
Photonics West attendees have a critical role 
to play, ensuring that some of the biggest 
challenges facing humanity can be met. That 
was a recurring theme heard from speakers 
during the LASE Hot Topics session held 
Monday afternoon, where fusion energy, 

quantum computing, and a step-change in 
road safety were all up for discussion.

Luminar Technologies CTO Jason 
Eichenholz — a Photonics West stalwart who 
has been attending since he was a graduate 
student — had some stark figures on road 

fatalities to share. “There were 1.3 million 
[vehicle-related] fatalities last year,” he told 
the packed event. “We’ve become accus-
tomed to — and nonchalant about — that. 
I think that we can do better.”

Ultimately, the goal for Luminar is to save 
millions of lives. That means making sensor 
systems that are able to handle every kind 
of road situation, and to work reliably in all 
scenarios. The step-change is possible, but 
requires an industry shift to adopt autonomy, 
he argued, with lidar at 1,550 nm the key 
to making that happen. Getting there is no 
easy task: Eichenholz outlined the enormous 
technical challenges and trade-offs involved 
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International 
quantum councils 
to collaborate
Tuesday morning at Photonics West, Quan-
tum Industry Canada (QIC), Quantum Eco-
nomic Development Consortium (QED-C), 
Quantum Strategic Industry Alliance for 
Revolution (Q-STAR) and European Quan-
tum Industry Consortium (QuIC) signed a 
memorandum of understanding (MoU) to 
formally establish the International Coun-
cil of Quantum Industry Associations. The 
council aims to strengthen communication 
and collaboration among the participating 

consortia on goals and approaches to the 
development of quantum technologies.

Emerging quantum technologies leverage 
fundamental properties of quantum phys-
ics to surpass the capabilities of traditional 

‘classical’ systems. “Quantum technologies 
are expected to revolutionize the health, 
mobility, logistics, finance, climate science, 
environmental sustainability, energy, and 

QUANTUM WEST:  
FUNDING COMMERCIAL ADVANCES 
IN QUANTUM TECHNOLOGIES
9 – 10:45 AM Moscone Center, 
Quantum Stage, Hall A Lobby 
(Exhibit Level South)

PHOTONICS WEST EXHIBITION
10 AM – 5 PM Moscone Center, 
North-South (Exhibit Level)

JOB FAIR
10 AM – 5 PM Moscone West, Level 1

LUNCH AND LEARN:  
EQUITY IN THE OPTICS AND 
PHOTONICS INDUSTRY
12 – 1 PM Moscone West, Community 
Lounge (Level 2)

MICROLEDS FOR CONSUMER 
APPLICATIONS
1:30 – 2:30 PM Moscone Center, 
Expo Stage, Hall DE (Exhibit Level)

AMERICOM PANEL: WHERE HAVE 
ALL THE TECHNICIANS GONE? 
HOW OPTICS ECOSYSTEMS ARE 
BRINGING THEM BACK
2:45 – 3:45 PM Moscone Center, 
Expo Stage, Hall DE (Exhibit Level)

3D SENSING FOR CONSUMER 
APPLICATIONS
4 – 5 PM Moscone Center, Expo 
Stage, Hall DE (Exhibit Level)

OPTO AND SELECT BIOS 
POSTER SESSION
6 – 8 PM Moscone West (Level 2)
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continued on page 30

For the full schedule, see the technical 
program and exhibition guide or download the 
SPIE Conferences app. Some events require 
registration. 

Hot stuff: The target chamber of Lawrence 
Livermore National Laboratory’s National 
Ignition Facility, where 192 laser beams 
delivered more than 2 million joules of 
ultraviolet energy to a tiny fuel pellet to create 
fusion ignition on Dec. 5, 2022. Credit: LLNL.

continued on page 29
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Fraunhofer FEP’s organic silicon platform 
suits imagers, microdisplays, and sensors
For more than a decade, researchers at 
Fraunhofer Institute for Organic Electron-
ics, Electron Beam and Plasma Technol-
ogy (FEP) in Dresden, Germany (booth 
4515) have been working 
on OLED-on-Si technolo-
gy — in which OLED layers 
are integrated monolithi-
cally on CMOS. 

This design enables the 
development of optoelec-
tronic components such as 
light-emitting microdis-
plays for applications, such 
as in smart AR, VR, or MR 
systems or other wearables 
and data glasses, as well as 
detection components such 
as organic photodiodes. 

This week, FEP re-
searchers are presenting 
a universal organic-on-Si photonics 
platform that can be used to develop and 
realize devices for such different appli
cations in a standardized, thus cost-
effective way. They are presenting their 
latest results of the various backplanes, 
OPD image sensors, and OLED-on-Si mi-
crodisplays for an oxygen sensor.

Bernd Richter, deputy division manag-
er for microdisplays and sensors at Fraun-
hofer FEP, explains: “Our new photonics 

platform consists of an organic frontplane 
on an integrated Si-CMOS backplane. It 
enables a wide range of applications and 
the cost-effective implementation of varia-

tions from microdisplays to image sensors 
and optical sensors.

“For example, low- and high-bright-
ness microdisplays can be manufactured 
with various color schemes ranging from 
monochrome to selected color schemes, to 
full color RGB/RGBW.”

The technical capabilities of the plat-
form have been demonstrated in three 
application scenarios: 

The first is an image sensor using a 

stacked approach of an OPD frontplane 
on a CMOS backplane for an extended 
spectral range. The integrated image 
sensor uses an OPD frontplane that is 

vacuum processed and 
achieves higher sensi-
tivity than conventional 
CMOS image sensors in 
the near-infrared range. 

Secondly, an applica-
tion-specific microdisplay 
modification was realized 
using different OLED 
frontplanes with a uni-
versal 720p CMOS back-
plane. The RGBW version 
uses the full performance 
of the backplane. A white 
OLED with color filters is 
employed. This develop-
ment shows the possi-

bilities of the technology platform by 
integrating multiple filters. 

A two-color RGRG version yields 
a significant increase in luminance, 
which can be further optimized in effi-
ciency and brightness. 

A third version dealt with the imple-
mentation of a monochrome stack for 
particularly high brightness as well as 
the possibility to double the resolution.

MATTHEW PEACH

Miniaturized optoelectronic systems with emitter and sensor functions on a 
chip are realized with OLED-on-silicon technology. Credit: Fraunhofer FEP.

CEA-Leti details progress on AR building 
blocks, retinal projection, and holography
Reflecting CEA-Leti’s pursuit of develop-
ing silicon photonics and integrated optics 
for AR glasses, the France-based research 
institute (booth 959) is giving a tranche 
of updates on its progress on several tech-
nological building blocks, such as reti-
nal projection and holography. CEA-Leti 
representatives are highlighting no fewer 
than 15 papers and poster presentations 
at Photonics West.

The global market for AR glasses 
should grow from $12BN in 2022 to more 
than $74BN by 2032, a CAGR of 20.3 per-
cent, according to Future Market Insights.

CEA-Leti says silicon photonics now 
allows scientists to precisely manage the 
positioning of light on the surface of a de-
vice. It offers the ability to densify these 
light positions with extreme rates, allow-
ing the concentration of complex optical 
functions on small surfaces. Its applica-
tion on glass substrates, with silicon nitri
de as a guiding material, opens the way 

to applications related to the visual field 
and augmented reality.

CEA-Leti’s research on retinal pro-
jection has been structured around a 
breakthrough in adapting silicon pho-
tonics technologies in the visible spec-
tral range, instead of the infrared spectral 
range where they historically have been 
implemented.

“Implementation of pho-
tonic integrated circuits in 
the visible spectral range is 
a breakthrough because of 
the very strong dimension-
ing constraints associated 
with short wavelengths,” 
said Christophe Martinez, 
a lead and contributing 
author on several papers. 
“Our challenges are both 
technical, to establish the 
right manufacturing pro-
cesses, and theoretical, for 

example, to know the physical effects relat-
ed to these technology evolutions,” he said. 

While all vision-related applications 
use optical systems to project images on 
the retina, retinal projection uses only 
the eye to form the image provided by a 
device. Instead of transporting an image 
towards the eye, the device provides the 

information that allows the eye itself to 
generate the image.

Following its 2018 introduction of a dis-
ruptive concept for an integrated smart-
glass display for augmented reality glasses 
based on hologram pixelization for image 
formation, CEA-Leti will validate this ho-
lographic technology in its paper, “Evalu-
ation of a Pixelated Holographic Display 
Concept for a Near Eye Display, Recent 
Results and Technological Developments.”

The paper presents first convincing 
results on this imaging part by pixelated 

holograms and evaluates 
the transparency of these 
holographic components 
that must be integrated 
on glasses. In a near-eye 
display configuration, the 
paper also will show how 
a periodic distribution of 
holographic pixels of about 
25µm allows the projection 
of an angularly coded im-
age without an optical sys-
tem between the eye and 
the display.

MATTHEW PEACH

ISLIGHT MAKES 
DEBUT WITH 

SPECKLE-FREE 
SLEDS

Recent Tyndall National Institute 
spin-out iSLight, which has devel-
oped speckle-free, high-power blue 
superluminescent LEDs (SLEDs), 
is making its world debut on the 
Moscone Center exhibition floor 
this week (booth 4645).

The startup says that its novel 
devices currently offer a peak pow-
er of up to 2W at wavelengths across 
the blue spectrum, while technical 
lead Juan Salvador Dominguez 
Morales told Show Daily that the 
patented device architecture is ap-
plicable to other material systems 
— and so could also be fabricated to 
emit in the green, red, and infrared. 
iSLight is currently using Tyndall’s 
own wafer fabrication facilities in 

Cork, Ireland, but plans to en-
gage with commer-

cial foundries to 
scale up produc-

tion in the future.
MIKE HATCHER

CEA-Leti’s retinal projection devices use the eye as the unique optical 
system to form an image. Credit: CEA/Vendredi4 

Tyndall National Institute 
spin-out iSLight’s 
superluminescent LEDs 
offer speckle-free 
emission at 2 W.  
Credit: iSLight.

https://spie.org/conferences-and-exhibitions/photonics-west
https://www.futuremarketinsights.com/reports/augmented-reality-glasses-market
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Lumus shows off functional 
but aesthetic AR glasses
Israeli startup Lumus is showing off a 
prototype of its new “Z-Lens” augmented 
reality (AR) glasses at Moscone West this 
week, following a world debut at the recent 
Consumer Electronics Show in Las Vegas.

“In order for AR glasses to penetrate 
the consumer market in a meaningful 
way, they need to be impressive both 
functionally and aesthetically,” reck-
ons company CEO Ari Grobman. “With 
Z-Lens, we’re aligning form and function, 
eliminating barriers-of-entry for the in-
dustry, and paving the way for widespread 
consumer adoption.”

The latest iteration of the glasses fea-
tures the “Maximus” 2D reflective wave-
guide technology that first appeared two 
years ago. “With all of its improvements, 
Z-Lens unlocks the future of augmented 
reality that consumers are eagerly waiting 
for,” claims Grobman, pointing to advanc-
es including an optical engine half the size 
of its predecessor, and a new architecture 
that allows greater flexibility for glasses 

manufacturers to place the entrance ap-
erture in various positions.

“This allows for significantly more 
compact AR optics for natural-looking 
glasses that reduce the weight and bulk 
associated with many of today’s solu-
tions,” stated the firm, which is exhibiting 
alongside key partner Schott at the glass 
company’s booth.

The latest features include 2K x 2K 
resolution and a brightness of 3,000 nits 
per Watt, meaning that consumers should 
be able to enjoy AR in daylight through a 
pair of glasses virtually indistinguishable 
from a regular pair.

The Z-Lens architecture also allows for 
direct bonding of optical elements for pre-
scription glasses, something that can be 
licensed by manufacturing partners, and 
which would allow consumers to custom-
ize AR eyeglasses to their own prescrip-
tion without the addition of bulky inserts.

According to Lumus the new bonding 
feature also provides dynamic focal lens 

integration — something that may help 
solve the nausea-inducing effects of ver-
gence-accommodation conflict, caused by 
the brain receiving mismatched visual cues.

