal for a lifetime of 
contributions to imaging science. 

By Karen Thomas

On Christmas Day, 1949, 10-year-old Harrison Barrett 
received a Gilbert Atomic Energy Lab. This high-end 
chemistry set, which included actual radio isotopes, 

would help inspire young Harry to a career in 
medical imaging.
 “I set up a dark room in my family’s 
bathroom and used towels to keep the 
light out,” says Barrett of one seminal 
experiment. “After developing a roll of 
Kodak 620 film with an iron-55 source taped 
to the outside of the roll, I could see multiple 
images of the source. They got weaker as the 
gamma rays went through more layers of the 
film and more blurred as the layer of the film was 
farther from the source. At some intuitive level, at 
10 years old, I understood the concept of exponential 
attenuation and blur by distance between source and 
detector.”
 Barrett, the 2011 recipient of the SPIE Gold Medal for 

his contributions to imaging science, 
saw television for the first time 

in 1951. Fascinated by this 
“new” technology, Barrett 
saved money from his paper 
route and enrolled in a 
correspondence course with 
the National Radio Institute. 
He got an FCC license in 
order to get jobs working 
on two-way radios, which 
he continued doing through 
college. During high school, 
he worked with a Crown 

Graphic 4×5-inch camera as 
the official photographer for the 

school yearbook. 
    Through these activities, 

Barrett  gained a strong 
foundation in gamma ray 

imaging, television, and 
photography, all before 

being old enough to 
drive. 

Building foundations of imaging
    After receiving his PhD in Applied Physics from Harvard 

University in 1969, Barrett went on to become a project 
leader in the medical electronics unit of the research 

division at Raytheon Corp. in 1971. There he began his 
influential research in medical imaging, which continues 

more than 40 years later.
 By 1974, Barrett was an associate professor in the 

Optical Sciences Center and the Department of 
Radiology at the University of Arizona (UA). Two 

years later, he was promoted to full professor, and 
in 1990, Barrett was granted the title of Regents 

Professor at the university. 
 To date, Barrett has published more 

than 250 journal papers, has given 120 invited 
presentations at scientific conferences, and he holds 25 

patents. Probably the most renowned publication is the book, 
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The “roadmap” that Harrison Barrett and Kyle Myers con-
ceived has a feedback loop for continual optimization.
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Foundations of Image Science, which 
he co-wrote with a former student, 
SPIE Fellow Kyle Myers. This  treatise, 
winner of the SPIE/OSA Joseph W. 
Goodman Book Writing Award in 2006, 
covers the principles, data, and higher 
mathematics involved in imaging systems 
and how to comprehend and evaluate those 
systems.
 “This book is some 1500 pages long and 
so thick I can barely lift it, let alone read it,” 
says James. C. Wyant, dean of the College 
of Optical Sciences at UA and the recipient 
of the SPIE Gold Medal in 2003. “This book 
forms the basis for the new Image Science track 
at the university, and it’s having a broad impact 
on graduate programs in imaging around the 
world.”
 “The hardest part about writing this book 
was stopping,” Barrett writes in the epilogue to 
Foundations. “At the end of each chapter, we 
could see many other directions to explore.”
 The eight-page epilogue was written to 
suggest to readers the many paths that might 
have been followed, “had we had several 
other lifetimes to do so.” To illustrate these 
concepts, Barrett and Myers included a figure 
(opposite page) showing the “Roadmap for 
the systematic optimization of gamma-ray 
imaging systems.” First presented by Myers 
in 1985 at a medical imaging conference 
at Georgetown University, the roadmap 
features a feedback path for the continual 
optimization of imaging systems. 

Irrational pessimism
 In 1973, Barrett submitted a grant to the 
National Science Foundation (NSF) with a 
colleague to study the various aspects of imaging 
with computers. The proposal was turned down, 
because the NSF felt that computers weren’t 
powerful enough; that there was no future for 
computers in medical imaging.
 “That’s about as foolish a statement as was ever 
made at a grant review, I think,” says Barrett, who 
can laugh about it now. “But people continually 
underestimate the things that can be done 
with new and greater computer power. In the 
epilogue to Foundations, Kyle and I speculated 
that an image scientist of 2031 or 2041 would 
have petaFLOPs computers capable of one 
quadrillion operations per second. Now it seems 
that statement was irrational pessimism, because I 
think that we’re just two or three years away from 
having that level. My group alone is approaching 
one fifth of that level right now.” 

Teaching and research 
 “Harry’s impact on imaging science is largely 

due to his dedication to teaching and his 
mentoring of graduate students,” says Myers, 
now director of the Division of Imaging and 
Applied Mathematics at the U.S. Food and 
Drug Administration’s Center for Devices and 
Radiological Health. “He brings great enthusiasm 
to each course, regardless of the number of times 
he has taught the material, and he insists on 
generating new teaching notes for each class to 
keep his presentations fresh. 
 “The new ground broken by his students and 
the resulting innovations would not have been 
realized without Harry’s far-reaching influence, 
or at least not on the same scale,” Myers says.
 Barrett feels the reason behind much of his 
success in the classroom and in research is the 
caliber of his students. 
 “We have a wonderful group of students here,” 
Barrett says. “We have a very selective admissions 
process, and I’ve been able to teach the graduate 
courses at a very high level.” 
 During his 37 years at UA, Barrett has 

SPIE Gold 
Medal Award
The Gold Medal of the Society 
is the highest honor the  
Society bestows and comes 
with a $10,000 honorarium.

It has been awarded annu-
ally since 1977 to recognize 
outstanding engineering or 
scientific accomplishments 
in optics, electro-optics, or 
photographic technologies or 
applications.

Harrison Barrett is honored 
this year for advancing the 
understanding of image sci-
ence, formulating rigorous 
mathematical approaches to 
the assessment and optimiza-
tion of image quality, and de-
veloping numerous innovative 
photon-imaging systems.
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Continued on page 26  

A Gilbert Atomic Energy Lab similar to one Barrett received as a gift.
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taught more than 20 different courses, all 
the while striving for his students to see the 
interconnections between materials-related 
imaging and concepts they’ve learned in other 
subjects, such as optics, physics, or mathematics. 
Barrett sees this connected knowledge as a tool 
kit students can use in whatever career path they 
may take.
 “It’s amazing to see a first-year graduate 
student, somewhat bewildered, not knowing 
which end of the soldering iron to hold, emerge 
five years later an accomplished researcher and 
ready to become a leader in the field,” says 
Barrett. “So often at SPIE Medical Imaging 
conferences (spie.org/mi) there will be 12 or 
14 of my former students chairing sessions or 
presenting papers. They’re making an impact 
and that’s absolutely the greatest satisfaction I 
take from my career.” 

Humility prevails
 When asked about winning the SPIE Gold 
Medal, Barrett, who has also been awarded the 
2011 IEEE Medal for Innovations in Healthcare 

Technology, is quick to discuss the role many 
others have played in his success. 
 “I want to emphasize that this not a personal 
honor,” Barrett says, “because I’ve benefitted so 
much from so many people. Several colleagues 
and talented grad students have been critical to 
the work at the Center for Gamma Ray Imaging.
 “I’ve graduated 57 students with PhDs and I’ve 
learned from all of them and continue to learn 
from them. It’s been an evolutionary process, and 
many, many people have contributed to it. They 
really deserve the acknowledgment.”
 The Gold Medal, the highest honor the 
Society bestows, recognizes Barrett’s efforts in 
advancing the understanding of image science, 
formulating rigorous mathematical approaches to 
the assessment and optimization of image quality, 
and developing numerous innovative photon 
imaging systems.
 The honor, which includes a $10,000 
honorarium, was announced in February at 
SPIE Medical Imaging, a meeting that Barrett 
considers his professional home. He will formally 
accept the award in August at SPIE Optics and 
Photonics. n

Imaging Science
t Continued from page 25

Harrison Barrett
SPIE member and Gold 
Medal winner Harrison 
Barrett is a Regents 
Professor of Radiology, 
Optical Sciences, and 
Applied Mathematics 
at the University of 
Arizona. He is a longtime 
contributor to SPIE 
Medical Imaging and 
has served several 
times on its organizing 
committee.

Barrett has contributed 
greatly to the 
understanding of the 
physics, mathematics, 
and engineering of 
medical imaging and 
image science over the 
last 40 years, says Kyle 
Myers, who co-wrote 
the award-winning 
Foundations of Image 
Science with Barrett.

“His research has 
resulted in numerous 
patents and over 
250 publications on 
image acquisition in 
optics, ultrasound, 
and especially nuclear 
medicine; image 
reconstruction, and 
analysis,” says Myers.

Barrett has also been 
recognized as a top 
educator. “At the College 
of Optical Sciences, 
he is the person (with) 
the most knowledge 
for the broadest range 
of subjects,” says the 
college’s dean, James 
Wyant.

“He has taught the 
most different graduate 
courses of anyone here, 
and I think he could 
probably teach any of 
our courses. He has 
been the adviser of 
the most theses and 
dissertations (75) of any 
of our faculty,” Wyant 
says

MEMBERSHIP

Goodman receives Kingslake Medal

SPIE has awarded the Rudolf Kingslake 
Medal and Prize to SPIE Fellow Joseph 
W. Goodman for his June 2010 paper on 

speckle properties in the Society’s official journal, 
Optical Engineering. 
 The medal is awarded annually in recognition 
of the journal’s most noteworthy original paper 
on theoretical or experimental aspects of optical 
engineering.
 Goodman’s paper is titled: “Some properties 
of speckle from smooth objects.” It examines 
bright-field imaging, dark-field imaging, and 
single-sideband imaging, exploring symmetry 
properties of the Fourier spectrum of speckle from 
smooth objects and the effects these symmetries 
have on image speckle contrast.
 The paper presents “novel theoretical and 
computational findings of symmetry properties of 
the Fourier-plane spectrum of speckle from smooth 
surfaces,” says Eustace Dereniak, Kingslake Award 
Committee chair. 
 Goodman, professor emeritus from Stanford 
University (USA) and cofounder of Optivision 
and ONI Systems, has received numerous honors 
in optics, including the SPIE Gold Medal in 2007. 
He has also authored hundreds of research papers 
and several books on optics. 

