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FROM THE EDITOR

Tell Me What You See
IF A PERSON FROM 1922 VISITED YOUR HOME IN 2022, they’d find many 
familiar conveniences. That person could likely retrieve sausage from your 
fridge and fry it up on your stove. They could make toast in your toaster 
without any confusion. They could also take a shower, flush the toilet, and 
iron their clothes. They could possibly even drive your car. But if that person 
wanted to make a phone call (perhaps to their descendants), they’d be hard 
pressed to know how. Our smartphones, which we persist in calling “phones” 
despite calls being one of their lesser-used functions, have almost nothing in 
common with the rotary-dial telephones that would have been familiar to our 
time-traveling friend.

From the other end of the timeline, if you asked a 1922 visionary in tele-
communications what would be the future of the telephone, they might have 
envisioned push-button phones. They might have even imagined cordless 
phones. But buttonless, operator-less, touchscreen, cordless video phones 
that let you play music, watch movies, and buy groceries to be delivered to 
your door? No one could have seen that coming.

While pushbutton phones replaced rotary phones, and cell phones have 
almost completely replaced landlines, not all technologies replace the ones 
that came before. Take the bicycle, for example: although the vélo replaced 
horses as a mode of transportation between villages and burbs in the early 
20th century, automotives have not replaced bicycles: cyclists and drivers 
now share the road on the morning commute. 

For this issue of Photonics Focus, our editorial team gazed into our photonic 
crystal cavity. We asked, “What is the future of photonics?” The stories within 
this issue are the outcome of our visioning. And, while these technologies 
are all transformative, they’re all more like the bike than the phone: that is, 
these technologies are more likely to augment than replace.

A feature article by Jeff Hecht attempts to parse what is hype and what 
is a realistic expectation for quantum networks in the next 10 years. How 
will quantum networks be used, and who will really benefit? An article by 
Theresa Hitchens on optical communications for space explores the laser 
systems that future space missions will rely on to communicate with the 
mothership (Earth) to quickly transmit large amounts of data, including 
high-res images and video. And an article by Rebecca Pool looks to the holy 
grail of energy production—laser fusion—which is seeing a revival of interest 
from funders and startups.

So, it’s with a dose of skepticism and a dash of humility that we spend this 
issue of Photonics Focus looking into the future. History tells us that most 
attempts to see into the future get it laughably wrong. But it’s still fun to try.

GWEN WEERTS, EDITOR-IN-CHIEF

“The future always 
comes too fast and in 
the wrong order.”

 -futurist Alvin Toffler
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Avoiding the Tech Innovation Brick Wall
5 Tips to Get Buy-in from Investors and Managers

PICTURE THIS:

You’re a laser physicist with a great idea. You form a 
company to develop the idea, bootstrapping all along 
the way. You eventually get to a point where you need 
more capital (building a company isn’t cheap), so you 
seek outside investment. After many attempts, you 
finally get a meeting with an investment group that can 
potentially change the trajectory of the company. How 
do you convince them to invest?

CONSIDER ANOTHER SCENARIO: 

You’re an enterprising laser physicist working at a com-
pany. You have an idea for a new product line that you 
think is sure to make the company money. With some 
work, you’re able to arrange a meeting with management 
to pitch your idea. How do you convince them to give 
your idea a green light? 

Innovation does not happen in a vacuum. While 
bootstrapping a company is possible, startups often 
need outside investment to bring innovations to scale. 
Founders, then, need to convince investors to invest. 
Likewise, employees can’t just start innovating and 
releasing products to the market. Management must 
give its approval. 

In short, innovation requires buy-in. These five steps 
may help you get it. 

1. SELL THE LARGER VISION

Focusing solely on the product may not be the best way 
to go, according to Alex Waters, director of economic 
development and innovation at San Diego’s Jacobs 
Center for Neighborhood Innovation. “Technical 
founders focus on the tech, which they should, but they 
don’t always show how the tech fits into a larger vision. 

Investors want to make a profit, so if you can’t answer 
how this tech gets them to that long-term goal, you are 
at a disadvantage.” 

Typically, investors put their money into certain pre-
ferred industries. The presenter needs to find out how 
the product fits into the investor’s portfolio. Have an 
optics product but you are pitching to investors who typ-
ically fund pharmaceuticals? Probably not the best fit. 

Waters surmises that “the best tech doesn’t always 
win. What is your story on how you are going to build 
this business, make [the investors] money, and why are 
you the person to do it?” 

2. ADDRESS THE WHY, WHAT, AND WHEN

Claude Jones, vice president of engineering at Strava 
and former senior director of engineering at Walmart 
Global Tech, recalls a presentation he made to get 
management buy-in for Walmart Labs to invest in 
hiring 180 people in San Diego and move them into a 
30,000-square-foot building.

“Not a tiny feat,” says Jones. He included several 
elements in his presentation to executives that helped 
gain traction for the proposal. He addressed why the 
investment was important, what problems the project 
would solve for Walmart, and a timetable for return 
on the investment.

Presentations to investors must also include a clear 
call to action. If the call to action is clearly and suc-
cinctly stated near the end of the presentation, it’s on 
the audience’s mind and is memorable. 

3. DO YOUR HOMEWORK

Waters is a big believer in doing homework. “You should 
do your research on what potential investors are 
focused on, their investment thesis, and what they 
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A CEO may want to see overall strategy. A CFO may 
want to see financial projections. A CTO may want to 
see timelines for product development. 

For founders looking for capital, Waters recommends 
doing “some customer discovery with other investors, 
analysts, accelerators, and whoever else is in the eco-
system to find out what the investors you are speaking 
to value above everything else.”

Jones advocates acquiring champions for an innovation 
early on. “Upfront support and alignment by influenc-
ers [or] key stakeholders [are important]. I was able to 
circulate my idea to the right people to get buy-in up 
front. The more the idea was shared, the more it became 
a reality. By the time the presentation was shared, there 
was already buy-in.” 

The future of technology and innovation depends on 
buy-in from investors, upper management, and other 
decision-makers. Failure to communicate the value of 
technical innovation will lead to a brick wall. Following 
these steps could help you avoid the collision. 

mention as reasons they were excited about earlier 
investments, as that will give you clues on what they 
value so you can ensure that you are aligned with their 
expectations.” 

Research includes studying an investor group’s web-
site to determine the industries in which it typically 
invests, having informal conversations with executives 
and founders who have received funding from a particu-
lar investor group, and attending pitch presentations by 
other startups to hear the types of questions a particular 
investor group might ask.

4. AVOID JARGON AND TECHNICAL DETAIL

It’s not uncommon for founders and tech professionals 
within companies to dive into numbers and data and 
use a lot of jargon in their presentations. Big mistake, 
says Waters. Replacing jargon with more commonly 
used words will increase engagement, and he recom-
mends using analogies that can help explain technical 
concepts. 

5. MAKE IT PERSONAL

“Sometimes we forget that investors are people, too,” 
Waters says. They have a job to do. They have bosses 
that they have to explain decisions to. “They want to be 
excited and inspired about their decisions. So, your job 
is to include the things that they care about.”

Making a presentation personal is a great way to 
engage an investor group. How will your product 
address causes, or issues they care about?  

You can research management and/or investor group 
interests in a variety of ways. Technical professionals at 
a company should consider going to the management 
team’s administrative assistants and asking them what 
their bosses want to see in a presentation to get buy-in. 

NEIL THOMPSON is the Founder 
of Teach the Geek and an engineer 
who works with other technical 
professionals to present their  
work more effectively, especially  
for nontechnical audiences.  
www.teachthegeek.com.

THE BEST
     TECH DOESN’T ALWAYS

WIN.
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Lighting Up the
Future of 3D Printing 
3D PRINTING has found a niche in prototyping and hobbies, 
both applications that require the ability to produce one-off 
complex designs quickly and cheaply. However, industry is 
looking toward additive manufacturing, too, and for the same 
reasons. 

The lighting industry, for example, is now among the growing 
list of adopters. According to the US Department of Energy 
(DOE), additive manufacturing has the potential to solve many 
of the issues faced by the lighting industry, like reducing its 
manufacturing and transportation carbon footprint, helping 
to avoid supply chain disruptions, delivering better quality 
and reliability, and bringing back local manufacturing jobs.

But wait, there’s more, says Indika U. Perera, a lighting 
researcher at Rensselaer Polytechnic Institute’s (RPI) Lighting 
Research Center (LRC). 3D printing allows objects of almost 

FIELD OF VIEW

any shape or geometry that might have been difficult or 
impossible economically to manufacture using traditional 
manufacturing methods, especially in smaller produc-
tion runs, to be manufactured from digital model data.  
Custom lighting fixtures could be manufactured on-site for 
quick installation, and components like heat sinks could 
be designed as part of the fixture envelope rather than 
attached afterwards. This would reduce fixture bulk, size, 
and cost, and improve lighting aesthetics. 

With those benefits in mind, Perera says, engineers and 
researchers at Eaton Corp., LRC, and Xerox Research 
Centre of Canada, with support from DOE, set out to 
fabricate and additively manufacture a solid-state lumi-
naire—a parking lot lighting fixture—as a test-case study. 
One goal was to design a reflective secondary optic for the 
fixture’s light engine and then 3D print and evaluate its 
performance in terms of light output, intensity distribu-
tion, application efficiency and efficacy, and illuminance 
uniformity.

The researchers selected a benchmark fixture with a 
mounting height of 20 feet. “Your target plane for this 
type of application based on lighting standards and rec-
ommended practices is two times that of the mounting 
height, so roughly 40 feet by 40 feet on either side with 
the light fixture at the center,” Perera says. At 124 lumens 
per watt (lm/W) fixture efficacy, the benchmark fixture’s 
application efficacy—the amount of useful light falling 
in the target area that was within the maximum and 
minimum illuminance values based on the application 
requirement—was 77 percent. Spillage is reducing the 
application efficacy, Perera explains: “It’s putting out a lot 
of light but it’s not going into that area where it’s required.” 

Optics designed by RPI graduate student 
Akila Udage and printed using Stratasys 
Objet30 Pro Polyjet 3D printer.
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For a 3D printed fixture, Perera says, 
the study team set a goal of 130 lm/W for 
application efficacy, and to achieve this 
project objective required a secondary 
optical component that would result 
in greater than 90 percent application 
efficiency. Application efficiency is the 
ratio between the flux on the target plane 
within the minimum and maximum 
illuminances and the total flux emitted 
by the light source.

With ray tracing software and infor-
mation from LED source manufactur-
ers, the team designed and fabricated 
three prototype reflectors: Two were 3D 
printed from a semiclear photo-curable 
resin and then nickel plated and pol-
ished by two different vendors. The third 
reflector was 3D printed in white nylon 
and finished with a specular reflective 
laminate adhered to the front surface of 
the reflector by Eaton Corp. 

Testing revealed that the third reflector 
delivered the best overall performance 
with an application efficiency near 93 
percent and minimum spillover while 
also maintaining the maximum-to-mini-
mum illuminance ratio of approximately 
10:1. The parameter-based design opti-
mization was used to improve the optical 
performance of the reflector geometry 
and boost its application eff iciency, 
among other important performance 
metrics, Perera says. 

As a result of their efforts, Perera says 
the team now has laboratory character-

ization results of the reflector surface 
optical properties that were 3D printed 
and subsequently post-processed, as well 
as effects on the reflector performance 
due to 3D printing processes and 3D 
printing parameters. In August, four 
papers by LRC researchers, including 
Perera, were presented at the SPIE 
Optics and Photonics conference in 
San Diego regarding novel designs of 
3D-printed lenses and optics for LED 
lighting systems. 

Moving forward, LRC has established 
an alliance among researchers and 
manufacturers, called the ASSIST 3D 
Printing for Lighting consortium, to 
help overcome technical barriers and 
make 3D printing a viable resource for 
the solid-state lighting industry. These 
key stakeholders aim to develop a road-
map for transforming the industry to 
provide custom lighting fixtures, on-site 
and on-demand, that will elevate the 
appearance, value, and experience of 
the built environment, says SPIE Fellow 
and LRC Director of Research, Nadara-
jah Narendran. He notes that LRC also 
educates RPI students in the field of 
3D printing for lighting, including PhD 
candidate Akila Udage, who presented 
several papers on 3D printed optics at 
the SPIE conference.

WILLIAM G. SCHULZ is Managing 
Editor of Photonics Focus.
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Heat sinks were designed and 3D printed 
by LRC researchers and HP engineers 
using a variety of materials (left). Wall 
sconce designed and 3D printed by the 
LRC. (above).
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FOLLOWING PASSAGE OF THE HISTORIC CHIPS 
Act, signed into law by US President Joe Biden in 
August, leaders of the optics and photonics indus-
try wasted no time cementing their participation 
in rolling out the Administration’s hallmark leg-
islative achievement to revive US semiconductor 
manufacturing. 

They did so in one big way by participating in the 
first SPIE Photonics Industry Summit, held 21 Sep-
tember in Washington, DC. SPIE began organizing 
the summit when the CHIPS Act was still winding 
its way through Congress and faced an uncertain 
future. Once it became law with broad bipartisan 
support, however, the need for dialogue between 
government and industry became paramount.

The Industry Summit was not limited to discus-
sion of issues surrounding the CHIPS Act, however. 
Optics and photonics enable many emerging and 
critical technologies, said SPIE CEO Kent Rochford, 
including artificial intelligence, quantum technol-
ogy, advanced manufacturing, sensors, clean energy, 
healthcare, and more. The summit allowed ample 
time for Q&A, networking breaks, and informal 
conversations between government officials and 
industry players.

For sure, in the US, the CHIPS Act has prompted 
renewed focus on the interplay of government and 
industry in a market economy and how both sectors 
can work toward common goals. Indeed, not since 
World War II has the US embarked on such a mas-
sive effort to build world-leading industrial capacity. 
The CHIPS Act is set to unleash billions of dollars in 
federal funding, and with the possibility of more to 
come, to jumpstart advanced semiconductor R&D, 
fabrication-facility infrastructure, and workforce 
development—all within US borders. 

“The CHIPS Act is a blueprint for long-term, sus-
tained commitment to science and technology,” said 
Kei Koizumi, principal deputy director for policy at 
the White House Office of Science and Technology 
Policy (OSTP), in the opening talk of the summit. 
“We hope the optics and photonics community will 
make your voices heard,” he added, noting that 
Congress will still need to appropriate funds to pay 
for many of the goals set forth in the Act. 

“Yes, you need a policy bill. But you also need the 
money to follow it up. We need everyone to partic-
ipate in implementing this landmark legislation,” 
Koizumi said.

His remarks established a spirit of 
frank and open dialogue between the 
industry leaders in attendance and 
the summit’s roster of high-caliber 
government execs. They included 
agency heads and other officials from 
the Department of Defense (DoD), 
National Institute of Standards and 
Technology (NIST), National Insti-
tutes of Health (NIH), Department of 
Energy (DOE), National Science Foundation (NSF), and the Commerce 
Department.

NIST Director Laurie Locascio  pointed out that 93 percent of global 
trade is impacted by global technical standards, many of them set by 
her agency with its focus on measurement and technical standards 
excellence. But it’s not a top-down approach, she said, and the agency 
has long recognized that for the US to keep its technical standards 
leadership there must be coordination with industry. 

Locascio also noted that NIST’s work in optics and photonics “is as 
old as the agency itself,” including the areas of fundamental research, 
metrology, setting reference standards, and more. She added, “SPIE 
has been a tremendous partner for NIST over the years. We’ve done a 
lot of things together, and a lot of our people at NIST are members of 
this organization.”