“Natural-looking glasses with aug-
mented reality functionality will unlock 
the consumer market and propel the 
industry forward,” Grobman predicts. 
“Manufacturers will need to create aes-
thetically appealing glasses before mass 
adoption can ever become a reality, and 
Z-Lens allows them to do exactly this.”

All Lumus ref lective waveguides 

contain a series of ‘cascading’ partially 
reflective mirrors that guide the signal 
through the waveguide into the viewer’s 
eye. These transflective, partial mirrors 
expand the image vertically and horizon-
tally, enabling a large field of view with a 
tiny projector hidden in the temple of the 
eyeglass frame.

Initial prototypes of the Z-Lens feature 
a 50-degree field of view, although the 
company says it is planning to increase 
that to 80 degrees with future designs.

MIKE HATCHER

The new “Z-Lens” AR glasses from Israeli company Lumus feature lenses produced by key 
optics partner Schott. A prototype version of the technology can be seen at this week’s 
SPIE AR|VR|MR exhibition in Moscone West. Credit: Lumus.

IPG digs deep with its latest UV lasers
Fiber laser specialist IPG Photonics is launching three 
new deep-ultraviolet (deep-UV) lasers at this year’s Pho-
tonics West, pointing to its expertise in nonlinear crystal 
material as the key to their development.

The new laser architectures are said to provide an 
easy-to-integrate, compact, and lightweight optical head 
tethered to a compact laser source — with the resulting 
tools reportedly ideal for micromachining and materials 
processing workstation integration.

Included in the range are 3W continuous-wave and 5W 
nanosecond-pulsed sources, both of which operate at 266 
nm. The single-frequency CW laser is aimed at applica-
tions in photolithography, inspection, and spectroscopy, 
while the pulsed laser is designed for micromachining 

tough materials like diamond, glass, and Teflon.
The third of the new deep-UV lasers is a picosec-

ond source delivering 5W at the shorter wavelength of 
257 nm, and is expected to find use in a variety of elec-
tronics manufacturing steps.

IPG’s senior VP of worldwide sales, Trevor Ness, said 
in a release from the US company: “Our success pushing 
deep-UV lasers to new reliable power frontiers is enabled 
by IPG’s proprietary nonlinear crystal technology, which 
is both more robust and [more] flexible than conventional 
frequency conversion materials.”

Also new from IPG this year is a series of six high-pow-
er, high-efficiency diode laser systems that are being 
tipped to replace infrared bulbs and gas-fired furnaces 

for industrial heating and drying. Available with output 
powers of up to 40 kW, the sources offer wall plug efficien-
cies in excess of 50%, with the potential for major savings 
in energy consumption while high energy costs persist.

“A diode heater operates cold, wasting no energy 
warming insulating walls or the factory floor,” says IPG. 
“Between batches the diode heater is off, not idling, so 
no energy is consumed when it is not needed.”

The company adds that laser light is able to dry below 
the surface of a target material, adding further to the ef-
ficiency when compared with a thermal convection oven. 
IPG reckons that its systems will work four times faster 
than conventional approaches, while taking up only a 
quarter of the floor space.

For more details on the deep-UV fiber lasers and new 
diode solutions, visit IPG at booth 327.

MIKE HATCHER

Photonic integrated circuits: 
countdown to launch

For the past 10 years, several groups 
worldwide have embarked on efforts 
to utilize photonic integrated circuits 
(PIC) to enhance the performance 
of instrumentation for astronomical 
telescopes. Martin Roth of Germany’s 
Leibniz Institute for Astrophysics pre-
sented work of the innoFSPEC Center 
in Potsdam, Germany that shows PICs 
hold promise for innovation in sectors 
like life science, medicine, sensing, 
automotive, and so on. He presented 
applications developed at innoFSPEC, 
notably PIC for integrated photonic 
spectrographs on the basis of arrayed 

waveguide gratings and the PAWS 
demonstrator (Potsdam Arrayed 
Waveguide Spectrograph), PIC-
based ring resonators in astronom-
ical frequency combs for precision 
wavelength calibration, discrete beam 
combiners for large astronomical 
interferometers, as well as aperiodic 
fiber Bragg gratings. 

Citing NASA’s JWST as some of the 
promise of PIC and other photonics 
technologies, Roth said, “Imagine if 
the optics could be compressed in a 
chip. That would be a great advance.” 

WILLIAM SCHULZ

By taking a closer look at one of Webb’s first 
images, the iconic Cosmic Cliffs, scientists 

have found dozens of energetic jets and 
outflows from young stars previously hidden 

by dust clouds. Credit: nasa.gov

https://www.nasa.gov/webbfirstimages
https://www.nasa.gov/webbfirstimages
https://www.nasa.gov/feature/goddard/2022/nasa-s-webb-unveils-young-stars-in-early-stages-of-formation
https://www.nasa.gov/feature/goddard/2022/nasa-s-webb-unveils-young-stars-in-early-stages-of-formation
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AI is driving innovation 
in healthcare and silicon 
photonics
Scientists at the forefront of artificial intelligence and 
deep learning anticipate a paradigm shift in photonics.

Artificial intelligence is a game-changer 
with the potential to revolutionize indus-
tries far and wide, and photonics is no ex-
ception. Sift through the 2023 Photonics 
West program and you’ll see AI-related 
algorithms have already been applied to 
optical computing, holographic data stor-
age, photonic component design — even 
otolaryngology. 

Indeed, healthcare is one field where 
AI and deep learning have already had a 
huge impact — evident during the Panel 
Session, ‘Transforming Healthcare via 
AI and Deep Learning’, held on January 
28. Here, independent consultant and 
past Director of Imaging, Diagnostics, 
and Software Reliability, at the FDA (US 
Food and Drug Administration) Kyle My-
ers, chaired the session, which included 
former SPIE president, Professor 
Maryellen Giger, from Radiolo-
gy at the University of Chicago, 
Charles Taylor of Heartflow, and 
medical start-up executives, Yair 
Riveson of Pictor Labs, and Lu-
cendi’s Zoltán Göröcs.

Talking to Photonics West 
Show Daily, Myers highlights 
how Heartflow has pioneered a 
system that analyzes CT images 
to estimate blood flow in coro-
nary arteries. “This is a multi-
step computational modelling 
process that’s a beautiful mesh-
ing of imaging physics, blood 
flow modelling and AI... and it 
estimates narrowing or blockages in the 
coronary arteries that could only be inva-
sively measured with a catheter,” she says.

Myers also points out how Giger’s 
start-up, QuantX — now Qlarity Imag-
ing — developed a deep learning platform 
to screen for early-stage breast cancer by 
characterizing lesions in magnetic reso-
nance images (MRI). During its journey 
to market approval, the device underwent 
the FDA De Novo process, which provides 
a pathway to market for novel devices.

“This was the first machine learning 
device to characterize breast lesions in 
MRI — the FDA wrote new guidance tell-
ing other companies what kinds of data 
would be required to validate such a tool,” 
highlights Myers. “This was a creative 
process between Giger and the FDA — she 
really created a pathway for a whole lot of 

different products that are now following 
in those footsteps.”

Design essentials
Never one to shy away from AI’s complexi-
ties, Professor Rajeev Ram, head of MIT’s 
Physical Optics and Electronics Group, 
looked at the use of electronic-photonic 
interfaces in deep learning systems, as 
well as quantum computing and next-gen-
eration brain-computer interfaces, in his 
OPTO plenary. As part of this, Ram will 
explore how AI and deep learning are be-
coming demand drivers and enablers of 
complex chip and system design.

For example, the MIT researcher 
points to how designers now think in sys-
tems rather than individual chips, and 
how end-applications drive everything. 

“Everyone is 
now asking, 
what it the end-
use application, 
what algorithm 

will this run on, how 
do we translate the al-
gorithm into an archi-
tecture and how do we 
translate that archi-
tecture onto photonic 
components?” he says.

And not surprisingly the tech-giants 
have led the way. For example in 2015, 
Google developed the Tensor Process-
ing Unit — an AI accelerator — to su-
per-charge machine learning tasks in its 
data centres. The TPU has since been used 
to power many Google applications, in-
cluding Street View for Google maps, and 
RankBrain for its search results.

“Companies like Nvidia and Google 
have been doing this for decades — and 
then they realised they had to develop 
their own silicon hardware to sit in their 

systems,” points out Ram. “But we also 
now have other companies, such as Ayar 
Labs and Luminous Computing, that are 
deeply involved with algorithms, archi-
tectures and components.”

“It’s a little bit different from the days 
when it was enough to have invented a 
new laser, a new detector,” he adds. “Pho-
tonic integration means you have to think 
about how [everything] works together.”

Along the way, machine learning has 
proven instrumental in the development 
of inverse design tools. Here, the ultimate 
function of a device is specified, with 
machine learning-based inverse design 
models then being used to optimise device 
performance.

As Ram points out, numerical simu-
lation can provide an 
initial device design 
for on-chip optical 
coupling. But then 
inverse design can be 

used to raise 
the coupling 
efficiency of 
that dev ice 
from say, 95% 
to 99%.

“It ’s that 
last few per-
cent that can 
be important,” he says. “We can really 
benefit from inverse design tools that 
use machine learning mathematics to 
fine-tune the design and get that last bit 

of performance that really improves the 
overall [device] quality.”

Inverse design applied 
to silicon photonics
Dr Jason Ching Eng Png, from the In-
stitute of High Performance Computing, 
Agency for Science, Technology and Re-
search (A*STAR), Singapore, is no strang-
er to inverse design and has been applying 
this AI methodology to silicon photonics. 
In his words, this approach is ‘having a 
tremendous impact’.

Together with colleagues, Png has 
developed a systemic framework of pho-
tonics device discovery based on deep 
learning and inverse design, which he 
discussed in his talk, ‘Deep learning dis-
covery of silicon photonic components’ on 
30 January in Session 3: Waveguide De-
sign and Applications I, Silicon Photonics 
XVIII of OPTO. Using this approach, the 
researchers have devised a series of inte-

grated silicon photonic power di-
viders, the fundamental building 
blocks of any photonic integrated 
circuit.

According to Png, the di-
viders have theoretical losses 
as low as 0.14 dB at a 1.55 mm 
wavelength, with a low loss 
bandwidth covering the entire 
telecommunication wavelength 
spectrum, from O- to U-band. 
He also points out how, critically, 
the devices simultaneously de-
liver low losses, wide bandwidth, 
an extremely small footprint and 
are very robust. 

Thanks to circumventing 
computationally-expensive 
physics simulations, the trained 
deep learning inverse design 
models massively accelerate the 
design process, reducing com-
putation processing times from 

days to minutes. “This is an impressive 
reduction,” says Png. “We’re reducing the 
energy used and our carbon footprint, 
and swiftly coming up with a series of 

Qlarity Imaging’s AI-based software helps radiologists to assess and characterize breast 
lesions. Credit: Qlarity Imaging / Business Wire.

Kyle Myers. Credit: SPIE.

Professor Keren Bergman, Director 
of the Lightwave Research 
Laboratory, Columbia University.  
Credit: K. Bergman.

Dr. Jason Ching Eng Png from 
the A*STAR Institute of High 
Performance Computing, 
Singapore. The institute has 
developed a systemic framework 
of photonics device discovery 
for silicon photonics based on 
deep learning and inverse design. 
Credit: A*STAR, Singapore.
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designs that we know can be realized and fabricated.”
Png has applied his inverse design algorithms to the 

design of other devices, including silicon photonic ar-
rayed waveguide gratings, halving the device footprint 
while meeting the necessary operating parameters. Given 
the smaller footprints of many of 
his designs, Png believes devic-
es will be cost-competitive with 
today’s chips, and is confident 
that foundries and component 
manufacturers will be keen to 
drive and implement designs 
within the year.

“I am being bullish about 
this, and in more challenging, 
cost-prohibitive applications, 
such as quantum photonics 
and flat optics, manufacturer 
adoption will take longer,” he 
says. “But silicon photonics are 
comparatively mature and use 
CMOS [manufacturing] lines — 
so we’ll see [adoption] take place 
in months.”