 Goodman is  the 
author of the 2009 book, 
Speckle Phenomena in 
Optics, which provides 
a  c o m p r e h e n s i v e 
d i s c u s s i o n  o f  t h e 
statistical properties of 
speckle as applied in 
astronomy, projection 
displays, lithography, 
metrology and other 
applications. 
 He and his wife Hon Mai Goodman fund the 
Joseph Goodman Book Writing Award, which 
will be next awarded in 2012.
 He will receive the Kingslake Medal and Prize 
at SPIE Optics and Photonics in August where a 
special tribute conference is also being organized 
to honor him. (See page 46.)
 The prize includes a $2,000 honorarium.
 To read Goodman’s paper, which is open access 
in the SPIE Digital Library, along with other 
papers that have received the Rudolf Kingslake 
Medal in past years, visit: bit.ly/kingslake
 For more information on SPIE awards, go to 
spie.org/awards. n
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ALOP team wins SPIE Educator Award, 
brings light through hands-on training 

MEMBERSHIP

The Active Learning in Optics and 
Photonics team (ALOP) has won the 2011 
SPIE Educator Award in recognition of the 

team’s achievements in bringing basic optics and 
photonics training to teachers in the developing 
world.
 Under the auspices of UNESCO, the ALOP 
team has literally brought light to hundreds of 
physics teachers in developing nations through 
hands-on optics and photonics workshops, 
inspiring a new generation of scientists in those 
nations.
 The ALOP team is made up of faculty from 
universities around the world, and it collaboratively 
develops learning modules, hands-on activities, 
and workshop materials. Since the program’s 
launch in 2003, the ALOP team has presented 13 
workshops, with support from SPIE, UNESCO, the 
Abdus Salam International Centre for Theoretical 
Physics (ICTP), and other organizations.
 Each member of the ALOP team is an 
outstanding and innovative educator, able to 
transfer knowledge to people from different cultures 
and to induce students to learn from their own 
experience and analysis of their own observations.
 Those recognized with the SPIE Educator 
Award are:
• SPIE member Minella Alarcon, formerly with 

UNESCO, Philippines 
• SPIE Fellow Zohra Ben-Lakhdar, University 

El Manaur, Tunisia 
• Ivan Culaba, Ateneo de Manila University, 

Philippines 
• SPIE member Vasudevan Lakshminarayan, 

University of Waterloo, Canada 
• Joel Maquiling, Ateneo de Manila University, 

Philippines 
• Alex Mazzolini, Swinburne University of 

Technology, Australia 
• Joseph Niemela, ICTP, Italy  
• David Sokoloff, University of Oregon, USA
 The active-learning workshops train high-
school and introductory-level university physics 
teachers in developing countries utilizing 
simple, locally available materials. Afterward, 
participants are encouraged to organize workshops 
to train more teachers in their regions, as well as 
to teach the optics and photonics lessons in their 
classrooms.
 “Young people in developing countries often do 
not have access to education beyond the primary 
grades, and when they do their science education 
may be greatly hampered by lack of equipment 
and computer technology,” says María Yzuel, 

SPIE Past President and professor of physics at 
Universitat Autònoma de Barcelona. 
 “ALOP’s hands-on approach makes science 
much more accessible to the people of developing 
nations,” she adds. “Since science education 
has been shown to be a critical component of 
a nation’s economic development, the ALOP 
team has been providing an important first step 
in helping the people in these countries work 
towards economic independence.”
 Alarcon, formerly the UNESCO program 
specialist responsible for ALOP, says ALOP has 
been particularly successful in Morocco where 
local follow-up trainings have been held for more 
than 1000 teachers. 
 The annual SPIE Educator Award is given 
in recognition of outstanding contributions to 
optics education by SPIE instructors or educators 
in optics and photonics. It includes a $2,000 
honorarium.
 The next proposed ALOP workshops will be 
hosted by the National University of Rwanda 
and Kigali Institute of Science and Technology 
in Rwanda in November. The Department 
of Natural Sciences, School of Science at 
Kathmandu University in Dhulikhel has proposed 
hosting ALOP in Nepal in December. 
 Niemela from ICTP will assist UNESCO with 
the coordination of the 2011 ALOP workshops. n

Thompson wins
Vikram award
SPIE Fellow and past SPIE 
President Brian Thompson, 
provost emeritus at the 
University of Rochester 
(USA), is the 2011 recipient 
of the Chandra S. Vikram 
Award in Optical Me-
trology.

Thompson has been a 
pioneering researcher 
in the fields of coherent 
optics, holography, phase 
microscopy, and image 
processing, and the award 
recognizes his efforts to 
engender the development 
of dynamic particle size 
analysis.

“Dynamic particle size 
analysis, now widely 
used, was the first direct 
application of holography; 
it emerged directly from 
Thompson’s work,” says 
Akhlesh Lakhtakia of Penn-
sylvania State University. 
“He set the standard for 
experimental research on 
partially coherent light and 
its effects.”

Thompson will receive a 
$2,000 honorarium with the 
award. 

The Vikram Award was 
established in memory of 
the expert in holography 
and speckle metrology 
who died in 2007. Previous 
winners include Charles 
Vest, president of the U.S. 
National Academy of Engi-
neering, and SPIE Fellow 
James Wyant. 

Alarcon

Lakshminarayan

Niemela

Ben-Lakhdar

Maquiling

Sokoloff

Culaba

Mazzolini
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SPIEDigitalLibrary.org
Find the answer

Nano/Micro  
Technologies

Nominate a  
colleague 
SPIE presents several 
yearly awards that rec-
ognize outstanding indi-
vidual and team technical 
accomplishments and 
meritorious service to the 
Society. 

In addition to the awards 
listed on these pages, a 
new award honoring SPIE 
Fellow and biomedical 
optics pioneer Britton 
Chance, who died in No-
vember, will be presented 
in 2012.

The first Britton Chance 
Biomedical Optics Award 
will be presented at 
SPIE Photonics West in 
January.

Nominations for most 
SPIE awards may be 
made through 1 October 
and are considered ac-
tive for three years from 
the submission date.

Visit spie.org/awards  
for more information. 

A.E. Conrady Award
 Alan W. Greynolds, chief 
scientist at Ruda-Cardinal, 
Inc. (USA), is the 2011 
recipient of the A.E. Conrady 
Award. The award recognizes 
his significant advancements 
in the art of optical-design 
so f tware  including  the 
introduction of nonsequential ray tracing, ray 
splitting, Gaussian beam decomposition, coherent 
propagation, polarization propagation, and 
straylight analysis.
 “Al Greynolds has introduced several 
revolutionary concepts now commonly used in 
the modeling and analysis of optical systems,” 
says SPIE Fellow H. Philip Stahl, senior 
optical physicist at NASA. “Al’s pioneering 
work developing the ASAP software is now a 
fundamental part of all commercial software used 
for modeling stray light and illumination systems.” 

Dennis Gabor Award
SPIE Fel low Wolfgang 
Osten, professor at University 
of Stuttgart (Germany), is 
the 2011 winner of the 
Dennis Gabor Award for his 
outstanding contributions 
to the development of 
holography-based technologies 
for measurements on large, 
micro and nano-structures. 
 “Osten has been a prolific researcher and 
author across a wide sweep of analysis, technique-
development, and application of optical 
metrology, most of which is ultimately based 
on the fundamental techniques that Gabor and 
Leith developed long before digital processing was 
feasible,” says Charles Vest, president of the U.S. 
National Academy of Engineering. “There is no 
question that he has been a well-recognized and 
respected scientific/technical leader.” 

George W. Goddard Award
 SPIE member James H. 
Churnside ,  physicist  at 
the National Oceanic and 
Atmospheric Administration 
(USA), is the 2011 recipient 
of the George W. Goddard 
Award in recognition of 
developing and advancing 
the airborne fish lidar technique, and for wide-
ranging contributions to optical propagation in 
the atmosphere and ocean.

SPIE Awards for 2011
 “Churnside pioneered the airborne fish lidar 
technique for dramatically improving fisheries 
science and resource management,” says Joseph 
Shaw, professor and director of the Optical 
Technology Center at Montana State University. 
“He developed and applied a variety of theories 
and models that have had significant impact in 
the fisheries, oceanography, and air-sea boundary 
layer communities.” 

Harold E. Edgerton Award
Daniel James Kane, founder 
of Mesa Photonics (USA), is 
the 2011 winner of the Harold 
E. Edgerton Award. The award 
recognizes his contributions 
to the characterization and 
application of ultrashort 
light pulses, including the 
realization of time-domain retrieval of amplitude 
and phase using frequency-resolved optical gating 
(FROG).
 “Dan has brought about a revolution in high-
speed measurements in the area of ultrafast 
optics,” says Randy Bartels, Monfort Professor 
in the departments of Electrical and Computer 
Engineering at Colorado State University. “FROG 
is the most accurate and reliable technique for 
measuring ultrafast laser pulses. Dan’s work has 
profoundly impacted optical science and high-
speed, precision ultrafast optical measurements.” 

