Volume 20 June / July 2023 3
PhotonicsViews

OPTICS « PHOTONICS *« LASER TECHNOLOGY

COVER STORY
Fiber optics for quantum

FOCUS SECTION LASER
Photonics for quantum technology

published in media publishing medium of
partnership with



https://photonics-germany.de
https://dgao.de
https://epic-assoc.com

QGO LASEROPTIK

www.laseroptik.com Home of high power optics and coatings

R

Individual
coatings

unlimited shapes

Meet us on

LASER World of . ge
PHOTONICS

Munich
June 27-30, 2023

Hall B1.117

LASEROPTIK is an expert in developing and manufacturing high power optics and coatings. On average
180,000 custom optics per year are produced for laser applications in industry, medicine, and science -
covering custom-built as well as series production.

Meet your perfect match. We‘re looking forward to seeing you at booth # B1.117.

LASEROPTIK GmbH, Horster Str. 20, 30826 Garbsen, Germany, Phone +49 5131 4597-0, E-mail: service@laseroptik.de
E-shop and configurator: www.laseroptik.de/loop



Editorial I

‘Laser Munich’, the photon, and its

industry

A time of review and foresight

matic expectation of the broader public (‘solution looking for a

probleny’), but technologists already had a clearer vision back then.
We see this reflected in the regularly updated titles of our beloved Laser
Munich event, which started exactly 50 years ago. We, as alaser industry,
have significantly broadened our scope from ‘lasers only’ We have been
addressing the field as photonics, and now wisely in the updated name of
Laser World of Photonics. The term photonics has become a synonym
for technological merging of electronics with the optical world, solving
electronic bottlenecks such as crosstalk, overheating and adding new
features like wavelength multiplexing, but it has more to offer.

The technical control that we can exert today on the level of the indi-
vidual light particle, namely the photon, has improved drastically over
the last couple of decades. As an example, today we are using our deep
understanding of photon quantum statistics to devise light sources with
controlled single or entangled photon emissions, producing coherent
or even number states.

Addressing the photon as a ‘flying qubit’ is putting these light parti-
cles into yet another new role. The first quantum computer companies
critically dependent or based on photons are sticking their heads out
of the ground, and again the Messe Miinchen has taken a wise step by
extending its conference and exhibition format with World of Quantum.
Against former wisdom, we as technologists are starting to generate
photons that are interacting with each other, by skillfully coupling them
to beam splitters, resonators or atomic transitions for the generation
of a quantum internet.

Photonics has a lot to offer for solving our most urgent issues of the
future, i.e. reducing our non-regenerative energy consumption with
LED lighting and photovoltaics, curing diseases, constantly increasing
bandwidth, and adding another layer of security in communications.
Photons are equally so an indispensable tool for glass microprocess-
ing, diagnosing biological tissue, and a tool for battery research and
production. On top of all that, lasers and photons are still fun to play
with, hopefully strongly pulling the next generation into our bright
field of light.
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After the first laser was built, commercial success was not an auto-
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Fiber optics has been proven to be a
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increased stability and convenience, as
will future quantum computers. The spe-
cific needs regarding precision, stability
and ruggedness call for high quality com-
ponents and tailored fiber optic solution.
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I News

Food production using integrated photonic microchips

Source: PhotonDelta

The public-private Pho-
tonDelta initiative and the
OnePlanet Research Cen-
ter launched the ‘Integrated
Photonics for Agrifood’
roadmap during the Post
Harvest Unlimited Confer-
ence (PHUC) at Wageningen
University, the Netherlands,
in May. It was presented by
Lex Oosterveld, principal
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During the Post Harvest Unlimited Conference, Lex Oosterveld presented the roadmap.

-

member of the technical
staff at OnePlanet Research
Center.

Theroadmap describesthe
role integrated photonics will
play in the transformation of
sustainable farming practices
and food distribution - max-
imizing yield and minimizing
food waste throughout the
food supply chain. Multiple

4L/ 1

organizations have contrib-
uted to the roadmap’s cre-
ation, including MantiSpec-
tra, Eindhoven University of
Technology, and Delft Uni-
versity of Technology.
Precision agriculture is at
the forefront of this trans-
formation. It uses sensors
to enable highly precise and
optimized growing and dis-

Study: Photonics is a key factor in feeding the world

Around ten percent of
humanity is starving. By the
year 2100, the world popula-
tion will increase by forty per-
cent to eleven billion people.
Added to this are declining
areas under cultivation, soil
degradation and increasing
water scarcity. In order to be
able to feed humanity equally
efficiently and sustainably,
there is no way around the
innovative technologies of
precision agriculture, and
consequent photonics solu-
tions. This is confirmed by
a new study by the industry
association Spectaris and
Messe Miinchen in coopera-
tion with the market research
company Tematys.
Traditional agriculture
will not be able to sustainably
expand acreage and yields to
the extent demographically
required. “For a long time,
fertilizers and pesticides were
able to increase yields, but

PhotonicsViews 3/2023

these options have now been
largely exhausted and envi-
ronmental aspects are becom-
ing increasingly important,”
emphasizes Dr. Bernhard
Ohnesorge, chairman of pho-
tonics at Spectaris. Globally,
agriculture already accounts
for 72 % of all surface and
groundwater abstraction,
mainly for irrigation.

This is where so-called
precision farming comes into
play: with the help of preci-
sion farming, fertilizers and
water among other things can
be used in a more targeted
manner and pesticides can
be reduced or even avoided
altogether in the future. At
the same time, yields are
increased through continu-
ous monitoring of animals
and plants, and new forms
of agriculture, such as urban
or vertical farming, are made
possible. Digital networking
and the increase in self-con-

trolling units, including agri-
cultural robots, are leading to
a significant increase in effi-
ciency and can help to coun-
teract the shortage of skilled
workers or reduce the work-
load of farmers. “Photonics
is becoming a key factor in
the generation of nutrition
around the world,” explains
Ohnesorge.
Examplesinclude the cen-
timeter-precise, partially or
fully autonomous driving of
agricultural vehicles as well as
the collection and mapping
of data on moisture, nutri-
ents, compaction and plant
health using optical sensors
or cameras. Precision farm-
ing also includes robotic
weeding and pest control as
an alternative to chemicals.
Optimized, energy-efficient
lighting systems are used in
greenhouses and in vertical
farming. The authors of the
study forecast annual growth

tribution techniques. That is
where photonic integrated
circuits come in. Miniaturiza-
tion and low power consump-
tion make them well-suited
tohandheld devices. Theyare
ideal for optical sensing appli-
cations, particularly real-time
remote sensing of crop and
food composition, both in
the field and throughout the
supply chain.

Integrated photonic sen-
sors enable farmers to give
crops the optimum amount
of water, light, and nutri-
ents - and food producers
are able to accurately assess
crop yield and quality. Sen-
sors also allow early detec-
tion of crop conditions and
diseases, avoiding waste. A
small number of platforms
have multiple applications,
opening up exciting oppor-
tunities within the agrifood
industry. Not only that, these
improvements also lead to
significant cost savings.

www.photondelta.com

of around 15 % for these still
young applications of pho-
tonics and a doubling of the
global market from €4.6 Bin
2022 t0 €9.1B in 2027.
Photonics solutions for
agriculture are also play-
ing an increasingly import-
ant role at the international
Laser World of Photonics
trade fair: “We can see that
the topic is becoming more
and more important for our
exhibitors. Manufacturers
have already reacted to the
new revolution in the agricul-
tural sector and are increas-
ingly offering solutions for
precision farming,” notes
Dr Reinhard Pfeiffer, CEO
of Messe Miinchen, which
organizes the Laser World of
Photonics. The world's lead-
ing trade fair for the laser and
photonics industry will take
place this year from June 27 -
30 in Munich.
www.spectaris.de
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Apple investments with European suppliers top 20 billion euros

The tech giant’s suppliers in
Europe range from large mul-
tinational companies to small
family-owned businesses.
Apple’s spend with Euro-
pean suppliers has increased
more than fifty percent since
2018, totaling € 85 B over the
past five years and more
than €20B in 2022 alone.
The investments reach more
than four thousand European
suppliers and support cut-
ting-edge innovations that
canbe found in every product
the company makes. Apple
now supports more than 2.6
million jobs in Europe.

“Europe’s spirit of inno-
vation and incredible talent
brought Apple here more
than forty years ago, and
the region’s contribution to
our products has never been
stronger,” said Cathy Kear-
ney, Apple’s vice president of
operations.

Trumpf is a global leader
in industrial lasers, machin-
ery, and technology. Its high-

tech components have been
used for a number of Apple
products, including a small
laser to enable a proximity
sensor for iPhone that turns
off the screen when it detects
an object that is close by -
such as when a user holds
iPhone up to their ear - sav-
ing power and preventing
inadvertent touches. To date,
the family-owned technology
company has manufactured
and delivered more than one
billion of these small lasers to
Apple.

STMicroelectronics, a
global semicon company
with strong roots in France
and Italy, develops and man-
ufactures chips that contrib-
ute to the industry-leading
performance and incredible
efficiency of Apple devices.
The company has worked
with Apple teams on sen-
sors, power management,
and wireless integrated cir-
cuits for iPhone and other
Apple products.

Swiss PIC to support the photonics industry

The “Swiss Photonics Inte-
gration Center” technol-
ogy transfer center was
founded at the beginning
of January 2023. Swiss PIC
will be located in the Park
Innovaare, in the immediate
vicinity of the Paul Scherrer
Institute (PSI), one of its
founding partners alongside
other industry and research
stakeholders. The new center
aims to facilitate innovation
in the packaging and integra-
tion of optical systems and to
make the findings accessible
to industry.

The new technology
transfer center in the can-
ton of Aargau will offer the
transfer of know-how from
academic partners, putting it
at the service of the photon-
ics industry, using photonic
integrated circuits (PICs)
needed by future-oriented
industries such as optical
communications, sensor

© 2023 Wiley-VCH GmbH

technology, the develop-
ment of quantum comput-
ers, autonomous driving,
artificial intelligence and
augmented or virtual reality.

Embedding integrated
photonic systems in enclosed
components with established
interfaces to optical fibersisa
complex task. This photonic
packaging is a prerequisite
for industry to be able to use
the technology commercially,
and it is one of the starting
points for Swiss PIC.

The founding partners of
Swiss PIC include the non-
profit company Swiss Pho-
tonics, which was in charge
of the project application, the
PSI and the Eastern Switzer-
land University of Applied
Sciences OST, as well as the
companies Ligentec and
Polariton Technologies,
which both specialize in inte-
grated optics.

www.psi.ch
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STMicroelectronics has been powering its Apple-related operations with 100 %
renewable energy since 2021 and is increasing its capacity.

Austrian chip manufac-
turer AMS is one of the latest
European companies to join
Apple’s Supplier Clean Energy
Program. Companies like
DSM Engineering Materials
in the Netherlands, Infineon
in Germany and Austria, and
Solvay in Belgium are sup-
porting a range of renewable
energy solutions. Of the Euro-
pean manufacturing partners

committed to clean energy,
eight are already achieving
one hundred percent renew-
able electricity for their Apple
production - including Vis-
com and Victrex, Robert
Bosch, which recently joined
Apple’s Supplier Clean Energy
Program, and Varta Micro-
battery. (Source: Apple)
www.trumpf.com
www.st.com

Toptica opens new headquarters

: - D
Source: Toptica

o

Dr Thomas Weber, Dr Dieter Schenk (chairman), Dr Thomas Renner (member
of the management board, CSO), Dr Wilhelm Kaenders (member of the man-
agement board, CTO), Simon Grimminger, and Dr Martin Hohla

The extensive renovations
and new leases were neces-
sary to meet the increasing
demands and requirements
for office space, logistics
areas, production facilities
and clean rooms. The super-
visory board saw this as a
positive step in paving the
way for the company’s suc-
cessful growth and continu-
ousimprovement in product
quality.

The company welcomes its
customers and employees to
new premises at the Grifelf-
ing site near Munich. A
modern reception area with
acustomer lounge and show-
room as well as two new, large
meeting rooms with state-of-
the-art presentation technol-
ogy have been created. At
the same time, an additional
2,000 m” of office and labo-
ratory space was developed
and opened at the site. www.toptica.com
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Laseroptik wins Supplier Award

Coherent Corp, a global
leader in materials, network-
ingand]lasers, has recognized
Laseroptik GmbH, the Ger-
man manufacturer of optical
coatings and laser optics,
with their Global
Supplier Excellence
Award for their
outstanding per-
formance in 2023.
Coherent Global
Supplier Awards are
giveninrecognition
of a supplier’s excel-
lence in collaborating with
Coherentto achieve the high-
est levels of performance,
innovation and service. Only
the highest-achieving suppli-
ers are awarded this honor, in
Laseroptik’s case with a spe-
cial focus on environmen-
tal, social and governance
criteria.

The award was handed
over ina ceremony at Coher-
ent’s site in Luebeck, Ger-
many. Laseroptik’s president
Dr Wolfgang Ebert high-

lighted: “My company and
I personally feel honored by
this award and the appreci-
ation coming along with it.
We have been working for
Coherent sites for almost
40 years now and developed
unique optics manufacturing
capabilities for their needs. I
thank Coherent for their rec-
ognition and their continued
trust in us”

Dr Paul Ilten, direc-
tor strategic supply chain
Europe, added: “Laseroptik
hasbeen an important, inno-
vative and reliable partner to
Coherent for decades. We are
very much looking forward
to continuing this successful
business partnership.”

Coherent empowers mar-
ket innovators to define the
future through breakthrough
technologies, from materials
to systems. It delivers innova-
tions that resonate with cus-
tomers in diversified appli-
cations for the industrial,
communications, electronics,

Chromacity targets key industrial markets
together with AMS Technologies

Ultrafast laser company
Chromacity joined forces
with the provider of pho-
tonics technologies AMS
Technologies as it focuses on
biomedical, semiconductor,
energy and defense sectors.
AMS Technologies will
promote and sell Chromaci-
ty’s range of fixed wavelength
femtosecond lasers for bio-
medical imaging and semi-
conductor testing applica-

Technologies), Shahida Imani & Bertrand
Frossard (Chromacity)

6
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tions, which can benefit from
the ultrashort pulses and high
peak power provided by the
company’s lasers.

The German company will
also promote the gas sensing
capabilities of Chromacity’s
range of tunable laser sources
in markets such as oiland gas,
environment, and defense.

The two companies will
also jointly explore poten-
tial applications in the field
of quantum optics. Chro-
macity has already demon-
strated photon entanglement
capabilities, which are key to
the development of optical
quantum technologies, such
as enhanced imaging, infor-
mation, and communication.

The two companies show-
case together on the AMS
booth B2.203 at Laser World
of Photonics.

https://chromacitylasers.com
www.amstechnologies.com

Award ceremony attendants from left to right: Dr Paul llten,
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European Director Strategic Supply Chain, Coherent, Julia
Strozyk, Strategic Sourcing Manager, Coherent, Dr. Wolfgang
Ebert, President, Laseroptik, Werner Moorhoff, Senior Coating
Manager, Laseroptik, and Oliver Bissmeyer, Team Leader Europe

Global Supply Chain, Coherent

and instrumentation markets.
Headquartered in Saxonburg,
Pennsylvania, Coherent has
research and development,
manufacturing, sales, service,
and distribution facilities
worldwide. For more infor-
mation, please visit https://
www.coherent.com.
Laseroptik is a renowned
manufacturer of optical coat-
ings and laser optics from
VUV to IR and employs more

than forty coating machines
with seven different coating
methods. Founded in 1984
as a spin-off from Hanover
University, the company
produces on average 180,000
coated optics per year, mainly
for laser applications in
industry, medicine, space
and research. For more infor-
mation, please visit
www.laseroptik.com

Increasing semiconductor laser production

capacity

3D rendering

of the planned
building at the
Miyakoda Factory

Hamamatsu Photonics devel-
ops, manufactures and sup-
plies semiconductor lasers
and laser oscillators used for
many purposes, such as mea-
surement, analysis, laser pro-
cessing, factory automation
and medical applications.
These include optoelectronic
devices requiring a broad
range of laser types.

The company is now put-
ting up a brand new building
on the Miyakoda Factory site
to consolidate post-process-
ing steps in semiconductor
laser manufacture. Currently
these are dispersed over dif-

ferent locations on the site.
The construction of the new
factorybuilding will allow the
company to optimize work-
flow lines between produc-
tion processes and also to
install the latest in manu-
facturing and inspection
equipment. This will promote
process automation and effi-
ciency and thereby improve
productivity.

The groundbreaking cer-
emony for the new factory
building was held on May 10,
2023, and the completion is
scheduled for July 2024.

www.hamamatsu.com

© 2023 Wiley-VCH GmbH
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Mitsubishi and Coherent sighed a memorandum of understanding on SiC manufacturing

“We are excited to build on
our relationship with Mit-
subishi Electric, a pioneer
in SiC power devices and a
global market leader in SiC
power modules for high-
speed trains, including the
famous Shinkansen in Japan,”
said Sohail Khan, executive
vice president, new ventures
and wide-bandgap electron-
icstechnologies at Coherent.
“We have along track record
of supplying SiC substrates to
Mitsubishi Electric and are
looking forward to expanding

our relationship with them to
scale their new 200 mm SiC
platform?”

The market for electric
vehicles is expanding world-
wide and is just one of several
emerging applications driv-
ing the exponential growth
in SiC power devices, which
have lower energy losses,
higher operating tempera-
tures, and higher switching
speeds compared with power
devices based on silicon. To
meet the rapidly growing
demand, Mitsubishi Electric

Avonix Imaging to be aquired by Nikon

Nikon’s US subsidiary has
executed an equity purchase
agreement with Avonix Imag-
ing, which engages in manu-
facturing, sales, and services
relating to X-ray and CT Sys-
tems, and has commenced
the procedures to acquire
Avonix, subject to applica-

ble regulatory clearances
and customary closing con-
ditions. NAI is anticipated to
acquire all shares of Avonix
in Summer 2023, following
the clearance of the acquisi-
tion by regulatory authorities
and satisfaction of the other
applicable closing conditions.

Edmund Optics partners with

Meta Materials

Through the new partner-
ship, Edmund Optics now
offers holographic notch
filters. “Meta Materials’ col-
laboration with major OEMs
for product and technology
development, coupled with
Edmund Optics’ distribution
capabilities for optics, imag-
ing and photonics products,
creates an easy way for global
customers to try thisnew and
exciting technology;” said Ed
Kay, vice president retail mar-
ketplace at Edmund Optics.

George Palikaras, presi-
dentand CEO of Meta Mate-
rials, added, “This makes the
filters available to engineers
and scientists around the
world for use in multiphoton

© 2023 Wiley-VCH GmbH

microscopy, laser-based flu-
orescence devices and other
life science applications.”
The Meta Holooptix
notch filters offer constant
notch filter central wave-
lengths for s and p-polariza-
tion even at high angles of
incidence - a unique prop-
erty that distinguishes them
from other comparable fil-
ters. Two different versions
areavailable: Flex and Strata.
The filters are optimized for
high transmission for either
red, green or blue laser lines.
The non-transmitted light is
blocked with an average opti-
cal density of >4 (cf. p. 51).
www.edmundoptics.com
https://metamaterial.com

Notch filters pro-
vide constant cen-
tral wavelengths for
s and p-polarization
even at high angles
of incidence.

announced an investment
of around ¥260B ($1.86B)
in the five-year period end-
ing March 2026. A major
portion of the investment,
approximately ¥ 100 B, will
be used to construct a new
plant for SiC power devices
based on a 200-mm technol-
ogy platform, and to enhance
related production facilities.

Under the memorandum
of understanding, Coher-
ent will develop a supply
of 200-mm n-type 4H SiC
substrates for Mitsubishi

Since 2015, Nikon and
Avonix have worked together
in joint development, sales,
and provision of services
relating to CT systems for
large-scale inspection, which
is one of the lines of products
by Nikon’s industrial metrol-
ogy business unit. Nikon and

200-mm silicon carbide wafer

Electric’s future SiC power
devices manufactured at the
new facility.
www.coherent.com
www.mitsubishielectric.com

Avonix will together further
advance the development
of new products as well as
enhance their business by
utilizing Avonix’ customer
base in the automotive and
aerospace markets.
www.nikoninstruments.eu
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Entangled photon
pairs to help fight
against cancer

An important challenge in
clinical cancer diagnostics is
the need for rapid analysis of
tissue sections. A new proj-
ectaims to transfer measure-
ment information from the
clinically relevant mid to the
near-infrared by developing
a novel imaging technique.
Sample throughput could
be significantly increased
by developing a microscopy
method that enables the
study of tissue samples with-
out staining and reducing
the measurement time of a
10-MP image to two minutes,
sample throughput could
be significantly increased,
according to the research
project. This would allow
the examination of label-free
tissue samples to be directly
integrated into clinical work-
flows for the first time.

Sill Opticsis already pres-
ent in optical quantum tech-
nology with its trapped ion
lenses, and its contribution to
the new Quantum-Enhanced
Early Diagnostics (QEED)
research project marks

The Ferdinand Braun Institute has compre-
hensive experience in realizing highly spe-
cialized diode laser modules (Source: FBH)

another significant step. In
QEED, Sill Optics contributes
to the project by developing
and producing the scanner
module consisting of a mirror
scanner and adapted micro-
scope objectives.

QEED is coordinated by
Lavision Biotec, a Miltenyi
Biotec company. Other
industry partners are Art
Photonics and Sacher Laser-
technik.

www.silloptics.de
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Laser diode generates random numbers

&
Ulrik Lund Andersen shows
the latest version of his
guantum-mechanical random-
ness generator

In a few years, protection
of communication through
quantum encryption may

o
o
<
©
C
©
£
-
x
50
a1}
=)
2
a
@
o
I
>
o
wv

become a permanent fix-
ture in mobile phones. The
technology has already
been demonstrated in large
data transfers in the finan-
cial sector in Denmark, and
now DTU spin-out company
Alea Quantum Technologies
has developed a quantum-
mechanical random number
generator that is so simple
that it can be produced at a
low price and supportencryp-
tion of 4 GB/s. The technol-
ogy is so simple that it can be
developed into a chip version.

The device measures 3 x
5cm and will be tested by
QTI, Quantum Telecommu-
nication Italy. The EU has
granted seven million krones
under the Digital Europe pro-
gram for the further devel-
opment of the technology,
which in 2022 also formed
part of a larger system tested
to deliver quantum-secured
data transfer between two
servers in Danske Bank.

www.dtu.dk
www.alea-quantum.com

Secure data communication using quantum cryptography and Li-Fi

Project partners led by
Keequant are developing
a new approach to secure
optical data transmission
in wireless networks using
light and quantum keys. As
the connections to the end
user on the last kilometer
have so far still been served
by classical technologies and
remain vulnerable to attack,
QuINSiDa - Quantum-based
Infrastructure Networks
for Safety-critical Wireless
Data Communication was
launchedlast fall. Other part-
ners of the project, funded by
the BMBEF with a sum of two

million euros, are the Fraun-
hofer Institutes IPMS and
IOF, Telco Tech, Infosim, and
Bescom Elektronik.

In quantum key distribu-
tion, quantum states in the
form of light are prepared
and exchanged between
participants in the network
when the keys are generated.
When the quantum states are
received, they are measured
and post-processed to pro-
duce keys that are identical
on both sides but secret to an
attacker. The project is the
first to combine both tech-
nologies into a “QKD over

Li-Fi” system. This makes it
possible to carry QKD, which
until now has been thought of
more in a building-to-build-
ing scenario, all the way to the
end user.

“The intention of the proj-
ect is to demonstrate a quan-
tum-based data communica-
tion network that wirelessly
and flexibly connects multi-
ple end users to a secure back-
bone infrastructure or which
canbe deployed separately as
a secure campus network,’
says Imran Khan, managing
director of Keequant GmbH.

www.ipms.fraunhofer.de

Quantum Bridge secures funding to build quantum repeaters for
communication networks

The funding equivalent to
700,000 USD is part of a col-
laborative research agree-
ment with the National
Research Council of Canada’s
Quantum Sensors Challenge
program. The collaboration
will see the development of
the first all-photonic quan-
tum repeater used to channel
entanglement over very long
distances.

Mattia Montagna, CEO at
Quantum Bridge, says “Our
goal is to build a determin-
istic cluster state generator
that can have multiple uses
in the quantum industry.”
These quantum repeaters will
use quantum dots as a single

photon source to carry entan-
glement between the repeat-
ers, and right across quan-
tum-safe communication
networks. When hit with a
sequence of laser pulses, this
semiconducting technology
emits entangled photons,
creating a bundle known

Kai Sum Chan,
Priya Vaish, and =8
Samridhi Gambhir
(I-r), working on
the hardware
Quantum Bridge
is developing in
NRC's Ottawa lab.

as quantum cluster states.
These then allow quantum
networks to be developed
without quantum memories,
thereby providing significant
advantages in the perfor-
mance, speed and scalability
of such networks.

https://qubridge.io

Source: Quantum Bridge
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9-million euro project unites German quantum stakeholders

The SQuaD project participants and representatives of the project executing organization at the
kick-off in Berlin. (Source: PTB)

After intensive research in
quantum-based key distri-
bution, the technological leap
into industry is now immi-
nent: the German Federal
Ministry of Education and
Research (BMBF) is funding
36 institutions in the Innova-
tion Hub for Quantum Com-
munication to link research
institutes and companies. The
accompanying umbrella proj-
ect “Schirmprojekt Quanten-
kommunikation Deutsch-
land - SQuaD” is coordinated
by the Physikalisch-Tech-
nische Bundesanstalt (PTB)
in close cooperation with

the Federal Office for Infor-
mation Security (BSI) and
brings together players from
research and industry. It
also expands existing test
environments for quantum
communication technology.

“Our main goal over the
next few years is to ensure
that companies and research
institutions are well net-
worked so that they bene-
fit from each other in close
exchange,” explains Dr Nico-
las Spethmann, coordinator
of the umbrella project. “The
use of quantum-based key
distribution to complement

post-quantum cryptography
can contribute significantly
to Germany’s IT security and
technological sovereignty””

Another task of SQuaD
is to lay the foundations for
the emerging ecosystem in
quantum communication,
for example by providing test
environments, reliable setups
for testing components, and
driving standardization and
certification.

Partners include Kee-
quant, Quantum Business
Network, and Quantum
Optics Jena.

www.pth.de

Launch of the Quantum Secure Networks Partnership QSNP

March 1, 2023, saw the offi-
cial launch of the Quantum
Secure Networks Partner-
ship, or QSNP, a new proj-
ect in the area of quantum
communications of the
Quantum Flagship. Coordi-
nated by Valerio Pruneri, an
ICREA professor at ICFO,
QSNP brings together more
than forty partners from all
over Europe, ranging from
academia, foundries and
RTOs, SMEs and spin-offs,
tonetwork and cryptography
integrators and telecom oper-
ators. The experts hope to ful-
fil three main goals within a
time span of 3% years and a
budget of € 25 M.

Firstly, they will develop
advanced quantum technol-
ogy for quantum secure com-
munication networks against
the ever-increasing power of
computers and the sophisti-
cation of algorithms, even for

© 2023 Wiley-VCH GmbH

quantum computers. That is,
they will work on the devel-
opment and deployment of
next generation protocols
based on quantum key dis-
tribution (QKD) cryptog-
raphy techniques, that can
help reduce the security
assumptions needed for the
networks, extend the range of
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secure communication, and
search for new functional-
ities that could beyond these
techniques.

Secondly, they will aim
to integrate this innovative
quantum cryptography tech-
nology not only at the com-
ponent, system and network

levels, but also into existing
classical telecommunication
systems and post-quantum
protocols.

Finally, they will apply all
the know-how and capabil-
ities acquired and the tech-
nology developed into dif-
ferent use cases, mainly into
delivering critical European
technology for government
infrastructures such as the
European Quantum Com-
munications Infrastructure
(EuroQCI).

In addition, the project
will be alaunchpad for future
applications, to exploit new
capabilities, evaluate new
cost/effective features, mea-
sure use/integration easiness
levels, and explore new sec-
tors where quantum technol-
ogy could take over markets
that are not currently being
reached.

www.icfo.eu
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Creaform opens new repair cen-
ter near Grenoble
Partners and end customers in the
EMEA region can now benefit from a
local service

u
€19M project set to enable
next-generation IR sensors
Four-year defense project HEROIC is led
by Lynred

[ |
Smart Vision Lights appoints vice
president of engineering
Steve VanderZwaag now responsible for
the LED lighting solutions manufactur-
er's technology

u
Denkweit and IDS cooperate
Fraunhofer spin-off and the machine
vision company join forces

u
MVTec opens subsidary
New office in Lyon for customer sup-
portin France, Belgium, and Switzerland

u
Al-based self-driving perception
Daimler Truck subsidiary Torc Robotics
acquires Algolux

u
Kimsoptec renames to
Instrument Systems Korea
After being acquired in 2022, the
Korean manufacturer of display mea-
surement systems changed its name

[ |
TKH acquires Euresys
Dutch group takes over provider of 2D
and 3D image analysis software

[ |
Nuburu appoints chief marketing
and sales officer

Experienced laser industry veteran
Matthew Philpott to lead growth plans
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EPIC honors Kestutis Jasitinas and Hakan Karlsson during annual meeting in Helsinki

At its annual general meet-
ing, the European Photonics
Industry Consortium recog-
nized Kestutis Jasitinas with
the EPIC Lifetime Achieve-
ment Award for his outstand-

~

Basil Garabet, president of EPIC, delivers
the EPIC Lifetime Achievement to Kestutis
Jasitnas, former CEO of Ekspla, for his lead-
ership in the laser industry. (Source: EPIC)
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ing contributions and lead-
ership in the laser industry.
Jasitnas, the chairman of the
board of Ekspla, has led the
company to become a major
player in the global market
for scientific picosecond
lasers.

Born in 1959 and a grad-
uate of Vilnius University,
JasiGinas began his career at
the Institute of Physics of
the Lithuanian Academy of
Sciences before co-found-
ing Ekspla in 1992. Under
his leadership, the company
developed and manufactured
cutting-edge femtosecond,
picosecond, and nanosec-
ond lasers and laser systems

Optical blood pressure monitoring method

honored

For the second year in a row,
CSEM has granted its Inven-
tor Award to a patented tech-
nological innovation with a
high impact on our busi-

Pauchard, and Martin Proenca

Source: Deutsche Messe

MantiSpectra from Eindhoven was awarded
the coveted Hermes Startup Award

10

ness, the industry and soci-
ety in general. Four CSEM
researchers have developed
a continuous optical blood

pressure measurement sys-
tem that allows non-inva-
sive monitoring for millions
of patients worldwide.

The patent of Martin
Proenga, Josep Sola, Mathieu
Lemay, and Christophe Ver-
jus “Method, apparatus and
computer program for deter-
mining a blood pressure
value” is one of CSEM’s major
innovations. Filed in 2015
and called o0BPM for optical
blood pressure monitoring, it
represents a great success in
terms of technology transfer
to industry with its first com-
mercialized application, the
blood pressure monitoring of
the Aktiia spin-off.

www.csem.ch

for scientific and industrial
institutions. The company
occupies more than half of
the global market for scien-
tific picosecond lasers and is
the only manufacturer of SFG
spectrometers for studying
material surfaces.

Hékan Karlsson, the head
of the photonics division at
Hubner Group and CEO of
Cobolt, received the EPIC
CEO Award 2023.

With a PhD from KTH
Stockholm, Karlsson has
been a driving force in the
field of compact single-fre-
quency lasers for advanced
analytical instrumentation.
He co-founded Cobolt AB

in 2000, as the first company
tobring diode-pumpedlasers
using periodically-poled
nonlinear optical materials
to the market with a unique
manufacturing method.
After selling Cobolt to Hiib-
ner in 2015, Karlsson contin-
ues to lead the group’s pho-
tonics division which now
spans five sites worldwide and
offersarange of technologies
and products. These include
single frequency lasers, laser
combiners, ultrashort femto-
second lasers, and the unique
and award-winning C-WAVE
tunable single-frequency
laser.

www.epic-assoc.com

Femtosecond fiber lasers for high-precision
measurement technology

The chair of ultrafast phys-
ics and photonics at the
Center for Applied Photon-
ics (CAP) of the University
of Constance and Toptica
Photonics AG from Grifelf-
ing near Munich have jointly
been awarded the 2023 DPG
Technology Transfer Prize
for the application of scien-
tific findings in the field of
femtosecond fiber lasers,.
“The decisive factor
was the successful transfer
of scientific findings on a
high-precision ‘frequency
comb technology’ for lasers
to industrial applications,”
says Lutz Schroéter, vice pres-
ident of the German Physical
Society (DPG). Fiber lasers

Bosch Rexroth and MantiSpectra win awards at Hannover Messe

Companies from Germany
and The Netherlands were

PhotonicsViews 3/2023

presented with prestigious
industrial prizes at the open-
ing ceremony of the Han-
nover Messe.

The jury awarded the
Hermes Award for a product
geared to the dynamic robot-
ics market. The Bosch Rex-
roth Smart Flex Effector proj-
ect consists of a sensor-based
compensation module (end
effector) for robots, featur-
ing independent, precise

kinematics in six degrees of
freedom.

The young company
MantiSpectra from Eind-
hoven was awarded the cov-
eted Hermes Startup Award
for its ChipSense product, a
fully integrated near-infra-
red sensor - the smallest of
its kind on the market, with
a footprint of 1 mm?2. The
sensor enables rapid, highly
accurate analysis and is used

are special solid-state lasers
based on optical fibers made
of glass fibers.

The cooperation between
Toptica and the chair of ultra-
fast physics and photonics of
professor Alfred Leitenstor-
fer at the University of Kon-
stanz began in 2004. Read
the full story in the August/
September issue of Photon-
icsViews.

www.dpg-physik.de
www.toptica.com

directly on the production
line, from where it delivers
real-time data. This makes
it possible for defects to be
detected as soon as they occur
and for savings to be made
through immediate quality
control on the spot, on the
productionline. The product
is already in use in industry,
agriculture and food process-
ing.

www.messe.de
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Source: Zygo

Source: Allied Vision

Zygo makes strategic appointment

Jennifer Hellberg

The Ametek subsidiary from
Connecticut has appointed
Jennifer Hellberg as the divi-
sion vice president, business
unit manager, reinforcing
the importance the com-
pany places on continuous
improvement and customer
focus.

Hellberg says, “It is truly
exciting to take up my new
roleata company thatisat the
forefront of precision metrol-
ogy and precision optics
manufacturing. Zygo adheres
to continuous improvement
methodologies, and I am

looking forward to contrib-
uting to the identification of
opportunities to streamline
work, to ensure a total focus
on higher customer service
standards and to reduce
waste”

Prior to her nomina-
tion to Zygo, Hellberg was
most recently vice president
and general manager with
Thermo Fisher Scientific
based in Wisconsin, where
her focus was on increasing
responsibility in operational
excellence and general man-
agement. Before joining
Thermo Fisher, she built her
career in engineering, oper-
ations, and supply chain at
Proctor & Gamble, also in
Wisconsin. Hellberg holds a
BSc in environmental engi-
neering from Michigan Tech-
nological University and an
MBA from the University of
Wisconsin, Madison.

WWW.zygo.com
www.ametek.com

Robert Franz becomes CEO of Allied Vision
and TKH’s German 2D Vision Group

Allied Vision Technologies
GmbH, part of the TKH
Group, has appointed Robert
Franz as Managing Director.
Along with this role, Franz
will also assume the role of
CEO for the German 2D
vision companies within the
TKH Group, which include
companies such as Chromas-
ens, NET, SVS-Vistek, Mikro-
tron and Nerian. These com-
panies all operate under the
TKH Vision umbrella.
Franz has many years of
experience in companies
in the automation technol-

Robert Franz

© 2023 Wiley-VCH GmbH

ogy and machine vision
industries. Among other
positions, he was head of
the global optical sensing
business unit at Honeywell,
president of Rittal in the
Americas region and senior
vice president of global sales
and marketing at Datalogic.
Franz is a lawyer and earned
an MBA from TIAS Business
Schoolin Utrecht (NL). “Tam
looking forward to working
with a great team to further
develop the products and
strategy and to grow the busi-
ness together,” says Franz.
“With Robert Franz, we
have found an excellent can-
didate with a strong back-
ground in strategy, sales and
product management to take
over the role of CEO of Allied
Vision,” said Alexander van
der Lof, chairman and CEO
of the TKH Group.
www.alliedvision.com
www.tkhgroup.com
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Source: Quix Quantum

Sources: Th. Naeser / L-IPHT

Quix Quantum appoints new CTO

Devin Smith steps up as
CTO to lead the technology
direction and development
of Quix Quantum. He joined
the company in 2021 and was
previously a senior quantum
engineer leading the quan-
tum science team.

Smith has worked on inte-
grated photonics as a post-
doctoral fellow at the NTT
Basic Research Laboratories
in Japan, and as a research

Drs Devin H Smith (I) and Jelmer Renema

F

fellow at the Optoelectron-
ics Research Center (ORC),
University of Southampton
in the UK. Smith’s unique
comprehension in both

fields, quantum computing
and integrated photonics,
have allowed him to easily
communicate across bound-
aries and between fields. His
strong lead in the quantum
science team is essential for
the development of the tech-
nology vision.

Jelmer Renema co-
founded Quix Quantum
and provided technology
leadership in the creation
of the business and the tech-
nology. He is also active in
the broader quantum and
photonics ecosystem in his
role as assistant professor
of quantum optics at the
University of Twente in the
Netherlands.

Dr Stefan Hengesbach,
CEO of Quix Quantum says:
“I am delighted that Devin
has agreed to become our
CTO with Jelmer as chief
scientist to continue his
technical guidance”

WWW.quixquantum.com

Pupeza expands IPHT's range of optical

methods in medicine

The Leibniz Institute in Jena
has established a new work-
ing group for field-resolved
spectroscopic measurement
methods, headed by ERC
Consolidator Grant winner
Ioachim Pupeza.

Dr Pupeza moved from the
Max Planck Institute of Quan-
tum Opticsin Garching to the
Leibniz Institute of Photonic
Technology, where he heads
the new research group
Field-Resolved Optical Pre-
cision Metrology since Feb-
ruary 2023. Heisan expertin

PD Dr loachim Prl;peza

12
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electric-field-resolving spec-
troscopic methods. At the
IPHT, the physicist intends to
further improve the technol-
ogy and open up new appli-
cations, such aslabel-free cell
detection and sorting at high
speeds.

In his ERC Consolidator
Grant funded Laser-Based
Infrared Vibrational Elec-
tric Field Fingerprinting
(LIVE) project, Pupeza is
working toward developing
novellight sources and inno-
vative approaches to record-
ing optical electric fields. The
goal is to use the control
over light at the level of sin-
gle optical field oscillations
afforded by femtosecond
lasers and nonlinear optics
to overcome current tech-
nological limitations, and
thereby tap the full potential
of vibrational spectroscopic
fingerprinting.

www.leibniz-ipht.de

Changes in the Trumpf boards

Source: Trumpf

(I-r) Dr Bjorn Dymke, Dr Berthold Schmidt, Dr Hagen Zimer

In the year of its 100th
anniversary, the high-tech
Trumpf company is reorga-
nizing its management bod-
ies taking effect with the start
of the new fiscal year 2023/24
on July 1, 2023.

Dr-Ing eh Peter Leibinger
(55), vice chairman of the
managing board and chief
technology officer, is moving
from the managing board to
the supervisoryboard, where
he assumes chairmanship,
succeeding the retiring Dr
Jiurgen Hambrecht (76). Elke
Reichart (58), formerly CDO
of TUI AG, succeeds Prof Dr
Claudia Eckert (64) on the
supervisory board.

Dr Berthold Schmidt (54)
will succeed Peter Leibin-
ger as the new CTO on the
managing board. The phys-
icist has been the managing
director of Trumpf Photonic

Components in Ulm since
April 2020 and has been with
the company since 2013.