Energy relief
As business adopts more and 
more AI-designed systems, 
what is clear is that academia 
and industry alike will also lean 
more and more on AI. However, it’s no secret that the 
computers that use AI require gargantuan amounts of 
energy. Recent figures from University of Massachusetts 
Amherst researchers indicated that ‘training a single 
AI model can emit as much carbon as five cars in their 
lifetimes’. Clearly, when an AI model is improved by re-
peated training, the energy use will be significantly more.

As Professor Keren Bergman, Director of the Light-
wave Research Laboratory, Columbia University, puts 
it: “Energy use is a huge problem and what is really 
key, is that the problem isn’t static, it’s a problem that 
is growing every year — 
in the last five years, the 
size of AI applications has 
increased by five orders 
of magnitude.”

Given the scale of the 
problem, researchers 
have been eager to find 
out how energy consump-
tion takes place. Studies 
from Bergman, other sci-
entists, and industry play-
ers including Nvidia and 
Intel, have demonstrated 
that the movement of data 
devours far more energy 
than the actual computa-
tion itself. And this is where silicon photonics can help. 

Many researchers have been developing silicon pho-
tonics-based platforms to enable efficient computing 
across a system. In an invited paper on 2 February, in the 
Next-Generation Optical Communication: Components, 
Sub-Systems, and Systems XII, Bergman’s colleague, Dr 
Yuyang Wang from Columbia, will be describing a novel 
silicon photonic transceiver architecture that opens the 
door to ultra-high-bandwidth chip-to-chip optical com-
munication for future hyperscale data centers.

As Bergman points out: “We’re bringing the photonics 
interface to the chip, so it doesn’t really matter if you’re 
trying to move data centimeters, tens of meters or hun-
dreds of meters — we’re now in the optical domain so 
energy consumption and bandwidth remains flat.”

In their very latest results, 
Bergman and colleagues have 
also created an entire silicon 
photonic link with less than a 
quarter of a picojoule-per-bit. 
“Our ultra-low energy, 250 
femtojoule-per-bit link looks 
like it’s going to be a world re-
cord,” she says. “The bandwidth 
coming off the chip into today’s 
systems is almost a factor of 100 
less than that on the chip — but 
by bringing the photonic inter-
face to the chip we prevent this 
and ensure the bandwidth on 
the chip is also anywhere in the 
system.”

According to Bergman, she 
and colleagues still have to be 
careful of network latency but 
she reckons the technology will 
be commercialized in the next 
few years. An entire integrated 
photonic-electronic chip has 
already been fabricated at Tai-

wan Semiconductor Manufacturing Company Limited, 
TSMC, and her lab has also been collaborating with Intel 
and Nvidia. “This technology is revolutionary,” she says. 
“[Our architecture] takes system scaling to a whole new 
paradigm.”

Unsurprisingly, Bergman isn’t alone in her convic-
tion that the latest photonics technologies are breaking 
paradigms. MIT’s Ram also believes that photonics re-
searchers at Photonics West and beyond can look for-
ward to a very interesting future. As he emphasizes, in 
any quantum computer, the qubits reside in a quantum 

state that can be described by linear algebra — the lan-
guage of matrices and vectors — making it almost a 
natural system for performing machine learning — and 
AI-type functions.

“We’re seeing the rise of quantum systems that 
didn’t exist a decade ago, commercially. We’re seeing 
AI applications that are completely changing data center 
workloads,” he says. “It’s an exciting time, and all of this 
means it’s also a paradigm breaking time.”

REBECCA POOL

A*STAR’s trained deep learning inverse design 
models massively accelerate the design 
process, reducing computation processing 
times from days to minutes. Credit: A*STAR, 
Singapore.

Left: 3D illustration of the Silicon photonic power divider developed by Dr. Jason Ching Eng 
Png and colleagues at A*STAR. Right: The planar layout for the power divider.  
Credit: Dr. Jason Ching Eng Png.
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3D sensing beckons for longer-
wavelength edge-emitters
During Wednesday’s industry sessions, analysts from Yole Intelligence will 
discuss three emerging market areas. Ali Jaffal will cover 3D sensing, with a 
focus on the emergence of indium phosphide edge-emitting lasers:

Show Daily: What’s the motivation behind 
using InP-based edge-emitting lasers (EELs) 
instead of GaAs-based VCSELs in 3D sensing?
Ali Jaffal: The transition to a bigger display area in the 
smartphone is the core motivation for the move from GaAs 
VCSELs to InP EELs. Apple’s iPhone roadmap confirms the 
committed development to enlarge the 
screen to the total size of the phone, 
by reducing first the current notch (for 
imaging, proximity sensor, flood illu-
minator, and dot projector functional-
ities) to a smaller pill-shaped hole and 
then to a tiny punch-hole. It implies a 
shift from 940 nm to 13xx nm or 15xx 
nm wavelengths that are OLED trans-
missive, and therefore from gallium 
arsenide (GaAs) to indium phosphide 
(InP) sensors where the sensors will 
be below the OLED screen.

What other applications are 
suitable for this approach?
InP-based short-wave infrared 
(SWIR) devices could also penetrate 
in the rear lidar of smartphones for 
AR/VR applications thanks to their 
emission wavelength at 1380 nm. 
The longer infrared wavelength pro-
vides better contrasts, and reveals 

material details that are otherwise not visible with short-
er-wavelength illumination, especially in outdoor envi-
ronments. By designing a camera that operates at 1380 
nm instead of 940 nm, we can illuminate the scene with 
greater brightness and still remain well within the mar-
gins of eye safety requirements. In addition, the atmo-

sphere absorbs more sunlight at 1380 
nm than at 940 nm, which reduces 
background light interference, great-
ly improving the signal-to-noise ratio 
and enabling cameras with longer 
range and better image resolution

You mentioned the AirPod 3 
earbuds in your presentation 
abstract: what is the func-
tion of the InP sensors in this 
product?
For earbuds, we would like to clarify 
that the light source in the AirPod 
3 family is an InP LED and not an 
EEL. The AirPod 3s contain an im-
proved in-ear detection mechanism 
based on skin-detection sensors that 
are equipped with four InP SWIR 
LED chips that have two different 
wavelengths, as well as two InGaAs 
photodiodes.

continued on page 11

Yole Intelligence analyst Ali Jaffal 
will discuss “The dawn of the InP 
market in consumer applications” 
during Wednesday afternoon’s 
industry sessions on the Expo Stage.  
Credit: Yole Intelligence.

Future generations of Apple iPhones will see the black “notch” at the top of the smart phone, which contains sensor, 
microphone, and camera functions, shrink in size — thanks partly to incorporating InP-based EELs that are able to transmit 
through the display. Eventually the notch should be replaced by a small hole. Credit: Yole Intelligence.
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The InP-based devices in these earbuds are used as 
proximity sensors to differentiate the skin from other 
surfaces. The spectral response of human skin is char-
acterized by peaks and valleys. The reflectivity of human 
skin is relatively high (typically about 50-60%) at a wave-
length of 1065 nm and is relatively low (only 5-10%) at a 
wavelength of 1465nm. As a result, the presence of skin 
can be monitored by a sensor that emits light at 1065nm 
and 1465 nm, and measures the amount of light reflected 
from a target object at these wavelengths.

To what extent have InP EELs been adopted so 
far, and do you expect Apple to switch to InP 
EELs entirely?
As of today, the adoption of InP EELs for under-display 3D 
sensing applications has not yet happened. Nevertheless, a 
transition phase has already begun with the release of the 
iPhone 14 Pro model last year — it combines a SWIR prox-
imity sensor and an InP EEL placed under the screen, with 
GaAs vertical cavity surface-emitting lasers (VCSELs) 
squeezed into a small pill-shaped opening. It is notewor-
thy to mention that the 
InP proximity sensor 
is for depth sensing, 
while the GaAs VCSEL 
is for 3D sensing. The 
pill shape is expected 
to remain for the next 
three or four years, for 
the next standard and 
pro iPhone models, be-
fore the eventual inte-
gration of the complete 
set of sensors (prox-
imity and 3D sensors) 
under the screen in 
2025-2026.

Regarding the 
material platform for 
the under-display 3D 
sensing modules, as of today we see only InP EELs and de-
tectors thanks to their emission in the SWIR wavelength. 
But new developments are being made to overcome the 
limited bandgap of GaAs. For smartphone under-display 
3D sensing, IQE is currently working on a very promising 
new laser technology based on dilute-nitride GaAs, target-
ing a 13xx nm wavelength. However, this technology could 
take a few years to enter the market, leaving InP enough 
time to establish itself comfortably in this field. We do not 
believe that InP will cannibalize the GaAs VCSEL busi-
ness. Our understanding is that both technology platforms 
will co-exist in the future in different smartphone models.

What about companies other than Apple, are 
they also adopting this technology? Can you 
give any examples?
Android OEMs initially followed Apple’s example in imple-
menting a 3D-sensing feature. However, with limited end 
applications, for example AR/VR, Android OEMs were 
less proactive in including this feature in smartphones 
in the 2020-22 period. In addition, Huawei, one of the 
most active Android OEMs in implementing 3D sensing, 
was impacted by the US-China trade war and lost share in 
the handset market. Beside Apple, we see Honor using 3D 
sensing modules in their high-end smartphones, although 
their technology is based on a time-of-flight approach 
rather than the structured light technology of Apple.

What will be the impact of this trend on 
the market share of GaAs VCSEL suppliers 
like Lumentum and Coherent? Do these 
companies also provide the InP EELs, or are 
different suppliers required?
The adoption of InP-based devices instead of GaAs 
VCSELs for 3D sensing applications could heavily impact 
the photonics semiconductor industry. Indeed, potential 
adoption of InP for 3D sensing applications could result 
in a drop in the market share of GaAs VCSELs, even if 
InP will not completely cannibalize the GaAs business 
in these applications. 

Apple is a very attractive and innovative OEM, and 
everyone wants to be involved in its supply chain. Of the 
players already involved in that supply chain with GaAs 
VCSELs for Apple, such as Lumentum and Coherent, 
those two already have InP capabilities that are mainly 
used for datacom and 
telecom applications. 
They can provide InP 
EELs for consumer 
applications.

The adoption of InP in 
consumer applications in 
2022 has created a lot of ex-

citement in the InP industry. We have already seen tra-
ditional GaAs players, such as Freiberger, expanding 
their product portfolio to InP, and this is driven mainly 
by consumer applications.

What about InP VCSELs instead of edge 
emitters? Is this technology likely to find 
commercial use in consumer applications?
InP-based VCSELs are also potential candidates for the 
3D sensing applications. However, as of today the main 
technology used here is EELs. In our understanding, 
InP-based VCSELs represent a very small market. This is 
based on our discussion with some market players where 
we have seen a strong penetration of InP in datacom and 
telecom applications, EELs having the advantage for 
higher data rates and longer reach. Over the last years, 
officially Vertilas and Bandwidth10 are two of the very 
few companies producing InP-based VCSELs, for gas 
sensing and optical communication.

However, the story is likely to change in the coming 
years. Recently, we have seen Trumpf, a traditional GaAs 
player, demonstrating InP VCSELs emitting at 1380 nm 
on 4-inch InP wafers with 85% yield at the bare-die 
level. The expansion of Trumpf to the InP business is 
mainly driven by the prospect of InP adoption in the 
consumer market.

MIKE HATCHER

3D sensing� continued from page 09

Released in 2022, Apple’s iPhone 14 Pro model combines 
a SWIR proximity sensor and an InP EEL placed under the 
screen, with GaAs VCSELs squeezed into a small, pill-shaped 
opening. Credit: Apple.

Apple’s third-generation 
AirPods already include InP-
based LEDs that are used as skin 
proximity sensors to optimize 
sound quality. Credit: Apple.
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MicroLED displays: applications 
emerge but major manufacturing 
challenges remain
During Wednesday’s industry sessions, analysts from Yole Intelligence will 
discuss three emerging market areas. Eric Virey from the company will cover 
microLEDs and their potential for new displays. Virey outlines his thoughts here:

Show Daily: What exactly is 
a microLED? Is there a strict 
definition?
Eric Virey: There is no commonly ac-
cepted definition for microLED. Size alone 
is not sufficient. Some refer to microLEDs 
as any chip with a size below 100 microns. 
Others consider 50 microns or sometimes 
30 microns to be the limit. At Yole Intel-
ligence, we define microLEDs by a com-
bination of size, die architecture, man-
ufacturing technology, and application 
(see figure 1). In terms of die structure, 
one key difference between micro — and 
[conventional] miniLED is that in the for-
mer, the original epitaxial substrate (for 
example sapphire) is removed. The die is, 
therefore, very thin — typically less than 
5 microns — compared with miniLED, 
which is usually 80-100 microns thick.

