
Titel-AZ_PhotonicViews_Ausg-03-2021.indd   1 29.04.2021   10:54:59

Volume 18
June / 

 July 2021

3

Microscopy
Microsphere – the future of 
optical microscopes

published in media 
partnership with

Additive Manufacturing 
Accelerate the adoption of 
industrial AM

Focus:

Automotive Applications

publishing medium of



     Hands-on
 experience
        in quality 
  large optics 

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

E-shop and configurator: www.laseroptik.de/loop 

LASEROPTIK uses dedicated equipment for dielectric coatings on large laser optics up to 2 m in length or  
1 m in diameter with a superior spectral uniformity over the complete surface and high LIDT values. Available coatings 

cover all ranges from UV to IR and common designs including dispersive types for ultrafast, made by IBS.  
Approved ultrasonic cleaning and specialized metrology are provided to assure an excellent quality.

LASEROPTIK is an expert in developing and manufacturing high power laser optics and coatings for more than 35 years. 
Up to 180,000 custom optics per year are processed for laser applications in industry, medicine and science. 

Challenging large optics projects pending? We’ll be there !

laseroptik.de



                                                                                                                                                                                             Editorial	

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021 	 1 

Photonics is driving the economic growth and sustainable develop-
ment of today’s world. With global challenges such as the Covid-
19 pandemic and climate change, effective collaboration between 

countries on innovative photonic solutions to jointly tackle those major 
issues is becoming increasingly important. 

The European photonic companies are usually SMEs, with a lead-
ing global market position in the key forward-looking, light-related 
technologies such as microscopy, laser technology, machine vision or 
sensor technology and analytics. This leadership has resulted from their 
ability to develop a unique collaboration ecosystem that brings together 
policymakers, researchers, entrepreneurs, and the public in a common 
cause of boosting the businesses’ innovative activities. 

The Polish photonics sector is dominated by large global manufac-
turing companies, with lighting and medical applications accounting 
for the majority of sales. There is also a growing group of local SME 
companies, with international reach, offering a broad range of photon-
ics technologies covering the full value chain from early-stage product 
concept to pre-market launch – in the sectors of lasers, sensors, photonic 
fibers and military-grade optoelectronics. The main obstacles to their 
growth are a lack of continuity of R&D financing, human resources 
problems, poor internal demand and insufficient investment levels.

Investing in innovation is risky, especially for smaller companies that 
require both financial and technological support. What can dramati-
cally lower the barriers to their growth and innovation is the creation 
of successful technological cooperation and networking opportunities, 
not only at an international or national level in the form of joint research 
projects, membership in hubs, associations, or technology platforms or 
by the establishment of clusters, all of which already bring measurable 
effects, but also, or in particular, at a regional level. Poland has been 
actively engaged in developing and implementing regional specialization 
strategies in photonics and has been recognized by PhotonHub Europe 
as one of the nine European ‘lighthouse regions’. 

I am privileged to be representing the Polish photonics industry on 
the EPIC Board of Directors and look forward to supporting the Euro-
pean photonics network.

Adam Piotrowski

Unlocking the full potential of local, 
national and cross-border co-operation 
The Polish photonics market – how to harness its diverse talent and aspira-
tions 

www.twitter.com/photonicviews

Adam Piotrowski
CEO & President, Vigo System 
President, Polish Technology Platform for Photonics 
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Survey:  German photonics industry expects boost to growth
The signs are pointing to 
growth again: according to 
the results of the April sur-
vey by the German industry 
association Spectaris and the 
innovation network Optec-
Net under the joint umbrella 
of Photonics Germany, 75 % 
of companies in the photonics 

sector expect sales to increase 
in 2021, which could be on 
average up to 14 % higher 
than the weak results of last 
year. Sales of the approxi-
mately one thousand Ger-

man companies would there-
fore approach the 46 billion 
euros mark. For the domestic 
market, growth of just over 
nine percent is expected in 
the current year, bringing the 
figure to € 12.3 B. The outlook 
for international business is 
even better: foreign sales 
could climb by almost 16 % 
to € 33.4 B. The export ratio 
would then rise to 73 %. In 
line with the sales expecta-
tions, the employment trend 
is also expected to develop 
favorably, with an increase 
of around 4 % to 167,600 
employees.

This recovery phase is 
important after the weak 
Corona year of 2020.  Almost 
half of all companies recorded 
declines in sales in 2020 
due to the pandemic, and 
in many cases the instru-
ment of short-time work 
was used. Spectaris Manag-
ing Director Jörg Mayer sees 

the main economic impact 
in small and medium-sized 
enterprises: “Smaller com-
panies in particular suffered 
from the consequences of the 
pandemic last year and often 
had to cope with significant, 
in some cases double-digit, 
sales declines. It is now more 
important than ever to pro-
mote the SME foundation 
of the German photonics 
industry.”

Mayer offers an explana-
tion for the fact that the sector 
nevertheless weathered the 
crisis better than other indus-
tries in 2020, with a slight 
drop of one percent and total 
sales of € 39.8 B: “A number of 
photonics applications made 
a significant contribution to 
combating the pandemic 
or to vaccine development. 
At the same time, they sup-
port the digital transforma-
tion, which has once again 
gained massive momentum 

as a result of the Corona cri-
sis.” These include products 
from analytical and labora-
tory technologies to online 
data storage and communi-
cations technologies. Video 
conferencing would also not 
be possible without photon-
ics. In contrast, other appli-
cation fields were negatively 
affected by the consequences 
of the Corona crisis, such as 
aviation or the automotive 
sector.

The prospects for photon-
ics in Germany are positive 
for the coming years and 
account for 40 % of Euro-
pean and over six percent of 
global production. According 
to market research company 
Tematys, average annual 
growth of around six percent 
and total sales of almost € 60 B 
are expected by 2025.

https://photonics-germany.de

AM industry looks positively into the future
The manufacturers of indus-
trial 3D printers and their 
accessories have not been 
sustainably slowed down 
by the pandemic. “Our lat-
est member survey clearly 
shows that companies in the 
additive manufacturing sec-
tor are looking positively to 
the future despite the current 
difficult economic situation,” 
explains Dr Markus Heer-
ing, Managing Director of 
the Additive Manufacturing 
Working Group (AG AM) in 
the VDMA. In the next twen-
ty-four months, 78 % of the 
companies surveyed expect 
a better development of the 
domestic market.

More than fifty members 
took part in the survey in 
February – during the Covid- 
19-related lockdown. Like 
the working group itself, the 
survey participants cover the 
entire process chain.

Even the short-term 
forecast for the next twelve 

months is positive for 53 % 
of the companies and at least 
stable for 41 %. Only 6 % of 
the respondents fear a neg-
ative development. “Com-
pared to our last member 
survey in September 2020, 
optimism among our mem-
bers has actually increased. 
We are at an expectation level 
that companies last indicated 
in autumn 2019. We can be 
very satisfied with such a 
result,” explains Heering. In 
September, 29 % of members 
had assessed the outlook for 
the coming twelve months 
as positive. At that time, the 
majority (53 %) assessed the 
situation as unchanged.

AM sector comes through tur-
bulent times well

The majority of the respon-
dents (62 %) did not have 
to report any major losses 
in turnover in the past six 
months. 12 % of the par-
ticipants were even able to 

increase their turnover by 
more than 20 %. Only 10 % of 
the respondents complained 
about a decline in turnover of 
more than 20 %. “The weak 
economy as a result of the pan-
demic is of course also affect-
ing our members. Equipment 
manufacturers and material 
suppliers are particularly 
affected,” explains Heering.

Growth opportunities based 
on export expectations

Almost 50 % of the respon-
dents expect exports to 
increase in the next twelve 
months. Another 45 % expect 
at least business abroad to 
remain constant. The export 
expectations for the next 
twenty-four months are even 
significantly higher: almost 
60 % expect growing exports. 
Only 4 % of the respondents 
expect exports to decline. The 
respondents name the EU 
(87 %) as the most import-
ant exportation market. For 

a good 40 % of the partici-
pants, the American market 
is also important. This means 
that export expectations for 
the US have remained almost 
the same since the last survey 
(40 %).