Dr Christian Schmitz
(63), member of the man-
aging board responsible for
the laser technology busi-
ness division, is retiring. He
is succeeded by Dr Hagen
Zimer (50). The physicist has
been the managing director
of Trumpf Laser GmbH in
Schramberg since 2020.

Dr Zimer’s successor for
Schramberg will be Dr Bjorn
Dymke (47). Dymke hasbeen
with Trumpf since 2008 and
was most recently head of
finance and controlling at
the group in Ditzingen.

In the extended manage-
ment team, Peter Bokelmann
(62) is leaving the company
as general counsel for reasons
of age.

www.trumpf.com

AT - Automation Technology opens office

in Boston

With the new branch in the
US, AT wants to expand its
network and strengthen sales
and support for its local cus-
tomers. The location in the
Boston metropolitan area
will be managed by Gretchen
Alper, who already has many
years of experience in the
field of machine vision. She
was jointly responsible for the
successful business develop-
ment of a Dutch company in
North America for almost
two decades.

“Compared to Europe, the
USA and the North Ameri-
can market have a completely
different understanding
of product marketing. It is
not all about having a good
product. Customers need to

Source: AT

|

Gretchen Alper

understand why the product
is special and how it is used,”
explains Alper.

The Boston area already
has many companies thatare
active in the fields of optics
or image processing and also
numerous universities as a
talent pool of talented peo-
ple who are interested in the
industry.

www.automationtechnology.de
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200 MHz low-noise variable gain photoreceiver

Manufacturer: Femto Messtechnik
Product: Low-noise photoreceiver “OE-
300" with InGaAs or Si photodiode for the
wavelength range from 320 nm to 1700
nm and variable amplification from 102 to
108 /A for the detection of optical signals
from the nanowatt to milliwatt range. The
optical input is either free space or fiber
optic.

Features: The photoreceiver series con-
sists of a high-quality photodiode followed
by a high-end, variable gain transimped-
ance amplifier. The wide amplification
range in combination with a bandwidth
up to 200 MHz and an input noise (NEP)
down to 47 fW/vHz make the device a
real universal photo receiver for the MHz
range. Various models with InGaAs or Si
photodiodes cover the wavelength range
from 320 nm to 1700 nm. The large-area
detectors facilitate optical focusing. The
free space input has a 1.035"-40 thread,
suitable for standard optical accessories

from various manufacturers. Optical fi-
bers can be attached to the silicon mod-
els with free space input in no time at all
using screw-on adapters (FC/PC, FC/APC
or FSMA). With the smaller-area InGaAs

Products I

photoreceivers, there is a choice between
a free space input and a model with a
fixed FC fiber connection. The optionally
available post adapter plate (PRA-PAP)
with M4 and 8-32 UNC thread enables
mounting on an optical bench.
Applications: The wide range of appli-
cations includes spectroscopy, charac-
terization of light sources, optical power
measurements, time-resolved pulse
measurements and much more.

FEMTO Messtechnik GmbH

Klosterstr. 64

10179 Berlin, Germany
phone: +49 30 2804711-0
e-mail: info@femto.de
Website: www.femto.de

Femtosecond lasers lower costs in microscopy, nano-fabrication, and inspection

Manufacturer: Coherent.

Product: Market proven compact fs la-
ser “Axon 780" with emission at 780 nm.
Other models of the series with powers
up to 3.5 W are available at 920 nm and
1064 nm. They all are showcased at the
Laser World of Photonics fair in Munich.
Features: All “Axon" lasers enjoy a com-
mon fit, form and functionality for simple
integration. Short pulses, less than 150 fs,
are delivered with dispersion precom-
pensation and users may also select the
“Total Power Control” (TPC) for fast mod-
ulation with >1,000:1 contrast ratio.

The value-priced “Axon 780" offers
800 mW of power for brightest images,
faster process speeds, and more efficient

non-linear processes. The fully integrated
group delay dispersion pre-compensa-
tion ensures minimized and consistent
pulse duration at the sample. The TPC op-
tion allows for reduced system cost and
complexity. For two-photon microscopy
techniques, the laser offers a combination
of wavelength and power that enables
label-free imaging techniques. These
include second harmonic generation
(SHG) for imaging collagen fibers, as well
as exciting endogenous fluorescence in
NADH and flavins in both living and fixed
tissue samples. This makes the compact,
cost-effective, and OEM-friendly series a
promising pathway for future clinical in-
struments, plus the TPC option simplifies

these microscopy systems by allowing
direct flyback blanking.

Applications: Label-free two-photon mi-
croscopy, two photon nanofabrication,
and inspection of wafers and thin films,
all get a major boost in speed and per-
formance.

Coherent Shared Services B.V.

Dieselstr. 5b

64807 Dieburg, Germany

phone: +49 6071 968-0

e-mail: sales.germany@coherent.com
Web: www.coherent.com

Laser World of Photonics, Hall B3,
Booth 321
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Building a sustainable future

EPIC members collaborate beyond technology innovation

This spring, EPIC traveled to the HBK
FiberSensing facilities in Porto, Portugal,
to discuss the challenges and opportu-
nities in the fiber sensing market. The
discussion included advancements in
fiber Bragg gratings, distributed sensors
and interrogators and other monitoring
options.

The meeting featured several infor-
mative presentations from experts in
academia and industry. The consen-
sus reached was that fiber sensing is
a well-established technology, with
numerous companies developing solu-
tions for various applications. The med-
ical market is experiencing rapid growth
and benefiting from new integrated solu-
tions, although the highest sales still per-
tain to defense and security.

Following the Porto meeting, the
EPIC team traveled to Jena, Germany,
to engage in discussions on photon-
ics for AR/VR/MR, specifically focus-
ing on design, system integration, and
mass production. The meeting brought
together key players in the AR/VR indus-
try. The primary topic of discussion was
the need for technology to be presented
in a user-friendly form factor, necessi-
tating even smaller optical components.
However, the main challenge lies in bal-
ancing design requirements with user
needs.

Upcoming EPIC events:

W 27 June 2023
EPIC Meeting on Micro-Optics at
the Laser World of Photonics

B 28 June 2023
EPIC Meting on Ultrafast Laser
Processing at the Laser World of
Photonics

B 29 June 2023
EPIC CEO Exhibitor Breakfast at
the Laser World of Photonics

B 29 June 2023
EPIC Technology Workshop on
PIC Post-Processing & Packaging at
the Laser World of Photonics

H 10 July 2023
EPIC Online Technology Meeting
on Photonics for Wearables

B 1 September 2023
EPIC HR Workgroup Meeting: hir-
ing outside Europe

B 6 - 7 September 2023

PhotonicsViews 3/2023

Group picture of the EPIC Meeting on Photonics for AR/VR/MR: from Design to System
Integration and Mass Production at Jabil Optics.

Recently, the association had two
delegation trips, one to Japan includ-
ing some company visits to Optosigma
/ SigmaKoki, AGC and Nikon, and the
other to Abu Dhabi, UAE, to visit the
Technology Innovation Institute. EPIC
was also very active on online chan-
nels, organizing technology meetings
on topics such as climate change mon-
itoring, additive manufacturing, and
non-telecom VCSEL applications. Fur-
thermore, an Online Marketing Meet-

EPIC Technology Meeting on Pho-
tonics in Defense. Kielce, Poland

B 7 September 2023
EPIC TechWatch at CIOE on Opti-
cal Components, Materials and
Innovative Applications, Shenzhen,
China

B 18 September 2023
EPIC Online Technology Meeting
on Hybrid Photonics Integration

B 2 October 2023
EPIC VIP Networking Reception at
ECOC, Glasgow, Scotland

B 4 October 2023
EPIC TechWatch at ECOC,
Glasgow, Scotland

B 9 October 2023. Online Event
EPIC Online Technology Meeting
on Optical Metrology Solutions for
the Industry

B 11 - 12 October 2023

ing on press content for photonics was
conducted.

EPIC also initiated two working
groups among its members. The first
group addresses human resources, aim-
ing to meet talent acquisition challenges.
The second group focuses on sustain-
able photonics, aiming to educate and
promote circular design and sustainable
production methods.

WWW.epic-assoc.com

EPIC Technology Meeting on
Industrial Quantum Photonics
Technology at Toptica, Munich,
Germany

W 16 October 2023
EPIC Online Marketing Meeting:
Google Analytics — Unlock the
Power of GA4

B 21 October 2023
Day of Photonics

B 23 October 2023
EPIC Online Technology Meeting
on LIDARs on Chips

B 24 - 25 October 2023
EPIC Meeting on Laser Applica-
tions Along the Battery Manufac-
turing Process at ARENA2036,
Stuttgart, Germany

For the list of all events, visit:
WWWw.epic-assoc.com/epic-events

© 2023 Wiley-VCH GmbH
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New president and board member for EPIC

Basil Garabet becomes new president of the European Photonics Industry Consortium, Shahida
Imani takes the place on the board of past six years’ president Benno Oderkerk

During the annual general meeting
2023 celebrated in Helsinki, Finland,
the European Photonics Industry Con-
sortium announced that Basil Garabet
will be the new president of EPIC, suc-
ceeding Benno Oderkerk who served six
years of the EPIC presidency.

The EPIC team expresses their grati-
tude to Benno Oderkerk for his dedica-
tion and guidance throughout the years.
As per Carlos Lee, the director general
of EPIC, “Benno has been a reliable sup-
port in these years of strong expansion,
guiding in strategic decisions and net-
working events such as the now famous
EPIC Runs”

Benno Oderkerk initially joined EPIC
asthe founder and CEO of Avantes and,
after selling the company, he shifted his
focus to mentoring and continued con-
necting photonics companies. Benno
shares, “Working with EPIC members
and the Photonics Industry hasbeen per-
sonally fulfilling, though it requires alot
oftime and effort, the great moments we
shared and the achievements we attained
are priceless”. He is followed by Basil
Garabet as the new president.

Garabet, the president and CEO of
NKT Photonics, has been successfully
leading the company since 2015. With
38 years of experience in photonics, he

Basil Garabet (r) taking over presidency from Benno Oderkerk (Source: EPIC)

has been a serial entrepreneur who has
started, led, and turned around a num-
ber of international photonics compa-
nies, including JK Lasers, EM4, Alti-
tun, Melles Griot, and Lasertron. Basil
is actively involved in promoting pho-
tonics worldwide, particularly in new
applications such as Quantum, and holds
various honorary positions.

“Iam honored to be appointed as the
new president of EPIC,” declared Basil
Garabet. “As an organization, we have
persevered through challenging times,
and now it is crucial that we forge new
bridges to ensure that we can gather
input from every voice.”

With Oderkerk departing from the
board, Shahida Imani, CEO of Chromac-

ity, is filling the place. “We are delighted
to welcome Shahida Imani to EPIC’s
board of directors,” said Lee. “She is a
highly respected professional, and I am
confident that her expertise, from the
leadership of Chromacity, experience
in raising capital, and her involvement
in high-growth SMEs, will contribute
significantly to the success of the orga-
nization and the members.” Garabet
expressed, “With Shahida’s appointment,
we welcome the valuable perspectives of
SMEs and UK’s regional representation
to our board of directors. We look for-
ward to broadening our horizons with
her joining our team.”
Www.epic-assoc.com

The status of fiber optic sensing technology

Industry leaders evaluated the potential of integrated solutions and addressed the need for educa-
tion on the real value of fiber optic sensors at an EPIC event in Porto, Portugal

EPIC organized a meeting focused
on fiber sensors in collaboration with
HBK FiberSensing on the 19th and 20th
April 2023. The event aimed to discuss
the latest advancements in fiber sens-
ing solutions and to foster collaboration
and knowledge-sharing among industry
professionals.

Attendees from various industries
participated in the event. The meeting
saw intense debates on the challenges
and opportunities in the fiber sensing
market and the new developments of
fiber Bragg gratings, distributed sensors
and interrogators and other monitoring
options. The meeting featured several
informative presentations from experts

© 2023 Wiley-VCH GmbH

inacademiaand industry. Werner Lien-
hart from Graz University gave areview
of the different projects performed by
their group related to structural health
monitoring of bridges and roads.

The meeting concluded with a con-
sensus that fiber sensing is a well-known
technology with many companies devel-
oping solutions for various applications.
The medical market is growing rapidly
and taking advantage of the new inte-
grated solutions, although the highest
sales are still related to defense and
security. Finding niche markets could
be a challenge for manufacturers in the
near future. Overall, the meeting pro-
vided valuable insights into the state of

7\

Redondo Optics - Fiber Optic Sensor System

L1
s for

Applications where Weight, Size, and Power are Critical

for Operation - Edgar Mendoza, CEO (Source: EPIC)

the art of fiber sensors and opened up

new possibilities for collaboration and

innovation in the industry.
WWW.epic-assoc.com
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IVSM: Standards for multibillion vision-tech market

More than 100 developers convened at the Standards Working Group Meeting in Vienna

i1

The participants of the meeting in Vienna (Source: AIT / Johannes Zinner)

Participants from Europe, North Amer-
ica and Asia representing about forty
machine vision companies met during
the spring edition of the International
Vision Standards Meeting (IVSM) from
17 - 20 April in Vienna, which was
hosted by the EMVA and the Austrian
Institute of Technology (AIT) where the
event was held. The International Vision
Standards Meeting combines the global
machine vision standardization efforts
and goes back two decades to the kick-
off meeting for the GigE Vision standard
in June 2003. Since then, the support-
ing associations A3 (North America),
CMVU (China), EMVA (Europe), JIIA

(Japan), and VDMA (Germany) alter-
nate as hosts for the biannual meetings.

The event was a complete success for
both EMVA and AIT. Markus Clabian,
head of the high-performance vision sys-
tems research group at the AIT Center for
Vision, Automation & Control (VAC),
comments: “It was a strategic decision
for us to host the IVSM. Our aim is to
significantly increase the visibility of AIT
and our technologies in the professional
community, demonstrating the deep
expertise in the field of machine vision
atthe VAC. In addition, as a research and
development organization, the exchange
with expertsis crucial to us,notonly ona

professional level but also to understand
the needs of the market. At the IVSM
we talked to the experts and companies
from China, Japan, Canada, USA, Bel-
gium, Germany, and many more, and
discussed opportunities for collabora-
tion. Thirdly, during the tours through
various AIT Labs, we were able to show
different innovative application fields of
machine vision, where vision standards
clearly demonstrate their value”

The ‘Plugfest’ is a special highlight
at each meeting, where experts apply
the standards and connect a wide range
of products, some of which are new.
Reynold Dodson, president of the com-
pany BitFlow and chair of the Camera-
Link standard, as well as a member of
the CoaXPress working group, regards
the plugfest as an important part of the
meeting: “It is chance for all the firms
that work on the standard to test the
interoperability of their products. These
plugfests serve a number of purposes:
they improve specifications, they pro-
vide a venue for mandatory interop-
erability testing and they tighten and
enhance the social aspects of standards
creation.” During the meeting in Vienna,
the plugfest was opened to the profes-
sional community outside the companies
and institutions involved in the standards
working groups for the first time.

Www.emva.org
www.ait.ac.at

VDI publishes new guidelines for OCT processes

Guideline VDI/VDE 5565 Sheet 1 describes the OCT process and defines the terms required terms

Optical coherence tomography (OCT) is
animaging method that creates high-res-
olution cross-sectional images of trans-
parent and semi-transparent media. It
is used both in industrial measurement
technology, for example in component
monitoring, and in biomedical diagnos-
tics, such as in ophthalmology or tissue
diagnostics. Industrial measurement
technology and medical technology
companies expect to find many more
uses. They work together in the VDI/
VDE Society for Measurement and Auto-
mation Technology (GMA) in a specialist
committee on OCT and have now pub-
lished guideline VDI/VDE 5565 Sheet 1
with standardized process descriptions.

PhotonicsViews 3/2023

The goal of the Optical Coherence
Tomography Technical Committee 1.32
within the ‘Methodology of measure-
ment and sensor technology’ depart-
ment of the GMA is to bring together
expertise from industry and research
and jointly publish a standardized set
of rules for OCT, opening the way to
more OCT applications in the future.
This is because the comparatively new
measurement method has not yet been
described in general terms, and various
methods and characteristics have not
yet been standardized. The compara-
bility of different OCT systems is not
yet given and a wider distribution is
restricted. This should change with the

guideline work of the technical com-
mittee.

The guideline VDI/VDE 5565 Sheet 1
“Optical coherence tomography (OCT);
Process Descriptions” was published
in January 2023 in a bilingual edition
(German/English) (www.vdi.de/5565).
The guideline describes the OCT proce-
dures and defines the necessary terms.
The committee is already working on
VDI/VDE 5565 sheet 2 on the subject
of “Signal processing and data evalua-
tion”. The metrological characterization
of OCT systems is on the roadmap for
further guideline projects.

www.vdi.de
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Cooperation with added value

VDMA and Photonics Germany have signed a memorandum of understanding for closer collaboration

On March 16, 2023, representatives of
Photonics Germany and VDMA signed
a cooperation agreement in Frankfurt
am Main, Germany, to systematically
intensify their cooperation and launch
joint activities in the future. Photonics
Germany is the alliance of OptecNet
Deutschland and Spectaris, which aims
to strengthen the position of the German
high-tech industry on a national and
European level. With more than 3,500
members, VDMA is the largest network
organization and important voice of the
mechanical engineering industry in Ger-
many and Europe.

The aim of the agreement is to
strengthen the importance of the pho-

tonics and laser industry through polit-
ical information and public relations, as
well as through joint activities in pro-
moting young talent and recruiting
skilled workers. In addition, the frame-
work conditions in research and indus-
try are to be improved. Another goal is
to jointly advance quantum technology
and to support or accelerateits imple-
mentation. To achieve these goals, Pho-
tonics Germany and VDMA Lasers and
Laser Systems for Material Processing
Working Group as well as the VDMA
Quantum Technologies and Photonics

Forum will work closely together.
https://photonics-germany.de
www.vdma.org

New board of directors

Elections at the VDMA Working Group Laser and Laser Systems for Material Processing

At the spring meeting of the VDMA
“WG Laser”, the board elected a new
chairman and a new deputy chairman.
Dr Christoph Ullmann, general man-
ager of Laserline GmbH, was elected
chairman and Dr Stefan Ruppik, vice

Management and
board of the Working
Group Laser and
Laser Systems for
Material Processing:
Dr Christoph Ullmann,
Laserline (chairman),
Dr Stefan Ruppik,
Coherent (vice
chairman); Dr Sven
Breitung, VDMA;
Nikolas Meyer, EMAG
LaserTec.

president and general manager high
power CO, lasers and profile welding
systems at Coherent, was elected as his
deputy.

Dr Christian Schmitz from Trumpf
was bidden farewell as chairman of the

VDMA is the sponsor of Laser World of Photonics

www.photonicsviews.com

(I-r) Ralf Niggemann (OptecNet Deutschland), Dr
Wenko Suptitz (Spectaris), Dr Sven Breitung (VDMA

Laser Working Group and Quantum Technologies and

Photonics Forum)

laser working group, and thanked for his
long commitment. He was on the board
for twelve years and was its chairman for
almost eight years.

The newly elected board is com-
posed of: Nikolas Meyer, business unit
manager - sales and application EMAG
LaserTec GmbH, Dr Stefan Ruppik, and
Dr Christoph Ullmann.

The VDMA Working Group rep-
resents the interests of 47 companies
from Germany, Austria and Switzerland
vis-a-vis politicians, business partners,
the interested public, and the media. The
circle of member companies includes the
leading manufacturers of beam sources,
laser processing systems, suppliers of
components with direct reference to
the end application as well as research
institutes and universities.

www.vdma.org

The VDMA Working Group on Lasers and Laser Systems for Material Processing assumes the
conceptual sponsorship of the trade fair for components, systems, and applications in photonics

The Laser World of Photonics has a
new cooperation partner: the VDMA
Working Group on Lasers and Laser
Systems for Material Processing is tak-
ing on the conceptual sponsorship of
the world’s leading trade fair for com-
ponents, systems and applications in

© 2023 Wiley-VCH GmbH

photonics. With its member companies
from laser and automation technology
and its forum for quantum technolo-
gies and photonics, the working group
is a link between the Laser World of
Photonics, the World of Quantum, and
Automatica, the leading trade fair for

intelligent automation and robotics,
which will be held simultaneously for
the first time from June 27th to 30th,
2023.

www.vdma.org
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Adapting test methods for optics to high-power laser

components

The LZH is working together with Laseroptik and Raylase on the cw-LIDT project

r

o 1

Laseroptik develops advanced coatings of the highest destruction resistance for the
deflection unit of their partner Raylase. (Source: Laseroptik)

Alimiting factor in developing new laser
systems is the optical resilience of the
components with which the laser radi-
ation is generated and guided. These are
necessary to achieve ever higher outputs.
At the same time, there is a growing
demand for low-weight components,
for example for use in galvanometer
scanners in material processing.

Scientists at the LZH are therefore
developing measurement routines in
the project to test and consequently
guarantee the compatibility of such
optics. Naturally, the results of tests
performed on current optics compo-
nents cannot also be expected to apply
to much smaller and lighter elements.
For example, according to ISO standard

21254, the optics are irradiated at one
hundred positions. This is not possible
with smaller surface areas since the mea-
suring points influence each other, for
example through thermal conduction
or thermal stresses.

With the new measurement routine,
the photonic materials group of the LZH
investigates different optics and uses the
results to create models to make optics
even more robust in the future. In doing
so, they take into account different mate-
rials, geometries, and different manu-
facturing processes. Laseroptik develops
optics coatings of the highest destructive
strength adapted to special geometries.
These components are then inserted into
a deflection unit manufactured by Ray-
lase and tested by the LZH close to the
application, i.e. in the finished module
and with parameters similar to the later
application. The aim is to develop more
stable scanner modules.

www.lzh.de
www.laseroptik.de
www.raylase.de

New optical sensor detects hydrogen leaks

Many metal nanoparticles work together to detect record low levels of hydrogen

Hydrogen plays an important role in
the pursuit of clean and renewable
energy, but a major challenge facing
this transition is that the gas is explosive
when mixed with air. For this reason, it
is crucial to be able to detect hydrogen

can detect record low levels of hydro-
gen.

The sensor that the researchers
have developed is based on plasmons,
which occur when metal nanoparticles
capture light and give the particles a

The new sensor consists of many metal nanoparticles that work together to detect

hydrogen in their surroundings. (Source: Y. Strandqvist, Chalmers U.)

leaks as early as possible. Researchers
at Chalmers University of Technology,
Vrije Universiteit Amsterdam and
Eindhoven University of Technology,
have developed an optical sensor that

PhotonicsViews 3/2023

distinct color. If the nanoparticles are
made of palladium or a palladium alloy,
their color changes when the amount of
hydrogen in the surroundings varies, and
the sensor can trigger an alarm if the lev-

elsbecome critical. The researchers used
particle swarm optimization to find the
best arrangement and geometry of the
particles of the particles on the surface of
the sensor and achieve the highest pos-
sible sensitivity when exposed to hydro-
gen. Placing the particles in a very pre-
cisely defined regular pattern turned out
to be the answer. Based on the AI-design,
the optimized optical hydrogen sensor
was fabricated and verified to be the first
ofits kind to optically detect hydrogen in
the parts per billion range (250 ppb). The
new sensor’s practical applicability will
now be further investigated within the
TechForH2 competence center. (Source:
Chalmers U.)

Reference: E. A. A. Nugroho et al.: Inverse de-
signed plasmonic metasurface with parts per
billion optical hydrogen detection, Nat. Com-
mun. 13,5737 (2022); DOI: 10.1038/541467-
022-33466-8

https://langhammerlab.se
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Lidar improves safety features in vehicles

Differentiating between static and moving objects and seeing in the dark in real time

Starting in 2022, seventeen car manu-
facturers announced plans to use or
are currently using lidar sensors across
twenty-one different models. However,
there are a few things that need to be
overcome: a lack of object movement
distinction, high levels of noise, and
trouble viewing non-moving objects
that are in the vehicle's path.

Utah State University associate pro-
fessor Scott Budge and his student Chaz
Cornwall compared two lidar maps
developed by biology-inspired pro-
cesses: one with the original technol-
ogy and the other adjusted to correct the
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and his
graduate
students

issues mentioned above. Their improved
lidar map was successfully able to recog-
nize and distinguish between obstacles
and detect movement without errors.
“One possible way of removing false
positives is to concentrate on alerting
to a possible collision based on move-
ment,” Budge said. “Another solution is

to exploit the obstacle distance so that
a photon is associated with a specific
pixel location to estimate a collision.”
This essentially means that adjusting the
where, what, and when of alight photon,
of which lidar uses billions at once, can
fix the current issues.

Reference: C. B. Cornwall & S. E. Budge: Ob-
stacle detection using range-difference events,
Opt. Eng. 62,031203 (2022); DOI: 10.1117/1.
OE.62.3.031203

https://engineering.usu.edu/ece/
faculty-sites/cail/

Lithography-free photonic chip offers high speed and

accuracy

New photonic device provides programmable on-chip information processing for Al applications

Both photonics and electronics rely on
lithography to define their circuit ele-
ments and connect them sequentially.
Now researchers at the University of
Pennsylvania have created a photonic
device that provides programmable
on-chip information processing without
lithography, offering the speed of pho-
tonics augmented by superior accuracy
and flexibility for Al applications.
Achieving unparalleled control of
light, this device consists of spatially
distributed optical gain and loss. Lasers
cast light directly on a semiconductor
wafer, without the need for defined
lithographic pathways. Liang Feng,
Tianwei Wu, Zihe Gao and Marco

Menarini developed the new micro-
chip. Without lithography, these chips
become adaptable data-processing
powerhouses. Because patterns are
not pre-defined and etched in, the
device is intrinsically free of defects.
Perhaps more impressively, the lack
of lithography renders the microchip
impressively reprogrammable, able to
tailor its laser-cast patterns for optimal
performance, be the task simple - few
inputs, small datasets — or complex —
many inputs, large datasets. In other
words, the intricacy or minimalism
of the device is a sort of living thing,
adaptable in ways no etched microchip
could be.

Reference: T. Wu et al.: Lithography-free recon-
figurable integrated photonic processor, Nat.
Photon., online 27 April 2023; DOI: 10.1038/
541566-023-01205-0

https://fenglab.seas.upenn.edu
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Manufacturing is more sustainable with green lasers

Most detailed of insights into laser welding processes to date thanks to a particle accelerator

Lots of raw material can be saved during
the welding of high-performance elec-
tronics. This is the result of an investi-
gation at the German Electron Synchro-
tron DESY of the Helmholtz Associa-
tion in Hamburg. Trumpf, Fraunhofer
ILT, DESY and the Helmholtz Center
Hereon each contributed their highly
specialized knowledge of x-rays, laser
sources and welding processes. As a
result, insights that remain invisible to
the eye and even to microscopes have
now been achieved for the first time.
The result: when a laser with a green

wavelength is used, far fewer rejects are
produced than with other laser welding
processes. Car manufacturers save raw
material and contribute to more sustain-
able manufacturing.

“We wanted to use the investiga-
tions at the particle accelerator to find
out exactly what makes the difference in
copper welding. A stable welding process
is important because manufacturers of
electric vehicles have to weld several bil-
lion connections of the highest quality;’
says Marc Hummel, a scientist at Fraun-
hofer ILT. In the future, Trumpf and the

Trumpf and the Fraunhofer ILT investigated the laser welding of copper connections by

using a particle accelerator (Source: Trumpf)

Easier production of photonic MEMS

New approach could enable more efficient fiber-optical telecommunications and quantum computers

A team of researchersled by Niels Quack,
University of Sydney, has developed a
new technology to combine optics
and microelectro-mechanical systems
(MEMS) in a microchip, paving the way
for the creation of devices like micro-3D
cameras and gas sensors for precision
air quality measurement, and their use
in mobile phones. The new fabrication
process builds on silicon photonics and
uses semiconductor manufacturing
techniques to enable a new, more
energy-efficient generation of devices
for fiber-optical communications, sen-
sors and even quantum computers.
Quack said that the photonic MEMS
are unique in that they are compact, con-
sume very little power, are fast, support
a broad range of optical carrier signals

PhotonicsViews 3/2023

and have low optical loss. “This is the
first time that nano-electro-mechani-
cal actuators have been integrated in a
standard silicon photonics technology
platform,” Quack said. “It is an import-
ant step towards mature large-scale, reli-
able photonic circuits with integrated
MEMS. This technology is being pre-
pared for high-volume production, with
potential applications in 3D imaging for
autonomous vehicles or new photonic
assisted computing”

“Current similar technologies con-
sume a lot of power and occupy a large
area on-chip. They also have high optical
losses. This makes the integration of a
large number of components on a sin-
gle chip challenging,” he said. “Our sil-
icon photonic MEMS technology over-

Fraunhofer ILT plan to expand research
to other areas such as 3D printing, laser
cutting and laser drilling with ultrashort
pulselasers, and to bring other industry
partners on board.

Copper absorbs green or blue wave-
lengths much better than the infrared.
Because the material reaches its melting
temperature more quickly, the welding
process also starts faster and less laser
power is required. “More stable pro-
cesses when welding mean fewer rejects
and greater sustainability, which is a
major issue in e-mobility,” said Mauritz
Moller, automotive industry manager
at Trumpf.

To study welding processes in detail,
experts from the Fraunhofer ILT, in col-
laboration with the laser technology
group at RWTH Aachen University,
used the Petra ITI X-ray light source on
the experimental setup at the Helmholtz
Center Hereon using two different laser
systems: an NIR laser and a laser with a
green wavelength. “Thisisa great oppor-
tunity for us to study welding processes
on industrial parts. For example, how do
spatters and pores form, and how does
the heat from the welding process affect
sensitive components such as electronic
parts,” said Moller.

www.trumpf.com
www.ilt.fraunhofer.de

comes these shortcomings, providing a
route for efficient scaling of photonic
integrated circuits. The technology will
advance knowledge in the field of micro
and nanofabrication, photonics and
semiconductors, with a wide range of
applications. These include beam steer-
ing for lidar 3D sensing in autonomous
vehicles, programmable photonic chips,
or information processing in quantum
photonics” (Source: U. Sydney)

Reference: N. Quack et al.: Integrated silicon
photonic MEMS, Microsyst. Nanoeng. 9, 27
(2023); DOI: 10.1038/s41378-023-00498-z

www.sydney.edu.au
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Scraping the skies

Tall buildings should follow an environmental approach, such as a
climate adaptive envelope, potentially saving 30 % of energy

Sky-Walls is a technology company that
has developed a module that can be
added to the glass envelope of a building
to make it more sustainable. The module
works like a climate-adaptive skin, simi-
lar to the way ahuman body adapts to the
environment, and can save almost a third
ofabuilding’s energy consumption. The
module is designed to be added to an
existing curtain wall panel and includes

built-in temperature sensors and solar
radiation detectors that can be used to
monitor the building and control its air
conditioning.

Glass buildings present a unique chal-
lenge with conflicting demands of high
visibility and insulation. Transparency
allows for sunlight to enter the build-
ing, but insulation prevents heat from
escaping through the same windows,
leading to a greenhouse effect and high
energy consumption for air condition-
ing. Architects and engineers are calling
for a ban on all-glass skyscrapers. How-
ever, this new autonomous technology
offers a solution by adapting the insula-
tion value (U-value) and solar heat gain
coefficient (SHGC) through a simple yet
effective method.

T = e W L oo o

The module’s hermetically sealed inner
wherein the circulating air significantly
changes the U-value of the curtain wall
panel (Buildwind simulation)

© 2023 Wiley-VCH GmbH

Traditionally, glass-fronted offices
and high-rise buildings are designed
with alot of naturallight and great views,
which is why they are so popular. How-
ever, their curtain walls, usually based
on a hermetic double-glazing design,
can create a greenhouse effect, result-
ing in high energy consumption and an
increased carbon footprint. Triple-glaz-
ing design is becoming more popular,

Typical window arrange-
ment with active heat trans-
fer control and adjustable
U-value for a climate adap-
tive building envelope. The
module mounted on top of
the curtain wall or window
is hermetically connected to
the window’s cavity, and air
circulating fans draw their
energy from built-in solar
panels.

but it only offers a partial solution. Once
installed, these curtain walls are passive
and do not offer any adaptation to chang-
ing climate conditions.

A new photonics-based technology
for buildings uses an autonomous her-
metically sealed curtain wall panel that
replaces existing technology. The pan-
els are driven by Al and can adapt their
heat management characteristics to the
building’s needs by controlling solar har-
vesting and continuously changing their
insulation characteristics. The system is
differential, with each panel being inde-
pendent, and inputs to the Al system are
done via Wi-Fi using common protocols
such as Apple Siri, Google Now, Micro-
soft Cortana, etc.

To reduce the temperature during
summer and raise the inside tempera-
ture during winter, the new technology
utilizes a double-glazing facade, which
includes built-in solar-powered fans
that circulate the hermetically sealed
insulation air to create a thermal short
circuit-like effect, increasing the heat
transfer between the environment and
the interior. In its passive mode, it pro-
vides a high insulation value (U-value)
that surpasses current technology. It also
controls the solar heat gain coefficient
to better manage the building’s solar
energy. For non-visible areas, built-in
PV panels harvest electricity and heat
at the same time.

www.sky-walls.com
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Lithium niobate as a platform material in photonics

Artificial crystals could overtake silicon chips in light-based technologies

This chip is the size of a fingernail, is
made on thin film lithium niobate and
can be used in telecommunications.

Super-thin chips made from lithium
niobate are set to overtake silicon chips
in light-based technologies, according
to leading scientists in the field, with
potential applications ranging from
remote ripening-fruit detection on
Earth to navigation on the Moon. They
say the artificial crystal offers the plat-
form of choice for these technologies due
to its superior performance and recent
advances in manufacturing capabilities.
Arnan Mitchell from the RMIT Univer-
sity and Andy Boes from the University
of Adelaide led a global team to review
lithium niobate’s capabilities and poten-
tial applications.

The team, including scientists from
Peking University and Harvard Univer-
sity, is working with industry to make
navigation systems that are planned to
help rovers drive on the Moon later this
decade. As it is impossible to use global
positioning system (GPS) technology on
the Moon, navigation systems in lunar
rovers will need to use an alternative sys-
tem, which is where the team’s innova-
tion comes in. By detecting tiny changes
in laser light, the lithium-niobate chip
canbe used to measure movement with-
out needing external signals.

“Thisartificial crystal is being used to
develop a range of exciting applications.
And competition to harness the potential
of this versatile technology is heating up,”
said Mitchell, director of the Integrated
Photonics and Applications Center. “Our
lithium niobate chip technology is also
versatile enough to be rapidly adapted to
almost any application that uses light,
Mitchell said. “We are focused on navi-
gation now, but the same technology
could also be used to link Internet on
the Moon to the Internet on Earth”

The team is working with the Aus-
tralian company Advanced Navigation
to create optical gyroscopes, where
laser light is launched in both clock-
wise and anticlockwise directions in a

New platform for tunable lasers

Combination of lithium niobate with silicon nitride for a new type of hybrid integrated lasers

Scientists at EPFL and IBM have
developed a new type of laser based
on lithium niobate that could have a
significant impact on optical ranging
technology. Lithium niobate is par-
ticularly useful because it can handle
a lot of optical power and has a high
Pockels coefficient - it can change its
optical properties when an electric field
is applied to it.

The researchers achieved their result
by combining lithium niobate with sil-
icon nitride, which allowed them to
produce a new type of hybrid integrated
tunable laser. To do this, the team manu-
factured photonic integrated circuits
based on silicon nitride at EPFL, and
then bonded them with lithium niobate
wafers at IBM. The approach produced
a laser with low frequency noise and
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simultaneously with fast wavelength tun-
ing - both great qualities for alaser used
in light detection and ranging (lidar)
applications. Then they performed an
optical ranging experiment where they
used the laser to measure distances with
high precision.

Beyond integrated lasers, the hybrid
platform has the potential to realize inte-
grated transceivers for telecommuni-
cations as well as microwave-optical
transducers for use in quantum com-
puting. “What is remarkable about the
result is that the laser simultaneously
provides low phase noise and fast peta-
hertz-per-second tuning, something that
has never before been achieved with such
achip-scale integrated laser;” says Tobias
Kippenberg, who led the EPFL side of
the project. (Source: EPFL)

coil of fiber, Mitchell said. “As the coil
is moved the fibre is slightly shorter in
one direction than the other, according
to the theory of relativity;” he said. “Our
photonic chips are sensitive enough to
measure this tiny difference and use it
to determine how the coil is moving. If
you can keep track of your movements,
then you know where you are relative to
where you started. This is called inertial
navigation.”

This technology can also be used to
remotely detect the ripeness of fruit.
“Gas emitted by ripe fruit is absorbed
by light in the mid-infrared part of the
spectrum,” Mitchell said. “A drone hov-
eringin an orchard would transmit light
to another which would sense the degree
to which thelight is absorbed and when
fruit is ready for harvesting. Our micro-
chip technology is much smaller, cheaper
and more accurate than current tech-
nology and can be used with very small
drones that won't damage fruit trees”

Reference: A. Boes et al.: Lithium niobate
photonics: Unlocking the electromagnetic
spectrum, Science 379, abj4396 (2023); DOI:
10.1126/science.abj4396

www.rmit.edu.au

PIC based on S|icon ntrie, bonded on a
lithium niobate wafers.

Reference: V. Snigirev et al.: Ultrafast tunable la-
sers using lithium niobate integrated photonics,
Nature 615, 411 (2023); DOI: 10.1038/s41586-
023-05724-2

www.epfl.ch/research/domains/quan-
tum-center/

www.zurich.ibm.com/brnc/
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“Making lives easier for integra-

tors ..."

Emmanuel Hannart, CEO of Acqiris talks to EPIC's Ivan Nikitski

The Swiss developer of high quality,
high-speed signal acquisition prod-
ucts, reveals his secretsin a conversa-
tion with EPIC's technology manager
for quantum and PICs.

What is the background to your appoint-
ment as CEO of Acqiris?

I started my career with Digital Equip-
ment Corporation, a US company that
atthat time was a co-leader withIBM in
the electronics market. In 1981, Imoved
to Schneider Electric to the financial
control and sales departments, and later
worked as an R&D project manager and
quality manager. Then in 2001, Schnei-
der acquired Positec, the automation
technology division of Switzerland’s
SIG Schweitz Industrie Holding. I was
asked to go to Switzerland to close
Selectron, its PLC company. Instead of
closing it, together with the employees
we created a spin-off with a new busi-
ness model leading to rentable growth.
Selectron Systems AG became a special-
ist in control, network and communi-
cations technology for the rail rolling
stock industry. I stayed at Selectron as
their CEO until 2017 when the com-
pany was merged with Knorr-Bremse.
I became CEO at LBO Consult Swiss
SA, consultants on business acquisition
and restructuring operations.

At that time, I became involved with
Acqiris SA, a Swiss company developing
high-speed signal acquisition products.
The company was founded in 1998, and
joined Agilentin 2006.1n2017, Agilent
decided to sell the company as they con-
sidered it would be cheaper to buy the
technology from outside rather than to
continue developing and manufactur-
ingitin-house. As no buyers came for-
ward, I helped to organize an employee
buyout. In 2019, as the company was
struggling, I took the lead and became
CEO.
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What were the best learning experiences
in your career?

One of the qualities of the Swiss tech-
nical education system is an empha-
sis on collective rather than individual
problem solving, and my management
philosophy has always been to listen
to the ideas of employees and cus-
tomers and, wherever appropriate, to
adopta collaborative approach to deci-
sion-making. For me, the key aspect of
managing a company is the people — on
the side of both customer and the side
of the company - so my most valuable
learning experiences have been about
how to manage and motivate people,
how to build teams that have a good
understanding of the market and the
customers. Of course, technology is
important but it is not key because
it can always be bought. The crucial
thing is to organize people so that
they do what the market expects and
design devices that are easy to imple-
ment and manufacture with consistent
quality. Functionality required by the
customer requires adaptation or tai-
loring of our products; our product
cannot then be substituted by that of

\

another supplier. It has to run one hun-
dred percent of the time, and be easy
to replace in case of default. These are
the key aspects and it is very import-
ant to organize the company in such
a way that the solutions provided are
efficient and adequate.

