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Editorial I

Develop and apply innovative
methods and tools

What we can learn from nature in technology development

est levels of precision possible today. At the same time, the step

towards optical applications of tomorrow requires the synthesis
of know-how of a wide variety of technology fields, such as materials
science, optical surface generation, metrology and chemistry as well as
mechanical engineering and software development. Consequently, it
is essential to develop and apply innovative research methods that are
capable of enabling such syntheses.

If we analyze how successful evolutionary development strategies
take place in nature, we find new superior species that established them-
selves by being better adapted to new situations. One major aspect of
this is often superior detection technologies in sight, hearing, sensing,
and tasting, as well as superior communication capabilities, such as the
human language, which enabled humanity to act fast, to adapt to new Dr Oliver Faehnle

situations and to develop technological solutions to survive dangerous Head, Optical Fabrication Technology Group
OST - University of Applied Sciences, Buchs, Switzerland

State-of—the-art optical technologies are characterized by the high-

situations in nature.

With this in mind and the tremendously fast development of optical
technology in both accuracy and diversity, we can identify interdisci-
plinary communication between different technology fields that are
all necessary to develop next generation optical technologies - optical
design, generation of metasurfaces, optical fabrication, interferometric
sensing, laser technology and light-material interactions — as the major
milestone to success.

Along that trail, the digitalization of processes needed in optical
technology developments plays an essential role as it forms the foun-
dation for better communication between the different fields of optical
technology development. Therefore we need to put more effort into
supporting interdisciplinary communication within optical technology
fields by expanding conferences and exhibitions that focus on bridging
different fields of technology, to further develop communication and
to cultivate interdisciplinary ‘technology languages.

Consequently, we should attend and support events like OSA’s Opti-
cal Design and Fabrication Congress and EOS’ Optical Systems Design,
Tolerancing, and Fabrication Conference, which will take place this
September in Rome. See you there!

Yours truly

Co-editor of this issue

Oliver Faehnle
| 1 www.twitter.com/photonicviews Linked[ff] www.linkedin.com/company/photonicsviews
media partner publishing medium of contributing partners
@EPIC 'O) DGaO 2 ASAM 1’-5; Photoni SECPhO
T i “ f_ \ otqmcs -
00 =oms \\x _ _F* emva France e g
PHOTONICS Py
GERMANY VDMA

SWISS - PHOTONICS

© 2021 Wiley-VCH GmbH PhotonicsViews 4/2021 1



I Contents

PhotonicsViews

OPTICS * PHOTONICS * LASER TECHNOLOGY

panpaO (p

uvl"wll :-

|
i

= 2

e

gl

36 Technology leaps in quan-
tum sensing

Contents

1  Editorial
Oliver Faehnle
4 News

15 Products
16 Communications
23 Organizations & Initiatives

Technology Report

26 New challenges for the laser micro-
machining community
Francesca Moglia

Portrait

31 Family Firm

EPIC Interview with David Mackey, CTO at
Mbryonics and PakPIC

Market Report

34 Quantum technologies: the market
is growing

Quantum Technologies

36 Technology leaps in quantum sensing

Advances in nano magnetometry using tai-
lored electronics and fast-switchable lasers

Niklas Waasem, Helmut Fedder, and Patrick
Maletinsky

2 PhotonicsViews 4/2021

43 Optical fabrication chain

design

49 Intelligent quality assurance
for batteries

Digital Tools, Design Software, and Simulations

Additive Manufacturing

40 IMProVing directed energy
deposition
Industry collaboration overcomes dis-

tortion in new DED additive manufac-
turing processes with simulation

Beatrix Elsner, Frank Silze, and Axel
Marquardt

Optical Components and Systems

43 Optical fabrication chain
design

By analyzing lens data during optics
design, the optimal optical fabrication
chain can be determined

Oliver Fahnle, Rolf Rascher, and Marco
Tinner

Optics Design
46 Cloud-based simulation tools
for streamlined optical design

3DOptix includes a suite of discovery
tools and drawings

Haim Suchowski

Machine Vision

49 Intelligent quality assurance
for batteries

Computed tomography detects
defects in modern lithium-ion bat-
teries

Optical Design

52 ‘First time right’ freeform
optics
A systematic and highly effective

tool to design imaging systems from
scratch

Fabian Duerr and Hugo Thienpont

Machine and Control Technology

57 Controlling 100 lasers auto-
matically via the cloud

Using open-source cloud technology to
manage laser manufacturing software

Production Safety

60 Web-based design tool for
better job safety
Safe human-robot collaboration

Optics Design
62 Deeper insights, better

designs - less prototypes

Multiphysics simulations help to
understand, predict, and optimize
photonics processes and devices
Phillip Oberdorfer, Yosuke Mizuyama,
and Christopher Boucher

© 2021 Wiley-VCH GmbH



www.photonicsviews.com

4/2021

coxm C

Layowt [croes secton] e g | S| A S S0 I U 1112 80K AT

\l H
= . I : |
52 ‘First time right’ freeform 68 Mind the gap 73 Metrology & Industry 4.0
optics
Optical Components and Systems Measurement Technology Laser Cutting
68 Mind the gap 73 Metrology & Industry 4.0 78 Cutting of composites
Using thermal simulation software to Deploying optical technology and pro- Fiber composite materials: When
analyze cooling mechanisms of plug- cess control solutions to the cutting and punching become too dif-
gable optics modules smart factory floor ficult - laser cutting will help
John Parry Peter J. de Groot and Michael Schmidt
Preview Laser Materials Processing 80 Calen'dar
. . . - . 81 Meetings
73 Adjustable ring shaping for 76 Cost-efficient laser depaneling 8% B " Guid
laser welding applications Why depaneling with a laser is the uyers Guide
A diffractive method for shaping a most efficient solution 91 Masthead / Index

laser into a spot surrounded by a ring,
with continuously adjustable power
ratio

Alexander Brodsky and Natan Kaplan

Welcome to the knowledge

age. Wiley builds on its 200-year

heritage by partnering with

universities, businesses, research - £ 4

institutions, societies and indivi- R N : e Cover:

duals to develop digital content, \ " 9

learning, assessment and certifi- s ¥ - 4 y Smart faCtOriES and optimized
cation tools. Wiley continues to E x 1 i X .

share and deliver the answers to | L\ . des|gn and produc“on environ-
the world’s challenges, helping

you to further your mission. e ments rely on digital tools and
z ' cloud-based services

Py PhotonicsViews

Source: Shutterstock /
Gorodenkoff

© 2021 Wiley-VCH GmbH PhotonicsViews 4/2021 3



I News

VDMA: robotics and automation back on growth track

The robotics and automa-
tion sector in Germany will
generate sales of 13.4 billion
euros in 2021, an increase of
11 %, according to the fore-
cast of the VDMA Robotics
+ Automation Association.
Green technology strategies
are important drivers of the
economic recovery. In con-
trast, the year 2020 was still
clearly negative, particu-
larly under the impact of the

Corona pandemic, although
the decline in sales of minus
18 percent was more moderate
than originally expected.
“The forecast for the cur-
rent year shows a strong
recovery and signifies a pos-
itive turning point for the
industry;” says Wilfried Eber-
hardt, chairman of VDMA
Robotics + Automation.
“In particular, order books
are currently filling up fast.
Even better sales figures will
be achievable if the current
supply bottlenecks for key
components can be quickly
overcome. The outlook into
2022 is excellent, as many
complex projects now start-
ing up will only be invoiced

PhotonicsViews 4/2021

with a time lag. With the cur-
rent momentum, the chances
are good that we will already
achieve - or even exceed - the
record result from 2018 next
year,” explains Eberhardt.

Comparison of the three sub-
sectors

The three sub-sectors devel-
oped differently in 2020:
robotics revenue decreased

by 23 % to €3.1 B. Integrated

N L

e-mobility: battery pack assembly line at Webasto (Source: Kuka)

assembly solutions recorded
a decline in sales of 20 % to
€6.4B. The machine vision
sector lost a comparatively
small 4 %: here, industry
salesreached €2.6 B. Overall,
the revenue of the complete
robotics and automation sec-
tor declined by 18 %.

Impetus for the future

The robotics and automa-
tion business is charac-
terized by strong pent-up
demand: investments were
postponed in the course of
the pandemic and are now
filling the order books. The
transformation on the way
to climate neutrality and a
sustainable use of resources

is also generating new busi-
ness: robotics and automa-
tion are increasingly proving
to be key technologies. Here
are three examples:

In agriculture, low-cost
field robots are helping to
locate weeds using artificial
intelligence and eliminate
them selectively with lasers.
Organic farmers halve their
weeding costs with such an
automation solution from the

Cologne-based company Igus
and UK startup Small Robot
Company. At the same time
itreplaces the use of chemical
agents.

The industry is relying on
automation technology to
be able to produce cells for
hydrogen-powered cars in a
cost and energy-saving man-
ner in future. The German
company Innocise, founded
in2019, together with Schunk,
offers novel robotic grippers
whose principle is inspired
by nature. They use adhesive
properties and operate with-
outany external energy when
gripping components. This
significantly reduces energy
consumption in production.

Powerful batteries are a
core technology for decar-
bonisation - in the transport
sector and in industrial pro-
duction, in stationary stor-
age technology and for the
stabilization of electricity
grids. Intelligent automation
reduces production costs,
which helps battery technol-
ogy achieve a breakthrough
in e-mobility and other areas.
At the same time, highly effi-

ol T

cient production technology
reduces CO, emissions.

Photovoltaics coming back to
Europe

An impressive example of
robotics and automation
in the energy sector is cur-
rently the construction of
one of the largest solar power
plants in the world. The
Constance-based company
RCT Solutions is provid-
ing cutting edge production
know-how and technology
for this project. The auto-
mation experts are helping
the client and operator in
Turkey, one of the country’s
largest construction groups,
to decouple itself from inter-

© 2021 Wiley-VCH GmbH



national supply chains for
solar panels. In the first
step, a specially built Indus-
try 4.0 factory in Ankara is
producing three and a half
million solar modules. In a
photovoltaic power plant in
Konya, 260 kilometers away,
these panels from the com-
pany’s own production are
installed directly after their
production.

The aim is to generate
one gigawatt of electricity
from solar power in the final
expansion phase - in the sixth
largest solar power plant in
the world. The investment
volume is around 1.1 billion
euros.

“In many European coun-
tries, people are currently
thinking about rebuilding a

complete photovoltaic value
chain that includes all pro-
duction steps,” says Dr. Peter
Fath, CEO of RCT Solutions
and continues: “In Turkey,
they have now shown that it
works. It has already created
1,400 new jobs at the Ankara
factory”

“The solar power plant
in Konya shows where the
journey is heading,” adds
Patrick Schwarzkopf, man-
aging director of the VDMA
Robotics + Automation
Association. “We now must
find ways of achieving the
ambitious climate targets in
reality. To do so, we need to
scale renewable energies and
environmental technologies
to unprecedented dimen-
sions. Robotics and auto-

mation enables us to achieve
this with the highest quality
and at competitive costs.”

automatica sprint,

22 - 24 June 2021

This year, automatica sprint,
anew trade fair format in the
automatica portfolio, offered
the robotics and automation
industry a digital platform
for exchange, knowledge
and business. “The great
response from the industry
to our online format proves
that we absolutely meet the
special requirements of the
current times,” says Falk Sen-
ger, managing director of
Messe Miinchen. Over eighty
leading companies were par-
ticipating in the digital trade
fair format.

IFR World Robotics Outlook: China leads post-pandemic recovery

376

The preliminary World
Robotics data for China
released by the International
Federation of Robotics (IFR)
shows a sales increase of
industrial robots by 19 % in
2020.

“The outlook for the
robotics industry is opti-
mistic,” says Milton Guerry,
President of the International
Federation of Robotics. “In
China, where the coronavi-
ruslockdown came into force
first, the robotics industry
already started to recover in
2020. In total 167,000 indus-
trial robots were shipped”

Market growth in China
also has a strong positive
impact on foreign suppliers -
up 24 % or 123,000 industrial
robots were shipped from
abroad. Japanese suppliers
have a dominant market
share. Domestic suppliers
delivered 44,000 units to
their home market which is
an increase of 8 % compared
to 2019.

Worldwide, North America and
Europe

Global robot installations in
2020 were down 2 %, partic-
ularly under the impact of

© 2021 Wiley-VCH GmbH
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Greatadded value was also
offered by Munich_i, a newly
created platform for artificial
intelligence (AI) and robot-
ics. The central element was
its High-tech Summit on 22
June. Under the motto “intel-
ligence empowering tomor-
row”, experts from science
and industry exchanged ideas
on the interaction of human
and artificial intelligence in
the fields of work, health and
mobility.

www.vdma.org/robotics-
automation

2018 2019 2020

Annual installlations of industrial robots worldwide (in thousands, preliminary; source: IFR)

the Corona pandemic. Still,
the decline in sales was more
moderate than expected.

OECD projects global
GDP growth to be 5.5 % in
2021 and4 % in 2022. Never-
theless, the situation is mixed
in different countries.

The order intake of the
robotics industry 2021 gives
reason to expect strong
growthin North Americaand
Europe. Order books in the
US for example are filling up
fast. In Germany, the forecast
for the current year shows a
strong recovery and signifies
a positive turning point for
theindustry. Even better sales
figures will be achievable if
the current supply bottle-
necks for key components
can be quickly overcome.

Reduction of carbon footprint

The global path to climate
neutrality is generating new
business. In order to achieve
the ambitious climate targets,
economies have started to
scale renewable energies and
environmental technologies
to unprecedented dimen-
sions. Robotics and automa-
tion enable companies of all
sizes to produce the compo-
nents needed, e.g. fuel cells
for hydrogen-powered cars
or batteries in the transport
sector and solar panels in the
energy sector. The new gen-
eration of easy-to-use robot-
ics helps to optimize perfor-
mance in the production
process and to move manu-
facturing closer to regional
markets at competitive cost.

“Robotics have proven
flexibility to quickly adapt
production and respond to
changes in demand as well as
smaller batch sizes,” says Mil-
ton Guerry. “The benefits of
increased productivity safe-
guards jobs by keeping com-
panies competitive.”

Please also see the IFR
video “Facts about Indus-
trial Robots”™: https://www.
youtube.com/watch?v=w_
kApx8C-O4&t=1s

https://ifr.org
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I News

Sensirion fully acquires IRsweep

Sensirion Holding AG, a
leading provider of envi-
ronmental and flow sensor
solutions, has completed the
acquisition of IRsweep AG,
based in Staefa, Switzerland,

Source: Jenoptik

)

IRsweep develops applications in mid-IR
absorption spectroscopy. (Source: IRsweep)

| W

an innovative provider of
optical sensing solutions.
Sensirion has been a minority
investor of IRsweep with 33 %
ofthe shares since 2017. With
this acquisition, Sensirion
expands its optical sensing
technology portfolio from
components and modules to
stand-alone infrared spec-
trometers for industrial and
research applications.

Many spectroscopic
applications in industry and
research simultaneously
require high spectral reso-
lution and speed. IRsweep’s
infrared spectrometers
based on its QCL frequency
comb technology enable the
very accurate study of fast
processes such as protein
dynamics or industrial reac-
tion monitoring, without the
need for moving parts.

IRsweep was founded in
2014, has eleven employ-
ees, and offers compact
spectrometers based on its
QCL frequency comb tech-
nology. Core applications
of IRsweep’s technology
include the study of fast reac-
tion kinetics in research and
development applications.
This acquisition allows Sen-
sirion to strengthen its optical
sensing technology portfolio
enabling long-term develop-
ment of cost-efficient sens-
ing solutions based on opti-
cal measurement principles,
such as trace gas analysis in
environmental monitoring
or the detection of methane
leaks.

Andreas Hugi, Markus
Mangold and Markus Geiser,
IRsweep’s founding team,
comment: “We are excited
to fully become a part of the
Sensirion group, which will
support us in expanding
our reach and addressing
new applications” The three
founders will continue to act
as IRsweep’s proven manage-
ment team.

“Sensirion very cor-
dially welcomes all IRsweep
employees and looks for-
ward to joint developments
of optical sensing solutions
for air or water quality mea-
surements,” says Sensirion
CEO Marc von Waldkirch.
(Source: Sensirion)

www.sensirion.com
https://irsweep.com

Nanoscribe to become a Cellink company

Nanoscribe, a pioneer in
high-precision additive
manufacturing, strengthens
its strategic position by enter-
ing the Cellink group. Cellink
was founded in 2016 for com-
mercializing the world’s first
universal bioink. The publicly
listed company has consis-
tently expanded its portfolio
into a bioconvergence com-
pany offering solutions for
bioprinting, multiomics, cell
line development and diag-
nostics. Nanoscribe will con-
tinue developing high-preci-
sion additive manufacturing
solutions as part of Cellink’s
bioprinting business area.

The life science industry
is currently going through a
very exciting transformation
where many processes and
technologies are being min-
iaturized to increase through-
putand reduce cost, where the
price of reagents is a major
bottle neck for sequencing.
One example is the sample
preparation steps for single
cell genomics applications.

With Nanoscribe’s micro-
fabrication technologies, Cel-
link stays competitive in this
transformation and aims to
miniaturize devices for awide
range of applications, result-
ing in internal capabilities to
further expand its consum-
ables offering across all busi-
ness segments.

In its own estimate, the
Cellink group will then
be the world’s first life sci-

Jenoptik expands optics manufacturing capacities

As a result of the increasing
demand for optics and sen-
sors for the semiconductor
industry, Jenoptik intends

PhotonicsViews 4/2021

to expand its manufacturing
capacities and construct a
state-of-the-art production
building and a new office
complex at the Dresden site.
To this end, the company pur-
chased a 24,000 square meter
plot of land at Airportpark
Dresden in May 2021.
Planning for a new Jenop-
tik clean room building and
the modern office complex
is now starting and should
be ready for approval this

year. As things stand today,
construction is scheduled
to begin in the 2nd half of
2022, with production at the
new factory starting in early
2025. The company intends
to announce further details
once planning has been com-
pleted.

Within Germany, Dresden
is an important location for
the semiconductor industry,
where many global compa-
nies and research institutions

ence company with internal
two-photon polymerization
(2PP) additive manufactur-
ing capabilities. Nanoscribe’s
2PP technology enables bio-
printing of vascular micro-
environments at subcellular
scale, suitable for cell stud-
ies and lab-on-a-chip appli-
cations, which is expected
to contribute to the group’s
product development, yield-
ingadditional recurring rev-
enue through the fabrication
of implants, microneedles,
microporous membranes,
and consumables for omics
applications.

There are several strong
synergies by combining
CellinKk’s cutting-edge macro
structural bioprinting tech-
nology with Nanoscribe’s
microstructural bioprinting
technology for more realis-
tic tissue architecture, includ-
ing vascularization, cell sup-
ports. The 2PP technology
will enable a cross-functional
adoption within all three
business areas and enhance
consumables product devel-
opment and offerings of the
Cellink group.

“With Nanoscribe’s state-
of-the-art 2PP technology,
we will complement our
product portfolio and offer
a wider range of products
to our amazing customers,’
emphasizes Erik Gatenholm,
CEO of Cellink.

www.cellink.com
www.nanoscribe.com

in the sector are present. But
semiconductor manufactur-
ers worldwide are also invest-
ing in expanding production
capacity as demand increases
in almost all areas of life due
to digitalization. Jenoptik
has been present in Dresden
since 2007 and develops and
produces optical components
with lithographic processes as
well as precision sensor mod-
ules there.

www.jenoptik.de
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Evosys expands locations in US, China

Due to rapid growth, the
Evosys branch in China has
moved to other premises.
Barely three years after its
foundation, a move became
necessary due to a lack of
space. The new location
offers almost twice as much
floor space as before and a
better working environment.

The branch in China was
opened together with the
Chinese partner DCT Co Ltd.
in2018. With its own techni-
cal center, which is equipped
with alaser welding machine
and the necessary measuring
equipment to check weld
seams, customers can have
test welds performed on com-
ponents within a very short
time. The scope of services
is complemented by expe-
rienced service technicians
who take care of the systems
at customers’ premises, from
commissioning to regular
maintenance.

The Evosys group is also
represented in North Amer-

ica and has moved into new
premises near Detroit, Mich-
igan, in Auburn Hills. The
location has a floor space of
over 2,400 sq. ft. and also has
its own technical center and
experts onssite to provide sup-
portin all project phases. “At
our well-equipped location,
we can better accommodate
the importance of the North
American economy and pro-
vide sufficient space for new
challenges,” explains Frank
Brunnecker, managing direc-
tor of Evosys Laser GmbH.
Customer proximity
is paramount for Evosys,
because the company strives
to achieve long-term and
sustainable customer loyalty.
The Evosys team always aims
tobein close contact with the
customer to be able to quickly
take up and implement new
requirements and develop-
ments.
www.evosys-laser.com
www.evosys-laser.us

ER (AN AXRAEREE
DCT(Suzhou) Laser Technology Co., Ltd.

The team led by Frank Sun (2nd fr. r.) from the Evosys branchl in

Suzhou. (Source: Evosys)

.

Vision Components turns 25

Embedded vision specialist
Vision Components cele-
brates its 25th anniversary
in 2021. The company wants
to celebrate this occasion with
a webinar series and a hack-
athon under the motto: “This
has to work better” — a mind-
set that Vision Components
considers typical for itself.
In 1995, Managing Direc-
tor Michael Engel developed
and presented the world’s first
intelligent camera suitable for
industrial use. By founding
the company the following

© 2021 Wiley-VCH GmbH

year and entering series pro-
duction, heleftalasting mark
on the market for industrial
machine vision. The freely
programmable cameras
provided OEMs with great
flexibility in developing cus-
tomized solutions for all con-
ceivable vision applications.

Many tasks could now be
solved in a space-saving man-
ner without image processing
computers and control cab-
inets. The first generation
of smart cameras was soon
followed by Vision Com-

wwww.photonicsviews.com

Qurin Diagnostics and LioniX invest in Surfix

New investmentinlight-pow-
ered biosensors accelerates
the availability of high qual-

The global Covid-19 pan-
demicunderlines the need for
fastand reliable point-of-care

Biophotonic chip (Source: Surfix)

ity, low cost tests for early
detection of cancer, Covid-
19, and other diseases.
Surfix announced an
investment of 8.5 million
euros by a Dutch consortium
consisting of Qurin Diag-
nostics and LioniX Interna-
tional, industry accelerator
PhotonDelta and the East
Netherlands Development
Agency Oost NL for fur-
ther development of Surfix’
plug-and-play diagnostics
platform. Surfix will use the
investment to accelerate the
development of its fast, reli-
able and attractive plug-and-
play diagnostics platform for
all sorts of point-of-care tests
.The initial target applica-
tions are early cancer diag-
nosis, Covid-19 detection
and tracing of pathogens in
water for aquaculture.

ponents’ next innovations,
including the first intelligent
vision sensors and embedded
3D laser profile sensors.

Most recently, the man-
ufacturer unveiled the VC
Picosmart miniature embed-
ded vision system. It is fully
functional, with all compo-
nents for image acquisition
and processing, including
FPGA and FPU, and is as
small asa conventional image
sensor module.

In addition, Vision Com-
ponents is now also involved

diagnostics anytime and any-
where. The ultimate goal is to
make a test that is available
for the masses and at the
cost of only a few euros.The
Surfix biosensor consists of
two significant elements: the
most crucial part is the chip
in which the actual sensing
occurs. The other part is the
microfluidics part, in which
the biological assay takes
place in a small sample vol-
ume.

In the sensing part, light
passes through the chip
(comparable to a minuscule
glass-fiber spiral) instead
of electricity. Biomolecules
attached to the surface of the
chip can catch other biomol-
ecules out of a sample based
on biorecognition.

www.surfixdx.com

https://qurin.com

Michael Engel (Source: Vision Components)

in the development and man-
ufacture of MIPI camera
modules for flexible embed-
ded vision designs based on
single-board computers.
Www.vision-components.com
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Zurich Instruments has become a Rohde & Schwarz company

The Rohde & Schwarz tech-
nology group, a player in
future areas such as 6G and
autonomous driving, will
now also be active in the field
of quantum computing. The
July 1, 2021 acquisition of
Zurich Instruments AG, a
technological leader in test
and measurement, will help

' |;§
N
|

Rohde & Schwarz further
expand its test and measure-
ment division. The Swiss
company will be run as a full
subsidiary.

Zurich Instruments was
founded in 2008 and has
grown into a company with
over one hundred employees
with offices in China, USA,

Adrian Messmer, Flavio Heer, Sadik Hafizovic, Jan Benhelm, Stephan Koch (I. t. r.)

AN

Near-infrared inspection of a wafer

8

France, South Korea, Italy
and Japan. Since 2015, it has
been committed to providing
the best control systems for
researchers building quan-
tum computers. The field of
quantum computing requires
the bestand latest technology.

“In Rohde & Schwarz, we
found a company that can
provide us with access to such
technology. Their size, stabil-
ity and technological exper-
tise offer optimal conditions
for us to remain a leader in
the rapidly growing quan-
tum computing market and
continue to grow as an inde-
pendent subsidiary;” said Dr.
Sadik Hafizovic, co-founder
and CEO of Zurich Instru-
ments.

“We are looking forward
to developing technologi-
cal solutions for the future
together with Zurich Instru-

ments. We are also strength-
ening our position in the
scientific realm. Rohde &
Schwarz and Zurich Instru-
ments already share a pas-
sion for advancing science
and innovation,” said Peter
Riedel, president and COO
of Rohde & Schwarz.

Zurich Instruments’ cus-
tomers can expect further
innovations inlock-in ampli-
fiers, impedance test and
measurement instruments
and quantum computing
control systems. Continuing
the relationships with exist-
ing customers and partners is
essential to both companies.
All functions will remain in
place, from development and
production to marketing and
sales. (Source: Zurich Instru-
ments)

www.zhinst.com
www.rohde-schwarz.com/de

HD Vision Systems becomes a partner of Bosch Rexroth ctrIX automation platform

Users get quick and easy
access to apps for industrial
image processing: HD Vision
Systems is now making func-
tions and interfaces to stan-
dard area scan cameras avail-
able as a vision suite in the
ecosystem of the ctrlX auto-
mation platform from Bosch
Rexroth. In addition, the two
companies are developing
customer-based machine
vision applications and a use
case for object recognition

and oriented positioning
using a Cartesian robot.
Asaspecialistin industrial
image processing, HD Vision
Systems supports production
companies with hardware
and software products based
on light field technology and
deep learning — whether for
quality inspection, handling
of workpieces or 3D scanning.
From now on, the company
will offer the Vision Suite
from HD Vision Systems as

On the way to mass production

The Dresden high tech com-
pany Senorics has closed an
eight million euros pre-se-
ries A financing round. The
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money allows for the neces-
sary investment to scale the
innovative material analysis
sensor technology for the
industrial market. The circle
of investors was joined by
Fidura Private Equity as lead
investor and Zeiss Ventures.
The previous cooperation
with Ventura Investment,
the Technologie Griinder-
fonds Sachsen (TGFS) and
the TU Dresden AG will also
continue. They have partic-
ipated in the current finan-

an image processing app for
the ctrlX CORE control plat-
form in the ctrlX App Store
together with Bosch Rexroth.

At the same time, Bosch
Rexroth and HD Vision
Systems are also develop-
ing joint customer-based
machine vision solutions. A
first use case deals with object
recognition and oriented
placement using a Cartesian
robot. Components are auto-
matically recorded usinga 2D

cial round with a significant
investment and have been
supporting Senorics since
2018, when they took part in
the seed funding.

The German company
specializes in novel near-in-
frared spectroscopy sensors.
They are smaller than a one
cent coin and can be inte-
grated into household appli-
ances and smartphones. The
sensor enables the contactless
analysis of material compo-
sitions, which until now was

camera system that is con-
nected to the ctrlX CORE
controller via Ethernet. The
Vision Suite processes the
images and identifies the
components, determines
their position and makes the
data available to the robot for
accurate gripping.

They are then stored in a
predefined grid. This enables
further processing in down-
stream processes.

www.hdvisionsystems.com

only possible in laboratories
using bulky spectrometers.
In infrared spectroscopy;,
a solid or liquid material is
irradiated by light. Material
compositions can be identi-
fied and quantified based on
the wavelength distribution
of the reflected light. In an
industrial context, for exam-
ple, the technology enables
process monitoring and qual-
ity control because of its abil-
ity to detect contamination.
WWW.senorics.com

© 2021 Wiley-VCH GmbH



Germany grants Optics University Center and Campus in Hanover

On April 23rd, the German
Science Council (Wissen-
schaftsrat) recommended
the funding of the Opticum
research building - Optics
University Center and Cam-
pus. Hannover University

Design for the planned OPTICUM research building

shares first place on the fund-
ing list with the universities
in Marburg and Miinster. It
will be financed - subject to
the Joint Science Conference’s
final decision - with 54.2
million euros. The federal

%

New technology center to accelerate digital

innovation

On2June2021, theintegrated
photonics industry accelera-
tor PhotonDelta, research
institute TNO, Eindhoven
University of Technology and
University of Twente will sign
aco-operation agreement for
the new Photonic Integration
Technology Center (PITC) in
the Netherlands. This center
will speed up the commer-
cialization of Integrated Pho-
tonics for applications such as
autonomous mobility, health-
care, data, and communica-
tions.

Integrated Photonics is
represents a revolutionary
technology that enables the
development of chips that can
sense, capture and process
huge amounts of data using

light instead of electricity. By
usinglight, we can create new
types of devices and systems,
complementary to those that
use electronics. Photonic
integrated circuits pave the
way for devices and sys-
tems that are cheaper, faster,
lighter, more robust and reli-
able while using less energy.
This opens new perspectives
for developing purposeful
digital solutions.

The new PITC is an inde-
pendent R&D and innovation
center that brings photonic
technologies to industrial
maturity, builds partnerships,
strengthens the photonics
ecosystem, and links it to a
global customer base.

https://pitc.nl

government and the state of
Lower Saxony will each con-
tribute half of the funding.

“Our Opticum will be the
research building for all sci-
entists from the disciplines
of physics, mechanical engi-
neering, electrical engineer-
ing, mathematics, computer
science and chemistry work-
ing together on the digitali-
zation of optics research and
optics production,” says Prof
Uwe Morgner. The physicist
is the spokesman of the board
of the PhoenixD Cluster of
Excellence.

wwww.photonicsviews.com

The 120 optics researchers
areinvestigatinghow they can
realize complex optical sys-
tems in a short development
time and for a fraction of
today’s price. To achieve this
aim, the Hanover scientists
join their forces with project
partners from the Technical
University Braunschweig and
the Laser Zentrum Hannover.

The planned Opticum
has four floors and a usable
area of just over 4,000 square
meters.

www.uni-hannover.de

EMBL Imaging Center getting ready for

user access

The new EMBL Imaging
Center for the life sciences is
preparing for operations after
an on-time and on-budget
build and handover, and is
expected to welcome its first
users in a pilot phase later
this summer, followed by
the first open call for users.
EMBL director general Edith
Heard says: “The opening at
EMBLs main site in Heidel-
berg, Germany, is an import-
ant moment for the European
science community. Research
in the life sciences is being
revolutionized by advances
in imaging, genomics, and
gene editing, and provision
of access to advanced tech-
nologies is key to enabling
scientific progress.”

Zeiss Innovation Hub in Dresden opens its doors

In late May, the team at the
Zeiss Innovation Hub in
Dresden got down to work.
An official opening cere-
mony for the Hub will take
place once it is permissible.
For the first Hub program -
research into organoid mod-
els — Dr Kai Wicker and his
team have moved into the
EKFZ for Digital Health on
the campus of the Carl Gustav
Carus University Hospital -a
stone’s throw away from top
experts in the field.

© 2021 Wiley-VCH GmbH

This proximity to aca-
demic partners such as the
TU Dresden, the University
Hospital and the Leibniz and
Max Planck Institutes, as well
as to startups and innovative
companies in the region,
allows Zeiss to benefit from
an exceptional research and
innovation ecosystem. The
goal is to maximize local
engagement and scientific
exchange while benefitting
from synergies to promote
talented young researchers.

Zeiss plans to quickly
grow the Innovation Hub in
terms of both its focus top-
ics and its workforce. To this
end, new staff will initially be
hired to work primarily on
the organoid program, and
on the variety of topics that
go beyond the initial focus
on biomedicine. Alongside
the life sciences and medical
technology, the Hub team
sees potential for further
links, with digital technol-
ogies, microelectronics and

“I hope that the EMBL
Imaging Center will play a
significant role in shaping a
new era in the life sciences,
and that scientists from many
different areas will benefit
from it. EMBL has pioneered
many of the imaging technol-
ogies that scientists use today,
and the Imaging Center will
provide a unique opportunity
to benefit from such technol-
ogydevelopment,” the profes-
sor continued.

www.embl.org

Dr Kai Wicker (Source: Zeiss)

informatics, as well as with

artificial intelligence, nan-

otechnology and materials
research.

Www.zeiss.de

www.tu-dresden.de
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Imaging
Center
(Source:
EMBL, K.
Lubowiecka)
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M-Fibre side light fiber system wins innovation award

M-Fibre, the flexible side
light fiber system from
Mentor Prizisions-Bauteile,
has won the German Inno-
vation Award 2021 from the
German Design Council.

h - .

the Excellence in Business to
Business competition class.
The German Innovation
Award recognizes products as
well as processes and services
with particularly innovative

£,
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Managing partner Dennis Weyer, Wido Weyer and CTO Wolfgang
Mursch (left to right; source: Mentor)

With this award, the interna-
tional center of expertise for
communication and knowl-
edge transfer in the fields of
design, branding and innova-
tion recognizes products and
projects with particular inno-
vative strength. The system
impressed the judges in the
Lighting Solutions category
and was named “Winner” in

added value compared with
previous solutions in various
categories. An interdisciplin-
aryandindependentjurycon-
sisting of experts from indus-
try, science, institutions, and
finance, singled out Mentor’s
M-Fibre side light fiber sys-
tem as a product innovation
that stands out with its orig-
inality, implementation and

effectiveness, as well as the
progress achieved through
its use.

Due to the pandemic,
the prize-winning compa-
nies and products will not
be awarded in the German
Museum of Technology in
Berlin as usual, but during
an extensive online program.

“We are especially pleased
about M-Fibre winning the
German Innovation Award,”
says Wido Weyer, owner and
managing director of Men-
tor. “The Innovation Award
is a recognition of one of our
most important elements: our
focus on innovative technol-
ogies. With our products and
solutions, we are contrib-
uting towards developing
multifunctional, individual
and promising products and
applications,” he states. This
is also the case with M-Fibre,
our thin and flexible side light
fiber system, which is used as
functional or decorative lin-
ear lighting in both the con-

sumer and industrial goods
sector”

In keeping with the theme
of “added value through light”,
the innovative lighting solu-
tion in product and industrial
design opens up numerous
ways of adding functional or
emotional values to a wide
variety of products. Hotel or
rental furniture can be illumi-
nated in individual corporate
design colours, for example.
Integrated in traffic cones,
access controls on public
transport or lifebelts, M-Fi-
bre provides orientation and
safety and can even be used
asanadditional communica-
tion component in electrical
appliances.

Other winners in 2021
include Continental Automo-
tive, Hafele, Laservision, LED
Linear, Ledvance, Schott,and
Trilux. (Sources: Mentor, Rat
fiir Formgebung)

www.mentor.de.com
Www.german-innovationaward.
de

Fresnel prize and early career women in photonics award for Milano physicists

Dr Margherita Maiuri,
researcher of the Politecnico
di Milano’s department of
physics, received the Fresnel
Prize by the European Phys-
ical Society for significant
contributions to quantum
electronics and optics made
by scientists under 35 years
of age.

Maiuri received the award
“for outstanding achieve-
ments in ultrafast optical
spectroscopy, unveiling pri-
marylight-induced processes
in biomolecules and nano-
structures with sub-10-fs
pulses”

Maiuri obtained her PhD
research degree at Politecnico
di Milano in 2014, specializ-
ing in ultrafast optics and
spectroscopy. After her
doctorate she worked as a
research fellow at Princeton
University. In 2015 she won
a Marie Sklodowska-Curie
global fellowship.
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She is currently assistant
professor of the department
of physics, where she deals
with multidimensional elec-
tronic spectroscopy for the
study of light-energy conver-
sion mechanisms in complex
systems. Her current research
interests include understand-
ing the dynamics of femto-
seconds of light-induced
mechanisms in biological
and biomimetic systems and
nanostructured complexes.
She works in the team of Prof
Giulio Cerullo.

