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IN 1958—THE SAME YEAR CHARLES TOWNES conceived of the optical 
maser—Jack Kilby created the first integrated circuit on a slab of germa-
nium. It had wires hanging off the side, and looked a bit like a kid’s first 
attempt at welding in shop class, but it was a major step forward in proof of 
concept. Meanwhile, at Fairchild Semiconductor, Robert Noyce was working 
with the Fairchild Eight—also known as the Traitorous Eight (cue ominous 
music)—to develop a planar integrated chip on silicon. His method proved 
scalable, and quickly moved to manufacturing.

In 1960, Texas Instruments sold their first chip, the “502 Flip Flop,” for 
$450. It had one bit of memory. Since then, chip manufacturing has scaled 
in every way so that a modern microchip costs mere picocents per bit.

While the cost to make a chip has fallen over the past 60 years, our reliance 
on computer chips costs in other ways. Data centers use enormous amounts 
of energy to power their servers and store our information. Chip fabs con-
sume city-sized amounts of electricity and water. And our myriad electronic 
devices, from phones to laptops to Fitbits, often reach obsolescence after just 
three to four years. Millions of devices end up in landfills each year, along 
with the copper, silver, and rare earth metals they contain.

Fortunately, many people working in photonics are looking for solutions. 
Some researchers want to improve the efficiency of computing by rethinking 
the very foundation of computational architecture. Neuromorphic design 
attempts to mimic the speed, flexibility, and efficiency of the human brain 
by reproducing its structural elements in hardware. More traditionally, 
chip fabs are trying to green their technology through renewable energy 
and recycled water.

Today’s most advanced chips are created using 
a process called EUV lithography, and at the heart 
of EUVL is a CO2 laser. In fact, photonics—and 
lasers in particular—are at the heart of many 
modern manufacturing processes. Sure, there are 
the obvious industrial uses, like laser cutting and 
welding. But photonics has a role in manufacturing 
in unexpected ways, too, like the Advanced Photon 
Source at Argonne National Laboratory, where 
researchers pummel materials with photons to test 
their response to extreme stress and find nanoscale 
weaknesses before they become problems.

This issue of Photonics Focus explores the tools 
at the heart of modern commerce, from the won-
derous chip, which has doubled the density of 
transistors in a circuit every few years as it inches 
toward the conclusion of Moore’s law, to advanced 
laser technology.

1958 was a big year for photonics. It set the stage 
for the foundations of modern industry.

GWEN WEERTS, PHOTONICS FOCUS EDITOR-IN-CHIEF

FROM THE EDITOR

Light Is at the Heart of It

Photo credit: Texas Instruments

Jack Kilby’s first integrated 
circuit on germanium.
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ACQUIRE FUNDING
Most labs start with the F word—fund-
ing. Brian Pogue, MacLean Professor of 
Engineering at Dartmouth, says that the 
process of starting a group “is a boot-
strapping exercise.” You have to start 
with an idea, but someone needs to show 
you the money. “The research ideas of the 
principal investigator (PI) are critical: it 
is their plans for research, discovery, and 
invention that drive the agenda and the 
attractiveness of it to attain further fund-
ing,” he says. In other words, research 
ideas expand current knowledge, but 
research funding is needed to expand 
those ideas and generate new ones. 

Kristen Maitland, associate professor 
in the Department of Biomedical Engi-
neering at Texas A&M University, notes 
that writing proposals for funding to 
support the people and materials neces-
sary to fuel your research program is a 
“critical and continual pursuit.”

Those sources of funding are myriad, 
including federal and state agencies, 

nonprofit organizations, and compa-
nies, all with different application pro-
cesses, award expectations, and funding 
amounts. 

Collaborations with others can also 
help to expand a new PI’s research port-
folio. “Even if you have the greatest idea, 
funding agencies and reviewers want 
to know that you are the best person to 
achieve the objectives of the project,” 
says Maitland.  

Sam Mabbott, an assistant professor 
of biomedical engineering at Texas A&M 
University, notes that he was “pretty 
green” when it came to funding, so he 
met with mentors to develop a funding 
strategy, reviewed successful funding 
proposals of colleagues, and attended 
university-run seminars dedicated to 
helping faculty acquire funds. “I also 
worked with the Grant Writers’ Seminars 
& Workshops who are experts in grant 
preparation,” says Mabbott.

“The best advice I received was to 
breakdown the different types of equip-

ment I wanted into categories based 
on daily versus monthly usage—that 
allowed me to prioritize equipment 
spending,” he adds. “Often, suppliers 
will offer a discount to new PIs, so it’s 
worth shopping around to find out the 
best price. Don’t be afraid to haggle—I 
approached many vendors in the same 
way that I did when purchasing my car.”

BUILDING A TEAM
Along with a research plan and funding, 
you need the right people to put that plan 
into action. A good place to start is your 
network of colleagues, those you can 
trust to make good recommendations 
for potential team members. 

“There is no singular activity that is 
more important than selecting the right 
people, because it is the motivations, suc-
cesses, and ideas of those people that drive 
the success of the collective group,” says 
Pogue. “Every startup company knows 
this: the high-tech world has made selec-
tion of the right people into a science.”

PHOTONICS FOCUS MAY/JUNE 20216

So You Want to Start a Lab?
Many scientists pursue novel and exciting ideas in their research, but what does it take to lead a research group? 

The first step for those hoping to lead a group’s investigative efforts is to find an institution, often a university, that 
believes in their ideas and ability to lead. An aspiring researcher should be on the lookout for faculty openings that 
are good fit for their research, and negotiate with the university for start-up funds that support graduate students, 

perhaps a post-doc, equipment, materials—and perhaps most importantly—a dedicated lab space.
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Managing a research group is much 
the same as running a small business, 
adds Pogue, and group members must 
have the desire to proactively learn on 
a continual basis. Successful scientists 
must be intrinsically motivated and have 
an innate desire to work on the problem. 
“This is a very delicate balance—the only 
way that it can work is if exceptionally 
good ideas are at the core, and exception-
ally good people are hired as students, 
postdocs, and laboratory support.”  

Mabbott advocates recruiting new 
team members at conferences. He meets 
most prospective students at poster 
sessions, a setting that gives context to 
their current focus and future aspira-
tions. “Ultimately, I want to know that 
the candidate is the right person for my 
lab,” he says. “At the same time, I want to 
ensure that I’m the right person to help 
guide their development.” 

“While drawing from the recom-
mendations of colleagues and meeting 
prospective students at conferences are 
possible avenues for talent recruitment, it 
does not stop here for me. There are many 
other factors that play into my selection 
process,” says Muyinatu Bell, an assistant 
professor in the Department of Electri-
cal and Computer Engineering at Johns 
Hopkins University and director of the 
Photoacoustic and Ultrasonic Systems 
Engineering (PULSE) Lab. “Additional 
factors include a student’s interests, pas-
sion, academic records, and evaluation 

”

“THE HIGH-TECH WORLD
HAS MADE SELECTION

OF THE RIGHT PEOPLE

INTO A SCIENCE.
–Brian Pogue

letters, as well as the kind of inquiries 
students make when interviewing me as 
I interview them.” 

There are multiple responsibilities 
for the PI, including administrative 
tasks. For Bell, this is coupled with the 
responsibilities associated with being 
a tenure-track professor, which include 
teaching, mentoring, and service to the 
professional community and university. 
“Ultimately, I cannot do everything I 
desire,” she says. 

MAKING IT WORK
Now that you have the idea, the people, 
the money, and the space, you need to 
make it all work. One plan is to have more 
than one plan. 

“The best situation is to have two or 
three focused areas of investigation so 
there is room for one or more of them to 
not work out,” says Pogue. Research is 
often an educated guess or a bet on which 
directions will work, because sometimes 
they don’t.  Research should always have 
a slight migration to it, Pogue adds, and 
the PI must be willing to adapt, explore, 
and always look for the most impactful 

and successful angles.  
Bell notes the need to leave room for 

growth on the team, as well as the impor-
tance of blending her own ideas with 
her students’ interests. About starting a 
new lab, she says, “There is no ‘one size 
fits all.’” 

 Successful groups strike a balance 
between discovery and translation of 
their work. Discovery and invention drive 
science, but translation to the clinic or 
application, and impact on society, are 
what illustrate the value of a discov-
ery.  Successful research groups have a 
healthy dose of both of these.

Pogue understands that the key to a 
successful research group is completion 
of research studies that lead to publica-
tions that show the research is new and 
innovative. “It is the ideas and the excite-
ment around us that drives the potential 
for a research expansion,” he says, “and if 
the ideas are not exciting, then the group 
will not grow.”

http://www.thorlabs.com/careers

A sampling of our open positions 
is above. Please visit our careers 
page to view all openings.
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Applications Engineer (NJ)

KAREN THOMAS is the Bandwidth 
section editor for Photonics Focus.
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CAREFULLY PROOFREAD YOUR MANUSCRIPT
Although most journals will not reject a manuscript 
without review due to formatting issues, those 
issues can delay the publication process. In the race 
to publish that final article before graduation or 
to avoid getting “scooped,” a paper that is littered 
with grammatical errors or formatting issues will 
undoubtably undergo multiple rounds of peer 
review. This repetitive process can be abbreviated 
by carefully reviewing the submission-guidelines 
page of the target journal. The formatting require-
ments and even the organizational structure of 
an article are journal specific. Therefore, use the 
journal’s template whenever one is available. 

A few other common formatting problems 
include low-resolution images, mislabeled figures, 
and incorrectly formatted references. These can all 
be fixed in advance of submission following a care-
ful proofread. Use grammar-checker software like 
Grammarly to address routine language deficien-
cies. Nonnative English speakers are encouraged 
to use a language editing service. As a final step, 
perform a plagiarism check using an online service 
such as Turnitin. These simple steps will serve to 
reduce the review period.

KEEP THE TITLE BRIEF
The most cited science paper is a 1951 seminal 
work entitled “Protein measurement with the 
folin phenol reagent.” This title is succinct and 
descriptive, and the subject is clear even to readers 
outside of the field. A cursory examination of the 
top 100 cited papers of any journal will reveal that 
the title is often 12 words or less, and not overly 
technical. Unfortunately, the title is often neglected 
by the author group, relegated to a perfunctory 
afterthought mere days, or even hours, prior to 
submission. 

In fact, an analysis of 140,000 titles from 2007 
to 2013 by Adrian Letchford et al. of the University 
of Warwick revealed an inverse correlation between 
title length and the number of citations. Admit-
tedly, the interpretation of this result is ambiguous, 
though a well-constructed, brief, and descriptive 
title implies a degree of meticulosity that probably 
extends to the rest of the article, leading to more 
citations. Moreover, several high-impact journals 
have strict character count limits for titles.  In sum-
mary, it’s best to keep the title as short and simple 
as possible without a loss of meaning. 

SELECT AN APPROPRIATE JOURNAL
Let’s face it, most authors, especially student 
authors, focus almost exclusively on the impact 
factor when deciding on a target journal for their 
newly drafted paper. However, the scope of the 
journal and the research demographics of its read-
ership are probably far more important factors. 
Articles that are outside the scope of a journal are 
typically rejected without review.  Ask yourself, are 
the researchers in my field likely to read or have a 
subscription to the journal? Have papers similar to 
mine been published in the journal over the last six 
months? Are my contemporaries also publishing 
in this journal? 

Academic publishing is fraught with potential 

pitfalls and minefields that can at best cause 

avoidable delays, or at worst lead to outright 

rejection. Once the experiments have been 

conducted, the datasets analyzed, and the results 

interpreted, the process of sharing your findings 

with the wider scientific community is largely an 

art, one that is ultimately crafted by a scientist 

after many years of trial and error. To assist the 

novice in deftly navigating the daunting publication 

obstacle course, the key aspects are classified into 

the following five tips for scholarly publication.

Five Tips for Getting Your 
Paper Published
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As a case in point, a newly developed optical technique for early 
cancer detection may be accepted in a journal of applied medicine 
with a high impact factor. However, that paper may reach a more tar-
geted audience in an applied optics journal, even though the impact 
factor is lower. Finally, before responding to an unsolicited email to 
submit a paper to an unknown journal, ensure that it is reputable 
and peer reviewed by cross-referencing with well-known predatory 
publisher lists, such as that by Scholarly Open Access.

EFFECTIVELY ADDRESS REVIEWER CONCERNS
A harsh critical review is never a pleasant experience, especially if it 
seems unfair. Deep-seated feelings of indignation can often provoke 
an impulsive and emotional response from an author, which will only 
make the situation worse. Never rush your response to reviewers’ com-
ments. Instead, carefully read and think about them before initiating 
any action. Address each comment or question by either accepting the 
recommendation and making the appropriate revision, or providing a 
robust and defendable counterargument in your written response to 
reviewer comments, which is often included as a cover letter to your 
revised manuscript. Whenever possible, provide data or citations to 
support your position.  

However, choose your battles wisely and do not argue with the 
reviewer because you feel slighted. Remember, your objective is to get 
your paper published. Do not be confrontational or defensive. Ensure 
that your response succinctly and clearly addresses the reviewer’s 
concern. To assist the reviewer, it is a good idea to emphasize all the 
revisions in the manuscript by highlighting the changes. Finally, be 
sure to carefully review your response before submission. If you make 
things easier for the reviewer, chances are they will recognize your 
efforts favorably. 