Do they perform better than 
existing LED or OLED displays?
Like OLEDs, microLED displays are 
self-emissive; every single sub-pixel is an 
independently controllable light source. 
As such, microLED retains all the benefits 
of OLED, such as excellent contrast with 
deep blacks, wide viewing angles, high 
refresh rates, etc.

MicroLED, however, could deliver 

further improvements in brightness, pow-
er consumption, color gamut, lifetime, 
and environmental stability. Because 
the size of the emitter is very small com-
pared to the pixel area, they also have a 
high aperture ratio, so they can be highly 
transparent. This extra room in the pixel 
also allows the integration of various in-
plane sensors. Key players are working on 
gesture recognition, in-display cameras, 
proximity sensors, and more.

Unlike LCDs, which require a seal on 
the edge, and OLEDs, which need en-
capsulation to protect the fragile organic 
materials from oxygen and moisture, mi-
croLED displays can be bezel-free. This 
allows the building of seamless modular 
displays of any arbitrary dimension, in-
cluding very large sizes that are impos-
sible with traditional display technolo-
gies. For example, Samsung’s 89-inch 
microLED TV comprises 49 individual 
12.7-inch modules (in a 7x7 array).

Apple is working with its supply 
chain partners to start manufacturing 

microLED displays for its smartwatch in 
2024. The microLED chips will be pro-
duced at ams-Osram’s site in Malaysia, in 
a brand new, €800 million, 8-inch wafer 
fab for microLEDs.

What is now required for this 
technology to migrate to regular 
display panels in TVs or similar?
Cost is the major roadblock. Depending 
on the application, the cost needs to come 
down 20-50 times to realistically be con-
sidered for consumer applications. The 
challenge appears daunting. However, 

looking back at the histo-
ry of LCD volume produc-
tion, LCD costs decreased 
by a factor of 300, from 
$30,000/m2 to $100/m2, 
in 25 years (see figure 2, 
page 23).

However, the situations for LCD and 
microLED are different: LCD started 
from a blank canvas, and cost reduction 
opportunities lay across the board: ma-
terials, equipment, processes, etc. Once 
the low-hanging fruits were harvested, 
the bulk came from generation scaling, in 
other words substrate sizes. MicroLEDs, 
on the other hand, exist at the intersection 
of the mature semiconductor, LED, and 
flat panel display industries. This means 
that major reduction opportunities are less 
obvious. Still, in many cases, microLED 

Yole analyst Eric Virey will 
discuss the emergence 
of microLEDs during 
Wednesday’s industry 
sessions on the Photonics 
West show floor. Credit: 
Yole Intelligence.

Figure 1: MicroLEDs, as defined by Yole 
Intelligence analysts: manufacturing 
challenges remain, but the emerging 
display technology looks like the only one 
capable of providing the right combination 
of cost, brightness, efficiency, and size for 
AR glasses. Credit: Yole Intelligence.

continued on page 19
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Welcome to the optics.org Product Focus which we have published specifically for 
Photonics West 2023 in partnership with SPIE and the Photonics West Show Daily.
Here you will find an effective at-a-glance guide to some of the latest products available 
on the market with booth numbers if available making it easy for you to check out the 
products for yourself.

All this information and more can be found on the optics.org website. 
Simply go to www.optics.org for all the latest product and application news.  

Alternatively, why not sign up to our free weekly newsletter 
(www.optics.org/newsletter) and get the information delivered direct.

Optical Interfaces for complex  
laser applications 
Continuous growth in laser technology has broadened 
the requirements for more complex and higher 
performance systems. 
Specific applications demand the combination of 
multiple features that allow supporting polarization 
maintaining (PM) properties in the presence of higher 
optical power densities. 
Diamond offers power solution (PS) optical interfaces 
that support both requirements. 
The Diamond PM-PS interface addresses reliability issues 
related to optical power densities close to or above the 
damage (or safety) threshold for single mode fibers and 
the propagation of polarization information.

Contact Details
Diamond USA Inc.
85 Rangeway Road, Bldg. 3
North Billerica, MA 01862
USA   
www.diausa.com
sales@diausa.com
Tel: +1 978 256 6544  

Diamond USA, Inc.                             Visit us at Booth #3158 in Hall E

VMI Introduces New Power 
Supplies for Laser Applications
VMI’s new LPS Series is designed for critical HeNe 
laser applications and features options that include: 
Low Ripple (including EMI shielding), Remote 
Enable, CDRH Delay, and Epoxy Potting.
Parts may be ordered in a range of input voltage 
and output current combinations: 10kV – 5mA – 
11W, and the start run voltage can be negative or 
positive 10kV.
Designed and manufactured at our facility in Visalia, 
California, VMI’s power supplies are built to the same 
high quality and reliability benchmarks as all of our 
products. 

Contact Details
Voltage Multipliers, Inc.
8711 W. Roosevelt Ave.,
Visalia, CA, USA  93291
www.voltagemultipliers.com
sales@voltagemultipliers.com
Phone: +1 559 651-1402
Fax: +1 559 651-0740 

Voltage Multipliers Inc.        Visit us at Booth #5028

C-RED 2 Lite: TEC Stabilized camera for 
high precision SWIR imaging 
C-RED 2 Lite is a compact and robust TEC-stabilized high-
speed camera:

•  High performance 640 x 512 InGaAs sensor

•  600 frames/s and 30 e- readout noise

•  Guaranteed sensor temperature stabilization performance

•  Multiple heat dissipation options

•  Spectral range 0.9 to 1.7 μm with over 70% QE
C-RED 2 Lite is designed for high flux SWIR applications 
such as laser beam profiling, hyperspectral imaging, 
thermography, etc.
Discover C-RED 2 Lite on booth 1059F!
More information: https://www.first-light-imaging.com/
cameras/c-red-2-lite/

Contact Details
First Light Imaging
Europarc Sainte Victoire, Bat 5
Route de Valbrillant, Le Canet
13590 Meyreuil, FRANCE
www.first-light-imaging.com 
contact@first-light.fr
Tel : +33 (0) 4 42 61 29 20

First Light Imaging Visit us at Booth #1059F

BeamOn HR 4/3” (NEW!) 
Innovative 47MP (19.1mmx13mm) beam profiler 
with enhanced sensitivity at NIR, exceeding 1350nm.

•  Multiple active areas for multi beam analysis, 
working In parallel - up to 400 sectors.

•  Versatile – measures Profile, Power and Position.

•  Beam width resolution 1µm.

•  Spectral range 350-1600nm, 16 bit USB3.0 device, 
OS Win 10/11 Contact Details

Duma Optronics Ltd
1st Hazait Street Nesher 3675018 Israel
www.dumaoptronics.com
sales@duma.co.il

Duma Optronics Ltd                  Visit us at Booth #5037

New analog phase-nly Spatial 
Light Modulator - ERIS 
The new ERIS Spatial Light Modulator extends our 
broad SLM product range for applications with 
particularly demanding requirements. The SLM 
delivers extreme phase stability, low latency, and 
low crosstalk. 
The ERIS provides 8-bit phase levels by default but 
can also be operated in 10-bit phase mode.
The device features a dual-core ARM® Cortex™-A9 
processor with on-chip memory to program 
additional functionality, which is directly 
processed on the SLM. Memory can be extended 
using an SD storage.

Contact Details
HOLOEYE Photonics AG
Volmerstr. 1
12489 Berlin Germany
www.holoeye.com
slm@holoeye.com
Tel: +49 (0)30 4036 9380

HOLOEYE Photonics AG Visit us at Booth #1365

Integrated Imaging Solutions for 
Every Application
On display at our booth is the high-resolution Resolv4K 
Zoom lens system with coaxial illumination and new 
Pixelink PL-D7920 20MP color camera. 
The low magnification end of the zoom gives wide 
fields of view with no sacrifice in MTF while the high 
magnification end of the zoom delivers microscope 
objective like resolution at extremely long working 
distances. 
The LED-based coaxial light module pairs with the 
system allowing for even illumination across the field.

Contact Details
Navitar
200 Commerce Drive
Rochester, NY 14623  
www.navitar.com
Tel: +1 585.359.4000

Navitar Visit us at Booth #3136
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Free-Flex® Pivot Bearing
The Ideal Flexure Bearing Solution when it comes to: 
Optics, Photonics & Semiconductor Applications

•  Lidar & Free-Space Optical Communications

•  Interferometer Imaging Systems & 
Optomechanical Equipment

• Optical Imaging & Spectroscopy Microscopes

•  Precision Optical Components for Commercial & 
Defense Applications

• Semiconductor Manufacturing
Contact Details
Free-Flex® Pivots
215 Clinton Road, 
New Hartford, NY 13413 USA
www.flexpivots.com
PivotSales@Riverhawk.com
Tel: +1 315 768 4855

Free-Flex® Pivots                                                                      Visit us at booth #155

Near-Eye Display Test Solution 
with Electronic Focus  
The XRE Lens has a unique optical design 
specifically engineered for measuring near-eye 
displays, such as those integrated into virtual (VR), 
mixed (MR), and augmented reality (AR) headsets.
The patent-pending lens design simulates the size, 
position, and field of view of the human eye to 
measure displays as seen by the user—and offers 
additional advantages including electronic focus 
control, folded and non-folded configurations, and 
dual-eye measurement. 
 More information:  https://www.
radiantvisionsystems.com/products/imaging-
colorimeters-photometers/xre-lens

Contact Details
Radiant Vision Systems
18640 NE 67th Court
Redmond, WA 98052 USA 
www.radiantvisionsystems.com
Info@RadiantVS.com

Radiant Vision Systems Visit us at Booth #4228

Compact BiTec Spectroradiometer   
The BTS256-LED Tester measures luminous 
flux, illuminance, color quantities and spectra 
of individual LEDs and traditional light sources.  
Larger size light sources can be measured by 
attaching the tester to an external integrating 
sphere or goniophotometer.
Key components include a built-in 50mm 
diameter integrating sphere, LED auxiliary lamp 
for self-absorption correction, electronic shutter 
for offset compensation and GO BiTec Sensor 
that houses both a photopic photodiode and a 
low stray light design spectrometer which work 
together for accurate flux detection over a wide 
dynamic range.

Contact Details
Gigahertz-Optik
Boston North Technology Park
Bldg B - Ste 205
Amesbury, MA 01913 USA 
www.gigahertz-optik.com
info-us@gigahertz-optik.com
Tel: +1-978-462-1818

Gigahertz-Optik Visit us at Booth #2337

Nonlinear Crystals for your  
Photonics Applications  
EKSMA Optics offers a wide variety of nonlinear crystals, 
as well as technical consulting services helping to 
choose and specify optimal crystal material, orientation, 
and coating design for your particular application.

•  Harmonics generation – LBO, BBO, CLBO, KTP, KDP, 
and DKDP crystals

•  Frequency conversion at IR and mid-IR wavelengths 
- AgGaS2, AgGaSe2, GaSe, ZnGeP2, LiIO3 and KTA 
crystals

EKSMA Optics delivers optical components with 
high laser damage thresholds, low bulk, and low 
absorption. Our advantages include extensive technical 
knowledge, stringent quality control, and in-house 
coating facilities.

Contact Details
EKSMA OPTICS
Dvarcioniu st. 2B LT-10233 
Vilnius, Lithuania 
www.eksmaoptics.com
info@eksmaoptics.com
Tel: (+370) 5 272 99 00
Fax: (+370) 5 272 92 99

EKSMA OPTICS Visit us at Booth #341

Kentek introduces Prescription Rx Laser 
Safety Eyewear   
Kentek’s revolutionary new POLY-Rx™ Prescription Laser 
Safety Eyewear will change the way you view your laser work. 
We have combined our world-class laser radiation absorptive 
filters with standard ophthalmic lens technology. This means 
you can now have laser safety AND your vision correction 
filter in a single, thin, lightweight product.