Also at the Polimi physics
department, Dr Rocio Bor-
rego Varillas was awarded the
early career women in pho-
tonics award by the European
Optical Society, to honor a
young female scientist who
has made outstanding contri-
butions to photonics. Borrego
Varillas obtained her PhD in
physics from the University
of Salamanca, with research

\

Dr Rocio Borrego Varillas (I.), Dr Margherita Maiuri

stays at the Max Planck Insti-
tute of Quantum Optics and
Universitat Jaume I. In 2013
she was awarded a Marie
Sktodowska-Curie fellowship
to conduct her postdoctoral
research at Politecnico di
Milano.

At present she is a
researcher at the Istituto di
Fotonica e Nanotecnologie
(IFN) of the CNR, where
she is responsible for the sci-
entific activity in the joint

IFN-Polimi lab for attosec-
ond dynamics in molecules.
Her research interests include
few-cycle pulse generation in
UV, ultrafast spectroscopy of
biomolecules and sub-femto-
second electron dynamics.
She works in the team of Prof
Mauro Nisoli.

The official award cer-
emony took place on 22
June 2021, during the CLEO
online conference.

www.polimi.it

© 2021 Wiley-VCH GmbH
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OLED pioneer Karl Leo receives European Inventor Award 2021

The European Patent Office
(EPO) has honored Ger-
man physicist Karl Leo
with the European Inventor
Award 2021 in the “lifetime
achievement” category. Leo’s
method for boosting organic
semiconductors with elec-
tron-producing substances
(“doping”) has transformed
the electronics industry and
delivered improved prod-
ucts for millions of people.
His highly efficient organic
light-emitting diode display
technology, which provides
greater image brightness,
higher color resolution and
better power efficiency, can
now be found in almost all
newer smartphones and other
electronic devices that we use
every day.

“Leo’s work has had a pro-
found impactacross multiple
sectors, advancing technol-
ogy which is environmen-
tally friendly, and improving
products that are used by mil-
lions of people worldwide,”
said EPO president Ant6nio
Campinos. “Throughout his
distinguished career he has
also demonstrated an ability
to identify commercial appli-
cations from cutting-edge
fundamental research, put-

ting technology to work to
solve problems, and creating
businesses and jobs in the
process.”

This year’s European
Inventor Award ceremony
was held digitally, and for the
first time was open to the pub-
lic who tuned in from around
the world. The award is pre-
sented annually by the EPO
to distinguish outstanding
inventors from Europe and
beyond who have made an
exceptional contribution to
society, technological prog-
ress, and economic growth.
The finalists and winners in
five categories were selected
by an independent interna-
tional jury.

Leo’s early fascination with
household electronics - his
passion for repairing things
earned him the nickname
‘the technician’ among fam-
ily members - later ignited
his interest in semiconduc-
tors. This became the focus
ofhis undergraduate thesis at
Freiburg’s Fraunhofer Insti-
tute for Solar Energy Systems
ISE in 1985, where he began
to think about how electronic
devices could be improved.

His PhD and early
post-graduate career con-

ey
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In a career spanning over 30 years, Leo (2nd from left) has channeled many of
his research breakthroughs into commercial successes.

centrated on inorganic semi-
conductors - at the time
considered impractical due
to their poor electrical con-
ductivity and short lifespan.
Leo noticed that few people
had considered doping for
organic semiconductors.
Leoachievedhiskeybreak-
through in 1998, when he and
his team of researchers at TU
Dresden, including then PhD
students Martin Pfeiffer and
Jan Blochwitz, successfully
created an organic semicon-
ductor LED requiring only
one-fifth of the voltage previ-
ously needed. These organic
semiconductors were also
more sustainable than inor-
ganic semiconductors due

Sir David Payne is recipient of the Berthold Leibinger Zukunftspreis

Professor Sir David Payne
of the University of South-
ampton is the eighth recip-
ient of the Berthold Leibin-
ger Zukunftspreis. The jury
of renowned international
experts and industry lead-
ers recognized Sir David’s
work on the “Erbium-doped
fiber amplifier (EDFA) and
pioneering research in fiber
optics technology™

Since the 1970s, Sir David’s
work has spanned many
diverse areas of photonics,
from telecommunications
and optical sensors to nano
photonics and optical mate-
rials. Together with his col-
leagues at the University of
Southampton’s Optoelec-

© 2021 Wiley-VCH GmbH

tronics Research Center, he
has made many of the key
technical achievements in
almost every area of opti-
cal fiber technology and his
work has had a direct impact
on worldwide telecommuni-
cations, as well as nearly all
fields of optical R&D. He is
particularly noted for work
on the erbium-doped fiber
amplifier in telecommuni-
cations and high-power fiber
lasers in material processing.

The Berthold Leibinger
Stiftung presents professor
Sir David Payne with the
Berthold Leibinger Zukun-
ftspreis, also recognizing
his entrepreneurial spirit in
initiating and sparking com-

mercialization by founding a
number of start-up compa-
nies, as well as his numerous
collaborations with well-es-
tablished technology com-
panies.

Theaward ceremony of the
Berthold Leibinger Innova-
tionspreis and Zukunftspreis
2020 has had to be postponed
for the second time. It will
finally take place on Friday,
September 24,2021 in Ditzin-
gen. Bringing together many
people from different coun-
tries to celebrate outstanding
innovations in laser technol-
ogy would still be impossible
to achieve beforehand. The
Zukunftspreis prize win-
ner and all eight finalists

to their high efficiency, long
lifespan, low-energy pro-
duction process and poten-
tial to be recycled. Leo and
his team continued to refine
the process further, and in
2001, he co-founded the
German start-up company
Novaled AG - later acquired
by Samsung - to commercial-
ize these OLED technologies
and materials.

Leo later began adapting
semiconductors to func-
tion in organic solar cells,
which led to him co-found-
ing the spin-off behind the
world’s first industrial-grade
organic solar film that can be
mounted on buildings.

WWW.epo.org

Sir David Payne (Source: U.
So'ton / BLS)

of the innovation prize will
be honored, and the three
prize winners will finally be
announced.
www.leibinger-stiftung.de

PhotonicsViews 4/2021
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Rauscher GmbH with changed company

structure

Following the unexpected
death of company founder
Ernst Rauscher in Novem-
ber 2020, the management
and shareholder structure
of the supplier of hardware
and software components
for industrial and scientific
machine vision has nowbeen
reorganized. Raoul Kim-
melmann, who had already
been working alongside
Ernst Rauscher as managing
director since 2013, will lead
the company together with
Thomas Miller as additional
managing director.

Raoul Kimmelmann (left), Thomas Miller
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Miller has had overall
responsibility for technology,
application and supportat the
company since 2006. He is
also one of the four nephews

Robert Bauer retires

The sensor manufacturer
Sick is changing the top of
its management on Octo-
ber 1: Dr Robert Bauer will
take his leave and Dr Mats
Gokstorp will follow to take
his place as CEO. At the same
time, Dr Niels Syassen will
be appointed to the execu-
tive board. He will assume
responsibility for technology
and digitalization.

So Sick AG will bid fare-
well to its long-serving CEO
Dr Bauer on September 30,
2021, after twenty years of
service. His move to the top
of the supervisory board is
planned for May 2022, where
he will succeed the retiring
chairman Klaus Bukenberger.

Gokstorp has been
responsible for products

PhotonicsViews 4/2021

of the company founder who
make up the Rauscher com-
munity of heirs. As the fifth
shareholder, Kimmelmann
also has an equal share in
the company with immedi-
ate effect.

“In the almost four
decades under his [Ernst
Rauscher’s] leadership, the
company has developed
excellently and has become
a firm, recognized force in
machine vision. Continuing
the positive development of
Rauscher GmbH successfully
in the future is our primary
goal. As a management team
with many years of proven
experience, we stand for
experience and continuity
for our customers, suppli-
ers, business partners and
employees. Rauscher is and
will continue to be a reliable
partner for the development
of powerful machine vision
systems and the selection
of the optimal components
and technologies for this
purpose,” declared the man-
aging director duo Kimmel-
mann and Miller.

www.rauscher.de

change at the top of the Sick management board
i i

Dr Mats Gokstorp

and marketing since Janu-
ary 1,2021. He will continue
to hold this position after
becoming chairman of the
executive board. The com-
puter scientist and engineer
joined the company in 2003
with the acquisition of Sick
IVP. Asamember of the exec-
utive board, he was respon-
sible for vision products and
later for sales processes in

Laser Components introduces the new
head of the Detector Group
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Raj Chakraborty (left), Dragan Grubisic

Earlier this year, Dr Raj
Chakraborty took over the
Laser Components detector
group from Dragan Grubisic,
who was retiring from day-
to-day operations after 17
years at the helm but will
continue to be available to
the company for develop-
ment projects.

Chakraborty has worked
closely as operations man-
ager with his predecessor
since 2018. In this role, he
managed the day-to-day
operations of the produc-
tion and engineering teams.
He expanded the team’s core
competencies and increased
the number of employees
from 27 to 40. Chakraborty
has more than 24 years of

Dr Robert Bauer

the group from 2007 before
being appointed to the board
for sales and service in 2013.
In recent years, he has been
responsible for the global
alignment of sales structures.

Dr Niels Syassen has
been responsible for the gas
and particle analysis solu-
tions division since 2018.
Before joining Sick in 2017,
he held management posi-

experience in the semicon-
ductor industry. He worked
for various Fortune 500 com-
panies during this time. As
an expert in lean manufac-
turing, he was instrumental
in planning the new company
building in Chandler, Ari-
zona, which was completed
in late 2020.

Grubisic’s expertise in
detector development played
a decisive role in the expan-
sion of the product portfolio
and the continuous growth of
the company. Under hislead-
ership, the group grew froma
small production facility with
justa few employees to one of
the company’s most import-
ant locations.

www.lasercomponents.com

Dr Niels Syassen

tions in product develop-
ment at Bosch and at Dréger
Safety. He studied physics
with a focus on lasers, optics
and semiconductors at TU
Munich and Imperial Col-
lege in London. In 2008, he
received his doctorate from
the Max Planck Institute for
Quantum Optics.

www.sick.de

© 2021 Wiley-VCH GmbH
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Isra Vision: Founder and CEO Enis Ersu

retires

After 36 years at the helm of
Isra Vision, Enis Ersii retired
inJune 2021. A successor has
already been found in Tomas
Ludin for the vacant position
on the executive board.

Enis Ersi, a research assis-
tant at the time, founded Isra
Vision as a spin-off from TU
Darmstadt. The company
was one of the first to stra-
tegically focus its business
case on combining machine
vision with robotics and auto-
mation. This is reflected in
the name: Isra, which stands
for intelligent systems, robot-
ics, and automation.

After thefirst ten years, the
decisive step was taken with a
focus exclusively on machine
vision. Isra Vision has been
listed on the Frankfurt Stock
Exchange since 2000. Today,
the company has 25locations
in over 15 countries. More
than 850 employees gener-
ated sales of approximately
€129M (FY 2019/20). The
year before, sales were just
under €154 M.

“I have had the privilege
of working with a great team
for more than 36 years; I am
grateful to all my employees,
colleagues, customers and
partners who have accompa-

Enis ErsU (Source: Isra Vision)

nied me at many interesting
stages, and have supported
changes, strategic measures
and courageous decisions,’
says Ersii.

The company is currently
headed by a three-member
management team: Tomas
Lundin recently joined the
team. The board members
Hans Jirgen Christ and Dr
Johannes Giet continue their
appointments.

In addition, Ersii is con-
vinced that, with the takeover
by the Atlas Copco Group,
it has found a sustainable
industrial partner with which
Isra Vision can continue to
pursue the growth path it has
embarked upon.

Www.isravision.com

Jennifer Cable named president of Thorlabs

Thorlabs has announced
that Jennifer Cable has been
named president of Thor-
labs, a vertically integrated
manufacturer of photonics
equipment. Since its estab-
lishmentin 1989, Alex Cable,
her father, has served as both
president and chief executive
officer, growing a fledgling
startup, operating out of his
garage, into a thriving mul-
tinational organization that
employs over two thousand
individuals with sales and
manufacturing facilities in
nine countries. Alex will con-
tinue to guide the privately
held organization he founded
through his role as CEO.

© 2021 Wiley-VCH GmbH

Since joining the com-
pany in 2015, Jennifer has
held a variety of positions
that have leveraged her pre-
vious experience leading a
strategy team that developed
and executed strategic plans
for Horizon Blue Cross Blue
Shield, a major company in
the healthcare industry. Prior
to that, she earned an under-
graduate degree in philoso-
phy from Vassar College and
amaster’s degree in bioethics
from Columbia University,
and worked for Population
Services International in Laos
asaPrinceton-in-Asia Fellow.

“I'm thrilled to have an
opportunity to co-lead with

wwww.photonicsviews.com

Cornelia Denz takes office as PTB President

in 2022

Joachim Ullrich, whohasheld
the presidency since 2012, is
retiring due to age. Cornelia
Denz is no stranger to the
PTB (Physikalisch-Tech-
nischen Bundesanstalt) -
and vice versa. For many
years, she has been involved
inthe PTB’s board of trustees
and is therefore very famil-
iar with the tasks and objec-
tives of the federal institute.
“Tam very pleased about this
appointment,” says Denz. “I
will work to ensure that PTB,
with its far-reaching metrol-
ogy, will make a pioneering
contribution to the systemic
challenges of the upcoming
technical and societal trans-
formations.”

Her scientific career led
her from the TU Darm-
stadt, where she qualified as
a Professor with her thesis
on structure formation in
nonlinear optics, to the Uni-
versity of Miinster. There she
has headed up experimen-
tal physics with a focus on
applied physics since 2003.
She has also been director
of the Institute of Applied
Physics since 2004. Denz is
internationally known for her
work on complex light struc-
turing, which she applies in

my father the company he
founded. Even as a child, I
was aware of the fundamen-
tal values he instilled to guide
the organization - curiosity,
commitment to the sciences,
and loyalty to our customers
and employees,” commented
Jenn. “It’s my goal to continue
his vision as we look to build
on our 30+ years of success
and strong growth.”

“I remember fondly back
to the early days of Thorlabs
when I used to bring Jenn to
work with me,” noted Alex.
“Over the last few years,
I've enjoyed watching her
immerse herself in all areas
of the business, and since the

Source: WWU Muenster, E.Huelsheger

Prof Dr Cornelia Denz

nanophysics, biomedicine
and information technologies
together with her Nonlinear
Photonics research group.
From2010t02016, Denzwas
vice-rector for international
affairs and young scientists at
Miinster University.

Denz has received numer-
ous awards, including the
Lise Meitner Prize of the
State of Hesse. She has been
amember of the Academy of
Sciences and Arts of the State
of North Rhine-Westphalia
since 2014.

In thelong tradition of the
PTB (the predecessor institu-
tion, the Physikalisch-Tech-
nische Reichsanstalt, PTR,
was founded in 1887), Denz
will be the first woman to
hold the office of president
after fourteen presidents
before.

www.pth.de

Source: Thorlabs

Jennifer Cable

start of the pandemic, she’s
been a de-facto member of
our executive team, guid-
ing us through this crisis.
Her passion and dedication
to Thorlabs are equal to my

own.
www.thorlabs.com
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Laser Components USA: new general

manager appointed
Matt Robinson is the new

general manager and COO
of Laser Components USA,
Inc. He previously served as
sales director for five years.

Matt Robinson (l.), Gary Hayes
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The industrial engineer
has been with Laser Com-
ponents USA since 2006.
In 2016, he became sales
director. Overall, Robinson
has been in the photonics
industry for more than 30
years. Prior to Laser Com-
ponents, he was a product
manager and sales manager
for Corning Inc. and Schott

AG. Throughout his career,
he hasbuilta reputation as an
expertin pulsedlaser diodes,
avalanche photodiodes and
IR components, and LiDAR
technology.

Laser Components was
founded in 1982 as a one-
man company and is now
a group of companies with
sales offices and manufac-
turing facilities on both sides
of the Atlantic. Laser Com-
ponents USA, Inc. has been
responsible for sales, market-
ing and distribution in North
America since 2000. Its broad
portfolio includes IR compo-
nents, photodiodes, pulsed
laser diodes, laser modules
and laser optics. All these
products are manufactured
to customer specifications
within the group. The range
is supplemented by compo-
nents from selected suppliers
around the world.

www.lasercomponents.com

Lynred names Jean-Yves Dussaud as CMO

Lynred, a global provider
of high-quality infrared
detectors for the aerospace,
defense and commercial
markets, created two years
ago as a merger between Sof-
radir and Ulis, has appointed
Jean-Yves Dussaud as chief
marketing officer. His new
role is one of several strate-
gic moves the company has
undertaken to bring more
ambitious and innovative
value-added propositions to
its key markets.

Previously Mr Dussaud
was chief quality and risk
officer at Lynred. He has ten
years’ management experi-
ence within the firm, which
includes seven as a member
of the board. Prior to that, he
held B2B and B2B2C product
manager positions at interna-
tional firms Rieter (CH) and
ITW (US), accumulating
seven years international
marketing experience.
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Jean-Yves Dussaud

Jean-Francois Delepau,
chairman and CEO of Lynred
states: “Jean-Yves has the
leadership to enable us to
better tailor our offer to the
future needs of clients, who
are developing products in
emerging applications. The
whole company is geared
towards more market diver-
sification and to develop-
ing smaller footprint, val-
ue-added IR products in
greater volumes.”

www.lynred.com

Source: Lynred

Britta Schulz is interim board member of

LPKF

The supervisory board of
LPKF has chosen Britta
Schulz as temporary board
member to serve the inter-
ests of the company and its
shareholders and provide
CFO Christian Witt with the
support he needs until a new
CEO isappointed. Both Witt
and Schulz have commercial/
business professional back-
grounds.

“I appreciate the trust
placed in me and look for-
ward to an exciting time in
a dual function as head of
the business unit Develop-
mentQuipment and member
of the management board,”
says Schulz. The manager
started her career at LPKF 25
years ago. Since that time, she
has garnered a great deal of
respect — in the “LPKF fam-
ily” as well as among custom-
ersand suppliers. In 1996, she
joined the company - already
ahigh-tech firm at that time.
She assumed responsibility

Britta Schulz (Source: LPKF)
for sales and marketing in
the development segment in
2004 and has been heading
up thisbusiness segment with
great success since 2010.
For Schulz, there is no
question as to how she can
combine the two task areas
ashead ofabusiness segment
and member of the manage-
ment board in a personal
union: “Organizationally,
we will ensure that despite
my dual role during this time,
all processes will continue
running optimally,” Schultz
assures.
www.Ipkf.de

CFO Kathrin Dahnke leaves Osram board

The supervisory board of
Osram and CFO Kathrin
Dahnke agreed to terminate
her contract on June 30 by
mutual agreement. With the
planned delisting of Osram
Licht AG, which is expected
to be implemented by the end
of June, major functions of
the Osram CFO will become
superfluous. Kathrin Dahn-
ke’s other responsibilities will
be taken over by CEO Ingo
Bank, whoisalso CFO at the
parent company AMS.
Supervisory board chair-
man Dr Thomas Stockmeier
thanked her for her import-
ant contribution. “Kathrin
Dahnke did an outstand-
ing job during the transi-
tion period of the past year.
Thanks to her the integration
of Osram and ams can pro-
ceed so efficiently,” Stock-
meier explained. “Kathrin
Dahnke kept both the inter-
ests of the shareholders and

the overall good of the com-
pany in mind during the
complex processes.”

Since taking office in April
2020, Dahnke contributed to
the advanced realignment of
the industrial group from a
traditional lighting manufac-
turer to an innovative high-
tech champion. She was in
charge of the preparatory
measures for the domination
and profit and loss transfer
agreement by ams, which was
approved by the shareholders
with a large majority at the
beginning of November.

Actions during her term
consisted of hundreds of
operational and financial
measures across all busi-
ness units and generated an
earnings effect of more than
€50 M and a free cash flow
lift of € 132 M in the past fis-
cal year.

www.osram.com

© 2021 Wiley-VCH GmbH
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Product of the Month

Products I

Compact 8 ps laser for precision micromachining

Manufacturer: Novanta/Laser Quantum.
Product: Reliable 8 ps laser “Dart” for
high precision processing like micro-drill-
ing and cutting in a range of materials
from PCBs to probe cards, and glass to
stainless steel.

Features: The laser displays beam
roundness over a large depth of field,
>93 % over +3 Rayleigh lengths. Thus,
high aspect ratio and symmetric features
can be achieved with zero taper and a
smooth surface finish.

The laser has been specifically engi-
neered for OEM users and offers a
straightforward integration pathway
with one single supplier for both laser
and scanning sub-systems. As standard,
“Dart” features precision boresighting
specifications that reduce the complexity

) ovanta

Engineered by Laser Quantum & ARGES

of optical alignment during installation.
With a ruggedized, compact design, re-
liable pointing stability, and repeatable
beam characteristics from laser to laser,
Dart delivers high-quality picosecond

Particle measuring using lasers

Manufacturer: Laser Quantum.

Supply: Lasers “gem 532 nm” and “opus
532 nm” for industrial applications like
particle measurement.

Background: In a semiconductor wafer
fabrication process, particle measure-
ment is used to ensure that chemical,
cooling and cleaning fluids are free from
contaminants. Liquid particle measuring
is performed by specialist instrumen-
tation that can be integrated into the
production line. Such instruments are
equipped with high power lasers that
deliver a balance of high power and low
noise in a compact, high reliability plat-
form. Laser Quantum has a long heritage
in developing lasers with just these fea-
tures. Using patented high performance
cavity technology, the lasers maintain
constant low noise over long periods of

time - one of the key characteristics in
maintaining very low false positives within
the particle measurement process.
Features: Ease of integration is a key
design feature across all products of the
manufacturer. Both “gem” and “opus’-
families feature a small form factor, high
wall plug electrical efficiency and deliver
distinct benefits in thermal management.
All enhanced by an advanced air cooling
system enabling the lasers to be used in
environments where water cooling is not
permitted or feasible. The lasers feature
an advanced integrated power feedback.
Thus, the laser is able to intelligently main-
tain and optimize its own power levels in
order to maintain beam specification with
no power fluctuations, making them truly
the laser of choice for high reliability, 24/7
system integrated applications.

Image and surface analysis software

Manufacturer: Digital Surf.

Supply: Major new release of the “Moun-
tains 9" software platform for image and
surface analysis in microscopy and me-
trology. With version 9 comes a new
branch of the software, “"MountainsSpec-
tral”, for correlation and spectroscopy
analysis, as well as several new optional
modules, new file formats and many new
features. New features include a new-
look interface, surface texture analysis
on freeform surfaces (shells) and analysis
of multi-channel cubes of compositional
data.

Features: The new version notably ex-
tends the platform in two directions:

© 2021 Wiley-VCH GmbH

full three-dimensional data analysis and
spectral analysis. As far as 3D data anal-
ysis is concerned, the addition of surface
texture parameters on freeform surfaces
now makes it possible to calculate rough-
ness on any type of non-planar part, even
on very complex shapes. New spectral
analysis features provide solutions for
correlative microscopy and the combin-
ing of chemical mapping and microscopic
surface texture. Together, full-3D views
and spectral mapping allow the visualiza-
tion and analysis of multi-channel voxel
cubes and I(V) spectroscopy data cubes.
Three new modules also make their de-
butin the version 9 release: “Shell Topog-

laser cutting and drilling even in tough
industrial environments.

The laser is compatible with the portfolio
of scan heads to maximise optical param-
eters and throughput whilst maintaining
precision. The sales engineers may tailor
solutions to the customers’ applications
and can provide complete sub-systems
focussed on the customers' specific re-
quirements.

Laser Quantum,
A Novanta Company

Emery Court, Vale Road
Stockport, SK4 3GL, England
phone: +44 161 975 5300

e-mail: sales@laserquantum.com
Web: www.laserquantum.de

) Novanta

Laser Quantum

Laser Quantum,
A Novanta Company

Emery Court, Vale Road
Stockport, SK4 3GL, England
phone: +44 161 975 5300

e-mail: sales@laserquantum.com
Web: www.laserquantum.de

raphy” brings surface texture analysis
to freeform surfaces (shells); “Chemical
cubes” is designed for the visualization
analysis of multi-channel cubes of com-
positional data; “IV Spectroscopy” allows
SPM investigation of electrical surface
properties including 3D visualization of
datacubes and individual IV curve anal-
ysis (including CITS).

Digital Surf

16 rue Lavoisier

25000 Besancon, France
phone: +333 815048 00
e-mail: contact@digitalsurf.com
Web: www.digitalsurf.com
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Improving long-distance quantum communication

Dual band stabilization technique cancels the problem of temperature and strain fluctuations

The Cambridge Research Laboratory
of Toshiba Europe recently announced
the first successful demonstration of
quantum communications over optical
fibers exceeding six hundred kilometers
inlength. The breakthrough will enable
long distance quantum-secured infor-
mation transfer between metropolitan
areas and is a major advance towards
building the future Quantum Internet.
This future global network of quantum

wavelength is used to cancel the rapidly
varying fluctuations, while the second
wavelength, at the same wavelength as
the optical qubits, is used for fine adjust-
ment of the phase. After deploying these
new techniques, Toshiba found it is pos-
sible to hold the optical phase of a quan-
tum signal constant to within a fraction
of a wavelength, with a precision of tens
of nanometers, even after propagation
through hundreds of kilometers of fiber.

First demonstration of quantum communications over optical fibers exceeding 600 km

in length. (Source: Toshiba)

computers will be connected by long dis-
tance quantum communication links. It
is expected to allow the ultrafast solu-
tion of complex optimization problems
inthe cloud, a more accurate global tim-
ing system and highly secure communi-
cations across the globe. Several large
government initiatives to build a quan-
tum internet have been announced, for
example in the US, EU and China.
One of the most difficult techno-
logical challenges in building the quan-
tum internet is the problem of how to
transmit quantum bits over long opti-
cal fibers. Small changes in the ambient
conditions, such as temperature fluctu-
ations, cause the fibers to expand and
contract, thereby scrambling the frag-
ile qubits, which are encoded as a phase
delay of a weak optical pulse in the fiber.
Now, Toshiba has demonstrated
record distances for quantum communi-
cations by introducing a novel dual band
stabilization technique. This sends two
optical reference signals, at different
wavelengths, for minimizing the phase
fluctuations on long fibers. The first

PhotonicsViews 4/2021

Without cancelling these fluctuations in
real time, the fiber would expand and
contract with temperature changes,
scrambling the quantum information.

The first application for dual band
stabilization will be for long distance
quantum key distribution (QKD).
Commercial QKD systems are limited
toaround 100 - 200 km of fiber. In 2018,
Toshiba proposed the twin field QKD
protocol asa way to extend the distance,
and tested its resilience to optical loss
using short fibers and attenuators. By
introducing the dual band stabilization
technique, Toshiba has now imple-
mented twin field QKD on long fibers
and demonstrated QKD over 600 km,
for the first time. “This is a very exciting
result,” says Mirko Pittaluga. “With the
new techniques we have developed, fur-
ther extensions of the communication
distance for QKD are still possible and
our solutions can also be applied to other
quantum communications protocols
and applications”.

Andrew Shields, head of the quan-
tum technology division at Toshiba

Europe remarks, “QKD has been used
to secure metropolitan area networks in
recent years. This latest advance extends
the maximum span of a quantum link,
so that it is possible to connect cities
across countries and continents, with-
out using trusted intermediate nodes.
Implemented along with Satellite QKD,
it will allow us to build a global network
for quantum secured communications.”
Taro Shimada, corporate senior vice
president and chief digital officer of
Toshiba reflects, “With this success in
quantum technology, Toshiba is willing
to further expand its quantum business
with rapid speed. Our vision is a plat-
form for quantum information technol-
ogy services, which will not only enable
secure communication ona global scale,
but also transformational technologies
such as cloud-based quantum comput-
ing and distributed quantum sensing.”

The work was partially funded by
the EU through the H2020 project,
OpenQKD. The team is now engineer-
ing the proposed solutions to simplify
their future adoption and deployment.
This latest development follows the
announcement last year that BT and
Toshiba had installed the UK’s first
industrial quantum-secure network.
Transmitting data between the National
Composites Centre (NCC) and the Cen-
tre for Modelling & Simulation (CFMS),
Toshiba’s multiplexing compatibility
allows the data and the quantum keys
to be transmitted on the same fiber,
eliminating the need for costly dedicated
infrastructure for key distribution. The
combined arrival of multiplexed QKD
using existing infrastructure for shorter
distances, alongside twin field QKD for
longer distances, paves the way for a
commercially viable global quantum-
secure network.

QKD allows users to securely
exchange confidential information over
an untrusted communication channel. It
does that by distributing to the intended
users a common secret key that can be
used to encrypt, and thus protect, the
information exchanged over the com-
munication channel.

Reference: M. Pittaluga et al.: 600-km repeat-
er-like quantum communications with du-
al-band stabilization, Nat. Phot. 15, 530 (2021);
DOI: 10.1038/s41566-021-00811-0

www.quantum.toshiba.co.uk
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Prototype of a quantum microscope

Quantum entanglement provides 35 % improved clarity without destroying the living cell

University of Queensland researchers
have created a quantum microscope
that can reveal biological structures
that would otherwise be impossible to
see. This paves the way for applications
in biotechnology, and could extend far
beyond this into areas ranging from
navigation to medical imaging. The
microscope is powered by the science
of quantum entanglement.

Warwick Bowen from UQ’s Quantum
Optics Lab said it was the first entangle-
ment-based sensor with performance
beyond the best possible existing tech-
nology. “This breakthrough will spark
all sorts of new technologies — from
better navigation systems to better MRI
machines,” he said. “Entanglement is
thought to lie at the heart of a quantum
revolution. This is the first proof of the
paradigm-changing potential of entan-
glement for sensing,” Bowen added.

A major success of the team’s quan-
tum microscope is its ability to cata-
pult over a hard barrier in traditional
light-based microscopy. “The best light
microscopes use bright lasers that are
billions of times brighter than the sun,”
Bowen said. “The quantum entangle-
ment in our microscope provides 35 %
improved clarity without destroying the

www.photonicsviews.com

Catxere Casacio, Warwick Bowen, and Lars Madsen (l. t. r.; source: U. Queensland)

cell, allowing us to see minute biological
structures that would otherwise be invis-
ible. The benefits are obvious - from a
better understanding of living systems,
to improved diagnostic technologies.”
Bowen said there were potentially
boundless opportunities for quantum
entanglement in technology. “Entangle-
ment is set to revolutionize computing,
communication and sensing,” he said.

“The last piece in the puzzle was sens-
ing, and we have now closed that gap.
This opens the door for some wide-rang-
ing technological revolutions”, Bowen
explained. (Source: U. Queensland)

Reference: C. A. Casacio et al.: Quantum-en-
hanced nonlinear microscopy, Nature 594, 201
(2021); DOI: 10.1038/541586-021-03528-w

https://equs.org

Quantum encryption goes out of the lab

Field trial shows simple QKD system works with existing telecommunication network.

In a new study, researchers have demon-
strate an automated, easy-to-operate
quantum key distribution (QKD) sys-
tem using the fiber network in the city
of Padua, Italy. The field test represents
animportant step toward implementing
this highly secure quantum communi-
cation technology using the type of
communication networks already in
place in many regions around the world.

The researchersled by Paolo Villoresi
and Giuseppe Vallone report that their
simple system is stable over time and can
generate quantum-secure cryptographic
keys at sustained rates over a standard
telecommunications infrastructure.
“QKD systems usually require a complex
stabilization system and additional ded-
icated synchronization hardware,” said
Marco Avesani from Universita degli
Studi di Padova. “We developed a com-

© 2021 Wiley-VCH GmbH

plete QKD system that can be directly
interfaced with standard telecom equip-
ment and doesn’t require additional
hardware for synchronization.”

To produce the quantum states
required by QKD, the researchers devel-
oped a new encoder for manipulating
the polarization of single photons. The
encoder, which the researchers call
iPOGNAC, provides a fixed and sta-
ble polarization reference that does not
require frequent recalibration.

The researchers also developed a
new synchronization algorithm, which
they call Qubit4Sync, to synchronize the
machines of the two QKD users. Rather
than using dedicated additional hard-
ware and an added frequency channel
for synchronization, the new system
uses software and the same optical sig-
nals being used for QKD. This makes
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The entire transmitter for the new QKD system fits in a
19-inch rack enclosure. (Source: L. Calderaro, U. Padova)

the system smaller, cheaper, and easier
to integrate into an existing optical net-
work. (Source: OSA)

Reference: M. Avesani et al.: Resource-effective
quantum key distribution: a field trial in Padua
city center, Opt. Lett. 46, 2848 (2021); DOI:
10.1364/0L.422890
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Light-shrinking material for higher resolution

New material turns a conventional light microscope into a super-resolution microscope

Electrical engineers at the University of
California San Diego have developed a
technology that improves the resolution
of an ordinary light microscope so that
it can be used to directly observe finer
structures and details in living cells.

The metamaterial mounted on the stage of an inverted
microscope. (Source: . Zhao)

L

The technology turns a conventional
light microscope into what is called a
super-resolution microscope. It involves
a specially engineered material that
shortens the wavelength of light asitillu-
minates the sample - this shrunken light
is what essentially enables the micro-
scope to image in higher resolution.
“This material converts low resolu-
tion light to high resolution light,” said
Zhaowei Liu, a professor of electrical and
computer engineering at UC San Diego.
“It’s very simple and easy to use. Just

place a sample on the material, then put
the whole thing under a normal micro-
scope — no fancy modification needed”
The work overcomes a big limitation of
conventional light microscopes: low res-
olution. Light microscopes are useful for
imaging live cells, but they cannot be
used to see anything smaller. Conven-
tional light microscopes have a resolu-
tion limit of 200 nanometers, meaning
that any objects closer than this distance
will not be observed as separate objects.
And while there are more powerful tools
out there such as electron microscopes,
which have the resolution to see sub-
cellular structures, they cannot be used
to image living cells because the sam-
ples need to be placed inside a vacuum
chamber.

“The major challenge is finding one
technology that has very high resolution
and is also safe for live cells,” said Liu.
The technology that Liu’s team devel-
oped combines both features. With it,
a conventional light microscope can be
used to image live subcellular structures
with a resolution of up to 40 nanome-
ter. The technology consists of a micro-
scope slide that’s coated with a type of
light-shrinking material called a hyper-
bolic metamaterial. Itis made up of nano-
meters-thin alternating layers of silver
and silica glass. As light passes through,
its wavelengths shorten and scatter to

generate a series of random high-reso-
lution speckled patterns. When a sample
is mounted on the slide, it is illuminated
in different ways by this series of speck-
led light patterns. This creates a series
of low resolution images, which are all
captured and then pieced together by a
reconstruction algorithm to produce a
high resolution image.

The researchers tested their technol-
ogy with a commercial inverted micro-
scope. They were able to image fine
features, such as actin filaments, in flu-
orescently labeled Cos-7 cells —features
that are not clearly discernible using just
the microscope itself. The technology
also enabled the researchers to clearly
distinguish tiny fluorescent beads and
quantum dots that were spaced 40 to 80
nanometers apart. The super resolution
technology has great potential for high
speed operation, the researchers said.
Their goal is to incorporate high speed,
super resolution and low phototoxicity
in one system for live cell imaging. Liu’s
team is now expanding the technology
to do high resolution imaging in three-
dimensional space. (Source: UCSD)

Reference: Y. U. Lee et al.: Metamaterial assisted
illumination nanoscopy via random super-reso-
lution speckles, Nat. Commun. 12, 1559 (2021);
DOI: 10.1038/s41467-021-21835-8

www.zhaowei.us

A photonic twin of Michelangelo’s David

Laser-scanned and 3D-printed art piece for Expo Dubai

A 3D printed replica of Michelangelo’s
famous David sculpture, reproduced
with the use of scanning technology by
Hexagon, was unveiled in May during
a ceremony at the Italy Pavilion at Expo

" L

3D-printed replica of Michelangelo’s David, reproduced
with the use of scanning technology (Source: Hexagon)
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2020 Dubai. The so-called David Twin
will be the centerpiece of the pavilion’s
Theater of Memory.