NIST’s focus on measurement and standards is “essential in emerging 
technology areas and those we have yet to imagine,” Locascio continued. 
She noted that among the challenges arising from the CHIPS Act, a 
main effort would be to keep those technologies cemented in the US 
while still working with international partners who share US values 
and avoid setting off a chips “arms race.” 

Meanwhile, at NIH, innovation in optics and photonics impacts 
health and wellbeing—and the healthcare industry. SPIE Fellow Bruce 
Tromberg, director of the National Institutes of Biomedical Imaging 
and Bioengineering, told summit attendees that 66 percent of NIBIB 
grants are for developing or using optics and photonics technologies. 
He said the Covid-19 pandemic has highlighted, for example, an urgent 
need for AI and machine learning to understand and map the spread of 
contagious diseases and more recently, to understand the phenomenon 
of long Covid at the population level. 

But NIBIB’s work during the pandemic also highlighted that US 
innovation in optics and photonics can meet critical needs in times of 
emergency, like the many point-of-care diagnostic tests for Covid-19 
now available.

“Whoever thought we would see quantum dots in diagnostic tests 
you can buy at CVS,” Tromberg remarked about one of the technology 
applications to emerge from the pandemic. 

But, in an era of global competition, the R&D landscape is changing. 
“It’s a race for economic supremacy and science and technology is the 
basis,” Thyagarajan Nandagopal, who heads NSF’s new Directorate 

Having a Word with Government
SPIE Photonics Industry Summit  
Opens New Era of Dialogue 
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Industry Updates
M&A
» Dytran Instruments Inc., was acquired by Spectris plc for 

an undisclosed amount effective September 1, 2022. Dytran 
will become part of the Hottinger, Brüel & Kjær subsidiary. 

» Accurion GmbH was acquired by Park Systems Corp., for 
an undisclosed amount effective September 2, 2022.

» Advanced Illumination was acquired by Exaktera GmbH 
for an undisclosed amount effective September 9, 2022.

» UniKLasers Ltd., has rebranded as Skylark Lasers Ltd., 
effective September 12, 2022.

» Meggitt PLC was acquired by Parker Hannifin Corp., for 
$6.5B effective September 13, 2022.

» Pearson Engineering was acquired by Rafael Advanced 
Defense Systems Ltd., for an undisclosed amount effective 
September 28, 2022.

» National Technical Systems, Inc., was acquired by Element 
Materials Technology for an undisclosed amount effective 
September 27, 2022.

» Atotech Deutschland GmbH was acquired by MKS 
Instruments, Inc., for $4.4B effective August 17, 2022.

» The Boeing Co., has relocated its corporate headquarters 
from Chicago, IL to Arlington, VA. 

» Raytheon Technologies Corp., has moved its corporate HQ 
from Waltham, MA to Arlington, VA. 

» II-VI Inc., has rebranded to Coherent Corp., following the 
completion of its acquisition of Coherent, Inc., on July 1, 2022. 

» Atlas Copco AB to acquire Montana Instruments Corp., 
for an undisclosed amount and is expected to close in Q4 
2022.

» Bain Capital, LP to acquire Evident Corp. from Olympus Corp. 
All shares will be transferred to Bain on January 4, 2023.

» Heska Corp., to acquire MBio Diagnostics, Inc. d/b/a 
LightDeck Diagnostics for $38.7M. The transaction is 
expected to close in the first half of 2023.

Executive Updates
» James Mock, Sr., VP & CFO of PerkinElmer, Inc., has 

stepped down and is the new CFO at Moderna, Inc., effective 
September 6, 2022. The new CFO at PerkinElmer is Max 
Krakowiak. 

» Michael Murray was appointed President & CEO of Kopin 
Corp., effective September 6, 2022. He succeeds John C.C. 
Fan who will remain as Chairman. 

» Victor Richey, Chairman, CEO & President of ESCO 
Technologies, Inc., will retire from his role as CEO & 
President effective December 21, 2022 but will continue 
as Chairman. Bryan Sayler has been appointed CEO & 
President beginning January 1, 2023.

» Beate Sauter and Dennis George were appointed Co-CEOs 
of Lumics GmbH effective September 26, 2022.

» Jeffrey Max was appointed CEO of Ascent Solar effective 
September 27, 2022. He succeeds Victor Lee.

of Technology Innovation and Partnerships, told the 
summit. Challenges like climate change, social equity, 
critical infrastructure, and more demand new thinking, 
he said. “We’ve become increasingly aware that one agency, 
one government, one nation cannot solve these by itself.”

As director of NSF’s new translational research director-
ate, Nandagopal said, “We want the market to pull more 
solutions from the academic R&D ecosystem. Jumpstart-
ing America is what we call it at NSF.”

He noted that while the CHIPS Act authorizes a doubling 
of NSF’s budget, giving it some $81 billion to spend until 
2027, “Congress has to follow it up with the check,” meaning 
it needs to appropriate the funds.  

But keeping R&D innovation at home, protecting intel-
lectual property, and all-the-while safeguarding national 
security comes with a cost.

For example, “a year ago, none of us thought we’d be 
confronted with a war of aggression in Europe,” said Thea 
Rozman Kendler of the Bureau of Industry and Security 
at the Commerce Department. Her office, she told the 
summit, enforces export controls and sits at “the nexus of 
national security, technology, and the economy.” 

While the majority of the programming was designed 
for industry to hear from government officials, the final 
discussion featured a panel of executives from leading 
optics and photonics companies. The panelists all agreed 
on the value that photonics brings to the US technology 
ecosystem and economy. The discussion affirmed the day’s 
purpose: industry’s role in helping to fulfill the promises 
of the US Government’s science investments. “The sum-
mit was an exciting opportunity for industry leaders to 
collaborate with government policy makers. Collectively 
we need to flex our muscles better as an industry and this 
forum is just the beginning,” said Jay Kumler, president 
of JENOPTIK Optical Systems.

 
WILLIAM G. SCHULZ is Managing 
Editor of Photonics Focus.

For copies of available presentation slides, email industry@spie.org
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Cool Blue Copycats 
SOMETIMES, IT’S OKAY TO BE A COPYCAT. Afterall, trying 
to mimic nature has given us the ability to fly, treat cancer, and 
more. Now, researchers report using two-photon polymeriza-
tion (2PP) to 3D print a blue coloration surface with similar 
optical properties to those of blue Morpho butterflies. 

The 2PP process is initiated by focused ultrashort pulsed 
laser radiation to cause crosslinking of polymer chains inside 
transparent photosensitive resins. Before trying to print a blue 
surface similar to the rich deep blue of the Morpho butterflies, 
however, the researchers studied in detail the optical prop-
erties of their wing surface structures from various viewing 
directions and angles. They used their findings to print two 
structures with different geometries at the microscale, but 
identical substructures at the nanoscale. The nanostructures 
and blue coloration of the butterflies was mimicked but with 
less iridescence, the researchers report. They say the design 
freedom and simple workflow of the 3D printing technique 
enabled fabrication of different structures at the microscale 
without modifying the dimension of the substructures at the 
nanoscale. 

The work demonstrates the capabilities of the 2PP approach 
to print complex disordered structures that are often seen in 
nature, but with less effort than, say, lithography or deposition. 
Those methods can work, but also require multiple workflows, 
vacuum atmosphere, exposure masks, harsh chemicals, and 
so on. If complex disordered structures from nature that give 
rise to unique optical properties can be mimicked adequately 
via 2PP 3D printing, they hold promise for applications like 
sensors, counterfeit protection, displays, and more.

(Zyla et al., J. Opt. Microsyst., 2022, doi: 10.1117/1.
JOM.2.3.031203)

Adopting Adaptive Optics
ADAPTIVE OPTICS has led to many breakthroughs in 
imaging, most notably for astronomy. But attention is 
overdue at the other end of the scale where electron 
microscopy has helped us visualize the tiniest of objects 
such as viruses, fine detail on semiconductor chips, or 
even atoms arranged on a surface. 

Now, researchers in Austria report a technique that 
combines electron microscopy and laser technology 
to achieve programmable, arbitrary shaping of elec-
tron beams similar to the way adaptive optics control 
wavefronts of light. Potential uses include optimizing 
electron optics and for adaptive electron microscopy 
that maximizes sensitivity while minimizing beam- 
induced damage. 

The researchers at University of Vienna and Univer-
sity of Siegen show the possibility of deflecting electron 
beams using high-intensity, shaped light fields, which 
repel electrons. In their experiments, a laser pulse was 
shaped by a spatial light modulator to interact with a 
counter-propagating, synchronized pulsed electron 
beam in a modified scanning electron microscope. They 
were able to create convex and concave electron lenses 
as well as complex electron intensity distributions. 

They say the work paves the way for wavefront 
shaping in pulsed electron microscopes with thou-
sands of programmable pixels. In contrast to other 
electron shaping technologies that rely on materials, 
the Austrian team’s setup is programmable and avoids 
losses, inelastic scattering, and instabilities due to the 
degradation of material diffraction elements. 

(Mihaila et al., Phys. Rev. X, 2022, doi: 10.1103/
PhysRevX.12.031043)
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Meeting the Demands of Deep Tissue Imaging
IMAGING DEEPER TISSUES has been a great challenge in 
two-photon microscopy (2PM). The traditional Ti:sapphire 
mode-locked laser is limited by its high repetition frequency, 
and it cannot provide the high pulse energy needed for 
deep-tissue imaging at low-exposure power. 

Now a group at University of Hong Kong (HKU) has devel-
oped a high-performance laser as a new kind of light source 
for multiphoton microscopy. They report a 937-nm laser, 
frequency doubled from an all-fiber mode-locked laser at 1.8 
µm, with a low repetition rate of about 9 MHz and a high 
signal-to-noise ratio (SNR) of 74 dB. The design is suitable 
for high-sensitivity deep tissue imaging of multiple biological 
tissue types. 

Using a mouse brain, they demonstrated penetration 

depth of 620 µm, for example. They also conducted  
second-harmonic generation imaging to demonstrate label-
free imaging, which validates the potential of the light source 
for use in multimodal imaging applications. Because of the 
laser’s low repetition frequency and high SNR, it requires 
only 10 mW of power to image tissue at depths greater than 
600 µm, which is significantly lower than the alternative 
40-MHz fiber laser that would require 200-mW of power 
at a similar depth. These performance characteristics of the  
937-nm laser greatly reduce photobleaching and photodam-
age in imaging, the HKU researchers say, while improving 
the depth of tissue imaging and safety in live imaging. 

(Tang et al., Adv. Photon. Nexus, 2022, doi: 10.1117/1.
APN.1.2.026001)

The researchers say the multiband microlaser has narrow 
linewidths and ultralow thresholds that exhibit extraordinary 
lasing performance. The desired lasers that can be obtained by 
different rare-earth elements via upconverting and downshift-
ing allows for flexible pump schemes and lasing wavelengths. 
The researchers say the ultrahigh Q-doped microcavity would 
be an excellent platform for ultrahigh-precision sensing, optical 
memories, and cavity-matter-light interaction studies. 

(Jiang et al.,  Adv. Photon., 2022, doi: 10.1117/1.AP.4.4.046003)

The Upside of Upconversion
HIGHER INTEREST RATES might argue against an upconver-
sion in the housing market, but not so for microlasers with 
multiple lasing bands. These have potential applications such 
as full-color display, optical communications, and computing. 

Now, researchers at Huazhong University of Science  
and Technology in China have fabricated an erbium- 
ytterbium-doped microsphere laser cavity that shows lasing 
stability of greater than 190 minutes. For the first time, they 
have demonstrated continuous wave lasing in the ultraviolet, 
visible, and near-infrared bands at room temperature. That’s 
because doping rare-earth elements in a microcavity with an 
ultrahigh quality (Q) factor offers abundant long-lived inter-
mediate energy levels and intraconfigurational transitions 
necessary for emissions over a wide range, from deep ultraviolet 
to midinfrared. Rare earths also make possible a combina-
tion of downshifting to lower the frequency and upshifting 
to increase the energy to expand emission wavelength for the 
greatest potential. 
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LUMINARIES

ARTHUR C. CLARKE
Imagining a Future of Hope in 
Even the Toughest of Times
By William G. Schulz 

Clarke is also credited with giving Kubrick the 
idea of streaming visual readouts on computer 
screens in 2001, a special effect that had to be 
painstakingly filmed—because there was no such 
thing. Both Kubrick and Clarke were dedicated 
to a realistic portrayal of the future in 2001, 
notes Viirre. They even tossed in some branding 
of their future technologies using, for example, 
IBM for the computers and Frigidaire for the food 
dispensers onboard the movie’s Jupiter-bound 
spacecraft. 

Science wasn’t just a hobby for Clarke, Viirre 
says. He served as an engineering physicist for 

WHEN THE HOLLYWOOD 
Reporter broke the news in 
late December 2021 that 
Canadian auteur, Denis 
Villeneuve, would direct a 
movie version of Rendez-
vous with Rama , Arthur 
C. Clarke’s science fiction 
classic, the bated breath of 
Clarke fans worldwide surely 
echoed through the hills 
of Tinseltown. Villeneuve’s 
bona fides, after all, included 
his rhapsodic take on Frank 
Herbert’s Dune, at the time 
still raking in millions of 
dollars at the box office and destined to claim six Academy Awards. 

“My reaction was just kind of like, ‘Oh, wow! I have been waiting my 
whole life for a movie of Rama and Villeneuve’s doing it,’” says Erik Viirre, 
a professor of neurosciences and director of the Arthur C. Clarke Center 
for Human Imagination at University of California, San Diego. The Cen-
ter operates under the auspices of the Arthur C. Clarke Foundation, and 
“engages imagination as a fundamental human capacity to be understood, 
developed, and brought to bear on the world’s biggest problems.”

Clarke fans like Viirre have set a high bar for the film—but then again, 
so did Clarke, whose collaboration with the late director Stanley Kubrick 
resulted in the 1968 masterpiece, 2001: A Space Odyssey. Even today, the 
film looks and feels both astonishingly accurate and futuristic and, for 
many devotees of the genre, will never be rivaled. 

But no matter how Villeneuve’s film turns out, Clarke’s high-priest status 
in the pantheon of 20th Century science fiction writers endures. Over the 
course of six decades, he authored 100 books, 200 short stories, and numer-
ous essays. His undergraduate degree in physics and passion for astronomy 
and other sciences lent authority to his compelling, awe-inspiring visions 
of the future. He became something of a spokesman for science and space 
travel when he provided commentary for the Apollo XI Moon Landing, 
among other ventures in popularizing science. 

As just one example of his prescience, Viirre cites Clarke’s 1953 novel, 
Childhood’s End, in which the author describes immersive visual experi-
ences like today’s AR/VR technology—“which is kind of mind-boggling in 
a time even before computer screens,” he says. 

LUMINARIES

Viirre with Clarke at  
his home in Sri Lanka.



PHOTONICS FOCUS NOVEMBER/DECEMBER 2022 15

  

the British Ministry of Defense in World War II. “He worked on radar and 
in fact, his signal invention, often called the Clarke Orbit, was the concept 
of the geosynchronous orbit [for satellite communications], published in 
Wireless World magazine in 1946. And he also published a textbook on 
astronautics in 1948. I have a first edition of that.”