WHEN TO RESUBMIT A REJECTED PAPER
So, after months or years of hard work, meticulous manual format-
ting of your >80 references, and weeks of proofreading to address 
grammatical issues and image resolution requirements, you learn that 
your paper is rejected after months in peer review. You’ve convinced 
yourself that your results are valid, even excellent, and the reviewers 
are a collection of grinches. However, you should resist the temptation 
to resubmit the paper in its current form to a new journal. More likely 
than not, any flaws that were identified during the initial peer review 
will simply be reiterated by reviewers for a different journal. Instead, 
critically examine the manuscript, review tips one through four, and 
then spend the weeks or months needed to fix it. Most journals will 
let you resubmit after a specified period of time. 

KERT EDWARD is the Content 
Development Manager at SPIE. 
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1. HIGH-POWER BLUE SEMICONDUCTOR LASERS

Following the 2014 Nobel Prize in Physics, awarded to 
Shuji Nakamura, Hiroshi Amano, and Isamu Akasaki, and 
increasing global concerns for the environment, gallium 
nitride (GaN) light-emitting devices have received extensive 
attention, especially in the field of lighting. Consequently, 
they are now manufactured in volume. However, for laser 
machining purposes, more power is required than these 
blue lasers can provide. 

The key advantage to a blue laser is its short wavelength 
compared to its infrared (IR) peers. For nonferrous metals, 
the absorption of light energy increases as the wavelength of 
light decreases. For example, the light absorption of copper 
at wavelengths below 500 nm will increase by at least 50 
percent as compared to IR light. So short-wavelength lasers 
are more suitable for copper processing. The problem is that 
it is difficult to develop short-wavelength high-power lasers 
for these industrial applications. The existing options are 
expensive and inefficient. 

To meet these challenges, industry has set their sights on 
the blue semiconductor laser based on gallium nitride mate-
rials that can directly generate laser light with a wavelength 
of 450 nm without further frequency doubling. 

With the emergence of high-power blue semiconductor 
lasers, their potential in laser processing highly reflective 
metals, like copper, are being realized every day, especially 
in the manufacture of electric cars and batteries where a lot 
of copper and other nonferrous metals are used. The results 
show that a blue laser welds copper with little spatter, and 
cuts copper well with high speeds. It can also 3D print copper 
material–based structures. Because its wavelength lies in 
the transmission window of the ocean water, the blue laser 
also opens the door for underwater laser processing. One 
would expect that high-power blue semiconductor lasers 
will become the preferred laser choices for processing highly 
reflective metals.

2. HIGH-POWER ULTRAFAST LASERS

Apple drove the industrial adoption of ultrafast lasers in 
a 24/7 production environment. In 2017, ultrafast lasers 
found their way into contract manufacturers like Foxconn 
to process sapphire, glass, and flexible printed circuits for 
iPhones. Since then, we have seen rapid growth of industrial 
ultrafast lasers at the hundreds-of-watts power level. To 
make these lasers more robust turnkey tools for industrial 
customers, the main challenge remains the cost of owner-
ship, as the ultrafast laser market is very elastic. Price goes 
down and volume goes up.

With the advent of 10 kW ultrafast lasers, and even 20 kW 
on the horizon, potential applications are expected in areas 
like large surface functionalization or parallel processing, 
secondary sources generation of EUV or XUV, new data 
storage technology, and plasma channel generation for direct 
energy programs. 

So, is there a theoretical limit on how much power one can 
achieve from ultrafast lasers? There is no physical reason 
why ultrafast lasers should not be as scalable as contin-
uous-wave lasers. There is actually a clear roadmap to a 
power level beyond 100 kW, and a number of applications are 
asking for these power levels, such as space debris removal 
and particle acceleration. High-power ultrafast lasers will 
have a very bright future.

New Lasers for Industrial 
Manufacturing

Lasers are now an enabling technology in manufacturing, communication, biomedical, 
environmental protection, and scientific research. R&D continues to create new laser sources,  
while the frontier of laser applications is pushed further every day. This article highlights three 

areas of active laser development and their industrial applications. 

Photo credits: Fraunhofer IOF (above); TRUMPF (top right)

The scaling of the multi-kW 
ultrafast fiber laser is based on 

the coherent combination of 
several individual beams.





Industry Updates
M&A
» Teledyne to acquire FLIR Systems, Inc. in a cash and 

stock transaction valued at $8B. The transaction is 
expected to close by mid-2021.

» Altavian, Inc. was acquired by FLIR Systems, Inc. for 
an undisclosed amount effective December 10, 2020.

» John Wiley & Sons, Inc. acquired Hindawi Limited, 
both publishers of large portfolios of scholarly 
journals, for $298M in January 2021.

» TRUMPF GmbH & Co. KG has completed the 
renaming and merger of its wholly owned subsidiary 
SPI Lasers into the TRUMPF group and brand. 
Effective November 28, 2020, SPI Lasers UK Ltd. is 
now TRUMPF Laser UK Ltd.

» Physical Optics Corp. was acquired by Mercury 
Systems, Inc. for $310M effective December 30, 
2020.

» II-VI to acquire Coherent, Inc. This follows 
termination of the merger agreement between 
Coherent and Lumentum. The deal will close by the 
end of 2021.

» Emisphere Technologies, Inc. was acquired by Novo 
Nordisk A/S for $1.35B effective December 8, 2020.

» Cadence Fluidics was acquired by Adaptas 
Solutions, LLC for an undisclosed amount effective 
December 7, 2020.

» Lockheed Martin Corp. to acquire Aerojet 
Rocketdyne, Inc. for $4.4B. The transaction is 
expected to close in the second half of 2021. 

» Amphenol Corp. to acquire MTS Systems Corp. for 
$1.7B. The transaction is expected to close mid-2021.

» GlobalWafers Co., Ltd. to acquire Siltronic AG for 
$4.6B. The transaction is expected to close in the 
second half of 2021.

» AstraZeneca PLC to acquire Alexion 
Pharmaceuticals, Inc. for $39B. Closing date TBA.

» Oakman Aerospace Inc., Made in Space, Roccor, 
LLC, and LoadPath have all been acquired by 
Redwire, LLC  for deals of undisclosed amounts that 
closed between June 2020 and January 2021.

Executive Updates
» Cristiano Amon appointed CEO of Qualcomm Inc. 

He will succeed Steve Mollenkopf who is retiring 
effective June 30, 2021.

» Patrick Gelsinger appointed CEO of Intel Corp. 
effective February 15, 2021. He succeeds  
Robert Swan.

» Jeff Ames appointed President and CEO of Tekscan, 
Inc. effective January 15, 2021.

3. HIGH-POWER CO2 LASERS FOR EUV

EUV lithography is the key to today’s most advanced semicon-
ductor chips, which are the foundation of our modern society’s 
rapid digitalization. They enable applications such as autonomous 
driving, 5G networks, artificial intelligence, data storage, and cloud 
computing. CO2 lasers are used to generate EUV sources, which is 
the foundation of the most advanced lithographic tools in the semi-
conductor industry. EUVL took more than two decades to develop 
with involvement from more than 1,000 companies and institutions 
around the world, and it is backed up by more than 2,000 patents.

Several foundries have moved into production at both 7 nm and 
5 nm with EUV systems, but now the industry is preparing for the 
next phase of the technology at 3 nm and beyond. It is expected that 
3 nm node chips will be made possible with a higher NA (0.55) lens in 
2022 or 2023, followed by 2 nm node chips a year or two later. None-
theless, it will require massive funding and time to develop these 
future EUV technologies, and the return on investment is unclear.

While EUV lithography will be the key technology in making 
chips for the next decade or so, it is anticipated that 1 nm node will 
probably reach the limit of the EUV lithography capability, even with 
optical and material tricks. It is limited not only by the EUV source, 
but by EUV scanners, masks, and resists, as well as inspection 
metrology. So a question arises—what is next after EUV lithography? 

Nanoimprint lithography (NIL) is positioned to succeed EUV as 
the most popular choice for next-generation lithography due to its 
inherent simplicity and low cost of operation, as well as its success 
in the LED, hard disk drive, and microfluidics sectors. The key 
advantage of this lithographic technique is the ability to pattern 
sub-10 nm structures over a large area with a high throughput 
and low cost. 

While all three of these laser types are improving, there is still 
much work to do before their promise is fully realized. Over the 
coming years, we will see industry working to overcome today’s 
challenges, and the impact of lasers on our day-to-day lives will 
steadily increase.

BO GU founded his consulting firm Bos Photonics, specializing 
in next-generation photonics technologies and markets, after 
more than 30 years of professional experience in R&D and 
corporative executive positions in the photonics industry.

Photo credits: Fraunhofer IOF (above); TRUMPF (top right)
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2020 Was a Bust 
for Automotive, 
but a Boom for 
Semiconductors
While the global economy suffered from 
COVID, the photonics industry remained 
quite strong, indicated by current trends 
in Germany

IN ADDITION TO SO MANY HUMAN CASUALTIES, the pan-
demic had a severe impact on the 2020 global economy. The 
photonics industry, and the industries it supplies with com-
ponents and systems, were hit as well. In particular, some 
supply chains were impacted then, and continue to suffer, 
even though the main factories have reopened. But things 
are a bit more complex than they seem. In fact, the semi-
conductor industry was flourishing before the pandemic, 
and continued to do so in 2020. That boom had a strong 
influence on the photonics industry, as did the downturn 
in car sales, which also started before the pandemic. For 
2021, the growing field of quantum technology may start 
to have some positive economic impact.

FIELD OF VIEW

IN JANUARY 2021, the International Monetary Fund (IMF) esti-
mated that the world economy contracted by −3.5 percent. The 
GDP of the US dropped −3.4 percent, and for all other advanced 
economies, the IMF estimated a −4.9 percent decline. For Ger-
many, one of the world’s leading exporters, it was even worse. 
According to Destatis, the German federal statistics office, the 
gross domestic product dropped −2.0 percent in the first quar-
ter, and an unprecedented −9.7 percent in the second quarter. 
Borders were closed, domestic consumption fell, factories halted, 
and people remained at home. The nation held its breath.

Industrial production (excluding energy and construction) 
contracted −29.7 percent in April, and another −23.4 percent 
in May. The automotive industry was hit most heavily. Its sales 
collapsed by −84.4 percent in April and an additional −52.7 
percent in May. Even though the numbers increased over the 
rest of the year, the total production of the German automotive 
industry in 2020 still declined −25 percent compared to 2019.

German industry saw a rapid recovery in the second half of 
the year: The GDP grew 8.5 percent in Q3. With the second 
COVID wave, another lockdown came in late autumn, which 
did not hit industry as hard as the first. In fact, the GDP even 
rose 0.3 percent in Q4. In total, German GDP in 2020 saw a 
decline of about −5 percent. The manufacture of machinery and 
equipment was down −13.8 percent year over year.

The German photonics industry has not been hit that hard, 
it seems. In November 2020, German photonics industry asso-
ciations Spectaris and OptecNet conducted a survey of mem-
bers. According to respondents’ data, the photonics industry 
expected a decrease of −3 percent in annual revenues.

In March 2021, market analyst Allen Nogee (Laser Markets 
Research) estimated a growth of 3 percent for global laser 
markets for materials processing and lithography systems. 

FOR CHIP MANUFACTURERS, 2020 was a good year. Those 
in the photonics industry who delivered to the semiconductor 
industry greatly benefited. ASML, the Dutch lithography 
machine manufacturer, reported €14 billion revenues for its 
financial year 2020—a 19 percent increase! 

According to the Dutch magazine bits&chips, lithography 
machines for deep ultraviolet light (DUV) contributed €7.3 bil-
lion to that number. This is remarkable, as most attention went 
to ASML’s flagship project, Extreme UV (EUV). EUV systems 
contributed €4.5 billion to the annual revenue. Surely, EUV 
defines the most powerful processor technology at the moment. 
But it is also a very expensive technology with limited manufac-
turing capacity at ASML. Thus, EUV is only used for the most 
minuscule features, while all other structures are made with 
less expensive systems such as DUV. The article mentioned an 
average price of €145 million for an EUV system, compared to 
€60 million for a high-end DUV system.

The high prices of the ASML machines are, however, easily 
paid by the chip manufacturers. According to the Semiconductor 
Industry Association (SIA), they have enjoyed a near-full utili-
zation of factories since the second quarter of 2019. And they 

PHOTONICS FOCUS MAY/JUNE 202112

German Chancellor Angela Merkel at the 
presentation of a light source for secure 
quantum communication in December 2020.
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project orders at full capacity for at least one more year. Their 
biggest constraint is the availability of manufacturing capacity.

Which leads us back to automotive industry: When car 
sales fell to almost zero in 2020, manufacturers rapidly hit the 
brakes. They reduced car production, and re-negotiated chip 
orders. Chipmakers were not impacted much because capaci-
ties were diverted to customers in need. Laptops, tablets, and 
gaming consoles sold well during the pandemic. Unfortunately, 
making microprocessors not only requires expensive machines 
in ultraclean fabs, but it also takes several months to complete 
a batch. When the automotive industry reramped manufactur-
ing, the semicon industry could not re-route at the same pace. 

In Germany, another trend made the chip shortage even 
worse: In 2020 about 395,000 alternative fuel cars—including 
hybrid, battery, and fuel cell—were newly registered, which 
was announced in January by the Federal Motor Transport 
Authority. That is almost four times the number of 2019. For 
manufacturers such as Volkswagen and Mercedes, alternative- 
fuel car sales increased five to six times compared to 2019. 
And these cars, with their sophisticated computers and power 
electronics, need even more controllers.