The project to create the replica posed
numerous challenges, not least due to the
scale of the original, which stands at over
seven metres tall and weighs more than
five tons. Scanning this iconic sculpture
took two people 10 days to complete.
Two Hexagon technologies, an AICON
StereoScan neo structured light scanner
and a Leica Absolute Tracker with hand-
held scanner, were used to ensure opti-
mum accuracy while managing the scale
of the challenge.

The mix of these two technologies
was critical to achieve the best result;
the laser tracker, which is typically used

to measure precision aerospace compo-
nents, is able to give high accuracyacross
large areas and the structured light scan-
ner is able to achieve even higher resolu-
tion when focused on small areas. This
instrument was used for the particularly
detailed elements of the sculpture such
as the face and hands. By combining
these technologies, the team was able
to achieve the optimum compromise of
scale and resolution.

Nevertheless, there were a number of
additional challenges to overcome. For
example, an 80cm distance was required
between the scanner and the statue to
achieve optimum detail. This was par-
ticularly tricky when trying to capture
intricate parts. Additionally, given the

© 2021 Wiley-VCH GmbH



height of the David, the scanners had to
be mounted on a stair and raised, after
which the team would analyze the pic-
ture to check for resolution and accuracy,
and repeat if necessary.

Following David’s appearance at the
Expo, the digital twin created by the scan-
ning process will be analyzed to derive
additional learnings. The extraordinary
detail of the data reveals, for example,
the effects of acid rain and dust, and
even traces of the different tools used to
create it. This information can be used
by experts and restorers to preserve the

David, and other iconic art pieces, by
anticipating and preventing degradation.

It is also recognized that there may
be opportunities for future, more accu-
rate scans of the David and other iconic
art pieces. This latest project follows a
similar one completed by Stanford Uni-
versity in 1999, which took one month
and 22 people to achieve a lower reso-
lution scan. As technology advances it’s
hoped that an even higher level of detail
can be achieved.

“Scanning David presented a num-

>

ber of challenges,” says Cesare Cassani,

A new way to make VR glasses

Combining freeform optics and a metasurface to avoid the effect of bug eyes

Consumers are looking for AR/VR
glasses that are compact and easy to
wear, delivering high-quality imagery
with socially acceptable optics that don't
looklike ‘bug eyes’ University of Roches-
ter researchers at the Institute of Optics
have come up with a novel technology to
deliver those attributes with maximum
effect. They combined freeform optics
with a nanophotonic metasurface.

The metasurface is a veritable forest
of tiny, silver, nanoscale structures on
a thin metallic film that conforms, in
this advance, to the freeform shape of
the optics - realizing a new optical com-
ponent the researchers call a metaform.
The metaform is able to defy the con-
ventional laws of reflection, gathering
the visible light rays enteringan AR/VR
eyepiece from all directions, and redi-
recting them directly into the human eye.

Nick Vamivakas, a professor of quan-
tum optics and quantum physics, likened
the nanoscale structures to small-scale
radio antennas. “When we actuate the
device and illuminate it with the right
wavelength, all of these antennas start
oscillating, radiating a new light that
delivers the image we want downstream.”
“Writing metasurfaces on freeform
optics is creating an entirely new type
of optical component,” says Jannick Rol-
land, director of the Center for Freeform
Optics. “Thiskind of optical component
can be applied to any mirrors or lenses,
so we are already finding applications
in other types of components such as
sensors and mobile cameras”

The goal is to direct the visible light
entering the AR/VR glasses to the eye.
The new device uses a freespace optical

© 2021 Wiley-VCH GmbH
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automation technologies and portable
systems manager, Hexagon’s Manufac-
turing Intelligence division. “Not only
was the scale enormous, but the time
constraints were also tight, and we had
to overcome a number of obstacles as
we wentalong. Specific parts such as the
inside of the hands, and underneath the
bent arm, for example, proved particu-
larly challenging, as well as capturing
all the dents and imperfections that the
David has incurred over the years.”
www.hexagonmi.com

Microdisplay and
Relay Optics

Metaform
Combiner

Freeform
Optic

A metaform is a new optical component to create the next generation of AR/VR head-
sets and eyewear. (Source: M. Osadciw, U. Rochester)

combiner to help do that. However, when
the combiner is part of freeform optics
that curve around the head to conform
to an eyeglass format, not all of the light
is directed to the eye. Freeform optics
alone cannot solve this specific chal-
lenge. That is why the researchers had
to leverage a metasurface to build a new
optical component.

“Integrating these two technologies,
freeform and metasurfaces, under-
standing how both of them interact
with light, and leveraging that to get a
good image was a major challenge,” says
Daniel Nikolov, an optical engineer in
Rolland’s research group. Another obsta-
cle was bridging “from macroscale to
nanoscale,” Rolland says. The actual
focusing device measures about 2.5 mm
across. But even that is 10,000 x larger
than the smallest of the nanostructures
imprinted on the freeform optic.

“Fromadesign standpoint, that meant
changing the shape of the freeform lens
and distributing the nanostructures on
the lens in a way that the two of them
work in synergy, so you get an optical
device with a good optical performance,’
Nikolov says. This required a way to cir-
cumvent the inability to directly specify
metasurfaces in optical design software.
In fact, different software programs were
used to achieve an integrated metaform
device.

The researchers used a JEOL elec-
tron-beam lithography (EBL) machine
at the University of Michigan’s Lurie
Nanofabrication Facility.

Reference: D. K. Nikolov et al.: Metaform optics:
Bridging nanophotonics and freeform optics,
Sci. Adv. 7, eabe5112 (2021); DOI: 10.1126/
sciadv.abe5112

www.hajim.rochester.edu/optics
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An industry first VCSEL line beam transmitter for LiDAR

Focuslight introduces module for automotive applications

Focuslight Technologies, a global pro-
vider of high power diode lasers and
micro optics, has announced the Focus-
Flux LX01 VCSEL line beam transmitter
module. An industry first, the transmit-

“Compared with line beam transmit-
ter modules based on EEL edge-emitting
laser, the FocusFlux LX01 transmitter
has core advantages of high-reliability,
smaller wavelength temperature shift

FocusFlux LX01 (Source: Focuslight)

ter combines a multijunction, high peak
power 905 nm VCSEL with unique opti-
cal beam shaping technology to produce
avery uniform line beam (>80 %) with
FA divergence of <0.15° (horizontal)
and SA divergence of 23° (vertical FOV,
customizable). The slow axis divergence
angle and energy distribution within the
FOV can be customized on request.

coefficient, lower sealing requirements,
and overall lower cost at high volumes,”
said Kenneth Ferree, VP of sales and
marketing at Focuslight Technologies.
“With an APD array or the new SPAD/
SIPM linear array as the lidar detector,
the resulting lidar system can achieve
high beam density, high resolution, and
longer detection range. It is a preferred

light source for next-generation line
beam scanning lidar”

The FocusFlux LX01 line beam
transmitter is the newest addition to
Focuslight’s lidar TX L line beam prod-
uctline. The overall dimensions are 50.9
x 47.9 x 78.9 mm. The optical power is
200 W, which can be used for new proj-
ect optical performance evaluation and
concept or prototype development.

Part of the Focuslight FocusFlux
Series, the FocusFlux LX01 line beam
transmitter is designed with special
materials and an assembly process that
meets automotive grade reliability, pro-
duction, and quality requirements. It is
able to lase as usual under high tempera-
ture (+80 °C) and low temperature (-40
°C), as defined and required by auto-
motive standards. This enables users to
comply with automotive requirements at
asystem level. Focuslight isTATF 16949
certified and can provide mass produc-
tion services and technical solutions for
automotive customers.

Further reading: D. Hauschild & D. Braam: Ac-
curate beam shapes for efficient lidar: Defined
light distribution and wide-angle illumination
requirements in automotive light detection and
ranging, PhotonicsViews 18(3), June/July 2021;
DOI: 10.1002/phvs.202100044

www.focuslight.com

Scalable manufacturing of integrated frequency combs

CMOS technology allows wafer-scale manufacturing of chip-scale optical frequency combs

Optical frequency combs consist of light
frequencies made of equidistant laser
lines. They have already revolutionized
the fields of frequency metrology, tim-
ing and spectroscopy. The discovery
of soliton microcombs by Tobias Kip-
penberg’s lab at the Swiss Federal Insti-
tute of Technology (EPFL) in the past
decade has enabled frequency combs to
be generated on chip. In this scheme, a
single-frequency laser is converted into
ultrashort pulses, the dissipative Kerr
solitons. Soliton microcombs are chip-
scale frequency combs that are compact,
consume low power, and exhibit broad
bandwidth. Combined with the large
spacing of comb teeth, microcombs are
uniquely suited for a wide variety of
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applications, such as terabit-per-second
coherent communication in data cen-
ters, astronomical spectrometer calibra-
tion for exoplanet searches and neuro-
morphic computing, optical atomic
clocks, absolute frequency synthesis,
and parallel coherent lidar.

Yet, one outstanding challenge is the
integration oflaser sources. While micro-
combs are generated on-chip via para-
metric frequency conversion, the pump
lasers are typically off-chip and bulky.
Integrating microcombs and lasers on
the same chip can enable high-volume
production of soliton microcombs using
well-established CMOS techniques
developed for silicon photonics, however
this has been an outstanding challenge

for the past decade. For the nonlinear
optical microresonators, where soliton
microcombs are formed, silicon nitride
has emerged as the leading platform due
to its ultralow loss, wide transparency
window from visible to mid-infrared,
absence of two-photon absorption,
and high power-handling capabil-
ity. But achieving ultralow-loss Si3N4
microresonators is still insufficient for
high-volume production of chip-scale
soliton microcombs, as co-integration
of chip-scale driving lasers is required.

Fifteen years ago, John Bowers’slab at
University of California, Santa Barbara,
pioneered a method for integrating semi-
conductor lasers onto a silicon wafer.
Sincesilicon has an indirect bandgap and
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cannot emitlight, scientists bond indium
phosphide semiconductors on silicon
wafers to form laser gain sections. This
heterogeneous integration laser tech-
nology has now been widely deployed
for optical interconnects to replace the
copper-wire ones that linked servers at
data centers. This transformative laser
technology has already been commer-
cialized, and Intel ships millions of
transceiver products per year. The two
labs now demonstrate the first heterog-
enous integration of ultralow-loss Si;N,
photonic integrated circuits and semi-
conductor lasers through wafer-scale
CMOS techniques.

The method is mainly based on
multiple wafer bonding of silicon and
indium phosphide onto the Si,N, sub-
strate. Distributed feedback (DFB) lasers
are fabricated on the silicon and indium
phosphide layers. The single-frequency

output from one DFB laser is delivered
to a Si,N, microresonator underneath,
where the DFB laser seeds soliton micro-
comb formation and creates tens of new
frequencylines. This wafer-scale hetero-
geneous process can produce more thana
thousand chip-scale soliton microcomb
devices from a single 100-mm diameter
wafer, lending itself to commercial-level
manufacturing. Each device is entirely
electrically controlled. Importantly,
the production level can be further
scaled up to the industry standard 200
or 300-mm-diameter substrates. “Our
heterogenous fabrication technology
combines the three mainstream inte-
grated photonics platforms, namely
silicon, inidium phosphate and Si;N,,
and can pave the way for large-volume,
low-cost manufacturing of chip-based
frequency combs for next-generation
high-capacity transceivers, data centers,

www.photonicsviews.com

Areal of hundreds of semiconductor lasers and silicon
nitride microresonators. (Source: C. Xiang, UCSB)

sensing and metrology; says EPFLs Jun-
qiu Liu.

Reference: C. Xiang et al.: Laser soliton micro-
combs heterogeneously integrated on silicon,
Science 373,99 (2021);

DOI: 10.1126/science.abh2076

www.epfl.ch/labs/Imsc/qct/
https://optoelectronics.ece.ucsh.edu

Microlight3D selected for “cool” project

Manufacturer of two-photon polymerization systems helps concrete buildings to cool down naturally

Microlight3D, a specialty manufacturer
of high-resolution microscale 2D and
3D printing systems, has been awarded
FET-Open European funding to develop
microstructured concrete that will trans-
form a building’s capacity to cool down
itself. This nanotechnology project, led
by “Photonic Metaconcrete with Infra-
red Radiative Cooling capacity for Large
Energy Savings” (MIRACLE) - a Euro-
pean consortium of TU Darmstadt (Ger-
many), Universidad Publica de Navarra
(Pamplona, Spain), Fundacion Tecnalia
Research & Innovation (San Sebastian,
Spain), Katholieke Universiteit Leuven
(Belgium), Politecnico di Torino (Italy)
and Microlight3D - has the potential to
revolutionize the construction industry
and considerably lower the impact con-
crete buildings have on the environment.

“By using microstructured concrete,
buildings will be able to cool down natu-
rally and thereby reduce the ‘urban heat
islands’ that build up in cities during
summer heatwaves, which can make
these spaces unbearable,” said Denis Bar-
bier, co-founder & CEO of Microlight3D.
“This structural building material, which
can cool down by itself, will also reduce
the energy consumption used for air con-
ditioning and benefit the climate by low-
ering CO, emissions.” The consortium
selected Microlight3D for the ability of
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The first microstructured concrete sample

its 3D microprinting technology to create
microstructures at ultrahigh resolution,
in materials rigid enough that they can
be used as molds for concrete and create
microtopographies.

In this project, Microlight3D will use
its two-photon polymerization technol-
ogy to create microstructures which will
be used as molds for concrete. This will
allow steel microfibers to be inserted
inside the microtopography variations
created at the surface. In doing so, the
concrete will be transformed into a pho-
tonic metamaterial, converting the solar
heat into infrared wavelengths that are

(Source: Microlight3D)

then re-emitted. The ‘photonic meta-
concrete’ is thereby able to expel heat
from buildings into outer space without
consuming any extra energy.
“Microlight3D is proud to participate
in a project aimed at creating cities that
are more pleasant to live in and more
respectful of the environment,” said
Philippe Paliard, co-founder and head of
users and applications at Microlight3D.
“It is exciting to see that our two-pho-
ton polymerization technology can offer
solutions to, and have a real impact on,
combatting environmental issues.”
www.microlight.fr

PhotonicsViews 4/2021

21



I Communications

Glass and transparent objects become visible to

machines

New 3D sensor scans transparent objects - conceivable applications in robotics

A new measurement method for 3D
shape acquisition has been developed
by researchers at the Fraunhofer Insti-
tute for Applied Optics and Precision
Engineering IOF. With their “MWIR-3D
sensor’, they can scan objects three-di-
mensionally, regardless of whether they
are made of transparent plastic or glass.
Even objects with shiny metallic or jet-

“Glass360Dgree": First MWIR 3D system for checking
Glasele in optics manufacturing (Source: Fh. IOF)

22

black surfaces can be detected without
any difficulties. Combining different
materials is also no problem for the new
3D infrared sensor. In the field of 3D
sensor technology, this degree of flex-
ibility in the properties of the object is
a first.

Until now, if you wanted to measure
reflective, transparent or black surfaces
accurately with conventional 3D scan-
ners, you first had to treat their surface
for this purpose. This means that the
objects were temporarily coated with
varnish for the measurement. After the
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Laboratory setup to demonstrate the MWIR 3D measuring principle (Source: Fh. IOF)

scan, this usually had to be removed
again at great effort. This invention will
make thisimpractical and time-consum-
ing treatment of the object superfluous
in the future. Due to the size of the mea-
suring field as well as the resolution and
speed, the method is also suitable for
quality control in production processes
or for applications in automation.

This is possible because research-
ers at the Fraunhofer Institute in Jena
have succeeded in making thermal
radiation usable for 3D measurement.
The researchers therefore refer to this
method as “3D sensing in the thermal
infrared range”. At the heart of the system
is a high-energy CO, laser with which
the objects are irradiated.

Using special lenses for high power
densities, the laser beam is expanded
into a line that vertically illuminates
the entire object. For a high-resolution
measurement result, this line is moved
over the object in a specially coordinated
sequence. The energy of the laser light
is absorbed by the measured object and
partially re-emitted.

Combination of thermography
and triangulation

Two thermal imaging cameras analyze
the thermal signature left by the narrow
and intense infrared line on the object
from two different perspectives. After-
wards, a software developed in-house
calculates spatial pixels from the infor-
mation of the two viewing angles and
merges them into the exact dimensions
of the measured object.

The thermal energy introduced for
the 3D analysis is so low that the object
is not damaged. The temperature dif-
ference between heated and non-heated
surfaces is typically less than 3 °C. For
this reason, the method is also suitable
for sensitive materials.

“By switching from a full-surface
thermal pattern to a narrow thermal
strip, we have succeeded in advancing
the technology in such a way that we
can meet the requirements placed on
a 3D sensor in industrial use,” empha-
sizes Martin Landmann, a researcher of
the imaging and sensing department at
Fraunhofer IOF. Together with his team
and a group of researchers of the innova-
tion alliance “3Dsensation”, he has been
working on the system since 2017.

“With adaptive mirror optics, we have
succeeded in focusing the power of the
laser on a much smaller surface, thus
providing the necessary contrast for the
thermal imaging cameras much faster.
Only this made it possible to achieve an
accuracy of less than 10 pm for the 3D
coordinates with a field of view width of
160 mm,” he explains.

Following the successful scientific
demonstration of the new measurement
method, the researchers are now work-
ing intensively to make the measurement
principle ready for the market: “For us,
itis now a matter of transferring the sys-
tem from thelaboratory to practical use,”
explains Landmann.

In addition to optimizing the method
for various measurement scenarios and
applyingitin industrial plants, the team
led by Landmann and group leader Dr
Stefan Heist is working on a system for
use in robotics. This system focuses on
transforming the laboratory setup into a
prototype that is as compact and robust
as possible. In this way, robots can be
enabled to recognize and grasp trans-
parent objects.

The firstapplication-oriented system
that uses this MWIR 3D measuring prin-
ciple is “Glass360Dgree”. The system is
specially designed for checking glass ele-
ments in optics production and is also
intended to be used by research partners
to test how the measurement process can
be integrated into a variety of robotic
processes.

www.iof.fraunhofer.de
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Christoph Garbe becomes a member of the EMVA

board of directors

Tribute to Gabriele Jansen after two decades of engagement

The members of the EMVA have elected
Dr Christoph Garbe, CEO at HD Vision
Systems, to the association’s board of
directors with a clear majority. The phys-
icist with a doctorate and habilitation
in computer vision will now represent
the EMVA externally together with his
board colleagues. “I am grateful for the
trust that the members of the EMVA have
placed in me. In the next three years, I
would therefore like to fully commit
myselfto their interests,” Garbe rejoices.

He would like to use his term of office
to bring new developments in Machine
Vision even more strongly into industrial
application. To this end, he would like to
build bridges to new technologies: Garbe
plans to make the EMVA more acces-
sible to young companies and startups
through various formats. This forms a
missing link between leading interna-
tional research institutions as a breading
ground for innovation, often spawning
startups, and established innovative
companies within the EMVA. Activ-
ities to this end will bring significant
added benefit to all members and lay
the ground for continued growth of the
EMVA.

Within the umbrella of collaboration,
innovation will also to be strengthened
by various training programs, especially
on new trends and technologies. At the
same time, Garbe would also like to

advocate that machine vision should
not only be understood as sensors and
components, but that the software side
should be strengthened further. “Today’s
challenging requirements in the indus-
trial manufacturing landscape paired
with the immense performance of
today's Vision Controllers make appli-
cations a central component of modern
Machine Vision. In order to continue to
provide the market with excellent solu-
tions, a perfect interplay between precise
sensors and high-performance software
is indispensable,” says Dr Garbe.

For the upcoming three-year term,
the new board consists of nine mem-
bers, namely
B Arnaud Destruels, Sony Europe BV

(Image Sensing Solutions)

B Arndt Bake, Basler
B Prof Dr Bernd Jdhne, Heidelberg

Collaboratory for Image Processing

of Heidelberg University
B Dr Chris Yates, Vision Ventures
B Dr Christoph Garbe, HD Vision

Systems
B Dr Dirk Berndt, Fraunhofer Insti-

tute for Factory Operation and

Automation IFF
B Dr Kai-Udo Modrich, Zeiss Inline

Inspection & Metrology
B Dr. Marco Diani, iMage S
B Dr. Ronald Mueller, Vision Markets
The new elected board of directors will

61

Dr Christoph Garbe

have its constituent in-person meeting
as soon as possible and by then vote on
the roles of EMVA president; vice presi-
dentand treasurer amongst its members.

Inaseries of emotional farewell video
statements many leaders of machine
vision players gave their tribute to Gabri-
ele Jansen who chose not to candidate
for another term. Gabriele Jansen has
been founding member of the EMVA
and board member since the associa-
tion was established in 2003, making
her the longest serving board member
in the association’s history. From 2003
t0 2009 Gabriele Jansen served as EMVA
president.

Also stepping down from the EMVA
board are Jochem Herrmann who acted
as EMVA president from 2015 - 2019;
Jean Caron, who was EMVA board mem-
ber and treasurer from 2015 - 2021; and
Michel Ollivier, who was EMVA vice
president from 2015 - 2021.

WWW.emva.org
www.hdvisionsystems.com

ASAM launches open source tooling platform

To support use of ASAM OpenX standards for the validation of autonomous driving functions

ASAM e.V.,, the Association for Stan-
dardization of Automation and Measur-
ing Systems, has set up an open source
platform to host tools from member
companies that support the implemen-
tation and use of ASAM OpenX stan-
dards. BMW has already contributed an
ALKS scenario interpretation based on
ASAM OpenSCENARIO® and ASAM
OpenDRIVE®.

These standards describe an interface
as well as static and dynamic content for
driving and traffic simulators and are
used to validate autonomous driving
functions. Since the transfer, the user
base has multiplied and the standards are
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further developed ata rapid pace. ASAM
has identified a great need for tools to
support the implementation, training
and use of these standards. For that pur-
pose, ASAM has implemented an open
source platform to hostand share ASAM
compatible tooling that help to better
understand the standards and facilitate
their usage. “Our goal is to bring about
a platform and community that directly
supports our standards and makes using
or adopting them as easy as possible,”
says Benjamin Engel, Global Technology
Manager at ASAM e.V.

The ASAM Open Source Platform is
hosted on GitHub (https://github.com/

asam-oss). The tools posted there are
subject to the responsibility and license
terms of the providing company. They
are accessible to all companies free of
charge and can be used independently
of an ASAM membership. First tools are
already available:

Afirsttoolis already available: BMW
contributes test scenarios from the ALKS
(Automated Lane Keeping System) con-
trol that it has implemented based on
ASAM OpenSCENARIO and ASAM
OpenDRIVE. The derived XML files
are executable with all standard-com-
pliant simulators.

Wwww.asam.net
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EPIC collaborates with IEEE

European Photonics Industry Consortium forms partnership with IEEE Photonics Society

The IEEE Photonics Society, a vital
part of the world’s largest technical
professional organization dedicated to
advancing technology, and the Euro-
pean Photonics Industry Consortium
(EPIC), a membership-led, non-profit
industry association that promotes the
sustainable development of organiza-
tions working in the field of photonics,
have announced that their associations
have entered into a multiyear agreement
to promote joint activities, cross-disci-
plinary technical dissemination and
cooperative programs between mem-
bership bodies.

Resulting from the societies’ agree-
ment, both organizations seek to
enhance engineers, physicists, scientists,
industry professionals, and students
access to industry-relevant training and
continuing education opportunities in
the related fields of the organizations’
scopes, ranging from LED lighting, pho-
tovoltaic solar energy, photonics inte-
grated circuits, optical components to
lasers, sensors, imaging, displays, pro-
jectors, optic fibers, and other photonic
related technologies.

“EPIC being the largest photonics
industry association in the world, I am
very much looking forward to partner-
ing with the most important academic
knowledge base in the world of photon-
ics. Together we will be able to achieve

T
EPIC collaborates with IEEE (Source: EPIC)

great things to the benefit of the Pho-
tonics community!”, stated Carlos Lee,
EPIC director general.

EPIC offers a vibrant photonics eco-
system and strong network acting as a
catalyst and facilitator for technological
and commercial advancement through-
out Europe. The IEEE Photonics Soci-
ety will benefit from EPIC’s relationship
with start-ups, SMEs, large companies,
research organizations and other stake-
holders that accelerate technological
advancements and reach emerging pho-
tonics markets.

The IEEE will provide EPIC’s mem-
bers access to highly cited publications,
conferences, academics, and eligibil-

EPIC hires Alan Nemes as marketing manager

The European Photonics Industry Con-
sortium is growing fast and it is now
the largest industry association in the
world. To support the marketing needs
of its more than 700 members, EPIC
hired Alan Neme$ as marketing man-
ager, who will start mid-August.

He will take care of the marketing
for the EU projects and support over-
all EPIC marketing activities. Alan has
studied at the University of Ss. Cyril and
Methodius with a focus on marketing
and media. From then on his work was
focused on building a career in mar-
keting, starting in small agencies, then
larger ones and later transforming to
the client side.

From the most relevant positions,
he would mention head of marketing
for Preciosa Lighting and marketing
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Alan Nemes (Source: EPIC)

manager for Svoboda & Williams real
estate. He is very passionate about his
work and keeps his attention to every
detail of it.

WWW.epic-assoc.com

. European Photonics
Industry Consortium

A8 1

ity for annual awards contributing to
advancements in technology. There
are over 400,000 IEEE members in over
160 countries, more than sixty percent
of whom are from outside the United
States. As one of 39 technical societies
of the IEEE, the Photonics Society will
provide avenues for local and interna-
tional engagement with innovators the
field and the next generation of photon-
ics engineers and scientists of tomorrow.
The partnership will facilitate collabora-
tion across the IEEE, launch initiatives,
and recommendations for the develop-
ment of products and services that meet
the needs of industry.

“The Photonic Society’s partner-
ship with EPIC is a fantastic opportu-
nity to work collectively to advance the
missions of both organizations. It will
directly support the efforts of the Soci-
ety’s Industry Engagement Committee
to develop programs and activities that
enhance the experience and engagement
of Photonics Society members and the
wider community working in industry,*
stated Dalma Novak, IEEE technical
activities division X director and IEEE
Photonics society industry engagement
committee chair.

The Society’s industry engagement
committee, led by Novak, will directly
steer services between the parties’ agree-
ment as well as encourage entrepreneur-
ship initiatives and increase the eleva-
tion of industry members within rele-
vant IEEE leadership positions. (Source:
EPIC)

WWWw.epic-assoc.com

www.ieee.org
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Structuring the capital market in photonics

EPIC introduces the ‘Solactive EPIC Core Photonics Index’

Always looking for ways to support the
photonics community and find benefits
for its members, EPIC - the European
Photonics Industry Consortium - now
proudly presents the ‘Solactive EPIC
Core Photonics Index’ This is the first
photonics index on the stock market
representing photonics companies. The
index is a tool to assess the ROI of the
photonics industry, a sector that histor-
ically has had share value increase at an
average of 25.9 % CAGR.

“If you wanted to invest in photonics,
then you needed to choose the individ-
ual companies to select. With thisindex,
youare investing in 58 companies which
means that you reduce volatility and,
consequently, risk”, says Carlos Lee,
director general at EPIC. “We will build
on this index to ensure several benefits
for both the industry and the members
of EPIC. Every individual who wants to
surfthe photonics wave will soon be able
to invest in a new financial product that
tracks this index”

EPIC
PHOTONICS
INDEX £+

The firm contracted for this index
is Frankfurt-based Solactive, which
has been developing tailor-made and
multi-asset class index solutions for
index-linked investment products since
2007. EPIC has developed the method-
ology of which companies should be
included as it embarks on contributing
to the structuring of a photonics capi-
tal market to support the creation and
growth of the companies.

“With this new photonics index, we
will inform financial investors and high-
light markets and applications potential’,
says Antonio Raspa, innovation man-
ager at EPIC. “The impact will result in
greater recognition and credibility of
the photonics sector. Plus, our members
will have greater access to the financial
investment community, will be better
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European Photonics Venture Forum 2018 in Barcelona supported by EPIC

informed on the various options to
raise money, and will benefit from the
increased activities related to business /
growth.

Launching the Solactive EPIC Core
Photonics Index, is just one of the latest
activities that the association has initi-
ated in the financial community. Every
year EPIC organizes investor roadshows
and events, and chairs investor-related
events, like at the European Photon-
ics Venture Forum in 2018. We engage
with networks of business angels, early
investors, scale-ups, banks, and corpo-

Upcoming EPIC events:

B 06 September 2021, 16:00 CEST
EPIC Online Technology Meeting
on New Developments FMCW
LiDAR

B 13 September 2021, 15:00 CEST
EPIC Online Technology Meeting
on Spectroscopy and Imaging for
Process Monitoring

B 20 September 2021, 15:00 CEST
EPIC Online Technology Meeting
on Laser Ablation and Laser Clean-
ing

W 22 September 2021, 15:00 CEST
EPIC Online Technology Meeting
on Mid-IR Technologies for Envi-
ronmental Monitoring (in cooper-
ation with MidIR Alliance)

W 27 September 2021, 15:00 CEST
EPIC Online Technology Meeting
on Head-Up Displays: from 2D to
AR

rate investors. EPIC is seemingly becom-
ing the largest funnel for investing into
photonics, another great privilege for its
members as they gain priority access to
technology scouting through invest-
ments and acquisitions.

For more information about the
Solactive EPIC Core Photonics Index,
please visit www.photonics-index.org.
To find out more about the EPIC Inves-
tor activities, contact innovation man-
ager Antonio Raspa at antonio.raspa@
epic-assoc.com.

WWW.epic-assoc.com

B 04 October 2021, 15:00 CEST
EPIC Online Technology Meeting
on Automation of Packaging and
Testing of Photonic Integrated Cir-
cuits

W 06 October 2021, 15:00 CEST
EPIC Online Quantum Technol-
ogy Meeting on Atomic Clocks and
Network Synchronization

B 11 October 2021, 15:00 CEST
EPIC Online Technology Meeting
on Laser Vision Correction

M 18 October 2021, 15:00 CEST
EPIC Online Technology Meet-
ing on Graphene Technology and
Applications

B 25 October 2021, 15:00 CEST
EPIC Online Technology Meeting
on Low Light Camera Technology
and Applications

WWw.epic-assoc.com/epic-events
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New challenges for the laser
micromachining community

How the minting industry and other application fields are motivating their
supply chain in photonics to strive for even better performance

Francesca Moglia

In one of EPIC's recent meetings about laser micromachining, lively discussions

took place about how the supply chain can support machine builders toreach
new frontiers in applications. Laser-based surface functionalization is still a
hot topic and laser micro-drilling in glass has achieved very high throughput.

We report here on the wish-lists of end-users, service and machine providers,
including interesting opportunities to collaborate with them.

Laser micromachining does not have
a distinct definition, but here it is
intended in the broader sense to mean
all material processes where short and
ultrashort-pulsed (USP) lasers are
employed for the definition of features
in the micro and sub-micrometer scale.
These processes can affect either the sur-
face characteristics (e.g. surface func-
tionalization) or the bulk material (e.g.
micro-drilling, micro-turning, even
micro-welding). Judging by the experi-
ence within the framework of the Euro-
pean Photonics Industry Consortium
(EPIC), the interest of the full supply
chain in new developments and the
application of laser micromachining is
tremendous.

The minting industry has put a vari-
ety of applications and technical chal-
lenges to the experts from laser man-
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ufacturing and integration. The Royal
Canadian Mint (RCM) is an established
representative from this industry, deal-
ing with the manufacturing of Cana-
dian and foreign coins as well as numis-
matic collectable coins and medallions.
They have already been applying laser
technology for a few years, especially
in four main product categories. The
first is the application of special visual
effects on golden collector coins with-
out compromising the purity of 9999
or even 99999 gold. With laser surface
texturing, it is possible to avoid the use
of alloys and to imprint nano-scaled
features directly on the golden surface
of the coins to influence their optical
properties, resulting in pure black (com-
plete absorbance), grey shades or differ-
ent color effects (see Fig. 1a). The same
strategy can also be applied on the dies

AFig. 1 Different applications of laser
micromachining in the minting industry.
Pure black, grey shades and color effects
on coins (a) and holographic effects cre-
ated by laser surface structuring on the
mold (b). The panels in (c) show micro-
scopic views of examples of the surface
structures.

used to stamp the coins, for example
to transfer 2D/3D holographic effects
directly onto golden or silver coins (see
Fig. 1b). The third application represents
the core manufacturing process of RCM
wherelaser processing is used to gener-
ate different grades of high-relief effects
through deep laser engraving onto dies
or directly onto the medals. Die frost-
ing is mainly performed through laser
processing on the die surface and can
show different aesthetic-contrast effects.

© 2021 Wiley-VCH GmbH
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These optical features were achieved by
creating micro or nanostructures on
either the coin or the die surface using
laser micromachining (see Fig. 1c). The
fourth application supports anti-coun-
terfeting or anticounterfeiting to be
consistent and security features and is
based on all the technologies mentioned
so far to generate special unique secu-
rity features on coins combined with an
exclusive digital encryption technique.

RCM has recognized the potential of
laser technologies and, for this reason,
they are looking forward to receiving
support from the laser-micromachining
community with a few challenges they
are facing at the moment. For example,
laser technology could support them
in improving the surface quality of the
coining dies, which can currently suffer
from microcracks or oxide formation
that compromise the effectiveness of
subsequent processing, such as protec-
tive coating deposition to extend the
lifetime of the dies and the quality of
the coins. Another wish of RCM would
be to implement special advanced sur-
face features on the coins. They would
largely benefit from further dynamic
and animation effects in both grayscale
and color, applicable on different chan-
nels beyond the previously mentioned
holographic effects. Anticounterfeiting
is also an application area where RCM
believes laser micromachining experts
couldhelpinenhancingthe current mea-
sures to add advanced security features.
Currently, laser marking is used to create
awell but randomly-defined surface pat-
tern combined with encrypted coding
technology. The so-called ‘well-defined
randomness’ gives rise to uniqueness.
RCM s exploring different technologies
and aiming to create the next-generation
of security features. Laser processing is

© 2021 Wiley-VCH GmbH

www.photonicsviews.com

Fig. 2 Example of the micromachining capabilities of the Lasea company. Deep black texturing macro
(left) and microscopic views (right) (Source: Lasea)

under investigation as well and could be
further integrated and combined once
new and interesting advancements have
been shown.

Finally, the minting industry could
rely on laser surface texturing to pro-
vide advanced features of coins, such as
superhydrophobic or antibacterial fea-
tures which, in this pandemic period,
are gaining more and more relevance in
a very broad range of industries.

Who could help RCM and the mint-
ing industry in general with all these
challenges? The photonics community
at present can definitely provide some
solutions and assist them with future
ad-hocdevelopments. For example, fem-
tosecond lasers are still unexplored by
RCM because the related business case
has so far been limited by the higher cost
and lower throughput of fs vs. pslasers,
despite the better surface finishing. Also
motivated by the improvements gained
by moving from ns to ps lasers, they are
now open to reconsidering the fs lasers
business case.

The photonics industry also has to
bear in mind that, for RCM, the laser
process in combination with vision
systems has already proven to be more

Organization

efficient overall than the manufacturing
processes with traditional methods such
as sandblasting for the frosting effects,
which may require some prior man-
ual masking. So the requirements of
the minting industry are about further
improvements of surface quality and
more exciting and novel surface features
... let’s engage with them!