G.G. Stokes Award
 SPIE Member Johannes 
Fitzgerald de Boer , VU 
University professor and 
head of Imaging Research 
at Rotterdam Ophthalmic 
Institute (Netherlands), is 
the 2011 recipient of the 
G.G. Stokes Award for his 
contributions to the development of polarization-
sensitive optical coherence tomography as a 
means for quantitatively assessing the depth-
resolved birefringence of biological tissues, 
especially in ophthalmology. 
 “Johannes’ contributions to technology 
development, mathematical models, and clinical 
applications using polarization sensitive OCT are 
innovative and exciting,” says Bruce Tromberg, 
director of the Beckman Laser Institute and 
Medical Clinic (USA). “His work has led to 
a deeper understanding of polarization effects 
in biological tissues and has accelerated the 
development of advanced instrumentation for 
depth-resolved quantitative measurements.” n
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Connecting minds for global solutions

The premier optical science and emerging 
technologies meeting.

21–25 August 2011
Plan to Attend

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

spie.org/op

Early career award for Ozcan

UCLA’s Aydogan Ozcan is the 2011 recipient 
of the SPIE Early Career Achievement 
Award in recognition of his pioneering 

contributions to non-destructive nonlinear 
material characterization techniques, nearfield and 
on-chip imaging, and diagnostic systems.
 Ozcan, an SPIE member and associate professor 
of electrical engineering at UCLA, is the 
developer of a lensless, on-chip imaging device 
that can plug into a cellphone or laptop. The so-
called lab-on-a-cellphone has received numerous 
awards.
 The miniature microscope builds on imaging 
technology known as LUCAS (Lensless Ultra-
wide-field Cell Monitoring Array platform 
based on Shadow imaging), which Ozcan 
previously developed. The lensless device 
generates holographic images of microparticles 
or cells by illuminating objects with an LED and 
capturing their images with a digital sensor array.
 His group has also developed a matchbox-sized 
device that attaches to a cellphone and converts 
the camera into a fluorescent microscope. Both 

devices could serve as vital telemedicine tools in 
developing areas of the world where conventional 
health-care services are limited.
 And earlier this year, his research group 
demonstrated the first lens-free optical 
tomographic imaging-on-a-chip system, a 
technique capable of producing high-resolution 
3D images of large volumes of microscopic objects. 
The imaging system fits in the palm of a hand.
 Ozcan received his PhD at Stanford University 
in 2005 and has been at UCLA since 2007 
where he currently leads the Bio- and Nano-
Photonics Lab. He holds 17 patents and several 
pending patent applications for his inventions in 
nanoscopy, wide-field imaging, nonlinear optics, 
fiber optics, and optical coherence tomography.
Ozcan has received the 2008 Okawa Foundation 
Research Award, a TR35 award from MIT in 
2009, and many other honors. 
 The SPIE Early Career Achievement Award 
is an annual honor to an SPIE member whose 
highest earned degree has been awarded within 
seven years of the date of nomination. n

Aydogan Ozcan (right) 
receives the 2011 SPIE 
Early Career Achievement 
Award from SPIE 
President-Elect Eustace 
Dereniak in April at SPIE 
Defense, Security, and 
Sensing. He will be a 
keynote speaker at the 
SPIE Student Chapter 
Leadership Workshop at 
SPIE Optics and Photonics 
in August. 
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SPIE AWARDS
Coleman honored for technology achievement
 SPIE member James 
J .  C o l e m a n  o f  t h e 
University of Illinois, 
U r b a n a  ( U S A ) ,  i s 
the 2011 recipient of 
the SPIE Technology 
Achievement award 
in recognition of his 
pioneering contributions 
to the methods, designs, 
and demonstrations of selectively grown, discrete, 
and monolithically integrated compound-
semiconductor lasers and photonic devices.
 Coleman is President of IEEE Photonics 
Society and holds the Intel Alumni Endowed 
Chair in Electrical and Computer Engineering at 
Illinois where he is director of the Semiconductor 
Laser Lab and professor of materials science and 
engineering. He and his students have pioneered 
the development of a new class of semiconductor 
lasers and photonic devices grown by metal-
organic-chemical vapor deposition (MOCVD).
 Coleman’s achievements have been marked 
by thorough science, innovative design, and bold 
experimentation. His work to demonstrate the 
use of strained-layer materials in semiconductor 
lasers for optical fiber pumps resulted in a global 
expansion of fiber-optic systems and has had a 
huge impact on communications technologies.

 Coleman and his students have been at the 
forefront of an approach involving selective area 
growth (SAG) of materials on which the fundamental 
properties of materials can be adjusted in local areas 
of a wafer by masking epitaxial deposition in specific 
regions to enhance deposition in other regions. 
The technique is now widely used for integration of 
various optoelectronics components onto a single 
chip. Virtually all lasers used in today’s printers as 
well as CD and DVD players/recorders make use of 
strained layers in the active region.
 “He undertook counterintuitive research to 
demonstrate that it was possible to fabricate high-
performance and long-lived lasers from strained-layer 
materials in the face of the widespread belief that 
such materials would result in unreliable devices,” 
says Joe C. Campbell of the University of Virginia.
 “In demonstrating that these devices were more 
reliable than lasers with unstrained active regions, 
this work not only enabled the development 
of pumps for erbium-doped fiber amplifiers but 
also accelerated research into the application of 
strained layer active regions in semiconductor 
lasers, a concept that now permeates the design 
of high performance lasers at most wavelengths,” 
Campbell says. “Coleman’s role in these events 
was essential and pivotal.” 
 The SPIE Technology Achievement Award is 
an annual award with an honorarium of $2,000.

U.S. Congress
fellow selected
SPIE and the Optical 
Society (OSA) have 
selected Anthony 
(TJ) Augustine, who 
helped develop 
and implement a 
new science and 
technology policy 
concentration at 
Stanford University, 
to serve as the 
Arthur H. Guenther 
Congressional Science 
and Engineering 
Fellow for 2011-2012. 

Augustine recently 
completed his master’s 
degree in public policy 
at Stanford where 
he also was granted 
a PhD in chemistry. 
His research, using 
spectroscopic 
methods to study 
the mechanism of 
dioxygen reduction 
to water by the 
multicopper oxidase 
family of enzymes, 
has applications in 
biomedicine and in the 
development of more 
efficient fuel cells.

Augustine will serve a 
one-year term working 
as special legislative 
assistant to a member 
of the U.S. Congress 
or congressional 
committee. Neureuther, at right, accepts his award from SPIE 

Advanced Lithography Chair Donis Flagello.

Neureuther gets Zernike award
 Microl i thography expert  Andrew R. 
Neureuther, who pioneered computer-aided 
modeling of semiconductor processing, is the 
winner of the 2011 Frits Zernike Award. The 
University of California, Berkeley (USA), 
professor emeritus is being honored by SPIE for 
his work in lithography physics for semiconductor 
manufacturing, including electromagnetic 
scattering, optical imaging, resist profile evolution, 
defect printability, and phase-sifting masks for 
precision instruments.
 Neureuther, an SPIE member, accepted his 
award at SPIE Advanced Lithography earlier 
this year where he has given numerous talks and 
papers over the years. 
 His work includes models for chemically 
amplified imaging materials (STORM); simulation 
of optical, electron, ion beam, and x-ray lithography 
(SAMPLE); assessment of residual effects of defects 
and lens aberrations (SPLAT); electromagnetic 
scattering (TEMPEST); time-evolution of 
topography (SAMPLE3D); environments for 

integrating simulators with process flow (SIMPL); 
and remote web-based simulation (LAVA). 
 Neureuther was elected to the National 
Academy of Engineering in 1995 for his research 
and teaching in computer-aided modeling of 
semiconductor processing. ASML and Cymer 
sponsor the $2,000 honorarium that Neureuther 
receives with the award.
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SPIE Senior Members: 
A dazzling group

Barbara Darnell’s passion for science 
education and her commitment to serve as 
a role model for future women scientists is 

almost as dazzling as the giant kaleidoscope she 
built in 2009 and brings or sends to science fairs 
and related activities every year.
 In the last year, the 4-foot long kaleidoscope has 
been the center of hands-on optics demonstrations 
at the USA Science & Engineering Festival in 
Washington, DC, a laser camp for high school 
students in Connecticut, and the Cambridge (MA) 
Science Festival where more than 4000 future 
scientists explored the magic of multiple reflections.
 It is made from simple, inexpensive materials: 
a 9-inch diameter, 4-foot-long cardboard tube, a 
spring-form cake pan for an eyepiece, colored beads 
and foils, and closet mirrors. The tube is mounted in 
a stand made of polyvinyl chloride plumbing pipe.