Investment plans in the AM 
sector increased

Investment expectations have 
grown significantly again 
in the last twelve months. 
Almost 50 % of the partici-
pants indicate that they will 
increase their company's 
investments in the AM sec-
tor in the next twelve months. 
For as many as 42 %, invest-
ments are expected to remain 
the same. This value was last 
slightly exceeded in Septem-
ber 2019: 56 of the respon-
dents indicated higher invest-
ment plans then. In the Sep-
tember 2020 survey, 35 per 
cent of companies planned to 
increase investment. 

www.vdma.org

Photonics forecast for Germany 2021 vs. 
2020. (Source: Photonics Germany)
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“Apple is entering silicon photonics”
Beyond communication, sil-
icon photonics is penetrating 
consumer and automotive. 
“Since the 1998 release by 
Bookham of the first product 
using the silicon photonics 
platform, the main applica-
tion for silicon photonics has 
been optical communica-
tion,” asserts Dr Alexis Deb-
ray, Senior Analyst at Yole 
Développement. “And after 
the 2008 release by Luxtera 
(now Cisco) of the first optical 
transceiver using silicon pho-
tonics, the silicon photonics 
optical transceiver market has 
grown to $ 581 M, with almost 
five million units shipped.”

Released May 12, the Sil-
icon Photonics 2021 report 
from Yole in collaboration 
with Jean-Louis Malinge pro-
vides market data on silicon 
photonics dies, SOI wafers, 
and transceivers and describes 
the novel silicon photonics 
applications in consumer, 

automotive, and computing. It 
also presents a complete anal-
ysis of the silicon photonics 
market up to 2026 with rev-
enues, volumes, and average 
selling prices segmented by 
applications and technologies.

In addition, the custom 
reverse costing analyses 
company, System Plus Con-
sulting, presents the Intel Sili-
con Photonic 100G CWDM4 
QFSP28 Transceiver, a special 
case study focused on Intel’s 
silicon photonic transceiver 
to illustrate the latest inno-
vations and technical choices 
made by the company. This 
report describes Intel’s poten-
tial in terms of packaging and 
photonics.

Dr Eric Mounier, Director 
of Market Research at Yole: 
“Novel applications for sili-
con photonics are poised to 
further penetrate the market. 
In March 2021, Aeva, another 
California-based company, 

went public with an initial 
valuation of US$1.7 billion.” 
The company’s goal is to bring 
FMCW lidar to the market 
with silicon photonics to serve 
autonomous driving. Also in 
March 2021, the American 
company Rockley Photonics 
announced its intention to go 
public in Q2 2021 at an initial 
valuation of US$ 1.2 B with an 
Apple-supported spectropho-
tometer project for smart-
watches (p. 8).

Apple started working with 
Rockley Photonics in 2017 

and has since become their 
largest customer, with $ 70 M 
of NRE commitment to date. 
Rockley seeks to develop and 
produce photonic modules 
that can measure numerous 
biological parameters such as 
blood oxygen levels, lactate, 
alcohol, and glucose, among 
others. The project is known 
as a “clinic-on-the-wrist” and 
relies on a miniaturized spec-
trophotometer. 

www.yole.fr

2020 – 2026 
silicon pho-
tonics mar-
ket forecast 
(Source: Yole 
Développe
ment / Shut
terstock, 
Peter Kotoff 
/ WIN) 

Trumpf invests in recycling company  
Battery Resourcers
The Trumpf Group’s corpo-
rate venture capital unit has 
acquired a minority stake in 
a US start-up. Headquartered 
in Worcester, Massachusetts, 
Battery Resourcers has devel-
oped an efficient and eco-
friendly process for recy-
cling lithium-ion batteries. 
Unlike conventional methods 
that start by breaking down 
batteries into their separate 
chemical components, this 
new approach directly syn-
thesizes new battery-ready 
cathode active materials from 
spent lithium-ion cells. “The 
new recycling process devel-
oped by Battery Resourcers 
enhances the sustainability 
of e-mobility. It keeps scarce 
resources available in the cir-
cular economy, cuts the cost 
of manufacturing new bat-
tery cells, and saves energy 
in the production process,” 
says Dieter Kraft, Managing 
Director of Trumpf Venture. 

The new technology recovers 
97 % of the metals contained 
in the battery cell, reducing 
cathode cost by 35 %, which 
compares well to manufac-
turing a new cell from virgin 
material. It also reduces pro-
duction emissions by around 
32 % and energy consump-
tion by 13 %.

“This is a field that will 
be vitally important in the 
future. By investing in Battery 
Resourcers’ promising tech-
nology, we are reinforcing our 
commitment to e-mobility,” 
says Kraft. As a key provider 
of high-tech manufacturing 
equipment, Trumpf already 
plays an important role in 
driving forward e-mobility. 
The company’s systems and 
machines are ideally designed 
for tasks such as cutting sheet-
metal components for battery 
housings and foils.

www.trumpf.com
www.batteryresourcers.com

ST-Microelectronics and Oqmented jointly 
market laser-beam scanning solutions
ST-Microelectronics, a global 
semiconductor company 
serving customers across 
the spectrum of electronics 
applications, and Oqmented, 
a deep-tech startup focused 
on MEMS mirror technology, 
have agreed to collaborate 
on the advancement of the 
technology for augmented 
reality and 3D-sensing mar-
kets. The joint effort aims 
to build on the expertise of 
both companies to advance 
the technology and products 
behind the leading MEMS 
mirror-based laser-beam 
scanning (LBS) solutions in 
the market. ST, who design, 
manufacture, and sell a broad 
portfolio of MEMS sensors, 
actuators, and related com-
ponents including drivers, 
controllers, and laser-di-
ode drivers, is contributing 
its vast MEMS design and 
manufacturing resources to 
the collaboration.

On this foundation, 
Oqmented is moving to fur-
ther industrialize and mass 
produce its Bubble MEMS 
technology, a patented 3D 
glass-encapsulation approach 
to hermetic vacuum sealing 
of the MEMS micromirrors. 

Sealing with these unique 
glass bubbles eliminates envi-
ronmental contaminants and 
minimizes light-refraction 
effects. Vacuum sealing is a 
key element for meeting auto-
motive-grade requirements, 
while reducing power con-
sumption.

www.st.com  oqmented.com

Silicon micromirrors project images and 
data onto the glasses. (Source: Oqmented)
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AMS invests in new imaging center of excellence
Worldwide supplier of 
high-performance sensor 
solutions AMS is establishing 
an imaging center of excel-
lence producing state-of-the-
art consumer image sensors 
and product validation to 

support key US customers 
from the Riverwood Tech 
Campus in Rochester, New 
York, USA. The new research 
and development and design 
center will continue the tradi-
tion of world-class consumer 
imaging innovation into the 
sensor-enabled era. 

A concentration of pho-
tonics expertise in R&D in 
Rochester provides a world-
class talent base to create a 
center of excellence for opti-
cal imaging. AMS will expand 
its engineering capacity, 

drawing upon the company’s 
global position in consumer 
imaging and sensing in the 
smartphone market and the 
regional ecosystem in imag-
ing and photonics.

“Rochester is the perfect 
choice for AMS to expand its 
research and development in 
the transformative fields of 
consumer imaging and pho-
tonics, to create design inno-
vations that make an impact 
on our world,” said David 
Sackett, Senior Director 
Research and Development, 

Consumer Image Sensors at 
AMS and the site manager.

AMS expects sophisti-
cated camera enhancing tech-
nologies to offer attractive 
adoption opportunities as 
camera-related features will 
drive key value propositions 
for smartphone users. This 
includes automatic white 
balancing (AWB), laser-de-
tect autofocus (LDAF) / 1D 
ToF, wide-range flicker detec-
tion and AR-oriented camera 
support functions. 

www.ams.com Riverwood Tech Campus (Source: AMS)

Salvo Technologies acquires Spectrecology, 
adding modular spectroscopy components
The holding company Salvo 
Technologies has acquired 
Spectrecology of St Peters-
burg, Florida, a distributor 
of spectrometers, imag-
ing and sensing products. 
Spectrecology owner Mike 
Morris was the founder of 
Ocean Optics, where he 
developed the world’s first 
miniature fiber optic spec-
trometer. Spectrecology 
offers a robust inventory of 
products, custom-built solu-
tions and a rental system to 
provide cost-efficient, high 
performance sensing for all 
industries and applications.

The acquisition bolsters 
Salvo Technologies’ manu-

facturing base, adding com-
plementary solutions for 
the educational and envi-
ronmental markets, while 
allowing Salvo Technologies 
to better serve its existing 
customer base.

“By leveraging Mike Mor-
ris’ years of experience and 
his network of customers, 
Salvo is taking a gigantic 
leap forward in the space!” 
said Hugh Garvey, Director 
of Imaging and Sensing at 
Salvo Technologies. Spec-
trecology will look at consol-
idating operations to increase 
efficiency in the future.

https://salvotechnologies.com 
https://spectrecology.com

Active Silicon and Solid State embark on a 
new chapter
Active Silicon Ltd has been 
acquired by Solid State plc, 
the AIM listed manufacturer 
of computing, power and 
communications products, 
and value-added supplier 
of electronic and optoelec-
tronic components. The ini-
tial consideration of £ 6.3 M 
was settled out of Solid State’s 
existing cash resources and 
banking facilities.