The Microrelleus company is a
workshop and service provider already
familiar with the needs of the minting
industryand, with sufficient studiesand
testing, they could apply their acquired
experience with different kinds of steel
materials. Surface processing obtained
with 5-axis machines integrating USP
lasers is their core business. They aim to
achieve the industrialization of in-mold
overaflator 3D shape. Their main appli-
cations are micro-structuring, for the
lighting industry for example to achieve
homogeneous light diffusion or homo-
geneous light intensity of a light guide
or freeform optics to create different
functional light effects. Functional tex-
turing, like hydrophobicity or self-lubri-
cating textures, is also part of their ser-
vice portfolio. The processing of molds
that are then used to manufacture the

EPIC - European Photonics Industry Consortium

EPIC is the world-leading photonics industry association representing more than
700 members across 35 countries. EPIC promotes the sustainable development
of organizations working in the field of photonics, EPIC fosters a vibrant photonics
ecosystem by maintaining a strong network and acting as a catalyst and facilitator
for technological and commercial advancement. EPIC publishes market and tech-
nology reports, organizes technical workshops and B2B roundtables, supports EU
funding proposals, advocacy and lobbying, education and training activities, stan-
dards and roadmaps, pavilions at exhibitions.

www.epic-assoc.com
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Fig. 3 Example of the micromachining capabilities of the Workshop of Photonics company: 3,000,000 holes in an 8-inch, 500 pm-thick
fused silica wafer; macro (left) and microscopic (right) views. (Source: Workshop of Photonics)

final pieces for their customers avoids
the throughput required from the laser
machines directly processing the final
pieces, which has either to be faster than
competing technologies or potentially
be combined with laser-free manufac-
turing processes. The durability and
sensitivity of fine surface texturing is
still a challenge that the full supply chain
should commit to improving.

One of the companies ensuring that
fs-lasers can best demonstrate their
performance by integrating them into
reliable systems is Lasea. At high aver-
age powers, the residual thermal effects
become significant and can degrade the
quality of processing and optical com-
ponents, posing specific new challenges.
Therefore new treatment strategies must
be applied, based on laser application
and specifications: laser beam shaping,
high-speed scanning, parallel process-
ing, or a combination thereof. Lasea’s
micromachining workstations are
manufactured following new trends
coming from state-of-the-art R&D for
applications ranging from luxury goods
to the medical and electronics industries,
and also include the deep-black textur-
ing needed by the minting industry (see
example in Fig. 2). Lasea is supporting
further eco-design solutions that can
reduce polluting processes based on the
laser functionalization of surfaces, and
the EU-funded LAMpAS project is one
of them. In this collaboration, eight part-
ners (Technische Universitaet Dresden,
Trumpf, Lasea, Next Scan Technology,
Bosch, EPIC, New Infrared Technologies
and B/S/H) are working together to build
amachine based on an ultrashort-pulsed
laser thatis able to deliver high-through-
put surface processingat 1 to 5 m?/min,
giving special properties to the surfaces
such as super-hydrophobicity and anti-
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bacterial features without additional
coating or chemicals. A 1.5 kW ps]laser,
high-resolution multibeam processing,
high-speed beam deflection and an
in-line monitoring camera are planned
to be integrated into a complete, robust
workstation. A possible future customer
of LAMpAS could therefore be the mint-
ing industry.

From the experience learned in this
and other EU-funded initiatives, experts
from Fraunhofer IWS and industry
recently founded the start-up Fusion
Bionic to commercialize an interfer-
ence-based technology for high-speed
surface functionalization using USP
lasers. They provide solutions such as
compact modules for direct laser inter-
ference patterning (DLIP), for example
to be integrated with lasers at different
wavelengths and adapted to generate
variable surface feature sizes between
200 nm and 30 um on various materials.
These could be metals, polymers, glass
or ceramics for surface functionalization
such asanti-icing, efficient de-icing, and
darkening (also of glass). Working with
interference implies the need for high
spatial and temporal-coherence laser
sources, which the founders are always
eager to test.

Another approach to laser surface
texturing at high ratesis Holo/Or’s newly
developed diffractive laser-induced
texturing (DLITe) beam splitter, which
was demonstrated earlier this year in
co-operation with HiLASE center. In the
demo,aDLITe 51 x 51 mm? splitter was
used with a Perlalaser system (HiLASE,
Czech Republic), a standard F-theta and
scanner setup to pattern stainless steel.
Each shot patterned 1 x 1 mm? with
>2500 microcraters, at 20 um hatch
distance. Scanning the fields achieved
a process rate of 58 cm?/min.

Green wavelengths are often more
suitable for the surface processing of
glass than the standard 1 um. A spin-
off company called Biomimetic from
the Foundation of Research and Tech-
nology Hellas (FORTH) is concentrat-
ing on laser nano-texturing of glass
with USP-lasers to enhance properties
such as anti-glare, anti-reflection and
anti-fogging. Itisimportant for them to
understand the properties of different
kinds of glass just as much as for com-
panies dedicated to the full spectrum of
micromachining of glass. One of these
companies is Workshop of Photonics
(WOP). They are both machine build-
ers, integrating USP lasers in complete
workstations, and also service provid-
ers for medium-volume production
that has to be delivered fast. Glass pro-
cessing is their key competence. Their
proprietary technology allows ultrafast
(up to 1200 holes/s) drilling using fs
lasers into glass wafers, which are then
chemically etched (see Fig. 3). They can
also provide support by applying their
experience with laser-based plasticand
optical-polymer cutting and drilling,
topics that are raising a lot of interest
in different companies. These include
Wielandts UPMT, a start-up dedicated
to developing innovative technologies
related to lens arrays, working mostly
on monolithic multicavity molds and
multilens array masters.

There is also interest in the energy
sector in the processing of glass, extend-
ing to other more exotic materials. At
General Atomics, they have developed
expertise in fine micromachining, sup-
plying the fusion research program in
the USA. Activities such as drilling
200 um deep, 5 um large holes through
beryllium shells and processing diffi-
cult materials such as MgO-glass and
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Fig. 4 Micromachining capabilities of Oxford Lasers. Images clockwise from top right: laser milling microfluidics in borosilicate glass,
laser welding of dissimilar materials - BK7 glass welded to aluminium, laser surface texturing for controlled wettability (hydrophobici-
ty), thin-film patterning - indium tin oxide on PET, surface texturing of stainless-steel channels, laser drilling 90 um holes in polyimide,
laser drilling 50 pm square holes in silicon nitride, laser drilling a 35 um hole in molybdenum. Center image: an Oxford Lasers C
Series industrial micromachining tool (Source: Oxford Lasers)

depleted uranium to shape and contour
them are among their tasks. Generally,
they pursue good surface finishes and
micron-level control of various surface
features. In particular, forming micron-
level features such as fine steps or fine
waves on glass and other optical mate-
rials and maintaining the original prop-
erties of an optical surface are among
their interests and areas in which they
are eager to collaborate.

The Oxford Lasers company is one
of the leaders among the providers of
both laser micromachining tools and
subcontract services, covering a large
spectrum of applications (see Fig. 4).
For example, using USP lasers they are
capable of directly welding glass to dis-
similar materials e.g. glass to metals, sil-
icon or welding to glass itself, without
any additional interlayers such as optical
adhesives. This can be extremely benefi-
cial in the manufacture of complex elec-
tro-optical devices for defense/aerospace
/photonics applications as well as for
OLED lighting, offering truly hermetic
sealing and precise optical bonding. The
previously mentioned laser-based sur-
face functionalization is among their
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strengths too. Oxford Lasersis also keen
toapply cutting-edge technology and has
expectations of its supply chain as well
asastrong wish for partnership. Some of
their requirements are for diode-pumped
solid-state lasers with better dynamic
performance and a high process speed,
industrial-grade, deep-UYV, cost-efficient
lasers (delivering the 4%, 5% and even
6" harmonics of Nd:YAG-based lasers to
avoid excimer-based solutions), five-axis
precession heads, tailored beam shap-
ing in the temporal and spatial domain
and artificial intelligence (AI) for laser-
micromachining solutions.

An EU-funded initiative support-
ing the development and application of
laser micromachining also involving Al
already exists and is called PULSATE. Its
aim is to connect the many digital inno-
vation hubs in Europe with expertise
in laser-based manufacturing technol-
ogies and to reach all of the SMEs who
want to join a digital manufacturing and
Industry 4.0 environment, and who see
laser as a key enabling technology but
are unable to implement it due to the
lack of testing capabilities. This initia-
tive will support SMEs through cascade

funding and also through its unique sup-
port program created by technology and
business experts from consortium part-
ners. Interested companies can apply to
the program through two kinds of open
calls: Technology Transfer Experiments
(launches in July 2022) and Adopter
User Cases (launches in March 2022).

Beam shaping techniques have been
flourishing and diversifying lately due
to the increasing demands of differ-
ent laser-based technologies. Many
providers such as Asphericon with a
comprehensive and aspheric range
of laser beam processing elements,
Suss MicroOptics offering refrac-
tive and diffractive micro-optics for
any standard and challenging beam
shape, Cailabs light-shaping experts
for high-power applications with their
multiplane light conversion technology,
Optimax branding their capabilities in
aspheres, cylinders, prisms, spheres and
freeforms, and Qiova with their innova-
tive digital beam shaping solutions, are
among the right addresses for system
integrators wanting to improve the per-
formance of their laser micromachining
workstations.
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A company that can help a customer
to understand if all the laser microma-
chining technologies are suitable for
their particular application is Optoprim.
Theyare experts in product distribution,
providing the added value of a labora-
tory for testing equipment that includes
aLight Conversion fslaser at 40 W witha
harmonic generator, an Alio monolithic
XY stage, a Scanlab scanner head, and
software from Direct Machining Con-
trol to control laser machining processes
such as machine vision.

A suggestion for machine builders
is also to integrate laser diagnostics
directly into their workstations. USP
laser manufacturers such as Coherent,
Fluence, Ekspla, EdgeWave and Light
Conversion already provide industri-
al-grade solutions for reliable and ver-
satile integration that could be facili-
tated if a diagnostic system could also be
implemented and put in a closed-loop
for active control. Companies such as
Laserpoint and Optocraft are among the
laser-diagnostic experts. Laserpoint can
provide specific instruments to control

Author

USP parameters such as pulse energy
up to a repetition rate in the order of
megahertz, while Optocraft are experts
in developing metrology tools such as
their Shack-Hartmann wavefront sen-
sors for complex laser systems, which
are able to deliver the laser phase and
intensity information in real time,
potentially to be implemented with
active control by laser stations for beam
quality and alignment.

Talking about process monitoring,
hyperspectral imaging snapshot cam-
eras have recently been used to imple-
ment online inspection systems based
on diffractometry to monitor surfaces
textured by rapid USP lasers. The
EU-funded MULTIPLE initiative could
provide tools for laser micromachining
because it is developing cost-effective
multimodal monitoring solutions,
bringing cutting-edge organic electron-
ics-based sensors, snapshot hyperspec-
tral filters and dual-aperture imaging to
deliver spectrometers and camera cores
in a broad VIS/SWIR range, comple-
mented with laser-based sensors in the

Francesca Moglia is a project leader at EPIC, the European
Photonics Industry Consortium. She has a background in crys-
tal growth, spectroscopy, optics and laser development for
research and large research facilities. Before joining EPIC, she
moved from R&D to scientific management to coordinate a
consortium of funding agencies in the field of astroparticle
physics. She graduated in physics from the University of Pisa
in Italy, acquired her PhD (Dr. rer. nat.) in laser physics at the
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Highspeed

mid-IR. The full system will be IoT
native by combining the hardware with
the cloud, big data, and deep learning
for agile development and orchestration
of complex Al-based models to provide
overall monitoring, control and optimi-
zation of production lines.
*

EPIC wishes to acknowledge its mem-
bers and collaborators who are always
eager to share their ambitions and
vision, and in particular Raul Gar-
cia from Microrelleus, Jose Antonio
Ramos de Campos and Violette Mar-
behant from Lasea, Tim Kunze from
Fusion Bionic, Karen Goldberg from
Holo/Or, Emmanuel Stratatkis from
Biomimetic, Inga Janulyte and Mar-
tynas Mazeika from Workshop of Pho-
tonics, Jonas Wielandts from Wielandts
UPMT, Carla Taylor and Dimitris
Karnakis from Oxford Lasers, Angela
Greco from Optoprim, Daniele Zanato
from Laserpoint, Christian Brock from
Optocraft, Xianyao Li from the Royal
Canadian Mint, Andrew Forsman from
General Atomics and all the LAMpAS,
PULSATE and MULTIPLE partners.

LAMpAS, PULSATE and MULTIPLE have
received funding from the European Union’s
Horizon 2020 research and innovation pro-
gram under the respective Grant Agreements
No 825132, 951998 and 871783. They are
initiatives of the Photonics Public Private Part-
nership. This content reflects only the authors’
view, and the European Commission and Pho-
tonics 21 are not responsible for any use that
may be made of the information it contains.
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Family Firm

Portrait I

EPIC Interview with David Mackey, CTO at Mbryonics and PakPIC

Jose Pozo

The company led by David Mackey
and his siblings is aleading developer
and manufacturer of free space opti-
cal communications systems, optical
ground terminals and adaptive optical
systems.

With a passion for aircraft from a
young age, David graduated from the
University of Limerick with a BEng in
aeronautical engineering in 2009. The
degree included a placement with Air-
bus in Toulouse, where he worked on
acoustics data analysis and installing
flight test systems for the A380 during
certification tests. On graduating, his
experience at Airbus together with an
increasing interest in physics led to a
PhD in applied optics at the National
University of Ireland.

He was fortunate to have a good
supervisor who allowed him the free-
dom to be creative in solving problems
of applying micro-electromechanical
adaptive optics systems for free space
communications. The focus was on the
development of field-programmable
gate array real-time, closed and open
loop control using novel integrated
optics wavefront sensing techniques.

As he recalls: “The learning experi-
ence of building the full system and solv-
ing real problems was one of the most
creative times of my educational life -
once you've solved one really hard prob-
lem, you realize you can apply your brain
to solve pretty much any challenges that
fall in front of you.”

Mbryonics

Towards the end of his PhD, David
began working with his sister Ruth who,
after also completing a PhD in adaptive
optics at the National University of Ire-
land, had set up a consultancy advising
on optical systems.

By 2014, three things had become
apparent: first, satellite optical commu-
nication was emerging as a real com-
mercial opportunity; second, between
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them, David and Ruth had the necessary
technological expertise to exploit that
opportunity; third, that with the busi-
ness acumen from their brother John,
they would be able to set up a successful
commercial venture. Accordingly, the
three siblings co-founded Mbryonicsin
2014 with John as CEO, Ruth as chief
scientific officer and David as CTO.

The idea of the company, as its name
suggests, would be to take ‘embryonic
i.e.immature technologies and to apply
science and engineering to get them
market-ready for the next era of satel-
lite and wireless communications net-
works. Specifically, they would use their
expertise in areas such as optomechan-
ics, freeform and active optics, optoelec-
tronic system design engineering and
application-specific photonic integrated
circuits to design space optical instru-
ments and systems for harsh ground and
space environments.

Company development

They bootstrapped for the first three
years until 2018, when they were
awarded their first contract with the
European Space Agency to develop a
very challenging adaptive optics sys-

tem to handle the very high data rates
necessary for the satellite uplinks of the
ScyLight program.

Since then, there have been various
other ESA technology development proj-
ects, such as ProtoBIX, in which Mbryon-
icsis developing a novel silicon photonic
integrated circuit platform and advanced
co-packaging to handle the on-board
terabit-per-second processing require-
ments of next generation satellites.

There have also been two advanced
process developments for the low-cost
volume manufacturing of ultralight
freeform optics. The first of these is an
in-line, automated metrology system
using a combination of advanced sen-
sors and imaging systems to enable the
automated manufacturing of freeform
optics for their satellite laser commu-
nications terminal. The second is the
development of an advanced engi-
neering and manufacturing solution to
enable the volume production of low-
cost, ultralightweight mirrors based on
freeform optics for use in their highly
miniaturized, satellite optical commu-
nication terminals.

Finally, under AFFRESCO, the com-
pany is developing a PIC-based, free
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form, satellite optical terminal to enable
robust fiber coupling for both network-
ing and multiplexing and also to allow
the terminal to be used in quantum key
distribution links.

Mbryonics’ collaboration with ESA
has been crucial because taking on these
difficult and demanding challenges for
space has served as an excellent testing
ground to find solutions that can be
applied elsewhere. For example, their
silicon PIC platform and advanced
co-packaging solution has attracted
interest from the terrestrial data com-
munications sector, particularly for
co-packed optics (CPO), and potentially
for next generation, hyperscale data cen-
ters. Similarly, solutions for the volume
production of low-cost freeform optics
and ultralightweight mirrors have appli-
cations in aviation, automotive, and AR/
VR verticals.

Revenues have grown annually
since 2014 and Mbryonics has become
one of Europe’s leading developers
and manufacturers of free space opti-
cal communications systems, optical
ground terminals and adaptive optical
systems in the field of satellite com-
munications.

PakPIC

A major priority for Mbryonics has
been to develop PIC packaging skills.
In the early days, EU packaging pilot
lines like PIXAPP and JEPPIX had not
yetbeen established, and in the absence
of services from the supply chain, they
found they were having to do most of
the packaging themselves.

As a solution, they set up a subsid-
iary, PakPIC, to take care of their own
and their customers’ packaging require-
ments for integrated photonics. Many
of their customers were approaching
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design houses first and then thinking
about packaging. Butas David explains,
abetter approach is to think about pack-
aging at the outset and design the PICin
accordance with what’s feasible within
current packaging technologies. It is
basically a co-design problem in that
it is impossible to optimize PIC design
and packaging without understanding
the whole assembly process.

Testing goes hand-in-hand with
packaging, and designing the PIC for
testing is the key to having lower test-
ing costs. One of Mbryonics’ key sell-
ing points is that they always design
their PICs with testing in mind. For
example, their silicon-based PICs with
integrated lasers can be tested at wafer
level by probing with electronics, and
the detectors on the chip can be used
to calibrate each one.

PakPIC now provides packaging ser-
vices as well as design processes for cus-
tomers who want to control the entire
value chain and do their own packag-
ing in-house. The subsidiary now has a
workforce of 17 with enough scalability
for future growth.

Future challenges and opportu-
nities
Standards: One of the main challenges is
the lack of standards, not only for PICs
but also for the service requirements,
the drivers, and the modulation formats
and, as David points out, it’s very hard to
plan a technology roadmap that is not
setin stone. However, there is some pos-
itive movement in this area coming from
the standards being set by big players
such as Microsoft and Facebook, who
both have a good grasp of the technology
requirements.

Microwave photonics: Microwave
photonics is rapidly being adopted by

Co-packaged optics - silicon photonics

transceiver design for high speed serial
interconnects being developed through
ESA ProtoBIX activity.

the space industry as an enabler for the
next generation of satellites. The move
from a niche to a mainstream technol-
ogy is due to the fact that, while elec-
tronics can compete quite well at some of
the lower frequencies, photonics offers
advantages for the much higher frequen-
cies required by the space industry that
just are not achievable with other tech-
nologies. Similarly, from the terrestrial
perspective, microwave photonics will
be needed for the higher frequency
requirements of 5G and 6G.

However, from the power perspec-
tive, a major challenge with higher opti-
cal frequencies is the cost of amplifying
them, due to the fact that they need to
be directly converted to an analog elec-
trical signal.

Automotive: Although itis probably
still more than five years away before
advanced photonics systems like lidar
become mainstream, the automotive
industry has two main challenges. The
first is a lack of standards; the second is
that whereas the space market has semi-
large production and extremely high
reliability, automotive needs to combine
mass production with high reliability,
which is far more problematic.

Metrology: As David explains, what
has really been essential, once again, is
an understanding of the manufacturing
challenges and various processes that
require different levels of resolution.
For example, one of the main chal-
lenges of using magnetic hydrological
polishing to obtain ultrahigh qual-
ity, free form surfaces is the accuracy
required in measuring the mid-spatial
frequencies.
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Freeform composite mirror for optical terminal - manufacturing, assembly, integration,
and test require novel metrology techniques to measure the figure error and mid-spa-
tial frequencies to optimize manufacturing and alignment.

If you started again, what would you do
differently?

“Idon’t know how Iwould have done
it without the support of my brother and
sister. Starting any company is emotion-
ally and technically very challenging
and having people you can trust right
beside you is essential, so I have abso-
lutely no regrets about being part of a
family company”

“One thing we could have done differ-
ently is to seek investment at some point
because the early years were extremely
tough. If we had raised finance, it would
have been much easier, and we would
probably be further along the path. On
the other hand, the advantage of having
managed to retain one hundred percent
of the company means we can continue
to make ethical commercial choices, in
that investors might have pushed us into
some ethically questionable areas like
weapon systems for the military where
the returns are very high”

Author

What is your advice for the next gen-
eration of entrepreneurs?

“Most CTOs in the photonics indus-
try typically come from a physics back-
ground, but coming from an engineer-
ing background, I had an intuitive
knowledge of how to engineer some-
thing and make it into a viable product.
So for those in the academia sphere, I
would recommend getting out of your
comfort zone and doing something
that will stretch you, like prototyping
something, while also paying attention
to the engineering processes and the
processes that will be required to man-
ufacture it”

“Once you show yourself that you can
solve some hard engineering problems,
you will realize that you can overcome
whatever challenges come up on the
technology roadmap that you're going
to follow”

www.photonicsviews.com
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Quantum technologies:

the market is growing

Although still a distant business, industrial interest in quantum continues

Computing
Sensing & Timing

Cryptography

o AGR 18%
2020
$340M

-

CAGR 30%

2025
$791IM

The total market for quantum technologies (computing, cryptography, sensing)
will grow to US$ 2.9 billion in 2030. Yole forecasts 18 % and 30 % CAGR for
2020 - 2025 and 2020 - 2030, respectively.The three main market segments,
quantum computing, quantum sensing / timing, and cryptography, will grow
nicely between 2020 and 2030 to reach US$ 1,147 million, 598 million, and

1,163 million, respectively.

Application insights
Pharmaceutical is today attracting most
of the attention for quantum comput-
ing. However, it will take many years —
maybe twenty to thirty — before quan-
tum is extensively used in medical and
pharma applications.

Quantum computing will be ready
to be used in five tto ten years for drug
development (when there is already an
identified drug candidate). For drug dis-
covery, it will be ready in ten to twen-
ty-plus years.

Following the adoption of quantum
in pharmaceutical, other applications
may jump on the train, too: energy,
chemistry, transportation, banks, and
finance could adopt quantum comput-
ing in ten or more years.

Supply chain
Since 2012, investors have shown inter-

est in start-ups in quantum. And 2020
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was particularly active for investments.
Since 2012, almost US$ 2 B (including
computing, software, cryptography,
and sensors) have been invested in
about eighty start-ups, with companies
developing hardware receiving the larg-
est share (60+ %).

Largest investments are in North
America: PsiQuantum (photonic quan-
tum processor), D-Wave (supercon-
ducting qubits), IonQ (trapped ions),
Rigetti. Europe also has a quantum
champion with IDQ in Switzerland.

“Quantum technology covers a wide
range of applications addressing key
industrial simulation and optimiza-
tion challenges” asserts Dr Eric Mou-
nier, director of market research at Yole
Développement (Yole). He adds: “These
span chemicals / materials research,
logistics, financial services, healthcare,
life science, manufacturing and defense,
drug discovery, protein structure pre-

2030
$2,908M

2020 - 2030 market forecast for
qguantum technologies [1]

diction, investment risk analysis, feed-
stock management, vehicle routing, and
network optimization. Itisalso a critical
national issue for many countries as it
addresses secure communications and
database managementlinked to national
security””

For more than twenty years, Yole has
developed its semiconductor activities
by enlarging step by step its expertise
in technical innovations and disrup-
tions. Through this development, the
company has grown with dedicated
activities focused on a wide range
of emerging technologies, including
quantum computing, quantum sens-
ing, metamaterials, wet-ware, neuro-
morphic, and more.

Released in June, the Quantum Tech-
nologies 2021 report includes market
trends and forecasts, supply chain,
technology trends, technical insights
and analyses, take-aways, and outlook.

© 2021 Wiley-VCH GmbH

Source all images: Yole



Quantum
annealer
L]

m Microsoft NISQ

3 Quantum-gates
D:\wWwaue i 1hi O
A0 bl based QC Google
« The Quantum
Quantum &' Raytheon Grail » o
AleS emulacors. HITACH . i - g
BT Microsoft  Using digiml e L I
ToSHIBA (C FU|ITSU
PASQAL 1
: i 1
! ]
2021 MID-TERM LONG-TERM

2021 quantum computer roadmap [1]

This study delivers an in-depth under-
standing of the ecosystem and leading
players’ strategies and enables a thor-
ough understanding of the value chain,
infrastructure, and players in quantum
technologies and the quantum comput-
ing market.

What are the economic and techno-
logical challenges of quantum technol-
ogies? What are the key drivers? What
will the market look like in 2030? Who
are the companies to watch, and what
innovative solutions are they working
on?

Asanalyzed by Yole’s team in the new
Quantum Technologies 2021 report,
quantum computing is still subject to
technological and timing uncertainty,
but investments continue. Medical
and pharma applications are interest-
ing, promising markets, but it seems
that inorganic markets are “simpler”
to address than medical markets for
quantum technologies in the short
term. In the next decade(s), extensive
R&D will continue to define qubit solu-
tions, quantum computer architectures,
software, and business models. The sup-
ply chain will consolidate as well, and
we could soon see the first acquisitions.
Cryptography, sensing, and timing are
already existing markets and will con-
tinue to grow. QKD could experience a
market boost with 5G. The total value
for quantum technologies, including
computing, cryptography, and sensing,
will grow from about $340 M in 2020
t0 $2.9Bin 2030. Quantum as a service
(QaaS) will be 65 % of the total.

There is a long road before com-
panies realize a universal quantum
gate-based computer. Today, only one
company - D Wave in Canada - is
manufacturing and shipping quantum
annealers. Although they use 2,000 to

© 2021 Wiley-VCH GmbH

5,000 qubits, these Ising machines are
today restricted to optimization prob-
lems. Quantum emulators are another
topic, one where Japan is strongly
involved. The next step will be to
develop ‘noisy intermediate-scale quan-
tum’ (NISQ) machines with fifty to hun-
dredlogical qubits. Then the holy grail
will be to develop a universal quantum
computer with a minimum of hundred
logical qubits, corresponding to 100,000
physical qubits.

Recently, another approach has
emerged with the development of quan-
tum accelerators. These will be used in
conjunction with CPUs and GPUs or
FPGAs in high-performance comput-
ers. Calculations will be distributed
according to usage on one or the other
chip, quantum or non-quantum. This
is a mid-term approach to the use of
hybrid quantum computers using both
semiconductor logic chips and quan-
tum accelerators with well-defined and
distinct roles.

As part of its products and services,
Yole’s team offers a collection of reports
covering such technologies. A detailed
description of these reports is available
on i-Micronews.com in the Reports
section.

www.yole.fr

[11 Quantum Technologies 2021 report, Yole
Développement, 2021, https://www.i-mi-
cronews.com/products/quantum-technol-
ogies-2021/
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Technology leaps in quantum

sensing

Advances in nano magnetometry using tailored electronics and fast-

switchable lasers

Niklas Waasem, Helmut Fedder, and Patrick Maletinsky

Taking advantage of quantum effects has enabled the so-called first quantum

revolution in the 20th century for technologies such as nuclear magnetic res-

onance spectroscopy, magnetic resonance imaging, and the development of

transistors, LEDs, solar panels, and lasers.

Today, amid the second quantum revo-
lution new sensing schemes offer higher
sensitivities and better resolution thanks
to the possibility to detect and control
individual quantum states in micro-
scopic systems like atoms, quantum
dots, or color centers. Emerging quan-
tum sensing techniques could lead to
the improvement of sensing technolo-
gies ranging from quantum gravitome-
ters and accurate atomic clocks to low-
noise quantum-interference microscopy
and ultimately find commercial uses
in gyroscopes for self-driving cars, or
brain-machine interfacing via magnetic
field sensing.

As quantum sensing technology has
matured over recent years, one of the

PhotonicsViews 4/2021

contending techniques for commer-
cially developed systems is based on
nanoscale magnetometry with nitro-
gen vacancy (NV) centers in diamond.
These centers act as optically address-
able, highly sensitive quantum sensors
which are highly miniaturized andlocal-
ized to atomic length scales. Employing
a scanning-probe approach with one
NV center at the tip of an atomic force
microscope (AFM) cantilever allows
measuring magnetic fields with a spa-
tial resolution on the nanometer scale
and an extreme measurement accuracy.

Irrespective of which quantum sens-
ing technology prevails, current solu-
tions rely on the availability of state-
of-the art components. Efforts towards
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Source: Quantum Sensing Group at Basel U.

A Nanoscale quantum sensors based on
single spins in diamond: artist rendering
of an all-diamond tip containing a single
electron spin quantum sensor at its apex.
The spin scans at a height of dy,, ~20 nm
over a sample surface, where d,,, defines
the ultimate imaging resolution of the
approach. (Source: Basel U.)

commercialization drive improvement
of the techniques for capturing or cool-
ing these quantum centers and tech-
niques for initializing, manipulating,
and reading out single quantum states.
This in turn drives the development of
new lasers and electronics as well as
miniaturization and innovative ways to
allow mass production. Here we give an
overview of the current proposed solu-

© 2021 Wiley-VCH GmbH



Fig. 1 The basics of NV center spins in
diamond: crystal structure of the NV
center (a), optically detected electron

spin resonance, which forms the basis
for most magnetometry applications (b),
spin-coherence decay measurements

(c), the typically long NV spin coherence
times can be exploited to further enhance
magnetic-field sensitivities of NVs.
(Source: Basel U.)

tions for quantum sensors based on NV
center magnetometry.

Nanoscale quantum magne-
tometry

Over the last decade, single electron
spins in diamond have been estab-
lished as nanoscale quantum sensors
that exhibit excellent sensitivity and
nanoscale resolution for imaging and
sensing of magnetic fields and other
quantities, such as electric fields or
temperature [1]. Spins couple natu-
rally to magnetic fields through the
Zeeman effect. They can exhibit long
quantum coherence times that can be
exploited to yield excellent magnetic
field sensitivities. Lastly, spins can be
localized to atomic length scales that,
in turn, enables imaging with nanoscale
resolution. These quantum sensors can
measure magnetic fields, and thus, elec-
tric currents with an unprecedented sen-
sitivity and spatial resolution. Applica-
tions include determining magnetic
structures on surfaces of multiferroic or

o
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o
)
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antiferromagnetic materials or mapping
high-frequency currents (GHz) flowing
in electronic circuits.

Nitrogen vacancy (NV) centers in
diamond have been recently identi-
fied as suitable candidates because the
point defect provides an isolated spin
state which can be manipulated using
microwaves. These combined properties
allow for optical detection of magnetic
spin resonance (ODMR) at the level of
individual NV electronic spins (Fig. 1).
Magnetometry based on NV center
spins measures the energy shifts — or,
equivalently, shifts in the quantum-me-
chanical phase - that a spin experiences
in the presence of a magnetic field. These
ODMR traces represent the simplest
method of implementation of such
single-spin magnetometry, where the
splitting between the observed ODMR
resonances is directly proportional to
the magnetic field the NV spin expe-
riences.

To exploit these attractive proper-
ties for nanoscale quantum sensing,

Fig. 2 Scanning electron microscopy image of a real
device fabricated at the Quantum Sensing Group

3um
[
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in Basel from a high-purity, single-crystal diamond.
(Source: Basel U.)
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the NV sensor needs to be brought in
close proximity to a sensing target, ide-
ally just a few nanometers. The most
flexible approach applies a scanning
probe geometry, which scans the NV
and sample with respect to each other
for imaging. Today, the most robustand
sensitive implementation of such scan-
ning NV magnetometry is achieved by
using diamond nanopillars that con-
tain individual N'V centers at their tip
as scanning probes (Fig. 2). These dia-
mond tips allow for detection of sin-
gle electron spins by stray-field imag-
ing at resolutions around 20 nm. This
approach, originally conceived in 2012
[2], has since been refined [3] to the
extent that commercial solutions are
available today from companies such
as the Swiss startup Qnami AG.

New approach to quantum
sensing

A typical quantum sensing experiment
starts by initializing the NV center’s
electron spin with a laser pulse lasting

Company

HUBNER Photonics

Through continuous technology development,
customer orientation and an ISO-certified quali-
ty management system, HUBNER Photonics has
become a preferred supplier of lasers to major
instrument manufacturers and leading research
labs for cutting-edge applications in the areas of
fluorescence microscopy, flow cytometry, Raman
spectroscopy, metrology, holography, nanopho-
tonics and quantum research. HUBNER Photonics
has manufacturing sites in Kassel, Germany and
Stockholm, Sweden with direct sales and service
offices in USA and UK.

www.hubner-photonics.com
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a few microseconds. The laser is typi-  on and off via a high-isolation switch.
cally operating in a wavelength range  The rise and fall times of the switches
510 - 560 nm which excites the NV should last no more than a few nano-
center and populates a ‘bright’ electron ~ seconds - a limit imposed by the typ-
spin state that leads to strong fluores- ically achievable Rabi frequencies for
cence at around 638 nm when excited.  the atomic transition (which can reach
By subsequently applying a microwave  several tens of MHz).
pulse, it is possible to flip the spin to Traditionally, pulse sequences were
a secondary ‘darker’ state that shows  described as bit strings, where one bit
less fluorescence. The spin-state after  is consumed per sample clock tick.
microwave exposure is read-out with  This approach requires a large sample
a secondary laser pulse. The spin flip  memoryand resultsinlonginstrument
occurs when the microwave frequency  upload times. More recent methods
matches the energy difference between  use run length encoding to describe
the two states. As this energy difference  pulse sequences, wherein each pulse
depends on the magnetic field around  is described by an integer number that
the NV center, it is possible to deter-  encodes its duration in clock ticks. For
mine the magnetic field by measuring  the sparse pulse sequences typical in
at what microwave frequency the flip-  quantum sensing protocols, this encod-
ping to the darker state occurs,i.e.when  ing improves upload time and greatly
the fluorescence is lowered (see Figs. 1b  facilitates instrument programming.
and 3). By applying elaborate sequences A typical quantum sensing experiment
of microwave pulses of varying on/off  repeats the measurement sequence
times, so-called ‘sensing protocols) itis =~ many times and the accumulated pho-
possible to maximize measurementres-  ton countencodes the probability of the
olution and to also assess other param-  spin state of the final measurement.
eters than the magnetic field, such as Most quantum sensing experiments
electric field strengths and temperature.  proceed with a parameter sweep of
This approach requires strong micro-  the interrogation time, which is often
wave fields at the NV center position,  equivalent to the interpulse spacing in
which are achieved most efficiently by  the sensing sequence [4]. In such cases,
placing a thin wire inits vicinity. Control ~ one sensing measurement consists of a
oftheelectron spinisimplementedwith  set of pulse sequences. Companies such
amicrowave synthesizer thatisswitched  as Swabian Instruments have been able
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Fig. 3 Typical NV magnetometry sequenc-
es using a Ramsey pulse sequence on the
NV spin. Optical excitation is used to ini-
tialize and measure the NV spin. (Source:
Basel U.)

to apply modern single-photon count-
ing approaches to enable fast on-the-
fly processing of single-photon detec-
tion events in a flexible fashion. Such
approaches eliminate common hard-
ware limitations, such as limited his-
togram range and bin numbers, and
greatly facilitate the implementation
of novel quantum sensing schemes.

Compact fast modulated lasers
The optical initialization and the read-
out sequences of the spin state of the
NV-centers requires precisely tailored
light pulses within the excitation spec-
trum of N'V-centers. Other important
parameters are listed in Table 1.

Some quantum-sensing applications
also require the ability to generate pulse
trains with arbitrary on/off times and
excellent intensity stability and repeat-
ability. Until recently, the most com-
mon approach to generate such laser
pulses involved the combination of a
532 nm continuous-wave laser with a
double-path acousto-optical modulator
(AOM). However, these laser+ AOM set-
ups are difficult to align, bulky, expen-
sive, sensitive to shocks, and require
a large or active heatsink. Since 2018,
diodelasersat 515 nm with direct inten-
sity modulation have offered an alter-
native solution for use in lab setups and
commercial systems.