Service to SPIE 
 Darnell’s eagerness to volunteer for numerous 
optics outreach activities and her service on the SPIE 
Education Committee were key factors in her being 
promoted to SPIE Senior Member this year. She was 
also recognized for her distinguished achievements 
in novel applications of optical materials.
 Darnell, president of ScinTech in Massachusetts, 
is one of more than 150 distinguished SPIE 
members who are being promoted to SPIE Senior 
Member in 2011. SPIE Senior Members are 
members of distinction who are honored for their 
professional experience, active involvement with 
the optics community and SPIE, and/or significant 
performance that sets them apart from their peers.
Darnell is always ready to volunteer for optics 

education, says SPIE 
Senior Member Judy 
Donnelly of Three Rivers 
Community College in 
Connecticut. 
 “When Barbara learned 
that Three Rivers’ SPIE 
Student Chapter was 
hosting a “Junior Laser 
Camp” for fifth-grade 
students in May 2010, she immediately volunteered 
to travel to Connecticut with the giant kaleidoscope 
to help with the activities,” Donnelly says. “She 
served as a role model as a female scientist, provided 
a lesson on mirrors, helped the students make mini 
kaleidoscopes, and just amazed the children with her 
homemade giant, bedazzled kaleidoscope.”
 Darnell also volunteered for another laser camp 
last November, Donnelly says, where about 60 
high-school students explored the science and 
technology of optics/photonics, learned about 
career opportunities in New England, and engaged 
in teamwork with students from other schools.
 In addition, Darnell has participated in 
Congressional Visits Day, an annual event 
sponsored by the ASTRA Science-Engineering-
Technology Work Group in which SPIE 
participates, to advocate for increased funding 
for science, technology, engineering, and math 
education and other science-based initiatives.
 She has served as chair of the SPIE Education 
Committee for two years, is chair of the SPIE 
Education Outreach Grants subcommittee, and 
was featured in the 2009 SPIE Women in Optics 
calendar (spie.org/darnell).

Science 
Outreach
The USA Science & En-
gineering Festival was 
a two-week celebration 
of science last October, 
with dozens of events, 
contests, and exhibits 
at a two-day expo that 
drew half a million 
people to Washington, 
DC, to learn about 
science, technology, 
engineering, and math.

SPIE was in the middle 
of it all with a booth 
about Putting Light to 
Work. The main feature 
of the booth was 
SPIE Senior Member 
Barbara Darnell’s giant, 
bedazzled kaleido-
scope. During the two-
day expo, people of all 
ages lined up to peer 
through the tube. 

In fact, there was rarely 
a moment it wasn’t 
being used.

Breakfast for
Senior Members
All SPIE Senior Members 
are invited to a breakfast 
at SPIE Optics and 
Photonics in San Diego 
Wednesday 24 August.

For more information  
or to RSVP, email  
brentj@spie.org.

To see a list of SPIE 
Senior Members, go to  
spie.org/seniormember.
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Sensing and related technologies applied to defense, security, 
industry, and the environment
Location 
Baltimore Convention Center 

Baltimore, Maryland, USA

Conferences and Courses 
23–27 April 2012

Exhibition dates 
24–26 April 2012

spie.org/dss2012

Mark Your  
Calendar
Baltimore, Maryland

Defense
Security+Sensing

2012

23–27 April 2012

Art of Seeing
Contest
The Nicolaus Copernicus 
University SPIE Student 
chapter is using funds 
from an SPIE Education 
Outreach grant to 
cosponsor a national 
contest in Poland to 
design optical tools for 
use as visual stimulation 
and teaching aids for 
partially sighted children.

Contest sponsors hope 
to draw attention to 
the lack of simple and 
inexpensive devices 
and toys to stimulate 
visual concentration 
through changes in light 
intensity or color and to 
teach visual and physical 
coordination. 

Information: sztuka- 
widzenia.fizyka.umk.pl.

18 win SPIE support for optics outreach

Eighteen organizations with optics- and 
photonics-related education outreach 
projects received a combined $60,000 in the 

first of two rounds of SPIE Education Outreach 
Grant awards for this year. Applications are 
judged on their potential to impact students and 
increase optics and photonics awareness.
 For more information: spie.org/outreach. 

2011 Grant Recipients 
• “Adopt a School” at University of Arizona 

(USA)
• Astronomical Society of the Pacific (USA)
• Centro de Investigaciones en Optica (Mexico) 
• Delhi Technological University (India)
• Edith Cowan University (Australia)
• Institute of Cell Biology NAS (Ukraine)
• Kent State University SPIE Student Chapter 

(USA)
• Koç University (Turkey)
• Lebanese American University (Lebanon)
• Long Island Science Center (USA)

The next deadline for  

SPIE Education Outreach 

Grant applications is  

31 January 2012. 

• Nicolaus Copernicus University SPIE Chapter 
(Poland)

• Ohio State University (USA) 
• Optics Institute of Southern California (USA)
• St. Petersburg State University of Information 

Technologies, Mechanics and Optics, SPIE 
Student Chapter (Russia)

• St. Petersburg State University of Aerospace 
Instrumentation (Russia)

• University of Latvia SPIE Student Chapter 
(Latvia)

• University of Wisconsin-Milwaukee (USA)
• Victoria University (Australia) n
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This year Optical Engineering celebrates its 50th 
volume. Half a century after its inception, the journal 
continues to provide a valuable resource to researchers 

and engineers working in optical science, engineering, and 
technology.
 SPIE and its flagship journal were born out of the post-
WWII era, when a group of range-tracking and signal-core 
photography technicians were 
looking for a way to connect with 
one another. Since LinkedIn 
and Facebook had not yet 
been imagined, the Society of 
Photographic Instrumentation 
Engineers was created to fill the 
role of professional networking. 
 Over the next decades, SPIE 
continued to grow. Former 
executive director Joe Yaver 
recalls that SPIE soon gained a 
reputation as a society willing to 
take a chance on new people and 
ideas. Physicians drifted in looking 
for noninvasive instruments; 
astronomers found SPIE when 
they needed a place to collaborate 
on astronomical instrumentation. 
Wherever relevant technology 
intersected, SPIE expanded its 
scope to include it.  
 “There was a vacuum for these 
people, and it was the Society’s 
role to fill it. Wherever there was 
a vacuum, we started a meeting,” 
says Yaver. 
 Many of these meetings have 
grown into the most successful and well-attended conferences 
in their fields. Two of the largest SPIE meetings, Photonics West 
and Optics and Photonics, remain loci of cross-disciplinary 
collaboration and networking.

Launched in 1962
 In the early days, SPIE quickly recognized that a successful 
society would require a successful research journal and vice versa, 
and in 1962 the first issue of the SPIE Journal was launched. 
 At the time, the young Society was struggling to survive 
financially. In fact, the Society owned a printing press that 
was used to print the member newsletter SPIE Glass (the 
forerunner of this magazine). To bring in side income, this 
same press was used to print wedding invitations. Still, the 
cost of printing a new publication was an obstacle. Despite 
the hurdles, the need for a journal was recognized, and SPIE 
wanted to be there to fill it. 

 Fortunately, events at that time were on the journal’s 
side. SPIE had just begun a meeting for astronomical 
instrumentation engineers (a meeting that exists today as the 
biennial astronomy meeting) when funding for the study of 
space aeronautics suddenly began to pour in, thanks to the space 
race of the 1960s. The research landscape had shifted to the 
side of applied science, and the Society and its journal were in a 

good position to accommodate it.
 In 1972, under the editorial 
leadership of Douglas Sinclair, 
the journal name changed to 
Optical Engineering, which more 
accurately reflected the work 
being done by SPIE members and 
authors. By the 1980s, the journal 
grew to the largest circulation in its 
field, and its success was attributed 
to the breadth and importance of 
the technologies covered as well as 
the collaboration that the journal 
facilitated. 

Interdisciplinary 
approach
 Brian Thompson, a past SPIE 
President and Optical Engineering 
editor, says its interdisciplinary 
nature is one of the journal’s best 
assets and reflects the mission 
of SPIE.
 “One of the things that’s 
tremendously important is: you 
don’t want to make journals 
narrow. I learn so much by browsing 
through journals, seeing something 

I wouldn’t have gone to look at otherwise… It causes you to see 
the integration of the discipline,” Thompson says.
 The booming interest in biomedical optics, nanophotonics, 
photovoltaics, and other areas has since spawned offshoot SPIE 
journals dedicated to these specific fields. Although these journals 
remove some high-interest topics from Optical Engineering by 
necessity, the journal remains a publishing destination for newly 
emerging technologies and applications, as well as the classic areas 
of research and applications in optical engineering.

Setting new standards
 Not that “classic” should be conflated with black-and-white 
television sets or propeller-driven airplanes. Recent issues of 
Optical Engineering have included special sections highlighting 
topics of significant novelty and interest, including quantum 
and interband cascade lasers (November 2010) and infrared 
detectors (June 2011). The success of these collections of 
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years of 
 Optical Engineering50

Celebrating  

The SPIE journal has taken on different names and 
looks over the years.

MEMBERSHIP



SPIEDigitalLibrary.org
Find the answer

Sensors

Winning  
papers are 
open access 
In celebration of 
50 years of Optical 
Engineering, papers 
that have earned the 
Rudolf Kingslake Medal 
will be open access in 
the SPIE Digital Library 
and freely available to 
all readers until the end 
of 2011. 

SPIE awarded the first 
Kingslake Medal in 1974 
to honor a founding 
faculty member of the 
Institute of Optics at the 
University of Rochester. 
Rudolf Kingslake, who 
died in 2003, was a sig-
nificant contributor to 
the study of lens design 
and optical systems 
and an author of many 
seminal books and 
papers on optics. 

The medal recognizes 
the most noteworthy 
original paper to appear 
in Optical Engineering 
on the theoretical or 
experimental aspects of 
optical engineering.