•  Fit-overs, Rx Adapters and Clip-ons Can Now Be Eliminated

•  Worker Efficiency and Accuracy Are Elevated with 
Improved Vision

•  Ophthalmic Lenses Are Made to Your Exact Prescription for 
Optimum Sight

•  Accommodates Single Vision, Progressive and Other 
Prescriptions.

Contact Details
KENTEK Corporation
5 Jarado Way
Boscawen, NH 03303 USA
www.kenteklaserstore.com
info@kenteklaserstore.com 
Tel: +1 800.432.2323

KENTEK Corporation Visit us at Booth #454

1000 nm band Phase Modulators 
for fiber lasers
The Exail NIR-MP series are LiNbO3 phase modulators 
especially designed to operate in the 1000 nm 
wavelength band. 

They are available with various modulation bandwidths 
to accommodate a modulation frequency with low Vπ 
from low frequency to 30 GHz and beyond. 

The NIR-MP series use a proton exchanged based 
waveguide process that confers them an unparalleled 
stability even when operating at high optical power and 
large range of temperature or outdoor purposes. 

The NIR-MP phase modulators come with high PER and 
Low Insertion Loss options.

Contact Details
Exail 
3, rue Sophie Germain
25000 Besançon, France
www.exail.com
contact.photonics@exail.com
Phone: +33 2 96 04 10 50

Exail             Visit us at Booth #4843
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Custom Polymer Optics
Diverse Optics specializes in precision injection molding and single-point diamond turning of custom 
polymer optics. 
We do it all; prototyping to series production of free-forms, spheres, micro-optics, aspheres, domes, 
convex/concave, plano/convex, bi-convex, diffractives, Fresnels, prisms, light-pipes, lens arrays, 
collimators, combiners, toroids, CPC’s, TIR’s, parabolics, off-axis, ellipticals, and more.
Reduce cost, trim weight, improve performance, and simplify your product design by implementing 
precision polymer optics. Whether its thousands of molded optics or a few diamond turned 
prototypes, we’ll show you how polymer optics are perfected! 

Contact Details
Letty Trevino, Sales Engineer
Diverse Optics Inc., 10339 Dorset Street
Rancho Cucamonga, CA 91730   
www.diverseoptics.com
info@diverseoptics.com
Tel: +1 (909) 593-9330

Diverse Optics Inc. Visit us at Booth #1952

Laser Current Driver System
At Photonics West SFC Energy B.V. will introduce the 
LACS series. 

The liquid cooled 19” multiple channel fast current 
driver systems are specially designed for fiber laser and 
diode bar laser systems applications. 

The LACS series can be configured from 1 to 8 channels 
in the range of 500 - 5000 W optical power and are 
equipped with a safety interlock PLe. 

Join the product presentation on Wednesday 
February 1st, 2023 or visit our booth 2232. 

We look forward meeting you. 

Contact Details
SFC Energy B.V.
Twentepoort Oost 54
7609 RG Almelo
The Netherlands
www.sfc-power.com 
info-power@sfc.com
+31 546 540 030 

SFC Energy B.V. Visit us at Booth #2232

To announce your new product or to ensure your existing products get the 
visibility they deserve and are put in front of the industry’s key decision makers, 

make sure you are in the next issue of optics.org product focus.

Distributed at 

SPIE Defense+Commercial Sensing
30 April - 4 May 2023
Orlando, Florida, United States 

Copy Deadline - 15 March 2023
Contact one of our sales team on 

+44 (0)117 905 5330 
email sales@optics.org 

or visit us online to download the latest product focus media pack 
optics.org/advertise

20MP and 24MP High Resolution 
Industrial Cameras for Testing, 
Inspection and Analysis
20MP and 24MP High Resolution Industrial Cameras for 
Testing, Inspection and Analysis
Pixelink’s newest 20MP and 24MP cameras, the PL-D7920 
and PL-D7924, with Sony 4th generation IMX541 and 
IMX540 Pregius S sensors, offer fast, reliable, high-
performance imaging. 
The PL-D7920 is a 20MP CMOS camera, with global 
shutter and 1.1” sensor, offering resolution of 4512 x 4512 
and 21 fps. The PL-D7924, with Sony’s 1.2” IMX540 image 
sensor offers 2.74µm, 17.0 fps and 24 MP (5328 x 4608) 
resolution. 
Our newest USB3 global shutter models are available in 
color and mono, board level and enclosed.

Contact Details
Pixelink
1900 City Park Drive, Suite 410
Ottawa, ON, K1J 1A3, Canada  
www.pixelink.com
Tel: +1 613-247-1211     

Pixelink a Navitar Company Visit us at Booth #3136

Custom Microscope Objective 
Design for Ultra Precision Tolerances 
and Parameters 
Expert optical design and manufacture of multi-
element high NA precision assemblies with diffraction-
limited performance and microscope objectives for 
single wavelength sampling requiring commercial 
tolerance assembly techniques. 
Our innovative custom optical designs include water 
dipping and oil and water immersion objective lenses 
used for DNA sequencing, light-sheet microscopy, 
cleared tissue imaging, cell analysis and more. 
We support customers pushing the limits of 
microscopy in life science, biomedical, semiconductor 
and physical science research.

Contact Details
Special Optics
3 Stewart Court
Denville, New Jersey 07834
USA  
www.specialoptics.com
Tel: +1 973.366.7289     

Special Optics a Navitar Company Visit us at Booth #3136

http://www.optics.org
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hasn’t yet leveraged the many existing 
technology bricks and wafer processing 
equipment that could help deliver a 20-50x 
reduction at a faster pace than it took LCD.

The single largest contributor is the 
microLED die itself. The die cost essen-
tially scales with its area. The first gen-
eration of Samsung’s 110-inch microLED 
TVs used a die size of 75 microns by 125 
microns. Decreasing the die size to, say, 
10 microns by 10 microns would decrease 
die cost by almost 100 times.

Manufacturing yield is also a signifi-
cant cost contributor. MicroLED displays 
can be assembled cost-effectively using a 
mass transfer process where tens of thou-
sands of microLEDs can be assembled in a 
single pick-and-place operation. But even 
if you achieve a 99.5% yield on an 8K TV 
with close to 100 million microLEDs, you 
will still have about half a million defec-
tive sub-pixels! Since these are randomly 
distributed across the surface, they have 
to be replaced individually, and the re-
pair cost becomes unmanageable. The in-
dustry must, therefore, make significant 
progress in yield management and repair 
technologies.

What are the major technological 
hurdles that need to be addressed 
before microLEDs can be 
mass-produced?
At this stage, I would say that all the fun-
damental technology bricks exist. Micro
LED is no longer a science project — it is 
a massive manufacturing and cost-reduc-
tion project.

An increasing number of established 
semiconductor and equipment makers 
have developed and are now offering com-
mercial microLED mass transfer, repair, 
and testing equipment and solutions. This 
is a paradigm change: until 2020, a com-
pany interested in developing microLED 
displays first had to invent its own trans-
fer process and build the corresponding 
equipment. Fast forward to 2022, and 
more than a dozen tools are available 
off-the-shelf from reputable display and 
semiconductor equipment manufactur-
ers. The availability of these off-the-shelf 
tools is lowering the barrier to entry and 
accelerating development cycles.

What role do you expect 
industrial lasers to play in 
microLED manufacturing?
Lasers will play an essential role in mi-
croLED display manufacturing. Use in 
TFT (thin-film transistor) manufacturing 
for annealing, cutting, and circuit lift-off, 
similar to OLED, will remain unchanged. 
In addition, laser-based mass transfer 
processes to assemble the display are rap-
idly gaining ground. They are competing 
with slightly more mature “stamp-based” 

processes. The two are often opposed, but 
each has its pros and cons, and we believe 
that both will actually coexist, sometimes 
within a single workflow. For example, a 
laser transfer can be used to detach the 
die from a carrier and eliminate known 
bad dies, and a stamp-based process can 
be used for the final assembly.

MicroLED displays� continued from page 13

continued on page 23

Samsung has 
launched 
its 89-inch 
microLED TVs, 
but with each 
one costing 
$100,000 it will 
remain a niche 
product. Credit: 
Samsung.
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Edmund Optics: global 
player with family values
Show Daily caught up with Marisa Edmund — the recently 
appointed third generation family member to head the 
Edmund Optics Board — ahead of Photonics West.
Edmund Optics has come a long way since 
the New Jersey company was founded in 
1942. Initially named Edmund Salvage 
Corporation, amateur photographer Nor-
man Edmund started the business to sell 
military-surplus optical parts like lens-
es. When Norman retired in the 1970s, 
his son Robert split the by-then much 
expanded consumer and industry arms 
of the business into two companies: Ed-
mund Scientific and Edmund Optics (EO). 
Fast forward to today and EO has over 
1200 employees and is a leading global 
manufacturer and supplier of optics, im-
aging, and photonics technology, offering 
more than 37,000 unique optical compo-
nents to customers across the world.

With retirement beckoning, in 2022 
Robert passed the torch on to two expe-
rienced EO executives Samuel Sadou-
let and his daughter, Marisa Edmund, 
who are now CEO and Chairman of the 
Board, respectively. On announcing the 
appointment of his daughter to this new 
role, Robert said: “With her experience, 
leadership qualities, and inspiring vision, 
Marisa is uniquely positioned to guide 
Edmund Optics into the future. I am also 
proud to see our Edmund family legacy 
continue.”

Show Daily: Are you enjoying 
your new role?
Marisa Edmund: I’ve worked in the 
business 25 years, ostensibly 46 years if 
you count growing up in my dad’s office for 
weekends and anytime I was sick. When 
I was a child, they put a cot in my dad’s 
office and I got to stay in there with him. 
So, I had a different childhood than most 
people, immersed in the business even at 
two and three years old. Having said that, 
I have big shoes to step into. My father 
made a huge impact on the industry and 
among our family. But I feel like I’m ready 
to take over and I’m enjoying the role.

How does it compare to your pre-
vious roles at EO?
The biggest difference is that I really have 
to take a big step back and look at the com-
pany from a much more strategic position. 
I have to think about what the compa-
ny needs in five years, what the family 
needs (because we’re still 90% owned by 
the family), and then figure out how to 
marry those two priorities in a long-term 
strategic plan.

What are the key challenges EO 
is dealing with right now?
Everyone at Photonics West is going to 
be talking about the impact of inflation, 
the impact of currency exchange rates, 
and certainly the geopolitical tensions 
we have in Europe and some other plac-
es. The interesting part about Edmund is 
that now we are global, we’re able to 
mitigate some of those risks by having 
operations in 13 different countries 
and collaborating with partners, or 
other sister factories. For example, 
if there’s a shipping issue in the UK, 
maybe we can reroute through Sin-
gapore. Or if a customer would pre-
fer not to get their products from a 
certain country, maybe I can offer it 
through our manufacturing in Germa-
ny or the US. Logistically, we’re able 
to leverage all those unique locations 
so that we tend to be able to overcome 
those hurdles pretty quickly and keep 
our lead times low.

Something unique about the optics 
industry is that the company you could 
consider as a competitor or a customer 
or a vendor often becomes all three to 
everyone. A lot of industries are very 
litigious or they’re worried about IP, 
whereas our industry looks to see how 
we can help one another. I think the 
optics industry, which has always been 
based on collaboration, is going to be 
leaning on each other even more in 2023 
to deal with these challenges.

Do you have plans to take EO 
in any different directions?
We’re very committed to our foundation 
which everyone knows is service and pro-
viding the widest breadth of optics and 
photonics products in the marketplace. 
But some of the opportunities to improve 
the company are really around a lot of 
our new technologies, specifically laser 
optics. We’re making a huge investment in 
our laser optics products, our technology, 
our experts.

We acquired a company a few years 
ago — Quality Thin Films in Oldsmar, 
Florida — and we recently moved it to 
a new facility that’s three times bigger. 
So I have high hopes for this facility to 
do significantly more laser optics for us 
than what you see in the catalogue and 
also continue down that precision scale 
towards ultrafast laser optics.