Fig. 4 Output power trace over time of

a modulated 515 nm laser diode (Cobolt
06-MLD 515 nm). The modulation char-
acteristics of the 2020 model were opti-
mized for quantum applications. (Source:
Hdbner Photonics)

© 2021 Wiley-VCH GmbH



Wavelength 510 nm - 560 nm
Modulation rise & fall time <10ns
On/off extinction ration >60 dB
Beam profile Gaussian
Spectral purity >40 dB
Polarization extinction ratio >100:1

The main advantages of these diode
lasers are their modulation capabili-
ties, such as fast analogue and digital
modulation with true off state, as well
as precise real-time intensity control
without the need for an external mod-
ulator. They also enable integration of
electronics, optics, and a single-mode
fiber-coupling into a compact and rug-
ged platform. This allows user-friendly
integration with quantum-sensing set-
ups, longer lifetimes without the need
for alignment or maintenance, and a
more compact footprint. Fig. 4 shows
typical modulation characteristics of a
515-nm diode laser with a modulation
frequency of 10 kHz.

Authors

Outlook

Ashigh-purity diamond quantum sens-
ing cantilevers emerge alongside dedi-
cated control and measurement electron-
ics and high-quality laser sources, the
tools for versatile scanning probe quan-
tum sensing experiments are increas-
ingly accessible to a broader audience.
Enterprises around the world have also
started integrating NV-based ensemble
quantum sensors into commercial chip
packages, with the goal of realizing the
first mass produced products that lever-
age quantum-enhanced sensing. Further
breakthroughs promise to transform
quantum-sensing technologies into a
versatile range of sensor products.

DOI: 10.1002/phvs.202100048
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Tab. 1 Parameters for the light pulses
necessary for the optical initialization and
the read-out sequences of the spin state
of the NV-centers.
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IMProVing directed energy

deposition

Industry collaboration overcomes distortion in new DED additive manu-
facturing processes with simulation

Beatrix Elsner, Frank Silze, and Axel Marquardt

e
.“

Directed energy deposition (DED) is a powerful additive manufacturing tech-
nique that combines a high degree of freedom in design with relatively high
deposition rates that can increase throughput. DED structures are created by
repeatedly depositing weld beads from powder or wire feedstock, which also
makes it an attractive technique for hybrid manufacturing because features
can be added to a base component. However, the numerous heating and
cooling cycles involved in the deposition process result in a complex thermal
history that can entail distort the entire component.

Today, trial-and-error is the common
approach to correct for these inadmis-
sible distortions and the cost and time
required has reduced momentum in the
use of DED. The AGENT-3D project,
IMProVe, brought together plasma and
laser technology provider Oscar PLT,
the chair of material engineering at TU
Dresden and manufacturing simula-
tion specialists from Simufact - part of
Hexagon’s Manufacturing Intelligence
division - to demonstrate smarter ways

PhotonicsViews 4/2021

of addressing the distortions that arise
during DED processes. IMProVe stands
for “Innovative materials, systems and
processes by overcoming the process
limits in additive manufacturing’”.

The IMProVe team decided the best
approach was to feed the weld robot
with a pre-deformed geometry that
compensates for the distortions that
arise during the DED process, so that it
will then adjust the final part to match
the intended - and undeformed -
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A Simufact Welding graphical user inter-
face (GUI)

shape. The key to this procedure,
termed distortion-compensation, is
predicting the ideal pre-deformed
geometry. As the numerical process
simulation specialist, Simufact’s remit
was to predict the compensated geom-
etry without the need of expensive
experimental builds.

© 2021 Wiley-VCH GmbH
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Fig. 1 Shape comparison between CAD (solid color / white) and additive manufactured components (transparent green). The CAD
color coding indicates the surface deviation in [mm]. Left: original component. Right: shape-compensated component.

Uncompensated benchmark
The project used sample geometry pro-
vided by Oscar PLT. The thin-walled
structure consisted of 61 weld tracks,
stacked to form a tube with several dif-
ferent corner radii that would be used
to probe the effect of sharp turns and
smooth curvatures. This was first man-
ufactured without distortion compen-
sation to provide a reference geometry.

To manufacture this part, the start
and end points were shifted with each
layer to prevent the accumulation of
recurringirregularities at these points. A
316 LSi(1.4430) wire feedstock material
with a diameter of 1.0 mm was deposited
by a coaxial direct-diodelaser system at
960 W and a weld velocity of 12 mm/s.
The coaxial wire feed ensured high qual-
ity deposits in all weld positions.

After the deposition process, the final
shape was evaluated using a high-reso-
lution 3D-scan at TU Dresden. Compar-
ison to the CAD data (Fig. 1) revealed
a shape deviation of up to 1.4 mm had

Software

been introduced during manufacturing
that needed to be reduced.

Simulation strategy
While using simulation for shape-com-
pensation is already a state-of-the-art
procedure for powder bed fusion pro-
cesses, the same desirable character-
istics that give DED technology addi-
tional degrees-of-freedom and high
deposition rates also pose new chal-
lenges for the setup of numerical pro-
cess simulations. Unlike powder bed
fusion processes, simplified mechanical
approaches or techniques based on the
effects of cumulative layer heating do
notapply. The DED process shares more
characteristics with welding, and as such
the Simufact Welding simulation envi-
ronment was used to set up a transient
thermo-mechanically coupled model.
To setup the simulation, the 61 weld
tracks were directly imported from the
robot G-Code (Fig. 2). The track data
was also used to create the required

deposit geometryin the MSC Apex CAE
environment (Fig. 3), where a congru-
ent mesh of hexahedral elements that
aligned with the individual weld beads
was constructed. The 316 LSi material
properties were selected from the Sim-
ufact Welding material database and the
heat source properties were set accord-
ing to Oscar PLT’s actual DED process
parameters. To model the process, an
advanced element activation scheme
was introduced that can provide both
stable deposit element handling and
more accurate results. The simulation
results were the temperature distribu-
tion, stresses and strains, and of course
the final distortion of the component.

Print with distortion compen-
sation

Shape comparison between the simu-
lated and real parts revealed that the
simulation predicted the part distor-
tion accurately, with only a slight over-
estimation of the distortion magnitude.

Company

Simufact Welding

is used for modelling and optimizing a wide range of
thermal joining processes, taking into account weld
sequence and clamping. Processes such as arc welding,
laser or electron beam welding, brazing, resistance spot
welding as well as the generative manufacturing process
‘direct energy deposition’ (DED or WAAM) can be mod-
elled, just like heat treatment, different variants for cool-
ing and unclamping as well as the mechanical load on
welded structures.

simufact.com/simufactwelding-welding-simulation.html
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Simufact

A part of Hexagon's Manufacturing Intelligence
division, Simufact applies simulation and process
knowledge to help manufacturers optimise metal

forming, mechanical and thermal joining and addi-

tive process quality and cost.

Hexagon’s Manufacturing Intelligence division pro-

vides solutions that utilise data from design and
engineering, production and metrology to make

manufacturing smarter.

www.simufact.com
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Fig. 2 Model set up in Simufact Welding. Yellow lines indicate the
61 weld tracks with red disks visualizing the weld source at the
respective start positions. Black arrows represent the weld orien-
tation. For clarity, the mesh is reduced to transparent blue.

Both the simulated and real structures
bulge inward in the corners of the tube,
while the straight edges are less affected.
The simulation results were applied to
generate the compensated geometry by
inverting the calculated distortions. To
feed this correction into manufacture,
the path planning for the robot was
revised for the compensated geometry,
and the updated weld paths were utilized
to repeat the DED process both virtually
and experimentally.

Shape comparison between the
3D-scan of the compensated compo-
nent and the original CAD data con-
firms the numerical prediction (Fig. 1):
with a maximum shape deviation of
less than 0.5 mm, the distortion-com-
pensated additive manufactured part
(Fig. 4) is significantly closer to the CAD
geometry than the uncompensated test
component.

Residual distortions of the compo-
nent can be attributed to the following
two causes. The first lies in the non-

Wl Plasma-Laser-Technologie p

Fig. 4 Final distortion-compensated component
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linear relation between the distortion
and changes to the geometry. Experi-
ence with numerical shape compensa-
tion of powder bed fusion processes has
taught us that this issue can be effec-
tively addressed via iterative compen-
sation schemes. The second reason lies
in the finite offset between the initial
simulation and the real part. Because
the simulation slightly overestimated
the distortion, the inversion of the
predicted deformation also resulted in
over-compensation, as expected. Fur-
ther calibration of the model would have
reduced this effect.

This project aimed to evaluate the
benefits arising from a model based on
default material data and parameters
without the need for experimental input
other than the robot G-Code. With more
than 60 % of the distortion eliminated,
this ambitious target was achieved. Even
in cases for which no initial experimen-
tal test-build is available, numerical dis-
tortion compensation makes it possible

Authors
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Fig. 3 DED sample geometry positioned on baseplate. The
Parasolid was directly generated from the weld tracks defined
in the robot G-Code. The volume associated with one of the
weld tracks is highlighted (orange).

to manufacture an optimized part right
with the first build.

Having demonstrated successful dis-
tortion compensation for a DED pro-
cess, the project partners Oscar PLT, the
chair of mechanical engineering at TU
Dresden, and Simufact moved forward
industry efforts towards the industri-
al-scale implementation of DED man-
ufacturing and is looking forward to
further collaboration.
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Optical Components and Systems I

Optical fabrication chain design

By analyzing lens data during optics design, the optimal optical fabrica-
tion chain can be determined

Oliver Fahnle, Rolf Rascher, and Marco Tinner
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It takes optical systems such as sophisticated car headlights, telescopes or
endoscopes to apply light as a tool, for example to see in the dark, to detect
rocks in outer space or stones in a human kidney. As the accuracy of the
usage of light tools is increasing rapidly, the quality of optical systems has
to follow accordingly. So the process of generating optical systems needs to
be optimized to enable the optimum transfer of accuracy and quality to all
subsequent entities in the creation process, right from the initial application
idea through to final acceptance testing.

Optics systems generation

The generation of optical systems in
general is a process with four parties
involved (Fig. 2a): starting from (a) the
customer, who wants to apply lightas a
tool and consequently defines applica-
tion parameters (e.g., MTF, image res-
olution, dB) followed by (b) the optical
system designer, who translates appli-
cation parameters into optical system
layout with optical elements’ parame-
ters, described accordingly to ISO10110
standards (e.g., types of glass, shapes
and accuracies). Subsequently (c), the
optical fabrication chain designer trans-

© 2021 Wiley-VCH GmbH

lates the optical system’s parameters and
tolerances into an optimized fabrica-
tion process chain, which is eventually
handed over to (d) production, which
installs machinery and automation,
trains people and manufactures the opti-
cal system according to the optical sys-
tem customer’s and designer’s require-
ments (cost, throughput and quality).
Asinall design and production systems,
the majority of the production cost is
found in the design phase. Especially
in optics manufacturing, the impact of
design parameters on production cost
isimmense because there is a huge vari-

A Fig. 1 Optical fabrication chain design
within reach thanks to the online tool.

ety of manufacturing technologies avail-
able, each with its own specific capabil-
ities. Therefore, there is a strong need
in industry to already optimize optical
designs for producibility and minimum
cost during the design stage by modu-
lating optical fabrication chains.

Fabrication chain modulation

While the interface between customer
and optical system designer is well sup-
ported by optical design software tools,
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optics
designer

fabrication
designer

production

the interface between optical system
designer and optical fabrication chain
designer today is still fully based on
human-to-human interactions. This
interface is one of the last major road-
blocks in the generation of optical sys-
tems because it is based on individual
judgments, is not deterministic and
depends heavily on human experi-
ences and negotiations. Within a Swiss
research project called PanDao [1, 2],
a new type of software tool has been
developed that enables the integration
of producibility analyses and fabrica-
tion chain optimizations into the opti-
cal design process (see Fig. 2b). PanDao
reads in lens parameters and tolerances
asdescribed in theISO 10110 standards

| PROM DFTIC TO FABRICATION

il PANDAO

optics
designer

fabrication
designer

and generates the optimal fabrication
chain at minimum cost, taking more
than 360 optical fabrication techniques
intoaccount. So, PanDao can be used for
cost impact analyses during the design
stage as well as for the optimization of
supply chain management, for example
in identifying optimum suppliers.

Cost impact analysis of an
aspherical lens

In the following, PanDao’s fabrica-
tion cost and technology analysis of a
plano-convex-aspherical lens is pre-
sented [2], with a 220 mm diameter
to be produced in 500 pieces quantity.
Shape accuracy on the aspherical side
is two fringes irregularity and on the

Side 1:

Side 2:

Stage 1:

cnc sub aperture rough
grinding

fabrication price 11.79€
curve generator rough
grinding

fabrication price 9.29€

Stage 2:

grinding

Total fabrication cost for this lens: 185.08€.
Investbudget for installing machinery for this fab-chain: 770000€

cnc sub aperture grindingccp bonnet
fabrication price 29.77€ fabrication price 99.19€

cnc full aperture flats

fabrication price 17.62€ fabrication price 17.41€

Stage 3:

cnc full aperture flats
polishing

Fig. 3 PanDao analysis of the plano-aspherical BK7 lens with €185 fabrication cost per lens (PanDao
also determines € 8.70 center grinding cost, € 18.50 coating cost and € 18.20 testing cost).

Side 1:

Side 2:

Stage 1: Stage 2:

curve generator rough

grinding

fabrication price 9.29€

curve generator rough  cnc full aperture flats
grinding grinding

fabrication price 9.29€

Total fabrication cost for this lens: 155.50€.

Investbudget for installing machinery for this fab-chain: 560000€
Bestfit for side 1 is used

Fabrication chain applying two succeeding steps: a) generation of best starting spherical surface (bsss) and b) aspherizing bsss

curve generator grinding enc full aperture polishingecp bonnet
fabrication price 19.89€ fabrication price 19.89€ fabrication price 62.10€

fabrication price 17.62€ tabrication price 17.41€

Stage 3: Stage 4:

enc full aperture flats
polishing

Fig. 4 PanDao analysis of the plano-aspherical BK7 lens (Fig. 1): reducing asphericity from 4 mm down
to 2 mm brings a 15.9 % total fabrication cost reduction.
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Fig. 2 Generation of optical systems:
state-of-the-art (a) and introducing
PanDao optical fabrication chain design
(b)

flat side fifth lambda while both sides
require 1 nm rms surface roughness
level and defect sizes smaller than 0.064
mm (according to ISO10110).

PanDao (Fig. 3) identifies sub-aper-
ture cnc grinding with a final ccp-bonnet
polishing to be the optimum fabrication
chain to be applied. Total fabrication
cost per lens is about 185 euros (tak-
ing an average sized central-European
company into account: without compa-
ny’s overhead cost and material cost),
total order’s fabrication cost is 92,500
euros. Two examples are given here that
demonstrate how optical design adjust-
ments can impact on fabrication cost.

Changing the lens diameter from
220 mm to 210 mm (modifying the
housing design), brings the cost per
lens down to 176.80 euros resulting in
4.4 % (or 4,100 euros) fabrication cost
reduction overall.

Changing thelens asphericity (maxi-
mum distance from best removal spher-
ical surface to the aspherical surface to
be generated) from 4 mm down to2 mm
reduces the fabrication cost per lens
down to 155.50 euros per lens, result-
ing in a 15.9 % (or 14,750 euros) fab-
rication cost reduction overall (Fig. 4).
In this case, it is cheaper to grind and
polish the removal spherical surface
first (applying full aperture contact)
and to use aspheric sub-aperture pol-
ishing techniques subsequently, rather
than to grind and polish the aspherical
surface directly.

Fabrication chain risk analysis

The optimal fabrication chain meeting
the design parameters and tolerances
can be established by applying PanDao.
Subsequently, the following three novel
PanDao parameters are determined
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which enable a risk assessment of the
selected fabrication chain: (a) the ‘chain
uniqueness, a measure of how many
fabrication chains exist within a com-
mercial tolerance band of 20 % above
the optimum fabrication chain, (b) the
‘chain capability] a measure of the level
at which the optical manufacturing
technologies must perform their duty
in the required manufacturing chain (at
‘chain capability’ 100 %, the chain has
tobeapplied at state-of-the-art process-
ing level), and (c) the ‘chain quickness),
information about the throughput speed
of the optimal fabrication chain (which
is determined by PanDao for minimum
cost and risk) with respect to the fast-
est possible fabrication chain (which is
called the express chain and is optimized
for speed at reasonable risk while ignor-
ing cost issues).

For the plano-convex aspherical
lens analyzed above, the following val-
ues result:

B chain uniqueness: eight fabrication
chains available within the 20 %
commercial band,

B chain capability: chain usage at
99.92 % of state-of-the-art level
and

B chain quickness: there is a more
expensive, but 6.2 % faster fabrica-
tion chain existing.

Judging competing optical
design in terms of fabrication
cost

A monochromatic collimator has to be
designed for a certain optical design
task, requiring a wavefront accuracy of
1 wave at the full field of 5.2 mm. As
shown in Fig. 5, two competing optical

Company

www.photonicsviews.com

+ focal length = 150, D = 50, NA = 0.1667, field = 5.2mm
design spherical doublet aspherical lens
N-SF57 N-BK7
performance full field 1° on-axis 0° full field 1° on-axis 0°
p-v=0.991 w p-v=01979 w p-v = 0.9854 w p-v=0.0012w
ms =0.1972 w rms = 0.0380 w rms =0.198 w rms = 0.0004 w
production 18.61 € 3225¢
cost
technologies |+ CNC full aperture polishing (block) |+ aspherical side: PGM
needed + spherical side: CNC full aperture polishing
(block)

Fig. 5 Two optical systems, one all spherical and one aspherical, performing at the
same optical quality level (1 wave accuracy at the full field position). The PanDao anal-
ysis shows that the aspherical objective costs 1.7x more than the spherical one. Taking
material cost into account, however, it is half the price.

systems have been designed performing
at the same quality level: A two spher-
ical lens system and a single aspherical
lens system. After conducting a Pan-
Dao analysis, the following findings
emerge: while the aspherical system is
about 1.7 times more expensive in terms
of fabrication cost, the spherical system
isabout4 times more expensive in terms
of material cost. So the overall conclu-
sion is to use the aspherical solution at
approximately half the cost of the spher-
ical objective.

Conclusion

In conclusion, a new optical fabrication
chain design software tool, called Pan-
Dao, has been developed that supports
the human-to-human interface between
optics design and manufacturing. It
enables a cost impact analysis during
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DOI: 10.1002/phvs.202100051

[1] O. Fihnle: Optical Fabrication Process
Modeling, OSA’s Optical Design and Fab-
rication congress, Rode Island, NY, USA ,
June 2021

[2] M. Tinner, O. Faehnle, and I. Livshits: Pan-
Dao fabrication cost impact analysis soft-
ware tool for optical designers, EOSAM20
conference on “Optical system design tol-
erancing an fabrication, European Optical
Society (EOS), September 2020

PanDao

You have several possibilities to get in touch with

From left to right:

Rolf Rascher, co-founder PanDao
GmbH, St. Gallen, Switzerland,

PanDao - a whole new kind of software for the

optical industry - and see how it works for you:
Use the contact form on our Web site or send an

e-mail to info@PanDao.ch

Register for a free and personal online demonstra-

PanDao GmbH

tion of the tool or for a free trial. Our team will be

happy to introduce you to PanDao.

Marco Tinner, co-founder and CEO

PanDao GmbH

Also: use our new design-to-fabrication service,
where our experts analyze your lens with the

Oliver Faehnle, head of the optical
fabrication technology group at the
OST University of Applied Sciences,
Buchs, Switzerland and co-founder

PanDao tool and report to you - ask for a quota-

i Dr Oliver Faehnle, OST — Eastern Switzerland University of Applied Sciences, IMP Institute for Microtechnology

and Photonics, Werdenbergstrasse 4, 9471 Buchs, Switzerland; phone +41 58 2573359; e-mail: oliver.faehnle@
ost.ch, Web: www.ost.ch

www.pandao.ch

© 2021 Wiley-VCH GmbH PhotonicsViews 4/2021 45


https://www.europeanoptics.org/pages/events/eosam2021/toms/systemdesign.html

I Optics Design

46

Cloud-based simulation tools for
streamlined optical design

3DOptix is a free, easy-to-use, cloud-based optical design and simulation
software which includes a suite of discovery tools and drawings

Haim Suchowski

In a stark contrast to traditional optical design and simulation software,
3DOptix offers a free, easy-to-use, cloud-based, collaborative optical design
and simulation software. Itincludes a suite of discovery tools, such as off-the-
shelf optical element search, Filter finder tool, professional drawing/media
capabilities, educational walk-me, and live mode. The modern UI/UX design
allows for a steep learning curve catering to both experienced optical de-
signers and novices.

Optical design software typically pro-
vides an optical designer with a set of
tools to evaluate and test the perfor-
mance of an optical system or appara-
tus. The design process usually begins
with basic considerations of the system,
preferably based on off-the-shelf com-
ponents. However, the scouting after
per-requirements such components can
be sisyphic and often results in creating
a manually dedicated optical model of
said elements.

Moreover, traditional optical design
software requires a for-fee license and
runs locally, limiting the ability to share
designs and collaborate on designs
across teams. Recently, 3DOptix has

PhotonicsViews 4/2021

launched a free, easy-to-use cloud-based
optical design and simulation software
addressing these main pain points. With
an interactive search interface readily
including over 60,000 off-the-shelf opti-
cal elements from leading vendors and
many other simulation functionalities,
the efficient optical design is now made
accessible and collaborative.

The 3DOptix platform enables the
creation of better optical designs with
higher efficiency. It includes a ray-trac-
ing engine running in the cloud that cal-
culates the light path through the dif-
ferent optical elements, varying prop-
agation absorption characteristics, and
reflecting surfaces. The tool enables the

user to quickly plan and test any optical
setup with off-the-shelf optomechan-
ics, common light sources and a huge
variety of optical elements from the
different catalogs or customized optics
by the end-user. Thanks to its cloud
architecture, akin to other cloud-based
tools such as Google Docs, the platform
allows easy sharing of models and col-
laboration between users. Finally, The
simulation software generates a blue-
print of your setup for fast implemen-
tation. In this article, we wish to intro-
duce the readers to some of the unique
functionalities of the 3DOptix’ platform
thatare appealing to experienced optical
designers and novices alike.

© 2021 Wiley-VCH GmbH
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Fig. 1 3DOptix’ web-based interface: a multipass Herriott cell has been designed and simulated.

Main interface and ray optics
engine

The main interface (Fig. 1) offers amod-
ern, highly intuitive and functional user
experience, where the user defines
real-life optomechanics, the sources
(including wavelengths, beam shape,
divergence, polarization etc.) and the
detectors (including spectrometers). A
vast selection of optics is available and
is covered in the next section. Once the
layout is setup the ray propagation is
run on the cloud with the 3DOptix ray
tracing engine based on sequential and
non-sequential ray tracing.

In sequential ray tracing, the optical
elements are intersected one at a time,
and light travels from surface to surface
inapredefined order. Itis used to model
the geometrical components of optical
systems, define the optical properties of
objects, approximate light sources with
directional rays and then predict real-
world system behavior by observing the

Search optical element

in - mm O Reset Fiters

propagation of these rays through sys-
tem models. In contrast, non-sequen-
tial ray tracing allows for random and
multiple encounters between rays and
surfaces by process of automatic ray
splitting. Because non-sequential ray
tracing allows rays to scatter and inter-
act with system components as they do
naturally, this method enables the user
to predict the real-world behavior of
optical systems more accurately than
in sequential ray-tracing.

The 3DOptix optics finder and
filter match

3DOptix offers a powerful search inter-
face where over 60,000 mirrors, lenses,
beamsplitters, prisms, gratings and
more from twenty (!) leading suppliers
can be searched based on their opti-
cal and geometrical properties. When
incorporating these elements in the lay-
out, the raytracing engine automatically
takes into account all the optical and

b4

Q  Recently used

geometrical properties (index of refrac-
tion, focallength, coatings, dimensions,
dispersion and more) as provided by the
included vendors.

3DOptix has also released an inno-
vative CAD import wizard, serving
all CAD file formats. The CAD wiz-
ard provides the option to add multiple
reflective surface locations, allowing the
combination of CAD design and Opti-
cal simulation in a single platform.

One task that can be particularly frus-
trating for optical designers is finding
spectral filters based on specific speci-
fications such as different transmission
(reflection) windows, size, substrate
material. To solve this known hassle,
3DOptix now incorporates an advanced
filter match search engine (Fig. 3).

In the Filter Finder interface, the user
selects the type of filter desired optical
property (transmission, reflection), The
required spectral operation (shortpass,
longpass, bandpass, notch), the relevant
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better designs with higher efficiency and a clear
path to implementation.

Founded in 2017, 3DOptix is a spin-off compa-
ny from the Femto-Nano Laboratory at Tel Aviv
University and is headquartered in Tel Aviy, Israel.
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wavelengths (cut-on, cut-off etc.) and
the number of desired matches.

Once those are selected, the 3DOptix
Filter Finder draws from its vast database
which includes over 10,000 filters and
coatings and returns the highest matches
from oft-the-shelf components and plot
them with the requested profile for com-
parison. A degree of correlation match-
ingisalso provided to guide the design-
er’s decision. Finally, a direct link to the
vendors’ websites for relevant compo-
nents is provided for easy ordering.

Automatic optimized place-
ment of optical elements
Another feature of interest in the 3DOp-
tix platform is the automatic optimized
placement of optical elements (Fig. 4).

One major task when it comes to opti-
cal system design is finding the optimal
position of the optical elements accord-
ing to some design target i.e. reduced
aberration, optimal spot size, etc. The
3DOptix interface now includes an
automatic optimized optical elements
placement. For now, beam expanders
can be optimized with respect to colli-
mation and more advanced systems are
being released.

Walk-me tutorials

The 3DOptix user experience has been
designed with the state-of-the-art Ul/
UX methodologies. To further ease the
learning curve of new users, detailed and
clear Walk-me tutorials are included, for
free as well. Under the Help section,

Author

Fig. 5 Walk-me tutorials for easy learning of the 3DOptix func-
tionalities

users can find tutorials that will walk
them through the main functionalities
of the 3DOptix platform to bring them
up to speed in a limited time.

Conclusion
Traditional optical design software
requires an a-priori knowledge or an
extensive search of per-requirements
optical elements. Moreover, their ability
to allow collaboration among designers
is limited. To address these limitations
in this article, we have introduced some
of the recent features added to 3DOptix,
the free, cloud-based, user-friendly opti-
cal design simulation software.

For more information and access to
our services, please visit www.3doptix.
com
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Machine Vision I

Intelligent quality assurance for

batteries

Computed tomography detects defects in modern lithium-ion batteries

3D visualization of a CT scan of a battery pack con-

taining a prismatic cell rendered with VGSTUDIO MAX.
(Source: Volume Graphics / Waygate Technologies, for-
merly GE Inspection Technologies)

Because of their high-power density, rechargeable lithium-ion batteries are

subject to strict quality monitoring. Industrial computed tomography isincreas-

ingly being used to detect any defects before delivery or during production.

The CT analysis software from Volume
Graphics provides functions that allow
a deep look into the inner workings of
energy storage devices. Methods from
the field of artificial intelligence are also
becoming increasingly important.

Not only because of the debate on
climate change, lithium-ion batteries
are attracting increased attention for a
number of reasons these days. They are
seen as key components for the mobil-
ity of the future. Compared with other
types of storage, Li-ion batteries have
convincing advantages: no memory
effect, lower self-discharge, and even
more crucial, significantly higher power
density. A LiCoO, cell delivers 3.6 V
of voltage - three times that of a metal

© 2021 Wiley-VCH GmbH

hydride cell and almost twice that of a
lead-acid cell.

But there are two sides to every coin.
Wherever lithium or its compounds are
involved, safety becomes an issue. Lith-
ium is a highly flammable alkali metal.
In addition, strong currents sometimes
flowin the cells, especially if the charging
process is too fast. It is not uncommon
for extreme temperature developments
to occur with subsequent deformations.
In the worst case, there is a risk of fire
or explosion. This is why we read about
recalls time and again.

Although computed tomography can-
not reveal the electrochemistry within
the cell, it can illuminate the ‘mechani-
cal’ inner workings. A thermal runaway

can have mechanical causes. Conversely,
electrochemical processes can change
mechanical conditions. The insights that
CT can contribute are increasingly being
used by research institutions and battery
manufacturers. “The testing of batteries
opens up a whole new field of application
for CT;” explains Pascal Pinter, product
manager material research and devel-
opment at Volume Graphics. “With our
software, both geometric measurements
and material testing are feasible”

Production-accompanying
application

The experts at Volume Graphics do not
just have finished cells in mind. “Due to
the very complex process of manufac-
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Volume Graphics' software allows the
measurement of anode overlap. The
amounts of protrusion are shown using
a color scale, which in this example rang-
es from 2 mm (red) to 2.68 mm (blue;
source: Volume Graphics / Waygate
Technologies)

turing these batteries, CT-based analy-
ses already make sense during produc-
tion, for example to remove defective
components from the process chain at
an early stage,” continues Pinter. With a
high-resolution CT scanner, for exam-
ple, irregularities in the layers of the
electrode packages become visible.
Delaminations are a typical phenome-
non. You can also localize foreign parti-
cles, for example residues resulting from
the cutting process. Other contaminants
can be welding particles that form when
the contacts are attached, or the housing
is sealed. The major risk that these types
of foreign particles pose is short circuits.

An important internal dimension to
be monitored during manufacturing is
the so-called anode overlap. The anode
is always dimensioned so that it over-
laps the cathode. This is to counteract
lithium plating and possible damage to
the cell. Lithium plating means that pure
Li is deposited in the anode. It is then
no longer available for the formation

Overhang in mm
2.68

of ions. A constant anode protrusion
requires high precision in manufactur-
ing. It is defined by the manufacturer
and can be checked using the CT anal-
ysis software from Heidelberg.

Finally, you can use CT for inspection
and forensics in the after-sales phase,
for example to determine the cause of a
device failure. It can also be used in the
context of comprehensive sustainabil-
ity concepts. Cells that no longer meet
the original requirements of e-mobility
due to capacity loss may still be usable
for stationary applications. A look at the
inner workings could therefore help to
save valuable resources.

Artificial intelligence detects
defects

When examining batteries using CT,
quality engineers face a challenge: The
interesting structures in the gray-scale
images provided by the CT scanner
often have very low contrasts. This is
due to the low-density differences of

§

§
§
]

!

some materials. In addition, the films
and coatings of the cell packages are very
thin and close together. It is sometimes
very difficult to determine which irreg-
ularities can be interpreted as defects,
scattered radiation, or artifacts. The
central question is: which voxel (the
smallest 3D element in the CT model,
similar to pixels in 2D images) is a defect
voxel, and which is not? Even experi-
enced quality engineers often come to
different interpretations. The only thing
left for them to dois to adjust or vary the
scan parameters of their system accord-
ingly and, if necessary, to pay special
attention to certain regions of interest
(ROI).

This is the conventional approach —
but it has its drawbacks. On the one
hand, it depends on the operator and is
therefore individual; on the other hand,
itrequires additional time, which has to
be added to the scanning time. Since
the sometimes-filigreed structures of
the cell interior require high-resolu-

Company

Volume Graphics

The company in Heidelberg, Germany, has been
developing software for non-destructive testing
based on industrial computed tomography (CT) for
over 20 years. Customers around the world, e.g.,
from the automotive, aerospace, and electronics
industries, use Volume Graphics software for qual-
ity assurance in product development and produc-
tion. Since 2020, Volume Graphics has been part
of Hexagon, a global leader in sensor, software,
and autonomous solutions.

Delaminations, the detachment of the electrode windings or coatings, can be easily
visualized with CT. (Source: Volume Graphics / Waygate Technologies)
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tion scanners, and therefore long scan-
ning times, things quickly become tight,
especially when accompanying random
sample inspections must be carried out
within a specified cycle time.

In such cases, the deep learning
method proves to be particularly effec-
tive. This approach works well, for
example, when examining cast-metal
workpieces, where similar tasks have to
be performed as in the case of battery
cells. Deep learning comes from the field
of artificial intelligence and is based on
artificial neural networks (ANN), which
are modeled on the human brain. What
neurons or nerve cells are to biology,
interconnected mathematical functions
that calculate a certain output depend-
ing on the inputare to the digital world.
The application of such a network in
CT-based defect detection delivers very
accurate results and does so in a very
short time. The network needs some-
thing like a memory for this, i.e., it has
to be ‘trained’ with defect data.

But where does this data come from?
There are basically two ways to gener-
ateit: Firstly, the simulation of artificial
defect data based on the model of real
defects. Special software is available
for this purpose. The physical effects
that occur during scanning can be imi-
tated in this way. The result is an arti-
ficial but accurate pool of data. Sec-
ondly, the defect data can also be taken

Info

The contrasts of CT images of the inter-
nals of batteries are very low, making it
difficult to interpret any defects. Artificial
intelligence methods such as deep
learning provide clarity. (Source: Volume
Graphics)

from real components. In this case the
defects have to be detected manually.
This approach requires alarger number
of real objects. Which method is most
suitable must be decided on a case-by-
case basis. “If customers commission us
to train an ANN, we will provide them
with an algorithm that fits their problem
exactly, emphasizes Pinter. “If neces-
sary, they should provide us with a cer-
tain number of battery cells, both intact
and containing critical faults”

When the trained ANN is applied,
the irregularities in the real scans are
compared with the defect data ‘in mem-

www.photonicsviews.com

ory. The ANN then identifies similar-
ities. It reliably answers the question of
what a defect voxel is and what is not.
An advantage for series-part inspec-
tion: The method is also very accurate
atlower resolutions, as they occur in the
case of shorter scan times and could also
allow inline inspection of battery cells
in the long term.

Text: Richard Laepple, freelance journal-
ist, Tubingen, Germany, on behalf of

Volume Graphics GmbH

Speyerer Stralle 4 - 6

69115 Heidelberg

Germany

phone: +49 6221 73920 60
e-mail: sales@volumegraphics.com
Web: www.volumegraphics.com
[ volume-graphics

-1 volume_graphics

3 VolumeGraphics
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VGSTUDIO MAX
https://www.volumegraphics.com/en/prod-
ucts/vgsm.html

Key technology of the hour: lithium-ion batteries

The quality characteristics that play a
role in Li-ion batteries only become
fully clear when the structure and
manufacturing processes are known:
First, we have to distinguish between
three cell designs: 1. cylindrical cells

(e. g. in notebooks, hand tools), 2. pris-
matic cells (e. g. in vehicles), 3. flat
pouch cells (e. g. in smartphones). A
cell mainly consists of two electrodes:
an anode and a cathode. If you look at
the discharge process, the anode is the
negative pole, the cathode the positive
pole. In addition, there is an ion-per-
meable separator foil between the two
electrodes and an ion-conductive elec-
trolyte.

The electrodes, in turn, consist of
so-called active materials. Graphite is
generally used for the anode, and lithi-
um cobalt dioxide (LiCoO,) for the cath-
ode. Other lithium compounds with
manganese, nickel, iron, or aluminum
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oxide are also suitable and may lead to
different voltages. Both active materials
are deposited as slurry on both sides of
a metal carrier foil, also called current
collector. Copper is used for the anode
and aluminum for the cathode. During
charging, Li-ions flow from the cathode
to the anode to embed themselves in
the graphite layer; during discharging,
the flow direction is reversed.

The thicknesses of the current collector
foils are 10 - 25 pm, those of the elec-
trode coatings 200 - 250 pm. In order
to be able to contact the electrodes
later, the carrier foils remain uncoat-
ed in the edge area. After coating, the
films go into the dryer and then into

a calendering unit, which compresses
and smooths the active coatings under
150 - 250 bar. A laser or knife then cuts
the films into sheets. Sheets are cut
out for pouch cells. In the meantime,
cleaning takes place; both cut quality

and cleanliness are important quality
criteria.

Finally, the blanks are wound or
stacked together with the separator
film to form a jellyroll and pressed.
This results in the following structure
for the wraps/stacks: anode-separator-
cathode-separator-anode-separator-
cathode, etc. Connectors are welded
to the uncoated aluminum and copper
foil overhangs, also known as current
collectors, by means of laser or ultra-
sound. Prepared in this way, the pack-
ages are usually placed in an aluminum
housing, which is welded except for

a filling hole for the electrolyte. Once
the electrolyte has been introduced,
the first charging process, also known
as formation, takes place. The final
mechanical process is the closing of the
housing by a rivet or a weld. A subse-
quent ‘aging’ period of several weeks
serves to verify the function.
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‘First time right’ freeform optics

A systematic and highly effective tool to design imaging systems from

scratch

Fabian Duerr and Hugo Thienpont

Source all images: B-PHOT
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Today's design of optical systems relies largely on efficient ray tracing and

optimization algorithms. Such a ‘step-and-repeat’ approach to optical de-
sign typically requires considerable experience, intuition, and trial-and-error
guesswork. Brussels Photonics (B-PHOT) researchers have developed a design

method that allows highly systematic generation and evaluation of directly
calculated freeform design solutions and enables a rigorous, extensive, and
real-time evaluation in solution space. Readers have the opportunity for hands-

on freeform design experience via an open-access web application.