What are your main products and appli-
cation fields?

We provide a range of signal acquisition
devices that enable the fast acquisition
of analog signals and conversion into
digital signals with excellent signal
fidelity across a wide bandwidth. The
ability to analyze analog signals in a
very detailed and fine-tuned way and
capture that information on electronics
is essential for reading and understand-
ing microelements in many application
fields. For example, time-of-flight mass
spectrometry can be used for metab-
olite identification, peptide analy-
sis and drug discovery, while swept-
source optical coherence tomography
is a high-speed imaging technique for
retinal angiography. Similarly, distrib-
uted strain and temperature sensing is
used for environmental, industrial, and

© 2023 Wiley-VCH GmbH
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structural monitoring, and lidar is cru-
cial for autonomous vehicles.

How is the company structured?

We are a small company with a work-
force of 25 and an annual turnover
of ten million euros — well balanced
between China, Japan, North America
and Europe. Our headquarters are in
Geneva, but we have technical teams
in the US, Europe, Japan and China to
support our customers with the imple-
mentation or integration of our devices
into their systems and to help whenever
difficulties arise. The company is orga-
nized in three departments: sales and
marketing, applications and develop-
ment, and operations, which is responsi-
ble from when orders arrive to when we
receive payment. We do not have sepa-
rate quality, HR or finance departments
because I consider that responsibility
for these functions should rest on the
shoulders of the managers of the three
main departments.

A major difference between Acquiris
and other companies in the sector is
that most of the employees are share-
holders. This means that as CEO I
have to communicate about the com-
pany’s financial performance in great
detail and that I allocate enough time
to understand how the people want to
grow, in which direction and what they
expect for the future.

How do you see the future?

Currently, our two most important mar-
kets are time-of-flight mass spectrome-
try and swept-source optical coherence
tomography. Although they use similar
knowledge and technology, the time of
flight market has just a few large play-
ers while optical coherence tomography
has smaller players and wider areas of
application. Our aim is to address com-
plementary markets to these two areas. If
we find that our products are too sophis-
ticated in one area, we will try to rebuild
or design products to make them more
compatible with the sole functionality
needed by these customers.

Another interesting market for us is
AT, which will have application possi-
bilities in the various markets we are in.
More specifically, as our products focus
on capturing information and digesting
or tracking it, we have the ability to add
some value that will enable the machine
to react quicker to various elements.
However, while the speed of reaction
is an important factor, sometimes the
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quality of the image on the screen is
more significant, so it will depend on
the application.

Asregards the technology, the prime

factor for the future development of our
products is not so much miniaturization
but the software and firmware tools to
make life easier for integrators and our
OEM customers. Making their lives eas-
ier will make them more successful and
bring more business for us.
Ultimately, our strategy, especially with
our key customers, is to build enough
intimacy to ensure we understand where
their integration challenges are and what
functionality could bring them compet-
itive advantages. Our target is thereby to
develop and co-manage an innovation
process.

What is your advice for the next genera-
tion of entrepreneurs?

Firstly, you obviously need the right
human qualities to be a good CEO, but
it is also very important to have some
cross-departmental experience of a
company. As everything is so complex,
learning on paper is not enough and
the only way to learn is by doing. For
this reason, try to accept some sideways
moves when you are in your thirties or
forties. In this way, you can experience
new challenges and newlearning oppor-
tunities and gain valuable experience in
two or three pillars of the company i.e.,
engineering, production, and sales and
marketing.

Secondly, try to enjoy and cherish
every moment in life and continually
search to improve your education so
you can be a better person and be able
to help and inspire others; as Mahatma
Gandhi once said: “Live as if you were
to die tomorrow, learn as if you were to
live forever”

*
Author: Dr Ivan Nikitski, European
Photonics Industry Consortium, Rue
Hamelin 17, Paris, France; e-mail: ivan.
nikitski@epic-assoc.com, Web: www.
epic-assoc.com, [ inikitski
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Phabulous developments in
European micro-optics

Interview with Jessica van Heck and Ton Offermans from the European
pilot line

Jessica van Heck, managing director, and Ton Offermans, technical coordi-

nator of the European pilot-line association Phabulous which is providing
highly advanced and robust manufacturing technology for optical free-form
microstructures, talk to EPIC photonics technologies program manager Jérémy

Picot-Clémente.

What is Phabulous and what are your
roles within the free-form micro-optics
industry?

Jessica: Phabulousis a pilotline associa-
tion for the manufacturing of free-form
micro-optics. We work with Europe’s
leading RTOs and industrial compa-
nies as a single service provider. This
means we have one NDA coveringall the
members and we offer single or multiple
services through a single contract. As
a result, companies can now get access
to design services, origination, tool-
ing, replication and even integration,
all through a single-entry point with
a single contract executed by leading
micro-optics companies. As managing
director of Phabulous, my main role is
to make all of this easily accessible for

PhotonicsViews 3/2023

customers. I am the initial point of con-
tact and coordinate the entire process.

Ton: Once the NDA is signed, I take
over the discussions with the customers
in my role as technical coordinator of
Phabulous to understand their technical
needs and specifications. Based on that,
I propose theright partners for the tech-
nical team, and lead the discussions on
potential solutions to prepare an offer
that best matches the needs of the cus-
tomer.

How does Phabulous work with other
companies and organizations in the
micro-optics industry to drive innova-
tion and create new products?

Jessica: At the core, we have our mem-
bers with whom we are able to execute

Source: Phabulous

A Use case samples - top left: double-
sided FMLA replicas produced by Nano-
comp for the Hella use case. Bottom Left:
Smart glasses from Microoled featuring
Advanced FMLAs designed by Phabulous
partners. Top right: unmirrored foil with
backlight for Swarovksi.

a full range of services. We have sev-
eral partners who can provide support
in the design phase, making sure that
any design and/or prototype is always
suitable for upscaling to large volume
production. Then we have several origi-
nators who can offer atleast seven differ-
ent origination technologies, so we can
always make sure we find the right orig-
ination that fits the application require-
ments. We also offer tooling to upscale

© 2023 Wiley-VCH GmbH



a master for replication, from tools for
wafer-scale replication to large drums
used for roll-to-roll replication. One
of Phabulous’ strengths is UV imprint
technologies - at not only wafer-scale,
but also roll-to-plate and roll-to-roll -
and we even have partners that can offer
compression injection molding or hot
embossing. Many of these partners can
also tweak their recipes, providing more
flexibility in finding the right material
for a specific application. Once the
optics are produced, we also have part-
ners that can help with coatings and
ultimately with the integration of the
optics in systems.

On occasions, customers require
technology that is not yet inside of the
association, and in these cases, we work
with other partners in the ecosystem.
We can choose to include their services
in our offering or, if it is an individual
service, we are more than happy to bring
them into contact with the customer
directly. In this way, we have created an
ecosystem for micro-optics that com-
prises all our members together with
other European-based companies that
offer services in the field of micro-op-
tics. Filters are available to search for
offerings based on the technology pil-
lar, the market, or position in the value
chain. Ouraim s to create a strong Euro-
pean ecosystem that makes free-form
micro-optics easily accessible.

What are some of the most exciting or
impactful uses of micro-optics, and how
do you see the future of the technology?
Jessica: The type of impact differs from
market to market, but the two main
key words are miniaturization and effi-
ciency. A major thing at the moment
is energy, and more specifically energy
reduction. Micro-optics can increase the
efficiency of solar panels by capturing
more sunlight and making light fixtures
more efficient by using less LEDs, not
only saving on materials but also on
energy consumption. In fact, one of the
core objectives of one of our use cases
is the production of large luminaires
for the transportation sector — making
them smaller with fewer LEDs but still
having an attractive and uniform light
distribution. This is a perfect example
of where we will see a bigger impact
of free-form micro-optics in future:
improving the efficiency and light dis-
tribution of lighting systems. We will
also see an increasing role for free-form
micro-optics in the consumer market.

© 2023 Wiley-VCH GmbH

Jessica van Heck

You can replace several lenses of your
smartphone’s camera module with a
free-form optic that has similar or even
improved functionality.

Ton: Display performance can be sim-
ilarly enhanced, and we know that the
AR/VR markets will boom in the near
future. In fact, we have been working
with several companies on these kinds
of applications, involving free form
micro-lens arrays that enable smaller
VR headsets while maintaining or even
improving the resolution and field of
view for example. Similarly, with AR
applications like smart glasses, we have
already gained experience working with
a company looking at using free-form
micro-optics to enhance the brightness
of the display. Of course, these kinds
of solutions must have a small form
factor to be accepted in the consumer
market, and that is exactly where free-
form micro-optics can playa significant
role. Another impactful use is in life
sciences. For example, the efficiency of
certain biosensors can be significantly
improved with a micro-optical struc-
ture, and we are currently in discussion
with a customer who wants to produce
such biosensors with an advanced opti-
cal structure in larger numbers.

What are some of the key advancements
that Phabulous has achieved in micro-op-
tics?

Ton: The ability to create optics in any
shape without any symmetry constraints
and miniaturizing them to the micro-
scale has opened up many new possi-
bilities for revolutionary micro-optics
products. The market is becoming aware
of this, and the number of papers pub-
lished and technology patents requested
is growing exponentially. One of the
main reasons we created Phabulous was
tohelp tobring these revolutionary ideas
to market. Technology-wise, Phabulous
has made significant improvements in
the processes for origination, replica-

www.photonicsviews.com
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tion and integration. The work for our
initial use case partners is now result-
ing in the first sets of demonstrators of
these technologies. In addition, Phab-
ulous has developed design-for-manu-
facturing software tools to facilitate the
analysis of complex free-form designs,
and to evaluate the performance of fab-
ricated structures by means of optical
simulations rather than functional test-
ing, resulting in an acceleration of the
development phase.

What are some of the challenges that
Phabulous has faced and how you have
addressed them?

Jessica: One of the challenges of using
UV imprint technology is general
shrinkage of the material during the UV
curing process. By working together and
learning from each other’s processes,
especially between designers, origina-
tors and replicators, we have acquired
a lot of knowledge on how to com-
pensate for that early on in the design
phase. We have also developed tools that
can help to identify constraints in the
design that could cause issues during
the manufacturing process. With this
collective approach, we have gained a
better understanding of each other’s
processes and limitations, and been
able to limit the number of iterations
needed to develop the right optic for a
particular application.

How does Phabulous balance the need for
precision and accuracy in micro-optics
with the demands of mass production and
cost-effectiveness?

Jessica: The first question we need to ask
is: how much precision and accuracy is
really needed for a particular applica-
tion? Yes, there is a trade-off: wafer-scale
replication, although already a mass pro-
duction method, is of course nowhere
near as fast or cost-effective as a roll-to-
roll process for instance. On the other
hand, alignment precision in a roll-to-

PhotonicsViews 3/2023
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Source: Phabulous

UV printing replication wafers.

roll processis also not nearly as accurate
as a wafer-scale process. The trick is to
find the right technology that fits the
requirements of the application. We are
working with customers that want to
move their process from a wafer-scale
process to a roll-to-plate process while
still maintaining the specification range
required for the application. That means
asignificant reduction of cost in the pro-
duction process. In general, each manu-
facturing process — whether itis a choice
between a wafer-scale, roll-to-plate or
roll-to-roll process or a choice between
injection molding, hot embossing or UV
imprint replication - has its own specific
capabilities and its own limitations. One
of the unique assets of Phabulous is that
our knowledge and understanding of
all these different processes enable us
to help customers select the right one
that fits their application best.

What role do you see Phabulous playing
in shaping the future of the micro-optics
industry in Europe and beyond?

Jessica: Micro-optics are already man-
ufactured and used in volume around
the globe. The main role of Phabulous
will be in those never-before manufac-
tured micro-optics, i.e., those micro-
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optics that will revolutionize markets.
It is these kinds of optics that we want
to work on together with the members
of the association. We work with some
amazing companies that all have a deep
specialization in either a technology, an
application, or both, and it is here where
we can really bring value to customers.
How many times have companies cre-
ated one prototype after the other until
they find the one that functions, but then
it turns out that it cannot be manufac-
tured in volume? To address this, we
have RTOs with comprehensive knowl-
edge and understanding of the processes

Author

of the big industrial companies, so they
know what to take into account in the
early stages of development in order to
be able to scale up in the future. This is
our strength, and this is what will allow
us to shape the future of micro-optics
manufacturing in Europe and beyond.

Finally, what is your message for com-
panies wanting to develop new products
based on free-form micro-optics?
Jessica: If you are a European company,
then come forward now and contact
Phabulous because we have an open call
running with three million euros avail-
able for European companies looking
to implement free-form micro-optics.
The funding rate is up to ninety per-
cent, depending on company size, and
it is the perfect opportunity to try to
create that special component that will
make the difference between you and
your competitors. Funding is available
for the entire value chain, from design
supportand origination to replication to
integration, either for an individual ser-
vice or for the entire production chain.
So please be sure to contact us to take
advantage, because although the avail-
able technologies are cost-effective, the
initial investment in creating the tools,
for instance, can be significant. This
funding can make a huge difference
both in the initial outlay, and also for
future production cycles. And to the
large enterprises or those located in
other areas of the world, I would like to
say that Phabulous is the place to come
to benefit from the expertise of leading
companies in their field. If you have ever
heard that it is difficult, hard or even
impossible, then I urge you to contact
Phabulous because we would love to
take a look at your ideas and show you
what we are capable of. As we say, we
are Phabulous!

Jérémy Picot-Clémente is a physicist specialized in optics

and a program manager at the European Photonics Industry
Consortium (EPIC). After a PhD in physics/optics and an MBA,

he decided to explore the industry for several years through
various missions in managing photonics systems integration, for
several applications and in different companies. At EPIC, Jeremy
is in charge of the development of the optics and micro-optics

fields, and all related technology and applications. He has a
strong interest in new technology involving photonics, such as AR/VR, lidar, 3D

sensing and imaging devices.

Dr. Jérémy Picot-Clémente, EPIC — European Photonics Consortium Industry, 17 Rue Hamelin, Paris, France;
e-mail: jeremy.picot-clemente@epic-assoc.com, Web: www.epic-assoc.com [ jeremy-picotclemente
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Innovating for success

Quantum Effects Award 2023

The presentation of the Quantum Effects Award 2023 will be one of the high-
lights during Quantum Effects, Trade Fair and Conference for Quantum Tech-
nologies, which will be held in Stuttgarton 10 and 11 October 2023. The Award
recognizes outstanding innovations that connect the classical and quantum
worlds, are used in differentindustries, enable individual services and open up
new perspectives. This also applies to components that significantly advance

quantum technologies and solutions.

Start-ups, established companies
and research institutions can submit
ideas and solutions from the quantum
mechanical field of sensor technology,
communication, computing and secu-
rity. Partial solutions from the quantum
mechanical field of sensor technology,
communication, computing and secu-
rity are eligible to participate. Regis-
tration is available online at quantum-
effects.com/award

Four award categories

B Quantum computing hardware

B Quantum computing software &
algorithms

B Quantum sensors

B Quantum communication

Entries must also have a Technology-

Ready-Level (TRL) of at least 5 or

higher, as well as a significant degree

of innovation and clear future poten-

tial or already be used in initial solu-

tions. The publication or market launch

should not have taken place more than

three years ago.

The evaluation will be made by a top-
class jury of experts in the field of quan-
tum technologies and other partners on
the basis of the written and visualized
entries.

Quantum

o Effects

Conference and Exhibition
for Quantum Technologies

10.-11.10.2023
Messe Stuttgart [DEI

Hioristing, pr-amer Congreas parino

& BoscH QBN
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Each submission should not exceed
a five-page short presentation or a
five-minute video clip and must be
entered until July 16" 2023 and will be
evaluated according to the criteria:

Application prospects and

potential (25 %):

B Applicability and potential impacts

B Improvement potential compared
with current technologies

B Extent of new functionalities

B Solution to well-known problems
through innovative approaches

B Social/technological benefits

Degree of innovation / inven-

tion level (30 %):

B Improvement compared with con-
ventional technologies

B Differentiation compared with the
current state of the art

Solution approach and feasibil-

ity (30 %):

B Originality of the application

B Selected approach

B Can be implemented in a realistic
period of time (<5 years)

B Probability of success/participating
partners/teams/networks

Call for Applications I

hmanm Slaiigari

W Hybrid solutions / software solu-
tions for earlier use

Cooperation / teaming (15 %):

B Cooperation between research and
industry (manufacturers, suppliers,
users)

Close cooperation and a high level of

networking will have a positive effect

on the judging.

All submitted competition entries
will be presented during Quantum
Effects at Messe Stuttgart on 10 and 11
October 2023. The award ceremony will
take place as one of the highlights of
Quantum Effects on the first day of the
trade fair (10 October).

There is no right of appeal. Participa-
tion in the competition is free of charge.
Detailed information, conditions of par-
ticipation and the online application
form are available at quantum-effects.
com/award

About Quantum Effects
Quantum Effects, a trade fair and con-
ference for quantum technologies, will
take place for the first time on 10 and
11 October 2023 at Messe Stuttgart. It
isintended to support the development
of a European ecosystem and build a
bridge between science, start-ups and
industry. The first edition will focus on
four pillars in this area: Computing &
Enabling Technologies, Software, Sen-
sor Technology, and Communication.
The State of Baden-Wiirttemberg’s
Ministry of Economics, Labor and
Tourism has taken over the patronage
of Quantum Effects, PhotonicsViews is
media partner.
www.quantum-effects.com
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“We find new applications every

week”

An interview with Michael Fortsch, the founder and CEO of Qant

Maike Pfalz

The physicist Michael Fértsch founded the high-tech startup Qant out of the
Trumpf Group in 2018 to develop novel sensors and photonic computer
chips. The company uses light as the fundamental resource to realize the
potential of quantum technology. Qant now has almost eighty employees

at its Stuttgart location.

What are you working on at Qant?
Our company name is an acronym and
stands for “we are revolutionizing the
Quality of how machines Analyze the
environment, how people Notice infor-
mation, and the way humans Think”

If we want to make use of all the
advantages of quantum computers, we
first of all have to consider how we are
going to apply quantum technology in
the most profitable way. If we were to
calculate something on a normal com-
puter today and on a quantum com-
puter tomorrow, we would miss a lot
of potential.

PhotonicsViews 3/2023

What do you do differently to other com-
panies?

Together with our partners and cus-
tomers, we want to improve our under-
standing of what quantum technology
is capable of and how we can apply it
most profitably. That is our basic phi-
losophy.

What products are you working on?

We have four product lines that we are
developing and industrializing. The first
has to do with particle metrology. This
can detect the smallest particles with a
size from 500 nanometers up to some

hundreds of micrometers. Our quan-
tum sensors enable us to determine the
size, direction, speed and shape of the
particles during the same measurement.

Is there already an application for this?
We are developing a sensor together
with Festo to measure the shape of algae
in real time. Our particle sensor is the
first worldwide that provides a direct
feedback on how lively the algae are in
a bioreactor.

How do you do that?
Our sensor recognizes the shape of the

© 2023 Wiley-VCH GmbH
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algaeand can thereby identify how many
of the algae are currently dividing. The
more that are dividing, the more pro-
ductive the bioreactor is. That was pre-
viously only possible under the micro-
scope or in offline measurements. The
applications for the particle sensor range
from the measurement of coffee powder
to bioreactors, or from the cosmetic to
the chemical industries. We find new
applications almost every week that even
surprise us.

What is your second product line?

That is magnetic field sensors, working
at room temperatur and normal envi-
ronmental conditions outside of a lab.
They make extremely weak magnetic
fields visible, such as those produced by
human muscles, to make it possible to
control a prosthetic limb for example.
Our sensor is not invasive and provides
the signals that allow our partners to
develop a control system for prosthetics.
Our third product line concerns atom-
ic-level gyroscopes.

And what are these?

In general, the larger a gyroscope is,
the more accurate it is. A gyroscope
on the ISS can be quite big, in a mobile
phone very small, and if you compare
the precision of them both, the gyro-
scope in the mobile phone is of course
less precise.

But you do it differently?

Our technology makes it possible to
manufacture gyroscopes with our tech-
nology that are as small as a MEMS-

A ‘Qantie’ presenting a photonic chip

© 2023 Wiley-VCH GmbH

based rotational sensor - but with the
precision of an aircraft gyroscope.
And what are the applications for this?
For example, the attitude stabilization
of small satellites, the cubesats. These
are economic systems to form a satel-
lite network in orbit in their thousands.
We are currently working on a publicly
funded project that has planned its
rocket launch in 2027. We have already
largely qualified the components of the
gyroscope, and now we have to make
them smaller and integrate them into
the system.

What is last the product range?

That is photonic quantum computing.
We use lithium niobate for this, apply
a thin film on silicon and structure it
lithographically. Our technology allows
us to create very fine structures that are
optimized for photonic applications. All
the objects that we need for a photonic
chip can thus be etched into the thin
film.

That sounds like a very broad product
range for such a young startup ...

All our developments follow the same
logic: we are always building an elec-
tron-to-electron converter. At the start
of every system, I convert electrical cur-
rent into photons or light, and at the
end, I convert the modified light - the
photonic qubits - back into current, i.e.
into data or information. This common
technological foundation we call our
‘quantum photonics framework’

What is special about Qant?

www.photonicsviews.com

Michael Fortsch did his doctorate at the Max-Planck
Institute for the Science of Light in Erlangen and was
later appointed as an advisor to the company man-
agement and personal advisor of the CTO of Trumpf
GmbH. In 2018, he founded the Qant company that he
has led as CEO since then.

On the one hand we have built up a
whole community of trusted partners
with whom we work because we can-
not do everything ourselves. But when
we identify a technology as essential for
us, then we develop it ourselves from
scratch.

Could you give us an example?

We purchase silicon and lithium nio-
bate wafers for quantum computing, but
then our part of the value chain begins.
Only when we thoroughly understand
something from its basic idea we have
the possibility to build something rev-
olutionary new.

How was the company founded?

The story is rather unusual. I was work-
ingasinhouse consultant when I started
at Trumpf. At some point, Peter Leibin-
ger, the vice-chairman of the board,
asked me if I would like to be his advi-
sor. He gave me the job of finding out
what benefits quantum technology
would have for Trumpf. Some time later
Ireceived a memo back from him with
the comment that I should set up my
own startup and he would invest in it.

But why was that necessary?

There was no overlap between our
research and the core technology of
Trumpf, the high-power lasers. The sec-
ond aspect is that we can work much
more freely in a startup.

In what way?
When you form a startup, it is like open-

PhotonicsViews 3/2023
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The company’s potential new employees -
serving employees.

ingan office door and finding just a car-
pet on the floor. It was exactly the same
for us. Our first purchases were desks
and laptops; the next step was setting up
the company’s email address. After that,
we negotiated with the university to be
able to use a laboratory there. Even if
you start with your sleeves rolled up as
we did, it is quicker than getting going
within a large company with its estab-
lished business processes.

With which idea did you initially start?

We started with two ideas, namely thin-
layer lithium niobate technology and
the particle sensors. For the first of
these, we were not initially concerned
with quantum computing; we have only
been following up that idea since 2020.
The other two productlines developed
in 2019 from our first discoveries.

Were there other companies that are
researching similar things?

There are companies that manufacture
laser-based particle sensors, but apart
from us, nobody uses superposition
states for this. We have patented this
process in the meantime.

What are the benefits of superposition
statuses?

The current methods to date are only
able to determine the size of a particle
after it has crossed a laser beam. Con-
tamination though can spoil the results.
We create a large number of superpo-
sition statuses in the laser beam whose
arrangement we know exactly. A particle
in such a laser beam temporarily dis-
turbes these conditions, and from that

PhotonicsViews 3/2023

so-called ‘Quanties’ - are also selected by

we know exactly when a particle was ata
specificlocation and what contour it has.

Do others work with thin-film lithium
niobate?

There have been scientific groups that
have worked on this but nobody had rec-
ognized the industrial potential of this
material to date. We quickly started to
make photonic integrated circuits out of
it, PICs in short. If we think about the
future world of photonics, we must get
rid oflenses and bondings and build fully
integrated monolithic systems instead.
Lithium niobate is ideal for this.

What does Qant contribute to Quantum
Technology 2.0?

We want to be the first to commercialize
quantum sensors in the field of particle
and magnetic field sensors and gyro-

scopes. In photonic quantum comput-
ing, we strive to make relevant everyday
problems solvable.

Do you think photonic quantum com-
puting will be successful here?

I believe that we will have ion-based,
superconducting, spin-based and pho-
tonic quantum computers in parallel
for quite some time. Each system has
itsniche and particular advantages. One
cannot yet say if there will be a consol-
idation within these platforms because
we still do not understand enough about
the algorithms.

What do we need to bring quantum sen-
sors to commercialization?

In particle sensing we have an evaluation
kit available. The magnetic field sensor
hasbeen introduced at Hanover Fair. So
commercialization has already begun.
With the atomic gyroscopes, there still
is a little engineering missing.

And this is?

It always apears when I miniaturize a
system. For example, there is lots of
space in larger systems for a fan and
thermal dissipation. We now have to fit
these components into a significantly
smaller space while maintaining their
performance.

But is this extreme miniaturization nec-
essary?

Asarule of thumb, the smaller the sen-
sor, the larger the market. While we
could perhaps sell a few thousand sys-
tems that are as large as half a packet of
milk, it would be millions for a system
the size of a fingernail. That is the chal-

Photonic quantum computer chips are among Qant's products that are built on the
basis of thin-film lithium niobate.
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lenge of commercialization: how small
doesasystem have tobe in order toreach
a significant market penetration?

Inwhich branches of quantum technology
do you expect the greatest breakthroughs
over the coming years?

Subjectively, I expect the most progress
in magnetic field sensors. I believe it is
realistic that we can shrink them to the
size of a matchbox within five years.

What about photonic quantum comput-
ing?

Our target must be to demonstrate a
speed advantage for an everyday task
within the next five years. Then we
would have enough evidence to show
that these systems can be developed into
viable products. If we do not manage
that, then we must question this type
of technology in general.

Where do you want to see Qant at the
end of the decade?

We have reached our break even by
then to finance our research and devel-

opment from our own cash flow. This
means that we are selling our sensors
from series production. We should have
the first photonic quantum computing
systems that deliver a real benefit to
our customers in the form of additional
computing power.

What aspects are still unresolved?
There will continue to be numerous
exciting research and development in
all four areas of quantum technology -
that is, sensors, cryptography, commu-
nication and computing - in particular
with quantum computing. However, it
will be one or two decades until we have
reached the professionalization that the
semiconductor industry enjoys today.

For what reason?

Hardware development cycles cannot
be accelerated: at the start there is an
idea, then you have to build a system and
testit, learn from this and build and test
the next system on this basis. The semi-
conductor industry was also not slow,
but it took forty years until transistors

EUROPE

Do you want to polarize?

Meet the experts!

m for temperatures up to 200 °C (>5000 h)
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were shrunk to just seven nanometers.
We will certainly increase the poten-
tial of quantum computing over many
years — always in coexistence with the
classic semiconductor industry. We will
experience a very exciting era of further
development.

Q.ANT GmbH

HandwerkstraRe 29

70565 Stuttgart,

Germany

phone: +49 711 4596 9613

e-mail: michael.foertsch@gant.gmbh
Web: https://gant.de

Text: Maike Pfalz, first appeared in
Physik Journal 22 (2023) Nr. 4
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Quantum sensing in your pocket

OLEDs can be used to map magnetic fields using magnetic resonance

Smartphones could one day become
portable quantum sensors thanks to
a new chip-scale approach that uses
organic light-emitting diodes (OLEDs)
to image magnetic fields. Researchers
from the ARC Centre of Excellence in
Exciton Science at UNSW Sydney have
demonstrated that OLEDs can be used
to map magnetic fields using magnetic
resonance. Sensing of magnetic fields
has important applications in scientific

research, industry and medicine. This
technique is able to function at micro-
chip scale and does not require either
optical pumping from a high-powered
laser or very low cryogenic tempera-
tures.

In contrast, the OLED sensing device
prototyped in this work would ultimately
be small, flexible and mass-producible.
The techniques involved in achiev-
ing this are electrically-detected mag-

netic resonance (EDMR) and optically
detected magnetic resonance (ODMR).
These are achieved using a camera and
microwave electronics to optically detect
magnetic resonance, the same physics
that enables magnetic resonance imag-
ing (MRI).

OLEDs, which are highly sensitive
to magnetic fields, are already found
in mass-produced electronics like tele-
visions and smartphones, making them
an attractive prospect for commercial
development in new technologies. Dane
McCamey of UNSW said: “Our device
is designed to be compatible with com-
mercially available OLED technologies,
providing the unique ability to map the
magnetic field over a large area or even
a curved surface. "Rugang Geng added:
“While our study demonstrates a clear
technology pathway, more work will be
required to increase the sensitivity and
readout times.” (Source: ARC/ UNSW)

Reference: R. Geng et al.: Sub-micron spin-
based magnetic field imaging with an organic
light emitting diode, Nat. Commun. 14, 1441
(2023); DOI: 10.1038/s41467-023-37090-y

https://excitonscience.com

Seeing objects without looking at them

A new and very effective way to carry out interaction-free experiments

We see the world around us because light
is being absorbed by specialized cells in
our retina. But can vision happen with-
outany absorption atall - without even
a single particle of light? Surprisingly,
the answer is yes. Anton Zeilinger, one
of the winners of the 2022 Nobel Prize
in Physics, was the first to experimen-
tally implement the idea of an inter-
action-free experiment using optics.
Now, in a study exploring the connec-
tion between the quantum and classical
worlds, Shruti Dogra, John McCord, and
Gheorghe Sorin Paraoanu of Aalto Uni-
versity have discovered a new and much
more effective way to carry out interac-
tion-free experiments. The team used
transmon devices - superconducting
circuits that are relatively large but still
show quantum behaviour - to detect the
presence of microwave pulses generated
by classical instruments.

PhotonicsViews 3/2023

Although Dogra and Paraoanu were
fascinated by the work done by Zeilinger’s
research group, their lab is centered
around microwaves and superconductors
instead of lasers and mirrors. “We had
to adapt the concept to the different
experimental tools available for super-
conducting devices. Because of that, we
also had to change the standard interac-
tion-free protocol in a crucial way: we
added another layer of quantumness by
using a higher energy level of the trans-
mon. Then, we used the quantum coher-
ence of the resulting three-level system
as a resource,” Paraoanu says. However,
quantum coherence is delicate and easily
collapses, so it was not immediately obvi-
ous that the new protocol would work.

To the team’s pleasant surprise, the
first runs of the experiment showed a
marked increase in detection efficiency.
They ran theoretical models confirming

their results, and double-checked every-
thing. The effect was definitely there.
“We also demonstrated that even very
low-power microwave pulses can be
detected efficiently using our protocol,”
says Dogra. The experiment also showed
a new way in which quantum devices
can achieve results that are impossible
for classical devices, a quantum advan-
tage. Researchers generally believe that
achieving quantum advantage will
require quantum computers with many
qubits, but this experiment demons-
trated genuine quantum advantage using
a relatively simple setup.

Reference: S. Dogra et al.: Coherent interac-
tion-free detection of microwave pulses with
a superconducting circuit, Nat. Commun.
13,7528 (2022); DOI: 10.1038/s41467-022-
35049-z

https://qtf.fi
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The quantum twisting microscope

New tool can visualize the quantum electronic waves of two twisted atomically-thin layers directly

Researchers from the Weizmann Insti-
tute of Science used the wave — particle
duality to develop anew type of tool - the
quantum twisting microscope (QTM) -
that can create novel quantum materi-
als while simultaneously gazing into the
most fundamental quantum nature of
their electrons. The study’s findings may
be used to create electronic materials
with unprecedented functionality. The
QTM involves the twisting or rotating
of two atomically-thin layers of material
with respect to one another.

To achieve this, the researchers
replaced the atomically sharp tip of the
scanning tunneling microscope with a
tip that contains a flat layer of a quan-
tum material, such as a single layer of
graphene. When this layer is brought
into contact with the surface of the sam-
ple of interest, it forms a two-dimen-
sional interface across which electrons
can tunnel at many different locations.
Quantum mechanically, they tunnel in
alllocations simultaneously, and the tun-
neling events at different locations inter-
fere with each other. This interference
allows an electron to tunnel only if its
wave functions on both sides of the inter-

www.photonicsviews.com

Researchers from the Weizmann Institute of Science make use of a new quantum twist-
ing microscope to create novel quantum materials. (Source: Weizmann Inst.)

face match exactly. “To see a quantum
electron, we have to be gentle,” says Sha-
hal Ilani of Weizmann’s condensed mat-
ter physics department. “If we don’t ask
it the rude question ‘Where are you?’ but
instead provide it with multiple routes to
cross into our detector without us know-
ing where it actually crossed, we allow it
to preserve its fragile wave-like nature”

Generally, the electronic waves in the
tip and the sample propagate in different
directions and therefore do not match.

Merely knowing at which angles elec-
trons cross the interface supplies the
researchers with a great deal of infor-
mation about the probed material. In this
manner they can learn about the col-
lective organization of electrons within
the sample.

Reference: A. Inbar et al.: The quantum twist-
ing microscope, Nature 614, 682 (2023); DOI:
10.1038/541586-022-05685-y

www.weizmann.ac.il/condmat

Quantum light source goes fully on-chip

The new development is scalable and suitable for use in photonic quantum computers

An international team of researchers
from Leibniz University Hannover, the
University of Twente and the start-up
company QuiX Quantum has presented
an entangled quantum light source fully
integrated for the first time on a chip.
“Our breakthrough allowed us to shrink
the source size by a factor of more than
1000, allowing reproducibility, sta-
bility over a longer time, scaling, and
potentially mass-production. All these
characteristics are required for real-
world applications such as quantum
processors,” says Michael Kues, head
of the Institute of Photonics at Leibniz
University Hannover.

On-chip photonics has become a
leading platform for processing opti-
cal quantum states as it is compact,
robust, and allows many elements to be
accommodated and arranged on a single
chip. “Until now, quantum light sources

© 2023 Wiley-VCH GmbH

required external, off-chip and bulky
laser systems, which limited their use
in the field. However, we have overcome
these challenges with a novel chip design
and by exploiting different integrated
platforms,” says Hatam Mahmudlu, a
PhD student in Kues’ team.

“Qubits are very susceptible to noise.
The chip must be driven by the laser
field, completely free from noise, requir-
ing an on-chip filter. Previously, it was
a major challenge to integrate laser,
filter, and a cavity on the same chip as
there was no single material that was
efficient to build these different compo-
nents,” says Raktim Haldar, a Humboldt
fellow in Kues’ group. The key was the
hybrid technology that holds the laser
made of indium phosphide, a filter,and a
cavity made of silicon nitride and brings
them together into a single chip. Two
entangled photons are created from a

= e

light source. (Source: S. Smalian, PhoenixD)

laser field on the chip in a spontaneous
nonlinear process.

Reference: H. Mahmudlu et al.: Fully on-chip
photonic turnkey quantum source for entan-
gled qubit/qudit state generation, Nat. Phot.,
online 17 April 2023; DOI: 10.1038/541566-
023-01193-1

www.phoenixd.uni-hannover.de
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Michael Kues, doctoral student Hatam Mahmudlu and
Raktim Haldar developed the new integrated quantum
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A niobium superconducting cavity. The holes lead to

New way to connect quantum computers

New approach to convert quantum information to the format needed for quantum communication

A team around researchers from the Uni-
versity of Chicago have found a way to
translate quantum information between
different kinds of quantum technologies,
with significant implications for quan-
tum computing, communication and
networking. The research represents a
new way to convert quantum informa-
tion from the format used by quantum
computers to the format needed for
quantum communication.

Some of the most common quantum
computing technology is based on super-
conducting qubits, such as those used by
tech giants Google and IBM. These qubits

tunnels which intersect to trap light and atoms.
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Control of two quantum light sources

store quantum information in photons
that move at microwave frequencies. But
ifyouwant to build a quantum network, or
connect quantum computers, you cannot
send around microwave photons because
their grip on their quantum information
is too weak to survive the trip.

Rubidium atoms happen to have two
gaps in their levels that the technology
of Aishwarya Kumar, a postdoc at the
James Franck Institute at University of
Chicago, exploits: one that exactly equals
the energy of a microwave photon, and
one that exactly equals the energy of an
optical photon. By using lasers to shift
the atom’s electron energies up and
down, the technology allows the atom
to absorb a microwave photon with
quantum information and then emit
an optical photon with that quantum
information. This translation between
different modes of quantum information
is called transduction.

A secret to success is the field’s prog-
ress in cavity quantum electrodynamics,
where a photon is trapped in a super-
conducting, reflective chamber. Forc-
ing the photon to bounce around in an
enclosed space, the superconducting
cavity strengthens the interaction

between the photon and whatever matter
is placed inside it. Their chamber does
notlook very enclosed - it more closely
resembles a block of Swiss cheese. But
whatlook like holes are actually tunnels
thatintersectin a very specific geometry,
so that photons or atoms can be trapped
atan intersection. This design also allows
researchers to access the chamber so they
can inject the atoms and the photons.
The technology works both ways: it can
transfer quantum information from
microwave photons to optical photons,
and vice versa. So it can be on either side
of a long-distance connection between
two superconducting qubit quantum
computers, and serve as a fundamental
building block to a quantum internet.

There may be alot more applications
for this technology than just quantum
networking. Its core ability is to strongly
entangle atoms and photons - an essen-
tial and difficult task in many different
quantum technologies.

Reference: A. Kumar et al.: Quantum-enabled
millimetre wave to optical transduction using
neutral atoms, Nature 615, 614 (2023); DOI:
10.1038/s41586-023-05740-2

https://live-cqe-main.pantheonsite.io

New approach has the potential to build a universal error-corrected quantum computer

Researchers at the University of Copen-
hagen, in collaboration with Ruhr Uni-
versity Bochum, have solved a problem
that has caused quantum researchers
headaches for years. The researchers can
now control two quantum light sources
rather than one. Trivial as it may seem to
those uninitiated in quantum, this result
allows researchers to create entangle-
ment better.

According to Peter Lodahl from Niels
Bohr Institute, stable quantum light
sources are crucial in the effort to take
the development of quantum technology
to the nextlevel and to quantize society’s
computers, encryption and the Internet.

“We can now control two quantum
light sources and connect them to each
other. It might not sound like much, but it
isamajor advancement and builds upon
the past twenty years of work. By doing
s0, we have revealed the key to scaling
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up the technology, which is crucial for
the most ground-breaking of quantum
hardware applications,” says Lodahl. So
far, they have only been able to control
onelight sourceatatime. Thisis because
light sources are extraordinarily sensi-
tive to outside noise, making them very
difficult to copy. In their new result, the
research group succeeded in creating two
identical quantum light sources rather
than just one.

According to Lodahl, just 100 pho-
tons emitted from a single quantum light
source will contain more information
than the world's largest supercomputer
can process.

By using 20 to 30 entangled quan-
tum light sources, there is the poten-
tial to build a universal error-corrected
quantum computer - the ultimate ‘holy
grail’ for quantum technology, that large
IT companies are now pumping many

billions into. According to Lodahl, the
biggest challenge has been to go from
controlling one to two quantum light
sources. Among other things, this has
made it necessary for researchers to
develop extremely quiet nanochips
and have precise control over each light
source.