Semiconductor manufacturing has become a strategic polit-
ical issue on the global stage. China poured billions into its 
domestic industry, but technology embargos hindered ASML 
from selling them EUV technology. In early 2021, US President 
Joe Biden US President Joe Biden asked for $37 billion to boost 
chip making within the United States. A similar trend can be 
seen in the European Union, where a “European initiative on 
processors and semiconductor technologies” was initiated in 
December 2020. The document of the decision makers stated, 
“20 percent of the European Recovery and Resilience plans 
should go to digital transition; this is up to €145B over the 
next two to three years. This opportunity to invest in research, 
design, and production capability for processors in Europe 
should not be missed.” 

Trade wars and the pandemic have caused several nations 
to invest in the establishment of critical technological infra-
structure, which will impact revenues of photonics companies 
making the tools for these factories.

A POSITIVE SURPRISE for the German photonics community 
came in June 2020. Within the €60 billion COVID relief pack-
age, “Zukunftspaket für das Innovationsland Deutschland” 
(Future package for Germany as a country of innovation), €2 
billion was dedicated to quantum computing. 

When the additional funding came somewhat unexpectedly 
to the quantum community, the bold promise of immediate 
execution left most experts in doubt. Several ministries devel-
oped plans to fulfill the governmental promise, but they could 
not agree on a common path. The Chancellor’s Office insisted 
on a common strategy and set up a council of experts from 
industry and research to develop a roadmap. Early in January 
2021, this roadmap was handed over to the Chancellor’s office. 
In March, an “Agenda Quantensysteme” was handed over to 
research minister Anja Karliczek by representatives of her advi-
sory board for quantum systems. Peter Leibinger (TRUMPF) 
described the agenda as a milestone that is as significant as 
the “Agenda Photonik 2020” and the subsequent  “Harnessing 
Light” report were ten years ago. Minister Karlizcek expressed 
her hopes that it may be supported with a new €300 million 
program, initiating a 10-year funding period.

More programs can be expected from other ministries. But 
federal elections are scheduled for September 2021, which will 
cause several months of  reorientation within the ministries. So 
it appears unrealistic to expect the full €2 billion to be distrib-
uted in 2021.

Meanwhile, the quantum community in Germany is busy 
within existing federal and regional programs. People are 
forming collaborations to cope with the challenges of an 
international quantum race. For the photonics community, it 
will be good news, as many of the components will be made 
on their benches.

Overview of an open 
EUV lithography 
system NXE:3400B, 
one of the most 
complex machines ever 
built. It weighs 180 
tons, consumes more 
than 1 MW of electrical 
power, and has a 
resolution of 13 nm. 

Photo credit: ASML



ANDREAS THOSS is the Managing Director of THOSS 
Media, GmbH. He studied ultrashort laser pulses at the 
Max-Born-Institute in Berlin and graduated in 2003. Before 
founding his own venture in 2010, he served for eight years 
as an editor for US publisher John Wiley & Sons.
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US President Biden 
Orders Review of 
US Supply Chain
Prioritized review of semiconductors, 
high-capacity batteries, critical minerals, 
and pharmaceuticals

ON 24 FEBRUARY, US PRESIDENT JOE BIDEN SIGNED 
an executive order (EO) requiring a 100-day review of 
the risks facing the US supply chains for semiconductors, 
high-capacity batteries, critical minerals, and pharma-
ceuticals. Additionally, the EO requires a longer, one-year 
review of the supply chain in six sectors of the economy. The 
reviews will  consider US manufacturing capacity, workforce 
requirements, climate risks, and the need for research and 
development capacity to sustain national leadership. 

Though neither the order, nor the President when signing it, 
directly mentions China, reducing or eliminating reliance on 
Chinese goods for key parts of the US supply chain is clearly 
the motivating factor of this mandated review process.

An example of that reliance is dependency on China for 
many critical materials, which has long been a concern for 
US officials. Perhaps the most critical of these materials are 
rare earth minerals, of which China holds the largest known 
reserves and is one of the major producing countries. This 
issue is coming even more to a head as China finalizes imple-
mentation of their Export Control Law (ECL), which, at least 
in draft form, would include rare earths as part of this new 
export control regime. This new ECL has the potential to be 
used as a way to limit or block rare earth exports to US-based 
buyers. Rare earths are critical materials for many technology 
areas, such as quantum and 5G.

Regarding semiconductors, President Biden stated that he 
is “directing senior officials in my administration to work with 
industrial leaders to identify solutions to this semiconductor 
shortfall and work very hard with the House and Senate.” 
Unfortunately, the EO will not solve the current supply chain 
issues being faced in the US, which have caused auto manu-
facturers to halt production. However, the goal of the review 
will be to come up with plan to prevent such shortages in the 
future, not only by increasing domestic production, but also 
by working with reliable supply chain.

Congress was already eyeing the issue of semiconductor 
chips shortage. Prior to the EO being signed, Congress 
passed The CHIPS Act as part of the FY21 National Defense 
Authorization Act (NDAA). The bill authorizes an array of 

semiconductor R&D initiatives and a subsidy program to 
support domestic chip production. However, passage only 
authorized the bill’s activities, and did not provide the fund-
ing needed to accomplish its goals. When signing the EO, 
Biden called for $37 billion in emergency funding toward 
the new semiconductor chip initiative established in the bill, 
something Senate Majority Leader Chuck Schumer has said 
he is looking to move forward in spring of this year.

Notably, the importance of shoring up the US supply chain 
is one of those rare issues where Republicans and Democrats 
are in agreement. The President met with a bipartisan group 
of congressional leaders before signing the bill and stated,  
“It was one of the best meetings—it’s the best meeting I think 
we’ve had so far, although we’ve only been here about five 
weeks. But it was like the old days—people actually are on 
the same page.” This tone hints at good things for moving 
forward any needed legislative changes or funding that come 
out of the EO review process.

It is too early to tell exactly what policy changes or federal 
investments will come out of this mandated review process, 
but it is clear that the new administration is very aware of 
vulnerabilities in the US supply chain and considers fixing 
these issues a top priority.

FIELD OF VIEW

The impor tance of  shor ing up

THE US SUPPLY CHAIN
i s  one of  those ra re i s sues

WHERE REPUBLICANS AND DEMOCRATS
are in  agreement .

JENNIFER O’BRYAN is the 
SPIE Director of Government 
Affairs.
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Low-Cost On-Chip 
Lidar Sees More,  
Sees Farther
IN 2020, APPLE UNVEILED AN IPAD PRO with 
integrated lidar. It was the first handheld con-
sumer device to integrate the light-based sensing 
technology, and opened up a sandbox for app 
developers to consider how the new sensors might 
improve alternative reality (AR) gaming apps. The 
lidar sensor on Apple’s devices (it was later added 
to the iPhone 12 Pro in 2021) can scan objects up to 
5 meters away, which is far enough to give develop-
ers something to play with. But it has limited uses.

Thus far, integrated, chip-based lidar systems 
can’t match the distance, accuracy, and perfor-
mance of mechanical lidar systems, like those 
you’d find on a self-driving car. Those soda-can-
sized units allow vehicles to map and interact 
with the physical world, but their size and cost 
($$$-$$$$) make them impractical for small-scale 
applications.

A team of researchers from Pointcloud in San 
Francisco and the University of Southampton’s 
Optoelectronic Research Center have good news, 
however. They developed a new integrated lidar 
system that uses silicon photonic components and 
CMOS electronic circuits on the same chip. It is 
low cost, compact, and is capable of high-perfor-
mance 3D imaging on par with some mechanical 
lidar systems. So how is it different than the lidar 
on an iPhone 12 Pro? It has better accuracy and 
distance: Latest tests show an accuracy of 3.1 
millimeters at a distance of 75 meters.

Expect to see accelerated uptake of lidar in areas 
of autonomy and AR, as well as digital twin appli-
cations that require high depth accuracy.

(Rogers et al., Nature 2021, doi: 10.1038/s41586-
021-03259-y)

Photo credits: SUTD (left); Nature (right)

4D Printing Shows True Colors
LIKE 3D PRINTING, 4D-PRINTED STRUCTURES utilize additive man-
ufacturing to achieve their unique form. The difference is that 4D 
structures have additives like hydrogels, liquid crystal elastomers, 
or magnetic nanoparticles embedded in the material that cause the 
printed object to shape-shift in response to a specific stimulus. While 
3D printing has moved beyond a mere curiosity and become a mainstay 
of on-demand manufacturing, 4D printing is still finding its niche. 

That’s partly because 4D printing is still limited to very tiny struc-
tures, and partly because the resolution of 4D printing is poor—just 
10 μm at best.

Recently, a team from the Singapore University of Technology and 
Design made an advance in resolution that will allow researchers to 
explore new applications of 4D printing in the field of nanophoton-
ics. They developed a shape memory polymer photoresist suitable for 
two-photon polymerization lithography (TPL). Integrating this newly 
developed resist with TPL, they investigated submicron 4D printing 
of shape memory polymers, at which scale the printed structures can 
interact strongly with visible light. By applying pressure and heat, the 
submicron structures switch not only between flat and bumpy, but also 
between transparent and colorful states.

“It’s remarkable that these 3D-printed nanostructures are able to 
recover their shapes and structural color after they’ve been mechani-
cally flattened into a colorless, transparent state. This new resist that 
we’ve concocted allows for really fine structures to be printed while still 
retaining their properties as a shape memory polymer,” says principal 
investigator Joel K. W. Yang.

The team was able to print the shape memory polymers with 
~300 nm half pitch—an order of magnitude higher than traditional 
high-resolution printing methods such as digital light processing or 
stereolithography.

 (Wang et al., Nature Comm. 2021, doi: 10.1038/s41467-020-20300-2)
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Some Like It Hot: Metalens Research Turns Up the Heat

Seeing the Brain Clearly
Researchers really want to use implantable probes to image 

deeper in the brain using light-sheet microscopy, but so far 
haven’t been able to do so without disturbing too much brain 
tissue and still remaining compatible with the light sheet 
imaging system. 

An international team of researchers from the US, Canada, 
Germany, and Singapore  has figured out how to do that. They 
use wafer-scale nanophotonic technology to create implantable, 
silicon-based, light-sheet photonic neural probes that require 
no additional micro-optics to synthesize light sheets in tissue. 

Due to their microscale form factor and compatibility with 
LSFM imaging, their light-sheet photonic neural probes are 
expected to result in powerful new variants of LSFM for both 
deep brain imaging and behavioral experiments in freely 
moving animals.

(Sacher et al., Neurophotonics 2021, 10.1117/1.NPh.8.2.025003)

ADVANCES IN OPTOGENETICS, including fluorescent report-
ers of neuronal activity, allow researchers to actuate and record 
neural activity in unprecedented ways. However, existing 
approaches to functional imaging of the brain, like one-photon 
epifluorescence, confocal, and multiphoton microscopy,  have 
significant limitations, like low image contrast and a slow 
image acquisition rate.

Light-sheet fluorescence microscopy (LSFM)—where a thin 
sheet of excitation light moves in one dimension across the 
sample, and the fluorescence images are then collected to form 
a 3D image of the sample—shows a lot of promise. However, 
conventional LSFM has been limited to quasi-transparent 
organisms like larval zebrafish and chemically cleared mam-
malian brains. This limitation is a problem for the eventual 
goal of functionally imaging living animals with opaque  
brain tissue.

IN TRADITIONAL OPTICS, THE PRECISE CURVATURE OF A GLASS 
enables it to focus light and capture a sharp image. Changing the depth 
of focus requires mechanically moving or shifting the lens. But a new 
metalens from a group at MIT can focus on objects at multiple depths 
without any changes to its physical position or shape.

The new lens is made of a phase-changing material that the team 
fabricated by tweaking a material called GST, (comprised of germa-
nium, antimony, and tellurium), commonly used in rewritable CDs 
and DVDs. They added selenium to the mix (GSST), which resulted 
in a new phase-changing material with an intriguing property: When 
heat is added, it shifts its atomic structure from a random tangle of 
atoms to a more ordered crystalline structure. This phase shift also 
changes the way infrared light travels through the material, affecting 
refracting power but with minimal impact on transparency.

The team’s experiments show that GSST’s switching ability can be 
tailored to direct and focus light at specific points depending on its 
phase, without any mechanical motions. The researchers say that a 
metalens could be potentially fabricated with integrated microheaters 
to quickly heat the material with short millisecond pulses. By varying 
the heating conditions, they can also tune to other material’s interme-
diate states, enabling continuous focal tuning.

“It’s like cooking a steak—one starts from a raw steak, 
and can go up to well done, or could do medium rare, 
and anything else in between,” says author Mikhail 
Shalaginov. “In the future this unique platform will 
allow us to arbitrarily control the focal length of the 
metalens.”

(Shalaginov et al., Nature Comm. 2021, doi: 10.1038/
s41467-021-21440-9)



THE
PRODIGAL
MICROCHIP
By Vineeth Venugopal
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Chip manufacturers have  
solved hard engineering 
problems for decades. But 
making the production process 
safer for the environment might 
be the hardest problem they 
have faced.
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THERE ARE OVER 

1,000
SEMICONDUCTOR 
FABS
OPERATING GLOBALLY 
TODAY. THEY MAKE 

$450 BILLION
WORTH OF MICROCHIPS A 
YEAR AND GENERATE 

50 MILLION TONS 
OF CARBON DIOXIDE 
ANNUALLY.

–Sarah Boyd

Closeup of silicon wafer 
with chip dies
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EVERY MICROCHIP IS A METROPOLIS. 
Despite being a piece of real estate no larger than a fingernail, 

the modern microchip is home to billions of transistors, miles of 
metallic interconnects, and layers of structures stacked on top of 
each other like skyscrapers. 