After the war, Clarke moved to Sri Lanka, then known as Ceylon, and 
became an avid scuba diver. “He went literally around the world diving,” 
Viirre says. For Clarke, weightlessness underwater was the closest he would 
ever get to the experience of being in space. He later advised NASA to use 
scuba to simulate space for astronauts. 

Aspects of Viirre’s professional life follow Clarke’s footsteps. “Aerospace 
has been a big part of me and my career. I’m a specialist in gravity and 
gravity diseases. I’m a physician. I practice here at the university in the 
Department of Neurology, and I deal with inner-ear imbalances.”

Viirre’s encounters with Clarke’s work began early. “I was in the first class 
of International Space University, which was held in 1988 at MIT, and Clarke 
was our chancellor and convocation speaker that summer.” 

At the Clarke Center, he says, “we’re interested in the faculty of imagi-
nation, its operation in humans, and then embracing and enhancing imag-
ination through a variety of initiatives. In a very Clarke-ian way, we have 
a core of our center called Speculative Futures, which of course embraces 
science fiction. We host the pre-eminent Clarion Science Fiction Writers 
Workshop, which was originally founded almost 50 years ago by Harlan 
Ellison,” Viirre continues. “It’s an in-residence summer program for aspiring 
science fiction writers”. 

Another very Clarke-ian pillar of the Center is called “To the Stars.” Antic-
ipating widespread colonization of space, the project encompasses studies of 
the effects of weightlessness on human biology, especially the brain.

A few years before Clarke’s death in 2008, at 
the age of 90, Viirre visited him in Sri Lanka, 
an experience he describes as one of the most 
significant in his life. Sadly, an earlier-in-life 
bout with polio had returned, and Clarke was  
in a wheelchair. Nonetheless, Viirre found the 
esteemed writer and futurist engaged and 
engaging.

At one point, Viirre asked Clarke about a pact 
that supposedly existed with fellow science fiction 
writer Isaac Asimov. It went something like, “if 
somebody asked Clarke who was the greatest 
science fiction writer, he would say Asimov, and 
crown himself a close second. And if Asimov was 
asked that question, he would say Clarke. Asimov 
was asked ‘who was the greatest science fiction 
writer?’ he would say Clarke. I asked him to verify 
the pact and he said it was true.”

“If I was able to quietly ask Clarke one more 
question,” adds Viirre, “it would be if he knew 
about [codebreaker and war hero] Alan Turing, 
and whether he knew what happened to Turing, 
because as you recall, at that time in the UK, 
thousands of men were arrested and charged for 
being homosexual.” Turing committed suicide in 
1954, following his 1952 arrest and conviction.  

“My quiet suspicion,” Viirre says, “is that that 
was one of the reasons Clarke went and left 
the UK after the war. For the rest of his life, 
Clarke worked globally. And so, as with many 
gay men, you know, these things were sort of 
quietly avoided, in all levels of society, both in 
the United States and the UK.”

Despite living through one of the darkest 
chapters in human history, however, Viirre says 
Clarke emerged from World War II an optimist, 
and his vision for humanity was one of optimism. 
He says Clarke’s outlook was exemplified by his 
1960 work of nonfiction, Profiles of the Future: 
An Inquiry into the Limits of the Possible. Viirre 
says it became a touchstone for his life. 

“I have an original edition and it was updated 
throughout the years until the year 2000. It 
shows Clarke as very much an optimist. It’s 
a romp through science—theories of gravity, 
physics, chemistry, space travel, and all kinds 
of other things. When I’m looking for inspira-
tion, I go back to it. And, not only because of 
his prescience in what he saw in the future, but 
just for his way of thinking about it. [Clarke] 
was absolutely a believer in humanity and, in 
these tough times, it’s tough to adopt that kind 
of spirit, but we need to.”

WILLIAM G. SCHULZ is Managing 
Editor of Photonics Focus.

Photo Credit: Erik Viirre (top left); lakdiva.org (bottom left); Gettyimages: Luis Enrique Ascui/Stringer (top)
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By Theresa Hitchens

Signaling Across  
the Cosmos
Optical communications are poised for 
takeoff during NASA’s “Decade of Light”
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Signaling Across  
the Cosmos

MOST PEOPLE’S MENTAL IMAGE OF INFRARED LASERS likely comes from popular 
heist movies, where the hero (or anti-hero) acrobatically slips, leaps, and tumbles 
through a grid of red or green beams making up a sophisticated alarm system to get 
to the coveted prize. 

But those pencil-thin beams—in actuality, invisible to the naked eye—also can be 
used to ferry large volumes of digital information across vast distances. And that is 
why the National Aeronautics and Space Administration (NASA) has set its sights 
on developing optical communications networks to link future astronaut-scientists—
working in orbit and on the surface of the Moon, Mars, and asteroids—to each other, 
and back to their colleagues on Earth. 

That research and development initiative, known as the “Decade of Light,” is 
now hitting critical mass, with a batch of foundational experiments set for liftoff 
through 2024. 

Badri Younes, NASA’s deputy associate administrator for space communications 
and navigation (SCaN) and SCaN program manager, explains that the 2020s are to 
optical space communications what the 1980s were to terrestrial fiber—a period of 
rapid development leading to ubiquitous worldwide usage. “We expect the thing to 
take off this decade and be widely available next decade,” he says.

Photo credit: NASA
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SCaN is a division of NASA’s Space Operations 
Mission Directorate, and it is responsible for a hand-
ful of ongoing demonstration projects using lasers to 
send voice, video, and data communications between 
satellites, between a satellite and the International 
Space Station (ISS), and between spacecraft and 
the ground—eventually all the way out to the Moon, 
Mars, and beyond.

Right now, radio-frequency-based (RF) communi-
cations with NASA’s Perseverance rover on Mars can 
take anywhere from eight to 45 minutes between call 
and response, because the Red Planet is 50 million 
km away at its closest point and 249.1 million km at 
its farthest. And while Perseverance can send color 
pictures back to Earth, high-volume data relay is 
beyond its traditional RF communications network. 

The use of laser beams to transmit data, rather 
than traditional radio waves, will enable more data 
to be downloaded at once, revolutionizing deep 
space communications at a time when NASA is 
poised to populate the Solar System not just with 
cute anthropomorphic rovers like Perseverance, 
but also with people under its ambitious Artemis 
Moon-missions program. 

“Optical communications…will provide signif-
icant benefits for missions, including bandwidth 
increases of 10 to 100 times more than radio fre-
quency systems,” NASA says. What’s more, optical 
communications allow smaller size, lower weight, 
and decreased power, which in turn means more 
room on a satellite for payloads and less drain on its 
batteries. Finally, less weight means cheaper launch 
costs, since heavier payloads require bigger, more 
expensive rockets to break out of Earth’s gravity 
well and achieve orbital velocity.

The near-term goal of SCaN’s demonstration pro-
gram is to prove laser communications technologies 
can be scaled up for actual use at a reasonable cost. 
“We have a roadmap that we‘re trying to execute to 
help us get over the hump in learning what it means 
to operationalize this technology,” says Jason Mitchell, 
director of SCaN’s Advanced Communications and 
Navigation Technology Division. 

And while there is a bit of a boom in the develop-
ment of optical intersatellite links, which he calls 
the lower hanging fruit, NASA is concentrating on 
perfecting optical communications between the Earth 
and space, whether it be spacecraft or celestial bodies.

“The benefits are sort of quite obvious, right? You 
go from the microwave a few orders of magnitude 
down in wavelength, and all of a sudden now you 
concentrate power in a much more direct beam, you 

get much more information transferred, and it’s 
much more directional,” says Mitchell. 

Another big benefit over using radio communi-
cations, NASA experts explain, is that use of the 
optical spectrum is not regulated either nationally 
or internationally; neither is it scarce nor crowded. 
Indeed, there already have been so-called spec-
trum wars between commercial users in the US 
and government users, such as the US Department 
of Defense (DoD), about access to certain parts 
of the RF spectrum, a situation predicted to get 
worse as firms rush to build space-based internet 
networks and 5G wireless communications linked 
to the ground. “You get the benefit that you don‘t 
have to fight over spectrum,” Mitchell says.

Finally, optical communications systems are 
much more difficult to hack or spoof than those 
using RF waves—a factor that has drawn the 
interest of the DoD, as well as commercial satellite 
communications firms.

The fact of the matter is that if the long-term 
vision of a thriving off-Earth economy—including 
a human population—is to become a reality, opti-
cal communications networks will be required. 
Long-distance, high-volume RF communications 
systems are simply too capacity constrained, and 
their required hardware too massive, to make 
economic sense. 

And that vision isn’t one limited to NASA, or 
even the United States. China and the European 
Union also are funding human space exploration 
with eyes set on the same prize of expanding their 
economies through the exploitation of outer space 
and its resources, such as rare earth elements and 
heavy metals. They, too, are putting R&D efforts 
into optical comms to underpin those goals.

”

“OPTICAL COMMUNICATIONS… 
  wil l  p rovide s ign i f icant  benef i t s

FOR MISSIONS,
i nc lud ing bandwidth increases

  OF 10 TO 100 TIMES MORE THAN

RADIO FREQUENCY SYSTEMS.
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NASA’s current demonstration project, the Laser 
Communications Relay Demonstration (LCRD), 
launched via a SpaceX Falcon 9 rocket last year as 
a hosted payload aboard DoD’s Space Test Program 
Satellite 6 stationed in geosynchronous orbit (GEO) 
at about 35,000 km above the Earth. The mini-
fridge-sized LCRD is the agency’s latest technology 
demonstration of a two-way laser relay system. It 
was certified to start work in May.

LCRD’s goal, according to SCaN’s program 
managers, is to demonstrate the benefits of optical 
technologies over current RF systems for data relay 
satellites, which already are widely used by NASA. 
Data relay satellites enable fast-moving spacecraft 
to communicate back to Earth without needing a 
direct line of sight to a ground station. For example, 
the International Space Station—which because it 
is in low Earth orbit (LEO) passes over the horizon 
in less than 10 minutes—uses RF links to satellites 
in GEO that match the Earth’s rotation and thus are 
always in sight of their ground stations. 

LCRD initially is sending test data to and from 
its ground stations at Table Mountain, California, 
and Haleakalā, Hawaii. Younes explains that a 
diversity of ground stations is required to make 
sure that bad weather and clouds don’t disrupt the 
infrared laser’s signal. “We looked at the weather 
situation, we looked at the cloud coverage, and we 

have selected locations around the globe where at 
least you have one channel open.”

The initial test data, detailing the spacecraft’s 
health for example, will be sent up to LCRD via RF 
signals, and the spacecraft will reply using optical 
signals, according to mission plans.

Once the LCRD’s first-user platform, the Inte-
grated LCRD Low-Earth Orbit User Modem and 
Amplifier Terminal (ILLUMA-T), is launched to 
the ISS next year, it will begin serving as a relay 
satellite beaming scientific data from the station 
to the ground via laser. James Schier, SCaN’s chief 
architect, says that LCRD will be able to transmit 
a whopping 1.24 Gb of data per second. “So, you’re 
in the billion bits-per-second range.” 

The optical system uses an erbium-doped fiber 
amplifier (EDFA), which emits a laser pulse at 
1,550 nm, Schier says. (This is the same technol-
ogy being used by the Pentagon for its two key 
optical intersatellite link efforts.) One advantage 
of using that wavelength, he explains, is that it is 
also used by terrestrial fiber optic cables. “When 
you’re plugging in your fiber optic cable to your 
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The LCRD could provide a laser 
communication link between Earth  
and the International Space Station.



Photo credit: NASA
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TeraByte InfraRed Delivery (TBIRD) 
laser communication. The TBIRD system 
is about the size of a tissue box and is 
integrated into a CubeSat.



laptop, you’re transmitting at 1,550 nm and probably 
using EDFA family components.” 

Another advantage is safety, Schier adds, particularly 
when the laser is being used as an uplink where the 
high-density beam might accidentally hit an airplane—
which, he notes, “is something the FAA calls a crime.” 

Another laser pulse wavelength that could be used, he 
explains, is 1,064 nm. “The human eye does not react to 
a 1,064 wavelength, and you will literally burn out your 
eyeball before you detect damage to your eye. But 1,550 
nm hitting an airplane will stimulate a pilot’s optical 
nerves, causing them to look away before their eyes are 
damaged by the beam.  

Another SCaN experiment also has been launched this 
year: the TeraByte InfraRed Delivery (TBIRD) payload 
lofted in May to LEO on a tiny CubeSat, courtesy of a 
Falcon 9 rocket. It will showcase 200 Gb/second data 
downlinks, the highest optical rate ever achieved by 
NASA. TBIRD will demonstrate the use of lasers to 
broadcast terabytes of data down to the ground in a 
single pass. This high-bandwidth capability will enable 
transmission of large, highly detailed images from the 
Moon.

Not only is TBIRD smaller and faster than LCRD, it 
also is much cheaper, explains Schier. “The big differ-
ence between the two in technology is LCRD is based 
on what you would consider in-house development: the 
government and government contractors developed the 
LCRD technology design, built it, tested it, launched it. 
The TBIRD is actually based on a commercial box that 
we bought, effectively, off the shelf.” 

Laser communications also will be going to the Moon 
as part of the Artemis program goals to establish a per-
manent human presence there and in cislunar space. 
In fact, the agency’s 2013-2014 experiment involved 

establishing the feasibility of lunar communications via 
laser links, but, as Mitchell explains, it was a “one-off” 
experiment.

The Orion Artemis II Optical Communications Sys-
tem (O2O) will fly on board NASA’s Orion spacecraft 
during the Artemis II crewed spaceflight mission, now 
slated for May 2024. O2O will allow transmission of 
high-resolution images and video, with a downlink rate 
of up to 260 Mbit/sec. Mitchell explains that once these 
experiments are completed and the results evaluated, 
NASA will need to make decisions about where more 
investment is needed to bring demonstrated capabilities 
into actual operations—with an eye on the fact that the 
objective of the Artemis program is “industrial utiliza-
tion of the Moon.”

Indeed, according to Schier, SCaN’s end-goal is 
to create what its program office is calling a full-up 
Moon-Earth internet, dubbed LunaNet. “LunaNet is the 
lunar Internet, a set of cooperating networks providing 
interoperable communications and navigation services 
for users on and around the Moon.” 

LunaNet will involve not just optical communications, 
but RF communications too, for example, from the lunar 
surface to relay satellites stationed in orbit around the 
Moon. NASA was expected to release a request for pro-
posals for RF communications links related to Artemis 
and LunaNet in October.

But NASA’s ambitions don’t stop with the dream of 
interplanetary optical communications, says Younes. 
The next big leap for human expansion into the Solar 
System and beyond will be based on quantum science, 
including quantum communications. 

  Quantum communications rely on optical commu-
nications and involve transmitting information via the 
“spooky action at a distance” of entangled photons that 
was bemoaned by Albert Einstein, but resolved to some 
extent by CERN physicist John Bell 30-odd years later. 

“You know we have designated the 2020s as the 
Decade of Light, but the 2030s will be the Decade of 
Quantum,” Younes says. “There are a lot of technolo-
gies that are being developed now to enable us to move 
seamlessly to the next decade.”

But that, as the old saying goes, is a whole ’nother story. 



THERESA HITCHENS is the senior space reporter at 
Breaking Defense—a return to her first career as a 
journalist after having spent the previous 20-odd years 
researching arms control issues, including a six-year 
stint as director of the United Nations Institute for 
Disarmament Research in Geneva, Switzerland.