With the new research result, the
fundamental quantum physics research
isin place. Now it is time for other actors
to take the researchers’ work and use it
in their quests to deploy quantum phys-
ics in a range of technologies, including
computers, the internet and encryption.
(Source: U. Copenhagen)

Reference: A. Tiranov et al.: Collective super-
and subradiant dynamics between distant opti-
cal quantum emitters, Science 379, 389 (2023);
DOI: 10.1126/science.ade9324

https://hy-q.nbi.ku.dk
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Quantum entanglement doubles microscope resolution

Quantum microscopy by coincidence enables super-resolution imaging at the Heisenberg limit

Caltech researchers have discovered a
way to double the resolution of light
microscopes. A team led by Lihong Wang
achieved of aleap forward in microscopy
through quantum entanglement. Quan-
tum entanglement is a phenomenon in
which two particles are linked such
that the state of one particle is tied to
the state of the other particle regardless
of whether the particles are anywhere
near each other.

In the case of Wang’s new microscopy
technique, dubbed quantum microscopy
by coincidence (QMC), the entangled
particles are photons. Collectively,
two entangled photons are known as a
biphoton which behaves in some ways
as a single particle that has double the
momentum of a single photon, therefore
its wavelength is half that of the individ-
ual photons.

Thisiskeytohow QMCworks. Reduc-
ing the wavelength of that light means
the microscope can see even smaller
things, which results in increased res-
olution. Quantum entanglement is not
the only way to reduce the wavelength
oflight being used in a microscope. Due
to another quirk of quantum physics,
light with shorter wavelengths carries
more energy. So, once you get down to
light with a wavelength small enough
to image tiny things, the light carries
so much energy that it will damage the
items being imaged, especially living
things such as cells.

QMC gets around this limit by using
biphotons that carry the lower energy of
longer-wavelength photons while hav-
ing the shorter wavelength of higher-

Zhe He and Lihong Wang use entangled photons to double microscope resolution. (Source: Caltech)

energy photons. “Cells don't like UV
light,” Wang says. “But if we can use 400-
nm light to image the cell and achieve
the effect of 200-nm light, the cells will
be happy, and we get the resolution of
UV? To achieve that, Wang’s team built
an optical apparatus that converts some
of the photons passing through it into
biphotons. Even using this special crys-
tal, the conversion is very rare and occurs
inabout one in a million photons. Using
a series of mirrors, lenses, and prisms,
each biphoton is split up and shuttled
along two paths, so that one of the paired
photons passes through the object being
imaged and the other does not.

The signal photon passes through the
object and the idler photon does not.
These photons then continue along
through more optics until they reach a
detector connected to a computer that
builds an image of the cell based on the
information carried by the signal pho-
ton. Amazingly, the paired photons

remain entangled as a biphoton behav-
ing at half the wavelength, despite the
presence of the object and their separate
pathways.

Wang’s lab was not the first to work on
thiskind of biphoton imaging, but it was
the first to create a viable system using the
concept. “We developed what we believe
isarigorous theory as well as a faster and
more accurate entanglement-measure-
ment method. We reached microscopic
resolution and imaged cells” While there
is no theoretical limit to the number of
photons that can be entangled with each
other, each additional photon would
further increase the momentum of the
resulting multiphoton while further
decreasing its wavelength.

Reference: Z. He et al.: Quantum microscopy
of cells at the Heisenberg limit, Nat. Commun.
14, 2441 (2023); DOI: 10.1038/s41467-023-
38191-4
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Connecting distant silicon qubits

New approach will help to develop larger, more complex quantum computers based on silicon

quantum dots

In a demonstration that promises to
help scale up quantum computers
based on tiny dots of silicon, physicists
of Japan's largest research institution
Riken have succeeded in connecting
two qubits that are physically distant
from each other.

Many big IT players including the
likes of IBM, Google and Microsoft are
racing to develop quantum computers,
some of which have already demon-
strated the ability to greatly outperform
conventional computers for certain types
of calculations. But one of the greatest

Akito Noiri (far right) and co-workers have demonstrat-
ed a logic gate based on two distant qubits linked by
coherent spin shuttling. (Source: RIKEN)
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challenges to developing commercially
viable quantum computers is the ability
to scale them up from a hundred or so
qubits to millions of qubits.

In terms of technologies, one of the
front-runners to achieve large-scale
quantum computing is silicon quan-
tum dots that are a few tens of nano-
meters in diameter. A key advantage is
that they can be fabricated using existing
silicon fabrication technology. But one
hurdle is that, while it is straightforward
to connect two quantum dots that are
next to each other, it has proved difficult
to link quantum dots that are far from
each other. “In order to connect many
qubits, we have to densely cram many of
them into a very small area,” says Akito
Noiri of the Riken Center for Emergent
Matter Science. “And it is very hard to
use wires to connect such very densely
packed qubits”

Now, Noiri and co-workers have
realized a two-qubit logic gate between
physically distant silicon spin qubits.
“While there has been a lot of work in
this area using various approaches, this

is the first time that anyone has suc-
ceeded in demonstrating a reliable logic
gate formed by two distant qubits,” says
Noiri. “The demonstration opens up the
potential to scale up quantum computing
based on silicon quantum dots.”

The team used coherent spin shut-
tling to connect the two qubits, which
allows single spin qubits to be moved
across an array of quantum dots with-
out affecting their phase coherence.
This method involves pushing electrons
through an array of qubits by applying
a voltage. Although the physical sepa-
ration between the two qubits was rel-
atively short, Noiri is confident that it
can be extended in future studies. “We
want to increase the separation to about
a micrometer or so,” he says. “That will
make the method more practical for
future use” (Source: RIKEN)

Reference: A. Noiri et al.: A shuttling-based
two-qubit logic gate for linking distant silicon
quantum processors, Nat. Commun. 13, 5740
(2022); DOI: 10.1038/541467-022-33453-2

https://cems.riken.jp/en/laboratory/qfsrg

Quantum processor reveals bound states of photons

Microwave photons can be made to interact in an array of superconducting qubits

Researchers have used a quantum pro-
cessor to make microwave photons
uncharacteristically sticky. They coaxed
them to clump together into bound
states, then found that these photon clus-
ters survived in a regime where they were
expected to dissolve into their usual, soli-
tary states. The discovery was first made
on a quantum processor, marking the
growing role that these platforms are
playing in studying quantum dynamics.

Microwave photons can be made to
interact in an array of superconducting
qubits. Google Quantum Al research-
ers engineered this unusual situation.
They studied a ring of 24 superconduct-
ing qubits that could host microwave
photons. By applying quantum gates
to pairs of neighboring qubits, photons
could travel around by hopping between
neighboring sites and interacting with
nearby photons.

The interactions between the photons
affected their phase. When the photons
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are non-interacting, their phase accu-
mulation is rather uninteresting. In this
case, a photon that was initially next to
another photon can hop away from its
neighbor without getting out of sync.
Every possible path the photon can take
contributes to the photon’s overall wave-
function. A group of photons initially
clustered on neighboring sites will evolve
into a superposition of all possible paths
each photon might have taken.

When photons interact with their
neighbors, this is no longer the case. If
one photon hops away from its neighbor,
its rate of phase accumulation changes,
becoming out of sync with its neighbors.
All paths in which the photons split apart
overlap, leading to destructive inter-
ference. Among all the possible confi-
guration paths, the only possible sce-
nario that survives is the configuration
in which all photons remain clustered
together in a bound state. This is why
interaction can enhance and lead to the

formation of a bound state: by suppress-
ing all other possibilities in which pho-
tons are not bound together.

Before this experiment, it was rea-
sonably assumed that the bound states
would fall apart in the midst of chaos.
To test this, the researchers pushed
beyond integrability by adjusting the
simple ring geometry to a more com-
plex, gear-shaped network of connected
qubits. They were surprised to find that
bound states persisted well into the cha-
otic regime.

The team at Google Quantum Al is
still unsure where these bound states
derive their unexpected resilience, but
it could have something to do with
prethermalization.

Reference: A. Morvan et al.: Formation of
robust bound states of interacting microwave
photons, Nature 612, 240 (2022); DOI: 10.1038/
541586-022-05348-y

https://research.google
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Fiber optics for quantum

How to get light into quantum computers

Anja Knigge, Christian Knothe, and Tobias Kroker

Technical progress in both industry and science has enabled the preparation,
manipulation, and probing of quantum systems with an unprecedented lev-
el of control. This provides the basis for a multitude of so-called quantum
technologies like quantum cryptography, quantum sensors and quantum
computers, which are currently developing from laboratory experiments in-
to commercial applications.

Quantum computers are expected to
efficiently solve optimization problems
occurring in logistics or urban devel-
opment and to enable computation-
intensive simulations required for bio-
technology and drug design. Billions of
dollars are currently being invested in
the research of quantum computers in
search of the optimal physical platform
for their realization.

Among the most promising plat-
formsare ultracold atom or ion systems
where the logical units, the ‘qubits’ are
encoded within the internal states of
the single atoms or ions. The prepa-
ration, programming and read-out of
these systems uses reliable laser light
with highest level of control over inten-
sity, frequency, and the state of polar-
ization.

© 2023 Wiley-VCH GmbH

How do qubits profit from fiber
optics?

The fundament for most quantum optics
experiments is a laser system that pro-
vides coherent laser light with a spe-
cific intensity, frequency, and state of
polarization. In order to use this light
for cooling, manipulation, and detection
of atoms and ions, it has to be trans-
ported, distributed, and analyzed. Polar-
ization-maintaining fiber cables, fiber
couplers and collimators, fiber port clus-
ters, and polarization analyzers can be
used for this task.

Traditional setups often require large
breadboard configurations that require
frequent adjustment of opto-mechani-
cal devices because of their instability.
Compact, robust and modular fiber
optic solutions as building blocks for

A Fig. 1 Fiber optics has proven to be a
powerful tool for quantum optics exper-
iments for decades. They profit from
increasing stability and convenience,

as will future quantum computers. The
specific requirements of precision, sta-
bility and ruggedness call for high quality
components and customized fiber optic
solutions.

laser systems add both stability and
convenience. They are the perfect basis
for developing laboratory setups into
turnkey, low-maintenance end prod-
ucts. These self-contained setups also
increase laser safety and reduce laser
safety classification. In addition, fiber-
based light transport provides a defined
interface between the laser sources and
the more sensitive environment of the

PhotonicsViews 3/2023

Source: stock.adobe.com / Schafter+Kirchhoff. All other: Schafter+Kirchhoff
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quantum gas experiment or quantum
information platform. It provides a
physical separation for mechanical
and thermal decoupling, which helps to
suppress mutually adverse effects. The
assurance of stability in the opto-me-
chanics means that the full focus can
be on the experiment (and not on the
equipment).

Alarge and complex quantum setup
can be built by using fiber optics to con-
nect each individual module, as well as
using fiber optics in different parts of
the modules needed for a quantum
computer.

Single-mode and PM fiber cables
Single-mode fibers are specialized fibers
that transmit light in the LP  transverse
fundamental mode. The field distribu-
tion (mode field) of the light exiting the
fiber is nearly Gaussian. In standard sin-
gle-mode fibers, light is guided in two
principal polarization states. However,
imperfections in the fiber cause ran-
dom power transfer between the two
principal polarization states, so that the
polarization is not maintained.

Company

Schafter+Kirchhoff

Schafter+Kirchhoff has accumulated substan-

tial experience in the development of opto-me-
chanical and opto-electronic systems for use in
research, aviation and in space, as well as for
demanding medical and industrial applications.
Schafter+Kirchhoff design and manufacture their
own line scan camera systems, laser sources,
beam-shaping optics and fiber-optic components,
including laser beam couplers, fiber collimators,
and fiber port clusters for customers worldwide.

www.sukhamburg.com
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Polarization-maintaining single-
mode fibers (PM fibers) are rotationally
asymmetric, for example due to inte-
grated strain elements that break the
degeneracy of the two principle states
of polarization (SOP). Light is guided
in either the ‘fast’ or ‘slow’ axis. Lin-
early polarized light coupled into one
of these axes is preserved. The polar-
ization extinction ratio (PER) - the
ratio of the power carried in the two
polarization axes - is a critical measure
of fiber alignment. Since polarization
is essential for many stages of a quan-
tum experiment, PM fibers are often
preferred over standard single-mode
fibers for light transport.

Standard single-mode and PM fibers
are characterized by their numerical
aperture (NA), mode field diameter
(MFD), and cut-off wavelength (A,).
Only at wavelengths above this cut-off
is the coupled light guided in a sin-
gle-mode and not in multiple modes,
where the beam and intensity profiles
are no longer stable and Gaussian. The
MFD is wavelength dependent and
inversely proportional to the fiber’s
NA. While fibers used for telecommu-
nications in the infrared, around wave-
lengths of 1550 nm, are characterized
by relatively large mode field diameters

laser source
405 nm

O

laser heam
coupler

of about 10 pm, the MFD in the UV is
small for a typical single-mode or polar-
ization-maintaining fiber, e.g. 3 um
for 405 nm and a fiber with nominal
NA=0.12 (NA, = 0.1).

The nominal NA does not exactly
reflect the divergence properties of the
emitted radiation. However, when cou-
pling abeam into a fiber, the divergence
properties (among the collimated beam
diameter) define the best coupling focal
length, see below. Itis therefore import-
ant to measure an effective NA, foreach
fiber, for different wavelengths, and for
each fiber reel. These detailed measure-
ments, as shown in Fig. 2, demonstrate
that for short wavelength fibers, the
effective numerical aperture varies
with wavelength and is not constant as
assumed in the standard model and for
telecom fibers.

The effective NA for standard
single-mode fibers and PM fibers typ-
ically decreases with increasing wave-
length A [1].

Long-term stable coupling into
PM fibers

Long-term stable, rugged and highly
efficient fiber coupling is the foundation
of all fiber-based setups. This is even
more important when the goal is to build
low-maintenance, turnkey products. A
fiber coupler or laser beam coupler is
often used for coupling into the (PM)
fiber cable.

When coupling into single-mode
fibers, laser beam couplers should pro-
duce a diffraction-limited spot that
matches the mode field diameter and
effective numerical aperture of the fiber
to achieve maximum coupling effi-
ciency. Fiber coupling with high effi-
ciency of up to 85 % can only be achieved
if this condition is met.

Accurate information about the
effective NA  is essential to determine
the correct coupling focal length which
is calculated from both the laser beam

temperature cycling

fisie— (-

laser beam
coupler

photo
detector

Fig. 3 Test setup for measuring the stability of two laser beam couplers (f = 4.5 mm,
A =405 nm) during successive temperature cycling between 15 and 35 °C.
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Fig. 4 The relative power (normalized with respect to the mean
power) shows a repetitive pattern following the temperature
(below) and has a maximum deviation of +1.5 %.

diameter and the effective fiber NA,..
A focal length that is too large is inef-
ficient because the focused laser spot
is larger than the mode field diame-
ter. If the focal length is too small, the
convergence angle of the focused laser
spotislarger than the maximum accept-
able divergence angle of the fiber - the
coupling efficiency is reduced. For an
optimally chosen focal length, an ideal
Gaussian beam is almost completely
coupled, except for losses due to Fresnel
reflection at both uncoated fiber ends
of about 4 % each.

The required pointing stability of
thelaser beam coupler when coupling
a free beam into a polarization-main-
taining fiber can be illustrated by an
example: at a focal length of 5 mm, an
angular misalignment of the coupler
of only 0.2 mrad (0.01°) would result
in a lateral displacement between the
laser spot and the mode field of the
fiber of 1 um. At A = 400 nm and a
nominal NA 0f0.12, a displacement of
just 0.4 pm is sufficient to reduce the
coupling efficiency by as much as 10 %.
Submicron precision and pointing sta-
bility of the coupling optics is therefore
required for high coupling efficiency
and long-term stability, especially in
the blue region.

The high stability of fiber coupling
using a fiber coupler is demonstrated in
temperature stability tests using differ-
ent focal lengths and wavelengths. The
test setup is shown in Fig. 3. The setup
is described in detail in [1].

Fig. 4 shows typical results of the rel-
ative transmitted power over five mea-
surement cycles using a focal length of
4.5 mm and a wavelength of 405 nm. The
power is normalized with respect to the
mean power obtained over all measure-

© 2023 Wiley-VCH GmbH
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Fig. 5 The relative power curves (normalized with respect to
the maximum power) are almost coincident and confirm the
high reproducibility of the pointing stability during temperature

cycling. The maximum deviation is only 3 %.

ment cycles. The power deviation from
the mean power is +1.5 %.

The repetitive pattern in relative
power caused by temperature cycling
is more clearly shown in Fig. 5, where
relative power (normalized to the maxi-
mum) is plotted against the temperature
of the laser beam couplers. The maxi-
mum coupling efficiency is reached just
above 25 °Cand decreases faster at lower

a in2

in1
out6
out5
b in2
in1 | & B |

temperatures than at higher tempera-
tures, with the smallest slope near the
desired operating point (25 °C). The cor-
responding power curves for each mea-
surement cycle are nearly coincident,
and the power variation at points of
equal temperatureis <1 %. This demon-
strates the reproducibility of the point-
ing stability during temperature cycling
and the long-term stability of the fiber

* out1

out 2

out 3

out4

in1 | § 4|

Fig. 6 a) Optical scheme of a fiber port cluster 2 - 6. The arrows and the dots denote
the state of polarization. b) Input group for combining two wavelengths with a dichroic
beam combiner (with two power monitors). ¢) Scheme of combining two wavelengths
by means of a polarization beam combiner followed by a dichroic wave plate. Input

group with two power monitors.
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coupling. The maximum deviation with
respect to the maximum power is only
3 %, making it an ideal basis for quan-
tum endeavors.

As an alternative to laser beam cou-
plers, fiber collimators can also be used
in reverse for coupling into PM fibers.
Fiber couplers and collimators with
fine-focusing mechanisms provide
easy, highly defined adjustment of the
focus without backlash. This ensures
high coupling efficiency, even when the
divergence or wavelength of the laser
source used varies frequently.

Beam distribution - fiber port
clusters

The preparation and manipulation of
quantum gases requires the illumination
of the atomic ensembles with coherent
laser light from different spatial direc-
tions. Therefore, the laser light must be
split into different beam paths while
maintaining control over its polariza-
tion state.

Fiber port clusters are compact
opto-mechanical units that split the
radiation from one or more polariza-
tion-maintaining (PM) fibers into mul-
tiple output polarization-maintaining
fiber cables with high efficiency and
a variable splitting ratio. The beam
delivery system consists of compact,
modular, opto-mechanical units. The
modularity ensures that almost any
desired system can be assembled in a
compactand sealed manner. PM fibers
are used to transport light to the clus-
ter with defined linear polarization due
to the polarization-sensitive nature of
the optical components within the
fiber port cluster. The fibers used
have a polarization extinction ratio
(PER) greater than 26 dB (measured
at 780 nm).

Beam splitting is achieved in single
input wavelength fiber port clusters
using a cascade of rotating half-wave
plates in combination with polarization
beam splitters. Integrated elements,
such as photodiodes, provide useful
input power monitoring. The inputs
and/or outputs can be equipped with
electromagnetic shutters. Through the
use of the rotating half-wave plates, it is
possible to achieve almost any desired
beam splitting ratio. Various experi-
ments [2] and [3] have demonstrated
the high stability and robustness of stan-
dard fiber port clusters.

Schifter+Kirchhoff also offers fiber
port clusters with two input ports, for

PhotonicsViews 3/2023

Fig. 7 Adjustment of a polarization-maintaining fiber with a coherent laser source. The
goal of the adjustment is to minimize the data circle radius. When the fiber polarization
axis and the laser polarization axis have a high angular deviation, the state of polar-
ization varies significantly when bending the fiber or when the ambient temperature
changes (a). The better the angular alignment of the fiber, the smaller the change in
polarization and the smaller the radius of the data circle (b).

example for the cool and repump fre-
quency for a MOT at 780 nm (Fig. 6a).

It is also possible to combine beams
of different wavelengths at the input port
of a fiber port cluster for subsequent
equal splitting of both components, as
required for a dual-species MOT for
example. When using multiple wave-
length inputs, the wavelength difference
between the input ports determines how
the combination can be achieved. A
dichroic beam combiner is used for two
laser sources with a large wavelength
difference (Fig. 6b). If the wavelength dif-
ference is too small for a dichroic beam
combination, a polarization beam split-
ter and a subsequent dichroic waveplate
allows multiplexing (Fig. 6¢).

Fiber collimators are then used to
collimate the light exiting from the PM
fibers attached to the output ports of the
fiber port clusters. For cases where the
wavelength difference of the two lasers s
toolarge to be guided in a common sin-
gle-mode fiber, Schifter+Kirchhoff has
developed special fiber collimators with
an integrated dichroic beam combiner
that have two separate input ports for
the two sources. Fiber collimators with
directly integrated quarter-wave plates
can be used if circularly polarized light
is required.

Analyzing the polarization

Control over the state of polarization
and its analysis is essential for quan-
tum platforms such as ultracold atoms
or ionic systems. It is also important
for the PM fiber coupling process.
The polarization analyzer described
here has two main applications: one

is to monitor the alignment of the
polarization-maintaining fibers with
the polarization axis of the source;
the other is to determine the state of
polarization in general and its defined
setting according to the requirements.
More details can be found in [4].

The polarization is determined by
evaluating the light arriving at a pho-
todiode after passing through a rotat-
ing quarter-wave plate and a static
polarizer. The Stokes parameters are
obtained from a detailed analysis of the
photodiode signal and the time/posi-
tion information of the quarter-wave
plate. The polarization state is then
plotted on the Poincaré sphere where
any change in the polarization state as
well as the sense of rotation (plotted on
the northern or southern hemisphere)
is easily visible.

For the fast and accurate alignment
of PM fibers with linearly polarized
light sources it is essential to efficiently
determine and display the polarization
extinction ratio (PER). The polariza-
tion of linearly polarized light that is
not fully coupled into one of the polar-
ization axes is not maintained, and the
polarization changes with temperature
and strain variations. This is visualized
on the Poincaré sphere by carefully and
purposefully introducing environ-
mental changes, such as temperature
variation or slow bending of the fiber,
which causes a data circle to be formed
on the Poincaré sphere resulting from
the induced phase shift between the
two principal polarization states. This
circle represents all possible polariza-
tion states for the current alignment,

© 2023 Wiley-VCH GmbH



with the center representing the mean
polarization extinction ratio. The mean
polarization extinction ratio should
be located at the equator for an ideal
polarization-maintaining fiber. The data
point farthest from the equator shows
the worst possible polarization extinc-
tion ratio for the current alignment.

The radius of the circle on the Poin-
caré sphere is an indication of the qual-
ity of the alignment when adjusting the
fiber coupling since it shows the angu-
lar deviation between the fiber polar-
ization axis and the source polariza-
tion axis. Assuming an ideal linearly
polarized source, the radius of the circle
is large for poorly aligned fibers - the
polarization varies greatly with ambi-
ent conditions — and small for precisely
aligned fibers. The data circle con-
verges to a single point on the equator
of the Poincaré sphere for an optimally
aligned ideal fiber. A series of measure-
ment points is taken when adjusting
the fiber coupling while changing the
temperature or carefully bending the
fiber to generate a circular trajectory
of data points. A circle is automati-
cally fitted to the data points and the
mean and minimal PER are displayed
(Fig. 7a). The polarization axis of the
fiber can now be rotated with respect
to the polarization axis of the source
until the radius of the circle reaches a
minimum (Fig. 7b). A second measure-
ment then reveals the parameters of the
optimized fiber alignment.

Conclusion

The progress made in fiber optics
over the years has enabled a variety of
so-called quantum technologies, such as
quantum cryptography, quantum sen-
sors and quantum computers, which are
rapidly moving from the lab to commer-
cial applications. Their special require-
ments for precision, stability and robust-
ness require high-quality components
such as polarization-maintaining fiber
cables, fiber couplers and collimators,
fiber port clusters and polarization ana-
lyzers, which are available from UV-1R.
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Fastlane to quantum advantage
through co-design

Acceleration of quantum advantage for selected use cases in chemistry,

finance, and logistics

Stefan Rank & Frank Deppe

Quantum computers promise to solve
certain advanced computational tasks
with higher computational speed,
higher accuracy, and less energy con-
sumption. To be useful for real-world
applications, traditional quantum al-
gorithms typically require significantly
more sophisticated quantum comput-
ers than are available today.

Co-designing application-specific
quantum integrated circuits (ASICs)
is one avenue being explored by
quantum computing scientists and
engineersto achieve quantum advan-
tageinthe nearfuture. Currently, the
co-design paradigm is most promi-
nently pursued in the field of super-
conducting quantum systems, which
operate in the microwave regime.

Nevertheless, due to the univer-
sality of the underlying light-matter
coupling mechanisms, insights taken
from the field of photonics could pro-
vide valuable contributions to the ad-
vancement of co-designed quantum
computers.

Journey of a quantum algo-
rithm

Let us approach the co-design para-
digm from a quantum education point
of view. One of the first things quan-
tum computing students may learn is
the journey of a quantum algorithm’
in a quantum computer. This journey
begins with the user trying to solve a
computational problem. Known clas-
sical solutions may not have sufficient
computational speed or accuracy or
may not exist at all, at which point the
quantum computer comes into play. The
user identifies a quantum algorithm that
has the potential to solve the real-world
problem with less resources than a clas-

PhotonicsViews 3/2023

Fig. 1 Assembly of an IQM quantum computing system (Source all images: IQM
Quantum Computers)

sical approach. The resulting compu-
tational advantage is called ‘quantum
advantage. Prominent examples are
Shor’s algorithm for prime number fac-
torization or the Grover database search
algorithms. As with Deep Learning, data
input and data output must be consid-
ered. Quantum algorithms must firstbe
transpiled or converted to an equivalent

circuit with hardware-supported gates.
The resulting gate sequences are typi-
cally expressed as Python code operat-
ing the classical control electronics of
the quantum computer via a dedicated
server. In this process, the so-called
‘pulse compiler’ expands the circuitinto
a series of electromagnetic pulses. The
control electronics leverages specialized

© 2023 Wiley-VCH GmbH



hardware and firmware to execute pulse
sequences with nanosecond precision,
as it is required for high-performance
superconducting quantum processing
units (QPUs). The qubits on the QPU
make use of fundamental quantum
mechanical effects such as superposi-
tion, entanglement, and interference
to execute the quantum logic required
for quantum computing. Finally, a series
of measurements provides the results,
which are probabilistic by nature. Usu-
ally, a quantum circuit is executed many
times and a suitable set of averaged
measurement results provides the user
with the computation result. In practice,
these results are sent back to the user’s
classical Python-based software frame-
work for analysis and visualization [1].

Quantum computing technolo-
gy stack

From an engineer’s perspective, this
journey of a quantum algorithm takes
place within the quantum computing
technology stack. This breaks the com-
plex quantum computing system down
into its major components.

In this technology stack, only the
QPU describes the quantum computing
system. It is connected to the classical
computing hard and software stack via
multiple layers. These include instru-
ments such as digital-to-analog convert-
ers (DAC) and analog-to-digital con-
verters (ADC), which convert digital
to analog signals and vice versa. Shown
above are several layers of firmware for
calibration, control, transpilation, rout-
ing and execution. Further above are
the hardware-agnostic software layers
including quantum algorithms, librar-
ies, and applications. Most quantum
computing is performed in a hybrid
architecture that uses classical and quan-
tum computing symbiotically. In HPC
(high performance computing) integra-
tion projects, IQM and its partners are
working on an optimal integration of
quantum and classical computing.

A solution for advanced compu-
tational challenges?

Following the general verdict of the
worldwide quantum computing com-
munity, we are currently in the early
stages of an envisioned quantum com-
puting era, where qubits do showimpres-
sive quantum behavior but suffer from
environmental noise. Consequently, the
current state of technology does not
support the implementation of univer-
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Fig. 2 Quantum computing technology stack

sal fault-tolerant quantum computing.
However, along-term path towards it is
well conceivable upon straightforward
but tedious scaling. For this reason,
the present state is also called the noisy
intermediate scale quantum (NISQ)
era. The technical challenges mainly
arise from noise, errors, and the neces-
sity of excessive scaling. We need more
high-quality qubits for superposition,
entanglement, and interference than
we currently have available to produce
meaningful results with the currently
known application-relevant quantum
algorithms. As a consequence, unlock-
ing the quantum power of NISQ devices
requires novel quantum computing par-
adigms that are less resource-hungry
than universal fault-tolerant quantum
computing. And itis precisely here that
co-design comes into play.

The aim of co-design for quantum
computing is to develop a specific com-
bination of quantum hardware and con-
trol software optimized for a specific
algorithm that has been identified as
the most promising, or even proven to
be the best possible quantum algorithm
for a selected use case. The technical
goalis to provide novel QPU topologies,
compute elements, and control opera-
tions to reduce the required number
of qubits, circuit depth, and operation
fidelities for precisely this one use-case.
Although this approach sounds some-
what narrow at first glance, it could
nevertheless ultimately result in better
products and materials, more efficient
use of energy, or optimized processes
in logistics and production. Putting it
into business terms, co-designed quan-
tum computers can contribute to higher
sales and profits, a faster time to market,
higher market share, or a shorter time
to publication.

At IQM, co-design development is
carried out with partners from indus-
try within innovation partnerships.

In such a co-design project, experts
in quantum hardware, quantum algo-
rithms and software work hand-in-hand
with domain experts from industry. In
this context, discussions with industry
members have shown that companies
today have not one, but in many cases
more than a hundred unresolved com-
putational challenges. The first step in
an innovation partnership is to iden-
tify the use cases to be addressed in the
project. This decision depends on tech-
nical feasibility and schedule, algorithm
benchmarking and metrics definition,
simulation results, the competitive land-
scape, and the strategic goals outlined
above. Once the use case is selected,
the cross-functional project team con-
ducts a multi-step, iterative and agile
development process to find the best
mapping of the quantum algorithm to
the quantum hardware and software to
minimize quantum overhead and maxi-
mize performance according to the pre-
defined metrics. If the solution delivers
the desired results, several industrializa-
tion options are possible.

Company

IQM Quantum Computers

IQM is the European leader in building quantum
computers. The company provides on-premises
quantum computers for supercomputing cen-
ters and research labs and offers full access to its
hardware. For industrial customers, IQM delivers
qguantum advantage through a unique application-
specific co-design approach. IQM's commercial
quantum computers include Finland's first com-
mercial 54-qubit quantum computer with VTT.
IQM has over 260 employees with offices in Paris,
Madrid, Munich, Singapore, and Espoo.

https://meetigm.com
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Fig. 3 Qubit-resonator star architecture and chip design
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Co-design of quantum ASICs
and co-design toolbox

It is not unexpected that there is a
learning curve in implementing quan-
tum ASICs. One aspect of this learning
curve is that the field is still new and
wide open for innovation in quantum
hardware, software, and algorithms.
Another aspect is that some ‘recipes’
work better than others, depending on
which algorithm is to be implemented
for a particular use case. A co-design
flow should specify the path from a
standard implementation to a custom-
ized implementation. This goal is best
achieved by setting up a reasonably
flexible co-design toolbox that ideally
builds on controlled-effort variations of
available, proven, and tested quantum
computing components. For example,
the toolbox can be used to co-design
quantum ASICs with carefully selected
novel computational elements and oper-
ations in a topology optimized for the
selected use case. Such a scenario has
been evaluated by the IQM developers
Manuel Algaba, Mario Ponce-Martinez

Algorithm

Processor

et al. They have identified a co-design
architecture tailored to quantum simu-
lation projects in the NISQ era, and asa
tool to drive innovation in the medical
imaging space. The underlying quantum
ASIC consists of a star-shaped, all-to-all
connectivity architecture, which con-
nects standard transmon qubits capac-
itively via tunable couplers to a central
coplanar waveguide resonator serving
asanovel co-design element. A popula-
tion exchange between any qubit and the
central resonator is a necessary co-de-
sign operation. The first target of the
qubit-resonator star implementation is
an enhanced image resolution combined
with high biocompatibility in magnetic
resonance imaging (MRI). Specifically,
one aims at simulating the dynamics of
nanodiamond-based contrast agents,
which are injected into a patients’
blood stream to enhance image reso-
lution in MRI. The simulation target is
the achievement of a hyperpolarization
state that is polarized beyond the level of
athermal state in a magnetic field. Such
aquantum computer-based simulation

Quantum theory Finite element modelling
&simulations Component library
v ¥ .
Component RF circuit
o design optimization
Hamiltonian o ~ .
design r—’ | 1—]|
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T

Fig. 4 QPU design steps
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Star-like connectivity

Star-architecture chip

couldlead to improved detection of var-
ious malformations in tissues — such as
the heart or brain — without the use of
ionizing radiation [2]. In a broader con-
text, the qubit-resonator star platform
can simulate all problems based on the
transverse Spin-Ising model.

The fundamental driving concept
behind the qubit-resonator star co-de-
sign platform is the reduction of noisy
SWAP gates for the use case described
above by up to ninety percent for quan-
tum ASICS with more than twenty
qubits. For proof-of-principle demon-
strations, the base implementation of the
qubit-resonator star features six qubits.
Upcoming innovation partnerships can
leverage second generation qubit-reso-
nator platforms with significantly more
compute elements and other target
applications. Innovation partnerships
typically start with an educational pro-
gram, develop a customized solution
in a multistep quantum advantage
program, and include various indus-
trialization options. In this context, we
emphasize that one important aspect of
a co-design project is solution metrics
defined early in the project. The goal is
to reduce quantum computing resource
requirements for the identified quantum
algorithm. We estimate that the qubit
reduction factor could reach significant
values such as ten or higher in specific
co-design projects.

A design tool for fast innova-
tion cycles

Fast innovation cycles are key to build-
ing a fast lane to quantum advantage.
Co-design is an iterative process in
which hardware, software, and algo-
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rithm teams work closely together to
implement the best mapping of high-
level quantum algorithms for a specific
use case to a specific hardware and soft-
warearchitecture. Open-source software
tools such as KQCircuits can be used for
QPU design, which provides ease-of-use
with drag-and-drop options and design
consistency through parametrized geo-
metrical circuit elements. The QPU
design flow typically starts with Hamil-
tonian design, then moves on to compo-
nent design, RF circuit optimization and
layout. New designs are then evaluated
with predefined performance metrics.
Meaningful innovation in materials and
design for quantum computers is per-
formed by the MATQu consortium [3],
among others.

Superconducting quantum
computers and photonics

For both fault-tolerant quantum com-
puting and NISQ-friendly co-design,
scaling to higher qubit numbers and
operation fidelities remains an inevita-
ble requirement for sustainable success.
A plethora of advanced scaling technol-
ogies are being developed today, many
of which are not yet part of production
but could be integrated into production
a few years down the road. In this con-
text, we want to highlight two specific
interfaces to the field of photonics. The
first one is the discipline of HPC inte-
gration where superconducting and
photonics-based quantum computers
can be interfaced via a classical HPC
cluster, distributing tasks to them and
processing their output in a highly

Authors

parallelized fashion. The second topic
is microwave-to-optical conversion:
when control signals for a supercon-
ducting qubit QPU are routed into the
cryostat via optical fibers, both space
consumption and heat load constraints
could be greatly reduced for large qubit
numbers with obvious advantages [4].
These and similar technologies may also
be used for multi-QPU architectures,
error correction and non-destructive
measurements. German research his-
torically has had a strong focus on
photonics that can also deliver valuable
insights for superconducting quantum
computers. Such considerations include
coherence, energy levels, nonlinearities
and resonances, quantum fluctuations,
external control, as well as read-outand
detection. IQM actively partners with
the German and European quantum
computing ecosystems, including the
Munich Quantum Valley (MQV), to
address these and similar topics on the
advancement of quantum computing.
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The quad laser operation for DLC pro: one step further
into the second quantum revolution

The Quantum 2.0 shift needs excellent
industrial laser systems that exceed
key benchmarks such as integration,
scalability, and ease of use. Toptica
has taken bold steps to meet the need
by introducing an innovative feature,
the ‘quad laser operation’ option. This
groundbreaking addition allows users
to easily control up to four DFB or DL
pros.

Over the last decade, the situation has
drastically changed within the quantum
community as the second quantum rev-
olution takes place. Three distinct fields
can be distinguished here: quantum
computing and simulation, quantum
sensing and quantum communication.
Direct applications beyond the labora-
tory are now a reality, and Toptica is of
course contributing to the emergence of
quantum products, lasers being one of
the cornerstones of such technologies.

The DL and DFB pros have estab-
lished themselves as a standard during
this period. They have been major actors
for cooling and controlling atoms and
ions, allowing breakthroughs not only
in the academic setting, but also in the
industrial domain.

The top selling DLC MDL pro Ca* equipped with the
quad laser operation option now fits in 7U.

The new GUI driving the DLC MDL pro Ca* equipped with
the quad laser operation option. The status of the four
lasers is visible at a glance from the dashboard and laser
activation can be directly controlled.

PhotonicsViews 3/2023

Digital Laser Controller DLC pro with a DFB pro and three DL pros

This success has only been possible
because these lasers were driven by the
Digital Laser Controller (DLC pro). The
performance of a diode laser is indeed
largely determined by its controller. The
DLC pro was the first diode laser con-
troller based on a digital foundation,
which is essential to obtain the best per-
formance of all key parameters: low cur-
rent noise for narrow laser linewidths,
excellent temperature control for stable
operation, and precise piezo control for
frequency tuning. The digital founda-
tion also enables full remote control,
including a GUI for Windows and a
command interface. Many applications
alsorequire stabilization of the laser fre-
quency, and Toptica provides solutions
for all such needs: the convenient DLC
pro Lock software solution is directly
integrated into the DLC pro, while high
performancelockingis provided by the
FALC pro. The DLC pro also supports
all the options available to extend the
functionality of the DL pro, including
motorization of the coarse tuning and
the ability to drive two lasers with a sin-
gle controller. DLC pro-controlled laser
systems are available both as tabletop
and asrack-mounted variants. The latter
is seamlessly integrated into Toptica’s
T-Rack laser rack systems.

The transition towards Quantum 2.0
requires industrial laser systems that
excel in the aspects
B Integration: the same functionality

with less power consumption, in a

smaller volume
B Scalability: providing many com-

plex systems controlled within a

single platform
B Operational ease: the product must

be able to be operated in a user-

friendly way by non-specialized

people.

To move forward in meeting these
requirements, Toptica recently devel-
oped a new function: the ‘quad laser
operation’ option. It will offer the end-
user the possibility to drive up to four
DFB or DL pros or MTA DL pros at
the same time. An upgrade for existing
systems will be available. All existing
options will continue to be supported
for each laser: DLC lock option, DL/
MOT, FALC pro ...

The integration of the systems will
be improved by allowing more compact
configurations of the T-Rack laser rack
systems.

For tabletop lasers, in addition to sav-
ing spacein thelab, it willbecome easier
to use one single GUI for all four lasers.

Together with the hardware improve-
ment, the Toptica graphical user interface
hasbeen revisited to offer a better experi-
ence to the end-customer - the layout has
been reviewed. A dashboard will enable
clear supervision of all lasers at the same
time, while it will always be possible to
address the laser parameters individually.

In conclusion, with this new option,
Toptica continues to support their cus-
tomers by developing solutions adapted
to their current and future needs.

TOPTICA Photonics AG

Guillaume Stern

product manager tunable diode lasers
(quantum technologies)

Lochhamer Schlag 19

82166 Graefelfing / Munich

Germany

phone: +49 89 858370

e-mail: sales@toptica.com

Web: www.toptica.com
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High LIDT coatings on large optics for petawatt lasers
and line beam systems

Laseroptik uses dedicated equipment
to apply dielectric coatings to large
opticsupto2minlength (longaxis for
rectangular shapes)or 1 min diame-
ter with a superior spectral uniformity
over the complete surface and high
LIDT values.

Approved automated ultrasonic and
manual cleaning procedures guarantee
optimum cleanliness even at these large-
scale geometries — the possible sizes and
techniques are listed in the table at the
bottom of the page.