Solid State is a val-
ue-added electronics group. 
Operating through two main 
divisions, manufacturing 
(Steatite) and value-added 
supplies (Solid State Supplies 
and Pacer), the group spe-
cializes in complex engineer-

ing challenges often requir-
ing design-in support and 
component sourcing. 

Active Silicon’s expertise 
in the design, manufacture 
and supply of vision compo-
nents will enable Solid State 
to further their operations 
of machine and computer 
vision, and will provide 
Active Silicon with greater 
potential to develop their 
embedded computing and 
AI capabilities. The timing 
of this acquisition aligns with 
the expansion of their Har-
rier range of camera solu-
tions.

www.activesilicon.com  
https://solidstateplc.com

2.8 million euros to develop next-generation infrared detectors
Lynred, a provider of 
high-quality infrared detec-
tors for the aerospace, mili-
tary and consumer markets, 
will invest € 2.8 M ($ 3.37 M) 

in developing next-genera-
tion infrared (IR) detectors. 
The company will receive 
€ 900 k ($ 1.1 M) in R&D 
funding from the French gov-
ernment as part of a program 
to revamp the microelectron-
ics ecosystem in France.

In developing the next-gen-
eration of small pixel-pitch, 
near-infrared (NIR) detec-
tors, Lynred aims to establish 
a new market sector in France. 
This national ecosystem will 
address demand for infrared 
imaging in industrial pro-

cess control – such as sorting 
plastics – and for the spectral 
imaging market. The compa-
ny’s R&D program will cre-
ate around twenty new jobs. 
It also responds to the imper-
atives of France’s industrial 
renewal strategy by bringing 
selected development and 
production steps back to the 
nation, reinforcing the inter-
nal supply chain.

“We are obviously thrilled 
to have been selected to 
receive funding under this 
government initiative,” said 

Jean-François Delepau, CEO, 
Lynred. “Our core mission 
is to supply state-of-the-art 
infrared detectors at an inter-
national level while support-
ing an independent and sov-
ereign infrared industry in 
France. The investment we 
will be making here will drive 
us forward in near-infrared 
technology and support the 
French government’s target 
of strengthening the nation’s 
strategic infrared detector 
industry.” 

www.lynred.comClean room (Source: Lynred)
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Advanced imaging solutions for use with 
PCR instruments
Atik Cameras has signed 
multiple new contracts with 
leading global PCR man-
ufacturers. The specialist 
designer and manufacturer 
of advanced scientific imag-
ing solutions has further 
expanded its collaboration 
with original equipment 
manufacturers of real-time 
polymerase chain reaction 
(PCR) DNA amplifiers, 
securing multiple new con-
tracts to supply high-per-
forming cameras for reliable 
Covid-19 testing. 

Under the new agree-
ments, OEMs will access 
the company’s robust range 
of off-the-shelf and custom-
ized CCD and CMOS cam-
eras that are ideal for use 
with PCR instruments. The 
VS series of scientific CCD 
cameras offer superior sensi-
tivity and image quality, and 
are now proven across thou-
sands of PCR installations.  

Atik Cameras’ Advanced 
CMOS Imaging Systems 
(ACIS) series has also been 
recognised as a camera suit-
able for meeting the imaging 
needs of PCR applications.

In part due to the new con-
tracts, Atik Cameras’ parent 
company, the SDI Group, 
anticipates it will exceed its 
initial expectations for the 
financial year. Ken Ford, 
Chairman of the SDI Group, 
comments: “We are very 
pleased that our cameras 
business unit has secured 
follow-on orders from OEM 
manufacturers of real-time 
PCR DNA amplifiers for 
delivery by 30 April 2022.”

Atik Cameras has 
expanded its manufactur-
ing facilities and is investing 
additional resources into the 
advancement of PCR tech-
nology

www.atik-cameras.com

A cross-vendor optics discovery portal
3DOptix has launched the 
first cross-vendor ‘Optical 
Element’ discovery portal 
with the ability to verify the 
performance and character-
istics of the optical elements 
using an online optical sim-
ulation tool. The portal pro-
vides unique search engine 
capabilities, including an 
amazing correlation-based 
‘search filters’ engine, saving 
valuable time for the optics 
community.

The discovery portal is 
open – no registration is 
needed – and is connected to 
the 3DOptix virtual lab plat-
form with optics, optome-
chanics, lasers, detectors, 
devices, as well as a new CAD 
file import wizard for a com-
plete optical design workflow. 
Both professionals and stu-
dents can use the discovery 
portal and instantaneously 
simulate the targeted optical 
element as part of a design.

The optical discovery por-
tal and the optical design and 
simulation platform were 
developed from a deep need 
to reduce the multiple trial 
and error iteration in the lab 
among scientists, researchers, 
and engineers in the optics 
community.

Once users identify the 
required optical element in 
the portal, they seamlessly 
“Go to the 3DOptix Lab” and 
verify their choice in a sim-
ulation environment where 
all the elements are ready for 
simulation.

https://3doptix.com

Zeiss opens research center in California

Zeiss has opened a research 
and development center with 
associated production and 
customer service in Dublin, 
California, where the optics 
group wants to strengthen 
its presence in the San Fran-
cisco Bay Area. It has invested 
$ 180 M in the facility where 
around 700 employees are 
now located. 

The center is also the US 
headquarters for the Medical 
Technology division, whose 
activities are bundled in the 
publicly-listed Carl Zeiss 
Meditec AG, in which Zeiss 
holds a majority stake. Med-
ical Technology develops 
and markets solutions for 

ophthalmology and micro-
surgery worldwide.

The new site will also 
bring together X-Ray Micros-
copy and the Microscopy 
Customer Center, which is 
expected to strengthen ini-
tiatives focused on growth 
markets as well as research 
and development in materi-
als research, life sciences and 
industrial applications. 

A joint Microscopy and 
Ophthalmology site will also 
enable collaboration, partic-
ularly in machine vision, 
machine learning and artifi-
cial intelligence. 

www.zeiss.de
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The Zeiss research center in Dublin, California (Source: Zeiss)
More than 40,000 optical elements from 
17 different vendors available in the portal
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VMT integrates measurement technology 
company Espace 6D
Since April 8, 2021, VMT and 
Espace 6D work under one 
roof. The latter, which previ-
ously operated independently 
within the Pepperl+Fuchs 
group, is headquartered in 
Herten and specializes in 
mobile three-dimensional 
measurement technology and 
the digitization of industrial 
and robotic systems.

Vision Machine Technic 
Bildverarbeitungssysteme, a 

wholly owned subsidiary of 
Pepperl+Fuchs of Mannheim 
since 2012, is taking over all 
Espace 6D employees. The 
previous company headquar-
ters in Herten will remain 
under the management of 
the previous managing direc-
tor Dr Adrian Krzizok. The 
company still functions as a  
competence center and devel-
opment partner within the 
Pepperl+Fuchs group.

Espace 6D offers a wide 
range of industries and cus-
tomers worldwide many 
years of experience in mobile 

3D measurement technology 
and digitization of automa-
tion systems.

vmt-vision-technology.com
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Heidelberg Instruments acquires Multiphoton Optics
MPO – Multiphoton Optics 
has become a wholly owned 
subsidiary of Heidelberg 
Instruments Mikrotechnik. 
One of the two managing 
directors of MPO, Boris Neu-
bert, COO, will go to the new 
parent company, while Bene-
dikt Stender continues to run 
the company.

While Heidelberg Instru-
ments has high expectations 
for the further development 
of 3D lithography systems at 

the MPO site in Würzburg, 
the strategic merger primar-
ily allows MPO access to sales 
potential and structures, pro-
duction capacities and the 
global service network of the 
new parent company.

Dr Stender will lead MPO 
as sole managing director, Dr   
Neubertis moving to Heidel-
berg Instruments, where he 
will be responsible for inte-
grating MPO into the new 
parent company.

The current specialty of 
Multiphoton Optics (MPO) 
is the production of 3D free-
form surfaces and structures, 

concentrating on micro-op-
tics using 3D lithography. 

https://multiphoton.de 
heidelberg-instruments.com

Hamamatsu expands production capacity

Hamamatsu Photonics gave 
the go-ahead on April 20, 
2021, for a new building on 
the factory premises in Joko, 
Hamamatsu City, Japan. 
Image measurement devices 
will be manufactured there 
as from June 2022.  In addi-
tion, this expansion will cre-
ate space for higher produc-
tion of semiconductor failure 
analysis systems.