For links to the open-
access papers, visit  
bit.ly/kingslake
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May 2012
 A special section on unmanned systems 
technology to be published next May will focus 
on research that has enabled the development 
of intelligent robots that can perform dangerous 
military missions, dust crops from the air, or 
vacuum rooms in modern households. 
 Guest editors are Douglas W. Gage (XPM 
Technologies, USA), Robert E. Karlsen (U.S. 
Army), and Edward M. Carapezza (Renewable 
Resources, USA). 
 Papers submitted should focus on sensor and 
sensor processing technology, including LADAR, 
stereo vision, and multispectral imaging, and 
other research to enable future mobile unmanned 
systems to accurately understand and act upon 
their environment. 
 This special section will also concentrate on 
the algorithmic infrastructure required to fuse 
sensory data from disparate sources and transform 
it into an iconic 4D image of the world that can 
be effectively acted upon to create “intelligent 
behaviors.” These include algorithms for object 
and behavior characterization and identification, 
reasoning about focus of attention and saliency of 
observation, gesture and posture recognition, and 
development of a comprehensive world model.
 Manuscripts are due 1 August.

papers is setting a new standard for the journal, 
and current editor Ron Driggers intends to keep 
pace with the progress. 
 “We’re trying to improve it for the whole 
community. Every year we’re taking steps to 
improve the service the journal gives the Society 
and optical engineers worldwide,” Driggers says.
 As Optical Engineering matures, it is taking 
some exciting new directions by increasing the 
speed of publication, improving the quality of 
papers, and pursuing special sections on hot 
topics that reflect current research and interest. 
Just as underwater photography reflected the 
relevant technology of the 1960s, upcoming 
special sections on topics such as space telescopes 

and liquid crystals for photonics anticipate the 
cutting-edge technologies of today.
 “The journal has a great reputation and a great 
history. If you ask someone why they’re publishing 
in Optical Engineering, that’s one of the reasons,” 
Driggers says. 
 SPIE thanks the readers, authors, and editors 
of Optical Engineering for a great first 50 years 
and looks forward to reporting many of the most 
exciting developments in optical science and 
engineering over the next 50 years. n
 To browse through the journal, visit:  
spiedl.org/oe. 

–Gwen Weerts (SPIE Journals staff editor)

Call for papers:  
special sections
The SPIE journal Optical Engineering is soliciting paper submissions 
for the following upcoming special sections:

MEMBERSHIP

August 2012
 Precis ion optical  measurements  and 
instrumentation for geometrical and mechanical 
quantities will be the topic of a special section of 
Optical Engineering in August 2012.
 This special section will share the latest 
advances of optical-based precision measurements 
and instrumentation upon which manufacturers 
of many optical components and other advanced 
technology products depend. 
 The geometrical and mechanical quantities 
of interest include length, angle, form, surface 
roughness, displacement/strain, torque, speed, etc.
 Suggested topics include:
• Optoelectronic systems and optical instrument 

design 
• Optical measurements and image processing 
• Online and in-press measurements
• Intelligent measurements and instrumentation
• Uncertainty, traceability and calibration, and 

signal-processing algorithms
 Guest editors are Kuang-Chao Fan (National 
Taiwan University), Rong-Sheng Lu (Hefei 
University of Technology, China), and Lian-
Xiang Yang (Oakland University, USA). 
 Manuscripts are due 1 September.



36 SPIE Professional | JULY 2011

MEMBERSHIP

Make SPIE your resource.  
Join or renew online today.

spie.org/membership

customerservice@spie.org
+1 360 676 3290

Fax: +1 360 647 1445

Membership

A long-term  
investment  
that pays off

 Networking and access to information

 Discounts on events, courses,  
and publications 

 Career advancement and peer recognition

 Complimentary online SPIE journal

Join or renew your SPIE Membership 
and receive 10 SPIE Digital Library downloads, 
and 1 complimentary online course.

1-year- $105 | 3-year- $297 |  Lifetime- $995

SPIE Election 2011

The SPIE election for officers and members of the board 
of directors will be conducted online through 10 August. 
Election results will be announced at the SPIE Annual 

General Meeting 23 August in San Diego.
 Members eligible to vote will select four new directors and 
vote on candidates for vice president and secretary/treasurer. 
Directors serve three-year terms and officers serve for one 
year. If you have not yet received your ballot, please contact 
staceyc@spie.org. 

Vice president candidates (one to be elected):
James Grote
Air Force 
Research Lab 
(USA)

H. Philip Stahl
NASA (USA)

Secretary/treasurer candidate:

Brian Lula
Physik Instrumente LP (USA) 

Director candidates (four to be elected)

Henri-Jean 
Drouhin
Ecole 
Polytechnique 
(France)

Judy Fennelly
Air Force 
Research Lab 
(USA)

Maryellen Giger
University of 
Chicago (USA)

Leonid Glebov
University of 
Central Florida 
(USA)

John 
Greivenkamp
University of 
Arizona (USA)

Fernando Mendoza 
Santoyo
Centro de 
Investigaciones en 
Optica (Mexico)

Seung-Han Park
Yonsei University 
(South Korea)

Sergio Restaino
Air Force 
Research Lab 
(USA)

SPIE officers not on ballot

Eustace Dereniak of University of Arizona (USA), president-
elect during 2011, will automatically become SPIE president 
in January 2012.

William H. Arnold of ASML USA, 2011SPIE vice president, 
will automatically become president-elect in 2012 and SPIE 
president in 2013. 
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The Juggler’s Equation

Don’t drop
that ball!
Vanderbilt University 
Professor Anita 
Mahadevan-Jansen 
was the SPIE Women 
in Optics speaker at 
Photonics West in 
January.

She discussed her 
“juggling act” with 
four balls representing 
research, teaching, 
service, and family. 

The family ball, she says, 
“is the one ball you can’t 
afford to drop.” Still, it 
is possible to have a 
rewarding academic 
career and personal life.

She urged attendees: 
“Don’t try to separate 
who you are in your 
professional life from who 
you are in your personal 
life because that’s a 
recipe for stress.”

For more on her research 
and career path, see the 
SPIE Newsroom video 
interview at spie.org/
mahadevan. 

Mahadevan-Jansen and husband Duco Jansen

The professional me  

is the personal me

The SPIE Women in 
Optics technical com-
munity promotes per-
sonal and professional 

growth for women through community building 
and networking opportunities and by encouraging 
young women to choose optics as a career.

Kashiko Kodate, professor emeritus of Japan’s 
Women’s University, will be the Women in Optics 
speaker at SPIE Optics and Photonics in August.

More information: spie.org/wio

biomedical engineering at 
Texas. She had effectively 
become a doctor in the 
medical field.

The child variable
 At Texas, she met her 
future husband, Duco 
Jansen,  who was also 
working on his doctorate 
in biomedical engineering. 
They married in 1995, and 
she moved with him when 
he got a job at Vanderbilt 
beginning in January 1997. 
Perhaps that wasn’t the 
best time to have a baby, 
but she was eight months pregnant with their 
first child when they arrived in Nashville, TN, 
in December 1996.
 After their daughter Kiana was born and Anita 
began work at Vanderbilt, the two scientists didn’t 
have much time to consider when would be the best 
time to begin traveling to conferences with children. 

Kiana was only three weeks 
old when she “attended” SPIE 
Photonics West in her mother’s 
arms in January 1997. Since 

that time, both Kiana and her brother Arvin have 
been to dozens of photonics conferences, sometimes 
seen crawling around during poster sessions.
 “I can’t compartmentalize my life,” Mahadevan-
Jansen says.
 Fortunately, academic and research jobs often 
offer the flexibility to be able to do that, she 
acknowledges. “I can take my kid to work if I 
need to,” she says.
 As for sleep, she says, “It’s a fact of life: you will 
never get eight hours sleep.”
 Today she is a professor of biomedical 
engineering and neurological surgery, and she 
gets to wear scrubs — just like a doctor. n

Women scientists will never find a “good 
time” to have a baby, submit a proposal, 
take a sabbatical, clean the office, or 

even relax and watch a movie. Problems and 
stumbling blocks will always be in the way, so 
follow your dreams and “seize the moment.”
 Based on her own experiences, that’s the 
advice SPIE Fellow Anita Mahadevan-Jansen of 
Vanderbilt University (USA) gives to younger 
colleagues and students trying to juggle their 
personal and professional lives. 
 As a young girl in India, Mahadevan-Jansen 
desperately wanted to become a physician. Today, 
however, she finds herself happily “scribbling on 
the whiteboard,” as a university professor while 
conducting biophotonics research (with her 
husband, Duco Jansen), engaging in community 
service, and parenting two children. 
 Her key to successfully juggling of duties and 
roles is that she doesn’t compartmentalize her life.

Professional = Personal
 “The professional me is the personal me,” she 
says. Instead of managing the different areas of her 
life separately, she finds ways to 
combine them.
 Take her dream of becoming 
a doctor. Mahadevan-Jansen 
was initially devastated when she failed to qualify 
for medical school in India, scoring a mere one 
point below the required mark on the entrance 
exam. She went on to receive a BS and MS in 
physics at the University of Bombay, but she still 
wasn’t happy that she couldn’t become a doctor. 
Her father had died of brain tumor in 1980 (when 
there was only one CT scanner in all of India), 
and she had promised herself that she would 
devote her career to life-saving medicine.
 Then her brother introduced her to the field of 
biomedical engineering, and S.B. Patel, her faculty 
mentor, encouraged her to learn more about how 
medicine can be combined with physics. 
 Although there were no biomedical engineering 
degrees in India available at the time, she was 
determined to follow her dream. She found a 
program at the University of Texas at Austin 
where A.J. Welch and Rebecca Richards-Kortum 
(an SPIE member now at Rice University) became 
her biophotonics mentors.
 “They were developing technology and using it 
to help clinical care,” she says. “And I knew it was 
exactly what I wanted to do.” Mahadevan-Jansen’s 
research there focused on using laser spectroscopy 
to help medical doctors screen for cancer. 
 She earned another MS and a PhD in 
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High-potential technologies that can be licensed from the University of 
Rochester are distilled into market-opportunity terms on new website.