Every second of every day, an endless stream of 1s and 0s move 
in and out of these transistors riding on the back of zillions of 
electrons. Like determined travelers, they whiz through metallic 
highways, halt for signals at the diodes, and wait patiently at the 
capacitors.

In turn, the controlled chaos of this silicon city runs the world 
we live in. 

They launch ships into space, operate vehicles, do math, physics, 
and chemistry, and signal the red LED on the electric shaver to blink 
when the power runs out.  One or more microchips runs every one 
of the 40 billion connected devices currently in use—a figure that’s 
expected to jump to 350 billion by 2030. 

As we slowly wake up from the paralysis of 2020, among the many 
first responders, nurses, doctors, neighborhood shopkeepers, and 
essential workers to whom we owe an immense debt of gratitude, 
we should also include the humble microchip. Our ability to cope 
with the isolation of the past year was made possible through the 
internet and our connected devices. Every time we hopped on a 
Zoom call, between our personal devices, routers, data centers, 
satellites, and peripheral devices, at least a quintillion microchips 
were called to work. 

Unfortunately, like every city, these chips consume an immense 
amount of resources and generate truckloads of waste. 

A “fab” that processes 50,000 wafers—the silicon platform on 
which chips are built— per month consumes over 1 TWh of electric-
ity a year. That’s as much power as is required by a city of 100,000 
residents. Moreover, a rough estimate pegs the water consumption of 
this fab at over 19 million liters per day. That’s the amount of water 
consumed by a city of 60,000—for a whole year!

In addition, these facilities utilize tons of chemicals, most of 
them expensive and toxic, and generate tons of waste, which include 
greenhouse gases like SF6, CF4, NF3, and C4F8.

“The electricity that’s required to run the fab is the biggest drain 
on the semiconductor industry,” says Sarah Boyd, a sustainabil-
ity consultant at Sphera. “There are over 1,000 semiconductor 
fabs operating globally today. They make $450 billion worth of 
microchips a year and generate 50 million tons of carbon dioxide 
annually.”

These figures are not unknown to the industry. At the 2020 
annual meeting of SEMICON West, an important gathering of the 
semiconductor industry, Gary Dickerson, CEO of Applied Materi-
als, stated that his company generates 145,000 metric tons of CO2 
a year. For comparison, the global electronics industry as a whole 
generates a billion tons of CO2 annually. 

Given the size of the microchip, these numbers seem extraordi-
nary. However, this could very well be the price that we pay for the 
complexity of a chip, and the comfort it brings into our lives. 

The microchip is essentially made from sand—albeit one that has 
been melted, purified, and refined until it is over 99.9999 percent 
pure silicon. 
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nary. However, this could very well be the price that we pay for the 
complexity of a chip, and the comfort it brings into our lives. 

The microchip is essentially made from sand—albeit one that has 
been melted, purified, and refined until it is over 99.9999 percent 
pure silicon. 
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The arduous task of turning these disc-shaped, purple- 
colored wafers into microchips and memory devices fall on the 
fabs, which are high-tech facilities scattered across the world, 
with the majority in Southeast Asia. 

Chip manufacturing is a complex process. Several billion 
transistors, electrical contacts, capacitor devices, and other 
peripherals need to be created on a silicon wafer. Some parts 
of the transistor need to be implanted with elements that 
donate an electron, like phosphorus, and other parts need to 
be implanted with elements that absorb an electron, like boron. 
Expensive and precious metals need to be laid down on precise 
locations, at the correct thickness. With a typical transistor 
being no larger than a few nanometers across, all of this has 
to be highly accurate and scalable. 

The solution is to carve a microchip layer by layer using light, 
in a process called photolithography. 

First, the whole wafer is coated with a polymer called a  
photoresist that has the property of hardening when exposed to 
light. Ultraviolet rays are shone on the wafer through a special 
mask that has been selectively patterned with holes. The parts 
of the wafer in the shadow of the mask are unexposed to UV 
rays and are easily washed away by a solvent. These regions 
are coated with a fresh layer of metal, or more dielectrics, until 
they are filled up. 

Now the whole process repeats for the second layer—and 
the one after that. Each layer is cleaned with chemicals after 
UV exposure and then heat treated. The tiniest impurity can 
drastically alter the property of silicon and make transistors 
useless. Therefore, the wafers need to be cleaned repeatedly 
with a pristine form of water that is very expensive to produce. 

The stringent requirements on purity and cleanliness require 
that fabs turn themselves into unusually sterile environments. 
This necessitates a complex ecosystem of air conditioners, 
water purifiers, vacuum pumps, cryogenic systems, lasers, 
plasma chambers, and chemical circulation systems that 
operate on a continuous loop, as long as the fab is running. 

This complex semiconductor fabrication process is nestled 
at the heart of an elaborate web of international assembly 
lines. The company that makes the wafers and the fabs that 
create the microchips can be located in different parts of the 
globe. The assembly of the actual device likely takes place in a 
different company at a third location, and the end user could 
be anywhere in the world. 

This means that the company whose name is on the final prod-
uct might have very little control over the conditions and prac-
tices of the fabs. Further, different parts of the semiconductor 
lifecycle are regulated by different environmental legislations, 
making not just the implementation of sustainability efforts, but 
also the tracking of their environmental footprints, complicated. 

“The environmental footprint of the semiconductor indus-
try is not easy to determine, because the industry lacks a 
holistic approach to assess the impact of chip manufacturing 
accurately. While manufacturers do try to reduce their envi-
ronmental footprints, the full material and energy flow across 
the whole system is usually unavailable,” says Marie Garcia 
Bardon, senior researcher at IMEC. 

Boyd agrees. “The main challenge in determining the environ-
mental footprint of a chip is access to data, as the exact energy, 
water, and chemical requirements of a process are commercially 
sensitive and closely guarded by fabs,” she says.  

Yet, the lithography process is where we could save the most 
energy and resources. A 2002 study stated that only 20 percent of 
the total energy consumed by a car was attributable to the original 
manufacturer—and the stats haven’t changed much in 20 years. 
In contrast, manufacturing accounts for 50 percent of the total 
energy consumed over the lifespan of an average electronic device. 
So, in order to reduce the environmental impact of a car, we could 
make driving more efficient; but in order to reduce the impact of a 
microchip, we have to manufacture them more efficiently. 

Dean Freeman, chief analyst at Freeman Technology and Market 
Advisors, agrees. “Reducing the amount of water that is used to 
clean wafers in the fab and removing contaminants requires us to 
innovate our manufacturing process. It will require new types of 
lasers, plasma processes, and new photoresists that do not contain 
metals.” He says these are active areas of research. 

ASML has been at the forefront of the extreme ultraviolet 
lithography (EUVL) process—a technique used to create transis-
tors in sub-10 nm dimensions. Samsung, for example, has fully 
integrated EUVL into its manufacturing process and provides 
these new chips to many industry leaders such as Apple, Qual-
comm, and IBM. 

Freeman calls EUVL “one of the ten biggest miracles of the 
modern world.” Indeed, the EUVL process is extremely compli-
cated—it produces very high-energy ultraviolet rays by bombarding 
vaporized tin atoms with a carbon dioxide laser, and then steering 
these rays to the wafer surface using an array of highly reflective 
lenses. The development of this process began over two decades 
ago and has involved active collaboration from a broad section of 
the industry. 

Marijn Vervoorn, director of sustainability strategy at ASML, 
points out the improved impact of this process on sustainability 


The elements of lithography, 
sand and silicon crystals, sit 

atop a silicon wafer.

   R E DUCIN G TH E AM OU NT OF WATE R

THAT IS USED TO CLEAN WAFERS
IN TH E FAB AN D R E M OVIN G CONTAM INANTS

REQUIRES US TO INNOVATE
OUR MANUFACTURING PROCESS . IT WILL REQUIRE

NEW TYPES OF LASERS, PLASMA PROCESSES,
  AND NEW PHOTORESISTS

THAT DO N OT CONTAIN M E TAL S . 

          –Dean Freeman ”
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goals. “EUV lithography is a critical scaling engine 
that enables more energy-efficient data centers and 
devices, reducing the overall footprint of use.  EUV 
lithography enables more efficient production of 
microchips and devices by reducing the number of 
production steps required and making equipment as 
energy efficient as possible.”

Indeed, as transistors get smaller, they get closer 
to each other within the microchip. This reduces the 
power required to switch them, as well as the energy 
lost in moving electrons. 

“This effect is the rule of scaling,” Garcia Bardon 
observes. “However, we do tend to use more micro-
chips as time goes on,” meaning that whatever energy 
we save by reducing the size of transistors could be 
easily lost by the larger number of chips that we use. 
Boyd agrees. “The induction effect is when as chips get 
smaller, they get cheaper,” she explains. “But then the 
rebound effect kicks in, meaning that as a society we 
use more of them globally.” So, it is unclear whether 
EUVL represents the sort of process innovation that 
leads to a better environmental footprint for the semi-
conductor industry. The same holds true for many of 
the advanced lithography techniques being developed 
for the next generation of smaller transistors, such as 
maskless lithography and nanoimprint lithography. 

But what we do know is that there are fundamental 
thermodynamic limits to how much energy we could 
save. For example, it does take a certain amount of 
energy to cleave silicon from the silicon dioxide in 
sand and purify it. We could make that process more 
efficient so that less heat is wasted, but we could not 
go below the minimum energy dictated by chemical 
thermodynamics. 

Overall, a microchip is a structure that stands in 
abject defiance of the second law of thermodynamics: 
It creates a region of extreme order from a whole lot 
of chaos, and that does require a lot of energy. 

“The most effective way to reduce the carbon foot-
print of chips is to ensure that the energy consumed 
by a fab is generated using renewable sources,” points 
out Boyd. “The use of renewable energy is where we 
could see the most impact of sustainability efforts.” 

Indeed, many industry leaders already place renewables high on 
their sustainability roadmap. In his keynote, Dickerson announced 
that Applied Materials is on track to source all its energy requirements 
from renewables in the US by 2022, and worldwide by 2030. ASML, 
one of the leading providers of lithography equipment to fabs around 
the world, fully runs on renewable energy. The Taiwan Semiconductor 
Manufacturing Company (TSMC), one of the largest fabs in the world, 
has announced their commitment to 100 percent renewable energy 
and zero indirect carbon emissions from electricity consumption by 
2050. Intel purchases enough renewable energy to cover more than 
70 percent of its electricity use worldwide. They plan to be based on 
100 percent renewable energy by 2030.

And, although fabs use enormous amounts of water in chip produc-
tion, they also recycle and reuse much of the water that runs into their 
wafers. Boyd’s model calculates that there has been anywhere from a 
two to ten-fold reduction in water use for semiconductors if you con-
sider the water that’s being recycled and reused. “There have certainly 
been major improvements since the 1990s,” she says. 

Even with these developments, it is likely that microchip manufac-
turing will continue to be a major consumer of electricity, water, and 
chemicals. We could ensure that the energy is supplied by renewables, 
that the water is recycled, and the chemicals are processed without 
damage to the environment. Yet, the total amount of these resources 
that are demanded by the industry, and the lithography process spe-
cifically, is likely to be quite high. 

Unfortunately, this puts semiconductors in direct competition with 
other resource-intensive industries such as agriculture, or even the 
local community, in locations such as New Mexico (the site of an Intel 
fabrication facility), where water is a scarce resource. 

However, semiconductor manufacturing appears cognizant of its 
role in moving towards a more sustainable future. 

“Among industries, the semiconductor industry has the potential 
to be more sustainable. Just a standard fab is usually operated quite 
environmentally responsibly,” adds Boyd. “The issue at the policy level 
is to incentivize more sustainability efforts.” 

In other words, we must be relentless in our efforts to make micro-
chips more sustainable. And we should never forget that the comforts 
of modern life gifted by these wonder chips come at the expense of a 
vast amount of resources. 

The EUV source vessel inside ASML’s 
NXE3400 EUV machine.

VINEETH VENUGOPAL is a scientist 
and science writer who loves all 
things and their stories. 
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By Lynne Peskoe-Yang

THE NEXT GENERATION
BRAINSTORMING

OF COMPUTING



PHOTONICS FOCUS MAY/JUNE 2021 25

Using optical hardware, neuromorphic computing can 
replicate the human brain’s singular visual processor

IN THE SPRING OF 2020, as the exponential growth of the COVID-19 pandemic 
was capturing the attention of scientists worldwide, artificial intelligence engineers 
saw a rare opportunity. The spreading disease was a constant source of varied and 
ever-expanding datasets on which to train machines, from chest x-rays of asymp-
tomatic patients to positivity and survival rates across populations. The demand 
for high-quality, predictive data analysis without direct human contact had never 
been higher.

Deep learning, a form of artificial intelligence 
in which layers of software neurons team up to 
extract knowledge from huge datasets and apply 
it to new scenarios, was already the star of many  
computer-assisted diagnosis (CAD) systems. 
Applying deep learning to chest x-ray scans to 
help diagnose COVID-19 infections was a natural 
progression of this trend. Deep learning proposals 
for COVID CAD emerged as early as March, and 
other AI applications for pandemic management 
soon followed, including remote infrared fever 
detection, self-driving disinfecting robots, and even 
mask-proof facial recognition.