The start of production 
in ‘Building 5’ of measuring 
instruments will increase 
the production capacity to 

1.7 times the current level. 
Hamamatsu will then be able 
to better serve the massive 
increase in demand world-
wide.

The construction of the 
building will cost around 
¥ 2.2 B (€ 17 M). The floor 
space of just under 5,660 
square meters will be distrib-
uted over five floors where 
around 120 people will be 
working. 

After completion, produc-
tion capacities will be reorga-
nized within the plant, free-
ing up space in other build-
ings for the production of 
semiconductor failure anal-
ysis systems, as their sales are 
expected to increase with the 
recovery of the semiconduc-
tor memory market.

http://hamamatsucameras.com

Joko plant ‘Building 5’ (Source: Hamamatsu)

Dr Michael Kleinkes and Dr Stefan Gehlen (from left) welcome Dr 
Adrian Krzizok of Espace 6D to VMT. (Source: VMT)

Rockley Photonics is going public
Global supplier of integrated 
silicon photonic chips and 
modules across multiple 
markets Rockley Photonics 
has entered into a definitive 
agreement to combine with 
SC Health Corp., a publicly 
traded special purpose acqui-
sition company. The trans-
action will result in Rockley 
becoming a publicly-traded 
company on the NYSE under 
the symbol RKLY and values 
rated with a pro forma enter-
prise value of $ 1.2 B.

The transaction will accel-
erate the commercial launch 
of Rockley’s unique sensing 
platform, which is positioned 
to increase consumer health 
and wellness by enabling 
continuous, non-invasive 
monitoring of multimodal 
biomarkers such as lactate, 
glucose, hydration, blood 

pressure, and core body tem-
perature.

Built on its silicon photon-
ics platform, Rockley’s “clin-
ic-on-the-wrist” technology 
is significantly more accurate 
than LED sensors commonly 
used today in wearables such 
as smart watches and fitness 
bands and provides continu-
ous monitoring of key vitals 
in a way that was previously 
possible only with clinical 
machines.  

Beyond consumer elec-
tronics, Rockley is partner-
ing with clinicians and med-
tech companies to expand 
the application of its revolu-
tionary monitoring platform 
to medical devices that will  
improve disease detection 
and prevention.

https://rockleyphotonics.com

Benedikt Stender, Boris Neubert, Konrad Roessler (left to right)



wwww.photonicsviews.com  

©  2021 Wiley-VCH  GmbH  	 PhotonicsViews  3/2021	 9 

Everything to make
YOUR 

laser process work!

#laserwithus

Change of managing drector at Carl Zeiss 
Jena
On August 1, 2021, Dr  Stefan 
Häberle will become chair-
man of the management 
board of Carl Zeiss Jena. He 
succeeds Hellmuth Aeugle, 
who is retiring. Häberle will 
lead the subsidiary of Carl 
Zeiss AG together with Dr 
Bernhardt Ohnesorge.

Stefan Häberle studied 
microsystems technology 
and subsequently earned a 
PhD in engineering. After 
working as a strategy consul-
tant at the Boston Consult-
ing Group, he joined Zeiss 
in 2012, where he was most 
recently responsible for sup-
ply chain management in the 
semiconductor manufactur-
ing technology (SMT) divi-
sion. In this role, he provided 
key support for the successful 
EUV market launch.

Carl Zeiss Jena has sites in 
Jena, Oberkochen and Minsk 
in Belarus. The company 
has the role of a production 
company within the group 
and develops and produces 
optical and mechanical high-
end components up to highly 
complex opto-electronic sys-
tems, but also offers services 
to external companies.

www.zeiss.de

MKS hires Thorsten Frauenpreiss
MKS Instruments has 
appointed Thorsten Frauen-
preiss as the new vice pres-
ident sales and service for 
the ‘light and motion’ divi-
sion in Europe, the Mid-
dle East, India and Africa 
(EMEIA). In this role, he 
will be responsible for all 
sales and service activities 
throughout the region, sup-
porting the Newport, Ophir, 
and Spectra-Physics brands. 
Additionally, he will serve as 
managing director of the two 
MKS legal entities based in 
Darmstadt, Germany.

Frauenpreiss joins MKS 
with more than twenty-five 
years of expertise in laser 
technology, strategy, oper-
ations and sales. He spent 
twenty years at Rofin-Sinar 
in various roles, including 
vice president of the ‘macro’ 
group, responsible for high-
power laser sources and sys-
tems. 

In addition, he served as 
the managing director of 
Hamburg-based Rofin-Sinar 
Laser. Most recently, Thor-

sten Frauenpreiss was man-
aging director at XLase, 
Hamburg.

“His strong background 
in global high-tech sales and 
business leadership, together 
with his broad market over-
view, is a perfect fit when 
it comes to driving market 
share and developing new 
growth opportunities in 
the region,” says Jeff Parker, 
senior vice president global 
light and motion sales and 
service at MKS. 

Frauenpreiss holds a 
diploma in mechanical engi-
neering, from Leibniz Uni-
versity of Hanover, Germany. 

www.mksinst.com

Thorsten Frauenpreiss 

Stefan Häberle 
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Ametek appoints Mike Hevey as division VP 
In May, Mike Hevey became 
divisional vice president and 
global business manager at 
Ametek Surface Vision. His 
responsibilities include driv-
ing the business forward by 
ensuring Ametek Surface 
Vision continues to grow and 
help customers meet their 
high quality requirements.

   Hevey, who most recently 
served as divisional vice 
president of engineering 
and product management 
at Ametek Surface Vision, 
has extensive global busi-
ness experience across many 
industries. He has held posi-
tions at Seaspan Shipyards in 
Vancouver, Canada, Ametek 
Land in the United Kingdom, 
and Air Products in Europe, 
Russia and Asia.

Hevey graduated from 
the University of Manchester 
Institute of Science & Tech-
nology in the United King-
dom with a bachelor of sci-

ence degree in electrical and 
electronic engineering. He 
also holds an MBA in Engi-
neering and Industrial Man-
agement from the University 
of Loughborough, UK.

Hevey reports to Justin 
Smith, division vice president 
and business unit manager of 
‘Ametek Process Measure-
ment & Inspection’. Smith 
said. “I’m confident he is per-
fectly positioned to make us 
the recognized number one 
provider of automated visual 
inspection systems.”

www.ameteksurfacevision.com

Mike Hevey
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OptoSigma USA appoints Scott Rudder as 
president and CEO
The board of Sigma Koki, the 
global manufacturer of optics 
and photonics products and 
instruments, has appointed 
Scott Rudder as president 
and CEO of its OptoSigma 
Corporation affiliate in Santa 
Ana, California. His prede-

cessor Guy Ear will assume 
the role of chairman of the 
board while continuing as 
president and CEO of Opto-
Sigma Europe in Les Ulis, 
Paris, France.

Rudder’s career in photon-
ics engineering and develop-
ment began over thirty years 
ago, exposing him to pro-
gram management as well 

as marketing and sales for 
companies including the US 
Army, Sensors Unlimited, 
and Princeton Lightwave 
prior to his co-founding of 
Innovative Photonic Solu-
tions (IPS). Rudder spear-
headed development of 
wavelength-stabilized laser 
technology and many of the 
products for IPS. In 2018, IPS 
was sold to Metrohm AG.

“Scott will guide corpo-
rate strategy and coordinate 
activities between Opto-
Sigma and Sigma Koki to 
accelerate growth,” said Guy 
Ear. The appointment affirms 
OptoSigma’s commitment to 
excellence and indicates its 
plans for rapid growth.

Rudder studied optics at 
the University of Rochester 
and earned his MS in Man-
agement of Technology from 
the University of Pennsylva-
nia. Rudder will be based in 
Hopewell, New Jersey. 

www.optosigma.com

Scott Rudder, Guy Ear

Lars Ederleh new CSO of Photonics Systems
Photonics Systems Group is 
strengthening its manage-
ment team with Lars Ederleh 
as the new chief sales officer 
for the group with industry 
specialists InnoLas Solutions 
and L-TRIS. He took over as 
head of international sales on 
June 1, 2021, and brings with 
him many years of experience 
in various management posi-

tions and in micromaterial 
processing generally. 

The 47-year-old engineer 
started his career at LPKF in 
product management and 
R&D. He has been manag-
ing the company for many 
years. His path led him to 
the long-term management 

of LaserMicronics, which 
offers industrial microma-
terial processing within the 
LPKF Group. Subsequently, 
Mr Ederleh served on the 
management board of LPKF 
WeldingQuipment, where he 
was responsible for sales and 
service, among other things. 
Most recently, he took over 
the management of sales 

at the LPKF Group in the 
micromaterial processing 
sector.