Photo credit: NASA
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Fusion could create the clean energy 
the world needs, but scientists are 
divided on the best approach
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Closeup of silicon wafer 
with chip dies.



By Rebecca Pool 

Fusion 
Energy
FAST-TRACKING

The Texas Petawatt Laser’s compressor vacuum vessel includes two of the largest diffraction gratings in the world, which are 
used to spread the colors of the laser pulse out in such a way that they recombine in time and result in a 100-fs-long,  
1 petawatt laser pulse. Professor Todd Ditmire’s ground-breaking laser-based fusion research has taken place here.



WHEN THE US NATIONAL IGNITION FACILITY (NIF) sparked 
a fusion reaction that generated 1.35 megajoules (MJ) of energy, 
enough to power the typical American household for around 20 
minutes, the fusion community rejoiced. For years, researchers 
at the Lawrence Livermore National Laboratory facility had 
been firing intensely powerful laser pulses at peppercorn-sized 
fuel pellets to claw back only a few percent of the energy input. 
But in August 2021, they generated 70 percent of the laser 
energy injected to ignite the fusion fuel, smashing their 2018 
record some 25 times over.

Further analyses have indicated that a burning plasma state 
was momentarily achieved in that pellet, meaning fusion reac-
tions were the dominant source of heating in the plasma rather 
than the external laser energy that triggered the reaction. The 
world was closer to the green dream of self-sustaining fusion 
energy generation.

“For the first time, NIF had shown they could get a hotspot in 
the fuel pellet, and then get burn to propagate in the remaining 
fuel,” says Todd Ditmire of the University of Texas, Austin, who 
also founded National Energetics, which built the world’s most 
powerful laser for the European Extreme Light Infrastructure 
(ELI) Project in the Czech Republic. “From a science stand-
point, [the NIF] shot was a huge deal.”

The huge deal didn’t stop with the science. NIF’s record shot 
not only ignited the plasma, it sparked the interest of myriad 
private investors, now supporting several laser-based fusion 
startups racing to build reactors. At the same time, the US 
Department of Energy has also pledged up to $50 million to 
help for-profit entities design their versions of a fusion pilot 
plant.

In yet another role, Ditmire is chief technology officer of 
Germany-based fusion energy start-up, Focused Energy, which 
raised $15 million in seed-round funds to pursue commercial 
fusion energy production, just one month after NIF’s achieve-
ment. Investors include baseball legend Alex Rodriguez, and 
ex-Walmart president Marc Lore. Similarly, other laser- 
powered fusion startups like Japan-based EX-Fusion, Ger-
many’s Marvel Fusion, and HB11 Energy of Australia, have 
also won millions of dollars in private capital to advance their 
fusion technologies.

 “The laser fusion community has always been rooted in 
massive single-shot lasers,” Ditmire says, “but I now think a 
sea change is going to happen in this field.” 

EX-Fusion Chief Revenue Officer Koichi Masuda, agrees: 
“We’re going to see further advancements in laser-powered 
nuclear fusion in the next five to 10 years that will really help 
drive commercialization.”

NIF’S LASER SYSTEM is based on the principle of inertial 
confinement fusion (ICF) in which fuel targets are compressed 
and heated to create a fusion reaction. The facility comprises a 
192-beam laser system that can deliver some 500 TW and up to 
1.9 MJ of laser light, in a 20-nsec pulse, onto a centimeter-scale 
gold cavity holding a deuterium-tritium (DT) fuel pellet. The 

laser energy is focused onto the cavity, heating it to more than 
3 million degrees Celsius with the ensuing X-rays imploding it, 
and compressing and heating the fuel to even more extreme tem-
peratures and densities. Eventually, the DT hydrogen isotopes 
fuse, releasing high-energy neutrons and other forms of energy.

Still, NIF’s road to fusion will probably end at ignition. The 
experimental facility was designed to demonstrate the principle 
of ICF, and not to generate energy. 

 “From a commercial standpoint, one of the main problems 
with NIF’s approach is the loss of efficiency that takes place 
when you convert the lasers to X-rays,” says Ditmire. “You put 
in about two megajoules of energy and only get out about 280 
kilojoules of energy on the pellet—you’re losing a factor of eight.”

THE LASER FUSION COMMUNITY
  HA S ALWAYS B E E N ROOTE D I N

MASSIVE SINGLE-SHOT LASERS,
B UT I  N OW TH I N K A S E A CHAN G E

IS GOING TO HAPPEN IN THIS FIELD.
–TODD DITMIRE
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Inside the Texas Petawatt Laser amplifier 
bay: Todd Ditmire’s laser-based fusion 
research includes experiments at the 
Texas Petawatt Laser. His start-up 
company plans to build a fusion facility 
nearby, in Austin, Texas.

Photo shows the type of cryogenic 
target used to reach a burning plasma 
state for the first time in a laboratory 
experiment at NIF, the world’s most 
energetic laser.
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What’s more, as a flashlamp-pumped laser, NIF can only fire 
a laser pulse every three hours. A commercial power-generating 
setup—that is economically competitive and can put power onto 
the grid—will need to crank that repetition rate up to several 
pulses per second. And tritium is scarce. Commercial DT fusion 
reactors will most likely need a chamber wrapped in lithium 
blankets—insulating layers packed with pebbles of a lithium- 
containing ceramic—to breed tritium.

Given these challenges, fusion startups are devising new reac-
tor designs in a bid to reach commercial fusion based on ICF. 
Both Focused Energy and EX-Fusion are harnessing so-called 
fast ignition, in which the energy to heat the fuel comes from 
a second laser, rather than from the implosion process. The 
companies intend to use ultrashort-pulse petawatt lasers, driven 
by efficient diodes, to create the extreme conditions needed  
for fusion, and they are confident that the high intensity  
femtosecond-to-picosecond-scale pulses will outperform NIF.

In Focused Energy’s set-up, an initial nanosecond-long laser 
pulse will compress the fuel pellet with a second picosecond-scale 
pulse, igniting the fusion reaction. In their fast ignition scheme, 
the second intense laser pulse will strike a foil film, creating 
accelerated protons that then ballistically deposit huge amounts 
of energy into the compressed fuel. 

Right now, Ditmire and colleagues are building a laser system 
for a single shot every three minutes using technology he helped 
develop for ELI. “We’re using the same liquid-cooling as ELI, 
which operated at up to one shot a minute. With our higher rep-
etition rate, we’ll study more of the underlying physics of inertial 
confinement fusion.”

EX-Fusion also won funding in the wake of NIF’s success—a 
tidy $1 million from Tokyo-based venture capital firms ANRI 
and Osaka University’s in-house venture business. The company’s 
concept also features a nanosecond-pulsed laser system that will 
compress the fuel target, but then a second short-pulse laser will 
produce fast-moving electrons to be directly deposited into the 
pellet’s plasma to trigger fusion.

Cofounder and Chief Executive Kazuki Matsuo has worked on 
fast ignition at the University of California, San Diego, and has 
also been collaborating with researchers at the Institute of Laser 
Engineering (ILE), Osaka University, and the Graduate School for 
the Creation of New Photonics Industries (GPI) on a long-running 
fast-ignition experiment called FIREX. He believes his company 
is firmly on its way to laser-based fusion.

EX-Fusion already has access to a newly built 10-Hz higher 
energy diode-pumped laser called HELIA, Matsuo says. What’s 
more, cofounder and Chief Technology Officer Yoshitaka Mori, 
from GPI, has been working closely with Hamamatsu Photonics 
on a minireactor, trialing a 10-Hz fusion pellet injection system 
with laser target tracking that could form the basis of a commercial 
reactor. In recent research, they rapidly fired intense laser pulses 
at 3,500-mm-diameter polystyrene beads for five minutes, an 
incredible feat of synchronization.

“EX-Fusion should have this system finished in two years,” says 
Matsuo. “Nobody has worked on the technical aspects of a fusion 
reactor like this. We are doing this for researchers worldwide, 
including those related to NIF.”
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And this is where EX-Fusion’s business plan 
becomes interesting. The company will focus on 
the technology that laser-based fusion businesses 
will need, assuming fusion continues to show 
potential. “Many start-ups are working on their 
own systems, but we’re saying ‘Look, we’re build-
ing a reactor that can work with different lasers.’ 
Our pre-seed funds will provide the financial 
stability we need to start developing technologies 
to get laser fusion commercialized,” Chief Revenue 
Officer Koici Masuda says.

Come 2027, Matsuo, Masuda, and colleagues 
hope to have the technology fully scaled for use 
in conventional applications such as materials 
processing and semiconductor manufacturing. 
“We anticipate selling our first target feeding or 
laser-tracking system in 2023,” says Masuda. 

In the meantime, to demonstrate ignition in 
the coming decade, the Focused Energy team is 
building a fusion target lab in Darmstadt, Ger-
many, and intends to build a facility in Austin, 
Texas. Ditmire admits the timeline is aggressive 
but highlights how he and his colleagues have been 
honing the efficiency of fast ignition for many years 
while working out how to compress DT fuel cap-
sules to ever-higher densities. Assuming ignition 
success, the company plans to build its first pilot 
plant by around 2030.

BUT WHILE FOCUSED ENERGY, EX-FUSION, and 
other startups pursue DT fusion, an alternative 
would be to react hydrogen (protons) with the 
boron-11 isotope. On the plus side, hydrogen-boron 
fusion does not require tritium, nor does it produce 
high-energy neutrons. However, the temperatures 
required for fusion are more than 3 billion K, some 
10 times greater than those in NIF’s experiment. 
As a result, many researchers have shied away 
from this flavor of fusion—until recently. 

Laser-fusion great, Heinrich Hora, put forward 
the idea of nonthermal hydrogen-boron fusion in 
the 1970s, but predicted the reaction would only 
become viable once laser pulses had become pow-
erful and fast enough. Petawatt lasers followed, 
and by 2005, scientists at the Research Institute 
of Pulse Technology had initiated fusion reactions 
in boron-hydrogen plasmas using intense pico-
second laser pulses. Ensuing experiments have 
consistently raised hydrogen-boron fusion reac-



tion rates. And just last year, a pan-European team of physicists 
broke all proton-boron fusion records.

The team of Dimitri Batani from the Centre Lasers Intenses et 
Applications at the University of Bordeaux, France, and colleagues 
from fusion research institutions including ELI and ILE, fired a 
petawatt laser directly at a proton-boron target, creating more 
fusion reactions than ever before. Their results not only raised 
hopes of using this type of fusion to generate clean electricity, but 
piqued interest in harnessing the process to make radioisotopes 
for medicine. 

Following this achievement, Marvel Fusion won nearly $35 
million in funds to develop its novel technology with Siemens 
Energy, TRUMPF, and Thales. Similarly, HB11 has been awarded 
$42 million to develop key components for a petawatt laser suited 
to hydrogen-boron fusion as well as fusion fuels. Hora is the com-
pany’s scientific director, while Batani has joined as lead scientist. 
They hope to have a detailed engineering design of a prototype 
reactor by 2028.

According to HB11 Managing Director Warren McKenzie, the 
company’s planned hydrogen-boron fusion setup will most likely be 
a merger of concepts. For example, the company is investigating a 
hybrid approach in which a hydrogen-boron target is compressed, 
as in DT fusion, and then a proton beam is generated by a pico-
second laser to trigger ignition. “The exciting thing about what 
we’re doing is we’ve already got these great results... and we’re now 
explaining the science,” McKenzie says.

Batani adds, “Over the years we’ve seen an unexpected produc-
tion of the charged alpha particles, which has re-opened interest 
in proton-boron fusion, but we still have many, many questions 
to answer.”

Indeed, Batani and colleagues are investigating exactly what 
happens to boron under the extreme pressures demanded by  
proton-boron fusion. “We know very little about the state of boron 
at fusion’s high pressures—this really is a completely new domain 
for us.” 

The unknowns underline researchers’ reservations about  
hydrogen-boron fusion. Ditmire’s view echoes many who are 
gunning for DT fusion and wonder if the even more extreme con-
ditions, including higher temperatures, necessary for this flavor 
of fusion can be reached. “To me, right now, the physics looks 

insurmountable,” he says. “For example, with energy 
losses…it isn’t even known whether a hydrogen-boron 
plasma will ever ignite, even if one could somehow 
create the very high plasma temperatures.”

“That doesn’t mean the world shouldn’t work on it as 
a science project. But I don’t see how it can be viable 
commercially on a 2030 timescale,” he adds.

Batani and McKenzie are fully aware of the  
hydrogen-boron criticism and acknowledge fusion’s 
“split” community. “You can say there’s so little known 
about our science, but if you look at deuterium- 
tritium, there’s so little known about the engineering,” 
McKenzie says.

Both Batani and McKenzie point out how boron, 
unlike tritium, is not radioactive, making fuel storage 
easier. They also highlight how proton-boron fusion 
produces fewer high-energy neutrons than DT fusion 
reducing radioactive waste. And, as they also explain, 
boron is solid under standard conditions, so fuel pellets 
do need to be held under cryogenic conditions, prior to 
implosion, unlike DT targets. 

“If we get through the [proton-boron fusion] science, 
then our engineering will be orders of magnitude 
easier,” claims McKenzie. “I suspect whatever the 
approach taken for DT engineering, it’s going to be 
very difficult to economically achieve.”

Batani agrees, adding, “I don’t think that DT and 
proton-boron fusion are enemies. Myself and many 
other scientists are working on both.

“DT fusion has recently got extremely important 
results, making a lab demonstration of fusion very 
close,” he continues. “But it does have engineering 
issues, including tritium breeding, so it’s wise to inves-
tigate other approaches.”

Despite their differences, researchers agree that the 
future of fusion energy hinges on collaboration. Ditmire 
emphasizes that he and his colleagues are building on 
the efforts of many in the DT fusion community. Indeed, 
when the analysis of NIF‘s record fusion results was 
published, more than 150 researchers from the US and 
Europe had put their names to the work. 

For Batani, collaboration can only speed success. 
“We need to make many more experiments, and HB11, 
for one, cannot do all of this research on its own,” he 
says. “We all rely on collaborations, and you know, in an 
ideal world where we could all do all of the experiments 
that we want, we would probably answer many of our 
scientific questions in the next five years.”

EX-Fusion chief executive, Dr. Kazuki 
Matsuo, inside a chamber test facility 
at the Institute of Laser Engineering 
(ILE), Osaka University.
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REBECCA POOL is a 
UK-based freelance writer.
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Envisioning
Quantum

Networks
By Jeff Hecht

APPLIED QUANTUM MECHANICAL THEORY has taken us from light bulbs 
to lasers. But the deeper and stranger levels of quantum mechanics offer 
much more. Mastery of quantum superposition and entanglement are 
enabling development of quantum computing, and already a next step 
is envisioned—quantum networking to include a quantum version of the 
internet. Much as today’s digital internet connects computers all over 
the world, quantum networks will distribute entanglement to connect 
multiple devices no matter how widely separated. 

Researchers say that quantum interactivity could enable such capabili-
ties as networks of quantum clocks to more precisely measure phenomena 
like gravitational waves, or networks of quantum enabled telescopes that 
might be linked to sharpen and enhance their aggregate images. Other 
possibilities include quantum metrology for more precise microscopy or 
optical and electromagnetic imaging. 

The promise of quantum interconnectivity was a key impetus for US 
passage of the National Quantum Initiative (NQI) Act in 2018 to “to accel-
erate quantum research and development for the economic and national 
security of the United States.” Planners envision distributed quantum 
computing networks linking many smaller quantum computers to provide 
computing capacity at a scale that stretches the limits of imagination. 