Now, over a year into the pandemic, the less 
favorable impacts of this tidal wave of deep learning 
projects are becoming apparent, especially in terms 
of their huge energy footprints. Real-time computer 
vision, especially for moving images, requires ded-
icated, expensive, and energy-intensive electronic 
hardware to mimic the efficient visual processing 
of living brains. Though our biological proces-
sors require only a portion of our bodies’ energy 
resources to function, a 2019 paper reports that the 
training period alone for the average deep learning 
algorithm has nearly five times the lifetime carbon 
footprint of the average American car, including 
its manufacture.

To address this outsized energy requirement, 
many researchers have turned to revolutionary 
approaches to computation. One of these is neu-
romorphic design, an approach to computing 
that views the living brain as the ideal computing 
machine and attempts to mimic its speed, flexibility, 
and efficiency by reproducing its structural elements 
in hardware. These principles sharply contrast with 
the approaches that have dominated computing 
since the 1950s. Where classical computers are 
limited by the “Von Neumann bottleneck,” or the 

maximum rate of signal transfer between the pro-
cessor and the memory unit, the brain stores much 
of its learned data in the synapses themselves, which 
are altered slightly by every spike in order to increase 
the efficiency of the next operation. This integrated 
memory system is distributed throughout the brain, 
allowing parallel processing in multiple locations 
at once—something classical architectures can’t 
physically achieve.

To support more brainlike architectures, new neu-
romorphic hardware devices have been proposed 
and tested to play the roles of neurons, synapses, and 
sensors. Some of the most promising solutions har-
ness the natural parallelism, power efficiency, and 
time-dependency of photonics. Optical elements, 
from lasers to photo-tunable sensors, not only vary 
widely, but are customizable to the exact needs of 
the system. They are especially well-suited to mimic 
visual processing functions, in which the raw data is 
already in the optical domain. In all cases, however, 
the advantages of going optical are consistent: faster 
or comparable computation speeds with low loss and 
a fraction of the carbon footprint.

COPYING THE BRAIN’S STRATEGIES for processing 
streams of visual information has proven an effec-
tive way for deep-learning algorithms to approxi-
mate visual intelligence. However, most forms of 
deep learning are extremely taxing: The training 
data for a visual processing program typically con-
sists of hundreds to thousands of frames, depending 
on the task, each of which contains thousands to 
millions of pixels in a fixed arrangement. 

One of the most intuitive ways to introduce 
photonics into a computer vision system is to give 
the processor an optical upgrade. An international 
research team led by Australia’s Swinburne Uni-
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versity of Technology recently developed a convolutional 
accelerator designed to supercharge the processing power 
of an optical neural network (ONN). Despite their speed 
and efficiency in producing convolutions, ONNs are fully 
connected structures that take no shortcuts along the con-
volutional pipeline. The volume of input they can handle is 
typically only limited by their hardware. 

The result of their accelerator was a record-breaking 
increase in computing speed. Once paired with another neural 
network based on the same architecture, the convolutional 
accelerator was able to sort images of handwritten digits, 
0–9, at a rate of nearly 11 trillion operations per second—
almost seven orders of magnitude faster than a human brain 
could accomplish the task, and over 1,000 times faster than 
leading all-electronic models. A press release described the 
microcomb-supported ONN as “an enormous leap forward 
for neural networks and neuromorphic processing in general.”

Convolutions are operations common in deep learning, 
inspired by the way the visual cortex processes images. 
Convolutional neural networks (CNNs) use filters to scan 
for distinctive features in a given patch of an image. Each 
neuron in the first layer checks the input image, patch by 
patch, evaluates how well it matches a filter, and then passes 
that evaluation onto the next neuronal layer to be compared 
to results from neighboring patches. CNNs build up knowl-
edge of an image from the most granular, or pixelated, level, 
much as the frontline neurons in the retina detect low-level 
features like edges and dark spots before the higher neuronal 
layers can piece together the whole shape or meaning of an 
object in the visual field.

However, convolutions are not “decisions,” explains David 
Moss, director of the Optical Sciences Centre at Swinburne 
University of Technology. They are more like data cleaners, 
prepping datasets for another network to judge. “The con-
volutional accelerator takes data from any source and acts 
as a universal frontend to any neural network,” says Moss. 
“It takes the data, distills it, simplifies it, and then that can 
be used by a neural network to make decisions.” 

Most CNNs require some form of external processing 
power, such as additional GPUs or other dedicated hardware. 
The Swinburne project supplements a deep learning neural 
network with a soliton crystal microcomb, a type of Kerr 
comb, which translates radio frequency signals to pulses in 
the optical domain (and vice versa). Discovered in 2007 by 
Tobias Kippenberg, Kerr combs marked the first time combs 
were generated on an integrated photonic chip. “That’s when 
the field really exploded,” recalls Moss. “Since then, it’s been 
a challenge to keep up.”

ONE OF THE MOST VALUABLE ASPECTS of photonic hard-
ware is its inherent timekeeping abilities. By measuring the 
frequency of electromagnetic inputs against the immutable 
speed of light, optical elements can process time-bound 
data as though it is information from any spatial dimension.

Piotr Antonik, an associate professor with the Laboratoire 
Matériaux Optiques, Photonique et Systèmes (LMOPS) 
department at the CentraleSupélec in Metz, France, set out 
to prove that neural networks can be built out of repeating 
units of photonic hardware. “We had just learned about res-
ervoir computing and were trying to make progress towards 
a fully optical system using that paradigm,” recalls Antonik. 

Reservoir computers, also called shallow recurrent neural 
networks or echo-state networks, reduce the mathematical 
complexity of training recurrent networks by optimizing only 
the output layer, a limited “reservoir” of relevant past knowl-
edge. Antonik’s team first tested their optoelectronic reser-
voir computing system on static image recognition, but the 
task was too easy to truly display the network’s capabilities. 

“The idea of reservoir computing, the basis of our neuromor-
phic computation, is that it’s a recurrent network. A recurrent 
network is basically a dynamic system, a system that has 
temporal dynamics, that evolves in time,” explains Antonik. To 
highlight the potential of the optical hardware would require 
a task that incorporated the time dimension somehow. “It 
makes more sense to do video recognition from our system.” 

For time-bound data, Antonik turned to a public video 
library of 600 short videos from KTH Royal Institute of 
Technology in Sweden. Each clip features one of 25 human 
subjects performing one of six basic human actions, including 
running, jogging, walking, boxing, hand waving, and hand 
clapping, in a variety of indoor and outdoor settings. “The 
goal of the task is to show the video to the system, make 
some preprocessing feature extraction, and then make the 
system recognize what of the six actions the person is doing 
in the video.”

Antonik paired the optical arm of the experiment with 
a fully programmable gate array (FPGA), a flexible semi-
conductor integrated circuit configured for their particular 
optoelectronic setup. “We were using a relatively slow optical 
experiment with a very fast electronic chip, and we were able 
to run them in parallel.” says Antonik. “It was like a symbiosis, 
a cooperation between the two, that allowed us to show a new 
way of doing neuromorphic computing at the time.”

FOR ANTONIO HURTADO, a senior lecturer for the Institute 
of Photonics at the University of Strathclyde in the United 
Kingdom, the most appealing feature of photonic hardware 
is not its speed or efficiency, but its ability to act almost 
exactly like an essential part of an organic brain. “One of the 
behaviors you can induce in lasers is excitability: the ability 
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a complete retinal network, complete with photoreceptor, 
bipolar cell, and retinal ganglion cell, all with VCSELs as 
the hardware backbone. Experiments with the new setup 
are currently underway.

IN A 2020 ARTICLE IN NATURE, a group of photonics 
researchers suggests that inference may be exactly the right 
nail for the hammer of artificial intelligence. “The capacity 
of computing systems is in an arms race with the massively 
growing amount of visual data they seek to understand,” 
write the authors, who note the rising importance of applica-
tions like surveillance, remote sensing, autonomous driving, 
microscopy, and IoT. 

These tasks rely on complex neural networks to build 
visual knowledge that will later be employed to make deci-
sions in some time-sensitive setting, requiring the difficult 
combination of portability and substantial processing power. 
Even stationary systems like advanced microscopes, where 
custom GPUs provide a short-term solution to a processing 
squeeze, face the problem of the fundamental physical limits 
of transmitting information through electronic media. In all 
these cases, building some part of the neural architecture 
with photonic materials has the potential to sharply reduce 
the footprint of the system.

Neuromorphic computing systems are still a long way from 
being fully optical, but researchers aren’t fretting, especially 
while the ever-expanding dataverse continues to test the lim-
its of more conventional all-electronic algorithms. “At the end 
of the day, there will be some sort of synergy,” predicts Moss. 
“Electronics and optics each have their strengths. Cross- 
disciplinary changes take a long time to happen.”

LYNNE PESKOE-YANG is a science 
and technology writer.

of a system to trigger a spike response,” explains Hurtado. 
“That’s the same effect you see in neurons, in the brain. We 
observed we could see these spiking responses, which were 
like neurons, but much faster.” 

The spiking effect led to an exciting new proposal. “The 
analogy occurred to us to use lasers as artificial photonic 
neurons, which are much faster than both biological systems 
and electronic versions.”

To demonstrate their potential, Hurtado’s team con-
structed an artificial neural network where each layer of 
information processing is performed by a common laser. 
Vertical cavity surface-emitting lasers, or VCSELs, are 
cheap, energy-efficient semiconductor lasers found every-
where from supermarket barcode scanners to smartphone 
facial recognition systems. With negligible energy con-
sumption and ultrafast speed, VCSELs produce a spiking 
effect similar to that of a living neuron: a rapid change in 
voltage in response to a stimulus that passes information to 
the next layer of the network. Like biological neurons, these 
tiny lasers can integrate inputs from multiple other sensors 
before passing on a weighted signal to the next layer.

Hurtado paired the VCSEL-based neurons with a CNN 
and trained the whole system on digital images of symbols 
with varying complexities. Once trained, the CNN scans new 
images for matching edges and marks the presence of each 
horizontal, vertical, or diagonal line with a spike in the appro-
priate laser, at the appropriate time-boundary. Later convolu-
tions can confirm the presence of higher-order patterns, like 
curving lines, intersections, and eventually whole symbols. 
Hurtado explains that the entire process is inspired by the 
edge detection function of the retina, but at the ultrafast speeds 
common to photonics. “We can run a whole image in around 
one microsecond, which is still very fast for edge detection.” 

Edge detection is only the first layer of visual processing, 
but the Strathclyde team is currently at work developing 

TO SU PPORT MORE B R AIN LIKE ARCHITEC TU RES ,

NEW NEUROMORPHIC HARDWARE DEVICES
HAVE B E E N PROPOSE D AN D TESTE D

TO PL AY TH E ROLES OF

NEURONS, SYNAPSES, AND SENSORS.
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PHoTons
Lasers interrogate materials to simulate extreme  
conditions and detect defects at the nanoscale

By Mark Wolverton  
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PHoTons ExTREmEs
Go To

At the Laser Shock 
Facility at the Advanced 

Photon Source, 
Argonne National 

Laboratory, the target 
chamber is designed to 

house samples under 
vacuum and facilitate 

time-resolved x-ray 
measurements of laser-

driven compression.
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THE ONLY WAY TO REALLY LEARN WHAT HAPPENS at the extremes 
is to go to the extremes. For adventuresome types, such as extreme 
athletes and explorers, that means scaling forbidding mountains, 
diving to unimaginable ocean depths, or pushing vehicles to ever 
greater speeds, at great expense and even greater danger.

Scientists and engineers looking to understand the behavior of a 
material or chemical compound under extreme conditions don’t have 
to risk life and limb, of course. But the challenges they confront can 
be no less daunting. What if you want to study the conditions that 
exist at the center of the Earth, in the atmospheric depths of Jupiter, 
or even just what’s going on at the phase transition when a metal 
begins to melt? Even the most sophisticated mathematical models 
can’t beat actually seeing it as it happens. Fortunately, scientifically 
at least, it’s not always necessary to go directly to the source. Some 
extreme conditions can be recreated in the laboratory, where they 
can be studied in detail and in safety.

EVERYONE KNOWS THAT X-RAYS can provide a window into 
structures, whether by casting the shadows of bones or refracting 
off the intricate frameworks of atomic and molecular lattices. But 
when precisely tuned and controlled at high energies, they can also 
provide an exquisitely fine look at dynamic processes happening 
at extremely short timescales. Creating powerful x-rays tailored to 
specific experimental parameters requires a synchrotron, which can 
produce and accelerate electrons and protons to relativistic speeds, 
and then manipulate them in various ways for use by experimenters. 

Such capabilities allow researchers a window into “a whole menag-
erie of stuff,” says Washington State University’s John Sethian. 
“You can explore states of matter that have never been explored or 
accessed before. You can look at bonds breaking, for example, or you 
can look at how materials respond differently to varying pressures. 
You can measure the pressures under which a material melts at 
rapid compression. You can look at how water freezes, you can look 
at how diamond makes a transition. Just discovering the pressure, a 
very precise measurement of where something melts under dynamic 
compression, is a major step forward.”

To access those kind of extreme conditions, scientists are com-
bining sophisticated synchrotron light facilities with a decades-old 
experimental physics tool called shock compression. As the term 
implies, shock compression concerns the response of materials when 
subjected to high impacts or compression of very short duration. 

Anyone who’s ever hit their thumb with a hammer, dropped a 
drinking glass, or set off a firecracker is quite familiar with the effects 
of such phenomena on the macroscale. But at the microscale, shock 
compression creates many other important consequences, such as 
causing temporary or permanent deformations, inducing phase tran-
sitions, and greatly increasing temperature, all of which can provide 
invaluable information both about the structure of a material and 
how it responds to stress.  “If you want the most extreme thermophys-
ical conditions in the laboratory, the only game in town is shockwave 
compression,” says Washington State University condensed matter 
physicist Yogendra Gupta, principal investigator at the Dynamic 
Compression Sector (DCS) of the Advanced Photon Source (APS) 
at Argonne National Laboratory, in the western suburbs of Chicago. 