“Lars Ederleh will put 
sales on the road to success,” 
says Markus Nicht, CEO.

photonics-systems-group.com

CEO Markus Nicht and CSO Lars Ederleh (Source: PSG)

Aerotech announces Robert Novotnak as 
president
A new head is to guide the 
company through expan-
sion and new era of growth: 
Robert Novotnak, chief busi-
ness officer for Aerotech, 
will assume all day-to-day 
responsibilities of manag-
ing the company operations 
in his new role as president. 
CEO Mark Botos will focus 
on strategic initiatives.

“Bob’s technical expertise, 
deep customer knowledge 
and long history of success 
within the organization make 
him the perfect fit to realize 
our long-term vision for the 
company,” said Botos.

Prior to his appointment 
as president, Novotnak was 
responsible for the compa-
ny’s worldwide sales and 
engineering activities. He 

began his career with Aero-
tech nearly 27 years ago as a 
development engineer before 
holding a series of leadership 
positions, managing the sales 
and engineering teams. 

Novotnak earned bach-
elor’s, master’s and doctoral 
degrees in electrical engi-
neering from the University 
of Pittsburgh. 

www.aerotech.com

Dr Robert Novotnak

Laseroptik appoints head of R&D

Early 2021, Dr Henrik Ehlers 
joined the German coat-
ing specialist Laseroptik in 
Garbsen. As designated head 
of R&D he is responsible for 
the future technological focus 
on processes and products 
aiming to strengthen inno-
vation and strategical devel-
opment. Key aspects are fur-
ther improvements in LIDT, 
spectral performance and 
additional coating as well as 
metrology solutions. Ehlers 
previously  served as head 

of the process development 
group at the Laser Zentrum 
Hannover research institute 
for almost twenty years. As 
a physicist dedicated to opti-
cal coatings, he gained exten-
sive experience in all relevant 
fields of thin-film research 
and related laser applications.

Laseroptik’s president Dr 
Wolfgang Ebert states: “We 
are glad to welcome Hen-
rik on board after so many 
successful years of fruitful 
cooperation as our external 
research partner.”

With an expert team of 
about a hundred employees, 
the manufacturer of high 
LIDT laser optics and coat-
ings from UV to IR produces 
up to 180,000 coated optics 
per year for laser applications 
in industry, medicine and sci-
entific research.

www.laseroptik.de

Dr Henrik Ehlers

So
ur

ce
: L

as
er

op
tik

So
ur

ce
: O

pt
oS

ig
m

a

So
ur

ce
: A

er
ot

ec
h



Products

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021	 11 

Powerful and narrow-band 640 nm DPSS laser
Manufacturer: Laser Quantum.
Product: High-performance diode 
pumped solid state (DPSS) laser “gem 
640”, part of the "gem" family offering 
multiple wavelengths with an excellent 
beam quality (TEM00 mode).
Features: With power levels more than 
500 mW, the laser reaches a power range 
not accessible for diode lasers previously 
available at this wavelength. Similarly, it 
has excellent beam quality with a M2 of 
< 1.2, and a TEM00 beam for a perfectly 
round beam will help produce reliable, 
repeatable results. These qualities en-
able the laser light to be coupled into 
single-mode fibers with high coupling 
efficiency. The new model complements 
the “gem” series with an intense red, so 

that all primary color powerful lasers are 
available from one source (red/green/
blue, 640 nm / 532 nm / 473 nm). In ad-
dition to these three lasers, the “gem” se-
ries is also available at 561 nm, 660 nm 
and 671 nm with at least 750 mW each. 
The lasers offer excellent beam quality 
and are characterized by a market lead-
ing power stability of < 1.0 % RMS / 100 
hours. The "gem" family also exhibits ex-
cellent wall plug efficiency; power is not 
lost as heat creating a lower requirement 
for the customer to employ complex 
cooling systems.
Applications: The “gem” laser series are 
ideally suited for high resolution micros-
copy. Especially single molecule local-
ization microscopy (PALM/STORM) as a 

wide field technique benefits from the 
high output powers and the wavelengths 
tuned specifically for the available dyes 
due to fluorophore specificity. 

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.com

High-power blue diode laser 

Manufacturer: Laserline.
Product: High-power blue diode laser 
(450 nm) for industrial material pro-
cessing with excellent focusing proper-
ties: With output powers of up to 800 
watts, blue lasers will be available with 
20 mm ∙ mrad beam quality, while lasers 
with output powers of up to 1,500 watts 
will be available with 30 mm ∙ mrad beam 
quality. For the very first time, these blue 
diode lasers have made a controlled heat 
conduction welding process possible. 
Features: Primarily developed for copper 
material processing in the electronics in-
dustry, these blue diode lasers are now 
available in six power levels between 300 
and 2,000 watts. In addition, important 

advances have been made in terms of 
focusing properties. With the “LDMblue 
300-20” and “LDMblue 800-20”, a beam 
quality of 20 mm ∙ mrad is now available at 
output powers of up to 800 watts. For the 
1,500-watt systems, the beam parameter 
product has been reduced from the pre-
vious 60 to 30 mm ∙ mrad. As a result, the 
“LDMblue 1500-30” offers an improved 
beam quality by a factor of two at identi-
cal power. Besides, blue diode lasers with 
output powers of 500, 1,800 and 2,000 
watts with a beam parameter product 
of 60 mm ∙ mrad are now available for 
applications with medium-to-high power 
requirements (LDMblue 500-60, 1800-60 
and 2000-60).

Applications: The advances in beam 
quality are especially significant for join-
ing applications related to electrical con-
ductor technology. Due to the smaller 
focus diameter, extremely thin and highly 
filigreed copper contacts can be precisely 
machined. As a result, very narrow joining 
seams are realized. 

Laserline GmbH
Fraunhofer-Straße 5

56218 Mülheim-Kärlich, Germany
phone: +49 2630 964-1440

fax +49 2630 964-1018 
e-mail: info@laserline.com

Web: www.laserline.com

32 Channel Piezo Driver
Manufacturer: PiezoDrive. 
Distribution: SI Scientific Instruments.
Product: High-bandwidth, low-noise am-
plifier “PD32” for driving up to 32 piezo-
electric actuators. The PD32 is designed 
for demanding applications such as 
Adaptive Optics, Acoustic Beam Forming, 
Materials Testing, Astronomy, Ultrason-
ics, and Vibration Control. 
Features: The voltage range is configu-
rable from +50 V to ±140 V and includes 
asymmetric voltage ranges such as –20 V 
to +120 V. The amplifier works seamlessly 
with common multi-channel DAC cards 
and is easy to use with LabView and Sim-
ulink. With an output current of 150 mA 
per channel, a large array of piezoelectric 

actuators can be driven simultaneously at 
high frequencies. Positive and negative 
high-voltage bias outputs are also in-
cluded for compatibility with piezoelectric 
bender actuators.
Each channel is individually protected 
against short circuit and thermal over-
load. Status indicators on the front panel 
provide individual monitoring of all chan-

nels. A digital status signal and external 
shutdown command is also accessible 
from the input connector to allow re-
mote monitoring and control. The input 
and output connectors are industry stan-
dard 37 Pin D-Sub connectors which are 
straight-forward to assemble. Adaptors 
are available for industry standard 32 
Channel DAC cards.

SI Scientific Instruments GmbH
Römerstr. 67

82205 Gilching, Germany
phone: +49 8105 7794-0

fax: +49 8105 7794-22
e-mail: info@si-gmbh.de

Web: www.si-gmbh.de
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Picosecond laser with high beam roundness for precision micromachining
Manufacturer: Laser Quantum.
Product: 8-picosecond laser solution 
“Dart” with reliable, repeatable opera-
tion to ensure precision in a multitude 
of applications.
Features: The platform offers a leading 
design for a range of precision process-
ing and microelectronic applications 
with multiple power levels, wavelengths, 
and pulse parameters available. Each la-
ser delivers excellent beam quality with 
the M2 close to the diffraction limit and 
near-perfect beam roundness (>93 % 
typically across 2 Rayleigh lengths) ensur-
ing clean material processing. Flexibility 
and reliability are two characteristics 
critical to maintaining high throughput. 
The reproducible beam characteristics 

from laser to laser ensure laser process-
ing consistency and the range of laser 
characteristics adapt for a diverse array 
of materials and processing speeds.
“Dart” has been configured for OEM us-
ers delivering a streamlined integration 
pathway with a single supplier for laser 
and scanning sub-systems. The platform 

is compact and provides flexibility when 
integrating into machines. The rugge-
dized design and accurate output beam 
boresight aid alignment, reliable pointing 
stability and precise positioning, even in 
tough industrial environments. The de-
sign extends the periods between ser-
vicing and offers remote monitoring to 
troubleshoot and anticipate preventative 
maintenance. 