For more than 150 years, scientists
have advanced aberration theory to
describe, analyze and eliminate imper-
fections that disturb the imaging qual-
ity of optical components and systems.
Simultaneously, they have developed
optical design methods for and man-
ufacturing techniques of imaging sys-
tems with ever-increasing complexity
and performance up to the point where
they are now including optical elements
that are unrestricted in their surface
shape. These so-called optical freeform
elements offer degrees of freedom that

PhotonicsViews 4/2021

can greatly extend the functionalities
and further boost the specifications of
state-of-the-art imaging systems. How-
ever, the drastically increased number
of surface coefficients of these freeform
surfaces poses severe challenges for
the optical design process, such that
the deployment of freeform optics has
remained limited until now. Today, the
design of optical systems largely relies
on efficient raytracing and optimiza-
tion algorithms, for which a variety of
commercial software and optimization
algorithms are available. During an opti-

RMS radii (felds 1to 6  (280.43, 180.86, 335,69, 2332, 0.04, 276.07) um

0BJ: (0°,4) 0BJ: (4,4
48
£
0BJ: (05, 0% 0BJ: (4%, 0°)
&
° |
3

A Included freeform
design web app. A how-
to-use manual is provided
in the Supplementary
Information document of
article [1].

cal design cycle, different parameters of
the optical system such as the optical
material parameters, radii, coefficients
and positions of the optical surfaces
are varied to optimize a defined merit
function that indicates the image qual-
ity for a given field of view. These merit
functions are typically ‘wild’ with many
local minima, and there is no guarantee
that local or global optimization algo-
rithms will lead to a satisfactory design
solution. A successful and widely-used,
optimization-based optical design strat-
egy therefore consists of choosing a well-
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Fig. 1 Schematic layout of a typical
plane-symmetric freeform optical sys-
tem, here consisting of three mirrors.
The plane of symmetry is indicated by
the white dotted lines on each surface.
The ray path of an arbitrary ray is shown
including the introduced mathematical
description of the initial ray direction and
intersections with each mirror and the
local transverse ray aberrations ¢, and g
in the image plane.

known optical system as a starting point
(e.g. from literature) and steadily achiev-
ing incremental improvements. Such a
‘step-and-repeat’ approach to optical
design, however, requires considerable
experience, intuition, and guesswork,
which is why itis sometimes referred to
as “art and science”. This applies espe-
cially to freeform optical systems.

In this article, we briefly review the
recently presented ‘first time right’ opti-
cal design method for freeform imag-
ing systems. The patented method [1] is
based on solving differential equations
derived from Fermat’s principle of least
time by using a power series approach.
The method enables the calculation
of the optical surface coefficients that
ensure minimal image blurring for each
individual order of aberrations. As such,
it offers a disruptive methodology to
design optical imaging systems from
scratch to facilitate a fast-track uptake
of freeform elements in the next gen-
eration of high-end imaging systems.
A more detailed mathematical descrip-
tion can be found in a recently published
article [2].

Mathematical formulation

There are various possibilities to clas-
sify aberrations in freeform optical sys-
tems according to the overall system
symmetry present: (1) systems with
two orthogonal planes of symmetry,
(2) systems with one plane of sym-
metry, and (3) systems without any
symmetry. Here, we will only consider
systems with one plane of symmetry
as it is the most common category.
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The two other symmetry categories
can be treated similarly. Following an
approach similar to that used in most
aberration theories, we assume an
arbitrary ray that is emitted from an
object at infinity with a field direction
vector H for field angles H_and H,
that passes through the pupll of the
system (here, first surface in Fig. 1) at
(x Y Sl ,yp )), and that finally 1nter—
sects the image plane at h = (h,,

D). This intersection can be wrltten
in vector form as a series expansion
h=h +eV+e?+e®+ . whereh,

(g(H ), g(H) D) denotes the 1dea1
(aberration- free) image location as a
function of H and H,. The deviation
from the ideal image location is then
described by the ray aberration poly-
nomials e9= (e , £, 0) as the sum over
the transverse ray aberration series £,
(xp,yp, H, Hy) and €, (xp,yp, H, Hy) in
x- and y-direction, respectively.

We now consider a sequence of N
refractive and/or reflective optical sur-
faces f, (i = 1...N) (in Fig. 1 these are
three mirrors) aligned along a princi-
pal ray path. To describe their surface
functions, we use a power series rep-
resentation

fiey) =232

with coefficients f; .. Next we introduce
theray mapplng functlons (u, (x,y,, H

H) v (x Yy HoH )) in x andy 1rec—
tion that describe where an arbltrary
ray, described by variables (x V.,

H ), will intersect each optical surfgce ..

We can define the respective orientation
(tilts) of all elements, namely the object,

T. L Syt
=0 S_Vt]fi,stxy
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p,=M, - (u,v,f(u,v))

=My fxy)

pupil coordinates
of the system

the individual surfaces, and the image
plane, through rotation matrices My

M, and M,, applied to H, p,=(u;, v;, f))
and h, respectively. The ray path from
the object to the image plane then con-
sists of (N+1) segments d,...d,,, that
describe the intermediate optical path
length distances for an arbitrary ray.
Vector geometry enables us to express
these distances weighted by the refrac-
tive indices n,;,, of the surrounding
materials. By applying Fermat’s princi-
ple, we can derive two sets of differen-
tial equations for all defined distances
d pairwise from object to image space

=0, (d+d 0(=1..N) (1)

l+1) -

D,,=d, (d,+d,)=0(i=1..N)(2)
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Brussels Photonics (B-PHOT)

Brussels Photonics (B-PHOT) is a self-supporting
research and innovation institute of the Faculty of
Engineering of the Vrije Universiteit Brussel with
35 years of experience in photonics education,
research and innovation. With an internation-

al and gender-balanced community hosting 70
experts from 20 countries, our continuous mission
is to advance photonics, the key digital technology
that uses the unique properties of light to inno-
vate. B-PHOT is also uniquely involved as coordi-
nator of the EC-funded pan-European initiatives
“ACTPHAST” and “PhotonHub Europe” that sup-
port both SMEs and researchers with photonics
innovation.
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An optical system consisting of N sur-
faces is thus fully described by N differ-
ential equations D, and N differential
equations D, for i=1.N,fora given
but arbltrary pupil plane.

Suppose that all functions A, hy, 7
v; and f, are analytic and smooth solu-
tions of the differential equations D,
and D, , then Taylor’s theorem 1mp11es
that the functions must be infinitely dif-
ferentiable and have power series rep-
resentations. We can employ a power
series method to find solutions to the
derived differential equations D,  and
D, This method substitutes the power
series expressions into the differential
equations to determine the values of the
series coefficients. To calculate certain
coefficients, we differentiate Egs. (1) and
(2) with respect to XY Ho H, evalu-
ated at

Y N
iy Jim, im0 5. 3% amT oy
=0(z'—1 .N) (3)

9 3 o
hm I:m 11% }1[1 Lo ay;( oH] aHy’”
—0(1—1...N) (4)

Once the entrance pupil diameter, focal
length, field of view and design wave-
length are specified, we can establish
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these differential equations and initi-
ate the method as follows: (1.) solve the
non-linear first order case (j + k + [+ m
=1) usinga standard non-linear solver;
(2.) solve the linear systems of equations
inascending order (j + k+I+m=2,3,
...) by setting unwanted aberrations to
zero or by minimizing a combination
thereof as required by the targeted spec-
ifications of the imaging freeform sys-
tem. It is important to emphasize that
these two solution steps are almost iden-
tical for all freeform optical designs. We
calculated the surface coefficients up to
the sixth order, and the mapping and
aberration coefficients up to the eighth
order throughout this article.

Three-mirror example

The first reference design example is a
catoptric imaging system by Bauer et al.
for the visible spectrum with x-z plane
symmetry and the object at infinity [3].
It consists of three freeform mirrors with
the stop at the first mirror. The targeted
system volume is sixty liters. So the lay-
out of the optical components can be
described by three distances (between
mirror 1 and 2, mirror 2 and 3, and mir-
ror 3 and the image) and four rotation
angles (one for each of the three mirrors,

Fig. 2 The ‘First time right’ design results
for the three-mirror imager: cross-section
of the directly calculated initial system
combined with peak-to-valley freeform
departures (PV) from the base sphere

for the primary, secondary and tertiary
mirror (a), corresponding spot diagrams
for six selected fields based on aber-
ration calculations (blue triangles) and
ray tracing (red crosses) in comparison
(b), cross-section of the subsequently
optimized system combined with peak-
to-valley freeform departures (PV) from
the base sphere for each mirror (c), cor-
responding spot diagrams for the same
six fields based on aberration calculations
(blue triangles) and ray tracing (red cross-
es) in comparison (d).

and one for the image), which provides
seven geometrical degrees of freedom
for the optical designer. These distances
and angles can now be (manually)
adjusted to create an unobscured start-
ing geometry that meets certain geomet-
rical constraints such as the given target
system volume. The calculated design
that we obtained by optimizing the seven
degrees of freedom of the geometry is
shown in Fig. 2a, where the system layout
cross-section is combined with the full
3D peak-to-valley freeform departures
(PV) from the best-fit base sphere for
each mirror, respectively.

Fig. 2b shows the spot diagrams for
six selected fields based on our aber-
ration calculations up to the 8 order.
With an average RMS spot radius of
about five micrometers, our directly
calculated system provides an already
well-corrected ‘first time right” solu-
tion that can be readily further opti-
mized. Next, all forty previously calcu-
lated surface coefficients and the initial
seven degrees of freedom are used as
variables for further optimization, e.g.
using Matlab’s Isqnonlin solver. After ten
iterations, which only take a few min-
utes, the system already reaches diffrac-
tion-limited performance for almost the
full field of view. The optimized design
shows slightly increased and moderate
freeform departures distributed among
the three mirrors. The results are shown
in Fig. 2c and 2d accordingly. The aber-
ration-based performance estimation of
our method was found to be in excel-
lent agreement with spot diagram data
from classical ray tracing (calculated
using Zemax, overlaid red cross sym-
bols in Fig. 2b and 2d). We have devel-
oped a web-based application for the
three-mirror design case that allows
users to experience this unique design
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method hands-on and in real time. The
graphical user interface and the usage
of the app are explained in depth in the
Supplementary Information document
of our recently published article [2].

Catadioptric design example
As a second example from literature,
we have selected a monolithic freeform
objective for a very compact infrared
camera with four optical surfaces [4].
We chose this example to illustrate
the scalability of our design method,
well beyond the capabilities of most
present-day direct freeform design
approaches. We furthermore high-
light its holistic character, since in this
case we are dealing with a catadioptric
system with freeform and aspherical
surfaces. Here we design an objective
consisting of three aspheres and one
freeform at the second surface, with the
stop placed at the first surface. We follow
this reference as closely as possible with
the following system requirements: an
f11.4 design covering a 37 x 25-degree
field-of-view, an 8.4 mm entrance aper-
ture, made of optical-grade germanium
and operating in the long-wave infra-
red region (LWIR) from 8 to 12 pm.
With the object at infinity, the layout
of the system can be described by four
distances and five angles, defining the
principal ray path from object to image
and the respective positions and orien-
tation of all surfaces and corresponding
rotation matrices. Optimizing the nine
initial degrees of freedom of the geome-
try yields an already well-corrected and
unobscured system. Fig. 3a shows the
configuration of the system of compa-
rable size to the cited reference design.
The peak-to-valley freeform departure
(PV) from the best-fit base sphere for
the second freeform surface is added
next toit. Fig. 3b shows the correspond-
ing spot diagrams for six selected fields
(we used fifteen fields for the optimiza-
tion) based on our aberration calcula-
tions. With an average RMS spot radius
ofabout 51 um, we achieved an excellent
starting point for further optimization.
All surface coefficients are now set as
variables for further optimization using,
for example, Matlab’s Isqnonlin solver.
The results are shown in Fig. 3c and 3d.
Within a few minutes, the system
reaches a close to diffraction-limited
performance in the LWIR band for the
full field of view with an acceptable
distortion of less than five percent.
Chromatic aberrations are very well
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Fig. 3 The ‘First time right’ design results for the four-surface monolithic infrared camera objective:
cross-section of the system from direct calculations with peak-to-valley freeform departure (PV) from
the base sphere for the second and only freeform surface (a), corresponding spot diagrams for six
selected fields based on aberration calculations (b), cross-section of the subsequently optimized sys-
tem combined with peak-to-valley freeform departure (PV) from the base sphere for the second sur-
face (c), corresponding spot diagrams for the same six fields based on aberration calculations (d).

controlled due to the relatively low
dispersion of Germanium in the LWIR
band. In addition, the relatively small
angles within the monolith due to the
high refractive index lead to better aber-
ration control in general. This spot dia-
gram-based performance isin excellent
agreement with spot diagram data from
classical ray tracing.

This example clearly demonstrates
again the highly effective nature of our
proposed design and evaluation method.
In addition, it highlights two further
important features: (1.) our method
allows the simple combination of refrac-
tive and/or reflective surfaces of spheri-
cal, aspheric or freeform shapes; (2.) the
method also straightforwardly enables
the number of calculated surfaces of an
optical system to be increased without
considerably increasing the computa-
tional complexity of the problem. This
direct path to scaling the number of cal-
culated surfaces is a result of the fact that
the intermediate optical path length dis-

tance expressions do not depend on the
number of considered surfaces.

Three-mirror, four-reflection
designs
Despite faster f-numbers and larger
FOVs, freeform four-mirror designs
bring in extra complexity to both mir-
ror fabrication and system assembly
compared to three-mirror designs. As
a promising alternative, we have inves-
tigated a revived type of multireflec-
tion mirror system where at least one
of the mirrors is passed twice in the ray
path with a desired overlap (not mutu-
ally centered to provide more flexible
designs) [5]. This contrasts the well-
known Offner designs where two indi-
vidual mirrors share separate parts (no
overlap) of a joint substrate without a
desired overlap in their footprints [6].
With regard to the four-reflection
cases, there are three possibilities to gen-
erate the ‘double-pass surface), respec-
tively mirrors M1/3, M1/4 and M2/4.
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Fig. 4 The proposed freeform optical design method unlocks a new class of three-mir-
ror, four-reflection freeform systems with three different ‘double-pass surface’ options.
(@ -¢c) M1/M3, (d) M1/M4, (e - f) M2/M4. Note all the layouts are based on real ray-
tracing with the design parameters for visualization: focal length 250 mm, f/2.5, FOV

7.2°%x7.2°.

Several showcases of each type have
been calculated by the proposed ‘first
time right method, summarizedin Fig. 4.
In summary, the three-mirror,
four-reflection concept presented here
canyield high-performance yet compact
designs, opening up a greatly extended
design space to explore and seek new
competitive freeform systems [7].

Conclusions

Equipping lens and/or mirror-based
optical systems with freeform optical
surfaces makes it possible to deliver
highly original imaging functionality
with superior performance compared
to their more traditional (a)spherical
counterparts, such as an enhanced
field-of-view, increased light-collection
efficiencies, a larger spectral band and
greater compactness. Until now, mathe-
matical models and design strategies for
freeform optics remained limited and
failed to provide deterministic solutions.
In particular, the identification of a suit-
able initial design has often proven to
be a painstaking and time-consuming
trial-and-error process.

In this article, we reviewed the first
deterministic direct design method
for freeform optical systems that is not
restricted by the aberration terms that
canbe controlled. The method relies on
Fermat’s principle and allows the highly
systematic generation and evaluation of
directly calculated freeform design solu-
tions that can be readily used as a start-
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ing point for further and final optimiza-
tion. As such, this new method enables
the straightforward generation of ‘first
time right’ initial designs that providea
rigorous, extensive, and real-time evalu-
ation in solution space when combined
with the available local or global opti-
mization algorithms.
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Machine and Control Technology I

Controlling 100 lasers automatical-
ly via the cloud

Using open-source cloud technology to manage laser manufacturing

software

In the Cluster of Excellence “Internet of Production” (IoP), two hundred sci-
entists at RWTH Aachen University in cooperation with Fraunhofer ILT have
set up a data center for controlling and monitoring industrial processes. The
concept for this is based on a project for controlling laser systems developed

atthe Fraunhofer Institute for Laser Technology ILT and uses the open source
software Kubernetes. A corresponding system has been running successfully
at the institute for two years, and with it the institute can automatically and
remotely install the software for new lasers in just a few minutes.

The task: setting up complex
laser systems efficiently

An ultrashort pulse (USP) laser is a
complex system that can ablate almost
any material with micrometer precision.
Numerous sensors control the machine
and guide the laser process. The software
that controls the components and reads
the data from the sensors is accordingly
diverse. In industrial production, many
such systems are often used in parallel,
and it is not uncommon to have fifty
of them side by side. But how can their
software be installed efficiently? And
how can they be controlled centrally?

© 2021 Wiley-VCH GmbH

The solution: starting from
scratch

Moritz Kroger, a research associate at the
chair forlaser technology LLT at RWTH
Aachen University, an associated chair at
Fraunhofer ILT, was faced with precisely
this issue: “With the current program-
mable logic controllers, you can control
one device quite well, but hardly a dozen
or even one hundred at the same time” In
this context - of controlling fifty to one
hundredlasers - conventional concepts
would foreseeably not be sufficient for
installing new software for these systems
and evaluating sensor data in real time.
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A The Kubernetes software is used, for
example, to control ultrashort-pulse laser
systems. The scientists are currently
researching the automatic evaluation of
measurement data.

The solution? “We completely repro-
grammed the machine control system,”
reports Kroger. “This allowed us to rely
on proven open source software right
from the start, which gives us more
compatibility and development options
for distributed systems.” This way, the
institute is able to control and optimize
laser processing operations that must
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take into account, for example, data
from the scanner controls, sensor data
from different sources and analysis data
during the ongoing process. The project
started in 2018, and the control system
is now running stably in the beta phase
at Fraunhofer ILT.

At the core of the data center is
Kubernetes, open source software that
can automatically install, scale and
maintain application programs on dis-
tributed computing systems. Kubernetes
was originally designed by Google and

Infobox

is supported by leading cloud platforms
including Microsoft Azure, IBM Cloud,
Red Hat OpenShift, Amazon EKS, Goo-
gle Kubernetes Engine and Oracle OCI.

Distributed computing for the
automated manufacturing of
the future

The potential has been recognized at
RWTH Aachen University. As early as
2019, the concept was adopted by the
Fraunhofer ILT for a data center at the
university. In the cluster of excellence

Fig. 2 In the “Internet of Production” clus-
ter of excellence, scientists are working
on cloud-based control systems for the
production of the future, among other
things. (Source: M. Riedel / Internet of
Production)

“Internet of Production”, engineers are
working on the digitalization of man-
ufacturing technology. Their goals are
to increase and simplify cross-domain
collaboration as well as to securely bun-
dle all relevant data from many different
sources in real time, and all in the con-
text of cyber-physical systems and the
fourth industrial revolution.

More than 35 university and non-uni-
versity research institutions as well as
the three Fraunhofer Institutes — FIT,
ILT and IPT - are involved. More than

Software Tools for Laser Material Processing

Software is an elementary part for the

control and automatization of processes

and the handling of digital data. Often
very specific adaption is necessary to

fulfil the various requirements according

to a process. Therefore, the Fraunhofer
Institute for Laser Technology ILT is
developing software tools highly opti-

mized for laser material processing. This
includes the generation of NC programs,

control of optical systems and data pro-
cessing.

CAM for laser materials processing

Computer-assisted manufacturing (CAM)

plays an important role in the process
chain for laser material processing.
Based on a digital model of the compo-
nent NC programs for the control of the

mechanical axes and the optical systems

are generated.
For laser metal deposition (LMD)

processes Fraunhofer ILT developed the

software “LMDCAM". This software is a
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powerful tool path planning instrument
for repairing and additive manufactur-
ing of components. It is optimized for
working with large data files (e. g. trian-
gulated data acquired by a measuring
device). The user is able to interact with
all entities (like CAD data and the tool
path) and thereby complex and individ-
ual tasks can be solved. After generating
tool paths the resulting machine move-
ment can be checked for collisions or
exceeded axis velocities. For this task

Fig. LMDCAM-
CAM software
for laser metal
deposition
(Source: Fh. ILT)

the software includes a build-in machine
simulation tool. Using the included pro-
grammable post processor tool paths
can be exported as NC programs which
can also support multiaxes systems (e.g.
robots).

For laser micro structuring galvano-
metric laser scanners for laser beam
deflection and short-pulse laser sources
are used. Compared to LMD laser micro
structuring is a subtractive manufactur-
ing process where the material is ablat-
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Fig. 3 Kubernetes can be used to control
freely scalable production systems.
(Source: M. Riedel / Internet of
Production)

50 companies and associations are rep-
resented on the advisory board. They
come from the automotive and aero-
space industries, mechanical and plant
engineering, as well as from the soft-
ware sector.

Both in the data center of RWTH
Aachen University and at Fraunhofer
ILT, the systems are in use and are con-
tinuously being refined. The automated
distribution of software and analysis of
applications in the USP laser systems
works reliably. “In five minutes, we can

www.photonicsviews.com

implement the software and hardware
connection for a new laser, including
integration into the cloud-based envi-
ronment,” Kroger explains the current
status. Research is currently being con-
ducted into the automatic evaluation of
measurement data. The goal is to com-
bine data from as many systems as pos-
sible and have it graphically prepared for
users. In the future, the process on the
laser systems is to be optimized from the
datain the field of artificial intelligence
via machine learning.

ed locally. Fraunhofer ILT developed the
software “SliceGen” specially adapted
to the laser structuring process. A CAD
model is filled with tool paths layer by
layer. Each layer can be tiled to the limit-
ed working volume of the laser scanner.
The tiles can be distributed randomly to
avoid visible boundaries. The software is
also able to generate tool paths for form
correction by measured data. For this
application the tool paths for removing
the surplus volume are calculated based
on the desired and current topography.
For laser polishing, Fraunhofer ILT
developed the software “TP4” to convert
data, generated by a conventional CAM
software (for finishing milling), into tool
paths which are suitable for the laser
polishing process. As in laser structuring,
this process also uses a laser scanner for
fast laser spot positioning. Therefore, the
required total movement is split into two
parts. The fast movement is assigned to
the laser scanner while the slow move-
ment is assigned to the slower mechani-
cal axis system (usually a 5-axis system).

© 2021 Wiley-VCH GmbH

The software calculates the superposed
movement and generates separate NC
programs for the laser scanner and the
mechanical axes. Machine programming
in work piece coordinates is also sup-
ported which allows the usage of a mea-
suring probe.

Control of galvanometric laser scanners
For many laser-based processes it is
advantageous to rapidly guide the laser
beam focus over the surface with the
use of galvanometric laser scanners
with axes of very low inertia. In order

to control these scanners, special con-
troller systems with low cycle times are
used. Many different software solutions
for controlling laser scanners, which are
often restricted for laser marking appli-
cations, are commercially available.

For an overview of Fraunhofer ILT's
software offerings, please visit https://
www.ilt.fraunhofer.de/en/media-center/
brochures/brochure-software-tools-for-la-
ser-material-processing-2017.html

The Cluster of Excellence “Internet
of Production” (IoP) is funded by the
German Research Foundation DFG.
The first runtime phase started in Jan-
uary 2019 and will last seven years.

Participation opportunities
The cluster of excellence thrives on the
exchange with manufacturers and users
of the software. Currently, the system
is in beta phase and the systems have
all been rebuilt, therefore tooling has
been kept to a minimum so far. Without
appropriate software development, net-
working and Kubernetes knowledge, the
use of the system is initially very limited
for users. For this reason, the project
partners offer consulting and training.
“Component manufacturers could
also exchange information with us
about the technology stack used, thereby
simplifying their software or drivers for
integration. If you provide us with the
components, we could also support you
in integrating the software into your
system environment,” Kréger says and
adds: “For complete system manufac-
turers, a co-operation is interesting with
regard to the use of the systems. Since we
rely completely on opensource technol-
ogies, early alignment of system manu-
facturers with Kubernetes can be quite
interesting in order to discover trends
at an early stage”

Moritz Kroger, MSc
RWTH Aachen University

Fundamentals of Melting Processes
phone: +49 241 8040-433

e-mail: moritz.kroeger@lit.rwth-aachen.de
Web: www.iop.rwth-aachen.de

@ iop_rwth B Cluster of Excellence
JInternet of Production”
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Web-based design tool for better

job safety

Safe human-robot collaboration

The safety of people interacting with robots has top priority, especially when
humans and robots are working side by side instead of being separated from
each other by safety fencing. The Fraunhofer Institute for Factory Operation
and Automation IFF's web-based design tool helps companies design their
cobots. The Cobot Designer helps minimize the risk of accidents and increases
employee safety. The tool is available as a free web application.

Humans and robots are sharing work-
space in more and more sectors, whether
they be manufacturing, logistics or med-
icine. Safety plays a major role in this. Up
tonow, range-finders on robots have pre-
vented severe impacts or crushing when
collisions occur but these sensors do not
function when humans and machines
have to stand close to each other, e.g. in
subassembly. This requires other solu-
tions. Teams of Fraunhofer IFF research
scientists have developed a web-based
application, the Cobot Designer, which
ascertains the robot speeds that ensure
safe collaboration. The design tool helps
programmers design cobots safely. The
project was contracted by the German
Social Accident Insurance Institution
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for the Woodworking and Metalwork-
ing Industries (BGHM).

Digital hazard prevention for
cobotic workstations

Anyone acquiring cobots for their busi-
ness must perform alegally required risk
assessment. Companies must identify
specific potential hazards and foresee-
able misuse by employees beforehand.
The maximum speed a robot is permit-
ted to reach is measured when it is certi-
fied for safety. A special device measures
impact forces and pressures that act on
anyone who comes into contact with the
robot. The limits from the standard ISO/
TS 15066 may not be exceeded. Other-
wise, the robot’s speed would have to be

reduced to prevent injuries to employ-
ees caused by clamping or impact. Such
measurement is costly and requires
expertise. The robot must be pro-
grammed and built. “Small businesses in
particular can’t afford this. What's more,
measurements are taken too late since
the robot has already been purchased.
Our Cobot Designer for digital hazard
prevention comes into play here,” says
Dr Roland Behrens, research scientist
at the Fraunhofer IFF. Companies can
use the interactive tool before a making
apurchase to assess whether the robot’s
speed suffices to perform a particular
job productively and, above all, safely.
“The amount of force is contingent on
the robot’s speed,” says Behrens. Iflimits
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The Cobot Designer enables businesses

to reduce their engineering work signifi-

cantly when they are implementing their
HRC applications.

are exceeded, productivity subsequently
suffers. “Let us assume the robot has to

presort a pallet in one minute. If the
speed has to be reduced by fifty per-
cent for safety reasons, the cycle time
increases to two minutes, reducing the
robot’s economic efficienca fifty per-
cent,” explains the research scientist,
adding, “That’s why being able to per-
form an economic feasibility analysis
before the purchase would be desirable.”

Cobot Designer is intended to
replace measurements with a
tester

The Cobot Designer prevents bad pur-
chases and more potentially necessary
measurements. Using the design tool
enables businesses to reduce their engi-
neering work significantly when they
implement future human-robot collab-
oration (HRC) applications. “The goal
is to use computer simulation, as the
Cobot Designer does, to dispense with
measurements entirely in the future”
The tool is available for free on www.
cobotplaner.de to anyone designing an
HRC workstation. The digital design
tool runs on all browsers.

© 2021 Wiley-VCH GmbH

It is easy to use: The user merely has
to enter the parameters for the robot, the
hazard and the tool used, e.g., a gripper.
Then, the Cobot Designer automatically
computes the effect of contact between
a human and the robot as well as the
robot’s maximum permissible speed.
The tool also provides the option of
loading proprietary, custom robot
models. Parameters no longer need to
be entered then.

Various biomechanical robot and
hazard models constitute the techno-
logical basis. The user can combine
different robots, hazard situations and
tools, thus compiling and continu-
ously expanding a catalogue. All the
data entered can be downloaded and
reused at a later time. Inputs are not
stored on the Cobot Designer’s server
to protect data.

Stress tests with subjects deliv-
er data for the biomechanical
model

The biomechanical model precisely sim-
ulates the extent to which clamping and
impact stress a person. It comprises all
twenty-nine relevant body parts where a

www.photonicsviews.com

Users can combine different robots, haz-
ard situations and tools with the design
tool, thus compiling and continuously
expanding a catalogue.

person can feel pain, including the head,
forinstance. This model draws from the
results of the one and only human sub-
ject study in the world to ascertain bio-
mechanicallimits, which was conducted
by the Fraunhofer IFF and contracted by
the German Social Accident Insurance
DGUYV and the BGHM. The Fraunhofer
IFF validated the results of the Cobot
Designer’s simulation experimentally in
stress tests with human subjects together
with physicians from Otto von Guer-
icke University Hospital’s Traumatology
Clinic and with the involvement of the
appropriate ethics commission. These
tests ran from 2015 to 2019.

Fraunhofer Institute for Factory
Operation and Automation IFF

Dr.-Ing. Roland Behrens

Robotic Systems / Model-Based HRC
Integration and Safety Group Manager
Sandtorstr. 22, 39106 Magdeburg
Germany

phone: +49 391 4090-284

e-mail: roland.behrens@iff.fraunhofer.de
Web: www.iff.fraunhofer.de
www.cobotplaner.de
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Deeper insights, better designs -
less prototypes

How state of the art multiphysics simulation helps to understand, predict,
and optimize photonics processes and devices

Phillip Oberdorfer, Yosuke Mizuyama, and Christopher Boucher

Numerical simulation of optical components and photonic devicesis an essen-

tial step inthe design of new products and the optimization of existing designs.
Fast and cost-effective simulation can substantially reduce the amount of
experimentation and prototyping required in the product development cycle.

The COMSOL Multiphysics software is
used to perform numerical simulations
inall areas of research and industry. The
software is used to model physical pro-
cesses — including high- and low-fre-
quency electromagnetics, electrostatics,
fluid flow, heat transfer, and structural
mechanics - by numerically solving the
partial differential equations that gov-
ern them.

It is possible to solve an arbitrary
number of equations seamlessly and
simultaneously, including all relevant
dependencies between these equations.
For example, users can model the focus-
ing oflight in alens system while includ-
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ing the effect of temperature change on
the refractive indices of the lenses, or
even how thermal stress will deform
the lens surfaces, all within the same
model. The optical system can thus be
simulated holistically and under real-
world conditions.

Optical components and photonic
devices can span a broad range of dif-
ferent sizes, from sub-wavelength geom-
etries to propagation distances millions
of times longer than the wavelength.
The underlying equations that describe
electric and magnetic fields are Max-
well’'s equations; different formulations
and simplifying assumptions are then

Source: Shutterstock / Denniro. All other unless noted: Comsol

invoked, depending in part on the size
of the simulation geometry. The soft-
ware includes dedicated add-on prod-
ucts for electrostatics and magnetostat-
ics, current flow, electromagnetic wave
propagation, and optical ray tracing.
Therefore, this software offers a suitable
numerical method for electromagnetics
simulation of any geometry size and any
range of wavelengths or frequencies.
No matter what equations are being
solved, the model building workflow
with this software and the user interface
is always the same. Once a simulation
engineer has finished setting up amodel,
for example, to analyze parabolic solar
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Fig. 1 The solar dish receiver model,
turned into a simulation application, is
more accessible for designing solar dish
receivers without knowing the back-
ground physics.

dish mirrors, they canadd a custom user
interface to the model with little effort.
This user interface can allow specific
input values, such as the focal length of
the mirror or the solar irradiance. The
resulting simulation app is typically
self-explanatory and user friendly, so
that the designated user of the app does
not need any simulation knowledge to
model and produce new results. The
simulation app can be shared as a com-
pletely standalone program. Thus, all
departments of a company benefit from
the added value of simulation when the
simulation department produces apps.

Full-wave simulation extends
the range and depth of lens
analysis

In addition to the optical lenses found
in cell phones, laptop computers, and
more, we are surrounded by items pro-
cessed through optical lenses every
day. For example, many of the logos
and other graphics seen on hardware
devices, including cell phones and com-
puters, are inscribed by alaser, or cut out
by a high-power laser, in which case a
laser beam had passed through many
lenses. The same is true for food pack-
age date markings, markings on medical
devices, and the so-called jamb stickers
seen on car doors. As a result, we indi-
rectly benefit to a great extent from com-
putational lens analysis, without even
knowing it.

Before such lenses are used in the
real world, a number of computer sim-
ulations are typically performed. While
simulation does not replace testing, it
can help reduce the number of proto-
types needed and also provide valuable
insight to conduct better experiments.
For the simulation of lenses, different
methods are available, ranging from

© 2021 Wiley-VCH GmbH
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traditional lens-design methods to
simulations that solve the full Maxwell’s
equations. But what might go into the
decision to perform a lens simulation
using one method over the other?

For the purpose of this article, lens
simulation can be divided into two cate-
gories: design and analysis. Design here
means optimizing a lens for a particu-
lar application, whereas analysis means
gaining a deeper understanding of what
is going on in the lens system.

For lens design, one tries to find an
optimal shape of alens so that it delivers
the beam in a desired way; put another
way, to make sure the lens focuses or
diverges the beam appropriately. The
goal of lens design is usually to mini-
mize the optical aberration. Simulation
can be used to achieve an optimal lens
design, and thisis a standard application
of optics simulation. For the purpose
of lens design, a simulation is usually
carried out by a ray-tracing method for
reasons of computational efficiency.

Inaray-tracing simulation, the elec-
tromagnetic waves are approximated by
rays. The drawback of this approach is
that diffraction effects are not included.
However, in many cases, understand-
ing the diffraction effects is not critical
for the design. When diffraction effects
are important, wave-optics methods that
solve for the full set of Maxwell’s equa-
tions without inherent approximations,
other than the numerical ones required
to fit the simulation in digital form on
a computer, are used. When does one
use wave optics instead of ray tracing
for lens simulations? As it turns out, it
is useful for both design and analysis.

In lens design, one of the important
characteristics of the lens is the spot size.
Ray tracing cannot simulate a focused
beam because it is the result of diffrac-

i

tion effects. The detailed simulation of
diffraction requires a full-wave optics
simulation. To cope with this, ray tracing
software often comes with some wave
optics simulation tools, such as Fourier
transformation and methods based on
Huygens theorem and Fresnel diffrac-
tion. These three methods are some-
times collectively called physical optics.
The formulas used are derived from an
approximate theory and typically find
a scalar electromagnetic field solution,
which is good enough to design the
beam size in many cases.

Inlens analysis, physical optics may be
adequate, but sometimes a more rigorous
theory - specifically, Maxwell’s equations
—are needed to obtain the full vector rep-
resentation of the electromagnetic fields.
This methodology is sometimes called
the full-wave method. High-numeri-
cal-aperture lenses require a full-wave
approach to be accurately analyzed; the
physical-optics methods are not appli-
cable for analyzing fast lenses.

Company

Comsol Multiphysics GmbH

COMSOL develops and distributes the COMSOL
Multiphysics simulation platform, which research-
ers and developers worldwide use to understand,
predict, innovate, and optimize product designs

and processes.

With COMSOL simulation software, special empha-
sis is placed on the seamless simultaneous usabil-

ity of all add-on products. Furthermore, COMSOL
users have the ability to extend their simulation

models into standalone simulation apps.

www.comsol.de
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When polarization matters or when
the material has some anisotropic prop-
erties, a full-wave analysis is needed
instead of scalar approximations. It is
rare that a lens itself has such compli-
cated properties, but it is also rare that
the system being analyzed consists of
only a single lens; several other optical
components are usually involved. If so, it
may be best to simulate not only the lens,
butalso the surrounding optics together
with the lens by the full-wave method if
possible. Historically, full-wave meth-
ods were frequently so computationally
demanding that they were impossible to
use in practice.