By Natalie Antal and Maureen Konopka

Business leaders in Rochester, NY, have 
teamed up with business faculty and 
technology transfer experts at the University 

of Rochester (UR) on a new resource to showcase 
the wide range of university commercialization 
opportunities available to entrepreneurs in the 
Rochester community and beyond.
 A new website (bit.ly/techready) showcasing 
“entrepreneur-ready” technologies that are 
available to be licensed from UR was the solution 
to a problem that was nagging Don Golini, the 

founder of QED Technologies who is now a 
lecturer in entrepreneurship at the UR Simon 
Graduate School of Business.
 When he left QED in 2010, Golini immediately 
turned to the UR and its Offices of Technology 
Transfer for help in finding a new venture. He 
began with a simple question, “What are some 
exciting opportunities happening at the university 
right now?” 
 However, Golini found it somewhat difficult 
to determine the practical applications of 

technologies  in the UR 
portfolio. Like other outsiders 
seeking to license academic 
institutions’ technologies, 
he faced the challenge of 
navigating through a daunting 
amount  o f  in fo rmat ion 
about the university’s rich 
intellectual property portfolio 
to determine the technologies’ 
commercial viability. 
 “The university sits on 
hundreds of patents, and it’s 
really hard to extract the value 
if the value is not articulated 
in terms that business people 
in the commercial world can 
understand,” he says. 
 While an inventor has 
relevant knowledge about a 
particular technology, many 
times the commercial viability 
does not get translated into 
business language in the patent 
write-up. To remedy this 
disconnect, Golini formed a 
Rochester committee to create 
a new web-based resource 
featuring the university’s high-
potential technologies distilled 
into market-opportunity terms. 

Tech Transfer
Ready in
Rochester
Optics technologies 
that are 
“entrepreneur 
ready” through 
the University of 
Rochester (bit.ly/
techready)

Biopsy Device 
for Lumpectomy 
Excisions
Optical inspection 
system to assist 
a pathologist in 
determining the 
location of the 
guidewire in a 
surgical lumpectomy 
specimen

Low Noise IR 
Detector
A novel 
semiconductor 
structure with a 
unipolar barrier 
layer inserted in 
IR detector arrays 
and other devices 
to block unwanted 
surface current, but 
pass bulk current

Optical Detector of 
Nanoparticles
Micro-fluidic system 
that can optically 
detect particles 
as small as 10 
nanometers in a 
nanoscale channel 

Ultra-High-
Resolution 
Ophthalmoscope
Microscope for 
viewing the retina at 
the back of the eye 
at the cellular level 
to detect disease at 
an early stage before 
blindness occurs
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Advances in applications of photonics, 
optics, lasers, and micro/nanotechnologies

16–20 April 2012

Location 
The Square Conference Centre 
Brussels, Belgium

www.spie.org/pe2012

Conference dates 
16–20 April 2012 

Photonics
2012

 The Entrepreneur-Ready Technologies website officially 
launched in April with new two-page summaries, written 
in plain English, for each of the highlighted technologies. 
Designed in a simple, user-friendly format, the website 
is meant to be a one-stop shop for commercial-ready 
technologies. Business and engineering graduate students 
are also working on supplementary material that will further 
explain market potential and existing competitors for each 
of the technologies ready for commercialization. 

Commercialization is goal
 The late Jack Fraser, who served as deputy 
director of the River Campus Office of 
Technology Transfer, led the way in bringing 
the initiative to fruition. Working with 
fellow case managers, he selected the first 
26 technologies — from hundreds of patents 
— to be displayed on the site. 
 High Tech Rochester (HTR), a not-for-
profit economic development organization that helps startups 
as well as experienced entrepreneurs with new opportunities, 
was also a key player in the creation of the website. 
 “The ‘E-Ready’ website will make it easier for High 
Tech Rochester and the community in general to find and 
easily understand some of the most promising commercial 

opportunities available at the University of Rochester,” says 
Jim Senall, president of HTR.

Optics technologies featured 
 Several optics- and photonics-based 
technologies are featured on the site, 
including a real-time single-particle 
optical-detection technique that can 
detect a particle as small as 10 nanometers 
in diameter, such as a virus suspended in 
fluid.
 Thomas Foster, professor of imaging 
science, optics, physics, and oncology at UR, has an 
entrepreneur-ready technology that uses a portable 
instrument to monitor photodynamic therapy dosimetry 
in vivo.
 The instrument measures fluorescence emission spectra in 
real time and corrects for the effects of tissue optical properties 
using white light diffuse reflectance. Programmable multimode 
fiber switches and time multiplexing are used to control delivery 
of the PDT treatment beam at 635nm, fluorescence excitation 
beam at 405 nm, and white light interrogation beam.
 “We have implemented this system in a clinical trial of 

Continued on page 40  

Call for Papers
Submit your abstract by 7 November 2011
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photodynamic therapy for superficial basal cell carcinoma,” 
says Foster, a frequent presenter and session chair at SPIE 
conferences. “With appropriate modifications to the probe, 
the platform enables a lot of flexibility,” he adds.

Applications in medicine 
 Another photonics technology available 
on the website was developed by SPIE 
member Jim Zavislan, associate professor 
of optics and biomedical engineering and 
the director of the Center for Institute 
Ventures. Zavislan conducts research at 
the Institute of Optics on improving the 
performance of optical imaging systems in 
biomedical imaging, metrology, and remote sensing.
 Zavislan is working to develop a new biopsy device for 
lumpectomy excisions. This device is based on a multi-
modal optical-inspection system that assists a pathologist in 
determining the location of the lesion in a surgical lumpectomy 
specimen. 
 Using current methods, the location of the guidewire tip 
is either unknown to the pathologist or determined only by 
tactile manipulation of the excised mass. The new website 
explains that this device offers the competitive advantage of 
the 3D optical location system using either near-IR light or 

a photoacoustic signal, which is transmitted through tissue, 
making it fast, compact, and inexpensive. 
 David Williams, the William G. Allyn 
Professor of Medical Optics and director 
of the Center for Visual Science at UR, 
has developed an ultra-high-resolution 
ophthalmoscope that is also featured 
on the website. The ophthalmoscope 
provides fast and accurate imaging to 
detect eye diseases, such as diabetic 
macular edema, retinitis pigmentosa, age-related macular 
degeneration, and glaucoma, at an early stage and before 
blindness occurs. His clinical instrument uses adaptive 
optics to compensate for the natural aberrations of the eye 
to produce clear imaging.  
 See the January 2010 issue of SPIE Professional for an article 
about William’s fluorescence adaptive optics scanning laser 
ophthalmoscope (FAOSLO).

Value to community
 Golini says continued success in the area of technology 
transfer and commercialization will have positive ramifications 
for the University of Rochester, inventors, and the Rochester 
community as a whole. 
 “When you commercialize intellectual property from a 
university, the interests of all parties are very well aligned,” 
he says.

 The true triumph of the new website 
lies in the hands of entrepreneurs 
and companies that will ultimately 
commercialize the featured technologies, 
creating startups, jobs, and immeasurable 
value. n

Entrepreneur-Ready Technologies
t Continued from page 39

Don Golini 
Don Golini is a suc-
cessful entrepreneur 
with more than 20 
years experience in 
the development, 
management, and 

commercialization of new technologies. 

He founded QED Technologies in 1996 to 
commercialize a novel optical polishing 
technology originally developed at the 
University of Rochester. 

The former president of QED is now an 
adjunct professor in entrepreneurship at 
the Simon Graduate School of Business 
at the University of Rochester.

Prior to founding QED, Golini was involved 
in the development, management, and 
commercialization of new technologies 
related to the manufacture of precision 
optics. In 2001, he was named an Ernst 
& Young Entrepreneur of the Year.

Connecting Peers.  
Advancing the Conversation.

Connect with colleagues, join the  
discussions, and follow optics and  
photonics news and activities via  

SPIE social media channels.

spie.org/connect
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Hot technologies at cool locations
September in Europe promises to be a great time to take part in any of three SPIE events.  
The settings, not to mention the technical content, couldn’t be more compelling.

EVENTS

SPIE Optical Systems Design (5-8 September) will be 
the seventh symposium of its kind in Europe. Set in 
Marseille, one of France’s most popular and vibrant 

cities, the event promises to continue its tradition of presenting 
important work from those involved in instrumental optics 
at all levels. 
 Special events include the presentation of the Michael 
Kidger Scholarship to Kyle Fuerschbach, a third-year PhD 
student at the University of Rochester (USA), plenary talks, 
and a welcome reception.
 In addition, PopSud/Optitec are organizing B2B meetings 
Tuesday and Wednesday. The objective of this initiative is to 
allow international exchanges and develop technological and 
economic partnerships in optics and photonics. 
 SCHOTT will also present a day-long user workshop on 
Tuesday encompassing optical glass, filters, and coatings. 
 Technical conferences will cover the latest advances in 
engineering complex optical systems, manufacturing and 
testing optical systems and components, and related topics.
 Symposium chair is Michel Lequime of Institut FRESNEL 
and Ecole Centrale Marseille (France). Cochairs for the event 
are David M. Williamson of Nikon Research Corp. (USA) 
and Andreas Tünnermann from Fraunhofer-Institut für 
Angewandte Optik und Feinmechanik (Germany).
 The SPIE Optical Systems Design exhibition will be 6–7 
September at the World Trade Center.

Prague, the capital of the Czech Republic, will host two 
other important SPIE symposia from 19-22 September, 
on remote sensing and defence. 