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.com

New balanced photoreceivers up to 500 MHz
Manufacturer: FEMTO Messtechnik.
Product: Low-noise balanced photore-
ceivers of the “HBPR” series that enable 
the differential measurement of optical 
signals with wavelengths from 320 nm 

to 1700 nm and band-
widths up to 500 MHz. 
The optical inputs are 
optionally free space or 
fiber-coupled to ensure 
maximum compatibility 
with common optical ac-
cessories. The photore-
ceivers are ideally suited 
for highly sensitive and 
precise acquisition of 
laser pulses, even with 

high repetition rates and rapidly changing 
signal shapes, e.g. as required in quan-
tum state tomography.
Features: The photoreceivers of the new 
series use two photodiodes selected in 
pairs, which are connected in anti-par-
allel, and a subsequent low-noise tran-
simpedance amplifier to detect the differ-
ential signal. The series is characterized 
by a very low input noise (NEP) down to  
3.7 pW/√Hz and a high common mode 
rejection (CMRR) of up to 55 dB. Various 
models with Si or InGaAs photodiodes and 
bandwidths from 100 MHz to 500 MHz 
are available. The output coupling is 
switchable (AC/DC), the gain can be set in 
two stages and the bandwidth can be lim-

ited to 20 MHz. Two monitor outputs with 
10 MHz bandwidth enable fast, separate 
acquisition of the individual input signals.
Applications: Optical spectroscopy, co-
herent heterodyne detection, homodyne 
detection of optical quantum states, opti-
cal coherence tomography (OCT), differ-
ential optical front end for oscilloscopes, 
spectrum analyzers, A/D converters and 
lock-in amplifiers.

FEMTO Messtechnik GmbH
Klosterstr. 64

10179 Berlin, Germany
phone: +49 30 2804711-0

fax: +49 30 2804711-11
e-mail: info@femto.de

Web: www.femto.de 

3D micro assembly with precision laser welding

Manufacturer: nanosystec.
Product: Precision laser welding station 
“VersaWeld” with up to six degrees of 
freedom and long-travel 
linear motor axes with 
encoders for position 
readout that complies 
with complex welding ge-
ometries. As an additional 
option, the laser beam is 
deviated to any position 
in a field of 100 mm × 
100 mm by an XY scanner 
within milliseconds.
Features: The modern 
fiber laser sources of the 
welding station offer up 
to 500 W cw power and 
create a weld seam down 
to 20 µm width. In pulsed 

mode, such lasers provide high peak 
powers and also allow keyhole welding. 
Alternatively, lamp-pumped Nd:YAG laser 

with pulses in the 
millisecond regime 
allow high flexibility. 
Spot diameters as 
low as 100 µm can 
be achieved. Au-
tomated machine 
vision makes use 
of the images from 
the weld optics and 
external cameras 
for motion control 
purposes ,  such 
as seam tracking. 
D e v i c e - s p e c i f i c 
machine vision al-
gorithms reduce 

the processing time to a minimum. The 
system works as a single station or can 
be integrated into production lines. 
Trays for single or multiple devices sets, 
belts and feeders present the parts for 
processing and allow the exchange 
with other work stations in the line. In 
addition, it controls robots for device 
loading. Quick-release toolings provide 
maximum flexibility in order to process 
different workpieces and reduce set-up 
time when changing from one process 
to the next.

nanosystec GmbH
Marie-Curie-Straße 6 

64823 Groß-Umstadt, Germany
phone: +49 6078 78254-0 

e-mail: sales@nanosystec.com
Web: www.nanosystec.com
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First autonomous imager for smartphones, smart-
home appliances and automobiles
Technology that activates small appliances through face recognition or other specific patterns

Called µWAI (microway) and sized as 
small as a one euro coin, the autono-
mous imager features a novel readout 
and processing architecture co-de-
signed with an optimized algorithmic 
pipeline. Face recognition results from 
a sequence of elementary algorithms to 
provide ultralow-power wake-up modes 
and compact silicon implementation to 
keep costs down. 

It is the first smart image sensor 
jointly featuring auto-exposure for 
all lighting conditions and an 88 dB 
dynamic range, as well as motion detec-
tion and feature extraction for event-
based functioning as well as AI-based 
object recognition that triggers highly 
reliable identification. These key fea-
tures also enable highly reliable deci-
sion-taking for a few tens of pJ/pixel/
frame, which outperforms existing 
off-the-shelf systems. The pJ/pixel/
frame measures the energy spent by 
each pixel for each single image within 
a frame of images. A typical implemen-
tation requires about 10,000 times more 
energy than µWAI. 

The autonomous imager is the 
world’s first highly efficient, compact 
and ultralow-power, smart-awaken 
system designed for everyday small 
appliances. It also includes: energy 
efficiency, consuming 10k less than a 
low-power camera plus processor set; 
privacy-compliancy; AI-based recog-
nition with nearly human-detection 
performance (95 percent); wide oper-
ating light sensitivity to ensure accurate 
recognition in extremely variable con-
ditions; a five-year, always-on CR1025 
battery lifetime, and 3 – 6 µW opera-
tion, which is required for the Internet 
of Things.

Applications and functions include 
automatic switching and face identifi-
cation in mobile devices, contact-less 
smart switching of household appliances 
and sport-and-entertainment devices in 
smart homes. µWAI also provides peo-
ple counting, alarm triggering in smart 
buildings, vehicle-interior situation 
awareness, driver identification, park-
ing-situation awareness and a smart-un-
locking system in automobiles.

“The recognition engine is optimized 
to recognize faces when movement is 
detected. CEA-Leti’s team is working 
hand-in-hand with STMicroelectron-
ics to develop specific smart-imager 
products as we consider extending the 
technology to other use cases,” said 
Antoine Dupret, CEA-Leti’s industrial 
partnership manager. “We envisage  
the recognition engine as IP embedded 
in various cameras and will optimize 
the performance of the imager to the 
requirements of our partner’s custom-
ers.” (Source: CEA-Leti)

www.leti-cea.com  www.st.com

Activating smartphones and small appliances through 
face recognition or other specific patterns

Research project for autonomous inspection system
Quality assurance with AI-based image evaluation

As part of the SPOT research project, 
Fraunhofer IPM is working with part-
ners to develop an optical inline mea-
surement system that evaluates and 
adapts itself largely autonomously.

The envisaged solution, which is 
being developed by the Fraunhofer 
Institute for Physical Measurement 
Techniques IPM with numerous part-
ners, consists of three parts:
	� first, of an optical sensor that 
checks component surfaces for 
defects and particles directly after 
cleaning
	� secondly, cleaning systems for the 
qualified cleaning of complex com-
ponents and
	� thirdly, a control system that eval-
uates and adapts the cleaning and 
measuring system largely autono-
mously with regard to the individ-
ual components and the associated 

inspection requirements on an AI 
basis.

At SPOT, the detection and classifica-
tion of particulate contamination and 
defects on component surfaces will 
enable adaptive photonic surface test-
ing with adaptive image evaluation. The 
optical image generation is realized with 
the help of adaptive light field control, 
the automatic image analysis with the 
help of AI methods. The adaptive light 
field ensures that the optimal illumina-
tion is used for each component surface. 
This ensures that defects and particles on 
the component can be discovered safely, 
regardless of its geometry and reflective 
properties.

The project partners include PI 
Innovation (co-ordinator), Hexagon 
Metrology Vision, Iconpro, Fraunhofer 
IPM, and TU Dortmund, Institut für 
Produktionssysteme (IPS). The imme-

diate users are Audi, Hansgrohe, MTU 
Aero Engines, Sprintbox, and ZF Frie-
drichshafen.

www.ipm.fraunhofer.de

Fraunhofer IPM is developing an autonomous inline 
inspection system with partners. (Source: Fh. IPM)
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Fugro’s technologies monitor bridges and quay walls
Mobile laser scanning technology for large-scale surveying of structural integrity

Fugro has undertaken a trial phase of 
their TotaLite and mobile laser scanning 
technology for the large-scale monitor-
ing of bridges and quay walls as part of 
their framework contract with the City 

of Amsterdam. Fugro began testing and 
validating their technology in Amster-
dam in mid-December and positive 
findings could result in more objects 
being monitored in a much shorter 
time compared to conventional survey 
methods.

Hundreds of bridges and kilome-
ters of quay walls in Amsterdam have 
reached the end of their structural lifes-
pan and are often in a poor state of repair. 
The City of Amsterdam launched their 

‘Bridges and Quay Walls’ programme in 
2019 to investigate, monitor and repair 
829 bridges and 205 km of quay walls. 
Fugro has been involved from the outset, 
providing accurate and objective infor-
mation using traditional survey mea-
surement techniques based on tachyme-

try and levelling. Using these established 
methods, Fugro and two other service 
providers are currently measuring an 
average of eighty objects per month.