In the physical optics case, once the
field is known in one plane, the method
can calculate the field in another plane
wherever itis; that is, it does not require
the information between the two planes
as long as the space between them is
uniform. Therefore, it does not need a
volumetric mesh in its computational
domain.

On the other hand, the full-wave
approach needs to solve for Maxwell’s
equations in the entire domain. A very
powerful numerical method for this
purpose is the finite-element method,
in which the domain is meshed; it is
subdivided into small elements having
a simple shape. The maximum mesh
element size is limited to a fraction of
the wavelength to satisfy the Nyquist
criterion. The shorter the wavelength,
the smaller the finite element mesh ele-
ment size. A smaller element size means

PhotonicsViews 4/2021

Fig. 2 Full-wave simulation of a lens
system including multiple optical compo-
nents. (Source: COMSOL)

a greater number of finite elements are
needed and with that comes greater
computational resources in terms of
computational time and memory.

The physical optics methods typ-
ically find an outgoing wave field as
a solution neglecting any reflections.
This is how the physical optics for-
mulas are derived. Compared to this,
the full-wave method finds a solution
that automatically includes reflections
if there are any. If there are any mate-
rial interfaces in the simulation model,
Maxwell’s equations will not give an
out-going wave field only, since it is
not the real solution. The real solution
is the coherently combined out-going
wave field and the reflections from the
material interfaces.

There are three reasons whylens sim-
ulations using the full-wave method are
difficult:

Mesh. Keeping in mind that the full-
wave approach requires a mesh and the
mesh size needs to resolve the wave, one
can immediately understand how diffi-
cult it is to simulate a lens with the full-
wave method. If the size of the lens and
the focal length are of millimeter-scale
range, for example, the domain size can
be a thousand times the wavelength.
Then, the number of mesh elements will
be in the billions, so a regular computer
cannot handle it.

Refractive index. Usually, any opti-
cal component has a refractive index
higher than one - say, 1.5. Then, the
wavelength in the optical component

is 1/1.5 times the wavelength, which
is shorter than the wavelength in the
vacuum. This again increases the num-
ber of mesh elements, thereby further
increasing the computational demands.

Interference. Any optical compo-
nent has material interfaces, where the
Fresnel reflection takes place. There is
a4 % reflection from a material surface
of arefractive index of 1.5 for a beam of
normal incidence. This reflection causes
an interference with the incident beam,
resulting in a fringe with the periodicity
of one half of the wavelength. The mesh
needs to resolve 1/2 times the wave-
length. Combining with the refractive
index effect, 1/3 times the wavelength
needs to be resolved in the case of an
index of 1.5; thatis, the situation is three
times worse for lens simulations than
simulations in the open space, which
is already difficult.

From the above discussions, it
sounds like it is almost impossible to
simulate lenses. However, using the full-
wave method, we have the following two
remedies at our disposal:

Beam-envelope method. Instead
of solving for the fast-oscillation elec-
tric field, the slowly varying envelope
function can be solved for if the wave
vector is known. This is called the beam
envelope method. In this case, there is
no theoretical approximation, but it is
equivalent to solving Maxwell’s equa-
tions. In this formulation, the mesh
needs to resolve the envelope function
rather than the field itself. The number
of mesh elements is greatly reduced if
the envelope function is slowly varying,
which is the case in practice for many
lens simulations.

Antireflective (AR) coatings. Even
with the beam-envelope method, the
interference fringes do not give the
designer a free pass because the envelope
function is no longer slowly varying in
the fringes. To remedy this, one can use
an AR coating. It is possible to mimic
a material interface with an artificial
phase jump, which artificially generates a
destructive interference with the incident
beam and ends up with no fringes. Intro-
ducing this artificial AR coating can be
motivated, since optical components are
AR-coated in almost all practical cases.

COMSOL Multiphysics has these
remedies available as built-in function-
ality. The Beam Envelopes interface of
the Wave Optics Module is made with
the beam-envelope formulation and
includes the Transition boundary con-
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dition, which can be used as an AR
coating. Full-wave lens simulations are
therefore possible in a straightforward
fashion by using a combination of the
Beam Envelopes interface and the Tran-
sition boundary condition. It is possi-
ble to simulate slow lenses quite easily,
whereas the simulation of fast lenses is
more computationally demanding due
to the fact that a finer mesh is needed.
Fast lens simulations are still possible
with a powerful-enough computer.
Full-wave simulations for multicom-
ponent optical systems have previously
been out of reach. However, using the
methods outlined in the article, an
entire optical system, including lenses
and other optical components, can be
simulated, provided the AR coating
approach is applicable. In addition,
full-wave simulations make birefrin-
gence analyses possible so that it can
be used for the simulation of not only
lenses, but also liquid crystals or sec-
ond-harmonic generation (SHG) optics,
including the lenses. Full-wave simula-
tions performed in this manner extend
the range and depth of lens analysis.

Structural-thermal-optical per-
formance analysis: the quintes-
sential multiphysics model
Numerical simulation has become an
indispensable tool for the design, opti-
mization, and diagnostics of optical
systems. A high-fidelity computational
model can greatly cut down the amount
of time and effort spent on prototyping
and related experimental work.

The task of setting up a high-fidel-
ity model becomes more challenging
for cameras, telescopes, spectrometers,
and similar devices operating in extreme
environments. This challenge is perhaps
most daunting for optical systems on
spacecraft. The environment of space
can subject equipment to extreme tem-
perature gradients, from the cold vacuum
of space itself, to the overwhelming heat
of the Sun, and everything in-between.

Changes in temperature directly
affect the performance of an optical sys-
tem because most real-world materials
have temperature-dependent refractive
indices. In addition, thermal stresses
combine with other applied loads to
cause deformations that can further
degrade performance. Here we will
explore some of the unique challenges
of using simulation software for coupled
structural-thermal-optical performance
analysis, or simply STOP analysis.

© 2021 Wiley-VCH GmbH

Let’s first consider a Petzval lens sys-
tem at uniform temperature and with no
applied forces. The Petzval lens consists
of frontand rear lens groups followed by
a field flattening lens. Collimated rays
propagate from the left (green) towards
an image plane at the right (red, Fig. 3).
Also shown are the image plane and an
aperture stop between the lens groups.

Now suppose we take this simple lens
system and insert it into a real-world
assembly with stresses and tempera-
ture gradients. To perform an accurate
STOP analysis we must not only model
the lenses themselves, but also the sur-
rounding apparatus. This requires us to
consider the following questions: How
are the lenses mounted? What are the
boundary conditions for the structural
analysis? What are the boundary con-
ditions on temperature?

To demonstrate this workflow, we
modified the previous Petzval lens
geometry by mounting the lenses in a
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Fig. 3 Ray diagram of a Petzval lens.

barrel inside a thermovacuum chamber,
which aims to mimic the environment
of space by regulating both pressure and
temperature. A diagram showinga cross
section of the lenses, barrel, mount, and
chamber is shown in Fig. 4. Such a cham-
ber might be used to test a camera or
telescope at alow temperature ina con-
trolled laboratory environment before
launching it into space.

The entire barrel is contained within
the thermal shroud boundaries (1)
which are, in this example, held at a
low fixed temperature of -50 °C, perhaps
by pumping a liquefied gas through the
walls. Radiation then enters the ther-
mal shroud through an exterior vacuum
window (2) and additional thermal win-
dow (3). This extra thermal window is
in place to help regulate the tempera-
ture gradient in the lenses. The ambi-
ent surroundings outside the thermal
shroud are at the laboratory temperature
of 25 °C.

Fig. 4 Schematic of the Petzval lens assembly with added barrel and thermovacuum
chamber
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Fig. 5 The temperature in a cross section of the lenses, barrel, and thermal shroud.

Also shown are the lens groups (4,
5, and 6), the image plane (7), barrel
(8), and a rigid support (9) where the
displacement is assumed to be zero. The
quantities being solved for include the
temperature throughout the lenses,
barrel, and windows; the structural
displacement in the lenses and barrel;
and the ray paths through the system.

STOP analysis requires a combina-
tion of numerical methods

From a mathematical point of view,
STOP analysis is uniquely challeng-
ing because the structural and ther-
mal models require a different type of
numerical approach compared to the
optical model. The most robust and flex-
ible approach to structural and thermal
simulation is the Finite Element Method
(FEM). This method involves represent-
ing the geometry asa number of discrete
numerical cells, or elements, and then
approximating the strain and tempera-

ture in each element as piecewise func-
tions defined on that element.

The optical performance is best pre-
dicted using a ray tracing approach.
This is because FEM implementations
of optical simulation usually require a
mesh fine enough to resolve individual
wavelengths, and this requirement isn't
practical for optical frequencies.

If the structural and thermal simu-
lations are performed on a discretized
representation of the geometry using
FEM, and the optical simulation uses
aray tracing approach, how do we fac-
tor in the effect of structural deforma-
tion and temperature change on the
optical performance? The COMSOL
Multiphysics simulation software pro-
vides a seamless integration of these
different numerical methods within
an all-encompassing user interface,
which also includes tools for geome-
try setup, meshing, solvers, postpro-
cessing, and much more. Its newest
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Fig. 6 Ray diagram of the heated Petzval lens assembly and barrel for three field angles
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version, 5.6, includes dedicated tools
for coupled STOP analysis and several
new examples.

Assumptions for thermal simulation
The radiation entering through the vac-
uum window and thermal window has
a broad spectral range. At the optical
frequencies, we assume that light gets
refracted by the lens; but in the infra-
red regime, we assume that the lenses
are opaque, meaning that they absorb
the incoming radiation and then reemit
it diffusely in all directions. Therefore,
the radiation entering the chamber
actually requires two different model-
ing approaches to be used in tandem.
In the optical regime we use ray trac-
ing to observe the focusing behavior,
while in the infrared regime we model
the thermal radiation in tandem with
conductive transport through the lenses
and barrel assembly.

Using multiphysics simulation, the
most accurate way to model thermal
radiation (assuming ideal diffuse sur-
faces) is with the radiosity method. Thus
the thermal model combines the radi-
osity method to model surface-to-sur-
face radiation with the finite element
method to model conductive transport
through solid bodies. There is no con-
vective transport to worry about because
the lenses and barrel are in a vacuum.

Ray tracing in a deformed geometry
The ray tracing algorithm automati-
cally accounts for thermo-optic dis-
persion and optical stress. The rays
interact with a mesh representation of
the boundaries in a geometry rather
than their analytic representation, and
this makes it very convenient to model
reflection and refraction by a deformed
geometry because the displacement field
in each boundary element is known
from the FEM simulation. In other
words, the same mesh is used to assign
degrees of freedom in a FEM calcula-
tion of the structural displacement and
temperature, and to query the position
and normal direction at ray-boundary
interactions.

To account for thermo-optic disper-
sion, the rays can query the temperature
field at any location within a lens. This
temperature and the ray’s vacuum wave-
length are used to compute the refractive
index encountered by each ray.

Altogether, multiphysics modeling
enables us to simultaneously do the
following:
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B Model conductive heat transfer
and structural deformation using
FEM,

B Model radiative heat transfer
between diffuse gray bodies using
the radiosity method, and

B Trace light rays through the heated
and deformed lens system.

The results of the thermal model
demonstrate the importance of using an
additional thermal window to regulate
temperature in the Petzval lens assem-
bly. Fig. 5 shows the temperature in a
cross section of the lenses, barrel, and
thermal shroud. Because the tempera-
ture change within the barrel is rather
hard to see, the temperature is also plot-
ted as a 1D graph along the center line
of the assembly.

The outer window of the vacuum
chamber (1) is the warmest because
it is exposed to radiative heat transfer
by the ambient surroundings (7). The
thermal window (2) is about -30 °C,
much colder than the surroundings
but still significantly warmer than the
thermal shroud (6). The lens groups
(3, 4, and 5) are all within 2 °C of the
thermal shroud.

This aptly demonstrates the need
for a thermal window; without it, the
temperature difference among the
lens groups might be as high as 20 °C,
rather than 2 °C, leading to significantly
greater thermal stress. This is similar to
the rationale behind using double-pane
windows for room insulation.

Rays were traced through the ther-
mally deformed system for three dif-
ferent field angles. The trajectories are
shown in Fig. 6; the temperature field
in the lenses and barrel is also shown.

Authors
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Fig. 7 Spot diagrams for the Petzval lens system in the thermovacuum chamber (top)

and at room temperature (bottom).

A convenient way to compare the
optical performance in this thermovac-
uum chamber and at room temperature
(20 °C) is by creating spot diagrams,
which show the distribution of rays in
the image plane. Spot diagrams for each
of the three field angles are shown in
Fig. 7.

From the spot diagrams it is more
obvious that the temperature change
has a significant effect on optical per-
formance; not only are the spots visi-
bly different, but their root mean square
(RMS) spot sizes differ significantly.

Using multiphysics simulation we are
able to conduct a coupled STOP analysis
within a single self-contained, simula-
tion software package. Furthermore, the
means for deploying numerical mod-
els to a larger user base have improved
rapidly in recent years. The democrati-

zation of simulation, together with the
ease-of-use of modern STOP analysis
tools, suggests that the use of simula-
tion in optical design will only become
more essential and more widespread in
the future.
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Mind the gap

Using thermal simulation software to analyze cooling mechanisms of
pluggable optics modules

John Parry

Simcenter is a flexible, open, and scalable portfolio of the best predictive
simulation and test applications that support you at every step in your digital
journey. Simcenter is a key component within the Xcelerator portfolio, allow-
ing engineers to generate a set of ultrarealistic, multiphysics models and data
that can predictreal product behavior. By providing insight into the real-world
performance of a product or a process, Simcenter allows you to accelerate
innovation over the entire lifecycle. As an example, this article examines work
done by Terence Graham and Bonnie Mack at Ciena Corp. in support of I1A#
OIF-Thermal-01.0 A that included a study of the thermal interface resistance
between a CFP2 lid and heat sink base, including heat spreading effects.

Pluggable optics modules (POMs) are
optical interface devices connected to
the throughports in the faceplate of
a printed circuit board (PCB). They
combine fiber-optic transmitters and
receivers (transceivers) and some sig-
nal processing into one package. The
transmitter side converts an electrical
signal into light for transmission over
optical fiber while the receiver section
converts the light signal into an electri-
cal signal. The modules plug into con-
nectors on the host board for additional
signal processing, switching etc.

PhotonicsViews 4/2021

Today’s high-power, higher band-
width POMs are difficult to keep cool.
The faceplate portis contained in a PCB-
mounted cage: a folded, sheet-metal
enclosure that is press-fit into the PCB
to provide connector alignment and
electromagnetic compatibility (EMC),
cf. Fig. 1. The cage generally prevents
heatsinking to the module bottom while
providing an opening in the top surface
where a spring-loaded riding heatsink
can contact the lid. The challenge is to
permit the required sliding while pro-
vidingalow interface thermal resistance.

POMs extend through the faceplate
and can be hot swapped. The nominal air
gaps (0.2 to 0.3 mm) between the mod-
ule case and the cage, and between the
cage and PCB provide an inconsistent
thermal resistance. The cages generally
have small openings on the sides to allow
ingress and egress of air for cooling. With
high power POMs, these openings pro-
vide insufficient cooling, so an opening
on the cage top is added, giving access for
a spring-loaded, riding heatsink.

Another challenge to keeping these
modules cool is that thermal inter-
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Fig. 1 Cage design and section showing typical internal layout. Narrow air gaps locations in image (b): module to top of cage (1), mod-
ule to bottom of cage (2), bottom of cage to PCB (3), and, not shown, sides of module to sides of cage (4).

face materials (TIMs) cannot be used
between the heatsink and the POM case
because of their hot plug feature. As a
result, a dry thermal interface between
the two surfaces is used. In addition,
the thermal interface between a plug-
gable optics module and heatsink is
not consistently defined or controlled
in the multisource agreements (MSAs)
that specify the physical form factor
and electrical interfaces to allow mul-
tiple manufacturers to make physically
compatible products.

Allowing the required sliding while
providing alow interface thermal resis-
tance is especially important in a tele-
com environment where shelf-level
products in network equipment build-
ing systems [1] must operate in an ambi-
ent temperature of 55 °C. The POMs
case temperature limit is usually 70 °C.
This results in a 15 °C temperature dif-
ference required to cool the POMs. Fig. 1

shows the typical thermally important
features of POMs and cages.

The Optical Internetworking Forum
(OIF) [2] developed an implementation
agreement [3] to specify general require-
ments for the thermal interface. The IA
specifies that the MSAs define theloca-
tion and size of the contact areas where
most heat would be removed from high
power modules and directly addresses
the issue of removing heat from the top
of the POMs [4-7]. It defines resistance
parameters of the interface between the
module and heatsink.

TheIA also specifies the information
POM suppliers must provide to facil-
itate thermal integration of the mod-
ule within the host system for both the
initial assessment and detailed design
stages. These include specifications for
temperature drop and thermal resis-
tance between the module and an “ideal”
heatsink. It defines a thermal interface

Scenario 1: Transverse
| bump inmiddie.

CFP2 Lid

5mm wide contact
line in middle

0.03-0.30 mm
bump

Scenario 2: Transverse
line hollow in middle.

resistance that includes interface con-
tact and spreading effects. The IA rec-
ommends tighter tolerances for surface
finish and flatness for well-controlled
interfaces. It defines power density
classes for the thermal interface and
describes a method for measuring the
thermal interface resistance between the
module and a cold plate with an “ideal”
mating surface.

Thermal interface resistance of a
POM s affected by design factors under
the control of both the system designer
and the module designer. Surface fin-
ish and flatness have a strong influence
within normally accepted manufactur-
ing and machining practices.

Analyzing the thermal resis-
tance between the POM and its
case

Ciena Corporation conducted a study
[8] to assess the thermal interface resis-

Company
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Where today meets tomorrow: Siemens Digital
Industries Software is driving transformation

to enable a digital enterprise where engineer-
ing, manufacturing and electronics design meet
tomorrow. The Xcelerator portfolio helps compa-
nies of all sizes create and leverage digital twins
that provide organizations with new insights,
opportunities and levels of automation to drive
innovation.

0.03-0.30 mm hollow

Line Contact at ends,
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in middle & ends, 1.25mm at ends
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Fig. 2 The CFP2 contact interface flatness scenarios.
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tance between a C-Form Factor Plug-
gable (CFP2) module lid and heatsink
base, including heat-spreading effects.
The study examined three contact sce-
narios (Fig. 2):

B a transverse bump in the center of

the lid
B a transverse hollow in the center of

the lid
B atransverse contact in the center

and ends of the lid
All three scenarios have the same con-
tact area. These simplified contact
geometries and the contact gap ranges
from what would be an extremely fine
production surface flatness to 0.3 mm,
the maximum allowed by the MSA for
the CFP2 contact surface for Power
Class 1 and 2.

For the study, the team conducted
thermal analysis using the computa-
tional fluid dynamics (CFD), thermal-
simulation software from Siemens,
Simcenter Flotherm. They assumed
both surfaces had the same type of
flatness so that modeling of the net gap
between surfaces could be easily imple-
mented in the software.

The team modeled the resistance
in the contact areas between the heat-
sink and the module using the method
described in [9]. A simplified CFP2 soft-
ware model was created that included a
Type 6063 grade aluminum case and as
many as six sources to dissipate power
and to contact the lid.

Results were obtained for varying
gaps because of out-of-flatness and dif-
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ferent source locations. Intake air was set
for 55 °C at 1 m/s across the enclosure
cross-section upstream of the module.
Total power for the CFP2 was 12 W in
all cases. Other model details are given
in [10,11]. CFP2 lid temperature was
monitored directly above the center of
each source.

Figs. 3 and 4 show plots of maximum
lid temperatures versus net flatness over
the range of 0.03 to 0.3 mm flatness for
the three scenarios.

Spreading resistance in the lid was
highest for scenario one, a center bump,
which is effectively a single contact.
Spreading resistance varies with the
thermal conductivity and thickness of
thelid. The interface resistance between
thelid and heatsink was sensitive to the
interface flatness. Temperature differ-
ences between the lid and heatsink
base could be reduced by 5 to 8.5 °C
with flatness improvement on a CFP2
depending on heat source location and
the nature of the out-of-flatness. This is
one-third to half of the CFP2 tempera-
ture budget in a NEBS environment —a
huge improvement without increasing
the size of the heatsink.

Why simulation and test tools
are important for developing
today’s advanced technologies
An industry that looks toward the
future is driven by innovation, striv-
ing to out-perform their competitors.
Companies are faced with increasing
complexity across multiple dimen-

Fig. 3 The range of flatness results with
front device and rear PCB heat dissipa-
tion (T Lid max = maximum lid tempera-
ture, THS ave = average heat sink pad
temperature, dT Lid = temperature differ-
ence among lid locations, dT Lid max to
THS ave =T Lid max - THS ave)

sions such as integrating mechanical,
electrical, and controls behaviors, and
incorporating new materials and man-
ufacturing methods. Products can no
longer be designed in isolation, which
makes development even more complex
to manage. Engineering teams are faced
with tradeoffs that can seem impossible
to solve: making products more pow-
erful but consume less energy, making
them thinner, yet cooler. How do you
navigate these tradeoffs and answer the
tough questions to bring innovations
to market faster, despite the increased
complexity?

Answering this question requires
solutions that can help predict and
improve product performance.
Simcenter, a key part of Siemens Xcel-
erator digital software platform, is a
flexible, open, and scalable portfolio of
the best predictive simulation and test
applications thatare designed to drive
innovation into your products and
shorten time to market. The portfolio
covers the full breadth of methodolo-
gies for engineering, covering system
simulation, mechanical simulation,
CFD simulation, electromagnetics and
electronics cooling, and physical test-
ing. These different domains of engi-
neering are augmented with design
exploration and analytics, workflow
automation, and simulation process
and data management. Customers who
use Simcenter are supported by highly
skilled and experienced staff who pro-
vide engineering services, deliver deep
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Fig. 4 The range of flatness results with
heat dissipation on front and rear devices
with 0 W PCB dissipation.

industry expertise and know-how, and
offer dedicated support. But why it is
important to invest in simulation and
test tools?

For modeling complexity
Engineers need the ability to predict
or measure behavior and performance
in the best possible way. This means
capturing all complexity in a product,
from the geometry, the physics, or the
usage environment, all of which affect
performance. Greater accuracyleads to
greater confidence in the predictions
and therefore in the decisions. This is
true at all stages of development, and
using a combination of 1D and 3D sim-
ulation with test is the best way to model
the complexity and reach the desired
accuracy.

Simulation enables modeling the
complexity all the way from material
behavior to performance of entire sys-
tems, including a broad range of physics
such as structures, flow, electromagnet-
ics, motion, and thermal.

For exploring the possibilities

To truly gain an advantage from invest-
ments in modeling complexity, engi-
neers need to leverage those models to
run experiments. An increase in com-
plexity also means an increase in the
degrees of freedom available for adjust-
ment. Through a systematic and intel-
ligent exploration of the design space,
engineers can gain tremendous value
from the models, by discovering new

© 2021 Wiley-VCH GmbH
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designs, optimizing for performance, ~Conclusion
and improving robustness, allinafrac-  The OIF agreement [3] specifies infor-
tion of the time it would take without = mation required by system designers
these software tools. for preliminary, simplified system, and
detailed system analyses. Simple esti-
For faster production mations of the temperature loss to the
The traditional pressures of time, cost,  heatsink are feasible by defining power
and quality still apply even as complex-  density classes and requiring a measure-
ity increases. And increasing complexity ~ ment of the overall thermal resistance
can slow down ability to make theright ~ between the monitoring point on the
decisions. Engineers need to be ableto ~ POM module lid and the heatsink. This
work faster and innovate more, despite  measurement is to be done on a module
the complexity with which theyaredeal-  initscageand powered from an insulated
ing. Speed and productivity are always  carrier PCB with a cold plate heatsink to
important at the individual, group,and  ensure the thermal interface resistance
enterprise levels, and having the right  measurement includes the POM’s con-
tools makes a world of difference. tribution to the interface resistance.
For this environment, the results pre-
For integration sented here show that 99 % of the CFP2
Product development is increasingly  dissipation flows through the interface
complex, which means more opportu-  of interest, whereas other test methods
nities for misalignmentbetween teams.  have net heat transfer from the POM to
Yet development in different functional  the carrier PCB, or to the POM from the
areas happens simultaneously. Anopti-  carrier PCB.
mal decision in one area could prove to Comprehensive thermal digital twin
be sub-optimal for another and cause ~ for a POM can be created with a com-
delays in development, design rework,  putationally expensive detailed model
oreven field failures. Balancing tradeoffs  either built by the system designer with
between performances is crucial but it  information from the module supplier or
can only be achieved by having every-  amodel supplied by the module vendor.
onealigned. Traceabilityiskey toenable ~ For example, it could be used further in
visibility and audits on how decisions  the development of a Delphi-type resis-
were madeand whoisimpacted. Staying  tance network or a Boundary Condition
integrated means having a digital thread ~ Independent Reduced Order Model
provided by the software solutions that ~ (BCI-ROM). A comprehensive digital
connectsall relevant stakeholders,mod-  twin could be used to analyze the con-
els, and data. nections to the PCB, surrounding air, and
heatsink with distributed internal heat
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sources like that used for multi-junction
integrated circuit devices.

To find out more about Simcenter
and Xcelerator, the latest in compre-
hensive and integrated portfolio of soft-
ware and services, visit Siemens Digital
Industries Software.

*
The article is based on original work
by Terence Graham and Bonnie Mack,
both senior thermal engineers for Ciena
Corporation.
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Adjustable ring shaping for laser welding applications

A diffractive method for shaping a laser into a spot surrounded by a ring, with continuous-
ly adjustable power ratio

The recent increase in availability of
high power NIR fiber lasers at affordable
costs has resulted in such that practi-
cally the power is no longer the limiting
factor to laser welding speed. Instead,
other physical phenomena such as
spattering, humping and weld porosity
became dominant at high weld speeds.
These phenomena have shown to be
substantially minimized when using a
special illumination power consisting of
aconcentric ring and spot. However, the

PhotonicsViews 4/2021

optimal power ratio between the spot
and the ring differs between different
welding process parameters and differ-
ent system setups, and so an adjustable
ring-to-spot ratio enables the system
manufacturer to find the optimal work
point for each process.

In order to address this demand,
Holo/Or has launched a beam shaper
for controlled adjustable ring-to-spot
ratio, a diffractive-shaping solution
which consists of two identical diffrac-
tive optical elements (DOEs) placed
on the same optical axis which, when
rotated against each other can shape the
beam which propagates through them in
arange from where 100 % of the power
is in the central spot and continuously
transferring a portion of the energy to
the outer ring until ~80 % of the power
isin the surrounding ring with no energy
at the central spot.

These elements can easily be installed
into off-the-shelf, manual or motorized,
rotational mounts to create an optical
module, which can be integrated in
multiple configurations onto the opti-
cal axis, requiring no high NA or other
costly optics different than the standard
laser welding optics. The solution can be
used with both single mode and multi-
modelasers, and can be adapted for large
beams typically used with multi-kW
lasers, thus enabling a large range of
macro and microwelding processes.

Holo/Or

Alexander Brodsky & Natan Kaplan
13B Einstein Street, Science Park
Ness Ziona, 7403617, Israel

phone: +972 8 9409689

e-mail: sasha@holoor.co.il

Web: www.holoor.co.il
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Measurement Technology I

Metrology & Industry 4.0

Deploying optical technology and process control solutions to the

smart factory floor

Peter ). de Groot & Michael Schmidt

H

When looking at the place of metrology in the ‘fourth industrial revolution’, it
is interesting to ponder whether industry 4.0 is being driven by developments
in metrology or metrology developments are being driven by Industry 4.0.

Today’s most sophisticated metrology
systems drive quality assurance (QA)
which has become a fundamental dig-
ital task which in and of itself facilitates
efficient and cost-effective production
processes. In a very real sense, QA data
today controls how products are made,
and drives the bottom line and the repeat-
ability in production which is vital in all
pan-industrial manufacturing scenarios.

From this perspective, it is a short
leap to advocate that QA drives Industry
4.0. The dynamic growth of non-contact
3D optical metrology solutions in recent
years reinforces this argument, asimage
processing and vision systems easily fit
into Industry 4.0 processes.

And so we begin to shift preconcep-
tions. For along time, metrology for pro-
duction QA has been seen as akin to
a necessary evil, a part of the product
development process that ticks boxes,

© 2021 Wiley-VCH GmbH

but doesn’t directly add value. From this
angle, it can be argued that metrology
serves no other purpose than to catch
failures within a production process. If
the failures or short comings were not
there, then the role of metrology would
be redundant.

Company

AFig.1 The future of advanced manu-
facturing relies on greater integration
of precision metrology with production
quality control.

Source all images: Zygo

Zygo Corporation

Zygo Corporation is owned by AMETEK, Inc., a leading global manufacturer

of electronic instruments and electromechanical devices with annual sales of
approximately $5 billion. ZYGO is a worldwide supplier of optical metrology
instruments, high-precision optical components, and complex electro-optical sys-
tems, and Its products employ various optical phase and analysis techniques for
measuring displacement, surface shape and texture, and film thickness. Electro-
Optics and Optical Components businesses leverage ZYGO's expertise in optical
design and assembly, and high-volume manufacturing of precision optical compo-
nents and systems, for the medical/life sciences, defense and industrial markets.

WWW.zygo.com
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Butin the modern world, metrology
is the source of bucket loads of data,
which can be used to fuel the systems
used in a smart factory or Industry 4.0
environment, promoting true data-
driven production.

Drilling into Industry 4.0

A key competitive driver for manu-
facturers today is efficient production,
which is why Industry 4.0 solutions
using digital technologies to stimulate
innovation and improve production
processes are gaining traction across
all key industrial sectors. As these tech-
nologies are enhanced and become less
expensive, as a trend, Industry 4.0 will
become more and more important.

The underpinnings of the concept
of Industry 4.0 requires that businesses
interrogate their competitive model and
focus on increasing capacity to deliver
more cost-effective products through
the digitization of the entire produc-
tion process.

Today, this requires that these busi-
nesses completely re-assess their entire
value chains, and apply different ways of
thinking and toolsets, fusing the physi-
cal, digital, and virtual worlds together.
Industry 4.0 encourages the integration
of intelligent production systems and
advanced information technologies, and
is fundamental to the foundations and
future of many of the world’s leading
manufacturers.

The promotion of a digital manufac-
turing strategy is fundamental for many
manufacturing companies if they are to
remain competitive in the years to come.
and central to this is the capture, anal-
ysis, and alteration of data. From this
perspective, the role of 3D metrology
solutions is clear, and it is very much
more than just catching the occasional
QA failure in production.

The power of metrology-driven
data

For Industry 4.0, use of big data is key,
as is its movement and use upstream
and downstream in the product devel-
opment process, with algorithms
adjusting the manufacturing process to
ensure consistent, efficient, and above
all repeatable production with zero
failure rates. 3D data captured as parts
are manufactured using fast, non-con-
tact optical metrology systems can be
directly fed to the quality control team
who can analyse its conformance with
design intent by comparing it with 3D
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Topography of a valve body for an internal combustion engine, measured
over a 200 mm x 100 mm area using multiple image captures with interference micros-

copy

CAD solid models. Any areas of con-
cern can be highlighted, and adjust-
ments can be made instantaneously to
CAM files.

Such an automatic process all but
negates the need for shut-off, drasti-
cally reduces failure rates and scrap, and
therefore enhances the overall efficiency

and cost-effectiveness of production. In
such a scenario, advanced 3D optical
metrology solutions enhance the qual-
ity, quantity, and speed with which data
is collected, and allows its analysis and
significance to be assessed in the blink
of an eye to the betterment of manufac-
turing processes.
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Smart factory metrology solu-
tions

Metrology’s role in highly digitized
factories that continuously collect and
share data through inter-connected
devices, machines, and production pro-
cesses s to support digital production at
every stage. To achieve the objectives of
the “smart factory,” manufacturers must
evolve their processes to close gaps in
inspection-related data at every stage in
the production value map. It also has a
role in giving manufacturers greater vis-
ibility of the entire supply chain, includ-
ing suppliers. Smart factories bristling
with industrial robots and automated
handling systems rely disproportion-
ately on fully automated control systems
and speedy verification and feedback.

This plays to the use of in-process
metrology solutions and non-contact
3D optical solutions.

Typically, the conversation when
looking at the optimum use of metrol-
ogy inadvanced manufacturing settings
today is between its use in the lab or
in-process. Ultimately, a key driver for
the shift from in-lab to in-process is a
desire for a “faster time to data,” and more
importantly, the ability to make decisions
as a result of that data faster. Hence, it
is a key element of Industry 4.0 and the
efficient running of a smart factory.

When compared to alternative leg-
acy metrology solutions where mea-
surement is a separate off-line activity,
in-process solutions have a number of
key advantages, the most obvious being
the speed with which the data derived
from it can influence decision making.
If carrying out metrology in-lab, parts
must be moved to the QC department,
and then they need to be set-up for
the metrology operation to be under-
taken. If the metrology is in-line, var-
ious process steps are removed, and as
defects and problems can be identified
and rectified instantaneously rework-
ing is reduced. In-process metrology
therefore assists in preventing prob-
lems before they arise, and if they do
arise allows them to be identified and
addressed before they become a costly
and time-consuming issue.

Non-contact optical metrology solu-
tions also fit within the concept of Indus-
try4.0 as they are speedier and can cover
larger areas than contact devices. Fully
integrated 3D optical metrology pro-
motes fully automated closed-loop pro-
duction. In addition, improvements in
computer processing and optical tech-
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nology mean that the sheer amount of
data that can be acquired and analysed
is vastly increased. 3D optical metrol-
ogy solutions used in-process allow
for processed data to be to be fed from
the metrology system into the factory
management system and this advances
the concept of the smart factory con-
siderably.

Summary

For automation to be successful in
the Industry 4.0 era, data collected for
monitoring and control must be reliably
communicated. As a part of this trend,
incorporating metrology equipment
into manufacturing systems to gather
data for use in intelligent decision mak-
ing to prevent process variation.

More intelligent, more flexible, and
faster learning metrology systems are at
the heart of - and integral to - indus-
try4.0 and all advanced manufacturing
systems. Such metrology systems pro-
mote the evolution of connected facto-
ries, and will dramatically reduce down-
time while at the same time speeding up
production of more innovative, better
designed, and higher quality products.
While there are many developments on
the horizon in this area, forward-look-
ing companies really should be looking
atthe advanced metrology solutions that
exist on the market today and which can
be used to enhance manufacturing effi-
ciency at all levels.
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Fig. 3 Interference microscopy for measuring gear
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Cost-efficient laser depaneling

Why depaneling with a laser is the most efficient solution

76

For years now, there have been rumors going around in the electronics

industry that laser depaneling is very costly. This may have been true for

investments in laser machines ten or more years ago - but when consid-

ering the operating expenses, especially with newer systems, the situation

looks quite different today. Meanwhile, depaneling with laser systems has

become by far the most efficient method for a wide range of applications

and the cutting results are excellent, which means that the highest quality

standards are also met.

The trend in the price-to-performance
ratio for currentlaser systems, especially
with respect to the production of rigid
printed circuit boards (PCBs), is quite
obvious: The cost of depaneling based
on the effective cutting speed has fallen
to approximately one tenth of what it
was a decade ago.

There are two main drivers for this
phenomenon: on the one hand, material
costs are much lower today than they
were a few years ago, and on the other
hand, the performance of laser systems
has improved dramatically due to the
integration of more powerful lasers and
the more advanced process know-how
developed by leading laser machine
manufacturers such as LPKE
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Material savings and fewer
upstream processes
Savings in printed circuit boards mate-
rial of more than thirty percent on aver-
age can be achieved with the use of
modern laser systems, such as LPKF’s
Cutting Master 3000.

This is made possible by utilizing
a full-perimeter cut through the pan-
els with the laser, rather than cutting
tabs of pre-routed boards. With a full-
perimeter cut, printed circuit boards
can be spaced very closely together
for minimal material loss; taking full
advantage of the narrow kerf width of
a laser tool which is typically around
0.15 mm vs. a 1 to 2 mm router bit.
This eliminates the space that is oth-

. BB

Laser & Electronics.