 SPIE Remote Sensing is the largest European meeting on 
the subject, and topics include the use of remote-sensing 
technologies in climate monitoring, agriculture, and natural 
disasters, as well as many other areas. Ten conferences will 
cover everything from next-generation satellites to computing 
needs for the data stream generated by our enhanced sensing 
capabilities. 
 A plenary talk on the European landscape of Earth observation 
from space will feature Frank Doengi of Astrium Satellites GmbH 
(Germany). Paul Lewis of the National Geospatial Intelligence 
Agency (USA) will give the second plenary on the evolution of 
airborne chemical and radiological remote sensing for emergency 
and natural disaster response.
 The symposium chair is Karin Stein of Fraunhofer-IOSB 
Institute of Optronics, System Technologies and Image 
Exploitation (Germany). The co-chair is Charles R. Bostater 
of the Marine-Environmental Optics Lab & Remote Sensing 
Center, Florida Institute of Technology (United States).

Enhancing Security
 Co-located at the Clarion Congress Hotel Prague, SPIE 
Security and Defence will address technologies aimed at 
enhancing security and protecting troops in action. Optical 
countermeasures, antiterrorism and crime-fighting, free-space 
optical communication, and sensor networks are among the topics 
covered by the nine conferences in this symposium.
  The symposium chair for SPIE Security and Defence is 
David H. Titterton of the Defence Science and Technology 
Lab (UK). Event co-chairs are Reinhard R. Ebert, Fraunhofer 
FOM for Optronics and Pattern Recognition (Germany), and 
Cestmír Vlcek, Univ. of Defence (Czech Republic).

19–22 September5–8 September

SPIE Europe
Keep in touch with optics and photonics news,  
advocacy, and events in Europe:  
spie.org/spieEurope



44 SPIE Professional | JULY 2011

Space optics, solar, nano, and more at

SPIE Optics + Photonics 2011

As scientists seek to find solutions to issues 
concerning the Earth and its inhabitants, 
some are looking outside this world into 

the surrounding universe. NASA is currently 
involved in the Kepler Mission, a project seeking 
to find habitable, terrestrial planets. The Kepler 
Space Telescope, named after German astronomer 
Johannes Kepler, was launched in March 2009 
and represents NASA’s first search for Earth-size 
planets orbiting sun-like stars. 
 Resembling a foil-covered rocket, the Kepler 
Space Telescope includes a built-in spacecraft 
which provides the power, pointing, and telemetry 
for the photometer. During its four-year mission, 
the 0.95-meter diameter telescope, with a field of 
view of 105 square degrees, will remain pointed at 
a single group of stars and record data from that 
region regarding areas where liquid water and 
even life might exist. 
 To date, Kepler has discovered 15 exoplanets, 
including a system of six transiting a sun-like star, 
and it has identified more than 1200 candidate 
planets, including 54 that are in or near the 
habitable zones of their stars.

Wide variety
of courses 
More than 55 courses 
and workshops (in 16 
tracks) featuring top 
instructors, will be 
offered at Optics and 
Photonics 2011.

Through these classes, 
participants can 
improve skills, make 
new connections, 
and strengthen their 
career with ongoing 
education. 

Program tracks 
include:
• Advanced metrology
• Astronomical optics 

and instrumentation
• Atmospheric and 

space optical 
systems

• Business and 
professional 
development

• Detectors and 
imaging devices

• Image and signal 
processing

• Nanoengineering
• Nanoscience
• Optical design and 

systems engineering
• Optomechanics 

and optical 
manufacturing 

• Organic photonics 
and electronics 

• Remote sensing
• Solar energy and 

technology
• Thin films 
• X-ray, gamma-ray, 

and particle 
technologies

EVENTSEVENTS

Before launch, the Kepler 
photometer was installed 
in a vertical collimator as-
sembly inside the thermal 

vacuum chamber.
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 At SPIE Optics  and 
Photonics, 21-25 August 
in San Diego, CA (USA), 
attendees  wil l  be able 
to learn more about the 
Kepler Mission from Jon M. 
Jenkins, a SETI Institute 
senior research scientist and 
analysis lead for the mission. 
 In his plenary talk, “The Little Photometer 
That Could: Technical Challenges and Science 
Results from the Kepler Mission,” Jenkins will 
discuss Kepler’s objective to explore the structure 
and diversity of planetary systems.
 “Kepler will answer a question we’ve been 
asking for thousands of years,” Jenkins says. “Are 
there other worlds out there like our own? What 
could be better than to be standing in the crow’s 
nest and experiencing the thrill of discovering 
new worlds?” 

3000+ presentations
 Jenkins will be one of 26 plenary speakers at SPIE 
Optics and Photonics, one of the largest technical 

Jenkins
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SPIE Courses

Take a course at SPIE Optics and 
Photonics, the largest international, 
multidisciplinary optical sciences and 
technology meeting in North America
Solar Energy + Technology
SC1044  Silicon Photovoltaics (Stefancich, Saini)
SC910  Design and Reliability of Photovoltaic Modules  

(Dhere, Wohlgemuth)

Nano Science + Engineering
SC1043  Shaped Light (Dholakia, Spalding) 
SC496  Fabrication and Processing of Nanostructures (Cao)
SC1006  Nanoscale Dimensional Metrology and Physical 

Characterization (Ukraintsev)

Advanced Metrology
SC1041  Computer Generated Holograms for Optical Testing 

(Zhao)
WS1004  3D Optical Metrology - Hands-on Workshop (Harding)
SC1003  Optical Scatter Metrology for Industry (Stover) 

Astronomical Optics and Instrumentation
SC906  Introduction to Visible and NIR Spectrograph Design 

and Development for Astronomy & Remote Sensing 
(Sheinis)

SC135  Adaptive Optics (Tyson)

Remote Sensing
SC567  Introduction to Optical Remote Sensing Systems 

(Shaw)
SC504  Introduction to CCD and CMOS Imaging Sensors 

and Applications (Janesick) 
SC194  Multispectral and Hyperspectral Image Sensors 

(Lomheim)

spie.org/op
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Continued on page 46  

Halas

Bao

Kodate

conferences covering solar technologies, astronomical 
instrumentation, solid-state lighting, bioelectronics, 
nanoengineering, space optics, and numerous light-driven 
applications and devices. 
 Open to all attendees, the plenary sessions will include 
technologies covered by four symposia: NanoScience + 
Engineering, Solar Energy + Technology, Photonic Devices 
+ Applications, and Optical Engineering + Applications.
 More than 3000 papers and presentations will be 
given alongside some 50 special events, including the 
SPIE Annual General Meeting, awards banquet, and a 
members’ reception.

Where we are going
 SPIE Fellows Naomi Halas of Rice 
University (USA) and Zhenan Bao of 
Stanford University (USA) will be 
the speakers for the symposium-wide 
plenary session.
 For the past few years, Halas 
and her team have focused on 
nanoshells. Developed in her lab at 
Rice, nanoshells are composites of 
layered dielectric core and metallic 
shell. In her session, “Nanophotonics: 
Where We’ve Been and Where 
We’re Going,” Halas will discuss 
her discoveries and the nature of 
nanophotonics research.
 The field of organic electronics 
shows promising potential for 
applications that could benefit from 
the use of organic materials. Bao will discuss current 
advances in the fabrication of chemical, biological, 
pressure sensors, and stretchable organic solar cells that 
are major constituents for a multi-modal sensing electronic 
skin.
 “I am most excited about our electronic skin,” Bao says. 
“We are trying to mimic the chemical, biological and 
pressure sensing abilities of real skin.”
 In her talk, “Organic Transistor-Based Sensors for 
Flexible Artificial Electronic Skin,” Bao will note the 
benefits of using organic materials which could lead to the 
manufacture of electronic units for electronic skin. E-skin 
also has further applications in medicine, food storage, and 
environmental monitoring.
 (See the January 2011 issue of SPIE Professional for 
more on this topic.) 

Women in Optics: Going global
 The speaker for Women in 
Optics this year will be Kashiko 
Kodate, professor emeritus of Japan’s 
Women’s University. In her talk, 
“Women in Science, Engineering, 
and Technology Shape the Future: 
Nurturing Female Scientists Through 
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Research,” Kodate will speak about her career as 
a researcher and an educator.
 With more than 40 years’ experience in optical 
research, Kodate’s work includes a VPH grism (the 
combination of a prism and grating, constructed 
for the Subaru telescope in Hawaii) and an 
online video-matching application using optical 
correlation technology. Throughout her career, 
she has mentored many female students in Japan, 
where only 13.8% of researchers are women.
 Kodate began her career as a physicist in her 
mid-30s and says she wishes someone had told 
her back then of the importance of going global.
 “In the 21st century,” Kodate says, “it is only 
natural to belong to an international research 
community, but I simply did not have the time, 
as I had three children and aging parents to 
look after. Yet things have not changed that 
drastically, even today. Meeting the right mentor, 
receiving support from your family, and creating 
an environment where students and researchers 
from industry and government can collaborate 
freely are all still very important. 
 “I have been lucky enough to have had all of 
those,” she says.

Tribute to Joseph W. Goodman 
 On Sunday, 21 August, H. 
John Caulfield of Alabama 
A&M University (USA) 
and Henri H. Arsenault of 
Université Laval (Canada) 
will chair a tribute to SPIE 
Fellow Joseph W. Goodman 
who, along with his wife Hon 
Mai Goodman, personally 
fund the Joseph W. Goodman Book Writing 
Award. The bi-annual award, co-sponsored 
by SPIE and OSA, recognizes publications 
that contribute significantly to the optics and 
photonics industry. 
 At the tribute, friends and colleagues will 
acknowledge Goodman’s book-writing award and 
his many contributions to electrical engineering 
and physical optics.
 “The speaker list is spectacular,” Caulfield says. 
“These are all top players in Professor Goodman’s 
field. One or two could not come, but I will read 
statements from them. We are a community of 
friends.” 
 Caulfield believes that people are more 
important to a field than any particular 
contribution they make.  He hopes younger 
scientists coming to the meeting will begin to 
understand this concept. 
 Tributes such as this show that while scientists 
may compete to invent something first, they also 
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SPIE Annual
Meeting and
Member Events
The SPIE Annual General 
Meeting will be held at 
the San Diego Marriott 
Hotel & Marina at 6 pm 
Tuesday, 23 August, in 
conjunction with SPIE 
Optics and Photonics.