However, the size of the programme 
requires more efficient monitoring tech-
niques and the TotaLite and mobile laser 
scanning are being trialled as a solution: 
it analyzes images taken from perma-
nently fixed compact cameras to mea-
sure deformation and the mobile lasers 
scan bridges and quays from the water. 
Any deformations are accurately deter-
mined from the laser-acquired point 
clouds and the resulting geo data from 
both methods is immediately available 
for analysis via Fugro’s online platform 
‘Gaia Monitoring’, enabling the company 
to provide an efficient solution that will 
optimize repair and maintenance plan-
ning of the bridges and quay walls.

Project manager Martin van de Veer 
said: “We are confident that these tech-
nologies achieve faster, more accurate 
and more cost-effective monitoring”. 

www.fugro.com

Monitoring of bridges and quay walls in Amsterdam, The Netherlands (Source: Fugro)

Power record for petawatt laser
L3-HAPLS, the world’s highest-average-power petawatt laser system, reached a major milestone

The L3-HAPLS laser system represents 
a new generation of diode-pumped, 
high-energy and high-peak-power laser 
systems. The laser will serve in many areas 
of fundamental and applied research. 
Its most significant applications are as 
a compact laser particle accelerator for 
new medical methods and short-wave 
x-ray generation for high resolution spa-
tial and temporal resolution microscopy 
for material and medical research. The 
initial experiments will concentrate on 
plasma physics and ion acceleration.

Recently, the operation of the sys-
tem at 0.5 PW level was demonstrated 
through compression of the full energy 
output pulses currently generated by 
the laser chain, in the petawatt vacuum 
compressor. The L3-HAPLS is a system 
designed for sustained operation with a 
repetition rate of 10 Hz. In the demons
tration run, its pump laser was operated 
at 101 J energy, driving the high-power 
Ti:sapphire short-pulse amplifier and 
resulting in 17.7 J of pulse energy at the 

output of the chain, before entering the 
vacuum pulse compressor.

The energy of the generated out-
put pulses was highly stable with only 
0.4 %  fluctuation. The long-term sus-
tained performance of the laser at a high-
repetition rate was verified previously 
without the Petawatt vacuum compres-
sor, demonstrating that the laser is stable 
during continuous operation of longer 
than one hour. By accounting for reflec
tivity of the compressor gratings, com-

pressed pulses with 13.3 J of energy were 
generated, with a duration of 27.3 fs. This 
corresponds to peak power of about 
490 TW, or 0.49 PW.  Together with a 
3.3 Hz repetition rate and pulse duration 
of <30 fs, this is the highest laser peak 
power ever demonstrated.

L3-HAPLS was designed, developed 
and constructed by Lawrence Livermore 
National Laboratory and delivered to 
ELI Beamlines in June 2017.

www.eli-beams.eu  https://lasers.llnl.gov

The L3-HAPLS laser system represents a new generation of diode-pumped, high-energy 
and high-peak-power laser systems. (Source: ELI)
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Combination of widely tunable  
spectrometers and lasers advances 
resonant Raman spectroscopy
S&I qualified the C-WAVE tunable laser for use with TriVista

S&I Spectroscopy & Imaging, a devel-
oper of high-performance spectrome-
ters, has announced that it has qualified 
the C-WAVE tunable laser from Hüb-
ner Photonics for use with their TriV-
ista spectrometer system. The combi-
nation of these widely tunable, contin-
uous-wave (cw) single frequency lasers 
(covering wavelengths from 450 nm up 
to 3.5 µm) with the triple-grating spec-
trometer TriVista is expected to become 
a new standard for resonance Raman 
spectroscopy and microscopy.

“We are delighted to work with  S&I 
in order to help them advance the state 
of the art in resonance Raman spectrom-
eters. The TriVista spectrometer with its 
exceptional resolution, sensitivity, and 
linearity over wide spectral ranges is a 
powerful instrument that revealed deep 
insights about the C-WAVE’s spectral 
performance,” says Korbinian Hens, 
chief operating officer and R&D man-
ager at Hübner Photonics Kassel.

“The combination of the TriVista 
spectrometer with the C-WAVE is a 
powerful and flexible solution for reso-
nant spectroscopy methods, especially 
for the challenging low-frequency 
Raman range <10 cm–1. The extremely 
narrow linewidth and very stable emis-
sion frequency of the laser paired with 
its outstanding spectral purity allows the 
recording of impressive Raman spectra: 
we were able to measure low frequency 

Raman bands at or below 5 cm-1 from 
the excitation wavelength even without 
filtering the excitation beam,” says Nils 
Timpe, head of sales at S&I.

For applications in Raman spectros-
copy, most tunable lasers require elab-
orate filtering to suppress unwanted 
amplified spontaneous emission (ASE) 
which can cover the weak Raman sig-
nals. Cleaning up the laser’s emission 
spectrum can be challenging especially 
for the low-frequency Raman range 
close to the excitation wavelength. 
During qualification, the laser revealed 
no detectable ASE. The figure shows a 
Raman spectrum of an L-Cystin sam-
ple recorded at excitation wavelengths 
of 455 nm and 520 nm.

“The integration of the C-WAVE with 
our TriVista system went smoothly. The 
user-friendly software and automatic 
tuning functionality made it easy to 
control the laser. It is impressive that its 
beam position and pointing is so stable 
even after tuning over a range of 200 nm 
across the visible spectrum. This fact in 
combination with the perfect Gaussian 
beam profile reduces the complexity of 
the optical setup and helps speed up 
experimental work,” says Jannick Saatz, 
R&D engineer at S&I.

www.s-and-i.de
www.hubner-photonics.com

Raman spectra of L-Cystin recorded at two excitation wavelengths employing the 
TriVista spectrometer from S&I with triple monochromator system (Teledyne Princeton 
Instruments Spectra Pro 750 HRS) in the high-resolution, subtractive mode with three 
gratings (2400 lines/mm), a Princeton Instruments Pixis:256E detector cooled to -70 °C 
(-90 °F), and a C-WAVE tunable laser from Hübner Photonics as the excitation source. 
The L-Cystin sample placed in a glass cuvette was measured in a non-confocal macro 
chamber at an incidence-angle of 60° to the resulting Raman beam path. The C-WAVE 
laser and TriVista spectrometer are shown to the right. (Source: Hübner)
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Significant advances in beam quality
Laserline optimizes its portfolio in the blue diode laser segment

Laserline, a developer and manufacturer 
of diode lasers for industrial material 
processing, is optimizing its portfo-
lio in the LDMblue high-power diode 
laser segment with 450 nm wavelength. 
Primarily developed for copper material 
processing in the electronics industry, 
these blue diode lasers are now available 
in six power levels between 300 and 2,000 
watts. In addition, important advances 
have been made in terms of focusing 
properties. A beam quality of 20 mm 
mrad is now available at output powers 
of up to 800 watts. For the 1,500-watt 

systems, the beam parameter product 
has been reduced from the previous 60 to 
30 mm mrad. 

The advances in beam quality are 
especially significant for joining applica-
tions related to electrical conductor tech-
nology. Due to the smaller focus diam-
eter, extremely thin and filigree copper 
contacts can be precisely machined and 
very narrow joining seams created.  The 
improved beam quality enables greater 
working distances and simplifies scan-
ner welding applications. Further advan-
tages may be obtained by adjusting the 
finely graduated power regulation of the 
Laserline laser systems. Critical energy 
input into seam-adjacent component 
zones is avoided, while exception-
ally calm melt pools are created. This 
allows workpiece surfaces to be melted 
without major spatter formation. The 
cooled seams are smooth and virtually 
pore-free.

Blue diode lasers are now consid-
ered a key technology in electronics 
manufacturing. They have opened up 
a wide range of new options for pro-

cessing conductor materials in the 
non-ferrous metal sector. Light in the 
blue wavelength spectrum is absorbed 
by non-ferrous metals up to twenty 
times more than infrared light. A lot 
less energy is therefore required to 
melt component surfaces compared to 
conventional infrared lasers. For the 
very first time, these blue diode lasers 
have made a controlled heat conduc-
tion welding process possible. Highly 
conductive non-ferrous metals such as 
copper and gold can now be joined with 
ease. Even the thinnest copper compo-
nents can now be  welded without arti-
ficial material reinforcement. 