Source all images: LPKF

LPKF Cutting Master 3000 Ci: laser depaneling system for production lines

erwise occupied by pre-routing lanes
around each PCB on the panel. Another
advantage is the variable and exact laser
guidance and the narrowest possible cut
toaccommodate even the most intricate
geometries, ensuring optimum material
utilization. Through these factors, laser
systems can realize even greater savings
potential, especially for smaller-sized
PCBs.

In addition, the costs of upstream
process steps are reduced, and users also
profit from indirect savings because of
the higher number of printed circuit
boards per panel. The handling time
for the individual PCB is reduced and
human errors caused by manual hand-
ling are minimized.
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Fig. 1 Changes in price-to-performance ratio for laser depaneling sys-

tems over the period 2010 - 2020

Low operating expenses, mini-
mal downtime

Also, unlike with milling machines,
there are no significant operating
expenses. This is because the laser as
a tool has no mechanical wear and the
quality of the laser is constant. There is
no need for regular replacement of saw
blades or router bits, also eliminating
unproductive downtime and the cost of
replacing such tools.

Preventive maintenance work can
be done at longer and planned inter-
vals because the replacement of machine
wear parts is done during regular pre-
ventive maintenance deployments.
Through this, the downtime can be
reduced to a minimum.

Error minimization and quality
improvement
Laser machines integrated into produc-
tion lines are often advantageous for
high volumes. Extensive automation
often reduces manual errors.

Both dust and stress to the PCB are
eliminated by using a laser for PCB
depaneling operations, drastically
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improving production yield. Unlike tra-
ditional mechanical depaneling meth-
ods, laser depaneling machines do not
generate milling dust that can become
airborne and cause quality issues any-
where in the plant, as well as cause health
problems for employees exposed to
these airborne particulates. Lasers also
don’t create the mechanical stresses that
are imparted when using a dicing saw or
router, which could jeopardize the func-
tionality of sensitive components on the
circuit board or even compromise the
integrity of the board itself. PCB man-
ufacturers achieve a higher quality and
a better yield if laser depaneling sys-
tems are being used. These two factors
together provide a significant advantage
that traditional depaneling technologies
cannot equally provide.

Energy efficiency

Evenifit seemsat first that the energy use
for depaneling was negligible for many
production facilities, this factor is now-
adays often considered more carefully.
Over the years, the performance of the
laser has risen considerably while their

Company

www.photonicsviews.com

Energy-efficient processing
of the PCB

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Fig. 2 Changes in energy efficiency over the period 2010 -

overall power consumption in relation
has dropped significantly. This trans-
lates into a sixfold increase in overall
energy efficiency - a remarkable factor
that can currently only be achieved by
laser technology.

Conclusion

Modern laser machines are the tools
of choice when considering the
above-mentioned aspects in terms of
the cost-effectiveness of laser systems
for the depaneling of rigid and flexible
PCBs, especially for high throughput
applications. These systems save on
material costs and handling effort, and
improve production quality, which
equates to higher yield. The return on
this investment is easy math.

LPKF Laser & Electronics AG

Patrick Stockbrlgger

Product Manager

Osteriede 7

30827 Garbsen

Germany

phone: + 49 5131 7095-1755

e-mail: patrick.stockbruegger@Ipkf.com
Web: www.Ipkf.com

LPKF

Fig. 3 Full-perimeter cutting with laser technology allows for signif-

icant materials savings.
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LPKF Laser & Electronics AG is a leading provider of laser-
based solutions for the technology industry. Laser sys-
tems from LPKF are key elements in the manufacturing of
printed circuit boards, microchips, automotive parts, solar
modules, and many other components.

Founded in 1976, the company has its headquarters in
Garbsen, near Hannover, Germany, and has subsidiaries
and representative offices throughout the world. Around
twenty percent of the workforce is engaged in research
and development.

www.|pkf.com
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Cutting of composites

Fiber composite materials: When cutting and punching become too diffi-
cult - laser cutting will help

Delcotex is specialized in the production of all kinds of technical textiles. With

almost 300 years of textile experience, Delcotex has focused on the production

of prepregs for the automotive and other transport sectors in recent years.

When its composite materials have to be cut, Delcotex recommends laser

cutting systems from the Lineburg-based company Eurolaser.

Compared to conventional materials,
thermoplastic prepregs can save a lot
of weight and costs while optimizing the
stability of components. However, the
high degree of stability of the fabric has
also a disadvantage: conventional knives
or punches are becoming dull very

The Laser Cutter XL-1600 is available with a conveyor
system and a winding unit for textiles processing.

78

PhotonicsViews 4/2021

quickly during usage. Consequently,
this results in the recommendation
from Delcotex to cut materials with laser
cutters from Eurolaser. “Laser cutting
gets ahead where other tools fail,” says
Thomas Armbruster, head of marketing
and product management at Eurolaser.

New material enables laser cut-
ting of prepregs

Carl Mrusek, head of business devel-
opment at Delcotex explains: “Our
prepregs are so stable that mechanical
cutting with knives or punches does
not work. The tools would be dull in a
minimum of time. Economical cutting is
only possible with a water jet or a laser.
We are pleased with the laser cutting
systems from Eurolaser as water jet cut-

ting brings another hurdle with it. Damp
edges have to be dried, which will take
up to 24 hours again to dry before our
customers can then, continue with the
further processing of the prepregs. With
the laser, the prepregs can now be cut
quickly, precisely and, above all, drily.
Besides, there is practically no wear of
the laser”

Good for the environment: save
weight

“Especially in the course of the Fridays
for Future movement and the great pub-
licinterest in climate and environmental
protection, weight reductions and the
associated savings in fuel consumption
and thus, reduced CO, emissions are
more relevant than before,” said Mr
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Only with water jet or laser an economical cutting of Delcotex prepregs is possible.
Waterjet cutting presents another hurdle: moist edges must be dried before customers
can further process the prepregs. With the laser, prepregs can be cut quickly, precisely

and - above all - dry.

Production of prepregs at Delcotex: compared to conventional materials, thermoplastic
prepregs can save a great deal of weight and also costs, while optimizing the stability of
components.

Armbruster. “The composite materials
from Delcotex help automotive manu-
facturer in particular to save massive
amounts of weight in the crucial areas
without having to forego the necessary
material properties, such as stability and
durability” Besides, thermoplastic pre-
pregs, which are largely made of fiber-
glass and polypropylene, are, compared
to their expensive brother carbon, suit-
able for large-volume series use. Thanks
to the contactless, force-free cutting,
car manufacturers and especially their
suppliers can save time and tool costs
as well as the effort involved in assem-
bly. Together, Delcotex and Eurolaser
not only ensure a better environment
for their users with the help of weight
savings and process optimization, but
above all, by lower operating and pro-
duction costs.

Proven tandem

Delcotex recommends Eurolaser laser
cutting systems to its customers. The
industrial laser cutters are not only reli-
able, they are also durable. “In addition
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to being more economical than mechan-
ical cutting, this also helps to save money
in production,” says Mr Armbruster. “In
return, we at Eurolaser regularly test
new technical textiles from Delcotex.
We issue certificates of which materials
can be cut with which of our laser cut-
ting systems. In addition, we also recom-
mend the corresponding cutting speeds
of thelaser machines to our customers.”

Delius Techtex GmbH & Co. KG

Kirsten Lieder, Sales,

Business Development
Vilsendorfer Str. 50

33739 Bielefeld

Germany

phone: +49 5206 9107-438
e-mail: kirsten.lieder@delcotex.de
Web: www.delcotex.de

eurolaser GmbH

Alexander Wente, Product Manager
Borsigstr. 18

21339 Luneburg

Germany

Tel.: +49 4131 9697-600

e-mail: a.wente@eurolaser.com
Web: www.eurolaser.com

WILEY
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European Imaging Community

Our editorial content, in print and
“e"-products, covers reviews as well
as scientific and technical reports
focusing on applications relating to:
Light Microscopy, Electron and lon
Microscopy, Image Processing and
Analysis, Scanning Probe Microscopy
and X-Ray Analysis.

We are established media partner
of the: European Microscopy Society
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Initiative (ELMI), Royal Microscopical
Society (RMS), EMBL International
Centre for Advanced Training (EICAT)
and Focus on Microscopy (FOM).

Editor-in-Chief
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August 01 - 05, 2021

SPIE Optics + Photonics
San Diego, CA, USA/ online

spie.org/conferences-and-exhibitions/optics-and-
photonics

August 25 - 26, 2021

IVAM Hightech Summit 2021
online: www.ivam-hightech-summit.com

September 01 - 03, 2021

CIOE 2021
Shenzhen, China
www.cioe.cn

September 09 - 10, 2021
5th European Machine Vision Forum ‘-At,(‘

Cork, Ireland 4&1 ——
www.emva-forum.org e

September 13 - 17, 2021

EOS Annual Meeting (EOSAM) 2021
Rome, Italy / online
europeanoptics.org/events/eos/eosam2021.html

September 14, 2021
Innovative Product Development by Additive
Manufacturing

Hanover, Germany
www.lzh.de

September 14 - 17, 2021

EPH)

Geneva, Switzerland
https://ephj.ch

Wikey Industry

Source: Messe Miinchen

September 21 - 23, 2021

122nd Annual Meeting of the DGa0

Bremen, Germany
https://dgao.de/jahrestagung

September 22 - 23, 2021

W3+ Fair Rheintal

Dornbirn, Austria
https://w3-messe.de

September 28 - 29, 2021

Al for Laser Technology Conference

online
www.ilt.fraunhofer.de

October 05 - 07, 2021

VISION
Stuttgart, Germany
www.messe-stuttgart.de/vision

VISION

October 10 - 14, 2021

International Semiconductor Laser Conference (ISLC)
Potsdam, Germany
www.islc2021.org

October 12 - 16, 2021

Fakuma
Friedrichshafen, Germany
www.fakuma-messe.de

October 18 - 21, 2021

SPIE Optifab
Rochester, NY, USA
spie.org/conferences-and-exhibitions/optifab

WIN » NEWS  Read event previews and reviews on www.wileyindustrynews.com/en/events

PhotonicsViews 4/2021
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“100 % English edition a 100 % success”

Review: Photonics Online Meetings #3, 11 May 2021, online

The 3rd edition of the Photonics Online
Meetings took place on 11 May. Marked
by its 100 % English language format,
the event brought together a total 0of 274
participants — meeting participants and
congress attendees.

On the program of this day of busi-
ness meetings between principals and
suppliers of the photonics industry:
more than 470 B-to-B meetings were
held with a satisfaction rate of more than
eighty percentand 15 product webinars
were presented by Polytec France, Diop-
tic, ACM Coatings, Mitutoyo, Schott,
Lambda-X, RP Photonics, Hamamatsu
Photonics France, AEMtec, Argotech,
Lumibird, Photon Lines, Alpha-RLH
and Graphene Flagship. POM#3 pro-
vided an opportunity to meet European
players in the photonics industry, R&D
and innovation to identify skills and

Save the date !

technological solutions, present proj-
ects and exchange with principals and
partners, develop business networks, tar-
get public or private funders, and hold
virtual meetings.

On the strength of this success, a 4th
edition is already planned for Novem-

O PHOTONICS # 3

ONLINE'MEETIN

®)

Next edition in autumn 2021!

MAY 11™ 2021

9:00 am - 7:00 pm

L)
PHOTONICS # 4

OMNLINE MEETINGS

Save the date !

e o
- )

ber 2021 with a reinforced desire to
bring together the European players in
the photonics sector. The objective will
again be to facilitate and support meet-
ings in these current uncertain times by
providing solutions to future challenges.

www.photonics-france.org

A three-day industry exhibition with conference and a

Wiley Indnstry

physics job fair

Review: WIN>DAYS, 7 - 9 June 2021, online

The trade journal group of Wiley Ver-
lag, including PhotonicsViews, inspect,
messtec drives automation, GIT Sicher-
heit, GIT Security and Management &
Krankenhaus as well as Ernst & Sohn
have held the second virtual “Wiley
Industry Days, or WIN>DAYS for short,
with renowned companies and institu-
tions. Exhibitors from the fields of secu-
rity, safety, civil engineering and archi-
tecture, automation, machine vision,
photonics, hygiene and healthcare pre-
sented their innovations and services in
the halls of the virtual exhibition center.
Visitors could view products, solutions
and presentations and learn about the
latest trends in their industries. WIN>-
DAYS hosted a conference program
taking place in five digital auditoriums.

Just like the first instance in Novem-
ber 2020, the exhibition center was set up
like a physical trade fair. The lobby had
all the information visitors need to ori-
ent themselves. Visitors could post chat
requests to each other throughout the
exhibition center. Each participant had
an overview of who was on the grounds,
in the various rooms, or at the stands

© 2021 Wiley-VCH GmbH

at all times. Visitors could see a list of
stand personnel and contact exhibitors
via video chat, text chat, or email. They
could switch toa private room for a video
chat if they require.

Conference Program
The focus of the event was the exhibi-
tion and networking - accompanied by
an extensive conference program. Panel
discussions with high-profile guests and
selected keynote speakers provided
information on the latest developments
from industry and research. In addition,
exhibitors invited visitors to give presen-
tations. The digital conference program
could be viewed via the auditoriums
- interested parties were able to click
directly into the lectures.

The exhibition halls, and also Hall
B - automation, machine vision, and
photonics — hosted high-ranking com-
panies, research institutions, and indus-
try associations. Among the many live
contributions, the following companies,
institutions and organizations gave pho-
tonics-related presentations (in alpha-
betical order): Comsol Multiphysics

Opening

of the
Photonics
Online
Meeting
#3 (Source:
Photonics
France)

------

Hall B - automation, machine vision, and photonics

GmbH, Dr Thorsten Koch (CEO) and Dr
Andreas Bick (Applications Engineer),
EPIC - European Photonics Industry
Consortium, Tracey Vanik (Head of
Photonics Market Research), Fraun-
hofer Institute for Laser Technology ILT,
Christian Knaak (Research Associate),
Hamamatsu Photonics, Florian Friedl
(Group Leader Automotive), Laservi-
sion, Hans Christan Meedt (Regional
Sales Manager), Spectaris, Dr Wenko
Suptitz (Head of Photonics Division).
The following companies presented
career opportunities in their companies
during this year’s WIN>DAYS:
Horn & Company, Dr Christoph Hartl,
Senacor, Jonas Hoppmann, and Zeiss,
Dr Jasmin Biehler, Dr Christopher Hinz,
and Fabian Sibbers.
https://wileyindustrydays.com

PhotonicsViews 4/2021
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Positive feedback to online format

Review: EMVA Business Conference Special Edition 2021

With a participation of 135 participants
from 23 nations, the 19th EMVA Busi-
ness Conference Special Edition 2021
took place online. A total of 20 speeches,
two fireside chats and two CEO/Man-
agement panel discussions covered vir-
tually all current economic and technical
topics that the machine vision world is
currently dealing with. About 90 virtual
bilateral video meetings were arranged
between conference attendees during the
individual B2B sessions between con-
ference attendees before and after the
conference program in the afternoons.

The top-class panel on the second
conference day discussed the current
status of Industry 4.0, and stated that
the term has already become a standard
itself with Al and machine vision as the
core components, such as in generating
digital twins. However, industrial busi-
ness models are often not so disruptive
as in end-user business - such as when
smart phones triggered a paradigm shift,
for example - but prefer to improve exist-
ing strategies rather than developing new
ones. According to the panelists, more

EMVA Business Conference
Special Edition 2021

10 - 11 June, 2021

data also requires increasing use of Al
and digitalization, which automatically
contributes to decarbonization. Vision,
as it was stated, can provide the right
data at the right time to make the right
decision in Industry 4.0.

Being a megatrend in the machine
vision industry, Al was present in var-
ious technical parts of the conference
sessions. The keynote on the second
day given by IBM Benelux CTO Wouter
Denayer reflected on the current devel-
opments pledged to change the funda-
mental structure of neural networks
towards Neural Symbolic Al Systems.
Simply making networks bigger would

W
-‘V& emva

curnpean machine vision assccistion

¥ ' ! l a waw. business-conference.smva.ong
4N \j - h\ WAWETYVEL O

not help in future and the increase in
accuracy for training Al is no longer pro-
portional to the amount of energy input
required and pollution generated, which
makes the carbon footprint of Al unjusti-
tiable. Or as EMVA President Chris Yates
put it in his conference wrap-up: “With
great power comes great responsibility”
This conference also provided room
to put early-stage innovatorsin the focus:
no less than six companies in the initial
or post start-up stage presented their
innovations which circled around the big
topics of Al and deep learning, logistics
and complex inspection tasks
WWww.emva.org

Networking and co-operation as success factor

Review: Quantum Technology - The Participation of German Industry, 22 June 2021, online

The third virtual meeting of the nation-
wide expert group Quantum Technol-
ogies of Photonik Deutschland - Pho-
tonics Germany provided about eighty
participants with insights on the topic
“Quantum technologies and the partici-
pation of the German economy”.

: Z Fraunhofer
i

]

=_:r" e
o | vod

Glass-based quantum photonic packaging

One of the expert talks: Henning Schroder (I1ZM) “Glass-
based quantum photonic packaging”

82

Thomas Bauer, chairman of OptecNet
Germany, and Dr Wenko Siiptitz, head
of photonics at Spectaris, welcomed the
participants and introduced the program
consisting of four expert presentations.

PhotonicsViews 4/2021

Henning Schréder, Fraunhofer Insti-
tute for Reliability and Microintegration
(IZM), gave an insight into glass-based
quantum photonic packaging and addi-
tionally highlighted opportunities for
spin-offs and start-ups. The following
presentation of Andreas Biilter, Pico-
Quant, dealt with the topic “Single
Photon Counting in Optical Quantum
Technologies™

Subsequently, Dr Robert Axmann of
the German Aerospace Center (DLR)
introduced the DLR initiative for the
promotion of quantum computing.
Funded by the Federal Ministry for Eco-
nomic Affairs and Energy (BMWi), new
quantum computers can be developed
and an economic environment consist-
ing of industrial companies, research
institutions and start-ups can be created.

Thomas Glafler, project manager at
Photonics BW, concluded by presenting
the “Agenda Quantum Systems 2030” of
the Quantum Systems program commit-
tee consisting of numerous stakeholders.

A long-term funding strategy is needed
tobe able to apply and to exploit existing
competencies and economic advantages.
The research results should serve as a
basis for the development of new prod-
ucts and services in quantum technol-
ogy. The involvement of a wide variety
of participants from industry, research
institutes and politics is important to
ensure successful implementation. With
specialist events on quantum technol-
ogies, Photonics Germany promotes
the networking of these players and is
included accordingly in the Agenda
Quantum Systems 2030.

After the presentations, a discussion
on future activities within the expert
group took place. The next meetings are
planned for the fall 0f 2021, again either
virtually or possibly in hybrid form.

Photonics Germany is the alliance of
Spectaris and OptecNet Deutschland.
PhotonicsViews is its official publish-
ing medium since April 2021.

https://photonics-germany.de

© 2021 Wiley-VCH GmbH
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Event concludes with a positive outlook for the photon-

ics industry

Review: LASER World of PHOTONICS Industry Days, 21 - 24 June 2021, online

The global market for lasers and laser
systems will grow by 6 % in 2021. This
optimistic forecast issued by the highly
respected analytical firm Optech Con-
sulting was one of the highlights of the
Laser World of Photonics Industry Days
that was held as an entirely digital event
from June 21 - 24. A total of 1,525 peo-
plelearned about market figures and the
latest technology trends in the photonics
industry and networked with colleagues.
The digital event was closely integrated
into the online version of the World of
Photonics Congress 2021, which was
simultaneously attended by about 2,450
scientists.

The Industry Days shortened the wait
for the regular Laser World of Photon-
ics trade fair that will be held in 2022 in
Munich once again. The online event
began with akeynote address by Dr Rein-
hard Genzel, Nobel laureate in physics.
The professor discussed how he was able
to prove Albert Einstein’s general theory
of relativity by observing black holes.

WORLD™
CONGRESS

The focus of day 2 was the market
performance of the photonics industry.
Dr Arnold Mayer of Optech Consult-
ing reported that global sales of laser
materials processing systems declined
only slightly during 2020 as a result of
the Covid-19 pandemic - to 15 billion
euros. The total still exceeded the level
0f2017 and all other years that preceded
it. Mayer forecasts 6 % growth for 2021
(in euro-denominated terms).

The German photonics industry has
suffered little and even performed well
during the Corona crisis, Joerg Mayer,

2

i

Constantin Haelner

the managing director of the Spectaris
trade association noted. After the indus-
try’srevenues declined by 1.1 % in 2020,
he expects to see an increase 0of 9.4 % in
2021. The reason for the positive turn-
around: photonics applications are the
heart of such growth industries as semi-
conductors and e-mobility.

“We are really happy that we could
provide the entire photonics industry
with a place to gather,” said Dr Rein-
hard Pfeiffer, the deputy chairman of the
board at Messe Muenchen.

https://world-of-photonics.com

“The largest digital event for the photonics industry suc-
ceeds at its second attempt”

Review: PHOTONICS+, 29 - 30 June 2021, online

On 30th June, the 2nd Photonics+ Vir-
tual Exhibition and Conference ended
successfully. For two days, more than
140 players from the photonics world
met over 2,072 participants and poten-
tial customers at the last industry
get-together before the summer break
to discuss new partnerships and proj-
ects together. A partner of the event is
EPIC, Europe’s largest photonics indus-
try network. The companies appeared in
digital booths and provided a product
presentation.

The emphasis of the live event, which
took place from 1 to 5 pm both days, was
personal exchangein 1:1 video chats. Not
only exhibitors but all active users of the
platform were able to communicate with
each other. The ten keynotes, which were
broadcast live from all over the world,
were again very well received. Renowned
international speakers from Jenoptik,
Coherent, PicoQuant, Q.ant, Avantes

© 2021 Wiley-VCH GmbH

and AEMtec, among others, provided
insights into the key requirements of the
user industries. The networking rooms
that, amongst others, covered the top-
ics of optics, electronics/semiconductors
and life sciences provided the opportu-
nity for all participants to make spon-
taneous contact. CEOs and CTOs were
additionally invited by EPIC for exclu-
sive networking.

“We firmly believe that digital events
will remain an integral part of the event
landscape and will complement and
enrich face-to-face events in the future.
With Photonics+, which is based on
our own xircus event platform, we have
created a perfect digital facility for B2B
and B2C;” says a delighted Joerg Brueck,
business director at event organizer Fleet
Events.

Carlos Lee, director general of the
European Industry Consortium, EPIC,
adds: “I really like the platform. The

opportunity to network live with new
contacts in an uncomplicated way is a
business driver for our member com-
panies. Together with Fleet Events, we
will continue to work on expanding dig-
ital events with qualified attendees and
high value”

More Photonics+ events are planned
for 2021 and 2022 and will be announced
in due time.

www.photonicsplus.com

PHOTONICS+
o= ==

PhotonicsViews 4/2021

Part of

the virtual
‘Laser’
roundtable
(Source:
Messe
Mulnchen)
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Preview: IVAM Hightech Summit 2021

25 - 26 August 2021, online

This year, the IVAM Hightech Summit
will take place as a purely digital event.
It is the central microtechnology con-
ference where international experts
from micro and nanotechnology come
together once a year. The latest develop-
ments and products are presented and
the challenges of the future are inten-
sively discussed. In recent years, digi-
talization has been the central theme of
the event.

The primary aim of the event is to
establish contacts efficiently. Companies
and institutes will have the opportunity
to present their products, find custom-

Preview: 122nd DGaO Annual Meeting

ers, suppliers and research partners and
talk about upcoming projects in the vir-
tual space. At the heart of the event will
be the technical conference program
focusing on microfluidics, medical tech-
nology, wearables, organic electronics,
and optics and photonics. The digital
supporting program includes virtual
networking areas as well as an exhibi-
tion area with company presentations
and live video chats.

Interested companies can now regis-
ter for ‘Hightech Packages’ at the IVAM
Microtechnology Network. In addition
to a presentation slot in the program and

21 - 23 September 2021, Bremen, Germany

With its annual conference 2021, which
has been postponed due to the pan-
demic, the German Society for Applied
Optics (DGaO) is taking a step towards
normality by holding the conference in
the Atlantic Hotel Universum in Bre-
men, Germany.

Avaried program of around one hun-
dred scientific lectures and object post-
ers offers the opportunity to revive the
personal exchange and discourse that is
so important for science. As a relaxed
face-to-face meeting with an unlimited
number of visitors is still not possible
due to the pandemic situation, the annual
meeting this year will be held as a hybrid
event with a maximum of 140 partici-
pants at the venue. The scientific lecture

program can be followed in person or via
the Internet. Poster authors can present
their scientific results on the Internet.
An exciting scientific program has
been set up, thanks to the great volun-
tary commitment of the members of the
program committee and especially the
conference chair Prof Ralf Bergmann
and the chairman of the program com-
mittee Prof C Faber. The main topics of
the conference are measurement tech-
nology, display and lighting technol-
ogy, sensors and calibration procedure,
additive manufacturing, optics design,
optical materials and their adaptions,
microstructuring and characterization,
machine learning and computational
imaging. These topics will be addressed

Preview W3+ Fair Rheintal

22 - 23 September 2021, Dornbirn, Austria

For the second time, the W3+ Fair trade
fair is calling companies from the optics,
photonics, electronics and mechan-
ics sectors to the Dornbirn exhibition
center. The high-tech suppliers will be
on site to network and to develop for-
ward-looking innovations together with
user industries. The new accompanying
N-Tec Talks congress will provide visi-
tors with the latest knowledge.

PhotonicsViews 4/2021

After the cancellation in 2020 due to
Corona, the high-tech W3+ Fair Rhe-
intal is to open this year’s high-tech fall
season on September 22 and 23,2021 at
the Dornbirn Exhibition Center. At the
trade event, developers and technology
providers from optics, photonics, elec-
tronics and mechanics will network and
establish contacts in key user industries
such as medical technology, life science,

(N ] IVAM
HIGHTECH

conference tickets for employees, the
packages also include a digital ‘Brand
Space’ with upload and presentation
options as well as live video chat func-
tions and guaranteed leads by capturing
the contact details of all interested visi-
tors. IVAM members as well as members
of partner associations receive the con-
ference packages at a preferential price.
Extended sponsorship packages are also
available.
www.ivam-hightech-summit.com

DGaO
\i\

in 6 invited plenary lectures, 73 submit-
ted lectures and 19 scientific posters.
Special highlights of the conference
are the Fraunhofer lecture by Prof Katja
Poppenhiger from the Leibniz Institute
for Astrophysics, Potsdam, with the
title “Exoplanets — what light curves
and spectra tell us about other solar
systems” on September 22nd, 2021 at
7 pm, as well as the presentation of the
“DGaO Young Scientist Award” to five
young scientists. As always, the scientific
program is accompanied by an exhibi-
tion of the industrial supporters of the
DGaO. We look forward to the active
participation of numerous scientists
from applied optics.
https://dgao.de/jahrestagung

y

§

W3LAR

mechanical engineering or automotive.
Experts from enabling technologies will
be looking for new technological devel-
opments and many companies are look-
ing forward to the resumption of face-to-
face events and the opportunity to make
new business contacts. There are already
commitments from major regional play-
ers such as SwissOptic, Evatec, Rysearch
and CSEM from Switzerland, Swarowski

© 2021 Wiley-VCH GmbH



Optik from Austria and Optics Balzers
from Liechtenstein. But many compa-
nies from Germany, such as Optotech
and scia Systems, have also signed up.
A central component of the trade
show will be the new, accompanying
high-tech congress N-Tec Talks, which is
opento all trade show participants free of

charge. Here, prominent specialists will
present trends and product innovations
of equal interest to product managers,
developers or buyers.

Effective security measures

Rapidly reducing restrictions mean
that normal trade show activities can be
expected for the end of September. Orga-

Preview: Vision 2021

5 - 7 October 2021, Stuttgart, Germany

The current Corona regulations of the
state of Baden-Wiirttemberg enables
Messe Stuttgart to hold the interna-
tional trade fair for machine vision in
a way that is safe for everyone involved,
the organizer is confident. The basis is
a four-stage plan that keeps the safety
level stable even with increasing inci-
dence figures.

For example, the corona safety proce-
dures, now familiar from everyday life,
will be implemented at the exhibition
center, ensuring that all participants are
verifiably vaccinated, recovered or tested
negative. Corresponding testing capac-
ity is also planned on site. In addition,
a general mask obligation applies - the
mask can be removed in the restaurant
or at a catering stand as well as in the
outdoor areas of the trade fair.

Preview: 27th International Semiconductor

To ensure that visitors can relax and
comply with the distance rules, the aisles
are four meters wide and the areas for
catering, networking and forums have
been extended. In addition, building
management will ensure adequate fresh
air exchange.

“Now that we have a planning basis
in the form of the current Corona
Ordinance issued by the State of Baden
Wauerttemberg on June 28, we are doing
everything we can to make 2021 a suc-
cessful Vision year!” promises Florian
Niethammer, project manager at Messe
Stuttgart. “Despite the dynamic pan-
demic situation and realistic expec-
tations, we sense enormous anticipa-
tion and a great desire among all those
involved that the industry can finally
meet again in person,” he adds.

Laser Conference (ISLC)

10 - 14 October 2021, Potsdam, Germany / online

The renowned International Semicon-
ductor Laser Conference (ISLC) will be
held in Germany - for the first time in
nineteen years and in person. The Ber-
lin-based Ferdinand Braun Institute
(FBH) will host the ISLC as a hybrid
event, supported by the IEEE Photonics
Society as technical sponsor. This makes
the ISLC one of the very first in-person
international laser conferences since
the Covid-19 outbreak began.Those
interested in the conference who can-
not travel to the event are welcome to
participate online.

The ISLC is dedicated to the latest
developments in semiconductor lasers,
amplifiersand LEDs. It represents excel-

© 2021 Wiley-VCH GmbH

lence from all global regions and in all
areas of current semiconductor laser
research. The program committee has
selected the top 100 papers for oral and
poster presentations from the confer-
ence submissions. An extensive program
complements the conference, including
renowned speakers and workshops on
topics such as automotive lidar and pho-
todetection.

The ISLC has more than 50 years of
tradition, attended by a highly inter-
national audience and with locations
cycling between the Americas, Asia/
Australia and Europe/Mid-East/Africa
regions every two years. Since its found-
ing, many new and ground-breaking

www.photonicsviews.com

nizer Fleet Events will implement the
hygiene measures required at that time
together with the Dornbirn Exhibition
Center. The organizer has still had to
cancel a previously planned event, the
W3+ in Wetzlar.

www.fleet-events.de

VISION

Interested parties who are unable to
travel will find all exhibiting companies
in the online exhibition directory for the
trade fair. In addition, Messe Stuttgart
will broadcast the ‘Industrial Vision
Days’ conference live and on demand
for the first time. Also new are the Motek
and parts2clean trade fairs, which will
be held in parallel.

Atthe center of this year’s supporting
program are the Industrial Vision Days
innovations and new developments in
machine vision will be presented and
trends discussed here. This year, the
Vision Award will also be presented
for the first time on the big stage. This
prestigious award will be presented by
a distinguished jury to honor the best
innovation in the field of machine vision.

www.messe-stuttgart.de

ISLC2021

semiconductor devices have been first
presented first at this conference. The

ISLC was last in Germany in 2002.
Topics include: semiconductor opti-
calamplifiers, silicon compatible lasers,
VCSELs, photonic band-gap and micro-
cavity lasers, grating controlled lasers,
multisegment and ring lasers, quantum
cascade and interband laser, sub-wave-
length scale nanolasers, mid IR and
THz sources, InP, GaAs and Sb materi-
als, quantum dotlasers, high power and
high-brightness lasers, GaN and ZnSe
based UV to visible lasers and LEDs,
communications lasers, and semicon-

ductor integrated optoelectronics.
www.islc2021.0rg
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Components and
accessories

Cooling systems

l‘ chillers

KKT chillers

Industriestrale 3 * 95359 Kasendorf
T+49 922899770

F+499228 9977 149

E info@kkt-chillers.com

W www.kkt-chillers.com

Zitermotek

termotek GmbH
Gottlieb-Daimler-Str. 3-9
76532 Baden-Baden

Tel.: +4972219711-0 Fax.. -111
www.termotek.de
info@termotek.de

Extraction systems, AIR
PuriFication

e/ M

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

4teH

TBH GmbH

Extraction &Filtration Technology
Heinrich-Hertz-Str. 8

DE-75334 Straubenhardt

Tel. +49(0)7082 94730

Fax. +49(0)7082 9473 20
info@tbh.eu - www.tbh.eu

PhotonicsViews 4/2021

TEKA Absaug- und Entsorgungstechnologie
GmbH

Millenkamp 9

48653 Coesfeld

Tel: +49 (0) 2863/9282-0, Fax: -72

E-Mail: info@teka.eu

Web: www.teka.eu

Facebook: www.facebook.com/TEKAGmbH

Laser beam sources:
Solid-state lasers

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

Braunleinsberg 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

Brdunleinsberg 10, 91242 Ottens00s

Tel. +49(0)9123-99034-0, Fax. —22
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, pulsed

PHOTON ENERGY GMBH

Braunleinsberg 10, 91242 Ottensoos

Tel. +49(0)9123-99034-0, Fax -22
info@photon-energy.de, www.photon-energy.de

LOGO?

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

Laser optics and
components

Beam splitters

OPTICS
BALZERS

Optics Balzers AG
Balzers, Liechtenstein
Phone +423388 92 00
www.opticsbalzers.com

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

Filters, optical

Optics Balzers AG
Balzers, Liechtenstein
Phone +423 38892 00
www.opticsbalzers.com

© 2021 Wiley-VCH GmbH



Free-form optics

trionplas
Trionplas Technologies GmbH
Permoserstr. 15

D-04318 Leipzig

Tel. +49(0)3412352234
info@trionplas.de
www.trionplas.de

Galvanometer Scanning Systems

% SCANLAB

SR MRS O

SCANLAB GmbH
Siemensstr. 2 a

82178 Puchheim

Tel. +49 (0) 89 800 746-0
Fax +49 (0) 89 800 746-199
info@scanlab.de
www.scanlab.de

Microoptics

dul D

precision optics

Ziind precision Optics Itd
Prismastr. 5

(CH-9444 Diepoldsau
Tel. +41(0)71 737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

Mirror coatings

Optics Balzers AG
Balzers, Liechtenstein
Phone +423 38892 00
www.opticshalzers.com

Mirrors

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49 (0) 64319860 -0
info@bm-optik.de / www.bm-optik.de

© 2021 Wiley-VCH GmbH

Optics Balzers AG
Balzers, Liechtenstein
Phone +423 3889200
www.opticshalzers.com

UMD

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

Mirros, UV

Optics Balzers AG
Balzers, Liechtenstein
Phone +423388 92 00
www.opticshalzers.com

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 3889200
www.opticshalzers.com

UMD

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

Prisms

B&M Optik GmbH

Am Fleckenberg 20, 65549 Limburg
+49(0) 64319860 - 0
info@bm-optik.de / www.bm-optik.de
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Optics Balzers AG
Balzers, Liechtenstein
Phone +423 3889200
www.opticshalzers.com

UMD

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

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 ltd
Prismastr. 5
(H-9444 Diepoldsau
Tel. +41(0)71737 7400
Fax +41(0)71 7377410
info@zuendoptics.com
www.zuendoptics.com

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
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I Buyers' Guide

Material processing
systems

Laser welding

LPKF WeldingQuipment GmbH
Tel. +49-911-669859-0, Fax: -77
www.Ipki-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
F IEII I|| ‘|t

Helling GmbH, 25436 Heidgraben
3D-Laserscanning-Entspiegelungsspray
Tel.: 04122/922-0, Fax: 922-201
info@helling.de

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
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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

([ 6Prics

Spectrophotometers for Coaters
EssentOptics Ltd

23A-81, 40 let Pobedy street
Borovlyany, Minsk region
223053 Belarus

Tel: +37517 5112025

Email: office@essentoptics.com
Wwww.essentoptics.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 fiir 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
SteinbachstraBe 15, 52074 Aachen
Tel: 0241/8906-0, Fax: 0241/8906-121
www.ilt.fraunhofer.de
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