What exciting new products are 
you working on at EO?
As I mentioned, we’re doing a lot around 
ultrafast optics, and we’ll have those at 
Photonics West and in our new spring cat-
alogue that’ll be coming out in January. 
One thing we’re specializing in and that 
I’m pretty excited about is ruggedizing 
optics so they can be sent anywhere. Op-
tics are going into all sorts of neat and 
interesting places today, including optics 
designed for really harsh environments. 
We’ve worked with customers using 
drones to ensure that their herd of cattle 
is in the right place and researchers con-
ducting iceberg research. 

Right now, we talk about space quite 
a bit and that just requires a level of rug-

gedization never before seen. If you think 
about the temperature differences and 
the things that happen when an optical 
assembly goes into space, trying to han-
dle that and find materials that are space 
friendly is a huge challenge, and our team 
has been able to do that pretty successful-
ly. We’re taking what were once lab-grade 
optics, lab-grade capabilities, and then 
putting them into real-world super harsh 
environments like space.

As the only female chairperson 
in the industry, are you keen to 
see greater diversity in the optics 
community?
I think optics and photonics is challenged 
in the same way that a lot of other STEM 
fields are challenged in terms of encourag-
ing women and minorities to get involved 
and to look at it as a career path. One of 
the things I did when I began my full-time 
employment here in 1998 is evaluate how 
well we support female employees from 
our benefits and the things that we offer 
to them. And so I restructured the benefits 

program to ensure that we had daycare re-
imbursements, gym benefits, and the right 
types of healthcare that would support 
women being in work full-time. We spent 
a lot of time building what I would call 
a family-based culture of values, which 
contains DEI [diversity, equity, and inclu-
sion] programs, benefits programs, and 
inclusive environments where everyone 
feels welcome. There have been times in 
our company where 60% of our techni-
cal-facing staff have been women, so it’s 
been successful.

Something I now do personally is 
ensure that I’m meeting with all of our 
interns over lunch, and as new staff are 
coming in onboarding them and ensuring 
that they understand our values and that 

not only are we a woman-owned com-
pany, we are a woman-run company. I 
want them to realize that if I can do it, 
they can do it. I would just encourage 
everyone to look at their DEI programs 
and think about their benefits, what 
they have to offer, and what they could 
be doing to ensure their environments 
are more inclusive.

What are your priorities 
long term?
I’m not sure that optics is fully recog-
nized in the way it needs to be, given 
its importance to the future and future 
technology. So I think it’s incumbent 
on a lot of us as corporations and part-
ners in the industry to have awards and 
recognition that enable a greater level 
of visibility. Our annual Educational 
Award and Norman Edmund Award 
are really trying to encourage innova-
tion at schools and research labs, and 
also provide them the recognition they 

deserve for the projects that they’re doing. 
Our Educational Outreach Division also 

does a fabulous job of getting the message 
out there. We give out free optics kits to 
schools. We have schools, summer camps, 
and other youth organizations come on site 
here several times of month to do training 
and receive free optical kits. And about 
60–70 employees volunteer their time 
outside of work to go and attend science 
fairs and other events throughout the US 
to educate young people about optics.

How do events like Photonics 
West contribute to enhancing the 
optics industry’s visibility?
I think overall Photonics West and a lot 
of our global shows are an incredible op-
portunity to get visibility to the optics 
industry to people who don’t know what 
it is or who think we make eyeglasses. The 
more people we can get to the Show, the 
more visibility we give our industry and 
the more opportunity for both funding 
and recognition in the future.

Marisa Edmund, the third generation Chair of EO 
Board. Credit: Edmund Optics.

continued on page 23
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Where can attendees connect 
with EO at Photonics West?
This year, we have two EO booths 
in the exhibition space. At the main 
booth, we’ll be talking about custom 
manufacturing for aspheres and fil-
ters. In addition to that, we have this 
really neat high-resolution telecentric 
lens demo incorporating a lot of new 
sensor technology. Our second booth 
is going to be just about the new laser 
optics coatings that we’re doing and it’s 
going to be staffed by our unbelievably 
talented laser optics team from around 
the world. So they’re going to be show-
casing their talent and what we have to 
offer, as well as the new Florida facility 
and all sorts of exciting samples and 
demonstrations. 

We’re also sponsoring the Start-
up Challenge, giving a few talks, and 
Edmund employees will be milling 
around talking to vendors and small 
companies to collect ideas for new 
products for our catalogue and mar-
ketplace. We’ll be looking for innova-
tive companies who can be added on 
our website and have global exposure 
to their products and ideas.

BEN SKUSE

Edmund Optics� continued from page 20

Laser transfer uses UV lasers, often 
excimer sources, although we’re starting 
to see tools based on DPSS lasers.

When will we start to see mass 
production of microLED displays 
for consumer applications?
A few products are already available, such 
as Vuzix AR glasses and Samsung’s 89-
inch microLED TV. This TV costs more 
than $100,000, though, so it’s not likely 

to move the needle much for the glob-
al display industry. We expect Apple’s 
smartwatch to be the first real high-vol-
ume consumer product. Manufacturing 
ramp-up is scheduled for 2024, but that’s 
an aggressive schedule. Any production 
ramp glitch and the schedule would slip 
to 2025.

We don’t expect any meaningful adop-
tion for TVs until around 2026-2027. 
Automotive applications could emerge 
around the same time.

Do you think that microLED will 
remain a niche technology, or to 
be adopted widely?
We struggle to provide a cost model where 
microLED could be significantly cheaper 
than OLED. MicroLED will likely never 
compete with LCD, which will probably 
remain the workhorse for TVs, monitors, 
and even automotive. If successful, howev-
er, microLED could be a serious competitor 
for OLED in high-end TVs, automotive, or 
smartphones, but that’s still a way ahead.

Microdisplays for augmented reality 
glasses is another story. For this applica-
tion, microLED is the only display technol-
ogy capable of providing the right combi-
nation of cost, brightness, efficiency, and 
size. The challenge is in realizing full color 
microdisplays since there is not yet any 
good solution for producing all three col-
ors on the same LED epiwafer and at the 
required size. Until full-color microLED 
microdisplays are available, liquid crystal 
on silicon and MEMS-based displays are 
set to continue dominating the field.

MIKE HATCHER

MicroLED displays� continued from page 19

Figure 2: Matching the cost reduction 
pattern achieved with LCD panels will 
be a major challenge. The single largest 
contributor is the microLED die itself.
Credit: Yole Intelligence.
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SPIE works with industry and 
policy makers to update export 
control regulations
National security concerns and associated export prohibitions can conflict 
with technology manufacturers’ hopes of selling their goods overseas — 
meaning that careful lobbying is needed to navigate a route to permissible 
international trade.
For many years SPIE has been hearing from our com-
munity on the impacts of export controls and the need 
to assist regulators to make informed decisions. We have 
worked diligently with businesses and universities in 
our community on proposals to make changes to the 
international agreements governing export controls for a 
significant portion of the developed world. This process, 
as one might imagine, is long and bureaucratic with 
many potential pitfalls along the way that can derail a 
proposal from being adopted. Thanks to a consistent and 
collaborative effort from SPIE and the business com-
munity we have recently seen positive updates to two 
regulations that will have direct impact to the optics and 
photonics community.

Wassenaar Arrangement 
In December, 2022, the Wassenaar Arrangement (WA) 
announced the agreements that were adopted by the 42 
participating countries for 2022. Among these proposals 
includes two laser proposals that SPIE helped shepherd 
through the system through our work as chair of the 
Sensors and Instrumentation Technical Advisory Com-
mittee (SITAC) at the Department of Commerce and 
co-lead of the WA Laser Working Group in conjunction 
with Spectaris. 

One of the proposals adopted increases the power 
limit for high-powered non-tunable pulsed green lasers 
from 50W to 80W. SPIE worked closely with representa-
tives from affected companies and the US government to 
bring forward this proposal. Commercial applications for 
these types of green lasers include photovoltaic produc-
tion, micro-electronics manufacturing, glass processing, 
and other industrial applications. Power levels are key 
to faster manufacturing productivity. This is because 
to increase the pulse frequency you must increase the 
power level. 

The limit of 50W of power in regulation put companies 
with manufacturing based in countries that comply with 
WA agreements at a competitive disadvantage because 
a license was required to export outside the country be-
yond this power limitation. However, there are multiple 
companies based in China that manufacture this type of 
green laser exceeding the power threshold of 50W, for 
example the companies YSL Photonics, Logan Laser, 
and Beijing ZK Laser. China is not a member of WA and 
therefore does not comply with the international body’s 
export restrictions. Increasing the wattage limit to 80W 
puts companies based in WA countries on a more even 
playing field to compete with this Chinese companies in 
the international marketplace.

Single mode semiconductor lasers 
The second proposal adopted makes changes to an entry 
controlling single mode semiconductor lasers with a 

wavelength greater than 1,510nm. SPIE worked closely 
with both Luminar and the US government on this pro-
posal. In order to increase the power level for automotive 
lidar applications, we requested that the wavelength 
in the applicable entry to be changed to 1,570nm. This 
change moved lasers between 1,510nm and 1,570nm to a 

different regulatory entry. We then requested the power 
limit of this entry to be increased from 1.5W to 2W. 

Increasingly single-mode, eye-safe laser diodes have 
been used for automotive lidar applications. By increas-
ing the power limit to 2W for these lasers, we have cleared 
the path for commercial development of this technology 
without fear of export restrictions.

“We applaud the US government, in particular BIS, 
and the participating governments for agreeing to update 
export controls on single mode semiconductor lasers in 
light of the significant scientific advancements being 
achieved,” said Luminar Vice President of Sensor Devel-
opment Joe LaChapelle. “Our Freedom Photonics team 
at Luminar can now demonstrate over ten watts of single 
mode laser diode output in the C-band. Updating CCL 
6A005 will allow significant cost and power savings im-
provements for high performance lidar systems utilized 
in proactive automotive safety systems and we appreciate 
the efforts of SPIE to connect industry with government 
to ensure the photonics industry is represented in these 
important policy decisions.”

Meeting at Photonics West 2023
At Photonics West this year, SPIE and Spectaris are once 
again hosting a meeting of the WA Laser Working Group 
to discuss export control proposals for 2023 submission. 
The meeting is part of the industry program and is open 
to the public. Stakeholders within the laser community 
are highly encouraged to attend and participate. Wednes-
day 9:00 AM – 10:00 AM PST | InterContinental Hotel, 
Sutter (5th Floor).

JENNIFER O’BRYAN

Jennifer O’Bryan. 
Credit: SPIE.

Now part of Headwall®

Creating a Spectrum 
of Optical Solutions

ü Large-Area Microlens Arrays
    & Micromirror Arrays

ü Diffraction Gratings

ü Diffractive Optics

See us
in Booth

4919

ü Up to 300mm
    Wafer Processing

ü Panel Sizes up to Gen 3.5

info@holographix.com
www.holographix.com

+1-978-562-4474
Scan to learn about our 

32-Element Grating Sampler

https://spie.org/photonics-west/event/spie-spectaris-wassenaar-laser-working-group/2662788?enableBackToBrowse=true
http://www.holographix.com


Customized Diffractive Optical Elements
HOLOEYE provides customized DOEs based 
on your optical and mechanical specifi cations. 
Our development service includes all steps: 
from design and simulation, mastering and 
tooling to volume fabrication and quality test 
and implementation support. We support 
developments of one-off prototypes and 
larger numbers. 

A selection of DOE types realized so far:

•  Beam Splitters and Fan-Out Gratings
•  Pattern Generators
•  Diffractive Diffusers
•  Diffractive Beam Shapers
•   Difffractive Axicons, Vortex Beam 

Generators and Lenses

We are happy to whenever possible offer a 
solution for challenging specifications, like 
beam splitters with very large fan angles, 
complex intensity distributions and high 
uniformity and efficiency.

Standard Diffractive Optical Elements
HOLOEYE offers a broad range of off-the-
shelf elements. They can be integrated 
into your product directly, or be used for 
demonstration and proof-of-concept, later 
followed by a development of a custom 
DOE. The DOEs are made from polymer 
materials or fused silica or realized as 
polymer-on-glass components. 