Early adopters of quantum network applications will likely be found in 
areas like national security, banking, and energy delivery infrastructure. 
Other application areas may include health services, security for govern-
ment services (think elections), and gaming. 

Taking these next steps toward quantum networking is part of the 
bold, 20-year science program created by NQI and its partners. Although 
quantum entanglement has already been demonstrated over hundreds of 
kilometers between the ground and a satellite, it’s still a pioneering effort. 
The first practical step toward use of quantum networks is likely to be 
point-to-point connections to entangle two quantum computers in the 
same building. In the longer term, quantum networks might be the heart 

of large sensor systems such as seismic arrays 
deployed for earthquake prediction in high-risk 
areas like California. 

 If 20 years sounds like a long lead time for 
quantum networks to be developed, remember 
that Charles Kao proposed fiber-optic networks 
more than half a century ago. Now NQI, with 
its whole-of-government approach, is working 
with the National Institute of Standards and 
Technology (NIST) and the private-sector 
Quantum Economic Development Consortium 
(QED-C) to jumpstart a quantum networking 
industry. They’re borrowing their playbook from 
Bellcore, later renamed Telcordia, which from 
the 1980s into the 2000s masterminded the 
integration of data, voice, and video networks 
into today’s global fiber-optic network, says 
Carl Williams, former head of the Quantum 
Information Program at NIST and now head 
of CJW Quantum Consulting. 

The starting point for quantum networking 
is developing standards for terminology and 
measurement tools for industry to use when 
evaluating testbeds and comparing results. 
Specif ic goals include new techniques to 
entangle matter with matter and photons 
with photons, developing quantum repeaters 
to transfer entanglement over long distances, 
improving quantum sources, and getting 
everything in future quantum networks to 
work together. 
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Photonics history fuels 
hopes of achieving
quantum’s bold promise

INTERCONNECTING DIGITAL COMPUTERS 
enhanced their processing power and informa-
tion access. Building quantum networks prom-
ises even greater improvements for quantum 
computers because of the nature of quantum 
science. 

Digital bits can have only two states, zero or 
one. Quantum bits, or qubits, are superpositions 
of two quantum states, so they can have values 
anywhere in between zero and one. That offers 
qubits much more information capacity, but 
there’s no direct comparison between digital bits 
and qubits, and qubit capacities can differ widely. 

“If you have a quantum computer that’s got 
100 qubits, it’s already solving some interesting 
problems,” says Krister Shalm of NIST. “If you go 
to 1,000 qubits, it’s just way more powerful for 
certain applications and puts you in a different 
computing regime.” But quantum computers 
aren’t there yet. 

A qubit is an individual particle with quantum 
states, for example, an electron, usually kept iso-
lated at temperatures near absolute zero to stabi-
lize its quantum state. That state can be encoded 
as the quantum state of a photon, such as its polar-
ization or spin, which the photon can transfer to 
another qubit. That transfer “entangles” the two 
qubits so both have the same quantum properties 
and identity even when they are far apart.

Quantum networks are intended to connect quantum computers 
with each other and with other nodes or devices on the network. Their 
main function, says Paul Kwiat of the University of Illinois at Urbana- 
Champaign (UIUC), “is to entangle qubits across nodes.” The connections 
are made by photons which carry the quantum information through opti-
cal fibers or free space. When they reach their destination, the photons 
entangle the quantum devices at the two ends of the link, making their 
quantum properties indistinguishable. 

Entanglement requires only a single photon, but that turns out to be 
a problem. It’s easy to send a single photon across a laboratory, but over 
longer distances they can be lost before reaching and entangling the target 
node. In fibers, photons are lost to attenuation; in free space, light acts as 
waves and radiates outwards, decreasing in power. The longer the distance 
between nodes, the harder it is to entangle them. The problem, says Kwiat, 
“is the no-cloning rule, which says you can’t copy a quantum state.” 

The optical amplifiers used in today’s digital networks amplify incoming 
photons by emitting new photons with the same energy going in the same 
direction. That amplifies light pulses carrying digital bits, which contain 
huge numbers of photons. But a quantum network carries only one photon 

A notional hybrid 
(repeaterless) quantum 
network. 
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at a time, and there is no way to copy or replace the quantum properties 
of that photon if it is lost before entanglement. 

A node can stay entangled a long time if completely isolated, but noise 
can break the entanglement. Sending a series of single photons in the 
same quantum state could renew entanglements disrupted by noise, but 
the longer the distance, the longer the time needed for a new photon to 
arrive and the harder it is to renew the entanglement. 

Entanglement is not limited to occurring between pairs of qubits or 
quantum computers. “You can take entangled states and entangle them 
to thousands [of nodes or qubits] rather than just one,” says Shalm. “The 
purely quantum thing is that they all lose their individual identity.” 
Spreading entanglement among qubits like that could greatly increase 
the power of a quantum computer so much that Williams thinks “all 
quantum computers will need [quantum] networking.” However, we’re 
still learning how to distribute entanglement.

“What we would like to do is build a quantum repeater,” Shalm says. 
Before optical amplifiers were available, early fiber-optic developers used 
electro-optic repeaters to extend transmission distances. Those repeat-
ers converted the input optical signal into electrical form, fed it into an 
electronic amplifier, and used the amplified electronic signal to drive a 

laser that emitted the amplified signal as light 
to travel the next span of fiber. 

What you need for quantum repeaters, Shalm 
says, is “some kind of memory to store the quan-
tum bits for a while, and you need a very simple 
quantum processor to do a very limited set of 
operations. You also need really good photon 
detectors.” Those functions would all have to 
work to store the entanglement and transfer 
it through a series of links, each powered by a 
quantum repeater to span a long distance. It’s 
similar to spacing optical amplifiers to minimize 
transmission errors, but the effects of errors in 
the quantum system are not well understood. 

“No one has a good quantum repeater at the 
moment,” says Kwiat, “It’s a very hard technical 
challenge, but things are improving. The good 
news is that detector efficiency is only going to 
go up, and noise is going to go down.” 

However, Williams adds, “it’s not just the 
repeater you need, you also need the memory... 
[and] a bunch of other technologies that don’t 
require dilution refrigerators,” which oper-
ate near absolute zero and are now used in 
most qubits and quantum computers. Those 
challenges may seem formidable today, but so 
did submarine single-mode fiber cables, fiber 
amplifiers, and high-power diode lasers in 1975. 

Currently, the only commercial use of 
quantum communications is for quantum key 
distribution (QKD), introduced in the mid-
2000s, to entangle two nodes for physically 
secure distribution of keys to decode encrypted 
messages. Successful tapping of the QKD 
encryption link would break the entanglement, 
alerting the users but also denying both them 
and the intruder access to the key needed to 
decrypt the coded message sent on the digital 
connection. Several companies now offer QKD 
commercially, claiming it secures channels “by 
the laws of physics.” However, these systems 

UIUC Physics graduate student Kelsey Ortiz (left) 
demonstrates the SEAQUE (Space Entanglement 
and Annealing Quantum Experiment) satellite flight 
payload to researchers from JPL. The experiment 
is designed to prove the viability of technologies 
that may enable orbiting nodes to securely connect 
quantum transmitters and receivers over great 
distances.
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are not considered quantum networking because they only entangle two 
nodes. Williams is not impressed because QKD breaks the connection 
entirely rather than blocking only the intruder while allowing continued 
operation by the users. The US National Security Agency does not certify 
QKD as secure. 

The QED-C is focused on laying the groundwork for quantum networks. 
“Networks demand interoperability,” and need standards to make them 
work together, said Elliot Mason, a former MIT quantum researcher 
turned patent attorney, at a recent QED-C online seminar on quantum 
networking. It’s a lesson the classical computing industry learned the hard 
way. Early mainframes used different standards for character encoding, 
and that legacy persisted into the personal computer era. Apple and  
Microsoft computers, for example, for example, for a long time couldn’t 
“talk” to each other. It took years to integrate voice, data, and video signals 
for transmission on the same backbone network. 

“[Quantum] network concepts are emerging, language is emerging, 
and we are trying to get us all on the same page,” said Mason. Interop-
erability is essential for the industrial testbeds now being developed to 
demonstrate quantum communications and networking. Like the hero 
experiments that companies used to test and develop concepts for long-
haul fiber transmission, current quantum testbeds are one-off designs to 
explore capabilities. However, as quantum technology matures, planners 
want to standardize testbeds to make measurements more comparable, 
eventually leading to interoperability. 

It’s important to realize it is still early days for quantum networks. “We 
are at the smoke-signal stage of quantum networking,” consultant Mark 
Wippich said at the QED-C seminar, referring to the primitive state of 
the technology. Shalm thought it fair to compare the maturity of quantum 
networks to fiber optic communications in 1975. At that time, commercial 
diode lasers were so new that many doubted they could be made durable 
enough for use in the phone system. The best fibers had loss of 2 dB/km, 
and the goal was for fiber to carry 45 Mb/second for 10 miles between 
local switching offices. 

The first practical quantum networks will not be massive, says Williams. 
“They will use point-to-point technology that can work over distances of 
50 or 100 meters, not kilometers.” He thinks the next class of applications 
for quantum networks after that might be in large sensor systems where 
quantum processing could work much better than digital processing. 
Potential applications, besides environmental monitoring, include fun-
damental physics experiments and advanced navigation systems. 

Quantum networking is not going to replace the traditional digital 
internet because it will do different things. If quantum networking does 
come to the internet, “we are going to have to interconnect it with the 
existing infrastructure,” says Williams. Although the resulting system 
might look integrated, the digital and quantum parts would remain 
distinct. The quantum network might process information much faster, 
but digital networks could deliver large volumes of data, like super-high- 
resolution 8K movies, faster and over longer distances than possible on 
the quantum network. 

“People hear that quantum computers are going to be exponentially 
faster than classical computers, which they could be for some classes  
of problems,” says Kwiat. “They think that means they are going to be 
able to download Game of Thrones exponentially faster. And that is 
 just not true.” 

“The one thing you will probably never use a quantum network for is 
just to send classical [digital] information,” says Kwiat. A single-photon 
source could send one bit at a time, but it’s as inefficient as cooking rice 

by dropping one grain at a time into a pan of 
water. It’s more efficient to send digital infor-
mation as digital bits. “You can send a [digital] 
pulse with millions of photons that can tolerate 
much, much higher loss. And when the signal 
gets weaker, you just go through an amplifier,” 
he says. 

Quantum networks can do surprising things 
because processing quantum data is fundamen-
tally different from digital data. Quantum com-
puting won’t balance your checkbook, but it will 
detect patterns in the information a quantum 
network collects from a large array of sensors 
that digital computers would miss. 

Williams confesses he doesn’t know every-
thing quantum networks would be useful for. 
“One of the most important things [for the 
research program] to do is to figure out what 
is the value of a quantum network,” he says. 
That’s a crucial point. Quantum networks are 
still in the exploration stage, like fiber optics 
was in 1975. We can see the potential of short 
connections, just like Charles Kao could see that 
10-mile fiber links could carry voice telephone 
traffic better than copper wire. And as Kao real-
ized fibers could go much further, we realize that 
quantum networks have more potential, even if 
we don’t yet know exactly what they would do 
and how they would do it. 
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Integrated optic chip uses thin-film lithium 
niobate waveguides to route telecom photons 
through a tunable unbalanced Mach-Zehnder 
interferometer, which can be used to create or 
analyze time-bin encoded qubit states.

JEFF HECHT is an SPIE 
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writes about science and 
technology.
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PHOTONICS FOCUS NOVEMBER/DECEMBER 202232

Parting Thoughts on  
My Time as SPIE President2022 
THAT “TIME IS RELATIVE” IS A CONCEPT DETERMINED BY EINSTEIN as part of his 
theory of relativity. The theory indicates that “the rate at which time passes depends 
on your frame of reference.”

If you convert this physics concept into social terms, you get: “Time flies when you 
are having fun.”

Many can vouch for both sides of time and that certainly includes me when I consider 
my year as SPIE President. Nine months have flown by since I started my journey. 

 It has been a productive time of engaging SPIE meetings, especially in disciplines 
that are not my own, meeting students and colleagues from around the world, and 
connecting with future leaders of SPIE and of optics and photonics generally. 

My goals were focused on leadership development, mentoring, and workforce 
development while maintaining my work in building a diverse and inclusive SPIE 
community. All are long term activities that will need continued shepherding. 

The international nature of SPIE brings with it unique challenges depending on 
where you are in the world. For example, defining equity, diversity, and inclusion and 
the strategies needed to make change happen varies depending on whether you are 
in Australia, India, France, or the United States. 

When I look at a conference in one part of the world and see an all-male organizing 
committee with little thought to including female members, I see a clear need to work 
with that community to build equity.

 Unfortunately, this is not unique to one part of the world but is a global occurrence 
that persists even today. SPIE has been working diligently over the past six years to 
move away from such bias. We need to continue to collectively change the culture 
that leads to such bias in science and technology. 

I want to encourage SPIE Members to give back to the SPIE community by mentor-
ing early career professionals (peer-to-peer mentoring is just as important), engaging 
in SPIE governance, and developing a program of workforce development. Students 
and young professionals need to know that the future in optics and photonics is an 
exciting and inclusive place. I will again ask you to reach out to me, or to any SPIE 
officers, or staff and we can find ways for you to engage. 

My last three months as SPIE President will take me to the UK, Japan, India, and 
Australia. So, yes, I plan to end my term in the same way I began—by connecting 
with the global SPIE community. But do remember that time does not stop come  
31 December. I will continue as Immediate Past President and be present at many 
SPIE events moving forward. 

I will repeat what I said in my first letter: If you see me, stop by and say hello and 
let’s take a selfie together. These are memories that will last me a lifetime and remind 
me of why I am here—connecting minds. 