The uniformity of the coatings is a
critical factor for industrial laser applica-
tions, e.g. for laser beam expansion and
delivery systems. The coating design,
inner architecture of the machine and
in-situ process control help to reduce
gradient effects toa minimum. The uni-
formity can also be adapted to the radii
of curvature, for example with cylindri-
cal lenses.

Rectangular shapes

For bar-like rectangular substrates,
plane or curved, Laseroptik can coat
laser mirrors that are among the largest
in the world (up to 2000 mm in length)
by using Ion Beam Sputtering (IBS).
This method is commonly known for
producing the highest quality thin
films, but just on small areas. However,
by redefining an advanced substrate
motion, a unique method for long optics
was found and has been patented. Two
custom-built machines are currently
available to offer this unique process. A
variance in central wavelength of below
+1 % can be achieved for optics up to
2000 mm in length.

Round shapes
As with long substrates, large diameter
round optics can also be coated by IBS

when it comes to providing complex
coating designs and superior spectral
performance. Laseroptik has commer-
cial coating systems for substrates up to
@ 400 mm and custom-built machines
for up to @ 550 mm in operation, which
are also ideal for rectangular shapes fit-
ting onto the carrier planet.

These specialized machines allow the
use of several coating materials, which is
important for advanced thin-film design
strategies aiming at the highest LIDT.
This capability has been used to coat
the 440 x 290 x 75 mm? beam transport
mirrors for HAPLS, the world’s high-
est average power petawatt laser sys-
tem, located at ELI Beamlines, Prague.
A field-optimized hybrid coating design
was applied after specific design stud-
ies. With a measured LIDT of 0.9 J/
cm?at 42 fs, 1 kHz and @820 nm / 45°,
these coatings exceeded the high power
requirements of ELI (see detailed report
(1]).

Another common use of large round
optics is gravitational wave research.
The detector’s sensitivity is dependent
on the end mirrors’ perfection, i.e. the
total losses and Brownian noise have
to be reduced to a minimum. IBS is
well suited to this task as its low loss
coatings are approved for gyroscope
applications. A tailored environment
of separate cleanrooms with dedicated
inspection metrology, optic cleaning

Coating

technique rectangular round @
long axis short axis*

IBS 2000 mm 250 mm 550 mm

IAD 940 mm 80 mm 350 mm

EBE 940 mm 80 mm 500 mm

* at the given maximum of the long axis, can be larger with a shorter long axis

© 2023 Wiley-VCH GmbH

“Maxima”,
the patented
IBS coating

machine
for large

optics (long

shapes)

“Teresa”, the largest IBS machine suitable for substrates
up to @ 550 mm

and annealing solutions was built to
support this innovative equipment. It
is part of a department that specializes
in working with large round and rect-
angular optics, addressing the highest
requirements for LIDT, low losses and
spectral performance.

A space-resolved quality inspection
is performed on the whole dimension
to check for surface defects and spectral
properties, including an interferometric
inspection. Large optics are held in cus-
tom-built lifting and handling tools for
inspection, transport and fixing in the
coating machine.

[1] T Willemsen, U. Chaulagain, S. Borneis, &
W. Ebert: New IBS coatings boost perfor-
mance of petawatt laser mirrors, Photon-
icsViews (2022)2, 55-58; DOI: 10.1002/
phvs.202200016
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Precise characterization of IR emitters

Spectroradiometers are the key com-
ponentfor a wide range of light mea-
surement tasks in many innovative
applications. Radiometric, photomet-
ricand colorimetric properties are cal-
culated from their spectral data with
the aid of extensive software suites,
such as SpecWin Pro. Their precision
and accuracy are therefore especially
important for exact readings.

Instrument Systems will be presenting
its latest spectroradiometer, the CAS
140D IR which is optimized for mea-
surements in the SWIR (short-wave
infrared) wavelength range, at Laser
World of Photonics 2023. It offers the
proven high measurement accuracy
and reliability of the CAS140D series —
internationally recognized as a reference
for wavelengths of 200 — 2150 nm. The
new model has a significantly better per-
formance compared to its predecessor
in the CAS 140CT series. Thanks to a
new design of the optical architecture,
throughput has been increased by up
to 70 %, and the stray light proportion
has again been significantly reduced. A
new electronic platform enables faster
processing of measurements with a min-
imum possible integration time of 1 ms
and a total scanning time of 9 ms. This
guarantees higher productivity due to
shorter measuring times, accompanied
by greater precision and repeatability. As
a supplement to the broadband model,
high-resolution devices are available
especially for the measurement of nar-
row-bandlaser diodes such as VCSELs.

The VTC 4000 without fiber can determine the power,
polarization and spatial radiation properties of single
emitters. An additional fiber output also enables the
analysis of wavelengths with a spectrometer.
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The mapping of the radiation source via an additional screen and subsequent 2D imag-
ing by the camera make the measuring system considerably more flexible.

Instrument Systems has also devel-
oped specific infrared cameras for the
comprehensive analysis of VCSEL appli-
cations. Due to their unique properties,
vertical-cavity surface-emitting lasers
(VCSELs) are indispensable compo-
nents for price-sensitive, laser-based
applications. In particular with safety-
relevant components such as lidar sys-
tems or face-ID, manufacturers must
ensure that each VCSEL reacts correctly
in their applications. For this purpose,
each single emitter must be tested in the
near field, as well as the complete VCSEL
array in the far field.

The VTC 4000 near-field camera
was especially developed for ultrafast,
precise 2D analysis of VCSEL arrays. It
enables polarization-controlled, simul-
taneous characterization of all relevant
parameters of the single emitters of
the array. The 2D quality analysis is
performed with unprecedented mea-
surement accuracy thanks to a unique
calibration procedure that is based on
flat-field and polarization correction,
and corrects the polarization depen-
dence of the optical system. Once cali-
brated, the VTC 4000 enables absolute
measurement of power and polarization
properties within the field of view in a
one-shot process.

The VTC 2400 far-field camera is
a high-resolution infrared camera that
was developed specifically for the 2D
far-field analysis of the radiant intensity
distribution of VCSELs and IR emitters.

The cost-efficient measuring system
consists of a light-permeable, diffusely
scattering screen and a monochrome
camera. Thanks to the light-shielding
camera housing, the system is suitable
for both lab and production applica-
tions. In the measurement setup, the
screen stands between the radiation
source (DUT) and the infrared cam-
era so that the typical spatial radiation
properties of the DUT are displayed
on the screen. The VTC 2400 infrared
camera captures this 2-dimensional
image in a single measurement and
converts the irradiance [W/m?] to the
radiant intensity distribution [W/sr] of
the DUT.

Like all measuring equipment from
Instrument Systems, the devices are
traceably calibrated to national stan-
dards (PTB) and deliver readings with
absolute precision. Together with their
unique measurement method, this guar-
antees a minimum error budget and a
high level of measurement precision,
and manufacturers are able to exploit the
full performance potential of VCSELs
while ensuring reliable operation.

Instrument Systems GmbH

Kastenbauerstrasse 2

81677 Munich, Germany

phone: +49 89 454 9430

e-mail: sales@instrumentsystems.com
Web: www.instrumentsystems.com

Meet us at Laser World of Photonics 2023,
Booth A3.209
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Product Report I

Filtering through many options - an introduction to

optical filters

Optical filters selectively control light of
a particular wavelength or polarization
and are essential across many industries
in applications such as machine vision,
microscopy, spectroscopy, or chemical
analysis. Because optical filters are avail-
able in numerous sizes and specifica-
tions, understanding the nomenclature
and key terms will help to differentiate
between them.

Optical filter designs

Filters transmit and reject particular por-
tions of light energy. Transmission and
reflection are typically displayed over
a spectral band of interest. Designs are
numerous, the most common are long-
pass, shortpass, bandpass, notch, neu-
tral density (ND), dichroic filters, and
polarizing filters. Table 1 summarizes
the designs and describes their purpose.

Key design terminologies
Transmission and transmittance are
slightly different. Transmission is the
difference in intensity (radiant flux)
between the interfaces of the two sur-
faces of the filter with the bulk media.
Internal and external transmission are
measured at the internal and external
sides of the interface boundaries, inside
and outside of the filter respectively.
Transmittance is the ratio between
the light intensity exiting the filter to
the entering intensity and represents
the energy not absorbed or scattered.
Rejected light absorbs, scatters, or
reflects.

The thresholds for longpass and
shortpass filters are called the cut-on
and cut-off wavelengths respectively,
where the absolute transmission is 50 %.
The similar specifications for bandpass
and notch filters are the combination of
the central or center wavelength (CWL)
with the full width at half maximum
(FWHM). The CWL is the midpoint
of the passband of a bandpass filter, or
blocking band of a notch filter respec-
tively. The FWHM is defined as width
in wavelength units of the spectral range
between the two points where the filter
hasarelative transmission of 50 % of the
peak transmission (half of the maximum
transmission).

© 2023 Wiley-VCH GmbH
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Interference or dielectric filters consist of multiple deposited layers upon a substrate.

Filter design Description

Longpass Transmits and rejects light with a wavelength greater than and
less than a particular threshold, respectively.

Shortpass Rejects and transmits light with a wavelength greater than and
less than a particular threshold, respectively.

Bandpass Transmits light with wavelengths within a particular range and
rejects all others.

Notch Rejects light with wavelengths within a particular range and
transmits all others.

Neutral density (ND) Evenly attenuates light across a broad spectral range.

Polarizing or polarizer | Transmits and rejects light depending on its polarization.

Table 1. A summary of optical filters and their function.

Optical density OD = -log,(T)
describes blocking, where T is trans-
mission as a fraction or decimal.

Filter categories

Optical filters can be divided into differ-
ent categories based on their construc-
tion. Colored glass filters typically con-
sist of molten glass doped with metal
oxides or metal powder to obtain their
characteristic absorption and trans-
mission characteristics. They absorb
the unwanted portion of the light and
are a cost-effective alternative to other
filter types. They are commonly used
in machine vision applications and
work well with a wide range of angles
of incidence (AOI). More demand-
ing applications such as fluorescence
imaging often require higher perfor-
mance optical interference filters that
are created by having alternating layers
ofhigh and low refractive index materi-
als. These include traditionally-coated,
hard-coated (dielectric), as well as flex-
ible filters. Blocking and transmission

characteristics of these filters are much
more tightly controlled and they typ-
ically have narrower AOI tolerances.
With these types of filters, the rejected
light is commonly reflected rather than
absorbed leading to better damage
thresholds.

Cutting through the noise

As outlined briefly above there are a
vast range of optical filters, from color
glass filters to complex, hard-coated
filters. These filters are used in appli-
cations spanning machine vision to
laser materials processing and bio-
medical fluorescence imaging and it is
important to understand the technical
terminologies before considering par-
ticular challenges and requirements of
the application. Once technical terms
are understood and application require-
ments are specified, the appropriate type
of filter design and material construc-
tion can be selected.

www.edmundoptics.de
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Application of JPT's MOPA fiber
lasers in laser technology

Laser technology is based on the
principles of quantum mechanics
and works by exciting atoms or mol-
ecules to a higher energy level, and
then allowingthemtorelease thaten-
ergy in the form of a highly focused
beam of light. This technology has
many advantages over traditional
technologies, such as greater preci-
sion, faster processing speeds, and
higher energy efficiency.

As the core laser light source in laser
technology, a master oscillator power
amplification (MOPA) fiber laser is a
type oflaser that uses a master oscillator
to generate a pulsed laser beam, which
is then amplified by a power amplifier.
This type of fiber laser with tunable
pulse width and arbitrary repetition
rate is used in many applications where
precise control over thelaser pulse dura-
tion, energy, and frequency is required.

Product description

JPT’s MOPA Fiber Laser: YDFLP-M8-20
isa compact, single-mode, MOPA nano-
second ytterbium fiber laser, which has
a high peak power of up to 50 kW and
adjustable pulse waveforms in the range
of 1 - 350 ns.
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JPT's MOPA Fiber Laser: YDFLP-M8-20
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MOPA fiber laser marking

Technical innovation

Apart from having an independent
adjustment of pulse width and pulse
repetition rate, the M8-20 focuses on
the optimization of pulse peak power
and beam quality to enable special mate-
rial processing. By optimizing the fiber
amplifier and utilizing high reliability
optical devices, the laser beam of the
M8-20 achieves high peak power and
good beam quality. Based on its com-
pact components and integrated circuit
design, the original structural design
now enables better heat dissipation
performance and has a smaller volume.

Application advantages
Compared to regular fiber lasers, the
M8-20 with five times higher peak
power can be applied to more materi-
als that could not be processed by fiber
lasers before, which is a significant
breakthrough for nonmetal processing
of materials such as glass marking, or
applying QR codes of 0.5 x 0.5 mm to
an aluminum surface.

Laser marking

Asan example of nonmetal glass mark-
ing, because glass is a transparent mate-
rial, more than 90 % of the laser energy
will go through when a nanosecond

JPT

fiber laser source with a wavelength of
1064 nm lights the glass surface, but
only less than 10 % of the laser energy
is absorbed. The regular nanosecond
fiber laser’s peak power is 15 kW, which
cannot achieve the threshold value of
damage so as to engrave the glass. How-
ever, the M8-20 can reach 50 kW peak
power with the appropriate pulse width,
which enables perfect glass marking
by applying enough peak power with
a good beam quality.

Solution provider

For consumers who wish to purchase a
laser that can do precision marking of
special metal materials, JPT’s M8-20 is
especially suitable for glass drilling and
other applications with requirements for
peak power and brightness because the
product can maintain excellent beam
quality under high-power working con-
ditions, with maximum peak power and
brightness.

Shenzhen JPT Opto-electronics Co., Ltd.

1201, Bldg A, Kemron S&T Park, Guanlan
Hi-tech Ind. Area, Longhua Dist.
Shenzhen, China, 518110

phone: +86 755 29528181

e-mail: sales@jptoe.com

Web: www.jptoe.com
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Laser Materials Processing I

Burst mode boosts net cutting

Speed

Lithium-ion battery foil cutting with picosecond IR lasers and burst mode

Jim Bovatsek

Lithium-ion batteries are the energy storage medium of choice for myriad

applications. The enormous demand worldwide is reaching new heights, mo-
tivating the development of lower cost, faster production methods. With all
these efforts to economic efficiency, the quality of the manufactured batter-

ies must remain at the highest level, a goal that can only be achieved if all

the individual components meet their respective quality specifications. MKS,
with its different brands in the photonics industry, has conducted intensive
research to support customers in optimizing their laser-based production

processes. The latest research shows the advantages of using picosecond IR

lasers with burst mode.

Lithium-ion batteries have a layered
structure comprised of several ele-
ments: a cathode battery foil, an anode
battery foil, a separator material, and an
electrolyte. The battery foils consist of
ametal substrate - typically copper for
the anode and aluminum for the cath-
ode - and an active material applied as
a coating to that substrate. The active
material for the anode is very often
graphite.

However, for the cathode, several
different active material chemistries
such as NMC (LiNiMnCoO,), LFP

© 2023 Wiley-VCH GmbH

(LiFePO,), or LNMO (LiNi, ;Mn, .O,)
are employed. Battery foils are processed
reel to reel, usually requiring that they
be cut using a single pass as rapidly as
possible. Cut quality is also of particular
importance because flaws in the cut edge
have the potential to lead to shorting
between foils, and subsequent thermal
runaway leading to catastrophic failure.
Ultrashort pulse lasers are a natural fit
to meet this demand for cutting speed
and quality given their ability to process
awide variety of materials with minimal
heating or melting.

Lasers with burst mode

The advent of high-power, high repeti-
tion rate lasers does not by itselflead to
high throughput processing. It is well
known that an optimal fluence (energy
density, typically in J/cm?) exists for
efficient ablation that minimizes ther-
mal damage to the surrounding mate-
rial. The practical implications of this
are that high-energy pulses become
efficient only by increasing the spot
size (and correspondingly the scan
speed), by increasing the number of
spots for parallel processing (viabeam

PhotonicsViews 3/2023
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splitting), or by splitting pulses into
many subpulses of lower energy (burst
pulses).

While the first two approaches
require costly, very high-speed scan-
ning equipment or additional optics
for beam splitting, industrial picosecond
lasers capable of generating burst pulses
now offer a viable alternative. In burst-
mode operation, a single high-energy
pulse is split into several lower-energy
pulses to achieve an optimal fluence
by adjusting the optical output in the
temporal domain. The burst envelope
can be shaped in some advanced imple-
mentations of this technology, that is,
the energy of each sub-pulse in a burst
can be varied.

Focus on key parameters

To further analyze cutting processes,
the Spectra-Physics IceFyre IR50 pico-
second laser was applied on battery foil
materials using the TimeShift burst
mode. The results were compared to
conventional single pulse processing
using a single pass net cutting speed —
i.e. the maximum speed at which the
material is cut (though some negligi-
ble amount of bridging across the kerf
is permitted) — and the coating excess
ablation, i.e. the distance the coating has
receded from the cut edge of the metal
foil due to its lower ablation threshold
compared to the foil substrate. A cath-
ode material was used consisting of an
~16 pm thick aluminum foil coated on
both sides with NMC for a total thick-
ness of ~100 pm. The anode material
consisted of an ~11 um thick copper
foil coated on both sides with graphite
for a total thickness of ~98 pm.

Company

MKS | Spectra-Physics

Spectra-Physics is a brand within the MKS
Instruments photonics solutions division. The
Spectra-Physics product portfolio consists of a
broad spectrum of lasers for precision industrial
and scientific applications. Spectra-Physics lasers
combine groundbreaking technologies with deep
applications expertise to deliver disruptive perfor-
mance and lower total cost of ownership.

www.spectra-physics.com

Meet us at Laser World of Photonics, booth A3.219
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Fig. 1 Net cut speed versus pulses per second for cut results, comparing burst versus

single pulse for both anode and cathode foils

Battery foil samples were processed
using a single pass, and data was col-
lected for both single-pulse processing
with a range of repetition rates from
400 kHz to 8 MHz, and burst-mode
processing for arange of burst numbers
(two to twenty burst subpulses), all at
400 kHz. To compare the results, the
burst-mode data was assigned an equiv-
alent repetition rate computed by multi-
plying burst sub-pulse numbers by the
set repetition rate of 400 kHz. For exam-
ple, aburst with ten subpulses operating
at400 kHz has 10 % 400,000 = 4,000,000
pulses per second and the correspond-
ing data point was therefore plotted at
the 4 MHz point along the horizontal
(x) axis. Similarly, a burst data point at
the 8 MHz location indicated that the
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actual laser output (at 400 kHz) was
8,000 kHz / 400 kHz = 20 burst pulses.
This data representation allowed both
data sets to be plotted versus repetition
rate on the same graph. Importantly, for
a value along the horizontal plot axis
(pulses per second), the individual pulse
energies — and hence fluences - are the
same for both the single pulse and the
burst data points, since the respective
average power levels and focus spot sizes
are the same.

Higher speed and superior quality
The net cut speed was plotted versus
pulses per second for both the cathode
and anode materials (Fig. 1). For both
materials, the plot shows the clear speed
benefit of higher burst sub-pulse counts

(athode - Single Pulse
Cathode - Burst, 400 kHz

6 8 10

Pulses per second (MHz)

Fig. 2 Excess ablation versus pulses per second for cut results comparing burst versus

single pulse for cathode foils
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Fig. 3 SEM images of anode foil cut edge. Top: sample was processed at 400 kHz using single pulse mode. Bottom: sample was pro-
cessed at 400 kHz using a burst of 20 pulses. Images show some protrusion of the metal foil as expected due to the coating excess
ablation. The foil is confined to its layer, showing minimal burr or smearing.

that quickly surpasses the single pulse
cutting speeds. Burst mode shows an
increase in net cutting speed over single
pulses of ~35 % and ~57 % for the cath-
ode and anode materials respectively.
A similar plot was produced for the
coating excess ablation, showing excess
ablation versus pulses per second for the
cathode material (Fig. 2).

This plot shows that for both single
pulseand burst mode the excess ablation
is reduced for increased pulses per sec-
ond, and that burst mode shows a ~22 %
decrease in excess ablation versus single
pulses when compared at their lowest
values. Images were taken for visual
inspection, providing a qualitative look
atedge quality. Fig. 3 shows two scanning
electron microscope images taken of the
cut edges of the anode foil. In this case,
both were processed at 400 kHz with the
upper and lower images showing cuts
produced using single-pulse and twen-
ty-pulse burst processing respectively.
Both images show the excess ablation of
the coating from the metal foil cut edge;
however, the ablation is much greater for
the non-optimized single-pulse process.
Itisalso noteworthy thatin both cases —
burst and single-pulse - the quality is
very good, with little evidence of melt-
ing, burr formation, etc., that could oth-
erwise negatively impact the long-term
reliability of high-performance battery
cells.

In addition to looking at the coated
battery foils, the net cutting speed was
investigated for bare copper and alumi-
num foils. Burst performance was com-
pared with single-pulse performance
(Fig. 4) and, as with the coated foils,
burst performance was significantly
better, showing a ~71 % increase in
net cutting speed for aluminum and
a ~165 % increase for copper. Based
on these results, it is clear that burst
processing has distinct advantages

© 2023 Wiley-VCH GmbH
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Fig. 4 Cut speed versus pulses per second for bare aluminum and bare copper, show-

ing both burst and single-pulse processing

over single-pulse processing, leading
to higher throughput with improved
overall quality. A picosecond laser
with TimeShift technology such as the
Spectra-Physics IceFyre IR50 laser can
tailor the burst parameters and opti-

Author

mize the various cutting processes
required in lithium-ion battery man-
ufacturing.

DOI: 10.1002/phvs.202300016
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Eye safety assessment of VCSELS

Step-by-step analysis of how to assess the laser safety of typical pulsed

VCSELs and VCSEL arrays

Glinther Leschhorn

Vertical-cavity surface-emitting lasers (VCSELs) are perfectly suited to fulfill
the requirements of present and future 3D-sensing applications. However,
prior to operating VCSEL-based devices in public, manufacturers must ensure
safe operation compliant with the IEC 60825-1 standard or corresponding

national equivalents.

Even though vertical-cavity sur-
face-emittinglasers (VCSELSs) have been
used in various industrial applications
for more than three decades, they first
gained great popularity and experienced
economic growth following the launch
of Apple’s iPhone X and Face ID tech-
nology. On the one hand, VCSEL tech-
nology is poised for a breakthrough in
consumer electronics and hasbecome a
standard part of mobile phones and AR/
VR systems. On the other hand, as part
oflidar systems, VCSELs could become
indispensable components for autono-
mous driving.

Like all types of lasers, VCSELs are
potentially harmful to the human eye
or skin, and may cause severe problems
such as retinal damage or skin burns.
Consumer electronics and lidar manu-
facturers must therefore carry out alaser
safety assessment for their products pur-
suant to the international IEC60825-1
laser safety standard or equivalent
national safety regulations.

PhotonicsViews 3/2023

VCSELs have special properties in
contrast to other typical laser sources,
so the determination of the correct
laser class is not trivial, and even more
so because no easily understandable
guideline for the assessment of VCSEL
safety has yet been published. In a pre-
vious article, we discussed these special-
ties and outlined a guideline for laser
safety class evaluation [3].

In this article, we present a step-by-
step analysis of how to assess the laser
safety of typical pulsed VCSELs and
VCSEL arrays as often used in consumer
electronics and automotive lidar appli-
cations. We offer two examples that rep-
resent typical challenges when dealing
with VCSEL sources.

The first focuses on the often very
complex temporal emission charac-
teristics. For this evaluation we chose
a VCSEL light source used in Apple’s
iPhone 12.

The second example is a VCSEL
array consisting of hundreds of sin-
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gle emitters. This array produced by
Coherent [4] is an extended source by
the definition of IEC60825-1 and must
be evaluated accordingly.

Example 1: iPhone 12 front light
source

How do you perform an eye safety
assessment and laser class assignment
of a VCSEL source with a characteristic
temporal behavior? Many VCSEL-based
modules in 3D sensing are operated in
pulsed mode, requiring a more complex
safety evaluation than continuous wave
lasers. We chose the example of a light
source used in Apple’s iPhone 12 (see
Fig. 1 top).

The sourceisasurface emitter with an
outline of approximately 83.1 x 84.5 um
and a distinct substructure consisting of
four circular-shaped emitters (see Fig. 1
bottom). Intentional long-term viewing
isinherentin the function of the product
and this should be taken into account
when choosing the emission duration
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to be considered for classification (the
so-called time base).

To start with, an evaluation must be
performed to establish if this source
needs to be treated as a small size or an
extended source. The outcome not only
affects the emission limits for a certain
laser class, but also influences the cor-
rection factors used in the assessment.

In order to do this, the angular sub-
tense a must be calculated and com-
pared to the threshold &, = 1.5 mrad,
beyond which a source is considered
extended. Paragraph 7.5.3.3 of [2] states:
for surface emitters, the real source is
the same as the apparent source, and
the size of the real source can be used to
determine the angular subtense a. Using
the diameter d of the surface emitter (we
omit the circular substructures) and the
distance r between the surface emitter
and the measurement aperture, the
angular subtense a is given by

a=2tan’! (%)

\DUT ? + DUTyZ)

_ -1
=2tan ( o

118.5
wn ) =1.18 mrad

_ -1
=2tan (2- 100 mm

Witha<a_, =1.5mrad, theiPhone 12
front light source does not need to be
considered as an extended source fol-
lowing the definition given in [2].
Next, all safety-relevant VCSEL
parameters must be determined. Of
special interest is temporal behavior,
measured with the help of an oscillo-
scope. The source emits pulses of 2.5 ns
duration with a period of 7.1 ns. These

Pulse: width 2.5 ns; period 7.1 ns

Group: width 14.6 ps; period 16.5 ps

pulses then form groups of approxi-
mately 15 ps duration with a period of
17 us. The groups are finally emitted in
bursts of approx. 10 ms with a period of
334 ms (see Fig. 2). It can be shown that
the iPhone 12 front light source is safe,
even under the very rough approxima-
tion of a regular pulse train with pulse
width ¢ = 2.5 ns and period T'=7.1 ns.
However, for the sake of education, we
have taken the group and burst structure
into account.

Beyond the characteristics of the
waveform, we must measure the wave-
length and averaged absolute power. The
source emits at approximately 934 nm.
The spectrum and centroid wavelength
are shown in Fig. 3. The averaged absolute
power is determined to be 156 yW/nm.

In conclusion, all parameters needed
for the classification of this light source
are summarized in Table 1.

From these input parameters we
can calculate all the necessary correc-
tion factors and time points shown as
a summary in Table 2. Most of the cor-
rection factors depend either on the
wavelength of the emission and/or the
fact that the source can be considered
assmall witha <« . As stated above,
the time base is chosen for intentional
long-term viewing and 30,000 seconds is
the emission duration to be considered
for classification.

Next, we must calculate the so-called
accessible emission limits (AEL). The
exposure of the VCSEL source must be
smaller than the most restrictive AEL
for the anticipated laser class. For pulsed

Burst: width 9.96 ms; period 333.5 ms

Fig. 2 Series of zoom-in oscilloscope measurements of the temporal characteristic of
the iPhone 12 front VCSEL source. It can be seen that the emission is characterized by

three time domains (pulse, group and burst)

© 2023 Wiley-VCH GmbH
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Fig. 1 iPhone 12 front light source. Top: The VCSEL
array under examination in this study is shown by a cir-
cle. Bottom: the VCSEL array in a closer look. It consists
of four VCSELs with an outline of approximately 83.1 x
84.5 ym

VCSEL sources as described here, three

criteria apply (see paragraph 4.3 f) in

(1], [3]).

B The single pulse energy must not
exceed its corresponding AEL

B The average power of a pulse train
must not exceed the AEL of a sin-
gle pulse of same length

B The energy per pulse must not
exceed the AEL of a single pulse
multiplied by the correction factor
G

We will calculate the AEL of the iPhone

12 front light source for Laser Class 1.

Limit for a single pulse, based
on the pulse width

This criterion states that the exposure
from a single pulse may not exceed the
accessible emission limit for a single
pulse (AELSingle). Consulting Table 3
“Accessible emission limits for Class 1
and Class 1M” on page 34 of [1] gives
a duration ¢ = 2.5 ns for the emission:

AELg . (t=2505)=7.7-10%-C,]
=7.7-108-294]=226.4n]
Accordingto4.3f) in [1], the accessible
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Parameter Symbol iPhone Coherent  Unit Source Dependence
Spectral measurement with a spec-
Wavelength A 934.4 936.3 nm
veens troradiometer (CAS 120HR)
Single pulse
Pulse width t 2.5 98 ns  Measurement with oscilloscope
Pulse period T 7.1 10000 ns  Measurement with oscilloscope
Pulse repetition frequency  PRF 140.8 0.1 MHz  calculated PRF=1/T
Duty cycle DC 35.2 0.0098 %  calculated DC=uT
Group
Group width taroup 14.6 - bs  Measurement with oscilloscope
Group period Toroup 16.5 - ps  Measurement with oscilloscope
Group repetition frequency PRF, 60.6 - kHz  calculated PRE g0up™ 1 Taroup
Group duty cycle DCyroip 88.5 - %  calculated DCyr0p= UTgroup
Burst
Burst width lourst 10 - ms  Measurement with oscilloscope
Burst period Tourst 334 - ms  Measurement with oscilloscope
Burst repetition frequency  PRF, o 3 - Hz  calculated PR rs™ W T st
Burst duty cycle DChirat 3 - %  calculated DCret= Mot
DUT / emitter
Dimension x DUT 831 1978 m Measured with a camera system
x ' ' MM vrca000)
Measured with a camera system
Dimension DUT, 84.5 520.26 m
y y MM (vTca000)
Measured with a far-field camerasys-
Beam divergence Di 209 mrad
ers v tem (VTC2400)
Average optical power P 156 - MW Measured with a spectroradiometer

average

Average optical power Measured with a far-field camerasys-

P 7 mm - 1.8 mw
hotspot average( ) tem (VTC2400)
Pon=Poveraee! Dot
Peak output power Poea 16.7 mW  calculated ng;oup/gecrage urst
Table 1: Summary of the input parameters needed to perform an eye safety classification.
Com pany emission of any group of pulses deliv-
ered in any given time may not exceed
Instrument Systems the AEL for that given time, consider-
Founded in Munich in 1986, Instrument Systems GmbH develops and manufac- ing every possible emission duration.
tures high-end light measurement technology that is indispensable for manu- AELsingle must therefore be evaluated for
facturers of consumer electronics, (AR / VR) displays, LED wafers, VCSEL / laser the group-pulse width as well as for the
systems, automotive lighting and LED / SSL modules. All solutions benefit from burst-pulse width. Table 3, page 34 of
our high-precision CAS series of spectroradiometers, widely recognized and in [1] gives emission durations as follows:

use worldwide. In combination with 2D imaging cameras, integrating spheres
and goniometer systems, highly precise and accurate measurements from UV
to IR can be performed with traceable results to PTB or NIST. Today, Instrument
Systems is one of the world's leading manufacturers of light measurement tech-
nology. The Optronik Line products for the automotive industry and traffic tech-

AELSingle(t) —7.104- {075. c,]

For the group-pulse width and the burst-
pulse width this results in:

nology are developed and marketed at our Berlin facility. Our branch in Korea AEL ,.(t=14.6 ps)

adds the Kimsoptec Line products to our portfolio and addresses mainly the 7. 15’,4 14.6 us®75-2.94] = 0.5

Korean light and display markets. Instrument Systems has been a subsidiary of O ' als

the Konica Minolta Group since 2012. AELsingle(t =10 ms)
www.instrumentsystems.com =7-10*-10 ms®7°-2.94] = 65 yJ
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Fig. 3 The spectrum of the iPhone 12
VCSEL front light source. The centroid
wavelength is 934.4 nm.

Average power limit for a pulse
train, based on the time base
This criterion states that the average
power for a pulse train of duration T
shall not exceed AEL,. the limit for a
single pulse of duration T. The iPhone
12 front light source has an encoded
(irregular) series of pulses. The irregu-
lar series can be considered as a regular
series, because the maximum duty factor
isknown (see 7.4.3.1 in [2]). The effec-
tive pulse repetition rate is therefore:

PRFeff = DCburst ’ DCgroup ‘DC/t
=3.74 MHz

The limit for a single pulse evaluated for
the time base is:

250

200
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100

Spectral radiant power [mW/nm]

| F T T

iPhone 12 pro front

. |
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AEL (time base) =
39104 C,- C,W=115mW

Converted to energy, the limit for aver-
age power for a pulse train is:

AELS_p_T (time base) =
AEL. (time base) / PRF, ;= 0.31 n]

Weighted single pulse limit

The energy per pulse may not exceed
the AEL of a single pulse multiplied by
the correction factor C. The AEL for a
single pulse in the pulse train is there-
fore given by:

AEL =AEL

s.p.train single

x C,

According to 4.3 f) in [1], a check must
be performed whether multiple pulses

appear within the period of T, = 5 ps.
Because T= 7.1 ns < T, this is indeed
the case and therefore, the individual
pulses within T; are counted as a single
pulse to determine the effective number
of pulses N and the energies are added
to be compared to the AEL of T,

To determine N, the maximum emis-
sion duration that needs to be consid-
ered is T,. The effective number of
pulses is given by:

N=12 22 -10°

Ti
The pulse duration ¢ is smaller than T;
and N > 600. Therefore, the equation C,
= 5* N025 (with a minimum value of
C,=0.4) must be used to determine the
correction factor C, Because of the high

Parameter iPhone Coherent Unit Source in [1] Description/Explanation
Time points for A =934 nm
T 5 5 s Table 2; page 28 valid for spectral range 400 - 1050 nm
alid for small sources with
T, 10 - S Table 9; page 39 Vel ; "
a<a,,=1.5mrad
valid for extended sources with
T - 10 Table 9; 39
2 > avle 7 page a <100 mrad
Time base 30000 100 S 4.3e)3); page 27  A>400 nm and intentional long-term viewing
Correction factors for A =934 nm
c, 2.94 2.97 Table 9; page 39 Calculated from C, = 100002 @-700)
Calculated from C. = 5 - N'0-25 (with a minimum
C 0.4 0.4 - Table 9; page 39 5
5 Pag value of C;=0.4)
alid for small sources with
Co 1 - Table 9; page 39 Vel ; "
a<a.,=1.5mrad
valid for extended sources with
Ce - 333 Table 9; page 39
a>a,,=5mrad
G 1 1 - Table 9; page 39 valid for spectral range 700 - 1150 nm

Table 2: Time points and correction factors defined in [1] and determined using the emission wavelength and small source condi-

tion.

© 2023 Wiley-VCH GmbH
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Fig. 4 Coherent module consisting of 280 VCSELs (right) and the resulting beam profile

(left), values in [pum]

number of effective pulses, the mini-
mum value of C, must be used. The AEL
of T, is thus:

AELS.p.train(Ti) =AEL, ,.(T) x C,
=7 104 TS x C, -C,=871J
In conclusion, the accessible emission
limit for the average power, based on

the time base

AELS.p‘T(time base) =0.31 nJ

single

is the most restrictive requirement. This
isthe AEL for Laser Class 1 of the iPhone
12 front light source and the exposure
of the VCSEL source must be smaller
in order to be classified as a source
with Laser Class 1. We take the simplest
approach and compare the total laser
energy per pulse with the AEL.
Thelaser energy per pulse is given by

Q= Ppeak- t=16.7mW - 2.5 ns
=0.04nJ <0.31 nJ

and therefore, the iPhone 12 front source
is a laser with Laser Class 1.

Example 2: Coherent VCSEL
array

How do you perform an eye safety
assessment and laser class assignment of
an extended VCSEL source? We exam-
ine a VCSEL array in pulsed-operation
mode with alight emission in the infra-
red wavelength region at 936.3 nm. We
have chosen a Coherent V940-5903-G01
VCSEL array with 280 single emitters
as a typical representative of 3D sens-
ing modules (see Fig. 4). The Coherent
VCSEL array is operated at 98 ns pulse
width and a period of 10 ps. The time
base is 100 s because intentional long-
term viewing is not inherent in the func-
tion of the product. Thelaser energy per
pulse is measured and given by

t
Q = Paverage (7 mm) ’ DC

_ . 98ns _
=1.8mW - Free = 18 1]
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Although the DUT is obviously an
extended array of sources, a classifi-
cation assessment should always start
with the assumption that the source is
small and C=1 can be assumed. This is
the most conservative assessment and
eliminates the need to determine the
angular subtense. If the AEL values of
the pursued laser class are not exceeded,
no further analysis is needed.
Following this best practice, we start
by calculating the AELs for Laser Class 1,
assuming a small source. Starting with
the single pulse limit criterion, we con-
sult Table 3 “Accessible emission limits
for Class 1 and Class 1M” on page 34 of
[1] and obtain the following encouraging
result for the emission duration t =98 ns:

AEL (t=98ns)=7.7-10%- C,J

single
=229n]>Q=18n]
However, analyzing the criterion of the
average power for a pulse train, we must
face the fact that the laser energy per
pulse is higher than the AEL:

AELS.P_T(time base)

= AELT(IOO s) / PRF
_39:10%C-C, 39.1042.97-1W
= PRF - 0.1 MHz

Since the conservative assessment
unfortunately did not work out, we pro-
ceed by taking the extended nature of
the source into account. The spread of
energy over a larger retinal spot reduces
the retinal hazard and this fact might
still allow for classifying the source as
Laser Class 1.

The angular subtense « must be cal-
culated and compared to the threshold
a_. =1.5mrad, beyond which a source

min
is considered extended:
_ 1(d
a=2tan ( 2r)
\DUT,?+ DUT ?
=2tan’! —
p
673.6 um )
_ -1 _
=2tan (2_ Toomm) = 674 mrad

Witha >« , =1.5mrad, the Coherent
moduleisindeed an extended source by
the definition given in [2].

This fact changes the time point T,
and correction factor C,. According to
Table 9" on page 39 of IEC 60825-1,

(X_arnin
T,=10x 10 pgmn) s = 11.303 s
and
Co = X in = 3-33

Consulting Table 4 “Accessible emis-
sion limits for Class 1 laser products:
extended sources” on page 35 of [1] gives
for the emission duration ¢ = 98 ns:
AELSingle (t=98ns) =

7.7-10%-C, C;] =762n]

AELS.p'T (timebase) = AEL, (100s)/PRF
=7-10*-C, C, T, "*/PRF = 38.9 nJ
AEL .= AEL,  (t=98ns) x C
=7-10*- C, C,C, = 304.6 nJ

single

Before calculating the last equation cov-
ering the weighted single pulse limit, we
checked that there are no multiple pulses
within T. For the weighted single pulse
limit, the correction factor C. is needed.
This is calculated according the proce-
dure described in Section4.3f)in [1]. T,
is shorter than time base and therefore
used to calculate the effective number of
pulses in the emission duration.
N= % = 10° > 600
Nismuchlarger than 600 and hence the
formula C; = 5+ N% = 0.158 for the
correction factor C, applies. The calcu-
lated value is so small that we must use
the minimal value of 0.4.

In conclusion, the accessible emis-
sion limit for the average power, based
on the time base

1) We encourage users of IEC 60825-1 to be very careful when calculating the
change of T, with angular subtense. The formula T, = 10 x 10(@-min/385) 5 in the
standard is misleading and errors here are highly likely. The authors of the stan-
dard intended alpha to be inserted in milliradian and the unit omitted. The radian
is a dimensionless unit and from our point of view a clearer way of presenting this
formula would be T, = 10 x 10(@-amin/0.0985) 5 and the radian used together with the

proper unit prefix.
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AEL PAT(time base) =389 uJ > Q [2] Technical Report IEC/TR 60825-13 Edi- professional Review (LpR), Issue 93/Sept-

tion 2.0 2011-10 Safety of laser products Oct/2022

is the most restrictive requirement and — Part 13: Measurements for classification (4] https://ii-vi.com/vcsel-technology/
is1 han thel 1 of laser products
s larger than the laser energy per pulse. [3] G. Leschhorn et al.: How to assess the Eye
Therefore, the Coherent VCSEL array Safety of VCSELSs - Introduction, LED
is an extended laser source with Laser
Class 1.
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Changing the landscape of auto-
motive 3D sensing

VCSEL technology enables high performance, accurate sensing, and

increased reliability

Matthew Everett, Jay Skidmore, and Alex Ju

VCSEL-based lidar solutions can accelerate the adoption of ADAS - and ulti-
mately, fully autonomous vehicles - by providing higher performance, greater

efficiency, increased accuracy, and higher reliability at a lower cost, compared
to existing systems. The flexibility of VCSEL technology makes these systems
suitable for 3D sensing applications throughout the car, including in-cabin

sensing, short-range sensing (<1 m), and long-range sensing (>200 m).