Available standard beam splitter and 
pattern generator DOEs:

•  Lines & Dot Lines
•  Multi Lines & Grids
•  Dot-Matrix Arrays
•  Crosshairs
•  Circles & Dot Circles
•  (Pseudo-) Random Dot Patterns
•  Viewfi nders
•   Special Patterns (rings, grids, hexagonal 

arrays)

HOLOEYE Diffractive Optical Elements 
(DOEs)

Visit our booth so 
we can help you 
take your project 
to the next level!

Booth #1365

Spatial Light Modulators
Diffractive Optical Elements

LCOS Microdisplays

www.holoeye.com

FEATURES
Colloidal quantum dot sensor, optimized for SWIR and eSWIR
SWIR (400-1700 nm) and eSWIR (350-2000 nm) sensors available
Multiple resolution options, up to 1920 x 1080
15 µm pixels
Global Shutter; support pulsed and CW beams
M2 measurements
GigE or USB 3.0 GigE or USB 3.0 with 3m screw locking cable

WinCamD-QD

Booth 3150

http://www.holoeye.com
http://www.pibond.com
http://www.dataray.com
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AmeriCOM proposes a solution to address the 
growing need for technicians

As the expansiveness of Photonics West 
shows, the optics and photonics industry 
is booming. Photonics is enabling an im-
pressive and growing number of applica-
tions and industries. As this technology 
advances, the demand for skilled techni-
cians in the fields of optics and photonics 
is also increasing. Optics and photonics 
technicians are responsible for design-
ing, assembling, and testing products that 
use light-based technologies. These prod-
ucts include optical components such as 
lenses, mirrors, and prisms and photonic 
components such as lasers and detectors 
— many of the products seen on the ex-
hibit floor this week. 

This demand for technicians and the re-
lated shortages will be addressed at a pan-
el discussion today hosted by AmeriCOM 
— the American Center for Optics Man-
ufacturing. AmeriCOM is working with 

optics manufacturing companies, commu-
nity partners, and academic institutions 
to create regional ecosystems as part of a 
Workforce Development Initiative to iden-
tify and train new technicians.

“Our goal is to increase the capacity 
and quality of skilled optics technicians 
by a factor of 16 — from less than 50 per 
year to more than 800 per year by 2025,” 
says panelist and AmeriCOM’s National 
Marketing and Workforce Development 
Operations Director, Josanne DeNatale.

In hosting the panel, AmeriCOM aims 
to show the impact a coordinated partner-
ship between industry and academia can 
have on increasing the number of people 
entering the field. Hopefully, recruiting 
more companies to get involved in the ef-
fort; as DeNatale notes, “companies need 
to be our most vocal ambassadors for the 
field of optics, a field largely unknown to 

the general public. Other ways to support 
this effort include advising local colleges 
on optics curricula, encouraging experi-
enced professionals to serve as adjunct 
professors, participating in apprentice-
ship programs, or offering shadow days 
or tours of their facilities to students in-
terested in optics.”

Partnering with academia is an es-
sential part of AmeriCOM’s mission as 
fellow panelist Dr. Amanda Meier of Front 
Range Community College (Colorado) 
confirms, “Our Optics Technology pro-
gram must stay connected with industry 
partners and AmeriCOM to provide rele-
vant skills training for optics technicians 
on state-of-the-art equipment, in addition 
to helping market our program and career 
options to fill the optics technician pipe-
line.” As the Program Director and Fac-
ulty in Front Range’s Optics Technology 
Program, Meier has seen firsthand how 
acute the need for technicians is. Since 
joining the program in 2020, she knows 
of only one student who completed the 
program not finding a job — and that was 
primarily due to citizenship requirements 
by the employers in the local area.

All the way across the United States 
from Front Range Community College, 
employers in New York are seeing the 
same demand for technicians. Director 
of Technology Mike Hyman says Opti-
max is looking to their local community 
colleges, trade schools, and traditional 
recruitment efforts but has also benefit-
ed from apprenticeship programs offered 
by AmeriCOM and others. He puts the 
number of technicians hired over the past 
three years over 200, making up a large 
part of their growing workforce. Hyman 
will be a participant on today’s panel and 
will present on their strategic partnership 
with AmeriCOM, including as a technical 
collaborator with AmeriCOM’s technol-
ogy and development group. “This helps 
us communicate what skill sets we think 
are needed in the future,” says Hyman. 
“These collaborations address our needs 
now and ensure there is alignment for our 
needs in the future.” 

SPIE is also working to help address 
this growing need with scholarships for 
students pursuing technician certificates 
or degrees. In addition, they are also host-
ing educational materials in partnership 
with OP-TEC and others, promoting the 
field and jobs through web advertise-
ments, and creating marketing collateral 
for institutions or companies to use in 
their recruitment efforts.

With 1300 exhibiting companies at 
Photonics West all working to develop the 
next great product, our growing industry 
will need to come together and collab-
orate to find solutions to this need, and 
AmeriCOM hopes to be a catalyst to this 
collaboration. DeNatale notes, “For every 
optics engineer focused on innovation, we 
need ten optics technicians to bring that 
innovation to market.”

And Hyman sees the benefit of having 
someone help form the collaborations, 
“other optics manufacturing compa-
nies should consider working with 
AmeriCOM to help leverage resources 
within their geographic regions. In ar-
eas where resources are not available, 
AmeriCOM can help those companies 
with guidance and strategic partnerships 
to help bridge gaps.”

Business Development Manager at 
Thorlabs, Navid Entezarian, agrees, 
“AmeriCOM is the catalyst that can 
bring public and private sectors togeth-
er to achieve something greater than the 
sum of their parts. They’ve formulated the 
many steps required to set up a new optics 
training lab in their Playbook, which I 
recommend reading for anyone contem-
plating getting involved.”

Like many of the scientists and engi-
neers in attendance this week, AmeriCOM 
is trying to solve a complex problem and is 
looking for passionate collaborators and 
industry partners at Photonics West. They 
are tackling a big problem, but the optics 
and photonics industry has repeatedly 
proven capable of meeting challenging 
targets and AmeriCOM and its partners 
are not backing down.

KEVIN PROBASCO

WANTED: Optics 
and Photonics 
Technicians

ATTEND TO  
LEARN MORE

AmeriCOM Panel: Where Have 
All the Technicians Gone? 

How Optics Ecosystems Are 
Bringing Them Back

February 1, 2023
2:45 PM – 3:45 PM

Moscone Center, Expo Stage, Hall DE 
(Exhibit Level)

Credit: SPIE.

Credit: SPIE. Credit: SPIE.

https://americom.org/wp-content/uploads/2023/01/AmeriCOM_Playbook.pdf


CAREER HUB
Moscone West, Career Hub (Level 1) 

Gain insights and tips to help advance your career and workplace satisfaction. Hone valuable 
job skills and focus on career development at the professional development events onsite 
on the Career Hub Stage, check the SPIE mobile app for current list of sessions and times. 
Build your schedule and don’t miss opportunities to make valuable connections.

SPIE Job Fair
Tuesday 31 January • 10:00 AM–5:00 PM

Wednesday 1 February • 10:00 AM–5:00 PM
Moscone Center, Career Hub (Level 1 West)

Speak with hiring companies
Connect with company representatives looking for qualified candidates. Hone your interviewing skills, 

prepare your resume, and explore job opportunities in the photonics industry.

spiecareercenter.org

2023 JOB FAIR EXHIBITORS

Visit the SPIE Mobile event app or the website for current list of Job Fair exhibitors

Services from SPIE to get your job search on track
Free Professional Headshots
Get your free professional portrait taken during  
SPIE Photonics West.
31 January 2023 • 10:00 AM–5:00 PM  
Moscone Center, Level 1 West 

31 January 2023 • 10:00 AM–5:00 PM  
Moscone Center, Hall F (Exhibit Level) 

1 February 2023 • 10:00 AM–5:00 PM  
Moscone Center, Level 1 West

1 February 2023 • 10:00 AM–5:00 PM  
Moscone Center, Hall F (Exhibit Level)

2 February 2023 • 10:00 AM–4:00 PM  
Moscone Center, Hall F (Exhibit Level) 

SPONSORED BY

Resume Review
Bring your resume to receive tactical tips and tricks from a 
professional resume reviewer.

31 January 2023 • 10:00 AM–5:00 PM 

1 February 2023 • 10:00 AM–5:00 PM 

Career Networking Mixer
A casual mixer to chat with recruiters from the Job Fair and other 
industry and academia professionals about careers in the optics 
industry.

31 January 2023 • 4:00 PM–5:00 PM

http://www.spiecareercenter.org


C-WAVE. Tunable Lasers. Cobolt. Single & Multi-line Lasers. C-FLEX. Laser Combiners.

High performance lasers with dependable excellence

VALO. Femtosecond Lasers.

In the Art of Making Lasers
Talk to our laser experts: BiOS 8365 & PW 3365
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• QUADRANT AND LATERAL-EFFECT          
POSITION SENSORS FOR 800 — 1650 nm 

• InGaAs AND Ge PHOTODETECTORS 

• InGaAs APDS 
 
 

SMT PACKAGING AVAILABLE 
 

CUSTOM AND                                    
COTS                                                  
SOLUTIONS 

  
 
  

SENSING FURTHER 
www.gpd-ir.com 

Visit us at booth #11446644! 

Vortex Optical Coatings Ltd. Unit 23 Greenfields Business Park, 
Hinckley, Leicestershire, LE10 1BB UK.

Tel +44 (0) 1455 613029  •  www.vortexopticalcoatings.co.uk

OPTICAL 
COATINGS

WITH KNOWLEDGE, QUALITY & SPEED

•  IR Filters

•  Beam Splitters

•  IR Linear Variable Filters

•  AR Coatings

VISIT US AT STAND #4901

http://www.hubner-photonics.com
http://www.gpd-ir.com
http://www.vortexopticalcoatings.co.uk
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Biomedical research into noninvasive 
imaging, monitoring newborns’ bloodcells
From a young age, Arutyun Bagramyan 
was driven by curiosity, a scientist’s great-
est tool. “I was always curious, always in-
terested in understanding things,” he says. 
“My mom was very patient, explaining 
pretty much everything to me.” Years later, 
a self-directed path has taken Bagramyan 
through physics and engineering and into 
the biomedical field. “Working with living 
organisms is more interesting and more 
appealing to me than hard-core physics 
or pure optics,” he says.

“Light is one of the most power-
ful tools with which to study living 
organisms, so mine was a natural 
convergence towards optics and 
photonics.” Studying in that area 
also attracted him because of its 
interactive element: “I wanted 
something alive to work with!” 

After gaining his PhD in physics 
and biomedical engineering, Ba-
gramyan is now working in Charles 
Lin’s lab at the Wellman Center 
for Photomedicine. Their transla-
tional project aims, in just one of 
its many potential applications, 
to innovate non-invasive imaging 
and quantification of white blood 
cells in neonates, an approach that poten-
tially sidesteps the need for phlebotomy. 
The development of a compact, oblique 
back-illumination microscope (OBM) has 
garnered Bagramyan recognition as the 
2023 recipient of the SPIE-Franz Hillen-
kamp Postdoctoral Fellowship in Problem-
Driven Biomedical Optics and Analytics. 
The $75,000 fellowship, which supports 
interdisciplinary problem-driven research 
and provides opportunities for translating 
new technologies into clinical practice in 

order to improve human health, will help 
Bagramyan, Lin, and their team achieve 
an exciting and much-needed biomedical 
advancement. 

Human research underway
“Dr. Lin was already working on this 
problem,” says Bagramyan. “The exist-
ing benchtop device was quite big and 
bulky, and, when I arrived, I wanted to 
build something very compact — a mini-
microscope — that is well suited for clini-

cal applications.” With neonates, says Ba-
gramyan, size is very important: you just 
can’t attach something big and heavy on a 
baby’s arm or any other parts of their body 
that you want to image. So Bagramyan 
built a small-sized prototype microscope 
that his team is already testing. “We are 
doing a clinical study, a research study in 
humans, trying to validate our approach 
and show that it works. Then we are going 
to build a very compact version of our de-
vice and optimize it for neonates.”