ANITA MAHADEVAN-JANSEN
2022 SPIE PRESIDENT



 

SPIE
Deadlines and Events

November
 1:  Finalists announced for 2023 PRISM Awards

 2: Abstracts due for 2023 Student Optical Design 
Challenge 

 9:  Abstracts due for SPIE Optics + Optoelectronics 
2023

 15–18: 22nd Annual Mirror Technology SBIR/STTR 
Workshop, Rochester, New York, USA

 21–23: Applied Optics and Photonics China 
(AOPC2022), Beijing, China

 25–27: SPIE-CLP Conference on Advanced Photonics, 
Hangzhou, China

 27–29: SPIE/COS Photonics Asia, Nantong, Jiangsu, 
China + Online

 30:  Call for Papers opens for SPIE Sensors + 
Imaging, including: Remote Sensing and  
Security + Defense

 30: Abstracts due for SPIE Future Sensing 
Technologies 2023

December
 1: Applications due for 2023 SPIE Outreach Grants

 6–8: SPIE Photonex, Birmingham, UK 

January 2023
 11: Manuscripts due for SPIE Photonics West 

 11: Manuscripts due for SPIE AR | VR | MR 

 11: Abstracts due for European Conference on 
Biomedical Optics (ECBO)

 13: Abstracts due for Optics and Photonics 
International Congress (OPIC)

 28 Jan–2 Feb: SPIE Photonics West, San Francisco,  
California, USA

 29 Jan–1 Feb: SPIE AR | VR | MR, San Francisco, California, USA

February 2023
 1: Manuscripts due for SPIE Medical Imaging 

 8: Manuscripts due for SPIE Advanced Lithography 
+ Patterning 

 15: Applications due for SPIE Optics and Photonics 
Education Scholarships

 19-23: SPIE Medical Imaging, San Diego, California, USA

 22: Manuscripts due for SPIE Smart Structures + 
Nondestructive Evaluation

 22: Abstracts due for SPIE Sensors + Imaging,
  including: Remote Sensing and Security + Defense

 24: Nominations due for 2024 Women in Optics Planner 

 26–2 Mar: SPIE Advanced Lithography + Patterning,  
San Jose, California, USA

March 2023
 8: Abstracts due for Optics + Photonics

 12–16: SPIE Smart Structures + Nondestructive 
Evaluation, Long Beach, California, USA

 29: Manuscripts due for SPIE Future Sensing 
Technologies

30 April–4 May 2023
Gaylord Palms Resort &  
Convention Center
Orlando, Florida, USA

spie.org/dcs
#SPIEDCS

PLAN TO 

PARTICIPATE

Prepare to share your work in Orlando, 
Florida, for the most important event for 
learning about sensing technologies being 
rapidly acquired and deployed within public, 
security, and government applications. We 
encourage researchers and engineers to 
contribute advancements in sensors, infrared, 
laser systems, spectral imaging, radar, lidar, 
autonomous systems, and other findings with 
the community.
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SPIE COMMUNITY NEWS

2022 

SPIE Awards Announced
EACH YEAR SPIE HONORS INDIVIDUALS WITH SIGNIFICANT technical achieve-
ments and contributions to the Society through its 22 annual awards. Winners are 
selected by the Awards Committee from community nominations. We encourage 
Members to nominate people you know who deserve recognition, especially those from 
historically marginalized groups. Each issue of Photonics Focus highlights a selection 
of winners. See the entire list of 2022 Award Winners at spie.org/2022awards.

SPIE Aden and Marjorie Meinel Technology Achievement Award

SPIE FELLOW GE WANG, the Clark and Crossan Endowed Chair Professor and 
Director of the Biomedical Imaging Center at Rensselaer Polytechnic Institute, 
is the recipient of the 2022 Aden and Marjorie Meinel Technology Achievement 
Award in recognition of his pioneering contributions in X-ray and optical molecular 
tomography. Wang has combined the two modalities for biomedical applications, 
including his 1991 development of the first mathematical analysis and algorithm for 
spiral cone-beam computed tomography (CT).

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

SPIE Rudolf and Hilda Kingslake Award in Optical Design

SPIE FELLOW MASATO SHIBUYA, Professor Emeritus at Tokyo Polytechnic Uni-
versity, is the recipient of the SPIE Rudolf and Hilda Kingslake Award in Optical 
Design for his significant contributions to the development of optical design through 
the invention of the phase-shifting photomask for photolithography and for laying 
the foundation of practical optical design and imaging theory based on plane-wave 
expansions.  Shibuya’s industry contributions include invention of a phase-shifting 
photomask for photolithography at Nikon.

The SPIE Rudolf and Hilda Kingslake Award in Optical Design is presented in 
recognition of significant achievement in the field of optical design, including the 
theoretical or experimental aspects of optical engineering. 

SPIE Mozi Award

THOMAS W. EBBESEN, Professor of Physical Chemistry at the University of Stras-
bourg is the recipient of the 2022 SPIE Mozi Award in recognition of his many 
contributions to the field of nano-optics, especially his discovery of the phenomenon 
known as extraordinary optical transmission. This method of efficiently transmitting 
light through subwavelength holes milled in opaque metal films can be applied in a 
variety of areas from chemistry to opto-electronics.

The SPIE Mozi Award is presented for outstanding discoveries, scientific and tech-
nical achievements, or inventions in the field of optics.

Ge Wang

Masato Shibuya

Thomas W. Ebbesen
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2022 IBM-SPIE HBCU Faculty Accelerator Award

SPIE COMMUNITY NEWS

WESLEY SIMS, an assistant professor of physics at 
Morehouse College, is the 2022 recipient of the IBM-
SPIE HBCU Faculty Accelerator Award in Quantum 
Optics and Photonics. Sims is also director of the Micro/
Nano Optics Research and Engineering Laboratory at 
Morehouse.

The $100,000 annual award supports and promotes 
research and education in quantum optics and photonics 
within the IBM-HBCU Quantum Center, which is cur-
rently comprised of 24 historically Black colleges and 
universities (HBCUs). 

“I am extremely humbled and excited to receive the 
IBM-SPIE HBCU Faculty Accelerator Award,” says 
Sims. “Not only does it grant me the opportunity to 
increase research capacity at Morehouse College, it 
enables me to involve undergraduate students in our 

optics and photonics research. The training they receive 
within this program will help close the gap between work-
force needs and available talent in the quantum field.”

Sims holds a PhD in applied physics from Alabama 
A&M University. His research interests encompass 
cross-phase optics, micro/nano optics fabrication, optical 
quadrature microscopy, extreme ultraviolet lithography, 
terahertz imaging, and nanostructure characterization. 
Sims’ work has also included laser applications such as 
interferometric lithography of diffractive materials and 
fabrication of plasmonic nanostructures. His work with 
phase change materials for switchable photonic devices 
involved characterization of asymmetric split ring reso-
nators in the terahertz region.

Read more at spie.org/HBCUaward2022

Photo credit: Ventsislav Valev and Lukas Ohnoutek
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Inaugural Issue of Photonics Insights
THE INAUGURAL ISSUE of Photonics Insights, 
a Diamond Open Access journal from SPIE and 
Chinese Laser Press, debuted in August.

Each quarterly issue of this all-review, invita-
tion-only journal will consist of articles that pres-
ent and evaluate recent advances in core subjects 
of photonics and discuss key challenges, potential 
applications, and future directions for research. 

In their inaugural essay, co-editors-in-chief Lei 
Zhou of Fudan University and Din Ping Tsai of 
City University of Hong Kong invite the commu-
nity to build the journal as a platform “to share 
our insights, thoughts, and knowledge on cutting-edge research in optics 
and photonics.” The publication aims to provide readers with access to the 
frontiers in optics and photonics and serve as a valuable educational resource.

Read more at spie.org/PhotonicsInsights

Optical Imaging Methods 
for Brain Science in 
Neurophotonics
THE SPIE GOLD OPEN 
Access journal Neuro-
photonics has published 
“Optical imaging and 
spectroscopy for the study 
of the human brain,” the 
second of a t wo-par t 
series on optics and pho-
tonics technologies for 
exploring brain health 
and function.

Part two of the report focuses on diffuse 
optical imaging methods for noninvasive 
human studies: near-infrared spectroscopy 
(NIRS) and diffuse correlation spectroscopy 
(DCS). Part one of the report, “Neuropho-
tonic tools for microscopic measurements 
and manipulation,” showcases technologies 
mostly applicable to animal studies and 
spanning the spatial scale from molecular 
nanoprobes to the mesoscale imaging of 
cortical columns and brain areas.

“[Part two] is a culmination of efforts from 
more than 50 world-renowned leaders in the 
diffuse optics field,” notes corresponding 
author Erin M. Buckley, who is assistant pro-
fessor at the Wallace H. Coulter Department 
of Biomedical Engineering at Georgia Tech 
and Emory Universities. “It emphasizes not 
only the latest and greatest software, hard-
ware, and applications, but also the urgent 
challenges that we face to improve things 
like signal-to-noise ratio, depth sensitivity, 
wearability, and usability. I think it will help 
align our community to stimulate new ideas 
and solutions that will accelerate progress on 
numerous fronts.”

Read more at spie.org/NPhImaging 
Report

Inaugural issue of 
Advanced Photonics Nexus
THE INAUGURAL ISSUE OF Advanced Photonics 
Nexus, an international, Gold Open Access journal 
co-published by SPIE and Chinese Laser Press 
(CLP), debuted in September.

Accessible via the SPIE Digital Library and on 
CLP’s Researching platform, the journal’s focus 
is original papers, letters, and review articles that 
detail important advances in fundamental and 
applied optics and photonics research. 

Advanced Photonics Nexus is a sibling to 
Advanced Photonics. The journal will ensure fast-
track publication of high-quality submissions. Research areas include but are 
not limited to imaging systems, metamaterials, nanophotonics, optical fibers, 
quantum optics, ultrafast optics, biophotonics, and lasers.

Co-Editors-in-Chief of Advanced Photonics Nexus are Xiao-Cong (Larry) 
Yuan, of Shenzhen University, Anatoly Zayats of King’s College London, and 
Weibiao Chen, of the Shanghai Institute of Optics and Fine Mechanics.

“One of the meanings of ‘nexus’ is a central or focal point,” says Zayats. 
“We hope that this new journal will be a focal point for our existing as well 
as new authors and readers across all fields of optics.” 

Read more at spie.org/APNJournal

New SPIE Senior Members
SPIE WELCOMES 77 NEW SENIOR MEMBERS from 22 countries. 
They represent academia, government, and industry, and they work 
in a variety of disciplines ranging from nanophotonics, biomedical 
photonics, Raman spectroscopy instrumentation, medical imaging, 
machine learning, infrared imaging, and optical devices, to optical 
fabrication, astronomical optics, and lithography.

“SPIE Senior Members are outstanding researchers, 
practitioners, and supporters of optic and photonics appli-
cations,” says 2022 Senior Member Subcommittee Chair 
and Clemson University Associate Professor and Associate 
Dean of Inclusive Excellence for Undergraduate Studies, 
Oliver J. Myers. “Their invaluable contributions to the 
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Funding the  
US CHIPS Act 
IN SEPTEMBER, the Biden Administration released 
a detailed strategy for spending $50 billion in fund-
ing from the CHIPS Act, which seeks to increase US 
leadership in the semiconductor industry as well as 
the nation’s chip-making capacity. 

The strategy, dubbed “CHIPs for America,” will be 
housed within the National Institute of Standards 
and Technology, part of the US Department of Com-
merce. Its four primary goals are to establish and 
expand domestic production of leading-edge semi-
conductors; build a stable supply of mature node 
semiconductors; make R&D investments aimed at 
next-generation semiconductor technology; and job 
creation with an emphasis on diversity as well as 
opportunities for veterans and people in rural areas.

“Rebuilding America’s leadership in the semicon-
ductor industry is a down payment on our future 
as a global leader,” said Commerce Secretary Gina 
Raimondo in announcing the CHIPS for America 
program.

Read more at spie.org/CHIPSActFund

Field Guide to Optics Education:  
A Tribute to John Greivenkamp
THE FIELD GUIDE TO OPTICS EDUCATION
shares insights from leading optics edu-
cators about developing optics education 
teaching methods and their application. It 
is dedicated to the memory of John Greiven-
kamp, founding editor of SPIE’s Field Guide 
Series, who passed away in early 2022. This 
Field Guide features contributions from 
more than 50 leading optics and photonics 
educators from around the world, including 
John’s teachers, peers, students, and even 
students of John’s students. Contributions 
range from guidelines for writing scientific publications, to the 
importance of understanding hardware and not just theory  
(a big part of John’s teaching), to reflections on the impact of 
a good teacher on a student’s life. Several also discuss lessons 
learned from teaching during the pandemic.

This new Field Guide is a must-have for anyone teaching 
optics. To download a free copy of the e-book, go to spie.org/
GreivenkampOpticsEdu

SPIE Student Webinars Focus on 
Workforce Development

IN AUGUST, the SPIE Membership Department launched a free 
“Career Connections Student Webinar Series” to help students 
build professional networks.  

The interactive webinar series creates a space where students 
can interact directly with human resources specialists from 
optics and photonics companies, gain a better understanding 
of best practices for on-campus activities as part of an SPIE 
Student Chapter, and learn how to most effectively leverage 
SPIE benefits and conferences. 

The career connections webinar series is intended for SPIE 
Student Members, but all are welcome. See spie.org/online
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broad research community advances technology in ways we 
have not previously experienced.”

Nominations for the 2023 cohort of SPIE Senior Members 
will be accepted through 15 March 2023. 

See information and a complete list of all SPIE Senior 
Members at spie.org/2022seniormembers
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EACH YEAR, PLENARY AND HOT TOPICS SESSIONS at SPIE 
Photonics West feature speakers on a wide range of topics. 
In 2023, Members will hear in person from leaders in their 
respective fields as they share their research and visions for 
the future of optics and photonics.

Plenary speakers scheduled for SPIE Photonics West 2023 
include:
• Aydogan Ozcan of University of California, Los Angeles 

on “Deep learning-enabled computational microscopy and 
diffractive imaging”

• Mark A. Anastasio of University of Illinois at Urbana–
Champaign on “Deep learning and photoacoustic image 
formation: Promises and challenges”

• Natan Shaked of Tel Aviv University on “Deep2Deep: AI 
and deep learning for label-free 3D cell classification”

• Maryellen L. Giger of University of Chicago will speak on 
MRI, radiology, and mammography

Hot Topics speakers include:
• Chen Yang of Boston University on “Non-genetic 

photoacoustic neural stimulation”
• Vasilis Ntziachristos of the Technical University of 

Munich School of Medicine on “The sound of light: 
optoacoustic vs. optical imaging”

Plenary and Hot Topics 
sessions at SPIE  
Photonics West 2023

• Caroline Boudoux of Polytechnique Montreal on 
“Photonic lanterns: Shedding new light on OCT”

• Jin Kang of Johns Hopkins University on “Optical image-
guided autonomous robotic surgery”

• Eric Henderson of MD Dartmouth Health on “Early 
identification of life-threatening soft-tissue infection 
using dynamic fluorescence imaging”

• YongKeun Park of KAIST on “Quantitative phase imaging 
and artificial intelligence”

Read more at spie.org/PW23

New OSTP Policy Signals Change in Public Access to Research 
ON AUGUST 25, the White House Office of Science and Tech-
nology Policy (OSTP) released a memorandum outlining a new 
plan focused on “ensuring free, immediate, and equitable access 
to federally funded research.” The memorandum establishes 
a general framework to make all peer-reviewed publications 
and supporting data resulting from US government-funded 
research publicly available, immediately after publication. 

Previous US policy allowed an optional 12-month embargo 
period on published research supported by federal funding. 
All federal agencies will be required to comply with the new 
policy by 31 December 2025.

The new OSTP guidelines have been met with mixed reac-
tions within the scholarly publishing community. Advocates 
for open access publishing have applauded the news and 
describe it as a huge step forward for the open science move-
ment. Publishers who have exploited the 12-month embargo 
to drive increased subscription revenue, however, have voiced 
concern about the impact on their financial viability once it is 
no longer allowed.

SPIE is not one of these publishers. For more than a decade, 
we have extended a zero-month embargo on all proceedings 

and journals papers. Under this policy, we allow all authors, 
and not just those funded by the US government, to make 
their papers publicly available through their local institutional 
repositories. While we understand that the new OSTP policy 
will likely require some business process changes within SPIE 
publications, we do not share the fears of other publishers. 
We believe that our current policies have positioned us well.

It is also important to keep in mind that the new OSTP 
memorandum only gives general guidelines and a proposed 
date for compliance. There are still many details that have 
yet to be communicated, identified, or outlined, but change 
is coming. When the guidelines are finalized, SPIE will adjust 
our processes and support authors in implementing any  
necessary changes. In the meantime, SPIE will continue to 
offer our zero-month embargo, track developments within 
OSTP closely, and serve our community of researchers and 
engineers.