Gupta is interested in what happens to structures at the level of 
molecules and atoms when subjected to shock. “The analogy I give 
is, it’s a bit like an astrophysicist studying the Big Bang,” he says. 
“But that happened billions of years ago, and we’re now looking at 

the remains of it. My joke is that I like to study little 
bangs, but do them in real time, not after the fact.” 
To do that, Gupta and his colleagues use the pre-
cisely tunable and extremely powerful x-ray beams 
produced by the third-generation APS synchrotron 
to probe a vast range of phenomena, including 
structural changes in materials under extreme 
conditions, deformation effects, and even chemical 
reactions—all in situ and in real time. 

Shock compression research began in earnest 
during World War II, mostly centered in the Man-

The 100-J ultraviolet Nd:glass system at the Dynamic 
Compression Sector Laser Shock Facility, Advanced 
Photon Source, Argonne National Laboratory.
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THE BIG BANG
 HAPPENED BILLIONS OF YEARS AGO,

AN D WE ’ R E NOW LOOKING

AT TH E R E MAIN S OF IT. 

MY JOKE IS THAT
I  L IKE TO STU DY

LITTLE BANGS,
B UT DO TH E M IN R E AL TIM E ,

NOT AFTER THE FACT. 

–Yogendra Gupta”

“

hattan Project, as the builders of the first atomic 
bomb sought to figure out how to compress a sphere 
of plutonium into a supercritical mass. After the 
war, shockwave experiments continued, not only to 
develop new weapons but also to study other phe-
nomena. Many were highly classified, performed 
as part of the hundreds of atomic bomb tests 
conducted during the Cold War, because a nuclear 
explosion was the only way to generate the extreme 
pressures and temperatures required. 

Those experiments were definitely extreme, not 
to mention massive in scale and hazard, and came 
to an end with the abolition of nuclear weapons 
testing. Shockwave experiments continued, how-
ever, using considerably more peaceful techniques 
such as firing projectiles or hitting sample materi-

als with bursts of highly pressurized gas. But in all these methods, 
most of the resulting data still had to be examined after the fact. It 
still wasn’t possible to study phenomena dynamically, in the moment, 
in real time. Nor was it possible to see what was happening beneath 
the surface, because only optical observations were available.  

“Optical physics is based on wavelengths down to the ultraviolet, 
between 300 nanometers to maybe 800 nanometers. That’s what 
the human eye can see,” explains Gupta. “What you can interrogate 
depends on the wavelength of your photons. Optical photons between 
300 and 900 nanometers can’t look inside nontransparent objects. 
And the length scales you can study are limited to these sort of length 
scales. If you want to look at length scales smaller than half a micron, 
then you’ve got to start doing x-rays.”

Looking deeper and at faster timescales required the development 
of new tools that can harness photons of different wavelengths and 
energies, such as the x-ray synchrotron. Researchers such as Gupta 
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are using  photons in new and synergistic ways, combining 
the penetrating ability of x-rays to see in ways far beyond 
the capabilities of visible photons deep beyond the surface 
of a material, while other photons marching in lockstep in 
the coherent light of a laser can deliver a burst of energy to 
induce a fast and powerful shockwave. 

“The APS x-ray source synchrotron is like an x-ray strobe 
light, and each flash of the strobe is about 90 picoseconds 
[90 trillionths of a second],” explains Gupta. “And you’ve 
got multiple flashes separated by hundreds of nanoseconds. 
And that is almost ideal, because shock experiments range 
anywhere from a few nanoseconds to about a microsec-
ond. If you want to measure things within that timescale, 
you need temporal resolution of your source in that same 
timescale.”

As might be expected for laser shock studies, the laser 
beam is also a vitally important part of the equation. The 
Dynamic Compression Sector (DCS) at the APS features a 
laser shock station that houses an ultraprecise 100 joule,  
Nd:glass laser with a pulse duration of 5–17 nanoseconds 
and a wavelength of 351 nanometers, designed and built by 
the University of Rochester Laboratory for Laser Energetics 
and LOGOS Technologies. 

Photons, of course, possess momentum which can exert 
a faint pressure on matter, but in a laser shock experiment, 
they’re not actually what directly delivers the shock. The 
surface of the sample to be subjected to shock is coated 
with a thin ablative layer of a different material facing the 
direction of the laser beam. “The laser deposits all its energy 
on the ablator,” Sethian explains. “Because the laser is so 
intense and has such a short pulse, it turns the front (laser 
side) of the ablator into a plasma. That plasma expands 
rapidly away from the sample, and by conservation of 
momentum, applies a pressure to the sample, which is what 
generates the shock. So you create a shock that goes through 
the material, and that shockwave alters the structure of the 
material on a very fast timescale and at very short lengths. 
And then you use any one of a number of diagnostics to 
figure out what’s going on.” 

A quality that Sethian calls the “smoothness” of the laser 
is crucial for this kind of work, and the beam at the DCS 
Laser Shock Station is designed to deliver the ultimate in 
smoothness, making it a rather unique tool. “If you look 
across the face of the laser beam, there’s probably 7–8  
percent variation in the peak to valley across the beam. 
That’s extremely important because if you’re looking 
perpendicular to the laser beam at the target being com-
pressed, you want to make sure what you’re seeing is the 
compression wave due to the entire laser. If the laser is 
nonuniform, which means it has peaks and valleys, you’re 
not sure what you’re looking at is due to a peak or a valley 
or something in between. So this gives you a very accurate 
representation and picture what’s going on.”  

The DCS laser shock station has already produced some 
substantial results since it was declared fully operational 
in 2019. The initial experiments determined the exact 
melting pressure of tantalum, an important metal used in 
electronics. More recently, laser shock studies at the APS 
have revealed the microstructural changes undergone by 
iron at its melting point under high pressures inside plane-
tary cores, and the existence of a phase transition occurring 
in gold just before its melting point. “No one had seen (or 
guessed) at that,” Sethian notes.

THE COMBINATION OF HIGH-ENERGY x-ray imaging and 
lasers is also spurring developments in the cutting-edge 
fabrication techniques of additive manufacturing (AM), 
more commonly known as 3D printing, some of which 
also use laser technologies. Understanding what’s actually 
happening on the nanoscopic scale of an AM component as 
it’s created has proven a major challenge. That incomplete 
understanding forces scientists to rely on indirect modeling 
based on other only partly comparable industrial techniques, 
such as welding. This apples-to-oranges approach leads to 

AT ALL THESE FACILITIES,

   SCIENTISTS ARE USING

SYNCHROTRON LIGHT
  TO PROBE THE STRUCTURE OF MATTER,
NOT ON LY U N DE R NOR MAL CON DITION S

  B UT AT TH E VE RY E X TR E M E S OF

TEMPERATURE, PRESSURE, AND STRESS.
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X-ray sources at the APS reveal 
small pore defects, which are 
created during laser powder 
bed AM, specifically when the 
laser reaches the end of a track 
and turns.

imperfect control of the AM process and the production of 
defect-laden parts that might not meet desired standards. 

Aiden Alexander Martin, who studies metal additive 
manufacturing at the Lawrence Livermore National Labo-
ratory, doesn’t use laser shock experiments, but the unique 
capabilities of x-ray synchrotron imaging on their own are 
indispensable for his particular work. Laser-based AM 
techniques such as laser powder bed fusion, for example, 
which uses a laser to melt powdered material into solid 
parts, are extremely complex and fast-moving, involving 
high temperatures, laser-metal interactions, molten metal 
flow, quick phase transitions, vaporization, and other phe-
nomena—all of which can affect the strength and integrity 
of the finished piece, and all opaque to optical observation. 

“You can imagine a laser hitting a surface and melting 
and cooling,” says Martin. “It’s happening very fast. We need 
x-ray sources like the APS to actually probe those kinds of 
timescales. And the reason we use x-rays compared to say 
optical measurement, is the x-rays can probe within the 
metal structure. At APS, we take images where we can 
actually see the liquid metal under the surface, and we 
can see it moving. We can see pore formation and other 
phenomena that either cause defects in the part, or change 
the material stress and strength properties.”

 With data in hand showing basic processes of AM fab-
rication of different metals and different parts, detailed 
simulation models can be constructed and validated, then 
used to refine AM techniques and design further experi-
ments to address unanswered questions.

ALTHOUGH THE ADVANCED PHOTON SOURCE at Argonne 
currently holds a unique position as the brightest (i.e., high-

est concentration of photons) x-ray source in the western 
hemisphere, it’s not the only facility where such research 
is done. Other synchrotron light sources in North America 
include the National Synchrotron Light Source at Brookha-
ven National Laboratory in New York, Stanford’s SLAC 
National Accelerator Laboratory and Berkeley’s Advanced 
Light Source in California, along with various smaller 
facilities elsewhere. Internationally, notable facilities are 
the Diamond Light Source in the United Kingdom, the 
European Synchrotron Radiation Facility in France, and 
KEK in Japan.  

At all these facilities, scientists are using synchrotron 
light to probe the structure of matter, not only under normal 
conditions but at the very extremes of temperature, pres-
sure, and stress.  Whether investigators are using the short, 
sharp shock supplied by a laser, or a hurtling gas-propelled 
projectile, or just the unprecedented capabilities provided 
by the state-of-the-art synchrotron light facilities now 
available, they’re not just answering old questions but find-
ing new ones to ask that weren’t even previously imagined. 
And in some cases, says Sethian, “They’ve actually even 
contradicted previous data in which people didn’t have this 
accurate a laser or x-ray source.”

Maybe not as “extreme” as climbing Everest or diving 
the Marianas Trench, but scientifically speaking, these 
achievements are pretty impressive for a bunch of photons.

Photo credit: Aiden Martin/Nature Communications
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JAY LAST
and the Traitorous Eight
By Jeff Hecht 

PHOTOLITHOGRAPHY IS CRUCIAL FOR PRODUCTION of semiconductor electronics. 
It was the first practical tool for patterning silicon devices, and remarkably remains 
the best technology after more than 60 years of ever-shrinking features. The success 
of scaling photolithography to the nanoscale is flabbergasting to luminary Jay T. Last, 
a key developer of semiconductor photolithography who is better known as one of the 
“traitorous eight” who brought silicon to Silicon Valley.

Lithography began as a type of printing invented two centuries ago by German 
playwright Alois Senefelder. The printer wrote a greasy pattern on smooth rock with 
oil or wax, then applied an acid solution that etched the areas not protected by the 
greasy layer. Oil-based ink applied afterwards stuck to the greasy pattern but not 
to the moist etched areas. A color version of the process followed in the 1830s, and 
is, in fact, still used for fine art prints. Another variation in the 20th century wrote 
the patterns by using light to chemically alter coatings called “resists” applied to the 
surface, and came to be called photolithography. 

Bell Labs was the first to use photolithography on semiconductors in the mid-1950s. 
The first transistors had been made from germanium, but silicon promised better 
performance. The challenge was making transistors from the much harder silicon. 
William Shockley, a co-inventor of the transistor, took the idea of using photolithog-
raphy with him when he left Bell to found Shockley Semiconductor Laboratories in 
Palo Alto, California, in 1956. Jay Last was one of the first people Shockley recruited 
for the new company.

Last grew up in Butler, Ohio, a steel-mill town, and in high school worked for a small 
company that specialized in testing glass. He got a BS in optics from the University 
of Rochester, which at that time had the country’s only optics program, where his 
mentor, Parker Givens, urged him to shift to the hotter field of solid-state physics, 
which led him to MIT for a PhD. He was impressed by Shockley’s intelligence and 
intrigued by California, which he remembered fondly from his hitchhiking days in 
high school. He started his job at Shockley Semiconductor Laboratories in April 1956. 

He started with little experience in semiconductors, but learned quickly as he 
worked on the surface properties of devices. Initially he enjoyed working with 
Shockley, but came to feel he was being treated as a laboratory assistant rather than 
a scientist.  Looking back, Last said Shockley made two key correct decisions: that 
silicon was the best semiconductor, and that diffusion was the best process to use 
when making transistors. However, Shockley grew increasing self-confident, and his 
decision to make the company’s first product a four-layer PNPN diode, rather than 
a transistor, would prove a disaster. 

In the first half of 1957, Last was part of a group working on developing transistors 
with tiny mesas on top which the team knew how to make by diffusion. But Shockley 
was the boss, he was pushing the four-layer diode, and his management style alien-
ated everyone. Revolution began to simmer in the ranks as summer approached. 
Last looked for another job, and quickly got an offer, but he enjoyed the work and the 
people who were not Shockley. 

Last became one of the ringleaders of a group determined to leave the company en 
masse and take their ideas for making transistors with them. By mid-June, all but one 

The “traitorous eight” researchers 
who left Shockley Semiconductor 
Laboratory to establish Silicon Valley 
startup Fairchild Semiconductor.  
Jay Last is on the right.

This 1881 lithograph is one of 
thousands from Last’s collection.





The story of the startup 
that started Silicon Valley
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of the group that would eventually be called the “traitorous eight” 
had resolved to leave Shockley Semiconductor together. Robert 
Noyce, who was a top manager and the one holdout, would join 
them later. Behind Shockley’s back, they raised funding from 
Sherman Fairchild to form Fairchild Semiconductor. It’s unclear 
who dubbed them the “traitorous eight,” but their success would 
make them Silicon Valley legends.  