Part of what excites Bagramyan is that 
this innovation offers a variety of applica-
tions, holding promise for adult patients 
as well. His device is like an ultrasound 
device, he says. Ultrasound is a noninva-
sive approach, utilized in clinics to rapidly 
visualize and diagnose what’s happening 
in a health-related context. “What we are 
developing is similar,” says Bagramyan. 
“It’s an imaging approach to noninvasive 
access of the immune system, without any 
exogenous markers involved.”

“We are interested in your white 
blood cells,” he continues. “How 
many there are, and what they are 
doing at any given moment. When 
you draw blood you have cells in a 
tube rather than in their natural 
environment of your body. Those 
cells have specific behaviors in 
their natural environment that you 
really should image in the human 
to see — like rolling, for example.” 
Rolling is cell behavior that can’t 
be observed in a tube. “This is one 
of the things that you need to do in 
vivo,” notes Bagramyan. “You can-
not see this in a tube because there 
is no blood vessel. The molecules 

expressed on endothelial cells of blood 
vessels increase adhesiveness between the 
white blood cells and vascular surfaces: 
this is where rolling movement comes in. 
It’s one observational element of changes 
in white blood cell behavior. That aspect of 
this technology has a great potential diag-
nostic use: if there is a disease, infection, 
or inflammation present or developing, 
that can impact the cells’ behavior — they 
usually become more adherent and roll 
more slowly. Sometimes, they even stop.” 

Technology offers ‘great 
potential diagnostic use’ 
With real-time access to the immune 
system, clinicians can look at different 
pathogens, at autoimmune diseases, at 
cancer, and even at stress. “Stress has 
a major impact on the human immune 
system,” says Bagramyan. “So does 
food: Fatty food can induce inflamma-
tion; therefore, you might have a certain 
reaction from your white blood cells. 
There are just so many branches of hu-
man health that can be studied using 
our device.” 

Moving into a more multidisciplinary 
approach with this translational work has 
also expanded Bagramyan’s appreciation 
for collaboration. “Working in a team is 
way more productive. As engineers, we 
try to improve things and sometimes we 
are so excited about improving things 
that we don’t ask ourselves, “Is this worth 
our time and effort?” For example, we try 
to improve resolution of an instrument 
and we put all our energy into that and 
work for a year, and then we meet with 
biologists or clinicians, and they say, 
“You know, we didn’t really want this. 
Instead, we wanted this other thing.” 
That’s why it’s important to work togeth-
er and why a multidisciplinary approach 
is critical, so we can know ahead of time 
what is really useful. Working with other 
people definitely helps address this.” His 
supervisor, Lin, has been instrumental 
in terms of support and mentorship; so, 
too, was Bagramyan’s PhD advisor, Ti-
gran Galstian, whose clear-cut curiosity, 
collegial professorship, and independent 
research approach continue to serve as 
inspiration. “That definitely changed the 
way I see research opportunities for my-
self,” says Bagramyan. Ideally, the Hil-
lenkamp Fellowship is just one in a long 
line of such opportunities.

DANEET STEFFENS

Dr. Arutyun Bagramyan: the 2023 recipient of the SPIE-
Franz Hillenkamp Postdoctoral Fellowship in Problem-
Driven Biomedical Optics and Analytics — which is worth 
$75,000. Credit: Bagramyan.

in sensing what’s on the road with the nec-
essary precision, speed, and range. It’s 
different to the telecom boom, he said, 
where success was possible with a focus 
on individual components. “We need to 
do this as a system,” he stressed. “We need 
suppliers, and the volume requirements 
are going to be huge.”

That system focus is evident in Lumi-
nar’s strategy, which has seen the US firm 
expand with a series of acquisitions, giv-
ing it direct access to critical high-bright-
ness lasers, photonic integrated circuits, 
software, and engineering expertise.

The enormous technical and economic 
challenges will also see a major shake-out 
among automotive lidar companies over 
the next couple of years, Eichenholz pre-
dicted, pointing out that at “peak lidar” 

there were as many as 90 companies active 
in the sector.

Rounding off the LASE session was 
plenary speaker Jean-Michel Di Nico-
la, who treated attendees to an insider’s 
account of the National Ignition Facili-
ty’s extraordinary recent achievements 
raising the prospect of fusion as a future 
energy source.

Di Nicola, NIF’s chief engineer for 
laser science, outlined the past, present 
and future of inertial confinement fusion, 
saying that although the historic result 
from Dec. 5, 2022 was the culmination 
of six decades of pioneering work, it was 
“truly not the finish line.”

As “Hot Topics” go, it doesn’t get much 
hotter than the NIF fusion target, which 
reached 130 million degrees for a split 
second during the successful December 

shot. Even more impressive results could 
arrive as soon as this summer, with the 
NIF lasers set for an 8 percent increase 
in shot energy. Di Nicola also indicated 
that, as input energies rise over the next 
five years, the energy output yield from 
the 192-beam system should approach 

10 megajoules. That compares with the 
3.15 megajoule result from last year.

The NIF team is already looking much 
further ahead, though. Di Nicola said that 
the team has just begun work on a design 
for the 2030-2040 time frame that would 
deliver an additional order-of-magnitude 
increase in yield, to 100 megajoules.

“Ignition has given us fresh impetus,” 
he told attendees. “It’s not going to be an 
easy road, and it will need collaboration 
with the [photonics] community, and both 
public and private partners.”

The other key requirement is people, 
and Di Nicola issued a call to those in the 
audience who want to help deliver fusion 
as a bonafide commercial energy source. 
“We’re hiring,” he concluded. “Come and 
be part of it!”

MIKE HATCHER

Lase plenary� continued from page 01

The fusion’s so bright: Jean-Michel Di Nicola. 
Credit: Joey Cobbs.
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SPIE global salary survey confirms 
photonics to be a lucrative career
With close to 20 companies at the Pho-
tonics West Job Fair and numerous others 
on the exhibit floor with signs indicating 
they are hiring, it’s clear there is a market 
for optics and photonics engineers. This 
week at Photonics West, SPIE released 
its annual Optics and Photonics Global 
Salary Report which once again shows 
a career in optics is both rewarding and 
potentially lucrative.

The report, based on survey data from 
over 5,500 people in 101 countries, indi-
cates optics and photonics professionals 
from around the world had 
a median annual salary of 
$80,000 in 2022, a 1.7% in-
crease from the previous year’s 
median of $78,644. SPIE de-
livers the salary report each 
year, free of charge, as part 
of its mission and communi-
ty support efforts. This is the 
thirteenth annual survey and 
report, the largest such study 
in the optics and photonics 
community.

Full-time salaries cluster 
around the median of $80,000, with 
half of respondents being paid between 
$44,746 and $135,000. The overall 
distribution of pay is very wide, with 
5th percentile workers earning $9,382 
while those at the 95th percentile earn 
$245,000. Some of the main factors as-
sociated with differences in wages include 
geography, organization type, career 

stage, professional discipline, and gender.
Workers in Israel ($139,714), Switzer-

land ($136,625), and the United States 
($135,000) enjoy the highest median sala-
ries. For most countries represented in the 
survey, private sector workers report high-
er median wages than their colleagues in 
academia. In the United States, for ex-
ample, full-time employees at for-prof-
it companies earned $150,000 while 

their academic counterparts were paid 
$102,000 median salaries. At the other 
end of the wage spectrum, the countries 
with the lowest median wages are India 
at $14,574 and Egypt at $5,886.

The standout country for wage growth 
over time is the Peoples Republic of Chi-
na, where median salaries have risen 
from ¥90,000 in 2011 to ¥250,000 in 

2022, an increase of 178%. Over the same 
timeframe, pay in euro and US dollars has 
grown 27%, from €47,200 to €60,000 
and $106,000 to $135,000 median sal-
aries. In the shorter term, Chinese yuan 
and Japanese yen wages were flat from 
2020 to 2021, while euro and US dollar 
pay grew 15% and 4% respectively. Pay in 
British pounds declined 3%. 

Over the course of 
their careers, optics 
and photonics work-
ers receive steadily 
increasing pay. At 
academic institutions 
employees were paid 
$37,188 as new hires, 
$52,656 at mid-career, 
and $105,923 with 30 

or more years on the job. 
At for-profit organiza-
tions, starting employ-
ees received $62,161, 
$100,887 at mid-career, 
and $160,000 after 30 
years at work. 

Most full-time work-
ers surveyed (65%) identify as engineers. 
Within this group, 60% have engineer-
ing degrees and are working as engi-
neers, 24% have engineering degrees 
but are not working as engineers, and 
16% work as engineers without having 
engineering degrees. These subgroups 
of engineers earn respective median sal-
aries of $90,773, $75,659, and $95,876. 

The most popular engineering degrees 
in the optics and photonics communi-
ty are electrical, accounting for 25% of 
full-time survey respondents, followed 
by optical (19%), and mechanical (12%). 
Electrical engineers earn a median sal-
ary of $91,201, while optical engineers 
earn $96,874. In terms of the type of 
work they do, 41% of survey-takers are 
engaged in optical engineering, followed 
by electrical at 10%.

Women make up 23% of the respon-
dents to the survey, 33% of students, 19% 
of fulltime workers, and 31% of part-time 
workers. Median salaries are 19% higher 
overall for men than for women, up from a 
16% difference in last year’s survey. Women 
earn median salaries of $69,000 versus 
$73,225 for their male colleagues. Men 
have higher median salaries at all types 
of employers, though women at 5-10 years 
and 16-20 years of employment have higher 
median salaries than their male colleagues.

To see the full results, pick up a report 
booklet at the SPIE booth (3238).

ADAM RESNICK

secure communications sectors,” said Taro 
Shimada, Chair of the Board for Q-STAR.

Since early 2022, the consortia have 
been meeting to exchange ideas. Togeth-
er, it was determined that the consortia 
could more effectively drive the industry 
forward by collaborating on events and 
increasing the lines of communication 
among their respective member compa-
nies. In April 2022, the consortia released 
a joint statement for World Quantum Day 
with the goal of finding new ways to work 
together to advance the greater quantum 
ecosystem.

“Quantum innovation and quantum 
markets are emerging worldwide,” said 
Celia Merzbacher, Executive Director of 
QED-C. “The formation of this council 
creates lines of communication and col-
laboration that will help our members 
in countries and regions with common 
values and with many economic linkages 
to develop supply chains, open markets, 

exchange talent and support policies 
that benefit the emerging industry and 
society.”

The current participating consortia 
are hopeful that the council will con-
tinue to grow. Michele Mosca, Chair of 
the Board of Directors for QIC said, “We 
look forward to working with our coun-
terparts around the world to continue to 
grow and strengthen the quantum eco-
system at an international level.”

Thierry Botter, Executive Director of 
QuIC added, “We are at the beginning of a 
global technological revolution. Forming 
the council and working together pro-
motes equity and reciprocity in the ad-
vancement of the international quantum 
ecosystem. It allows our communities to 
discuss areas of common interests, such 
as international standards, intellectual 
property and access to funding.”

The consortia also welcome new 
member companies and interested or-
ganizations can learn more by visiting 

their respective websites.
The consortia deciding to sign the MOU 

at a break in the Quantum West program-
ming this week at Photonics West is an 

indicator of the impact photonics will have 
on the future of quantum technologies and  
its growing presence on the exhibit floor.

KEVIN PROBASCO

Quantum Association�continued from page 01

FULL-TIME SALARY 
SUMMARY STATISTICS
Mean = $99,566
Median = $80,000

•	 5th percentile = $9,382
•	 25th percentile = $44,746
•	 75th percentile = $135,000
•	 95th percentile = $245,000
•	 99th percentile = $380,000

n = 4,047
Source: SPIE

Open for applicants: SPIE Job Fair. Credit: Joey Cobbs.

SPIE Hosted 
Professional
Grant

Paving the way for 
rising professionals 
in optics and photonics
Sponsoring companies: Promote your  
industry. Cultivate diverse perspectives.  
Receive recognition and visibility.  
Connect with new talent.

Members: Receive funding to attend a 
world-renowned SPIE meeting. Connect with 
leading optics and photonics organizations. 
Get a career boost.

Find out more: spie.org/hostedpro

https://spie.org/hostedpro
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ONE-STOP SHOP
FOR FIBER OPTIC COMPONENTS

Advanced Fiber Resources
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