Read the memorandum at spie.org/OSTP 
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PATRICK FRANZEN is the SPIE 
Director of Publications and Platform.
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Unjumble these words.

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

BONUS: Unscramble the letters to solve the final puzzle: The name of NASA’s  
return-to-the-moon missions



Community 
Development 2021 
Endowments, 
Fellowships,  
and Scholarships

Photocredit: Gettyimages – MirageC
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SPECIAL SECTION: COMMUNITY SUPPORT

EACH YEAR, SPIE PROVIDES UNMATCHED SUPPORT FOR 
young scientists and engineers pursuing career goals in 
optics and photonics. Why? Because SPIE is a community-
focused Society, operating globally. And integral to the SPIE 
mission  is a commitment to support, nurture, and develop 
future generations of optical scientists, policymakers, and 
engineers ,  ensuring a susta ined and healthy optics  and 
photonics community. From students and doctoral candidates, 
to postgraduates, early-career professionals, and established 
academics, in 2021 the global optics and photonics community 
benefited directly from SPIE recognition and financial support. 

“Inherent in the SPIE mission is giving back to our community,” said SPIE CEO Kent 
Rochford. “It’s an integral aspect of our involvement in the global photonics com-
munity. We don’t ask for money, we don’t have the overhead of a foundation—the 
proof of our commitment lies in our various scholarship, endowment-matching, and 
education outreach programs. Through our community-support activities, we help to 
develop and advance international photonics technologies and professionals, helping 
them to shine a little brighter.” 

Among the more than $4 million in gifts and support provided by SPIE last year, 
$298,000 was allocated for 78 SPIE Optics and Photonics Education Scholarships, 
open to students located anywhere in the world who are studying optics, photon-
ics, or related fields. One recipient was Agata Azzolin a PhD student at Deutsches 
Elektronen-Synchrotron Research Centre, Germany, whose research focuses on atto-
second spectroscopy on solids and 2D materials. “This scholarship supports me in a 
life-changing decision,” she told SPIE. “It is not straightforward, leaving your native 
country to pursue your doctorate and realize your dream—it can be scary. Nonethe-
less, I felt encouraged by this award: it was a sort of confirmation that I was following 
the right path.”

In the pages that follow, you’ll meet several others in the SPIE community who are 
shining a little more brightly thanks to the Society’s ongoing support, an intentional 
investment in our shared photonics-focused future.
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Photo credit: Hadi Dehghanpour (2021 IDL photo contest)
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SPIE Faculty Fellowship in Optics and Photonics  
at Vanderbilt University

SPIE Endowments in Action
The SPIE Endowment Matching Program was established in 2019 to increase international capacity 
in the teaching and research of optics and photonics. The program supports optics and photonics 
education and the future of the industry by contributing a match of up to $500,000 per award to col-
lege, institute, and university programs with optics and photonics degrees, or with other disciplines 
allied to the SPIE mission. Initially established as a five-year, $2.5 million plan, the program’s success 
meant that we blew past that target well within the original timeframe: as of January 2022, SPIE has 
provided nearly $4 million in matching gifts, resulting in more than $10 million in dedicated funds to 
a variety of universities, institutes and programs. Our two endowment-matching gifts from 2021 are 
highlighted here, alongside an update from ICFO, a 2020 recipient. 

My graduate and postdoctoral training in 
optics were the most formative experiences 
of my life, and SPIE conferences and 
publications have always been, and 
continue to be, the way in which I interact 
with the broader optics and photonics 
community.

–Yuankai “Kenny” Tao
Assistant Professor of Biomedical Engineering

VANDERBILT UNIVERSITY

The $1 million SPIE Faculty Fellowship in Optics and 
Photonics at Vanderbilt University was established 
to support a Vanderbilt University faculty member 
working in optics and photonics. The $500,000 gift 
by SPIE—fully matched by the university—was the 
eighth major SPIE gift as part of the Society’s ongo-
ing program to support the expansion of optical en-
gineering teaching and research. 

The SPIE Faculty Fellowship will support a Vander-
bilt University faculty member who is working in op-
tics and photonics. Assistant Professor of Biomedical 
Engineering Yuankai “Kenny” Tao has been appointed 
the recipient of the first gift.

Tao received his bachelor’s degrees in electrical and 
computer engineering and biomedical engineering, 
as well as a master’s degree and a PhD in biomedical 
engineering, from Duke University. Prior to joining the 
faculty at Vanderbilt, Tao was an assistant professor 
in the Department of Ophthalmic Research at Cleve-
land Clinic and director of the Diagnostic Imaging 
and Biophotonics Laboratory at Cole Eye Institute. 
“I’m incredibly honored to receive this fellowship,” 
said Tao. “My graduate and postdoctoral training in  
optics were the most formative experiences of my 
life, and SPIE conferences and publications have al-
ways been, and continue to be, the way in which I  
interact with the broader optics and photonics com-
munity. I’m very lucky to have a tremendous amount 
of support and mentorship at Vanderbilt. We have one 
of the few biophotonics centers in the country, and 
a critical mass of faculty spanning imaging, sensing,  
laser-tissue interactions, materials, and nanopho-
tonics. This fellowship will be a vital resource as we 
continue to recruit best and brightest trainees and re-
searchers in optics and photonics to Vanderbilt.”
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SPIE@ICFO Chair for Diversity in Photonic Sciences:  
An early impact report
In 2020, SPIE announced the establishment of the 
$1 million SPIE@ICFO Chair for Diversity in Photonic 
Sciences with ICFO, the Barcelona-based Institute of 
Photonic Sciences, a center devoted to the develop-
ment of research, post-graduate training, and knowl-
edge and technology transfer in fields where optics 
and photonics play a decisive role. A sum of $500,000 
in funding from SPIE was matched by €500,000 from 
the existing ICFO endowment, and the combined fund 
supports a chair at ICFO whose remit is to leverage 
the center’s activities to further enhance its promo-
tion of diversity, starting with its multiple programs 
supporting the education and careers of young wom-
en from diverse backgrounds who have an interest in 
photonics.

The ambition for the SPIE@ICFO chair program 
goes beyond gender diversity and aims to support 
a diverse range of students and researchers in pho-
tonic sciences who would otherwise not have such  
opportunities. Newly supported opportunities include 
the SPIE@ICFO Chair María Yzuel Fellowship Award 
Internships, named in honor of the former SPIE Presi-
dent; the SPIE@ICFO Chair Travel Fellowship; and the 
SPIE@ICFO Chair Research Fellowship.

Last year, some of the María Yzuel Fellows whom 
ICFO welcomed included Hanna Salamon from Po-
land, in the research group Quantum Photonics with 
Solids and Atoms, with her focus on efficient memory 
compatible quantum light sources; Carolina Fajardo 
from Columbia, part of Medical Optics with her focus 
on pulsatility assessment of diffuse correlation spec-
troscopy/time resolved spectroscopy measurements 
in human subjects; Maria Paula Ayala from Ecuador, in 
the Thermal Photonics group, with her focus on tun-

able thermal emission of VO2; and Ana Perez Barre-
ra, of Spain, working in Professor Leticia Tarruell’s  
Ultracold Quantum Gases group. 

“There is still a large gender gap in research fields 
such as photonic sciences,” says ICFO Head of Ac-
ademic Affairs and Chair of the SPIE@ICFO program 
Robert Sewell. “This is unjust—everyone deserves the 
same opportunity to benefit from and contribute to 
the science—and a poor outcome, since we are missing 
out on the talents of many brilliant, passionate, moti-
vated women. Providing initial opportunities to young 
students and researchers to enter into the field is thus 
still important, although it is only a first step; we must 
also remove barriers and provide mechanisms to help 
support women to stay in the field. The María Yzuel pro-
gram addresses that important first step, but also sig-
nals our commitment to the larger program of promot-
ing gender equity in photonic sciences. Professor María 
Yzuel herself is a wonderful exemplar and role model 
for a career in optics and photonics. The direct connec-
tion that we can make between her and the motivat-
ed, talented young women who come into the program 
is an added bonus that we hope will help boost their  
careers and the overall impact of the program.”

We must…remove barriers and provide 
mechanisms to help support women to 
stay in the field.

SPECIAL SECTION: COMMUNITY SUPPORT
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SPIE Optics and Photonics Champion Academy 
at the University of Birmingham 
The $800,000 SPIE Optics and Photonics Champion 
Academy fund at the University of Birmingham was 
established to create and support the university’s 
SPIE Optics and Photonics Champion Academy. The 
cohort-focused program, initially led by Professor and 
Principal Investigator of the UK Quantum Technology 
Hub Sensors and Timing Kai Bongs, and Professor of 
Computational Life Sciences Iain Styles, will engage 
in areas of public interest in the fields of quantum 
technology and biomedical imaging and data scienc-
es: one of the first projects will address pandemics.

The Academy will support University of Birmingham 
students in a variety of ways which include expanding 
cross-disciplinary educational opportunities in optics 
and photonics; offering students hands-on support 
and training to become influential science commu-
nicators and advocates of optics and photonics; and 
utilizing a range of stipends, awards, and activity 
grants, which will be supplemented with professional 
development and mentoring opportunities from the 
university’s academic leaders as well as from external 
experts. It will focus particularly on students in un-
derrepresented groups, early-career researchers, and 
PhD students in order to establish and build a broad, 
diverse, and inclusive network of science advocates, 
especially in the area of optics and photonics.

“We are delighted to be able to work with SPIE to 
launch this unique Academy at the University of Bir-
mingham,” said Professor Bongs. “This initiative will 

help to accelerate the growth of optics and photon-
ics expertise, which will have great impact far beyond 
the university. Our hope is to not only encourage this 
learning, but to also create awareness of the huge 
importance of this subject area in tackling real-world 
problems.”

“By equipping early-career optics and photonics 
researchers and PhD students with skills in advanced 
data analysis, we will help to accelerate the transla-
tion of these exciting technologies from the laborato-
ry to their adoption in real-world applications,” added 
Professor Styles. “Our SPIE Champions will be able to 
work with experts in diverse application areas such as 
healthcare and climate monitoring to develop end-to-
end optics-based solutions with integrated analytics 
for some of our most pressing challenges.”

This initiative will help to accelerate 
the growth of optics and photonics 
expertise, which will have great impact 
far beyond the university.

University of Birmingham 
students in the UK 
Quantum Technology Hub.
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SPIE: Making an Impact
The scholarship, endowment, and award programs at SPIE invest in a wide range of current and 
future engineers, technicians, and scientists. The four individuals showcased here offer a more in-
tensive glimpse at the kind of impact that SPIE gifts can have on the professional development of 
students as well as on the work-life of more established researchers.

The Inaugural IBM-SPIE HBCU Faculty Accelerator Award in 
Quantum Optics and Photonics recipient

Renu Tripathi
Last year, Renu Tripathi, a professor of physics and engi-
neering at Delaware State University (DSU), was selected 
as the inaugural recipient of the IBM-SPIE HBCU Faculty 
Accelerator Award in Quantum Optics and Photonics. The 
$100,000 annual award, presented jointly by the IBM-HB-
CU Quantum Center and SPIE, supports and promotes 
research and education in quantum optics and photonics 
within IBM-HBCU Quantum Center member institutions, 
currently 23 historically Black colleges and universities 
(HBCUs), including DSU. The IBM-SPIE agreement stip-
ulates a joint annual award year through 2025, with each  
organization providing $50,000 per year for a shared total 
of $500,000 over five years.

Tripathi’s winning proposal seeks to demonstrate “a quan-
tum gyroscope with a high rotation sensitivity, suitable for 
inertial navigation applications.” She will also be using the 
award to develop quantum science education curricula and 
teaching practices at Delaware State, including providing 
hands-on experience and training to DSU students through 
summer research programs and workshops.

An SPIE Fellow, Tripathi has given several invited talks at 
SPIE conferences, has served as an organizing committee 
member for Optical and Quantum Sensing and Precision 
Metrology at SPIE Photonics West since 2019; participat-
ed as a panel member on “Increasing Diversity and Inclu-
sion in Sciences & Engineering” at SPIE Optics + Photon-
ics in 2016; and was featured in the 2010 SPIE Women in  
Optics Planner. In addition, she helped found the SPIE  
Student Chapter at DSU, and is an active mentor to stu-
dents there.

“Receiving this prestigious inaugural award from IBM 
and SPIE will highlight and bring national prominence to 
our distinctive quantum science research program at Del-
aware State University,” said Tripathi. “It also allows us to 
broaden the scope of quantum-sensing research, educa-
tion, and training at the university so that both undergrad-
uate and graduate students will have direct experiential 
educational exposure to advancements in quantum sci-
ence and technologies.”

Experimental setup for a magnetometer using alkali 
sodium atoms in Tripathi’s DSU lab. The yellow glow 
from a sodium laser is visible in the picture. Left to right: 
Lawrence Taylor, a freshman pursuing a BS in Engineering 
Physics, and Renu Tripathi.
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[B]oth undergraduate and 
graduate students will have direct 
experiential educational exposure 
to advancements in quantum 
science and technologies.
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The Eichenholz-SPIE Photonics Technician  
Scholarship recipient  

Hannah Cavanaugh
After trying to break into the workplace with her 
graphic-design BA for several years, Hannah Ca-
vanaugh chose to make a career change, opting to 
pursue optics. That decision was, in many ways, a 
no-brainer. “My local college, Indian Hills Commu-
nity College, has one of the best laser and optics 
technology programs in the country,” says Cavana-
ugh. “I have several friends who have gone through 
that program and gone into the field. It varies what 
they do, whether they’re a traveling technician or 
based in a set location, but they all love the work 
and they’re all successful. For me, that was a good 
sign.” Another promising sign came from the newly 
established Eichenholz-SPIE Photonics Technician 
Scholarship opportunity: Cavanaugh was award-
ed one of four inaugural scholarships in 2021, 
which, alongside other scholarships and grants, 
has covered her initial year in the college’s Laser &  
Optics Technology program. “It’s helped me with 
my goal of going through this at 25, without having 
to create student-loan debt. I work part-time at the 
college, but I haven’t had to split my attention too 
much, and I’m able to pour myself into my studies.”

What’s good news for Cavanaugh is great news 
for the optics industry. With its exponential growth 
and reports suggesting that one-fifth of experi-
enced technicians are approaching retirement, the 
need for skilled optics and photonics technicians—
and the need to attract capable students into  
relevant programs—is obvious. The Eichenholz-SPIE 
Photonics Technician Scholarship, funded equally 
by SPIE Fellow Jason Eichenholz and 
SPIE, provides support for students 
pursuing such careers; the four annu-
al $2,500 scholarships offset course 
necessities such as tuition and fees, 
textbooks, and computers.

So what’s it been like to shift ca-
reers and learn a new technology? So 
far, says, Cavanaugh, so very intrigu-
ing. With the very first class, “Photon-
ics Fundamentals,” she  was hooked. 
“We built a couple of small lasers, 
working on projects measuring the 
diameter of the beam. Being able to 
learn about the wavelength of light, 
the different optics, and the basis of 
how to construct the laser in the lab, 
doing that was amazing to me. I’m 
a hands-on person myself—the part 
about graphic design that I enjoyed 

most was learning the software—so I get a lot of satis-
faction from, ‘Oh, this is how you figure out this process 
and this is how you can construct it in this way.’ And our 
instructor, Michael Shay, is just fantastic.” The program’s 
recent tour of five regional laser companies introduced 
Cavanaugh to Sightpath Medical, a company whose 
mobile technicians deliver services such as laser-assist-
ed cataract and Lasik surgeries. “That kind of medical 
application is what I’m leaning towards right now,” says  
Cavanaugh, “but I love the fact that optics is one of those 
things where you’re going to be constantly learning as 
the field progresses—I didn’t realize it until I started ex-
ploring this path, but it’s amazing how much lasers are 
actually used in daily life.” 