“It was a remarkable story,” says Last. “We left Shockley and 
started the business in September, and we shipped the first 
transistors the next August.” They had done some preliminary 
work at Shockley, but they had to build all sorts of equipment to 
produce transistors at Fairchild. “I look back and just can’t believe 
we did that. We quickly turned into a pretty good size company.”

The key technology they had to master was diffusing dopants 
into silicon to make them properly semiconducting. Once the dif-
fusion was done, they had to use photolithography to fabricate the 
precisely defined patterns needed to make the transistors. Making 
the mesa required depositing wax on top, then adding acid to etch 
away the silicon on top except where the wax protected it. It was 
a messy process, Last recalls. “I had all these waxes and ways of 
printing waxes through masks, and I was such a mess that I kept 
all these industrial solvents at home in my medicine chest to try 
to get this black goo off my hands so I’d be presentable for a date.”

One important optical innovation was developing a step-
and-repeat camera to produce many devices on a single wafer. 
The idea was that if the camera moved in uniform steps any 
misalignment would be repeated on all the masks on the chip. 
That required a set of four matched lenses to make the four 
superimposed patterns needed to make a transistor. Last went 
to a big camera store with a lot of microscope lenses, and sorted 

through their inventory to find four matched lenses. “In a day, 
I had all the lenses I needed,” he recalls. 

They needed a lot of other optics that at the time were not made 
in large quantity. Last went to Bausch + Lomb and said they 
needed 20 stereo microscopes. “They said they normally made 
three a year. That was the kind of challenges we were facing,” 
he recalled. But they were able to make the extra microscopes. 

Meanwhile, Jean Hoerni of Fairchild invented transistors 
with planar surfaces covered with silicon dioxide that simplified 
fabrication of integrated circuits, which Last was put in charge 
of developing in 1959. He was excited by the technological chal-
lenge, although initially uncertain about the size of the market. 
He became restless as the company grew, and in early 1961 he 
and Hoerni, another of the traitorous eight, left to start Amelco 
to make integrated circuits.

They started with a circuit of only four transistors, but big 
plans. Last told Teledyne, which funded them, “I’m going to 
build optical equipment like the world has never seen before.” 
And he did. It was a step-and-repeat system with a bed camera 
20 feet long mounted on granite blocks to control vibrations. “We 
made some really spectacular products there, [but they were] 
in small quantities that disappeared into the classified world.”

Last’s interests turned to management at Teledyne, which 
he left in 1974 in his mid-40s to do other things, from starting 
little companies and archeological conservation, to collecting 
art—including a substantial collection of lithographic art now 
at the Huntington Library in Pasadena, California.

JEFF HECHT is an SPIE Member and freelancer who writes 
about science and technology.

Photo credits: The Jay T. Last Collection of Graphic Arts and Social History, Huntington Digital Library (above); Intel (below)

I’m going to build

OPTICAL EQUIPMENT
LIKE THE WORLD

has never seen before.

–Jay Last
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LETTER FROM THE PRESIDENT

Light, Science,  
and Truth2021 
SCIENCE IS A REALM CENTERED ON THE PURSUIT OF TRUTH. Alongside the 
most ancient principles of civil law, its internal structures impose severe sanctions 
against propagation of falsehood: Both are equally based on principles of test and 
validation. 

In the sphere of scientific conferences and publishing, we find remarkably uniform 
acceptance of this foundational structure. Throughout its numerous disciplines, 
and across the globe, the evaluation of scientific reports is structured to support 
propositions that ultimately square with objective reality. In the teeth of scrutiny 
by reviewers and conference audiences, any notions that fail analytic dissection 
and challenge are soon cast aside. Theory rises or falls through its testing by 
experimentation.

It is the applied sciences and technology that provide the clearest, most tangible 
verification of established principles. The fruits of scientific progress and consoli-
dation are available for all to see in materials and devices that serve society. Why 
should we believe the textbook laws of semiconductor electronics or electrodynam-
ics? Evidence is in the myriad devices we use each day.

One of the most singular features of SPIE as a scientific society is the extent 
of its compass, from fundamental theory to commercial product. With its strong 
representations across the board in academia, industry, health services, and gov-
ernment agencies, this mix of “pure and applied” research is a highly distinctive 
and widely recognized character, strategically nurtured. It is hard to identify other 
organizations that can so comprehensively serve and represent this full breadth of 
the scientific community. 

It is entirely fitting that a society dedicated to the study and applications of light 
should pin its colors to the mast of truth. Deep in the heart of humanity, there is 
a profound sense of connection between light and truth. We find it in countless 
maxims of world religions. In a current Festival of Light exhibition at the National 
Gallery in London, the catalog states: “Across cultures, light is an ancient symbol of 
understanding and intellectual thought: it is the opposite of ignorance, or darkness.”

The annual UNESCO International Day of Light on 16 May (www.lightday.org) 
reminds us of the myriad practical outpourings of optical science. SPIE was a prom-
inent supporter of its instigation, and is represented on the Day of Light Steering 
Committee. Every practitioner of optics and photonics is warmly encouraged to use 
this annual opportunity to spread the word on the central role these subjects play in 
everyday life. SPIE is also a signatory to a “Trust Science Declaration and Pledge,” a 
document currently submitted for UNESCO endorsement. Solid science underpins 
every modern civilization, and it is ignored only at their peril.

The science of light and the light of truth: together they encapsulate our mission.

DAVID ANDREWS 

2021 SPIE PRESIDENT
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SPIE
Deadlines and Events

May
 5:  Abstracts due for SPIE/COS Photonics Asia

 12: Abstracts due for SPIE/RIT Photonics for 
Quantum

 12: Abstracts due for SPIE Photomask 
Technology + EUV Lithography

 16: International Day of Light

 16: SPIE International Day of Light Photo 
Contest opens

June
 2:  Voting opens for the SPIE 2021 election

 4:  Abstracts due for SPIE Future Sensing 
Technologies

 7:  Abstracts due for SPIE Optifab 

 20-22: Applied Optics and Photonics China in 
Beijing, China

 20-24:  European Conferences on Biomedical 
Optics

 21-24:  SPIE Digital Optical Technologies

 21-24:  SPIE Optical Metrology Digital Forum

July
 1:  Nominations due for SPIE Awards

 7:  Manuscripts due for SPIE Optics + 
Photonics

 12-16: Photonics for Quantum Digital Forum

 22:  Voting closes for the SPIE 2021 election

August
 1-5:  SPIE Optics + Photonics in San Diego, 

California

 2: SPIE Annual General Meeting in San Diego, 
California 

 11:  Abstracts due for SPIE Photonics West

  11:  Abstracts due for SPIE Medical Imaging 

 16: Manuscripts due for SPIE Remote Sensing

 16: Manuscripts due for SPIE Security + 
Defence

 18: Manuscripts due for SPIE Optical Systems 
Design

 25: Abstracts due for SPIE Smart Structures + 
Nondestructive Evaluation 

 30: Manuscripts due for SPIE Photonex + 
Vacuum Technologies

 30: Manuscripts due for SPIE Space, Satellites 
+ Sustainability (S3)

Celebrate the International 
Day of Light with SPIE

Learn how at spie.org/idl 
Photo by Weijun Chen

International
Day of Light
16 May 

Teach a course 
at an SPIE event

We are looking for new courses and 
instructors to add to our course programs.

Visit spie.org/instructors 
for more information, or email us at 

education@spie.org

SHARE YOUR EXPERTISE
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SPIE Awards Announced

PHOTONICS FOCUS MAY/JUNE 202138

SPIE Harrison H. Barrett Award in Medical Imaging

KEVIN BERBAUM, professor emeritus of radiology at the University of Iowa, in recog-
nition of more than three decades of dedication in the study of Satisfaction of Search, 
and his significant contributions to receiver operating characteristic (ROC) analysis.

The SPIE Harrison H. Barrett Award in Medical Imaging is presented in recog-
nition of outstanding accomplishments in medical imaging.

Aden and Marjorie Meinel Technology Achievement Award

SPIE FELLOW, SHOULEH NIKZAD, a senior research scientist and technical group lead 
at NASA’s Jet Propulsion Laboratory, in recognition of her pioneering and sustained 
contributions to the development of ultraviolet instrument technologies, especially 
imagers for space exploration and extension of their use in terrestrial applications.

The SPIE Aden and Marjorie Meinel Technology Achievement Award is presented 
to recognize outstanding technical accomplishment in optics, electro-optics, photonic 
engineering, or imaging. The recipient shall have contributed significantly to the 
advancement of one or more of these areas with specific demonstration or application.

SPIE George W. Goddard Award in Space and Airborne Optics 

SPIE FELLOW, THOMAS RIMMELE, director of the Daniel K. Inouye Solar Telescope, 
in recognition of the invention and application of extended source adaptive optics 
delivering diffraction-limited, high-resolution imaging of the solar surface. His 
leadership in this field has significantly advanced the technology and science possible 
with DKIST, the world’s largest solar telescope.

The SPIE George W. Goddard Award in Space and Airborne Optics is presented 
in recognition of exceptional achievement in optical or photonic technology or 
instrumentation for Earth or planetary or astronomical science, reconnaissance, or 
surveillance from airborne or space platforms. The award is for the invention and 
development of a new process or technique, technology, instrumentation, or system.

SPIE Dennis Gabor Award in Diffractive Optics  

SPIE FELLOW AND PAST PRESIDENT, MAŁGORZATA KUJAWIŃSKA, a professor of 
applied optics at the Warsaw University of Technology, in recognition of her outstand-
ing and manifold contributions to the holographic technologies in optical metrology, 
optical imaging, and optical information processing, as well as her extraordinary 
dedication to the SPIE community and widely recognized international leadership 
in applied optical engineering.

The SPIE Dennis Gabor Award in Diffractive Optics is presented in recognition of 
outstanding accomplishments in diffractive wavefront technologies, especially those 
that further the development of holography and metrology applications.

Kevin Berbaum

Shouleh Nikzad

Thomas Rimmele

Małgortzta Kujawińska

TH
E 

IN

TERNATIONAL SOCIETYCONNECTING MINDS

FO
R OPTICS AND PHOTONIC

SADVA N CI N G L IG
HT

RECOGNIZE THE EXTRAORDINARY
Honor someone in your community who has made a difference.
Nominations are due 1 July 2021.

See the entire list of SPIE Award Winners at spie.org/2021awards



Nick Cobb Scholarship Gets 
Additional Three Years of 
Funding
THE $10,000 NICK COBB MEMORIAL SCHOLARSHIP 
supports the education of a graduate student studying 
advanced lithography or a related field. The funding can 
be used to support tuition and fees, textbooks, supplies, 
and equipment required for courses of instruction, and 
a computer or computer upgrade.

This scholarship is jointly funded by Siemens EDA 
and SPIE. In addition to the $10,000 scholarship, Sie-
mens EDA provides the winner travel support to SPIE 
Advanced Lithography to receive the award. 

Originally funded for three years ending in 2021, the 
Nick Cobb Scholarship will be awarded to one student 
annually for an additional period of three years—2022, 
2023, 2024—at an amount of $10,000 per year. SPIE 
is currently accepting applications for the 2022 schol-
arship. Applications are due 8 October 2021.

Learn more at spie.org/cobb-scholarship

Optics and Photonics Global Salary 
Report 2021
THE ELEVENTH ANNUAL Optics and Photonics Global Salary 
Report, the largest such study in the optics and photonics com-
munity, is available online. This report provides key information 
on wages and the workplace across countries, organization types, 
career stages, gender, and other categories.

The salary report provides a reference for employees, students, 
and managers interested in understanding compensation across 
the career landscape: How does my pay compare with that of my 
colleagues? How has the COVID-19 pandemic affected salaries 
in our community? What can I expect to earn in industry versus 
academia? The report addresses these questions and a variety of 
other issues, drawing on original research conducted by SPIE.

SPIE delivers the report each year, free of charge, as part of 
its mission as a not-for-profit educational society supporting the 
science and application of light. The report, built on data from over 
4,400 individuals in 98 countries, features 14 topical chapters, 
more than 25 figures and tables, and the option to download a 
23-page PDF.

Learn more at spie.org/2021-salary-report

Celebrating Black Innovators in 
Science and Technology
TO INCREASE AWARENESS OF OPTICS AND PHOTONICS, SPIE distributes 
educational posters as a service to the community—including SPIE Members, 
engaged constituents, and outreach professionals.

Earlier this year, SPIE honored Black innovators in science and technology 
with a new poster featuring 25 Black scientists and engineers whose impact 
has too often been overlooked. The poster highlights the accomplishments and 
contributions of great Black innovators from the past, such as Benjamin Ban-
neker and those currently making discoveries in science and engineering, such 
as Maggie Aderin-Pocock.

Learn more about SPIE posters and visual resources at spie.org/free-posters

SPIE COMMUNITY NEWS
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In Memoriam: Robert E. Fischer
ROBERT E. FISCHER contributed both financial resources and time 
to the optics community. He developed and taught numerous courses 
and co-authored the book, Optical Systems Design with Biljana 
Tadic-Galeb and Paul Yoder.

A long-time SPIE Member, Fischer served SPIE in a variety of 
roles including treasurer, editor of OE Reports, chair of multiple 
committees, and as SPIE President in 1984. Fischer was awarded the 
Albert M. Pezzuto Award in 1986, and the SPIE Gold Medal in 2000.