All SPIE members are 
encouraged to attend to 
hear results of the 2011 
election and reports from 
SPIE President Katarina 
Svanberg and SPIE Ex-
ecutive Director Eugene 
Arthurs.

An SPIE members-only 
reception will follow at 
7 p.m.

Thirteen new SPIE Fel-
lows will receive their 
promotion certificates 
during a Fellows lun-
cheon on Monday, 22 Au-
gust. Fellows interested 
in attending the luncheon 
should RSVP to brentj@
spie.org.

SPIE Optics+Photonics 2011
t Continued from page 45 highly value their peers. Scientists at the top of any 

field appreciate having other colleagues to help in 
their research and push them toward success. 
 “In game theory,” Caulfield says, “there is a 
much-studied game called ‘zero sum.’ If you win, 
I lose. Science is an infinite game. If you win, 
so do I. My field is enriched. These celebrations 
show that clearly.”

Student events 
 A series of student-focused events will 
offer students at SPIE Optics and Photonics 
opportunities to meet peers and professionals 
in the fields of optics and photonics. Student 
activities begin Saturday, 20 August with the 
10th annual leadership conference where students 
can meet and network with alumni from past 
workshops. Topics of discussion will include 
funding, scholarships, travel grants, and other 
benefits of SPIE student membership.
 The second annual Optics Outreach Olympics 
will be a friendly competition featuring optics and 
photonics educational projects from several SPIE 
Student Chapters. Afterwards, students can hang 
out with peers at the student social.
 At the complimentary Lunch with the 
Experts, students can enjoy a casual meal with 
colleagues and professionals who will share their 
experiences in choosing a career path in optics 
and photonics. The luncheon will also feature an 
awards presentation for Newport Spectra-Physics 
travel grant winners.
 A series of student chapter exhibits will feature 
the research and programs developed by some of 
SPIE’s brightest student groups to increase science 
awareness and literacy in their regions.

Star-gazing social
 Observing the stars and contemplating the 
wonders of the universe has been a passion of 
human beings for millennia. Johannes Kepler 
still inspires today’s scientists such as Jon Jenkins 
and others working with the Kepler mission. 
Their work is already inspiring young scientists 
of the future.
 In keeping with this inclination to continue 
looking up, all registered attendees and exhibitors 
are invited to view the magic of the San Diego 
night sky after the welcome reception Monday 
evening, 22 August. 
 A variety of telescopes will be set up by 
volunteers from the San Diego Astronomy Club, 
giving participants the opportunity to watch the 
skies, learn about different telescopes, and share 
their interest in astronomy and other related 
sciences. n

– Karen Thomas (SPIE staff) 

Goodman
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Sunday 21 August          

Symposium-Wide Session
• Nanophotonics: Where We’ve Been 

and Where We’re Going
 Naomi J. Halas, Rice University (USA)

• Organic Transistor Based Sensors 
for Flexible Artificial Electronic 
Skin

 Zhenan Bao, Stanford University (USA)

Astronomical Optics + 
Instrumentation
• The Little Photometer That Could: 

Technical Challenges and Science 
Results from the Kepler Mission

 Jon Jenkins, NASA Ames Research 
Center (USA) 

• Large Binocular Telescope Adaptive 
Optics System: New Achievements 
and Perspectives in Adaptive Optics

 Simone Esposito, Arcetri Astrophysical 
Observatory (Italy)

Monday 22 August

Solar Energy + Technology
• Film Crystal Silicon Photovoltaics by 

Hot-Wire Chemical Vapor Deposition 
Epitaxy on Seed Layers

 Howard M. Branz, National Renewable 
Energy Lab (USA)

• Thermodynamic and Economic 
Potentials of Organic Photovoltaics

 Sean Shaheen, University of Denver (USA)

• A Solar Revolution
 Frank van Mierlo, 1366 Technologies 

(USA)

• CPV: Competitive Now, Plenty of 
Headroom

 Vahan Garboushian, Amonix (USA)

• Solar Energy Grid Integration 
Systems (SEGIS) Adding 
Functionality While Maintaining 
Reliability and Economics

 Ward Bower, Sandia National Labs (USA)

Plenary Speakers at SPIE Optics+Photonics

Tuesday 23 August

OLEDs +  
Solid State Lighting 
• OLED Lighting Solutions: 

Achievements, Trends, and 
Prospects in Technology

 Thomas D. Dobbertin, OSRAM Opto 
Semiconductors (Germany)

• Is Solid State Lighting Ready for the 
Incandescent Lamp Phase-Out?

 Nadarajah Narendran, Rensselaer 
Polytechnic Institute (USA)

Remote Sensing 
• Exploring the solar system: the view 

of planetary surfaces with VIR/IR 
remote sensing methods

 Gabriele Arnold, University of Münster 
(Germany)

• How Active Sensing Technology 
Investments Enable the Future

 George J. Komar, NASA Earth Science 
Technology Office (USA)

• Using Invariant Physics-Based 
Spectral/Spatial Methods for the 
Analysis of Hyperspectral Images

 Glenn Healey, University of California, 
Irvine (USA)

Wednesday 24 August

Photonic Devices + 
Applications
• Organic Photovoltaics: Towards 

Low-Cost Solar Energy
 Samson A. Jenekhe, University of 

Washington (USA)

• Organic Spintronics
 Z. Valy Vardeny, University of Utah (USA)

• Photonic Crystals and their 
Applications

 Kai-Ming Ho, Iowa State University  
and Ames Lab. (USA)

X-Ray, Gamma-Ray, + Particle 
Technologies 
• Synchrotrons and XFELs: X-ray 

Source Development
 John R. Arthur, SLAC National 

Accelerator Lab (USA)

• Biomedical Spectral X-ray Imaging: 
Promises and Challenges

 Erik L. Ritman, Mayo Clinic (USA)

• Molecular Breast Imaging: How and 
Why It Will Become One of the 
Top Clinical Procedures in Nuclear 
Medicine

 Bradley E. Patt, Gamma Medica (USA)

NanoScience + Engineering 
• Transforming Light with Optical 

Metamaterials
 Vladimir M. Shalaev, Purdue University 

(USA)

• Quantum Dot Nanophotonics: 
From Optical Science to Practical 
Implementation

 Yasuhiko Arakawa, University of Tokyo 
(Japan)

• Lessons from Nature About Solar 
Light-Harvesting

 Gregory D. Scholes, University of 
Toronto (Canada)

• Integration of Natural Silk Fibroin 
to Organic Optoelectronics and 
Photonics

 Roberto Zamboni, National Research 
Council (Italy) 

Optical Engineering + 
Applications
• The History of Telescopes and 

Binoculars: An Engineering 
Perspective

 John E. Greivenkamp, University of 
Arizona (USA)

• Mirror Technologies for Giant 
Telescopes

 James H. Burge, University of  
Arizona (USA)

Conference: 21–25 August 2011 
Exhibition: 23–25 August 2011

spie.org/op
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AUGUST 

SPIE Optics+Photonics
21-25 August
San Diego, CA (USA)
spie.org/op

SEPTEMBER

SPIE Optical Systems Design
5-8 September
Marseille (France)
spie.org/osd

SPIE Laser Damage
18-21 September 
Boulder, CO (USA)
spie.org/ld

SPIE Remote Sensing
19-22 September
Prague (Czech Republic)
spie.org/ers

SPIE Security+Defence
19-22 September
Prague (Czech Republic)
spie.org/esd

SPIE Photomask Technology
19-22 September
Monterey, CA (USA)
spie.org/pm

NOVEMBER

Asia Communications  
and Photonics
13-16 November
Shanghai (China)
acp-ce.org

Online
Find all the articles in SPIE 
Professional and more at 
spie.org/spieprofessional

Get the most up-to-date in-
formation about, or register  
for, SPIE events at  
spie.org/conferences

Reach a highly qualified audience  
and build visibility in the optics and 
photonics community by advertising in  
SPIE Professional.  
spie.org/spieProAd

Advertiser  
Index

American  
Elements Cover 4 
www.americanelements.
com 

Applied Optics 
Research Cover 2
www.aor.com 

The Institute of  
Optics 41
www.opticsrochester.edu

LaCroix Optical 15
www.lacroixoptical.com

OKO  
Technologies Cover 3
 www.okotech.com

Optimax Systems,  
Inc. 7
www.optimaxsi.com

Software Spectra,  
Inc. 2
www.sspectra.com

Synopsys 33
www.synopsys.com

DECEMBER

SPIE Smart Nano+Micro Materials 
and Devices
5-7 December
Melbourne (Australia)
spie.org/smartnano

Call for Papers 
Abstract Due Dates

11 July 
SPIE Photonics West 2012 and  
IS&T/SPIE Electronic Imaging 2012

27 July
SPIE Medical Imaging 2012

29 August
SPIE Smart Structures/NDE 2012 

12 September
SPIE Advanced Lithography 2012

10 October
SPIE Defense, Security, and Sensing 2012

7 November
SPIE Photonics Europe 2012