While the automotive industry has
transitioned from the testing phase
of increasingly complex systems for
advanced driver assistance systems
(ADAS) and autonomous vehicles
(AVs) to mass volume production,
conventional manufacturing limita-
tions and high costs have inhibited the
broad adoption of these systems. Until
now, many of the light detection and
ranging (lidar) sensors in early ADAS
and AV systems used edge-emitting
lasers (EELs) because requirements
were relatively low, the technology was
effective, market volumes were modest,
and price sensitivity was secondary to
the demonstration of the technology’s
performance. However, as the demand

PhotonicsViews 3/2023

for smaller, more economical, higher-
performing solutions grows, advances
in vertical cavity surface emitting laser
(VCSEL) and lidar technology are now
making it possible to implement lower
cost, more accurate, and higher reliabil-
ity 3D sensing solutions for lidar than
ever before.

Advantages of VCSEL technolo-
gy over EELs

Usinga VCSEL array as the light source
instead of an EEL can significantly
improve lidar cost competitiveness,
scalability, and reliability. In terms of
raw performance, EELs can provide
a higher power density than VCSEL
arrays (i.e., power per mm?). How-
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ever, the output from an EEL is in the
plane and has an asymmetric output
that makes both the optical design and
delivery more complex. Depending on
the configuration, VCSEL arrays may
enable the designers to focus light bet-
ter, improving overall illumination of
objects of interest within the FOV that
result in higher accuracy of reflectivity
and depth perception (i.e., distance/size
of object to be detected).

Ultimately, EELs and VCSEL arrays
are both illumination sources. As such,
wavelength, power, performance, size,
and reliability all play a decisive role in
whether a particular technology is viable
for sensing. The performance of a sensor
is judged by how much of the power

© 2023 Wiley-VCH GmbH



Fig. 1 Common lidar architectures for
long-range sensing

is used to illuminate the target FOV
and provides useful information. The
wavelength and power of long-range
sensors are important for eye safety as
well as other factors such as the signal-
to-noise ratio (SNR). If too much power
is directed to the same area, depending
on wavelength, the illuminator could
cause eye injury.

The overall size of the sensor deter-
mines where it can be deployed within
the vehicle and how flexible those
options may be. While integrated cir-
cuit size affects printed circuit board
footprint, the profile (i.e., height) of the
sensor is impacted by the complexity of
the optics. As EELs require mechanical
scanning using mirrors or other meth-
ods, they often need more complex
optics than VCSEL-based sensors.

Reliability is critical for automotive
applications. Both EEL and VCSEL tech-
nology have a long history of meeting
demanding reliability requirements
owing to their telecom heritage e.g.,
undersea pumps and high-speed data-
com chips that need to operate reliably
over a long lifetime. However, one key
advantage that favors VCSEL arrays over
EELs is their intrinsic redundancy: if a
VCSEL cell fails, the rest of the array is
still operational. For example, the total
illumination of a VCSEL array with
128 cells is reduced by less than 1 % ifa
single VCSEL cell fails. If an EEL fails,
the sensor itself fails. Another benefit
of multiple-emitter sources is improved
depth accuracy due to the randomiza-
tion of the optical modes, which reduces
speckle.

Addressing the need for more
accurate in-cabin sensing
Playing increasingly important roles
in effective ADAS functionality are the
driver monitoring systems (DMS) and

© 2023 Wiley-VCH GmbH
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occupancy monitoring systems (OMS).
These increase driver and passenger
safety in a number of different ways.
While on the move, they can determine
whether seatbelts are fastened, assess
occupant size and position, track driver
eye-gaze, and measure biometrics such
as driver heart rate and temperature to
confirm the driver is focused and aware.
Other safety features include driver face
recognition, rear seat occupancy sens-
ing when exiting and leaving the vehi-
cle, and movement detection after the
vehicle is parked. In-cabin 3D sensing
can also enable features like gesture rec-
ognition of in-cabin controls to make it
easier — and safer - for drivers to interact
with the console and not have to take
their eyes off the road.

Note that many of these features have
made their way into automotive regula-
tions. For example, DMS has become or
is scheduled to become mandatory in the
US and Europe in the coming years [1].
Elements of OMS, particularly for child
safety, are slated to be standardized by
2025 [2]. As a consequence, automo-
tive OEMs need 3D sensing technology
that can accurately and reliably perform
DMS and OMS functions.

There are numerous design chal-
lenges to overcome for in-cabin sens-
ing applications. 3D sensing systems
need to accurately detect the driver and
occupants under a variety of environ-
mental conditions, including nighttime
darkness and very bright direct sunlight.
They also need to be able to transition
quickly between these extremes, such
as when a car drives into a tunnel and
then out again. FOV challenges include
accurate detection within the FOV even
under obscured conditions; system chal-
lenges include maintaining the security
of the sensing system and reducing over-
all power consumption.

www.photonicsviews.com

1D addressable line scan

AN e
R cen
N scan

Light emitting diodes (LEDs) have
been used for illumination in implemen-
tations of early 2D, camera-based DMS/
OMS systems. However, to address
in-cabin challenges, systems need
higher peak power, better efficiency, and
amore compact footprint. For example,
the wide spectral bandwidth of LEDs
means that energy is spread across more
ofthe spectrum, leading to alower SNR,
reduced depth perception, and higher
light losses outside the FOV.

VCSEL arrays are replacing LEDs
in many in-cabin applications. They
focus energy within a narrow spectral
bandwidth, resulting in better spectral
stability and faster rise and fall times
compared to LEDs. Field of illumination
(FOI) flexibility and optimized beam
shape allow the VCSEL array FOV to
fitthe sensor better, reducinglightlosses
for higher system efficiency. Their nar-
row spectral bandwidth also allows the
use of a narrower band pass filter for a
higher SNR and superior depth resolu-
tion and, with that, VCSEL-based sys-
tems can more accurately detect hand
gestures and eye movements, enabling
recognition and tracking capabilities
that are not feasible with LEDs.

The narrow spectral bandwidth of
VCSELSs means there is no red present
in the emitted light that can potentially
distract drivers. VCSEL light is also
more flexible in how it can be projected,
enabling the in-cabin sensing system to
diffuse, scan, or diffractlight into differ-
ent areas efficiently. Higher brightness
(i.e., lower divergence) makes it easier
for the system to direct light where it
needs to be, while the current shift to
time-of-flight (TOF) processing benefits
from the faster VCSEL array speed. High
power efficiencyand a compact size also
make it possible for VCSEL-based sen-
sors to be implemented in-dash.
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The many advantages of VCSEL
arrays over LEDs and other EELs set
the foundation for the expansion of
next-generation in-cabin capabilities as
the industry shifts from ADAS to AVs
with DMS and OMS, including safety,
biometrics, and custom data features to
name a few.

Higher power mid to long-range
3D sensing

Outside the cabin, AVs need mid to
long-range sensing of the order of 10 m
to 200 m. Common lidar architectures
forlong-range sensing include mechani-
cal scanning, flash ToF, and 1D-address-
ableand 2D-addressableline scan archi-
tectures (see Fig. 1).

For efficient, long-range lidar sens-
ing, the system must be able to deliver
high power within narrow angular
slices or blocks. Higher power at a dis-
tance means higher power at the light
source. Power can be delivered at a low

Company

Lumentum

Lumentum (NASDAQ: LITE) is a market-lead-
ing designer and manufacturer of innovative
optical and photonic products enabling optical
networking and laser applications worldwide,
including vertical-cavity, surface-emitting laser
(VCSEL) arrays for 3D sensing and other appli-
cations. Lumentum optical components and
subsystems are part of virtually every type of
telecom, enterprise, and data center network,
while the company’s lasers enable advanced man-
ufacturing techniques and diverse applications
including next-generation 3D sensing capabil-
ities. Lumentum is headquartered in San Jose,
California with R&D, manufacturing, and sales
offices worldwide.

www.lumentum.com
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(0.1 %) duty cycle to decrease power
consumption and address heat dissipa-
tion issues. In effect, a short, high-power
pulse of the order of a few nanoseconds
can be sent with several microseconds
between pulses and still achieve a rea-
sonable z-resolution. Consider that a
1 ns roundtrip for light is about 0.15 m.
Thus, a 1 ps roundtrip is required to
sense objects that are 150 m away.

Multijunction VCSELSs can deliver
the high power needed for long-range
lidar. Typically, higher output power
requires higher current, with power
losses equal to the square of the cur-
rent (I’R). However, more junctions in
a VCSEL means that it can deliver more
photons (higher output power) for the
same input current. The overall laser
efficiency isincreased because the para-
sitic resistive losses are shared amongst
many junctions instead of just one. Fur-
thermore, reducing the drive current
required improves the driver efficiency.
Combine this with a low (0.1 %) duty
cycle,and a200 mW to 3 W multijunc-
tion VCSEL can achieve high power
density ranging from 100 W/mm? to
1.5 kW/mm?.

Existing long-range lidar systems
utilize 905 nm EELs combined with
mechanical scanning using either a
rotating bulk mirror or MEMS con-
trolled mirror (see Fig. 2). By its physi-
cal nature, mechanical scanning is com-
plex and requires large, more expensive
optics.

The flexibility of multijunction
VCSELs has made all-electronic lidar
scanning possible (i.e., fully solid-state),
enabling OEMs to simplify scanning and
lower the optics cost (see Fig. 2). Rather
than having to control a physical mir-
ror, the lidar sensor scans by selecting
and energizing different VCSELSs in an
array. A larger IC is required because

Fig. 2 Mechanical (a) vs electronic (b)
scanning

of the size of the VCSEL array, but the
overall optics are simple and compact.
The scanning system is also more robust
because there are no mechanical parts,
which is especially beneficial in auto-
motive environments that inherently
experience ongoing vibration.

All-electronic lidar scanning is
achieved through an addressable
VCSEL array geometry. This can be
column addressable for 1D-address-
able ToF scanning, or matrix address-
able for 2D-addressable ToF scanning
(seeFig. 3). Overall, electronic scanning
using a multijunction VCSEL array low-
ers the system cost while increasing
performance, range, power efficiency,
and accuracy. The complete long-range
system is also more compact because of
the smaller optics required, making it
more flexible as to where it can be built
into the vehicle.

Column addressability has the
advantage of simpler fabrication, and
it works with commonly available line
read-out, single-photon avalanche
diodes (SPADs). A larger chip or many
bond-pads are often required. There is
another set of trade-offs depending on
the width/number of channels. With
narrow spacing, there is higher resis-
tance and lower power-output unifor-
mity but better overlap with the SPAD
column. With wider spacing, resistance
islower and uniformity is better, but the
overlap with the SPAD column is worse.

Matrix addressability requires more
complex VCSEL fabrication as well as
a detector with a block read-out for-
mat. However, the VCSEL area can be
reduced with fewer contact pads (i.e.,
M+ Npadsfora M X Narray) compared
to column addressable architectures for
a similar number of channels. As cur-
rent flows over a wider path, there is
better uniformity over the sub-array.
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Fig. 3 Addressable VCSEL array geometries

A matrix-addressable architecture is
more efficient with optical power, sup-
porting longer ranges. By comparison,
EELs do not adapt well for addressable
configurations given that they are typ-
ically discretely fabricated. This is why
VCSELs are the preferred choice for 1D
and 2D-addressable arrays.

To illustrate the effectiveness of
VCSEL-based sensing, consider the
AT128lidar from Hesai Technology, the
industry’s first 200-meter long-range,
VCSEL-based, hybrid solid-state lidar
for ADAS. Lumentum worked with
Hesai to achieve an all-VCSEL design
with an array of 128 high-power, mul-
tijunction VCSELSs emitting at 905 nm.
The sensor achieves 200 m range with
10 % reflectivity and a high point density
of over 1.5 million points per second.

Reflectivity is an important char-
acteristic of a long-range sensor, as it
determines how much light an object
has to reflect at a specific distance in
order for the sensor to detect it. Original
equipment manufacturers (OEMs) can
expect to detect even smaller objects at
greater range with the next-generation

16
backside —i—i—i—i—
cathode
sub-array

anode columns

1234 16...

VCSEL

VCSEL arrays that are anticipated to
lower reflectivity down to between
5and 3 %.

Higher resolution short-range
sensing

Lidar is also replacing ultrasonic sen-
sors around the vehicle for short-range
(<1 m) scanning that detects if a per-
son or another vehicle is within close
proximity. The size and shape of EELs,
combined with the way they operate,
does not work well for sensing within
one meter. Camera-based short-range
sensors also have problems, such as
achieving sufficiently high resolution
at close distances and/or operating
under extreme lighting conditions such
as direct sunlight.

VCSELSs are already being deployed
in industrial robotic applications for
short-range scanning, and the tech-
nology supporting capabilities such as
proximity sensing have already been
proven on the factory floor. Flash
scanning enables the sensor to scan
the whole scene at close range and at a
wide angle, collecting all relevant data in
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the scene at once. This same technology
is also used in mass consumer appli-
cations, including gaming devices and
phones. As a cost-effective technology,
OEMs will be able to deploy VCSEL-
based systems in new ways to further
increase safety, check if there is an ani-
mal or object under the vehicle when
starting the engine for example.

Short-range VCSEL-based lidar also
provides 3D sensing information rather
than just distance data on nearby objects.
This means that advanced short-range
systems could provide object detection
and identification if required. Flexible
VCSEL arrays make it simple to scale
lidar power, and VCSEL ‘point cloud’
processing simplifies image processing
compared to camera images. Short-
range sensing is affected less by extreme
light conditions because VCSEL-based
lidar uses infrared.

The future of automotive 3D
sensing

Automotive systems have to operate for
more than a decade, and the robustness
of VCSELs can give automotive OEMs
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greater confidence in their long-term
reliability compared to sensors with
mechanical architectures. Over a billion
VCSELs have been deployed worldwide
over the past decade in a wide range of
demanding mobile, consumer electron-
ics,and industrial applications that have
proven the reliability of the technology
under challenging operating conditions
subject to vibration and extreme tem-
peratures.

From a supply chain standpoint, the
scalability, quality, and reliability are
important advantages of VCSEL-based
lidar. VCSEL array technology already
leverages significant manufacturing
economies of scale with millions of
VCSELs shipped weekly to consumer
and automotive applications. Asa com-
ponent of emerging ADAS systems,
VCSEL array quality and reliability has
been well established, and the manu-
facturing infrastructure is already in
place to keep pace with rising demand
as ADAS becomes more pervasive and
advanced. In contrast, EELs are more
complex to build and do not practically
supportall-solid-state solutions (i.e., 1D
and 2D matrix addressable). Manufac-
turers will have difficulty scaling opera-
tions to keep up with growth when con-
sidering the full optical solution.

In addition to keeping costs down,
VCSEL technology already meets the
reliability requirements for use in vehi-
cles, duein part to their intrinsic redun-
dancy as mentioned earlier. AEC-Q102
qualified VCSEL arrays that provide

Authors

leading optical power density and effi-
ciency are available in volume today,
making them ideal for high-perfor-
mance ADAS and AV applications.

Enabling next-generation capa-
bilities cost-effectively
VCSEL-based lidar is rapidly changing
the landscape of automotive sensing.
The latest generation of high-power,
multijunction VCSEL technology is the
light source of choice for lidar sensors
in automotive applications, delivering
higher performance, greater accuracy,
increased reliability, and lower cost than
existing EELs. Higher peak power den-
sity enables accurate sensing at longer
distances and, when combined with sim-
pler optics, results in a smaller footprint.

VCSEL-based sensing has a proven
history of quality and reliability at con-
sumer levels of production. The tech-
nology is flexible enough to support
short-range sensing around the vehi-
cle, extended in-cabin sensing capabil-
ities, and even long-range sensing of
oncoming vehicles. It is not surprising,
then that the automotive lidar market
is expected to grow exponentially over
the next five years, increasing to over
2.6 billion dollars by 2026 [3].

True solid-state, electronic scanning,
lidar systems enable smaller package
sizes that OEMs can integrate nearly
anywhere in the vehicle, including into
the roofline, mirrors, pillars, grilles,
or bumpers. Solid-state scanning also
makes lidar inherently robust, enabling

it to be used in a wider range of appli-
cations. Innovations like column and
matrix addressability enable VCSEL
arrays to implement evolving capabil-
ities through 3D sensing, and, because
the same base technology can be used
across different ranges, OEMs can bring
the reliability of VCSEL technology to
all parts of the vehicle.
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Microscopy I

Ultrashort-pulse lasers help to
observe more

Sub-50 femtosecond pulse lasers take a gentle approach to multiphoton

microscopy

Frank van Mourik, Marloes Groot, and Oliver Prochnow

The choice of femtosecond lasers for use in multiphoton microscopy is not

trivial. Itis a fine balance between peak power, pulse energy and laser wave-

length. In this white paper we discuss important laser parameters and the
impact these have on the quality of the results.

Multiphoton and higher-order harmon-
ics generation microscopy is particularly
suitable for high-resolution three-di-
mensional and live-cell imaging where
single photon techniques are limited by
an out-of-focus fluorescent background
and the penetration depth. Imaging
techniques based on multiple photon
interactions — such as two or three
photon excitation and higher-order
harmonics generation such as second
or third harmonic generation (SHG or
THG) imaging - have become very use-
ful tools in many biomedical research
or clinical diagnosis applications as they
provide high contrast imaging capabil-

© 2023 Wiley-VCH GmbH

ities with reduced tissue damage while
not necessarily needing artificially
induced fluorescent dyes.

For multiphoton excitations to
occur, incident photons must arrive at
the sample at the same time and place
in order to increase the probability of
simultaneous multiphoton absorption
events by a single fluorescent com-
pound, which means that the efficiency
in multiphoton excitation is strongly
dependent on the peak intensity of the
incidentlight during the pulse. There-
fore, the shorter the pulse, the higher
the peak intensity and the stronger the
generated signal.

A Granular detail: femtosecond lasers
were used to produce this multiphoton
microscopy image of lung tissue. (Source:
M. L. Groot, VU Amsterdam / Flash
Pathology)

As a consequence of the nonlinear
dependence on the light intensity in
multiphoton microscopy and higher-or-
der harmonics imaging, the signal is also
only collected from within the plane of
focus and the excitation light produces
almost no out-of-focus emission. This
resulting confined multiphoton exci-
tation volume is especially suitable for
live-cell imaging as it results in higher
depth resolution and significantly less
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Fig. 1 Absorption cross section of water [3]

photodamage through the sample,
which prolongs cell viability.

In addition, the longer wavelengths
used in multiphoton imaging increase
the penetration depth into the sample
thanks to the lower scattering. Multi-
photon microscopy is therefore often
preferred over other techniques for
experiments requiring deep penetration
and imaging of living cells and tissue.
Multiphoton excitation and higher-or-
der harmonics imaging require high
peak intensities, which dictates the use
of mode-locked lasers with ultrashort
femtosecond pulses. The photon den-
sity during the pulse must be orders of
magnitude larger than in single photon
absorption to trigger a significant num-
ber of multiphoton absorption events.
Previously published results [1,2] sug-
gest that even shorter pulses than the
commonly used pulse durations of 100 -
200 fs cause lower cell lethality rates and
allow for longer-term live-cell imaging.
In this article we show that the use of
sub-50 fs pulsed lasers produces very
bright multiphoton and higher-order
harmonics images while keeping the
average laser power low, and that this
presents a distinct advantage in extend-
ing live-cell imaging.
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Fig. 2 SHG and THG intensity vs. pulse duration

Imaging depth -

longer wavelength?

One of the initial considerations in
three-dimensional imaging is sample
transparency at the selected laser wave-
length. In most tissue, the penetration
depth is limited by light-scattering due
to the inhomogeneous nature of tissue.
Light is scattered in anisotropic media,
but longer wavelengths undergo less
scattering than shorter wavelengths
and therefore enable deeper opti-
cal sectioning, a greater penetration
depth and three-dimensional imag-
ing into thick samples. Light scatter-
ing (Rayleigh scattering) scales with
1/A%, meaning that scattering is about
three times less at 1,050 nm compared
to 800 nm. Although even longer NIR
wavelengths (e.g. 1.3 pmor 1.7 um) will
further reduce light scattering effects,
excellent deep tissue microscopy results
can be obtained using wavelengths at
around 1,050 nm.

Absorption -

shorter wavelengths?

As shown in Fig. 1, another challenge
for penetration depth - and increas-
ingly pronounced for longer NIR wave-
lengths - is absorption within the sam-
ple, especially by water. Exchanging
water with D,O can help to alleviate this
to some degree, but the laser power will
need to be reduced to avoid heating of
the sample. The main chemical compo-
nent of tissue is water and the absorp-
tion cross section of water in Fig. 1 can
be used to help identify a suitable exci-
tation wavelength. As can be seen, the
water absorption is lowest in the visible
region. With 0.2 % of the light absorbed
per mm, there is also alocal absorption
minimum around 800 nm.

For three photon microscopy, how-
ever, a wavelength of 800 nm poses the
problem that the signals emitted by sam-
ples are in the UV range (800/3 nm =

266 nm) which is a significant challenge
in episcopic detection where the emit-
ted light travels along the same path as
the excitation light. Emitted light from
the sample passes through the same
microscope objective that focuses the
excitation light, which typically has
limited UV transmission, especially
below 350 nm. So a wavelength should
be selected for episcopic detection that
islong enough to minimize light scatter-
ing and avoid poor UV transmission of
third order signals, but short enough to
minimize water absorption. In terms of
scattering and absorption, using a cen-
ter wavelength of around 1,050 nm pro-
vides optimal conditions. By using very
short (sub-50 fs) pulses, it is possible to
achieve a high signal-to-noise ratio and
adeep penetration depth while keeping
the average laser power down.

Avoid heating -

lower average power

Optical absorption of water at around
1,050 nm amounts to about 2 % per
millimeter of path length, which is con-
siderable, but still orders of magnitude
lower than at 1,700 nm. At 1,050 nm, with
100 mW average power focused into a
field of view (FOV) of 0.5 x 0.5 mm?, this
leads to alocal heat deposition of 8 mW
per mm? (0.02 - 100/ 0.5%), which could
cause a temperature increase of about
two degrees per second (specific heat of
water: 4.2 ] gt K1) [5]. For most tissues
itwould not create major problems when
the temperature is raised by one degree,
but for more sensitive tissue, such as lung
tissue with trapped air, the sample may
show significant ‘dynamics’ due to the air
expansion. Also, prolonged exposure to
asingle area can cause thermal problems
inall tissues at this power. With a smaller
FOV, the average power is deposited on
smaller volumes and the thermal heating
increases and scales with the inverse of
the FOV area [5]. Fortunately, atalength
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Fig. 3 Third harmonics of a calibration grid (Ibidi) with 50 micrometer squares. a) 4.7 mW, full spectrum short pulses (<50 fs; VALO
Femtosecond Series). b) 6 mW with laser spectrum limited to 10 nm bandwidth (~160 fs). c) Scaled up contrast for the 6 mW laser
spectrum limited to 10 nm bandwidth (~160 fs). (Source: Marloes Groot Group, VU Amsterdam)

scale of 0.5 mm, thermal diffusion also
takes place at a timescale of seconds
(the thermal diffusion constant of tis-
sue is about 0.1 mm?/s), which assists in
removing heat. For high average powers
it is inevitably a challenge to remove the
generated heat fast enough to avoid caus-
ing thermal problems or damage in the
tissue, so it is of great interest to achieve
the best image quality using as low aver-
age laser powers as possible.

Why sub-50 fs pulses are
gentler

Decreasing the pulse duration by a
factor of four from 200 fs to 50 fs will
resultin a four times higher peak power
(or peak intensity) for a given average
power. Multiphoton and higher-order
harmonic signals depend non-linearly
on the laser peak power. High intensity
increases the likelihood of simultane-
ous multiphoton absorption events and
the SHG and THG signals scale with
the square and the cube of the incident
light intensity respectively, so the corre-
sponding signal increase is substantial
for an increase in the laser peak power.
Ultrashort sub-50 fs pulses then consid-
erably improve multiphoton efficiency
and higher-order harmonic generation
efficiency and hence drastically increase
image brightness.

Fig. 2 shows the proposed inverse
relationship between the SHG and THG
signal strengths and the pulse duration
[1,2] (SHG intensity ~ 1/7). However,
to experimentally apply this relation-
ship it is essential to accurately deter-
mine the pulse duration at the sample.
If dispersion in the microscope optics
is not properly compensated for, the
pulses will be stretched, and lower peak
power will be measured at the sample.
Insuch a case, the relationship between
pulse duration and higher-order har-

© 2023 Wiley-VCH GmbH

monics generation efficiency cannot
be accurately verified experimentally.
Sub-50 fs pulses and the use of disper-
sion pre-compensation are essential
to generate sufficient non-linear SHG
and THG signals to achieve the required
signal-to-noise ratio at average power
levels that are gentle to the sample.

Fig. 3a shows the third harmonic
signal from a calibration grid using an
average power of 4.7 mW on the sam-
ple, with the full bandwidth of the Valo
series femtosecond laser, yielding ~40 fs
pulses. InFig. 3b, the spectral bandwidth
of the laser was restricted to 10 nm
FWHM around 1,064 nm, resulting
in ~160 fs pulses. The images in Fig. 3a
and 3b are identically scaled, but Fig. 3b
shows no THG signal. Only after res-
caling the lower THG signal from the
longer ~160 fs pulses, was it possible to
obtain an image above the experimental
noise floor, as shown in Fig. 3c. In this

case, a 2% times higher average laser
power was needed to achieve a signal-
to-noise ratio comparable to that of THG
signals obtained from shorter sub-50 fs
pulses. In summary, ultrashort sub-50
fs pulses provide considerably higher
pulse peak powers, which results in
optimal signal-to-noise ratio images at
much lower average power, which in turn
reduces photobleaching and extends cell
viability.

Intense pulses - advantages for
THG

THG microscopy is a high-resolution
deep optical sectioning and label-free
imaging technique, with reduced tis-
sue damage and without the need for
artificially induced fluorescent probes,
but it requires higher peak powers and
shorter pulses while maintaining a low
average laser power to extend cell via-
bility. The emissions from endogenous

Source; Marloes Groot Group, VU Amsterdam

Fig. 4 Mouse brain THG signals a) large image mosaic, b) close-up image (200 x 200 ym)
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Source; Marloes Groot Group, VU Amsterdam

Microscopy

133mM Na*

140mM Na*

Fig. 5 Time-lapse imaging of the induction of myelin-swelling during gradual high sodi-
um perfusion, an indicator characterising the onset of multiple sclerosis (MS).

biomolecules and the naturally occur-
ring second-order harmonic signals
have a chemical specificity for certain
chromophores and are only produced
innon-centrosymmetric molecules like
collagen. THG signals in particular are
much less chemically specific, and every
spatial variation of the refractive index
enables the generation of THG signals.
As such, THG microscopy can be seen
as a 3D equivalent of phase contrast
microscopy [6]. Localized variations in
the refractive index to within half the
laser focus dimension are particularly
efficient at generating THG signals. Due
to the Gouy phase shift in the focus, the
laser field before and after the focus is
180 degrees out of phase. The same is
true for all third order (and other odd
order) signals, where they have destruc-
tive interference and cancel out. There-
fore THG signals are not generated in
a homogeneous medium, and a sym-
metry break is needed within the focus.
Cellular and sub-cellular details can be

Pulse Duration Peak Average Power
power *For the same TPEF
(30 MHz)
200fs 16 kw 100 MW
50 fs 16 KW 25 mw

Table 1 Pulse duration, peak and average power

observed due to this universal princi-
ple, some giving weak and some giv-
ing strong signals. This asks for intense
pulses to make both strong and weak
features visible, and a detection system
with a high dynamic range. Since THG
signals scale with the cube of the peak
power of pulses, the use of considerably
more intense and thus shorter pulses
is required to produce the required
high signal to noise ratio. Fig. 4a and
4b shows mouse brain images obtained
using the VALO Series laser with a sub-
50 fs pulse duration and emphasize the
need for ultrashort pulses to enhance
THG imaging.

Molecules undergo several excitation/
emission cycles before photobleaching:
some may be more sensitive while oth-
ers may perform several cycles before
additional incident photons are unable
to excite more molecules. Photodamage
is one of the main limiting factors in
time-lapse microscopy when observ-
ing living cells or tissue over extended
periods of time. While phototoxicity isa
function of molecular structure and the
experimental environment, itis inevita-
bly accelerated by constant exposure to
ahigh average laser power. So for live-cell
imaging, sensitive to phototoxicity, the
combined low average laser power and
high peak power delivered by sub-50 fs
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pulses enhance cell viability and consid-
erably extend imaging times. As shown
in Table 1 comparing 50 fs to 200 fs, a
laser with only one fourth the average
power output is needed for the same
peak power, which translates into lon-
ger imaging durations while providing
the same two-photon efficiency (TPEF).
To achieve the lowest possible average
power, lower repetition rate lasers are
preferred, which also helps to reduce
photobleaching effects.

Sub-50 fs fiber lasers

Fiber-based femtosecond lasers have
become very attractive sources for var-
ious multiphoton and higher-harmon-
ics imaging applications due to their
robustness, flexibility, ease-of-use, and
low cost of ownership. The compact
VALO Aalto and VALO Tidal lasers
deliver sub-50 fs pulses at a repetition
rate of 30 MHz with pulse energies of 6.6
nJ and 66 nJ, and average powers of 200
mW and 2 W respectively. They produce
an alignment-free, high quality beam
profile (typical M2< 1.1 for Aalto and M?
<1.2for Tidal) and include an integrated
dispersion pre-compensation module.
It is essential to pre-compensate for
dispersion in light path components to
fully benefit from sub-50 fs pulses and
achieve the highest peak power possible
at the sample. The VALO Series’ sub-
50 fs pulsed lasers are passively cooled
with no fan or water cooling, and their
short pulses and resulting high pulse
peak powers enable a higher photon
conversion efficiency while reducing
photodamage and increasing cell via-
bility. Both lasers are built into a com-
pact and robust package, making them
suitable for integration into industrial
screening tools and benchtop analytical
instruments. An example of a typical
temporal pulse profile and beam profile
is shown in Fig. 6a along with an example
of the broad optical spectrum in 6b and
a picture of the laser in 6¢.

Fig. 6 Typical pulse width and beam profile (left), typical optical spectrum (center) of Hibner Photonics VALO Series femtosecond lasers (right)
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Outlook

Multiphoton and THG microscopy have
immense potential for use in various
applications, including the development
of screening tools at an industrial scale.
This study has demonstrated how the
Valo series sub-50 fs pulses with high
pulse energy and peak power provide
strong THG signals that enable extended
live cell imaging and time-lapse mea-
surements with a high level of sensitivity,
without loss of fluorescence.

Using proprietary fiber laser tech-
nology, the VALO Femtosecond series’
sub-50 fs pulses make it possible to
increase the peak power while main-
taining a low average power, thereby
offering an efficient alternative and a
proven solution for THG microscopy.
They provide unprecedented multipho-
ton conversion efficiencies with intense
peak powers that help to push frontiers
in label-free, multiphoton applications
and third harmonic generation imaging.
The VALO Femtosecond series strives
to deliver technological innovations in
ultrafastlasers, and to pioneer advances
into virtually every facet of future appli-
cations.

DOI: 10.1002/phvs.202300025
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Micromachining gains from

simulation

Innovative scanning control software reduces development times and

time-to-market

Jan Wagner & Holger Schliiter

\ 4 ..

Developing laser processes for industrial applications is a challenging and la-

borious task. Conventional controllers for laser scan systems lack the ability to

predict the actual path of the laser beam on the workpiece, making extensive

trial-and-error testing of different parameters and delay settings necessary in

order to achieve satisfactory results. Finding a balance between the accuracy

achieved and throughput is typically a compromise, and varies from user to
user. Thanks to the introduction of SCANmotionControl, a new software solu-
tion by Scanlab, the programming of laser processes has been revolutionized.

Offline analysis saves time in
application development
SCANmotionControl is a pipeline-
based trajectory planning software that
enables the user to plan the trajectory
of the laser beam ahead of runtime.
The user is provided with a graph of
the actual path before the laser is even
turned on. The program automatically
optimizes accuracy and throughput
based on only two main input parame-
ters: corner fidelity tolerance and mark

PhotonicsViews 3/2023

speed. Delay adjustments and manual
skywriting insertion become a thing of
the past. Furthermore, the high-level
API of the software reduces the effort
required for machine integration. The
software enables optimum throughput
and highest accuracy, without the need
for difficult determination of delays and
time-consuming trial-and-error testing
of processes.

The software offers different exe-
cution methods to meet the individ-

Source: Scanlab

AFig. 1 New scanning control software
significantly simplifies the setup of laser
jobs.

ual process requirements. Some laser
processes require a constant process-
ing speed; others aim to keep the laser
always switched on during processing.
Thanks to the software, the user can eas-
ily define their scanning strategy to pri-
oritize the various process requirements.

© 2023 Wiley-VCH GmbH
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—— programmed path
—— actual, 3rd order limited trajectory

Fig. 2 The actual laser path can be calculated in advance
based on the specified corner tolerance. Source: Scanlab

The software’s algorithms allow the
determination of different paths with
various parameters, such as corner fidel-
ity, before processing. Generally, with
higher marking speeds, corners become
rounded during processing due to the
scanner’s acceleration limit. When the
user pre-sets a minimum corner fidel-
ity, the algorithm reduces the marking
speed just before marking corners in
order to respect the requirements. So
important settings can be made in the
preparation phase without using valu-
able machine time.

Fig. 3 shows a maximum corner tol-
erance of 2.5 mm at a marking speed of
7.5-12.5m/s.

Taking the simulation to action

To transfer the simulation to an actual
process, the software needs to be com-
bined with a scan-head equipped with
an advanced trajectory controller. Con-
ventional scan-heads using a time lag-
based control strategy cannot follow
SCANmotionControl’s pre-calculated

Fig. 4 Numerous components of
smartphones are produced with micro-
machining applications. Source: istock.
com - tarras79

trajectories exactly. In comparison,
Scanlab’s established excelliSCAN series
and the newly presented inteliSCAN IV

Fig. 3 The SCANmotionControl software displays various pre-calcu-
lated laser beam paths on the material for increasing velocities as a
heatmap. Source: Scanlab

series use a special trajectory controller
that ensures optimal path following. The
technical claim for both systems is ‘What
you see (in simulation) is what you get
(in reality)’

Especially in micromachining, a
great deal of time can be saved through
simulation and offline programming
because a lot of effort is normally
needed to optimize for high accuracy
while keeping processing times as short
as possible. One typical process with
stringent requirements is the cutting of
glass and polymers when manufactur-
ing smartphone displays. Thelaser focus
must lie within very tight tolerances
and high repeatability is essential. The
heat-affected zone also needs to be kept
extremely small to avoid damage to the
circuitry or producing visible defects.

The software offers several fea-
tures that support the user to optimize
demanding microprocessing appli-
cations. For example, Spot Distance
Control enables the use of ‘Pulse on
Demand Lasers’ to uniformly distrib-

Fig. 5 (a) Spot Distance Control to place the laser pulses evenly. (b) Full control of contour line and spot distances (inner, middle or
outer contour line with even spacing between pulses). Source: Scanlab

© 2023 Wiley-VCH GmbH
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Fig. 6 Multiple passes with even spacing to distribute laser energy over time.

Source: Scanlab
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Fig. 7 Power ramping along the path planned ahead of
time. Source: Scanlab

ute the energy along a path, even during
phases of acceleration in corners (Fig. 5a).

To improve the process quality, it
might be necessary to control not only
the spot distances in relation to the spot’s
center point but in relation to the outer
or inner contour (Fig. 5h).

To distribute the laser energy over an
even greater time, the software offersan
option to repeat the job execution mul-
tiple times while shifting the spot posi-
tions for each pass. This strategy ensures
optimal heat dissipation while keeping
the overall spot distances small (Fig. 6).

If the laser power needs to be varied,
for example due to changing materials

Company

SCANLAB

With about 40,000 systems produced annually,
SCANLAB GmbH is an independent OEM manu-
facturer of scan solutions to deflect and position
laser beams in three dimensions. Its exceptionally
fast and precise high-performance galvanometer
scanners, scan heads and scan systems are used
in industrial materials processing and the elec-
tronics, food and beverage industries, as well as
biotech and medical technology.

www.scanlab.de

Meet us at Laser World of Photonics in hall A3,
booth 233
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with different absorption rates, the soft-
ware provides process engineers with
another useful feature called ‘power
ramping’ (Fig. 7). This allows the laser
power at each position along the laser
path to be precisely defined. All the fea-
tures mentioned here can also be com-
bined. In consumer electronics produc-
tion for example, the software will help
to increase throughput, improve prod-
uct quality and reduce waste.

Infinite field of view

High-precision, high-throughput laser
micromachining typically requires galvo
scan heads with a short focal length,
which in turn produces a small image
field or field of view (FOV). However, a
growing number of high-tech manufac-
turing areas, such as OLED display fab-
rication, require the processing of parts
larger than can fit into these reduced
image fields, while simultaneously
requiring a high level of accuracy and
throughput. Although high precision
can be achieved by using a stationary
laser and a moving mechanical stage,
throughput will be low. Throughput is
increased when the motion of a galvo
scan head is combined with motion
stages to produce the desired contour

pIW]
250 +

25 A

dP Emm]

of thelaser beam on the processed part.
With this approach, the micromachin-
ing process field area will be limited only
by the travel range of the stages, and
throughput will not be compromised.
XL SCAN is a proven solution com-
bining galvo and stage control, devel-
oped jointly with ACS Motion Control,
whileleveraging unique galvo scan head
and motion control technology. This
solution splits the motion path in an
innovative way into one path for the scan
head and one for the stage, and delivers
them to the corresponding controller.
The scan concept has been successfully
used since 2017 and has demonstrated
results with the highestaccuracy. Itsrich
and field-tested feature set of underly-
ing syncAXIS control software has now
become part of SCANmotionControl.

Additional options for additive
manufacturing
Additive manufacturing (AM) appli-
cations have specific requirements for
laser control. The heat distribution
during processing, particularly at the
contours of the manufactured part, is
often challenging and directly affects the
quality of the part. To build support-free
structures sustainably, a typical over-
hanging angle of 25° is used. However,
aresearch project conducted by Fraun-
hofer ILT has shown that a strategy to
adapt laser power on a micro-vector
level in relation to the distance to the
powder bed can help to decrease the
overhanging angle down to 10°.
Precisely this strategy is integrated
into the new control software, enabling

overhang test compound
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vector data 250W

o
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d,: vertical distance to the powder

Fig. 8 Change in laser power on a micro-vector level along a scan path as a function

Fusion of the titanium alloy TiAl6V4

of the distance to the powder bed. Source: Tobias Pichler, Adaptive Laser Powder Bed
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Fig. 9 Advantages of SCANmotionControl software in comparison to low-level programming. Source: Scanlab

automatic parametrization of laser power
ramping along the scan path on a macro
scale, while micro-vectorization is taken
care of in the background. This not only
provides a process advantage, but also
allows most of the preoperational work to
be done offline during processing of the
STL filesand preparation of 3D partanal-
ysis. In this way, expensive processing
times in AM can be significantly reduced.