Also an accomplished magician, Fischer’s memorable and enter-
taining presentations at conferences were noted for their insights 
regarding optical aberrations, bloopers and blunders in optics, 
vacation photos, and magic tricks.

Read more about his legacy at spie.org/robert-e-fischer

United States 
Congressional Optics 
& Photonics Caucus 
Launches
ON 24 FEBRUARY, the Congressional Optics & 
Photonics Caucus officially launched with a virtual 
event highlighting the growing impact of optics 
and photonics.

The Optics & Photonics Caucus works to educate 
members of Congress and their staff about the 
importance of light-based research and technol-
ogies to the US economy, security, and scientific 
excellence. Advocating for federal investment, the 
Caucus serves as a positive, proactive voice for the 
optics and photonics community within Congress, 
and as a bridge to the Administration.

The bipartisan, bicameral caucus is led by 
cochairs Representatives Joe Morelle (D-NY) and 
Brian Mast (R-FL), and Senators Steve Daines 
(R-MT) and Kyrsten Sinema (D-AZ).

Speakers at the February event included SPIE 
Fellows Bruce Tromberg, director of the National 
Institute of Biomedical Imaging and Bio-engineer-
ing and head of the Rapid Scaling Up of COVID-19 
Diagnostic Testing in the US; and Alexis Vogt, 
Endowed Chair and associate professor of optics 
of Monroe Community College. 

Learn more at spie.org/op-caucus

LinkedIn Learning via SPIE Membership
IN RESPONSE TO THE IMPACT THAT COVID has had on our community, SPIE has partnered with LinkedIn to offer free 
access to LinkedIn Learning—an online education platform that combines a library of more than 16,000 courses with 
LinkedIn data to help you discover relevant courses and develop your skills through expert-led course videos. These per-
sonalized, bite-sized videos can be accessed 24/7 to help you develop skills and grow professionally.

Course areas covered include:
• Business—learn how to be a successful leader, be more productive with business software and technology, improve 

communication, make better decisions, manage conflict, and lead others through times of change. 
• Technology—courses cover security, cloud computing, full-stack web development, DevOps, networking, data science, 

AI, and more. 
• Creative—a diverse range of topics, including CAD, graphic design, UX, video, photography, 3D, audio and music, 

architecture, engineering, construction, manufacturing, and many other topics.
This is a limited time offer, so visit spie.org/linkedin to learn more and request a seat. Seats are assigned on a first-come, 

first-served basis. You do not need a LinkedIn account to access this service—just your SPIE Membership!
Learn more about this and other SPIE career development tools at spie.org/career-resources.
 

SPIE COMMUNITY NEWS
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Quantum Stakeholders Meet with  
US Congressional Leaders
FROM 16–18 MARCH 2021, The National Photonics Initiative 
(NPI) hosted a virtual congressional “fly-in” for quantum 
stakeholders in the US. The purpose of this community orga-
nizing effort was to coordinate messaging and meet with 
members of Congress, or their staff, to advocate for robust 
continued funding of the National Quantum Initiative (NQI) 
in the upcoming FY22 appropriations bills. 

The NQI Act was signed into law in 2018 with overwhelming 
bipartisan support and sets up a framework for coordination of 
the US civilian agencies. It also sets authorized funding levels 
for the Department of Energy, National Science Foundation, 
and National Institute for Standards and Technology. As was 
highlighted by participants during the virtual congressional 
meetings, quantum technologies hold the potential to revolu-
tionize many areas of the US economy such as manufacturing, 
transportation, and healthcare, but they also pose a national 
security risk to those unable to harness their advantage.

Additionally, stakeholders highlighted that international  
competition for leadership in quantum technology remains 
fierce, as China and countries in Europe also pour millions of 
dollars into their own programs. Because of this, Congress is 
looking to move on a major spending and authorization bill, 
potentially as soon as spring of this year, in what is being called 
a US competitiveness package, which will be centered around 
the Endless Frontiers Act. This act authorizes $100 billion 
towards research over five years in certain key technology areas, 
including quantum.

Participants from the US quantum stakeholder community 
included Google, Honeywell, IBM, Toptica, L3Harris, and 
Universities of Oregon, Maryland, Colorado, Rochester, and 
Duke. As co-leaders of the National Photonics Initiative, SPIE 
and The Optical Society have worked closely with Congress 
since 2018 to establish the National Quantum Initiative and 
have advocated for its funding and implementation.

SPIE COMMUNITY NEWS
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Your Vote Helps Determine  
the Future of SPIE 
STARTING 2 JUNE, SPIE Members eligible to vote can 
select four new directors, a vice president, and a sec-
retary/treasurer. Directors will serve three-year terms 
and officers will serve for one year, beginning 1 January 
2022. Candidates for vice president are SPIE Fellows 
Jennifer Barton, professor of biomedical engineering 
and director of the BIO5 Institute at University of 
Arizona, and Kristen Maitland, associate professor of 
biomedical engineering and director of the Microscopy 
and Imaging Center at Texas A&M University.

Barton is known for her development of miniature 
endoscopes that combine multiple optical imaging 
techniques, particularly optical coherence tomogra-
phy and fluorescence spectroscopy. Her research into 
light-tissue interaction and dynamic optical properties 
of blood laid the groundwork for a novel therapeutic 
laser to treat disorders of the skin’s blood vessels. She 
has published over 100 peer-reviewed journal papers 
in these research areas.

Barton has a long history with SPIE, including 
serving on its Board of Directors and on various 
committees including the Engineering, Science, and 
Technology Policy Committee and the Membership 
and Communities Committee. She was session chair 
at SPIE Photonics West, and SPIE/OSA European Conference on Biomedical 
Optics. Barton’s awards include the 1997 DJ Lovell Scholarship and the 2016 SPIE 
President’s Award.

Maitland’s research focuses on the development of optical imaging and sensing 
technologies for the detection, diagnosis, and treatment of disease. She is recognized 
as a leader in multimodal optical imaging and an expert in endoscopic microscopy.

Maitland performed clinical studies at MD Anderson Cancer Center on precancers 
of the cervix and oral cavity. Following her PhD, she worked at Lawrence Livermore 
National Laboratory as a staff scientist, where she constructed a coherent anti-Stokes 
Raman scattering spectrometer using a single laser as the pump beam and to pump 
a photonic crystal fiber to produce a broadband Stokes beam.

Maitland serves on the editorial board of the SPIE Journal of Biomedical Optics. 
She has also served on the Board of Directors, and program committees for confer-
ences in SPIE Photonics West and SPIE/OSA European Conference on Biomedical 
Optics. 

The person elected vice president for 2022 will join the SPIE presidential chain, 
becoming SPIE president-elect in 2023 and president of the Society in 2024.

Jason Mulliner, CFO at Alluxa (USA), is the candidate for secretary/treasurer. 
Mulliner, who is the current SPIE treasurer, has also served as a judge for the SPIE 
Startup Challenge, and serves on the SPIE Committees for Compensation; Engineer-
ing, Science, and Technology Policy; Financial Advisory; and Strategic Planning.

Director candidates are:
Audrey Bowden, Vanderbilt University (USA)
Gong-Ru Lin, National Taiwan University (Taiwan)
Mark Clampin, NASA Goddard Space Flight Center (USA)
Allison Barto, Ball Aerospace (USA)
Craig Olson, L3Harris (USA)
Rebecca Fahrig, Siemens Healthineers (Germany)
Reinhard Voelkel, Süss MicroOptics (Germany)
Mark Tolbert, TOPTICA Photonics Inc. (USA)

SPIE Journals Read and 
Publish Agreement
OVER THE PAST DECADE, momentum 
has increased for open access in schol-
arly publishing. Open-access publishing 
gives authors and their work greater 
visibility while meeting the access 
requirements of funders. This shift 
to open Access is changing the way 
authors, institutions, and publishers 
work together to publish research.

In the past, SPIE journals have pri-
marily been funded through a combi-
nation of individual and institutional 
subscription access fees, and author-
paid article processing charges (APCs) 
for articles published open access. In 
2020, SPIE began actively exploring 
institutional Read and Publish agree-
ments as a method of giving authors 
a straightforward approach to open 
access without having to personally pay 
for an APC.

SPIE Read and Publish agreements 
are funded by the institution, not the 
author. The agreements include unlim-
ited open- access publishing in SPIE 
journals with no APCs for affiliated 
authors. They also incorporate read 
access to all SPIE journals and pro-
ceedings in the SPIE Digital Library, 
comprising more than 530,000 publi-
cations covering the breadth of optics 
and photonics technologies.

SPIE currently has Read and Publish 
agreements with:
- The Weizmann Institute, Israel 
- Bibsam Consortium, Sweden
- Eindhoven University of Technology, 

Netherlands
- Max-Planck-Gesellschaft, Germany
- German National Library of Science 

and Technology (GNAC), Germany
- King Abdullah University of Science 

and Technology (KAUST), Saudi 
Arabia

- Fraunhofer-Gesellschaft, Germany
- Centre National Universitaire de 

Documentation Scientifique et Tech-
nique (CNUDST), Tunisia
If you are interested in learning more 

about Read and Publish for your insti-
tution, please contact spiedlsales@
spie.org

SPIE COMMUNITY NEWS
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Women in Governance
WHAT IS GOVERNANCE? For SPIE, governance is the glue that 
binds the Society together. 

SPIE Membership operates the Society through an elected Board 
of Directors, who establish various standing and ad-hoc committees 
to conduct business of interest to the Membership. These SPIE 
committees develop strategic policy, help foster interaction and 
cooperation, and deepen the Board’s understanding of the issues 
that have an impact on the Society.

For example, in 2003, SPIE launched the Women in Optics 
(WiO) program to promote the advancement of women working in 
optical science and engineering. SPIE’s commitment to diversity 
has fostered personal and professional growth for women through 
community building, networking opportunities, and encouraging 
young women to choose optics and photonics as a career. Just two 
years later, in 2005, Membership elected Małgorzata Kujawińska 
as the first woman President of the Society. 

Whether you are interested in Education and Outreach, Member-
ship and Communities, Publications, or any of the 18 SPIE standing 
committees, SPIE is always looking for people with new ideas. 

“A big part of why I had originally looked to join an SPIE com-
mittee is because while I was attending the University of Arizona’s 
College of Optical Sciences, I was provided a lot of unique experi-
ences and opportunity through involvement with the SPIE Student 
Chapter and WiO,” says Olivia Fehlberg of Edmund Optics, Inc. 
“I really value being a member of the governance committees, 
and now the chair of the Early Career and Student Subcommittee 
(ECS), because I strive to be able to give back and help shape pro-
grams and resources for students and early career professionals 
that allow them similar opportunities and connections to what I 
had, which helped to shape my decision making and the path of 
my career in optics.”

Tatev Chalyan, a postdoctoral researcher at Vrije Universiteit 
Brussel, and a member of the ECS, echoed Fehlberg’s  enthusiasm. 
Chalyan, along with some colleagues, founded an SPIE Student 
Chapter at the University of Trento, paving a path for further 
engagement with SPIE. “My involvement in the SPIE governing 
committees was a big surprise. Remembering my time as a stu-
dent in Armenia, I would never have thought of having this level 
of engagement with the Society. If one truly feels the bonds with 
the community and wants to make changes, the Society pays back, 
and opens new possibilities for further personal and professional 
growth. I hope my experience can be an example for many young 
girls to follow their path and believe that hard work will definitely 
be acknowledged,” she said. 

SPIE is grateful for volunteers like Chalyan and Fehlberg. In 
2021, women make up 41 percent of SPIE governing committees. 
SPIE continually strives to improve and enhance diversity, equity, 
and inclusion in all aspects of its Membership and day-to-day 
operations. We encourage you to get involved. Interested? Email 
governance@spie.org.

BONUS: Unscramble the letters to solve the final 
puzzle: Who did the traitorous eight “betray?”

Unjumble these words.

Then, solve the bonus clue at the bottom 
by unjumbling the circled letters. Snap a 
photo of your completed word scramble 
and send to photonicsfocus@spie.org. 
One winner, drawn at random, will receive 
a gift!

STACEY CROCKETT is the 
Governance Specialist at SPIE.
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Reflections

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets   or @spiephotonics . Submissions can also be sent by email to photonicsfocus@spie.org.

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets   or @spiephotonics . Submissions can also be sent by email to photonicsfocus@spie.org.

A thin-film random laser is captured 
using a moving camera set with a 
long exposure time. The pulsed laser 
emission makes it appear as discrete 
and at random positions, rather than a 
continuous trail.

Photo by Gayathri Radhakrishnan, 
Nanyang Technological University

@gayathri_grk 
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View presentations and  
proceedings from recent 
SPIE conferences

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets   or @spiephotonics . Submissions can also be sent by email to photonicsfocus@spie.org.

Submit your own images of light properties and light-based technology to REFLECTIONS by mentioning  
@SPIEtweets   or @spiephotonics . Submissions can also be sent by email to photonicsfocus@spie.org.

SPIEDigitalLibrary.org



CONF

22

Connect in person—  
meet in sunny San Diego
SPIE Optics + Photonics is the perfect choice for your next 
in-person conference.
Reconnect with your colleagues and discuss advancements in optical 
engineering and applications, nanotechnology, quantum science, organic 
photonics, and astronomical instrumentation.

SPIE Optics + Photonics will bring the community together again in an 
attractive and safe location. If you’re unable to travel, options will be  
available for remote participation.

Join your peers in San Diego and help create the future of optics and photonics.

Register today 
spie.org/op

CONFERENCE + EXHIBITION
1 – 5 August 2021
San Diego, California, USA

Registration opens in May