Already, she’s introducing others to the joys of optics 
via the on-campus, dual-purpose laser and optics club: 
“We’re fundraising for a trip to SPIE Photonics West, 
and in the second year of the program we’ll go to high 
schools and speak with teenagers about what we do as 
optics technicians.” In the meantime, they’re reaching 
others’ scientific hearts through their stomachs: Part 
of the club’s fundraising activities include selling grilled 
pork “Laser Loin Sandwiches” at the college’s basketball 
games, but the food stand also piques people’s interest. 
“They’ll say, ‘Oh! Lasers! What do you guys do?’ So we 
talk to them and explain diffraction and refraction and 
give the kids these little optic crystals.” As to Cavana-
ugh’s laser-focused attention on her future career, that’s 
looking quite bright: so far, the newbie optics student 
holds a straight-A streak.
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damental level, things behaved probabilistical-
ly,” explains Nape. “That was quite fascinating 
to me. And when I found out about how to use 
light in research, about photonics, I was even 
more excited. There are so many applications: 
computation systems, imaging systems, televi-
sions, and our cell phones all use photonics. It’s 
really nice to jump into a field that allows me 
to focus on fundamental issues in physics and 
quantum science, and to also find applications 
for them. I really want to develop technologies 
which, when I leave this planet, people can really 
benefit from. I would like to have that impact.”

When Nape received it, the SPIE scholarship 
provided support at a critical junction: the mon-
ey helped cover his final doctoral year as well 
as the purchase his own laptop which he’ll be 
taking to Canada: “In our field you need to do a 
lot of computations, a lot of modeling and simu-
lations, and you need a very good computer to 
do that.”

Nape, who attended SPIE Optics + Photonics 
as a paper author and presenter in 2017, appre-
ciates the career-development aspects that pro-
fessional societies such as SPIE offer as well as, of 
course, the in-person networking opportunities. 
“It’s really great to meet people who are experts 
in the field, to hear what they’ve experienced, 
and to get their recommendations,” notes Nape. 
“It’s important to meet other students and oth-
er professionals because it’s a developing field, 
right? So it makes sense to meet with others in 
the field and work with them. Someday, when I 
have my own lab,” he adds, emulating Forbes’ 
focus on engaging his students in interna-
tional cross-group collaborations, “I will have  
colleagues to send my students to for cross- 
collaboration. And the career-development 
platforms that you guys have—those are really 
helpful. What’s difficult to navigate while doing 
a PhD is knowing whether to stay in academia or 
to go to industry, so that knowledge-sharing is 
really important.”

As for the collaborative aspect of being a sci-
entist, Nape is a definite advocate. Those discus-
sions inspire new ideas, he says, and can often 
help point you in the right direction. “What’s in-
teresting about science is that there are many 
doors to open,” says Nape. “And you don’t stop 
unless someone else is like, ‘Hey, you know 
what? You’re going in the wrong direction! May-
be try this.’ That really helps, especially if you’re 
working with bright people. Getting direction 
from your peers can really help a lot; I think 
helping each other develop as scientists is really 
amazing.”

The Education Scholarship recipient

Isaac Nape
Last May, Isaac Nape was awarded a 2021 Optics and Photon-
ics Education Scholarship by SPIE for his potential contribution 
to the field of optics, photonics, or a related field. Nape was, at 
the time, a PhD candidate in physics at South Africa’s Univer-
sity of the Witwatersrand, supervised by SPIE Fellow Andrew 
Forbes in Forbes’ Structured Light group. 

Less than a year later, Nape is already well on his way to ful-
filling that promising potential.  Last August, Nape was the lead 
author on a Nature Communications paper, “Measuring dimen-
sionality and purity of high-dimensional entangled states.” 
Much of that paper’s research was drawn from Nape’s doctoral 
work on harnessing structured patterns of light for high-di-
mensional information encoding and decoding for applications 
in quantum communication. Now, the newly minted Dr. Nape—
he received his PhD in March 2022—is off to work with Ebrahim 
Karimi’s group at the University of Ottawa. 

Though leaving the lab where he’s been working for the last 
six years is bittersweet, Nape couldn’t be happier. “Professor 
Karimi is also involved in structured light and does a lot of work 
in quantum optics which is very related to the work I’ve been 
doing here,” he says. “I think it will be a good match and a great 
opportunity to further my skills.” 

Nape has been drawn to quantum physics since high school 
thanks to an inspiring teacher, Wendy Coen. “She made me 
realize that unlike the conventional way of understanding how 
things work—causality, determinism—that actually, at the fun-
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ate students,” says Regal. “They are strongly linked 
to the university as well as to JILA, and there’s this 
huge camaraderie among them. On the flip side of 
things, part of our research absolutely depends on 
NIST. For example, NIST recently put in a state-of-
the-art clean room, and it’s very rare to have that 
on a university campus. That’s just one way we can  
really tie into that knowledge base: it’s connecting 
our students to cutting-edge, well-developed, and 
well-staffed resources within quantum materials, and 
it’s been really rewarding to see students jump into 
the quantum industry and apply our research.”

 
 
 
 

[I]t’s been really rewarding to see 
students jump into the quantum 
industry and apply our research.

The Baur-SPIE Endowed Chair recipient 

Cindy Regal
“I tend to think of our work as exploration,” says Cindy 
Regal, an associate professor of physics at University 
of Colorado, Boulder (CU Boulder), and Fellow of JILA, 
the joint institute of CU Boulder and the National In-
stitute of Standards and Techology (NIST). “We work 
in quantum science which has taken a very interesting 
turn over the last number of years, really accelerating 
in its impact. But I think there’s still a lot of exploration 
to be done: the book of quantum hardware is not yet 
written.” 

Nearly two years ago, Regal was appointed the in-
augural holder of the $2.5 million Baur-SPIE Endowed 
Chair in Optics and Photonics at JILA. That endowed 
chair—the first-ever at JILA—is funded by the SPIE  
Endowment Matching Program through an appropri-
ately collaborative effort: The $500,000 in funding 
from SPIE was matched 3:1 by a gift of $1.5 million 
from Tom and Jeanne Baur, who have a longstand-
ing relationship with CU and JILA. In addition, CU 
Boulder provided a further $500,000 contribution.  
Established to enable JILA to expand its research and 
education capacity in optical physics and photonics, 
the endowment provides comprehensive support for 
a faculty chair for early-to-mid-career researchers  
who have an established interest in teaching and  
mentoring.

Beyond affirming Regal’s confidence in her work, 
the appointment gives Regal the necessary finances 
to ensure the timely continuity of her and her team’s 
work, which focuses—as just one example—on using 
mechanical excitations as a way to connect disparate 
quantum systems. In practical terms, it’s freed up fund-
ing for her graduate students as well as for critical re-
search requirements. “I’m really focusing it on that area 
of mechanical excitations that we’re exploring, and I’m 
focusing it on the students who are taking that work in 
different directions. Also, some things just need to be 
kept up in order to make things work, right? We just 
had a laser die and we needed to fix that right away—
when the laser dies, the lab doesn’t work at all. That 
extra infusion available for a situation like ‘That laser 
has to be fixed right now and I can’t write a grant for it,’ 
that’s key to keeping our work going.”

In many ways, she says, while the endowed chair 
marks an exciting first for the JILA community, its 
impact is incredibly broad, located, as her team is, at 
the confluence of three stellar institutions. The com-
bined reach of NIST, CU, and JILA covers a rich range 
of academia, engineering, and industry, giving the 
community’s work a truly collaborative flavor as well 
as an exciting starting point for the next generation 
of scientists. “A lot of what I do is work with gradu-
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Yuka Esashi: Nick Cobb Memorial Scholarship recipient

Named Scholarships and Fellowships
The SPIE Endowment Matching Program and Education Scholarships represent just two SPIE community- 
support programs. In addition, named scholarships and fellowships such as the Nick Cobb Memorial 
Scholarship and the SPIE-Franz Hillenkamp Postdoctoral Fellowship in Problem-Driven Biomedical 
Optics and Analytics, provide wide-ranging opportunities across academia, industry, and govern-
ment, honoring and benefiting aspiring optics and photonics scientists and engineers.

Nitesh Katta: Hillenkamp Fellowship recipient
Nitesh Katta is the 2021 recipient of the $75,000 SPIE-Franz 
Hillenkamp Postdoctoral Fellowship in Problem-Driven Bio-
medical Optics and Analytics, an annual award that supports 
interdisciplinary problem-driven research and provides oppor-
tunities for translating new technologies into clinical practice 
for improving human health. Katta’s research project, “A cold 
laser wire (CLW) for true-lumen crossing of tortuous coro-
nary arteries with calcified chronic total occlusions (CTOs)”— 
conducted in conjunction with Thomas Milner and Marc Feld-
man at the Beckman Laser Institute and Medical Clinic—is 
building on a challenge Katta discovered during his doctoral 
work: recognizing an unmet need for piercing calcified material 
in performing true-lumen percutaneous coronary intervention 
(PCI) of chronic total occlusions (CTOs), Katta, together with 
his then-doctoral mentors Milner and Feldman, invented intra-
vascular cooling and guidance methodologies for achieving 
true-lumen crossing in CTOs using the cold laser wire. Katta’s 
aim is to bring this research into the clinical setting, addressing 
an urgent clinical need of a tool for safe PCI in patients suffer-
ing with CTOs.

“I am deeply grateful to receive this support from such a 
distinguished organization as SPIE and feel very humbled to 

have the SPIE-Hillenkamp fellowship committee 
recognize the value of this work,” says Katta. 
“Receiving this award will enable me to conduct 
the necessary research work and translational 
training to bring a medical device from a labora-
tory bench-top to the market where it can have 
a meaningful impact on percutaneous coronary 
intervention outcomes in patients suffering from 
chronic total occlusions.”

The $10,000 Nick Cobb Memorial Scholarship rec-
ognizes an exemplary graduate student working in 
the field of lithography for semiconductor manu-
facturing. It also honors the memory of Nick Cobb 
who was an SPIE Senior Member and chief engineer 
at Mentor whose groundbreaking contributions en-
abled optical and process proximity correction for 
IC manufacturing.

Yuka Esashi, the 2021 recipient of the scholar-
ship, is pursuing her PhD in physics at the Univer-
sity of Colorado, Boulder, in the Kapteyn-Murnane 

group. She is co-lead of a research team that is address-
ing much-needed advances in metrology techniques for 
the semiconductor industry, where techniques with high 
resolution, fidelity, and sensitivity are needed. With her 
team, Esashi has developed phase-sensitive EUV imaging 
reflectometry, a novel technique which combines compu-
tational imaging with EUV reflectometry to measure depth- 
dependent chemical composition of semiconductor sam-
ples in a spatially resolved and non-destructive manner. 
She is planning on applying this technique to a wider range 
of next-generation structures and materials.

“It is an honor to receive the Nick Cobb Memorial Schol-
arship in recognition of my work on developing novel semi-
conductor metrology techniques,” says Esashi. “There 
is a great amount of innovation in the field of advanced  
lithography when it comes to tackling challenging scientific 
and technological questions, and it’s a truly exciting and 
rewarding area to be working in. The award strongly mo-
tivates me to continue my work on refining and improving 
our technique of EUV imaging reflectometry, and I am look-
ing forward to presenting it at future SPIE conferences.”
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Top Scholarships Winners
From the SPIE D.J. Lovell Scholarship, the Society’s largest and most prestigious scholarship, award-
ed in 2021 to the University of Cambridge’s Simone Eizagirre Barker, and the Michael Kidger Memorial 
Scholarship in Optical Design—awarded in 2021 to Geoffroi Côté at Université Laval—to the Laser 
Technology, Engineering and Applications Scholarship and the BACUS Scholarship, SPIE offers a rich 
range of opportunities for financial support and early-career recognition. “Thanks to the generous 
support of SPIE, I have been able to continue to push myself toward achieving my academic and pro-
fessional goals,” noted Montana State University’s Riley Logan, winner of the 2021 John Kiel Schol-
arship. “SPIE has been instrumental in both my intellectual growth and progress toward a fulfilling 
career in optics and photonics.”

Geoffroi Côté
Geoffroi Côté, of the Universi-
té Laval, was awarded the 2021  
Michael Kidger Memorial Schol-
arship in Optical Design. Côté 
received an undergraduate de-

gree in engineering physics from the university in 
2017 and entered its PhD program on a ‘Fast Track’ 
following the award of a master’s degree in 2019 and 
is under the tutelage of SPIE Fellow Simon Thibault. 
Côté is also the 2021 recipient of SPIE’s Optical  
Design and Engineering Scholarship, established in 
memory of Bill Price and Warren Smith, both well- 
respected members of SPIE’s technical community.

Simone Eizagirre Barker
The SPIE D.J. Lovell Scholarship 
was awarded to Simone Eizagirre 
Barker, of the University of Cam-
bridge. This is the Society’s larg-
est and most prestigious scholar-

ship and is sponsored by SPIE.

Riley Logan
Riley Logan, of Montana State Uni-
versity, was awarded the John Kiel 
Scholarship which was established 
to honor SPIE founding member 
John Kiel, in recognition of his 

long-standing and significant contributions to the 
Society. This scholarship is sponsored by SPIE and is 
awarded for the student’s potential for long-term con-
tribution to the field of optics and optical engineering.

Murat Yessenov
The Laser Technology, Engineer-
ing and Applications Scholarship 
was awarded to Murat Yessenov, 
of CREOL, the College of Optics 
and Photonics at the University of  

Central Florida. This scholarship is awarded in recog-
nition of a student’s scholarly achievement in laser 
technology, engineering, or applications. Funds are 
provided in part by SPIE.

Maryam Baker
Maryam Baker, of the Wyant Col-
lege of Optical Sciences at the 
University of Arizona, was award-
ed the BACUS Scholarship. This 
scholarship is awarded to a stu-

dent in the field of microlithography with an emphasis 
on optical tooling and/or semiconductor manufac-
turing technologies. This scholarship is sponsored by  
BACUS, SPIE’s Photomask International Technical 
Group.

Samuel Ignacio Zapata 
Valencia
Samuel Ignacio Zapata Valencia, 
of the National University of Co-
lombia, was awarded the Teddi  
Laurin Scholarship. Photonics Media 

partners with SPIE to fund the Teddi Laurin Scholarship 
to raise awareness of optics and photonics and to foster 
growth and success in the photonics industry by sup-
porting students involved in photonics. This scholarship 
is in memory of Laurin Publishing and Photonics Media 
founder Teddi Laurin.



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.40

A chemical cocktail, smeared on a glass slide, self-
assembles into a large number of convective cells. 
Within each cell there is a point called a nucleation 
site from which crystallization occurs via self-
assembly. This is a close up of one of the cells. The 
crystalline film itself is colorless and translucent to 
the unaided eye; however, when viewed through 
polarized light and using a retarder, an exquisite 
formation that resembles a flower is revealed.  
The cocktail consists primarily of ammonium  
iron sulphate.

This photo is the winner of the Technology Category, 
2022 International Day of Light Photo Contest.

Credit: PFG Precision Optics
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