Machine integration through
high-level API
In addition to all the benefits for users
inactual laser processing, the new soft-
ware also offers significant advantages
for machine integrators. Previously,
machine builders had to plan consid-
erable time and programming hours for
the integration of control cards for the
laser, the scan system, and other com-
ponents. SCANmotionControl reduces
the effort for configuration and initial-
ization significantly. The high-level API
can be applied for most use cases with-
out customization. In this case, ‘high-
level’ means that the following functions
have been bundled:
B Configuration of the scan system,
including possible additional axes
B Initialization of the scan head and
laser
B List handling to process arbitrarily
long laser jobs
B Intuitive input parameters
Additionally, uniform return values were
defined, meaningful error messages
were created, and an integrated logging
mechanism takes effect during execu-
tion. The individual configuration of
each machineis stored in an external file.

© 2023 Wiley-VCH GmbH

The pleasing result of this approach
is a small, manageable code base that
is easy to learn. The machine software
runs more stably and supports consis-
tent error handling. Debugging times
can be reduced by quickly analyzing the
log files. Last but not least, each system
configuration can now be reproduced
quickly using the new software, simply
by transferring the configuration file.
This works both from the application
laboratory to the production system
and from an initial machine to succes-
sor models.

Conclusion
SCANmotionControl is an innovative
scanning control software that signifi-

Authors

cantly reduces development times and
time-to-market for industrial laser
processing. The software’s algorithms
allow users to optimize accuracy and
throughput while eliminating the need
for difficult determination of delays and
time-consuming trial-and-error testing
of processes. It is a valuable technologi-
cal development for companies in need
ofhigh accuracy and throughput in their
laser processes, especially in microma-
chining, where the software’s numerous
features support the user to optimize
processes for demanding requirements.
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Where flexibility meets precision

Recent advancements of the industrial femtosecond laser

Lukas Rimgaila, Tadas Bartulevicius, Deividas Andriukaitis, Valdemar Stankevic,
Arnas Vysniauskas, and Oliver Rohm

The development of ultrafast lasers with higher functionality as a result of

recent advances in the study of light-matter interaction has revolutionized

the micromachining of materials with greater accuracy and a smaller heat-af-

fected zone. The popularity of femtosecond lasers in industry has furthered

enhancements to their flexibility and efficiency, including different methods

of operation such as in the FemtoLux 30, enabling new techniques in mate-

rial processing.

Recent discoveries in light-matter inter-
action have led to the development of
lasers with increased functionality, and
ultrafast lasers are among the most rap-
idly evolving light sources that have
found new avenues in science and
industry [1]. Femtosecond lasers have
been a popular choice for industrial
applications due to their short pulse
duration, high peak intensity, and supe-
rior performance in material process-
ing. These lasers have revolutionized
material micromachining by enabling
processing methods that were previ-
ously not possible with longer pulses,
while also offering greater precision and
asmaller heat-affected zone [2]. In addi-
tion, the compact size and robustness
of the ultrafast fiber lasers make them

PhotonicsViews 3/2023

highly attractive for industrial appli-
cations.

One of the most significant recent
developments is the ability to use the
laser in different ways, allowing users to
tailor its performance to their specific
needs. This article explores the recent
improvements to the FemtoLux 30
industrial femtosecond laser where
flexibility meets precision to enable new
methods of material processing.

Requirements for an ideal
industrial USP laser

It is always a great responsibility to
choose the right industrial ultra-short
pulse (USP) laser source for microma-
chiningapplications. Reliabilityisa cru-
cial requirement of lasers because, if a

Source all images: EKSPLA

Fig. 1 FemtoLux 30 femtosecond laser
system with Harmonics unit.

laser encounters frequent issues, scien-
tists would be unable to conduct their
research effectively, potentially causing
them to miss new discoveries. Laser
malfunctions would result in finan-
cial losses for an industrial customer.
Consequently, lasers should be stable,
with parameters that remain constant
and repeatable. To minimize downtime,
maintenance requirements should also
be minimal or, best of all, zero. It is also
important to have plug-and-play laser
compatibility with various external
devices - stages, scanners, and other
control equipment. The installation
and integration of the laser should be
quickand intuitive. There are a few other
things that matter too - a laser should
not produce excessive heat, have zero

© 2023 Wiley-VCH GmbH



Fig. 2 Schematic setup of the AFL with
the AOMs for temporal control of GHz
bursts. FC - 2 x 2 fiber coupler (50/50
splitting ratio), CIRC - optical circulator,
YDF - ytterbium-doped fiber, CFBG -
chirped fiber Bragg grating, LD - sin-
gle-mode laser diode, AOM1-3 - acous-
to-optic modulators, PF - a segment of a
passive optical fiber. IN1,2 - input ports of
the fiber coupler, OUT1,2 - output ports
of the fiber coupler. Time delays between:
T, - input pulses, T, - a delayed replica of
an input pulse and an undelayed replica
of the pulse, T, - intra-burst pulses, T, -
bursts of pulses.

risk of damage to other equipment, and
it should be compact and light. Knowing
all these details, Ekspla R&D engineers
developed the FemtoLux 30, an indus-
trial USP laser capable of performing
almost all micromachining tasks. It is
designed to work in an industrial envi-
ronment 24/7 and can also satisfy the
scientific community with its flexibil-
ity and precision - the laser has a true
pulse-on-demand option, MHz, short
and long GHz burst modes, all in a sin-
gle unit.

Core features

Ekspla has extensive experience in devel-
oping and implementing fiber technol-
ogy. The FemtoLux 30 laser uses hybrid
technology to generate amplified fem-
tosecond pulses. It is based on the use
of chirped pulse amplification (CPA)
technology and consists of a fiber-based
seed source and a solid-state amplifier.
The laser delivers 30 W at a 1 MHz
pulse repetition rate (PRR); the highest
pulse energy is 100 pJ at 200 kHz PRR.
The standard pulse duration is 350 fs,
which is seamlessly tunable up to 1 ps.

Companies
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Ifbroader tunability is required, there is
an option to have pulse durations even
up to nanoseconds. The standard laser
has a MHz burst mode; optionally one
can choose to have probably the most
flexible GHz burst option on the mar-
ket. One of the key features of the laser
design isan integrated innovative cool-
ing system - direct refrigerant cooling
(DRC). The major components ofa DRC
system are the compressor, condenser,
expansion valve, and evaporator. The
compressor takes in low-temperature,
low-pressure refrigerant vapor and com-
presses it to high pressure and tempera-
ture. The refrigerant then undergoes
phase changes, first from gas to liquid
in the condenser and then from liquid
to gas in the evaporator, while transfer-
ring heat to the ambient environment
and absorbing heat from the heat source,
before returning to the compressor to
complete the cycle. This cooling solu-
tion does not require any maintenance,
there is no water in the system, and it is
compact and reliable.

The FemtoLux 30 can be operated
in pulse-on-demand mode. This fea-

1

ture enables the laser to fire a pulse only
when required, rather than ata constant
repetition rate, enabling precise control
over the laser’s output and resulting in
higher efficiency, accuracy and quality.
This capability is especially valuable in
micromachining applications where a
high processing speed, constant energy,
and accuracy are essential. To achieve
these requirements, it is necessary to
ensure that the repetition rate of the
pulses is adjusted to follow complex
curvature at high speed and to main-
tain equidistant spacing. One may try to
adapt the PRR but, due to laser system
limitations, the jitter will be from sev-
eral ps to tens of ps, which will result in
random spacing of the pulses. The Fem-
toLux 30laser has the pulse-on-demand
feature with jitter as low as 25 ns, and it
can therefore tackle all the challenges
and maximize process efficiency, pre-
cision and quality.

Different operation modes

Nowadays, we can find a variety of
ultrafast lasers that can provide differ-
ent operation modes; the most com-

EKSPLA

Akoneer

TOPAG Lasertechnik

Celebrating its 30-year anniversary, the laser
manufacturer Ekspla from Vilnius, Lithuania,
designs and manufactures advanced lasers

systems. With a key strength in tailoring

products to specific requirements, the com-
pany has gained recognition from eighty of
the top one hundred universities worldwide.

The main product line includes femtosec-

ond, picosecond, and nanosecond lasers for

industrial applications, as well as tunable

wavelength, spectroscopy, and high-intensity

laser systems for scientific applications.

www.ekspla.com
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Akoneer is a Lithuanian company that has
been designing and manufacturing laser
micromachining systems for industrial and
scientific applications since 2010. The com-
pany is based in Vilnius and creates laser
micromachining systems for the electron-
ics and semiconductor industries, as well
as for hard material processing, such as
composites, ceramics, and PCD. The highly
customized micromachining workstations
incorporate nanosecond, picosecond, and
femtosecond laser sources in combination
with advanced beam steering to achieve
micrometer-scale machining precision and
repeatability.

www.akoneer.com

Incorporated in 1993 and located in Darm-
stadt, Germany, TOPAG is focused on sales
of pulsed solid-state lasers for scientific
and industrial applications, and distributes
and services Ekspla lasers in Germany and
Austria.

Further products include lasers from other
manufacturers, ultrashort pulse metrolo-
gy, spectrometers, infrared viewers, optics
and crystals. In addition, TOPAG develops
and manufactures innovative laser beam
shaping optics for the optimization of laser
processes.

www.topag.de
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Fig. 3 Measured 2.2 GHz pre-shaped rectangular-like bursts containing from 2 to
approx. 1100 pulses (a-d) at 233 kHz BRR and 31.5 W output power (corresponding to
a burst energy of 135 pJ) at the output of the system. Inset: Measured autocorrelation
functions of the compressed pulses. (c) bell-shaped and (b, d) rectangular-like shape of
the GHz bursts. Adapted with permission from [10].

mon is the single-pulse mode. It out-
puts single pulses in kHz-MHz PRRs
and can be seen used in the majority
of micromachining tasks since all of
the femtosecond lasers have this oper-
ation mode as a default configuration.
One of the drawbacks of femtosecond
lasers is the ablation efficiency. Since
the femtosecond pulse energy can be
localized in a small volume, a trade-
off must be made between increased
accuracy and ablation efficiency. One
way to optimize the micromachining
process is to group single pulses into
packets of pulses with a repetition rate
between adjacent pulses in the MHz/
GHz range, i.e. forming MHz/GHz
bursts. There are a few published articles
presenting the usage of bursts to increase

ablation efficiency, but the majority of
authors indicate that further research is
needed [3-6]. Unfortunately, one of the
main bottlenecks is the flexibility of the
laser source. At the moment, lasers in
the ultrafast laser market provide only
MHz, short GHz (up to twenty pulses),
orlong GHz (up to thousands of pulses)
bursts. This complicates the creation of
acomprehensive study on the influence
of different operation modes on ablation
efficiency, and thereisarising need fora
more flexible solution that could provide
multiple operation modes.

Innovative GHz burst forma-
tion - active fiber loop

A patent-pending solution for the for-
mation of short and long GHz bursts is
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realized in an all-in-fiber design [7-9].
The developed method is based on
an active fiber loop (AFL) (Fig. 2) that
consists of acousto-optical modulators
(AOM1 - 3) to control the number of
pulses in the burst, a fiber coupler (FC)
that completes the loop with a 50/50
splitting ratio, an ytterbium-doped fiber
(YDF) pumped by a laser diode (LD)
for round-trip loss compensation, and
a chirped fiber Bragg grating (CFBG)
for dispersion compensation. The GHz
burst formation technique splits and
delays ultrafast pulses from the MHz
master oscillator. After each round-trip,
the delayed replicas from previous cycles
add to an undelayed replica of the next
input pulse. When pulses that circulate
inside the AFL fill the entire time delay
between two input pulses T,, AOM1
blocks the next pulse so that no overlay
would occur - the system switches from
short burst formation to long burst for-
mation mode. The bursts with a desired
number of pulses are selected by the
AOM3 determining the burst repetition
rate (BRR). Burst formation with AFL
poses many advantages for the end-user,
such as the formation of bursts with any
desired number of pulses within a burst,
the ability to have any pre-defined intra-
burst PRR that can vary from a couple to
hundreds of GHz and does not depend
on the initial PRR of a master oscilla-
tor. In addition, different burst shapes
can be obtained by changing amplifica-
tion conditions in the YDF amplifier or
temporally modulated transmission of
the AOM3. Different shapes are possi-
ble, such as decaying, rising, triangular,
square, or bell-shaped.

The AFL technology was built into
the FemtoLux 30 industrial-grade femto-
second laser system - short and long

Fig. 4 a) A sequence of pulses at the output of the AFL where pulse duration varies from 0.55 ns to 3.8 ns. b) Dependence of pulse

duration on the number of round-trips inside the AFL. Adapted with permission from [10].
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GHz bursts were amplified up to 140 yJ
at 200 kHz BRR (Fig. 3). The standard
FemtoLux 30 with the GHz burst fea-
ture offers the end-user 2 GHz intraburst
PRR, tunable BRR, control of the burst
amplitude envelope and the number of
pulses within the burst (2 - 22 and 44 -
1100, approximately). Furthermore, the
AFL technology gives the end-user the
ability to operate thelaser in single-pulse,
MHz, short and long GHz burst modes
while at the same time maintaining the
ultrashort pulse duration.

Pulse duration tuning from
femtoseconds to nanoseconds
The patent-pending AFL technology
allows the pulse duration to be tuned
by controlling the dispersion accu-
mulation in the loop [10, 11]. In this
case, CFBG is used to add additional
dispersion and thereby to stretch the
pulses in time during each round trip.
The duration of the single pulse pass-
ing through the AFL increases after
each round-trip, forming a sequence
of pulses of different duration outside
the AFL (Fig. 4a). When the desired pulse
sequence is obtained, the AOM2 closes
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Fig. 5 The Net fluence and pulse pitch map of the possible colors on the stainless steel

sample.

and the pulse of a desired duration is
selected from the pulse sequence by the
AOM3, also determining the time delay
T, between these pulses. The formation
of the pulse sequence of a different
duration is restarted when the AOM2
is turned on again. The dependence of
pulse duration on the number of round
trips inside the AFL is depicted in Fig. 4b.
A discretelinear increase in pulse dura-
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tion was obtained. In this study, after 15
round trips inside the AFL, the pulse
duration was increased from an initial
300 fs to nearly 4 ns (FWHM).

This pulse duration tuning tech-
nique may be successfully implemented
together with the AFL modification
used for GHz burst formation. These
two methods combined and integrated
into the industrial-grade, 30-W level
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Fig. 6 Stainless steel sample coloring of Ekspla logo using FemtoLux 30 with GHz burst feature.

average power, femtosecond laser
may be beneficial for laser processing
applications, allowing the selection of
different operation modes and pulse
parameters.

Stainless steel coloring with
GHz bursts

The laser coloring of metals paves the
way to large-scale industrial applications
such as anti-counterfeiting, biocompat-
ibility, and the decoration of consumer
products such as jewelry, art, architec-
tural elements and even luxury sanitary
items. The use of bursts to machine
metals is of interest due to its increas-
ing ablation yield and faster cutting
times [12]. The colors on a metal sur-
face can be generated by a few methods:
1) color generation by surface heating
and oxide layer growth on the surface
[13-14] and color generation from fem-
tosecond laser-induced nanostructures
[15]. There are two methods using GHz
burst pulses, however due to the sur-
face melting on low fluences in the GHz
burst method, the oxide layer forma-
tion is the predominant process used.
Only poor color palettes were obtained
on stainless steel when processing with
non-burst pulses. The GHz burst pro-
cessing allowed us to achieve a much
higher range of colors, as demonstrated
in Fig. 5.

A wide range of colors was demon-
strated on the stainless steel surface,
including violet, blue, green, yellow,
orange, and red. Multiple color shades
are possible by fine tuning the processing
parameters. The white and black mark-
ings are achieved with different settings
compared to the color marking modes.
For black marking, a ten-times higher
fluence is needed to form a light-ab-
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sorbing surface. The color marking of
the visible range can be classified by the
applied net fluence and pulse pitch. The
net fluence for the steel varies from 1 to
10 J/cm? The application of GHz burst
pulses allows gentle surface heating
and conditional oxide layer growth.
The energy-dispersive spectroscopy
(EDS) chemical analysis clearly shows
the enhanced oxygen atomic propor-
tion growth of up to twenty percent
compared to the non-processed steel
material. It shows the formation of a
metal oxide layer, which is responsible
for the color change. The scanning elec-
tron microscopy (SEM) analysis demon-
strated a smooth surface resulting from
melting. Additionally, the color appears
to be independent of the angle of inci-
dence of light. As a result, by using the
FemtoLux 30 laser in GHz burst mode
and carefully adjusting the processing
parameters, an Eksplalogo was colored
onto a stainless steel sample (Fig. 6).

Conclusion

The development of ultrafastlasers, par-
ticularly femtosecond lasers, has revo-
lutionized material micromachining,
offering greater precision and smaller
heat-affected zones. Recent advance-
ments have enhanced the flexibility
and efficiency of femtosecond lasers,
allowing users to tailor the laser’s per-
formance to their specific needs. The
FemtoLux 30 industrial-grade femto-
second laser system stands out in the
market as it offers different operation
modes in one unit - single-pulse, MHz,
short GHz, and long GHz - at the same
time, while maintaining the ultrashort
single-pulse duration. With features
such as DRC and pulse-on-demand,
the FemtoLux 30 has a level of flexibil-

ity and control that is unmatched in the
ultrafast laser market, making the laser
system an ideal choice for a wide range
of micromachining applications.
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MKS Instruments presents multiple measurement
solutions for additive manufacturing

The Ophir BeamPeek integrated beam
analysis and power measurement system
offers fast, accurate, real-time measure-
ment of lasers in additive manufactur-
ing chambers. The compact device pro-
vides simultaneous beam profiling, focal
spot analysis, and power measurement
in just three seconds. There is no need
for water or fan cooling as the system
includes a replaceable, passive cooling,
beam dump tray that eliminates down-
time between measurement sessions.
The BeamPeek system is ideal for field
service testing of additive manufactur-
ing chamber powder beds. It is able to
withstand rough chamber conditions,
including the presence of metal powder
residuals and when cooling agents or
airflow connection points are not avail-
able. The device is a compact, rugge-
dized, high power laser measurement
tool that measures powers up to 1 kW
for two minutes for both green (532 nm)
and NIR wavelengths (1030 - 1080 nm).

The BeamPeek system is supported
by a range of Ophir software options:
StarLab, BeamPeek Tool, and Beam-
Gage Professional. BeamGage is based
on Ultracal, Ophir’s patented, baseline
correction algorithm that helped to
establish the ISO 11146-3 standard for
beam measurement accuracy. The soft-
ware includesall the calculations needed
to make accurate, ISO-approved laser
beam measurements, including power
and spot diameter, power density, spot
position, and more.

The Ophir Ariel power meter is
self-contained and ultracompact, and
therefore well suited for measuring
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Ophir BeamPeek system

high power industrial lasers up to 8 kW.
Designed for OEM and end-user appli-
cations in closed and confined spaces
such as additive manufacturing, metal
cutting, and welding, the power meter
isarobust, battery-powered device that
requires no water or fan cooling and is
small enough to fit in the palm of your
hand. The system measures laser powers
from 200 mW to 8 kW, and a wide range
of wavelengths, including the 440 -
550 nm green and blue lasers that are
increasingly popular in copper welding,
900 - 1100 nm fiber lasers used in most
metal processing, 10.6 um CO, lasers,
and 2.94 um medical lasers. Unlike com-
petitive offerings, the Ariel power meter
provides a range of features for more
flexible measurement options: it mea-
sures a wider range of wavelengths; it
can be operated in continuous or short
exposure mode; it can be used with or
without a diffuser for higher power den-
sities; it delivers three to five times faster
reading times; it can also be operated
stand-alone or wirelessly.

The Ariel industrial power meter
combines two modes of operation to
provide a large measurement range
of 200 mW to 8 kW: (a) measurement
of the energy of a short time exposure
for high power lasers up to 8 kW, and
(b) longer cw power measurements for
lower powers up to 500 W. The system’s
high thermal capacity of 14 k] means it
can measure several consecutive pulses
with an accumulated energy of 14 kJ
before it needs to cool down. A detach-
able diffuser allows the measurement of
high power density beams.

The Ariel power meter features
a robust housing that is dust-proof,

Ophir Ariel power meter

resistant to splashes of water, and easy
to transport. Communication options
include Bluetooth for passing readings
frominside a closed machine to a mobile
phone or laptop, and a USB-Cinterface.
The power meter can also be operated in
stand-alone mode with data displayed
onabuilt-in 128 x 64-pixel LCD display
or saved in internal memory. Software
supportis provided by Ophir StarViewer
or Ophir StarLab.

MKS recently introduced the Ophir

StarViewer iOS app, which deliverslaser
power/energy measurements wirelessly
to iOS iPhones and iPads. Data can be
displayed in a variety of formats: time-
based line graph, needle display, or a
large numeric display with statistics.
Users can also capture a screenshot and
share it, such as when a field technician
needs to report results back to the lab.
The StarViewer iOS app - as well as the
Android app - are designed to work with
the Ophir Ariel laser power meter to
remotely support applications in addi-
tive manufacturing, as well as industrial
cutting and welding, medical devices,
laboratory research, and more.
Visit MKS at booth A3.219 at Laser
World of Photonics to learn more about
state-of-the-art additive manufacturing
measurement solutions.

Ophir Spiricon Europe GmbH
(MKS Instruments)

Guerickeweg 7

D-64291 Darmstadt

Germany

e-mail: info-ophir-eu@mksinst.com
Web: www.ophiropt.com

phone: +49 6151 708-0
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Scansonic with broad portfolio of optics for laser weld-
ing of battery boxes in electric cars

Battery boxes in electricvehicles caninfluence more thanjust
vehicle dynamics. Thefirerisk posed by batteries makes them
crash-relevant components. For this reason, high-strength
aluminum alloy structures are used in production, although
they are markedly susceptible to hot cracking; the quality of
the weld seams s a decisive factor in their strength. Scansonic,
one of the world's leading manufacturers of laser machining
optics, is presenting its product portfolio at Laser World of

Photonics in Munich.

The manufacture of battery boxes pres-
entsanumber of significant challenges
to welding technology: the weld seams
must be gas-tight; the geometry is elab-
orate; depending on the aluminum
alloy, there is susceptibility to crack-
ing; warping must be avoided. As pro-
duction quantities increase, so faster
cycle times have moved into focus.
Laser welding is the preferred produc-
tion method, in particular because of
its lower energy input into the compo-
nent and its greater speed. Scansonic
has created various solutions for these
applications and offers the appropriate
optics.

A new combination of tactile
seam tracking with laser beam
oscillation

The ALO4-0O is the newest optic in
Scansonic’s portfolio, and was specially
designed for use in the production of
battery boxes. Thelaser processing head
combines tactile seam tracking with the
laser beam oscillation of a remote optic.
The tactile seam tracking compensates
for component tolerances and ensures
stable process control and the highest
seam quality. Two synchronized scan-
ner axes are integrated into the ALO4-O
for defined 2D laser beam oscillation
at up to 1000 Hz. Oscillation shapes,
amplitudes and frequencies are freely
programmable for each scanner axis.
This combination enables a wide joint
cross-section in the seam with mini-
mal heat input, and at the same time
improves the seam properties due to the
integrated filler wire.
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RLW-A remote welding optic for
the underside

The fillet seams on the underside pro-
tection of the battery boxes can be reli-
ably produced using remote laser weld-
ing. This method offers particular cost
advantages and high efficiency because
ofits comparably high speed and because
of its comparably high speed and low
costs. The RLW- A remote welding optic
from Scansonic is distinguished by its
robust system engineering, easy parame-
terization, and stable optical seam track-
ing. The optic also has two separate 2D
scanners for positioning and oscilla-
tion. These allow the optic to influence
melting by oscillating the beam with-
out disturbing the seam tracking itself.
With its three lines instead of the usual
single line, the laser line scanner sup-
plies more information on the position
of the weld seam. Together, these ensure
perfect weld seams and a high level of
process safety. Laser power levels of up
to 8 kW and welding speeds between six
and ten meters per minute are possible.

Tactile laser welding with filler
wire for internal stiffness

The weld seams on the inner side of
the battery boxes that are created when
inserting crash structures for example
can be optimally produced by tactile
laser welding and the use of filler wire.
Here Scansonic offers an appropriate
solution with its ALO4 optic. Joint track-
ing is achieved mechanically by means
ofawire introduced into the weld seam.
The ALO4 produces automated, repeat-
able welding results to meet the high
fitting accuracy requirements of the

battery box. In addition, the supplied
filler wire — such as 4000 series alumi-
num wire for 6000 series aluminum
sheets - significantly reduces suscepti-
bility to cracking in aluminum alloys and
ensures greater strength. The precise
energy input minimizes heating of the
partand prevents warping. For welding
operations with particularly demand-
ing geometric configurations, Scansonic
offers the ALO4-Long version, which
can create a weld seam even in cramped
conditions within the battery box.

Development partner for new
applications

In its work on producing sophisticated
welding applications for battery boxes,
Scansonic builds on more than twenty
years of process expertise in laser weld-
ing. The company’s own Laser Applica-
tion Center is one of the best equipped
centers of its kind in the world. All of
its processes are thoroughly tested and
customer-specific solutions are devel-
oped here that will function reliably
in serial production. The RLW-A and
ALO4 optics are based on common sys-
tem engineering in areas such as media
supply, user interface, operation, and
parameterization.More information
on Scansonic optics can be found at:
https://www.scansonic.de/en/applica-
tions/laser-welding/

Scansonic Ml GmbH

Schwarze Pumpe Weg 16
12681 Berlin, Germany
phone: +49 30 912 074 360
e-mail: info@scansonic.de
Web: www.scansonic.de
www.berlin.industrial.group
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Metasurfaces and metalenses

Lenses are widely used as a basic
optical element in daily life. They are
used in cameras, eyeglasses, micro-
scopes, and many other devices. The
lenses are developed based on clas-
sical refractive optics, which leads to
unavoidable imaging errors such as
chromatic as well as spherical aber-
ration and coma. To minimize these,
conventionalimaging systems usually
use multiple lenses of different pow-
ers and materials.

Metasurfaces and lenses offer high
potential as replacements for many
classical optical components. They are
a fundamentally new method of light
manipulation based on scattering by
nanostructures rather than conven-
tional refraction. Asaresult, they enable
efficient phase, polarization and inten-
sity control.

They can precisely influence the
wavefront of light and produce impres-
sive optical phenomena. At the same
time, they are usually much smaller
and less expensive than conventional
solutions. Multidimensional meta sur-
faces achieve new functionality that is
difficult or impossible to obtain with
conventional lenses.

Our partner Moxtek has been man-
ufacturing nanostructured optical com-
ponents for over twenty years and can
mass-produce a wide variety of struc-
tures on wafers of 200 mm diameter.

200 mm wafer

PhotonicsViews 3/2023

800 nm tall oxide pillars (high refractive index)

The range includes functional nano-
structures such as micro lens arrays,
waveguides, patterned meta surfaces,
diffractive optical elements (DOE),
photonic crystals and biosensor arrays.
These devices for imaging, illumination,
and display systems are used for a variety
of applications in the automotive indus-
try, medical/dental imaging, camera sys-
tems, and many others.

Prototype samples can be created
on an in-house design master shuttle.
This nanoimprint lithography (NIL)
master shuttle design includes space for

multiple (different) design structures,
allowing several designs to be tested in
a single shuttle iteration. This signifi-
cantly reduces development time and
cost. These design shuttles are processed
several times a year.

Quantum Design GmbH

Im Tiefen See 58

64293 Darmstadt, Germany
phone: +49 6151 8306-0

e-mail: germany@qd-europe.com
Web: https://qd-europe.com
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Narrow linewidth 10 kHz tunable laser

Features

B Hands-free, no gap wavelength
tuning in 210 - 2600 nm range

B High repetition rate 10 kHz

B Narrow linewidth down to 1.5 cm™!

m Up to 0.7 W output

B Monolithic rugged frame

B Easy control via keypad or PC

The NT 262 series tunable lasers offer
tunable, automated wavelength output
from UV to IR out of one small-foot-
print box. Integrated into a single
compact housing, the diode-pumped,
Q-switched, Nd:YAG laser and OPO
provide hands-free, no-gap tuning
across the specified range.

Narrow band excitation

The NT262 features a unique narrow
linewidth and a high 10 kHz repeti-
tion rate. Pioneering patented technol-
ogy enables a powerful output of up to
0.7 Win the 210 - 2600 nm wavelength
range while maintaining <3 cm™! line-
width (typically <2 cm™! at most wave-
lengths) that is highly beneficial both for
standard and highly demanding appli-
cations requiring a narrow linewidth
and high spectral brightness pulses.
Besides the most popular applications
like fluorescence and pump-probe spec-
troscopy, the system is also suitable for
applications where a high resolution and
anarrow linewidth are required, like the
calibration of detectors and spectroradi-
ometers, metrology or gas spectroscopy.

Laser source for fast data
acquisition

The high 10 kHz repetition rate and
hands-free wavelength tuning enable

Wavenumber, 10% x cm™

250 200 167 10.0 5.00 333
80 T T T T T

—— Signal
—— Idler
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S
o
N
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T T T T T T
400 500 600 1000 2000 3000
Wavelength, nm
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Applications

B Laser-induced fluorescence spec-
troscopy

B Photoacoustic microscopy

B Metrology and equipment calibra-
tion

B Pump-probe spectroscopy, pho-
tolysis

B Mass spectroscopy

B Environment monitoring, lidar

fast experiment data acquisition. The
system is very stable, ensures excellent
short and long-term energy and power
stability, and has a smaller M? value
when compared with traditional OPO
systems. In addition to its superior spec-
ifications, the laser is highly reliable due
to its low generation threshold and easy
running mode.

A built-in OPO pump energy moni-
tor allows the monitoring of pump laser
performance without the use of external
power meters. The output wavelength
can be set from a control pad with a
backlit display that is easy to read, even
while wearing laser safety glasses. Alter-
natively, thelaser can be controlled from
apersonal computer using the supplied
LabVIEW drivers.

Monolithic housing for maxi-
mum stability

Compared to solutions offering the laser
and OPO in separate units, the NT262
has better overall stability as the all-
in-one-box solution contains all the
components in one compact, mono-
lithic housing. In addition, this results
in almost half the footprint, a shorter
installation time, better stability, and
other substantial benefits for the user.
All potential causes of misalignment
between separate units of the pump laser

Wavenumber, 10° x cm™
50.0 41.6 357 313 27.8 25.0

Pulse energy, uJ

T T T T T
200 240 280 320 360 400
Wavelength, nm
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Ekspla NT 262

and the optical parametric oscillator are
eliminated. There isalso a separate out-
putbeam for the pump laser (available as
an option), so users can appreciate a real
2-in-1 solution by having a nanosecond
laser or tunable wavelength output. In
systems with separate boxes, customers
can have only one output from the para-
metric generator (as the laser should be
connected to the parametric generator).

All models feature hands-free wave-
length tuning, a valuable optical com-
ponents protection system as well as a
wide range of accessories and extension
units. Long-term experience and close
cooperation with scientific institutions
has made it possible to create a range of
models, offering a wide tuning range
from 193 to 16,000 nm. Versions offer-
ing near transform-limited linewidth
<2 cm'! are available. A wide range of
available options, accessories and mod-
ifications enable you to tailor the lasers
to best fit your requirements.

For researchers demanding a wide
tuning range, high conversion efficiency
and narrow line-width, Ekspla NT and
PT series tunable lasers are an excellent
choice. In Germany and Austria, Ekspla
lasers are distributed and serviced by
Topag Lasertechnik.

EKSPLA

Savanoriu Ave 237
LT-02300 Vilnius, Lithuania
phone: +370 5 264 9629
e-mail: sales@ekspla.com
Web: www.ekspla.com

TOPAG
Lasertechnik GmbH

Nieder-Ramstadter Str. 247

phone: +49 6151 429440

64285 Darmstadt, Germany

e-mail: info@topag.de

Web: www.topag.de

Web: www.instrumentsystems.com
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Looking for the smallest linear
slide in the world?

PM bv, a manufacturer of precision linear bearings and linear slides in the
Netherlands, has the smallest linear precision slide available in the industry,
the MSR 3. It is designed for the optical, microelectronics, and laser industry
where precise movements are required, often within tightinstallation spaces.
The design offers ultrasmooth motion and high repeatability.

Crossed roller cage with anti-
cage creep technology

The MSR 3 is a real innovation in the
industry. With a height of only 3.2 mm
and a width of 5.5 mm it offers maxi-
mum space savings, and provides the
advantages of cross roller bearings
together with anti-cage creep technol-
ogy. Thesslide s free of play, and preload-
ing is done at the factory by matching
the rollers in tolerances of 0.1 micron to
the raceways. The MSR slide is the only
slide available in the industry with all
these features in a small package.

Available lengths and stroke

The slide top and base have equal

lengths. The MSR 3 comes in four

lengths: 8, 15,20 and 25 mm with stroke

lengths of 5 - 20 mm. The dynamic

load rating ranges from 191 - 393 N.

Other specifications:

B 100 % made of stainless steel

B crossed roller design allow loads in
every direction

B crossed roller design offers high
stiffness and precision

B factory preloaded, ready-to-install

Zero cage creep

B can be used in every mounting ori-
entation

B ultrasmall footprint makes the
slide attractive for miniature
machines and instruments.

Customized

Beyond the catalogue products, the MSR
series miniature slides are customizable
for applications with specific needs, such
as:

alternative lubricants

specific pushing forces

a specific table design

a customized stroke

additional holes

cleanroom and vacuum compat-
ible.

The MSR 3 is the latest member of the
MSR series. The whole range includes
seven sizes and covers over thirty
lengths. The stroke ranges from 5 -
112 mm and the dynamic load carry-
ing capacity ranges from 191 - 7819 N.

The company

PM bv was founded in 1966 in the Neth-

erlands. It is a technologically-driven

family business that is active in:

B precision linear guides;

W linear slides

B rotating turntable precision bear-
ings

The MSR rang include seven sizes

PhotonicsViews 3/2023

Inside the MSR slide

XYZ-assembly with MSR miniature slides

l

The MSR 3 miniature slide on fingertip

B customized positioning stages

B mechatronic systems

The linear guides and slides are known
for their high precision, low friction
and smooth running performance.
PM design and manufacture all key
components in-house to guarantee
top-notch quality and maximum flex-
ibility. Beyond the catalogue products,
PM offers customized versions to meet
specific requirements. This service is
available for both small and high vol-
ume series. PM’s network of sales part-
ners covers the important technologi-
cally-driven countries. They have many
years of experience, and are well trained
in the products to give local support to
customers.

PMB.V.

Galileistraat 2

7701 SK Dedemsvaart
The Netherlands
e-mail: sales@pm.nl
Web: www.pm.nl
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Trends in Manufacturing I

3D-printed GRIN tools for synchro-
speed polishing

A first experimental study towards the use of hardness-gradient polishing
tools for micro-optics manufacturing

Oliver Fdhnle, Kerstin Kern, Jan Allaart, Henrik Surberg, Jens Bliedtner, Christian Schulze, Sebastian
Henkel, Volker Heineck, Jiirgen Bode, Michael Wagner

Additive technologies allow the flexible production of gradient index (GRIN)
polishing tools with specifically adaptable removal functions. These were suc-
cessfully developed and investigated for synchrospeed polishing.

The use of micro-optical systems (usu-
ally with diameters and radii ranging
from dozens of micrometers to a few
millimeters) has increased tremen-
dously with applications ranging from
medical optics such as endoscopy and
implants, to optical transmission sys-
tems for fiber coupling, space missions,
and laser diode beam shaping devices,
as well as virtual reality (VR) applica-
tions, or lidar. Due to their small dimen-
sions, it is almost impossible to apply
on machine, in-situ, in-process qual-
ity control during their manufacture.
The use of stable manufacturing pro-
cesses is therefore crucial. Two different
approaches are feasible to achieve this:

© 2023 Wiley-VCH GmbH

(a) the invention and development of
new fabrication technologies such as the
direct 3D printing of optical elements
or the application of metasurfaces, and
(b) inventions and developments to also
enable the use of established state-of-
the-art fabrication technology for the
production of microlenses.

A new process, gradient index
(GRIN) polishing, which allows a high
degree of design freedom in the config-
uration of polishing agent carriers was
presented in [1]. This follow-up paper
reports on a first experimental study
towards its implementation.

The state-of-the-art in the mass
production of macroscopic spherical
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A Synchrospeed GRIN pad polishing pro-
cess using the novel 3D printed foil tool

optics is the CNC machine-based syn-
chrospeed polishing method, first pub-
lished by Briick in 1981 [2]. Spherical
surfaces are polished by area contact
with tool diameters twice the size of
the lens diameters with both rotating
in the same direction. If the ratio of the
rotary speeds of tool and lens equals
the cosine of the inclination of the tool
rotary axis with respect to the work-
piece axis, the relative speeds between
tool and workpiece surface are almost
constant for each point within the clear
aperture, resulting in constant stock
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Source: OST

Source: EAH

Fig. 2 Two polishing pad materials have been developed: the black one (on the left)
featuring substantially higher removal rates than the white one (on the right). This can
be seen in the two circular grooves polished into two 130 mm diameter N-BK7 samples.
Polishing was stopped after 20 minutes with the black pad causing a more than 4x
higher volume removal than the white pad.

removal over the entire surface to be
polished.

So-called tool assignment is import-
ant and refers to the calculation of the
polishing medium distribution and its
arrangement on the polishing tool. An
attempt is made to design the tool lay-
out resulting from the path simulation
in such a way that, as far as possible,
uniform removal can take place at all

Institutes

workpiece points during the polishing
process. In this way, less polishing area
is provided at the diameter areas of the
tool where a higher cutting speed is to be
expected (outer area). Another import-
ant process variable is tool wear. Ideally,
the polish carrier should wear evenly
so that the workpiece accuracy of many
components can be achieved without
dressing.

Source: Satisloh

Fig. 1 Traditional synchrospeed
polishing method applying spherical
polishing pads made of metal featuring
the exact workpiece radius and partial-
ly covered by flower-shaped polishing
foils (directly right). A Satisloh SPS-100
CNC polishing machine (far right)

The synchrospeed polishing process
produces differently calculated polish
carrier structures. Important objectives
of synchrospeed polishing are:

1. uniform workpiece material removal
(constant removal)

2. uniform tool wear.

However, for components with unfavor-
able workpiece opening angles

a = arcsin 5

with workpiece diameter d_ and radius
ofthelens r, this goal is often not achiev-
able [3].

This is the prerequisite for stable
mass production [3] (see Fig. 1). One
essential feature of synchrospeed pol-
ishing is the preparation of the lateral
pad surface shape to generate stable
wear-distribution within the clear aper-
ture. This is done by calculating the tool
assignment for the optical component
and deriving the corresponding polish-
ing foil geometry to achieve a constant
removal rate over the entire component
surface, as shown in Fig. 1. Unfortu-
nately, this feature prohibits the appli-
cation of synchrospeed for micro-optics
polishing since itis very hard to generate
the required polishing foil microshapes.

Recently, a new approach to solve
this problem called GRIN pad polishing

Ostschweizer Fachhochschule
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Fig. 3 Novel GRIN polishing pads for synchrospeed polishing are currently under investigation: (a) a full material synchrospeed pol-
ishing pad, (b) a lightweight synchrospeed polishing pad and (c) a special, full material synchrospeed polishing pad in two sizes: for
lens diameters of 9 mm and for small lens diameters of 4 mm. Smaller pad dimensions are currently under investigation.

hasbeen developed and experimentally
tested in a feasibility study. As shown
in Fig. 2, two different polishing pads
(black and white) have been developed
and 3D printed, featuring two different
types of plastic material of substantially
different hardness. While both differ
substantially in material removal rates
during polishing (applying a water-
based cerium oxide slurry on N-BK7),
both enable the generation of P3 optical
surface roughnesslevels below 2 nm rms
(1.8 nm rms using the black pad and
1.4 nm rms using the white pad). Both
materials can therefore be printed onto
one single GRIN synchrospeed polish-
ing pad as shown in Fig. 3. These 3D
printed tools remove substantially more
material in the black flower-shaped
part and much less material within the
part in between (the white part of the
pad). These 3D synchrospeed pads are
mounted on a flat interface to the CNC
tool axis, removing the need to use the
traditional, metallic synchrospeed tools
for the workpiece radius. The required
workpiece radius can easily be generated
directly on the 3D printed pad.

A multijet method was used for
the 3D printing process that makes

it possible to use two different plastic
materials in one build process. These
materials can be applied individually
or mixed during the layer application
process. If material component A is
selected with a high hardness and
component B with alow hardness, the
hardness between the two limits can be
accurately mixed and metered during
the printing process. In this way, hard-
ness transitions can be selectively set
in a layer and in the component. The
hardness of the printed polishing car-
rier can be adjusted as a function of
the changing relative speed during syn-
chrospeed polishing, which. simplifies
tool assignment. The level of removal
over the polishing process can be set
more precisely with the printed pol-
ishing medium carriers, whereby layer
resolutions of 16 um are possible with
the selected printing processes.

Two different 3D printed synchro-
speed pad designs are currently under
investigation: the full material GRIN
pad shown in Fig. 3a, and a lightweight-
structured GRIN pad shown in Fig. 3b,
where the white part of the pad is only
partially present to guarantee mechan-
ical stability during polishing. Fig. 3¢

shows a miniaturized polishing pad, the
generation of which is possible thanks to
the less than 10 um lateral resolution of
3D-printing multiplastics and hardness
gradient GRIN pads.

Experimental investigations were
carried out for the polishing of a bi-
convex lens with a diameter of 32 mm
made from BK7 glass. A synchrospeed
polishing process was applied using a
6-axis CNC polishing machine. The
polishing suspension consisted of water
with cerium oxide as polishing grain. In
the experiments, a comparison between
astandard synchrospeed polishing tool
consisting of a polyurethane (PU) pad
applied to a metal base body and new
3D-printed polishing pads was made.
The additively manufactured polishing
pad had a thickness of 0.25 mm. The
black areas of the tool (with greater
hardness) were designed in the form of
aclassic synchrospeed ‘flower’ structure.
An additional crossed groove pattern
for better polishing agent distribution
was inserted. In a first step the tool was

Company

Source: EAH
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Fig. 4 Preparation of a novel GRIN pad polishing tool including dressing of the tool for
a uniform surface structure with the required radius; left: before dressing, right: after

: www.satisloh.com/precision-optics
dressing
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dressed to the desired shape radius (see
Fig. 4). Both tools were dressed in the
polishing machine in the same man-
ner using a diamond dressing tool. The
biconvex lenses described were manu-
factured beforehand in a classic lens
grinding process and then lapped with
silicon carbide suspension (F600 grain
size) for a uniform and polishable start-
ing condition with about 0.5 pum rms
roughness.

After completion of the preparations,
the polishing process was started (see
opening image page 1) using polishing
times of 5 minutes for each lens, later
increased to 10 minutes, investigating
the long term stability of the tools. It
can be stated that the new 3D-printed
GRIN foil achieved a similar polishing
behavior compared to the established
PU foil. A visual inspection after 5 min-
utes revealed that the lenses were com-
pletely polished (see Fig. 5). Roughness
values below Sq of 7 nm were achieved
after that time. Increased polishing
durations of 10 minutes could decrease
the Sq roughness to between 0.9 and 2.1
nm. In Fig. 6, the resulting surface after
10 minutes of polishing in an area of
about 0.4 x 0.3 mm is depicted using a
white light interferometer (WLI) TMS-
1400 from Polytec (20x magnification).
Both images are at the same scale. Only
very small deviations with a PV-value
of below 10 nm Wt are recognizable.
The surface topography for both types
of tool appears to be nearly identical.
With regard to the shape deviation, the
percentage difference between target
radius and actual radius was at -1.7 %
for the 3D-printed foil and -1.3 % for
the PU foil with target radii of 178.5 mm
and 89.8 mm respectively.

The polishing process was carried
out for ninety minutes in total, fabri-

Fig. 5 Biconvex lenses after 5 min of polishing, each using the new 3D printed foil tool

cating multiple lenses. The 3D-printed
foil showed some delamination on the
edges with increasing polishing time, yet
still produced suitable lens surfaces until
the end of the experiments. This demon-
strated sufficient long-time usability
that can still be improved with future
optimizations.

One optimization is the introduction
of structures and channels to accurately
supply the polishing suspension and
remove it. The ability to print support
material in the layers means that any
geometric structures can be provided.
The support material can be removed
after completion of the building process,
and this structuring of polishing sup-
port will increase the tool life. The use
of 3D printing also offers an opportunity
in the future to transfer fluid dynamic
simulations of the transport and distri-
bution of the polishing suspension to
the process better.

In conclusion, GRIN pad polishing,
anew class of 3D printed synchrospeed
polishing pads, has been developed
and tested. These new tools enable the
replacement of spherical, metallic pol-
ishing foil carriers with cost-efficient 3D
printed planar pads, possibly enabling

their use for synchrospeed polishing of
microlenses.

It was demonstrated that the addi-
tively manufactured polish carriers can
be successfully used to polish spherical
lenses. Both the requirements for shape
accuracy and micro-roughness could
be reliably met. The achievable polish-
ing times are comparable to classic foil
polishing. This new process technology
offers the ability to polish workpieces
with unfavourable opening angles a in
the future. The significant design free-
dom of the GRIN polishing process
opens up great potential for processing
aspheres and free-form surfaces in the
future. The corresponding process win-
dows in terms of the smallest process-
able radii, tool lifetimes and industrial
applicability are currently under inves-
tigation in the labs of the Applied Uni-
versities of EAH (Jena, Germany) and
OCB (Buchs, Switzerland) as well as in
industry.
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Fig. 6 WLI images of polished lenses (radius form removed) after 10 minutes of processing time at the outer area of the lenses;
above: lens polished with 3D-printed foil tool, below: lens polished with conventional PU foil tool
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Measuring the thickness of thin
sintered layers precisely

Considering the influence of sintering on optical constants, the thickness
of sintered Al,O, layers in quartz tubes can be accurately determined

Faiza Houta & Michael Quinten

T ———

Optical thickness determination with miniaturized spectrometers is a com-

monly used technique that works quite wellin many applications. For sintered

materials however, this technique must be extended by the determination of

the optical constants of the sintered material. This can be done using a com-

bination of scanning electron microscopy and effective medium approaches.

In this article, we demonstrate this for the optical thickness determination of

sintered Al,O, layers in quartz tubes.

The production of safe drinking water
consists of several treatment steps. One
step is the cleaning of the water from
bacteria and viruses. This process is
donein the water treatment facility with
UV lamps that deactivate the DNA of
the germs in the water. However, the
mercury-based UV lamps reduce their
UV intensity over time by forming HgO
at the quartz wall. This reduces their
usable lifetime and their energy effi-
ciency. It is usual to coat the inner sur-
face of the tubes with a sintered Al O,
layer to protect the quartz tube and sta-
bilize the long-term UV output.

The thickness of the coating must
be controlled to ensure optimal pro-

PhotonicsViews 3/2023

tection. In the past this was done by a
destructive SEM analysis, which was
very expensive and time consuming.
With the method described here, this
can be done by optical reflectometric
measurement, which is very fast, con-
tactlessand nondestructive method. It
presumes that the optical properties,
i.e. the refractive index, of all involved
materials are well known. This however
is difficult for sintered materials. In this
report we describe the determination of
the thickness of the sintered Al,O, layer
by consideration of the structural prop-
erties of the layer to model its optical
constants. With these optical constants
we arrive at a thickness determination

Source all images unless noted otherwise: Dr Quinten Wissenschaftlich-technische Software

of the sintered films with an error of
+0.5 nm.

Basics of thin film optical thick-

ness determination

Optical layer thickness determination
with areflectometer is a fast, contactless
method for the reliable monitoring of
the thickness of one or more layers in
alayer stack or the thickness of unsup-
ported thick layers. With this method,
the thickness is not measured directly
but is deduced from the reflectance
spectrum with the help of a mathemati-
cal algorithm. For thin layers, a nonlin-
ear regression analysis (fit algorithm) is
used that allows the determination of

© 2023 Wiley-VCH GmbH



the thickness of more than one layer in
alayer stack, even to nanometer resolu-
tion. The calculation is quite extensive
even for a single layer on a substrate as
in our case. The complete calculation
for alayer or layer stack can be read, for
examplein [1]. Here, we concentrate on
the case of one layer on a substrate and
take into account only the interference
of the two first beams reflected at both
interfaces (see Fig. 1).

In this approximation the reflectance
R(A, d) becomes

RO\, d) = Ry, (1) + R ,(A) +
29/R, MR, - cos (4 n(d) - d). (1)

R, is thereflectivity at the interface air-
layer and R,, is the reflectivity at the
interfacelayer-substrate. The prominent
result is that for a constant thickness d
the reflectance changes oscillatory with
the wavelength A. From the evaluation
of the oscillatory term - the cosine in
Eq. (1) - the thickness d can be deter-
mined. This presumes that the materi-
als of the layer and the substrate have
homogeneous optical constants that
are well-known. This, however, is not
the case for layers of sintered materials.
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Fig. 1 Layer thickness interference of a
transparent layer on a substrate

Therefore, for a correct determination of
the thickness of the sintered Al,O, layer
we mustlook at the structural properties
of the film.

SEM characterization of the
coated quartz tubes

Examination with scanning electron
microscopy (SEM) yields detailed infor-
mation on the topography and the com-
pound of the investigated object. The
interaction of the electrons with the dif-
ferent materials leads to a contrast that
allows a thin film to be distinguished
from a substrate and to determine the
film thickness. However, this method
is elaborate in preparation and needs
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d transparent Iayer

to destroy the quartz tube. Therefore,
only exemplary SEM examinations were
carried out on coated quartz tubes. The
results for three samples are summa-
rized in Fig. 2. They result in a film thick-
ness of d =250 nm, 325 nm, and 450 nm.

The SEM pictures reveal still more
than the layer thickness, namely that
the Al,O, layer is not homogeneous in
its composition. Rather, the films have
a granular composition, similar to sin-
tered small particles. Then however,
the optical properties (i.e. the refrac-
tive index) of the sintered film differ
from the refractive index of the homo-
geneous Al O,. In addition, the granu-
larity leads to a certain roughness atboth
interfaces. It can therefore be expected
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d=250nm

d=325nm

Fig. 2 SEM pictures of three coated quartz tubes (courtesy of Xylem Water Solutions)

that the thickness from optical thickness
determination does not coincide with
the thickness from SEM.

Optical thickness determina-
tion

As already mentioned, the granular
structure of the Al O, films will lead to
arefractive index of the film that differs
from the refractive index of homoge-
neous Al,O,. The determination of the
film thickness to nanometer resolution
requires however the exact knowledge
of the refractive index and its depen-
dence upon the wavelength. Hence,
we first determine the refractive index
of the granular film by using effective
medium approaches.

Optical constants of the sin-
tered ALO; film

The determination of the optical con-
stants of the sintered AL, O, filmisa chal-
lenge because the film is granular and
because the grains are partly agglomer-
ated. From the SEM pictures in Fig. 2, a
mean grain size of about 55 to 60 nm can
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be estimated. Moreover, a packing den-
sity or volume fraction of f=0.5 - 0.65 is
obtained. These results are an estimation
because agglomeration renders the eval-
uation more difficult. Nevertheless, with
this information, the optical constants of
the granular film can be approximated.
For this, an effective medium approach
(EMA) was applied. The basicidea of an
EMA is to simulate the optical constants
of a heterogeneous medium of two or
more immiscible media with effective
optical constants (see Fig. 4). Here, we
have Al,O, grains in air as a heteroge-
neous medium.

The existing effective medium
approaches differ in the way they deter-
mine the effective dielectric function
from the dielectric functions of the com-
ponents and the volume fraction f. The
simplest approach that also considers
the topography of the inclusions (grains)
stems from J. C. Maxwell Garnett [2] for
spherical inclusions
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Fig. 3 Fits on the measured reflectance spectra of a sintered Al,O; film on the inner
side of a quartz tube. For calculation, the optical constants from the EMA modeling in

the previous section are used.
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d=450nm

This solution is useful for heteroge-
neous media with low volume frac-
tions f. For higher volume fractions
with even percolation, the approach of
D. A. G. Bruggeman [3] is more appro-
priate:

E-E&

f's+2§ff (1-5- e +2£eff 0 (3

For an overview of effective medium
approximations we refer to [1, 4]. In
our case of the sintered Al,O, film, the
Bruggeman approach is the most appro-
priate. AL,O, is a transparent material
with a quite high refractive index # of
about #n = 1.75 in the visible spectral
region. It can be expected that the refrac-
tive index for the sintered AL O, film is
lower because the amount of AL,O, in
the film is only 50 - 65%. The evaluation
with the Bruggeman EMA and a vol-
ume fraction of f= 0.52 yielded optical
constants for the granular film with a
refractive index of about n = 1.346 in
the visible spectral region. The error in
the determination of the refractive index
amounts to +0.025.

Results of optical thickness
determination
Before we show the results obtained with
the determined optical constants of the
granular film, we first show in Fig. 5 an
example for a fit using optical constants
of homogeneous AL O, [5].
Obviously, the calculated spectrum
differs greatly from the measured
spectrum. The thickness obtained
from this fit cannot be realistic. How-
ever, with the optical constants from
the previous section, we arrive at quite
good agreement of measurement and
calculation. This is demonstrated in
Fig. 3 for four exemplary coatings. The
corresponding thickness amounts to
d=176.8nm, 226.5nm, 305.3 nm, and
384.0 nm with an error of £0.5 nm.
Differences in the magnitude indicate
the non-optimal determination of the
optical constants.
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Summary

In this report we showed that the expen-
sive and destructive layer thickness
control with SEM can be replaced by
contactless, nondestructive optical layer
thickness determination. However, the
optical thickness determination is also
not free of problems. Presumptions
for the use of the optical method are
that the optical constants of all layers
and substrates are well-known and are
homogeneous. Then, with a nonlinear
regression analysis, the thickness can be
derived from the measured reflectance
or transmittance. In the current applica-
tion we had to solve the problem that the
optical constants of the sintered Al,O,
film on the inner side of a quartz tube do
not coincide with the optical constants
of Al,O, from literature. With the help
of the Bruggeman effective medium
approach and the topological evalua-
tion of SEM pictures, we arrived at a
set of optical constants for the granular
sintered films. Applying these optical
constants, we arrived at an exact deter-
mination of the film thickness with an
error of £0.5 nm.
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High-performance welding for safety-

relevant applications

Deposition welding with reproducible, predictable quality

It helps to speed up the repair process
and reduces costs. An important com-
ponent for this is the new tracing tech-
nology from Laservorm, which records
at exactly which point of the component
which parameters have had what effect.
Turbines are among the most powerful
machines: they operate as gas turbines in
engines, as steam and hydroelectric tur-
bines in power generation, or in aircraft
engines. Gas turbines have an output of
up to 600 MW mech, in contrast to steam
turbines generating almost 1.8 gigawatts
in the largest nuclear power plants, such
as the Olkiluoto nuclear power plant in
Finland. Several individual steam tur-
bines often operate here at high output
in parallel. Hydroelectric turbines can
reach over 700 MW, and jet engines in
aircraft create up to 510 kN of thrust
power.

The blades rotating in the turbines
are subjected to enormous forces and
are correspondingly susceptible to wear.
In order to operate efficiently, turbine
blades must be optimally shaped to
ensure the best flow and are therefore
built to very strict manufacturing toler-
ances. Even the smallest deviation from
the optimum shape will reduce power or
engine performance and increase fuel
consumption.

Laservorm GmbH

Thomas Kimme, CEO

Sldstralle 8

09648 Altmittweida

Germany

phone: +49 3727 9974-11

e-mail: thomas.kimme®@laservorm.com
Web: www.laservorm.com

Schweissen & Schneiden, Hall 5,
Booth B14

New lasers for climate research

How do you measure the temperature of individual atoms at an altitude of ninety kilometers?

Weather reports, climate models, or
rocket launches - they all need precise
data from the atmosphere. Scientists can
use lidar systems to shoot laser beams
into the sky to acquire such data. A team
from the Fraunhofer Institute for Laser
Technology ILT and the Leibniz Insti-
tute for Atmospheric Physics IAP has
developed a portable lidar system that
works autonomously.

Ittook ten years from the first discus-
sions to the first successful mesosphere
measurement with the new diode-
pumped alexandrite laser. Alexandrite
is a very special laser crystal: It can be
tuned over a broad spectrum from 730
to 800 nm. Unlike titanium sapphire, it
can also store abundant energy in the
process. Thanks to these properties, it
is particularly suitable for high pulse
energies.

The prototype of the alexandrite
lasers, illustrating the conversion from
(infra)red to (ultra)violet, will be exhib-
ited at Laser World of Photonics.

PhotonicsViews 3/2023

The mobile lidar system
sends five beams into the
night sky. With four small
and one large telescope, it
detects the photons from
up to 100 km altitude and
provides climate data in
real time.

Fraunhofer Institute for Laser Technol-
ogy (ILT)

Dr. Michael Strotkamp

NLO and Tunable Lasers Group
Steinbachstrasse 15

52074 Aachen, Germany
phone +49 241 890 6132
e-mail: michael.strotkamp@
ilt.fraunhofer.de

Web: www.ilt.fraunhofer.de

Laser World of Photonics, Hall A3,
Booth 441

LT
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10.1002/phvs.202300023

Leibniz Institute for Atmospheric
Physics (IAP)

Dr. Josef Hoffner
Schlossstrasse 6

18225 Kuhlungsborn, Germany
phone +49 38293 68130
e-mail: hoeffner@iap-kborn.de
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June 27 - 30, 2023

Laser World of Photonics

Munich, Germany Vorldof
https://world-of-photonics.com PHOTONICS

June 27 - 30, 2023

Automatica

Munich, Germany
https://automatica-munich.com

July 11-13, 2023
SEMICON West

San Francisco, CA, USA
www.semiconwest.org

August 20 - 24, 2023
SPIE Optics + Photonics
San Diego, CA, USA

https://spie.org/conferences-and-exhibitions/
optics-and-photonics

September 6 - 8, 2023

CIOE %CK)E

Shenzhen, China
https://cioe.cn

September 11 - 15, 2023

Schweissen & Schneiden
Essen, Germany
www.schweissen-schneiden.com

September 11 - 15, 2023

EOSAM 2023
Dijon, France
Www.europeanoptics.org

Calendar I

Source: PhotonDelta

September 11 - 23, 2023

EMO
Hanover, Germany
https://emo-hannover.com

September 13 - 15, 2023

LASER World of PHOTONICS India
Bengaluru, India
www.world-of-photonics-india.com

October 1 -5, 2023

ECOC 2023
Glasgow, Scotland 2023
www.ecocexhibition.com

October 10 - 13, 2023

Motek
Stuttgart, Germany
www.motek-messe.de

October 12 - 13, 2023

6th European Machine Vision Forum
Wageningen, The Netherlands
www.emva.org/emva-events

October 17 - 21, 2023

Fakuma
Friedrichshafen, Germany
www.fakuma-messe.de

November 7 - 10, 2023

Schweisstec
Stuttgart, Germany
www.schweisstec-messe.de

WIN 3 NEWS  Read event previews and reviews on www.wileyindustrynews.com/en/events

© 2023 Wiley-VCH GmbH

PhotonicsViews 3/2023

97


https://world-of-photonics.com/en/
https://automatica-munich.com
https://www.semiconwest.org
https://spie.org/conferences-and-exhibitions/optics-and-photonics
https://spie.org/conferences-and-exhibitions/optics-and-photonics
https://cioe.cn
https://www.schweissen-schneiden.com
http://www.europeanoptics.org
https://emo-hannover.com
https://www.world-of-photonics-india.com
https://www.ecocexhibition.com
https://www.motek-messe.de
https://www.emva.org/emva-events
https://www.fakuma-messe.de
https://www.schweisstec-messe.de
https://www.wileyindustrynews.com/en/events

I Meetings

Source: Schall

98

W3+
Wetzlar
2023

Source: Fleet Events

Two days of innovation, inspiration and networking for
future technologies

Review: W3+ Fair, 29 - 30 March 2023, Wetzlar, Germany

The networking fair kept its word: more
than 150 exhibitors and speakers and
over 1,900 visitors used the platform in
the Buderus Arena Wetzlar to exchange
information about new innovations and
solutions and to forge new alliances
across industries. 27 % of the exhibiting
companies from the optics, photonics,
electronics and mechanics sectors came
from the high-tech region of Wetzlar /
Central Hesse, 48 % from other German
states and 25 % from abroad — more than
ever before. Ten countries were repre-
sented, including Switzerland, Italy,
France, UK, the US and the Netherlands.
The common goal was to launch new
technology-driven innovations for med-
ical technology, life science, automotive,
aerospace, or tools and machinery.

In addition to the exhibition, there
was plenty of inspiration from the

extensive supporting program. At the
accompanying Enabling Technologies
conference, around thirty speakers
spoke on topics such as optics manu-
facturing, photonics and microtech-
nology, innovative solutions from Hes-
sen, trends in optics and others. A new
feature was the associated High Level
Expert Meeting (HLEM) of the Com-
petence Center Ultraprecise Surface
Processing UPOB eV, which was held
in parallel for the first time.

The special areas of IHK Hessen
innovativ as well as that of VDI with
Al, 3D printing, cobots and automa-
tion, the joint booth of the high-tech
region Thuringia as well as the special
‘Microtechnologies for optical devices’
area of IVAM were well attended. The
microtechnology network also used the
trade show to hold the first live meet-

ing of the photonics focus group. The
Regionalmanagement Mittelhessen were
involved twice: with the meeting of the
new TeamMIT automotive network on
site and - together with the Business
Angels Mittelhessen — with the top-class
Start-up Matching.

Wetzlar Network invited everyone to
C-Level Coffee, while there was a visit
of the sensor technology expert working
group of the IHK Gief3en-Friedberg as
well as the Federal Association for Mate-
rials Management and Purchasing (BME
e V).

Jorg Briick, project director of the
W3+ Fair, draws a positive balance after
the fair: “The W3+ Fair is the central
industry fair for enabling technologies in
Germany. People are very happy with the
inspiring cross-industry exchange with
existing customers and new contacts. For
the 10th anniversary next year, we want
to focus even more on innovation, inspi-
ration and networking and will enrich
the concept accordingly”

W3+ Fair Rhine Valley was suspended
in 2023. After a promising first event in
2019, the fair in the four-country region
has recently not developed as required
for the satisfaction of all stakeholders.
A revision of the concept is needed to
regenerate stakeholder interest in the
Rhine Valley. The organizers have there-
fore decided to fully concentrate their
resources on the new location in Jena
on 29 - 30 November 2023.

W3+ Fair Wetzlar will returnon 13 -
14 March 2024.

www.fleet-events.de

Organizer satisfied with the number of visitors

Review: 35th Control, 9 - 12 May 2023, Stuttgart, Germany

PhotonicsViews 3/2023

Exhibitors and trade visitors confirmed
the importance of Control - the inter-
national trade fair for quality assur-
ance - for the manufacturing industry
this year. The proportion of foreign
exhibitors was 34.5 percent. A total of
21,310 trade visitors at Control 2023
experienced the current trend and
driver topics in the quality assurance
industry - automation, end-to-end dig-
itization, modern software, inline test

processes and Al-supported systems —
directly and in practical use.

After Control is before Control: as
the organizers noted, many national and
international exhibitors already booked
their stand space for 2024 during Con-
trol 2023 in order to be able to present
their products at the 36th Control from
23 -26 April 2024 to the interested pub-
lic in Stuttgart.

www.schall-messen.de
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The organizer draws a positive conclusion

Review: Sensor + Test, 9 - 11 May 2023, Nuremberg, Germany

S

More than 5,000 trade visitors from
Germany and abroad found their way
to the Nuremberg exhibition halls,
around twenty percent more than in
the previous year. At 338, the number
of exhibitors was slightly below that of
the previous year, with the proportion
of exhibitors from abroad rising again
significantly at forty percent. The Sensor
+ Test event has once again confirmed
its position as a leading international
event for sensor, measurement and test-
ing technology.

After three eagerly awaited days, the
Sensor + Test measurement technology
trade fair closed its doors. 338 exhibitors,
over 5,000 visitors and almost 700 par-
ticipants at the SMSI 2023 Sensor and
Measurement Science International
Conference came to Nuremberg and
contributed to the success of an inten-
sive innovation dialogue on an exhibi-
tion area of 5,400 m?.

With 133 exhibiting companies from
26 foreign countries, the international

popularity returned to the level of the
time before Corona, as did the propor-
tion of visitors from all over the world
at 27%.

A Job Lounge was part of the action
program for the first time this year.
Exhibitors presented their human
resources topics here over two days to
aninterested audience. The program was
rounded off by the job exchange and the

“From the island to the mainland”

Review: 19th RapidTech 3D, 9 - 11 May 2023, Erfurt, Germany

Additive manufacturing (AM) has
gained a firm foothold in the industry.
3D printing islands are increasingly
becoming end-to-end integrated solu-
tions that encompass all links in the
value chain from design to final product
and make an important contribution to
resilient and sustainable supply chains.
The dynamics in the development and
application of new materials, meth-
ods and processes were conspicuously
reflected in the lectures, discussions and
presentations at RapidTech 3D. Around
2,700 visitors from Germany and abroad
appreciated the high quality of the trade
congress and exhibition once again.
“The 19th Rapid.Tech 3D has once
again shown that Erfurt is an import-
ant platform for user-related technical
exchange on additive manufacturing. We
are delighted with the very good response
and would like to thank all the players
and supporters who contributed to the
success of the event,” says Michael Kynast,
managing director of Messe Erfurt.
Inspiration for concrete applica-
tions as well as for new methods using

© 2023 Wiley-VCH GmbH

Welcome to the lectures of the
30 Prning
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¥

advanced technology was provided by
the more than 70 expert lectures and 93
exhibitor presentations. Numerous sup-
pliers and users established in the AM
sector, such as AIM3D, Arburg, Farsoon,
FIT, Intamsys, Sinterit, Stratasys, Tool-
craft and Trumpf, as well as innovative
start-ups and university projects, showed
their current range of services.
RapidTech3D also showed perspec-
tives for future development of the event

Career Center, so that recruiting was
given more space at the fair. The new
format enabled even more targeted con-
tact between specialists and companies.
Next year, the Sensor + Test will take
place from 11 - 13 June 2024 in Nurem-
berg. The organizer is again planning to

fill two complete halls.
www.sensorfairs.de

& =r|'.'_-\|‘_}

Conference
4

i rapid o
1 0e-11 MAY

The ploneer in AM
evants in Go rmany

during its 19th edition, including even
stronger cooperation with partners
and multipliers at both a national and
an international level. For example, the
Additive Manufacturing Working Group
within the VDMA will become the con-
ceptual sponsor.
The next RapidTech 3D will take
place on May 14 - 16, 2024.
www.messe-erfurt.de

PhotonicsViews 3/2023

Source: AMA

Source: Messe Erfurt, Christian Seeling
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Preview: 24th China International

Optoelectronic Exposition, CIOE 2023

6 - 8 September 2023, Shenzhen, China

After three years of quarantine policies,
thousands of Chinese manufacturers
have been starved of global resources
and want to speak to the world again. In
2023 we are offering a free shuttle bus
service, and we look forward to shak-
ing hands with you on site. As one of
the world’s largest and most influential
optoelectronics event, CIOE 2023 - The
24th China International Optoelectronic
Exposition — will be held in September
at Shenzhen World Exhibition and
Convention Center. Featuring 240,000
square meters of floor space and over
3,000 professional exhibitors, it will
bring global optoelectronic peers and
buyers the world’s most comprehensive
optoelectronic ecosystems, from compo-
nents, devices, and equipment to various
innovative applications.

With an improved floor plan, this
year’s CIOE integrates seven sub-expos
under one roof, covering information
and communication, precision optics,
lasers, infrared, intelligent sensing, pho-
tonics, and displays.

The highly recommended Informa-
tion and Communication Expo sub-
show by optoelectronic professionals
covers optical chips, optical devices,
fiber optic cables, optical modules,
and various other optical equipment,
which shows the significant require-
ments of infrastructure construction,

especially in 5G, data centers, IIoT and
Al The second large sub-expo is Preci-
sion Optics and Camera Expo, which
shows the entire optics supply chain of
optical materials, components, mea-
suring instruments, processing equip-
ment, manufacturing equipment, opti-
cal lenses, camera modules, AR/VR,
endoscopes, and accessories. China’s
only infrared show, the Infrared Appli-
cations Expo has played a pivotal role
for China and around the world to
fight against the pandemic caused by
Covid-19. It presents IR products and
technologies from infrared material and
components, infrared thermal imaging
technologies and THz monitoring and
imaging to secure industrial production
processes and our life. The Intelligent
Sensing Expo will showcase the latest
technologies of lidar, millimeter wave
radar, 3D sensing, 3D cameras, biomet-
rics, MEMS sensors, and other related
sectors to follow up the emerging trends
of sensor miniaturization, IoT and IIoT
technology, as well as Industry 4.0/5.0.
The Lasers Technology and Intelligent
Manufacturing Expo will focus on the
area of fine processing, which is widely
used in the semiconductor and optical,
display and consumer electronics indus-
tries. Specific products include lasers,
material, components, equipment, 3D
printing, robots, and 3C equipment.

Preview; ECOC 2023

1-5/2-40October 2023, Glasgow, Scotland, United Kingdom

Now running for over 25 years, the Euro-
pean Conference on Optical Communi-
cations attracts over 6,000 decision mak-
ers from all around the world - bringing
together manufacturers, suppliers and
service providers to networking, and
gain insights on the latest developments,
new products and trends in the industry.

Taking place in the historic and
vibrant city of Glasgow this year, ECOC
will showcase the latest cutting-edge
developments in optical communica-
tion, as well as an extensive social pro-
gramme that will allow delegates to net-
work and share ideas whilst experiencing
the best of Scottish culture.

PhotonicsViews 3/2023

Parallel to the scientific conference
from 1 - 5 October, the ECOC exhibi-
tion covers a wide range of optical com-
munication products and services from
2 - 4 October. It is the largest optical
communications exhibition in Europe,
usually held in September in a different
European city each year. The eventisthe
key meeting place for decision makers
from across the fiber optic communica-
tions technology industry.

Covering everything from data cen-
ters, photonics integrations and digital
silicon photonics to fiber access, service
and content providers and optical trans-
mission, the Market Focus presentations

The latest advanced photonics
research incubated products or technol-
ogies will be presented in the Photonics
Innovation Expo by national research
institutes and universities. Then there is
a brand-new section, the Display Tech-
nology Expo that was launched when
the industry size in China reached the
number one position. It will present cut-
ting-edge products like display panels
and modules, materials, and manufac-
turing equipment in front of 100,000
industry professionals from application
fields in consumer electronics, automo-
tive, medical, advanced manufacturing,
light and displays.

Over eighty forums and conferences,
seminars and networking activities
between China and international peers
will be organized to assist your network
expansion. Yole group will collaborate
with CIOE once again to hold global
forums on 3D sensing, lidar, and silicon
photonics. The organizers also offer a
comprehensive service for international
visitors by providing invitation letters
for visa applications, hotel bookings and
a free shuttle bus, among other things.
CIOE is known as an annual industry
gathering where you can meet partners
and collect the latest market informa-
tion. Register now for your free admis-
sion, and prepare for your trip to China!

https://cioe.cn/en/

e(O0CA

2023

provide the very latest news and develop-
ments from leading organizations within
the fiber optics community.

Alongside over 300 international
exhibitors, the exhibition is filled with
interactive features and seminars. The
extremely popular Market Focus Theatre
includes thought-provoking presenta-
tions from some of the most innovative
and forward-thinking companies work-
ing in optics today, discussing the key
issues facing the market and Product
Focus Theatre covering the latest inno-
vative products, live demonstrations and
technology announcements.

www.ecocexhibition.com

© 2023 Wiley-VCH GmbH
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Components and
accessories

Laser beam sources:
Solid-state lasers

Buyers’ Guide I

Laser optics and
components

Cooling systems

Ay KKT

chillers
KKT chillers

Industriestrale 3 « 95359 Kasendorf
T+499228 99770

F+49 9228 9977 149

E info@kkt-chillers.com

W www.kkt-chillers.com

Zitermotek

termotek GmbH
Gottlieb-Daimler-Str. 3-9
76532 Baden-Baden

Tel.: +49 7221 9711-0 Fax.: -111
www.termotek.de
info@termotek.de

Extraction systems, AIR
PuriFication

FUCHS
Umwelttechnik

Fuchs Umwelttechnik P+V GmbH
Gassendcker 35-39

89195 Steinberg

Tel.: +49 (0) 7346 / 9614-0

Fax: +49 (0) 7346 / 8422

E-Mail: info@fuchs-umwelttechnik.com
www.fuchs-umwelttechnik.com

TEKA Absaug- und Entsorgungstechnologie
GmbH

Millenkamp 9

48653 Coesfeld

Tel: +49 (0) 2541/84841-0/Fax -72

E-Mail: info@teka.eu

Web: www.teka.eu

Facebook: www.facebook.com/TEKAGmbH

© 2023 Wiley-VCH GmbH

Diode lasers, for material process-
ing

Laserline GmbH

56218 Miilheim-Karlich

Tel. 02630/964-0, Fax 02630/964-1018
www.laserline.com, info@laserline.com

Fiber lasers up to 100 W

PHOTON ENERGY GMBH

Brdunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax. —22
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, diode-pumped

PHOTON ENERGY GMBH

Braunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax. -22
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, pulsed

PHOTON ENERGY GMBH

Brdunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax —22
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, up to 500 W

PHOTON ENERGY GMBH

Brdunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax. —22
info@photon-energy.de, www.photon-energy.de

Short-pulse lasers

PHOTON ENERGY GMBH

Braunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax —22
info@photon-energy.de, www.photon-energy.de

Beam splitters

L J
FIV
MATERION
A BALZERS OPTICS

Optics Balzers AG

Balzers, Liechtenstein

Phone +423388 92 00
info.mbo@materion.com
www.materion.com/balzersoptics

D

precision optics

Ziind precision Optics Itd
Prismastr. 5

(H-9444 Diepoldsau
Tel. +41(0)71 737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Filters, optical

Optics Balzers AG

Balzers, Liechtenstein

Phone +423 38892 00
info.mbo@materion.com
www.materion.com/balzersoptics

Free-form optics

trienplas

technalogies
Trionplas Technologies GmbH
Permoserstr. 15
D-04318 Leipzig
Tel. +49(0)3412352234
info@trionplas.de
www.trionplas.de
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Galvanometer Scanning Systems

SCANLAB

e novatyT A s

i
SCANLAB GmbH
Siemensstr. 2a

82178 Puchheim

Tel. +49 (0) 89 800 746-0
Fax +49 (0) 89 800 746-199
info@scanlab.de
www.scanlab.de

Microoptics

ZMD

precision optics

Ziind precision Optics Itd
Prismastr. 5

(H-9444 Diepoldsau
Tel. +41(0)71737 74 00
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Mirror coatings

Optics Balzers AG

Balzers, Liechtenstein

Phone +423388 92 00
info.mbo@materion.com
www.materion.com/balzersoptics

Our buyers’ guide
can be foun

in each issue of
PhotonicsViews.

Interested?

Please contact:

Anne Anders

Phone: +49(0) 62 01 - 606 552
aanders@wiley.com

PhotonicsViews 3/2023

Mirrors

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49 (0) 64319860 - 0
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG

Balzers, Liechtenstein

Phone +423 38892 00
info.mbo@materion.com
www.materion.com/balzersoptics

ZMD

precision optics

Ziind precision Optics Itd
Prismastr. 5

(H-9444 Diepoldsau
Tel. +41(0)71737 74 00
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Mirros, UV

Optics Balzers AG

Balzers, Liechtenstein

Phone +423388 92 00
info.mbo@materion.com
www.materion.com/balzersoptics

Optical Components

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49 (0) 64319860 -0
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG

Balzers, Liechtenstein

Phone +423 38892 00
info.mbo@materion.com
www.materion.com/balzersoptics

UMD

precision optics

Ziind precision Optics Itd
Prismastr. 5

(H-9444 Diepoldsau
Tel. +41(0)71737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Prisms

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49 (0) 64319860 - 0
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG

Balzers, Liechtenstein

Phone +423388 92 00
info.mbo@materion.com
www.materion.com/balzersoptics

UMD

precision optics

Ziind precision Optics Itd
Prismastr. 5

(H-9444 Diepoldsau
Tel. +41(0)71737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Windows, optical

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49 (0) 64319860 - 0
info@bm-optik.de / www.bm-optik.de

dul D

precision optics
Ziind precision Optics Itd
Prismastr. 5
(H-9444 Diepoldsau
Tel. +41(0)71737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com
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Material processing
systems

Laser welding

Evosys Laser GmbH

Erlangen, Tel. +49 9131-4088-0
Www.evosys-laser.com
sales@evosys-laser.com

LPKF WeldingQuipment GmbH
Tel. +49-911-669859-0, Fax: -77
www.|pki-laserwelding.de

Marking systems

PHOTON ENERGY GMBH

Brdunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax. 22
info@photon-energy.de, www.photon-energy.de

Optical components

3D Anti-Glare-Spray
- HELUT S

Helling GmbH, 25436 Heidgraben
3D-Laserscanning-Entspiegelungsspray
Tel.: 04122/922-0, Fax: 922-201
info@helling.de

Optical metrology

Acceleration sensors
POLYTEC GmbH

76337 Waldbronn
www.polytec.de
info@polytec.de

Dimensional gauging
POLYTEC GmbH

76337 Waldbronn
www.polytec.de
info@polytec.de

Film thickness measurements
POLYTEC GmbH

76337 Waldbronn

www.polytec.de

info@polytec.de

Interferometric measurements

POLYTEC GmbH
76337 Waldbronn
www.polytec.de
info@polytec.de

Surface quality measurements

POLYTEC GmbH
76337 Waldbronn
www.polytec.de
info@polytec.de

Transmission/reflection
measurement of thin films

([ opTiCs

Spectrophotometens for Coabers
EssentOptics Europe UAB
Mokslininky g. 2A

Vilnius LT-08412, Lithuania

Tel. +370616 19961

E-mail: office@essentoptics.com
www.essentoptics.com

www.photonicsviews.com

Velocity measurement
POLYTEC GmbH

76337 Waldbronn
www.polytec.de
info@polytec.de

Vibration measurement
POLYTEC GmbH

76337 Waldbronn
www.polytec.de
info@polytec.de

Services

Application development/
Application laboratories
Fraunhofer-Institut fur Lasertechnik
SteinbachstraBe 15, 52074 Aachen
Tel: 0241/8906-0, Fax: 0241/8906-121
www.ilt.fraunhofer.de

Optical development and
engineering companies
Fraunhofer-Institut fir Lasertechnik
SteinbachstraBe 15, 52074 Aachen
Tel: 0241/8906-0 Fax: 0241/8906-121
www.ilt fraunhofer.de

System consulting

Fraunhofer-Institut fiir Lasertechnik
Steinbachstrale 15, 52074 Aachen
Tel: 0241/8906-0, Fax: 0241/8906-121
www.ilt fraunhofer.de

Please contact:

Our buyers’ guide can be found
in each issue of PhotonicsViews. Anne Anders

Phone: +49(0) 62 01 - 606 552
aanders@wiley.com
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