LDMblue diode lasers have also been 
successfully used in non-ferrous met-
al-based coating processes and they are 
currently also being tested in maritime 
applications and high-power lighting 
technology. In the long term, output 
powers of up to 5 kW may be consid-
ered realistic.

www.laserline.com

Welding of copper contacts (Source: Laserline)

Laser system for mobile material processing
ALOhybrid system offers new opportunities, especially for job shop production

With the modular ALOhybrid sys-
tem, Alotec Dresden has developed the 
world’s first laser system that supports 
both stationary and mobile material pro-
cessing. The robotic system with 4 kW 

laser power is designed for hardening 
and deposition welding and can be used 
either at the main plant or directly at 
the customer’s site. This opens up new 
opportunities, especially for job shop 
production.

The modular 10-axis robotic system 
is equipped with a 4 kW diode laser and 
several processing optics for hardening 
and cladding. The system is easy to 
operate and offers maximum flexibility 
in process control with high precision. 
In stationary mode, the six-axis process-
ing robot can be positioned on a linear 
unit, and the part to be processed can 
additionally be positioned on a rotary or 
a rotary-tilt axis. For mobile operation, 
a radio remote-controlled crawler with 
a 14-meter radius of action around the 
media station and movable laser safety 
walls are available. The changeover 
between stationary and mobile config-
uration can be realized in just four hours, 
and a quick-change system enables the 
processing optics to be replaced quickly. 
The mobile configuration is also trans-
portable on land, water and in the air 
and is therefore very flexible in use: it 
fits into two small containers and can be 
transported by all freight routes, includ-
ing scheduled air freight.

ALOhybrid provides laser users who 
have to harden or coat components of 
widely varying dimensions in rapid suc-
cession with a modular system solution 
for applications in mechanical engineer-
ing, tool and die shops, and related areas 
of metal processing. If the weight or size 
of a part does not allow it to be posi-
tioned in a conventional machine booth, 
it can also be processed outside the booth 
with the aid of the mobile system con-
figuration. 

This flexibility is in particular benefi-
cial to job shop production: the job shop 
only has to invest in a single laser system 
and achieves optimum system utiliza-
tion. The customer benefits from lower 
transport costs and reduced downtimes, 
as repair coatings can be applied quickly 
and easily on site or new components can 
be processed while clamped in a milling 
or turning machine.

www.alotec.de

Laser hardening of a shaft using the mobile ALOhybrid 
configuration. (Source: Alotec)
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Developing production and design processes
German AM specialist enters into an R&D partnership with Turkish Aerospace

Additively manufactured components 
for the aerospace industry are play-
ing an increasingly important role for 
manufacturing specialist FIT. The com-
pany recently signed a memorandum of 
understanding with Turkish Aerospace 
in which both parties declare their inten-
tion to work closely together in research 
and development to complete advanced 
3D printing technology and products 
leveraging their respective strengths.

Aviation and aerospace are two of 
the most important industries for addi-
tive manufacturing today. Industrial 
3D printing is literally predestined to 
reduce the overall weight of missiles 
through consistent and intelligent 
lightweight construction of individual 
components, resulting in competitive 
advantages such as lower fuel consump-
tion and reduced emissions as well as 
higher performance in terms of flight 
duration and payload.

The aim of the declared collabo-
ration is to develop improvements 
in design and production in order to 
quickly implement high-tech products 
with high added value. In joint studies, 
optimized design and manufacturing 
processes are to be developed to create 
innovative structural parts for flying 
parts in aircraft, drones and satellites 
that cannot be produced convention-
ally. FIT and Turkish Aerospace will 
actively cooperate in both Lupburg 
and Ankara on topics of certification, 
manufacturing, and the development of 
new AM technologies. Research prior-
ities include technology development, 
evaluation of additive manufacturing 
processes, engineering proficiency, and 
qualification of materials. As a result, 
the availability of innovative compo-
nents and spare parts can be increased, 
while realizing cost and quality ben-
efits.

FIT and Turkish Aerospace have been 
working together on joint projects for a 
while, for example in EU-funded research 
programs, such as the  COFUND project 
of the Additive Manufacturing Technol-
ogies Application and Research Center 
of Gazi University.

www.fit.technology  www.tusas.com

FIT has developed a new type of mechanical component 
for next-generation satellite platforms (Source: FIT)

Additive manufacturing for mass production
New 3D printer from Trumpf uses second laser to double productivity

High-technology company Trumpf 
recently unveiled the new series of its 
TruPrint 3000 3D printing system at a 
virtual customer event. The medium-
format machine uses powder bed-based 
laser melting to produce parts with a 
diameter of up to 300 mm and a height of 
up to 400 mm. It can handle all weldable 
materials including steels, nickel-based 
alloys, titanium and aluminum. “We’ve 
improved key aspects of the TruPrint 
3000 to tailor it even more closely to the 
quality requirements, certifications and 
production processes of various indus-
tries,” says Klaus Parey, managing direc-
tor of Trumpf Additive Manufacturing.

The new machine can be equipped 
with a second laser that almost doubles 
its productivity. “The multilaser option 
significantly reduces part costs – that’s 
how we help our customers make the 
move into mass production,” says Parey. 
Two 500-watt lasers scan the machine’s 
entire build chamber in parallel. This 
makes production much faster and more 
efficient regardless of the number and 
geometries of the parts. With the Auto-
matic Multilaser Alignment option, the 
system can automatically monitor the 

multilaser scan fields during the build 
stage and calibrate them to each other. 
With each laser scanning a contour, the 
process does not lead to any kind of weld 
seams. This is what allows multilaser 
parts to meet such outstanding quality 
standards.

The Trumpf experts have transformed 
the movement of inert gas through the 
TruPrint 3000. The way in which it flows 
through the machine from back to front 
is now even steadier and more uniform. 
As well as boosting the quality of printed 
parts, this also allows the operator to 
remove excess powder from the part 
while it is still inside the machine. Pre-
vious models required the operator to 
take the part out and remove the powder 
at a separate station. The new machine 
is designed to process the powder in a 
shielded environment, using an inert gas 
to prevent the powder from becoming 
contaminated during the build. This is a 
major advantage for sensitive industries 
such as medical device manufacturing.

The new TruPrint 3000 also comes 
with a melt pool monitoring function. 
This safeguards the quality of the part 
during 3D printing by automatically 

monitoring melt pool emissions and 
other metrics during the process. Special 
sensors in the laser optics continuously 
monitor the melt pool. A special piece of 
software compares these readings to the 

figures for a reference workpiece stored 
in its database and presents a graphical 
display of any deviations, such as a melt 
pool that is too cold or too hot. This gives 
machine operators the information they 
need to detect any errors and take what-
ever action may be necessary.

www.trumpf.com

The new medium-format machine uses powder-bed-
based laser melting to produce parts with a diameter of 
up to 300 mm and a height of up to 400 mm.
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3D-printed optics improve imaging
Tiny lenses could correct color distortions for digital cameras and medical endoscopes

German researchers have shown that 3D 
printing can be used to make highly pre-
cise and complex miniature lenses with 
sizes of just a few microns. The micro

lenses can be used to correct color distor
tion during imaging, enabling small and 
lightweight cameras that can be designed 
for a variety of applications. “The ability 
to 3D print complex micro-optics means 
that they can be fabricated directly onto 
many different surfaces such as the CCD 
or CMOS chips used in digital cameras,” 
said Michael Schmid from the University 
of Stuttgart. “The micro-optics can also 
be printed on the end of optical fibers 
to create very small medical endoscopes 
with excellent imaging quality.”

Schmid and colleagues used two-pho-
ton lithography to create lenses that com-
bine refractive and diffractive surfaces. 
They also show that combining different 
materials can improve the optical per-
formance of these lenses. “3D printing 
of micro-optics has improved drastically 
over the past few years and offers a design 

freedom not available from other meth-
ods,” said Schmid. 

The researchers designed miniature 
versions of lenses traditionally used to 
correct for chromatic aberrations. They 
began with an achromatic lens, which 
combines a refractive and diffractive 
component to limit the effects of chro-
matic aberration by bringing two wave-
lengths into focus on the same plane. The 
researchers used a commercially avail-
able two-photon lithography instrument 
made by NanoScribe to add a diffractive 
surface to a printed smooth refractive 
lens in one step. (Source: OSA)

Reference: M. Schmid et al.: 3D printed hybrid 
refractive/diffractive achromat and apochromat 
for the visible wavelength range, Opt. Lett. 46, 
2485 (2021); DOI: 10.1364/OL.423196

www.scope.uni-stuttgart.de

In tests of the new lenses, the reference lens (left) 
shows color seams due to chromatic aberrations. The 
3D printed achromat lenses (middle) reduced these 
drastically while images taken with the apochromat 
(right) completely eliminated the color distortion.

Better gas turbines from the 3D printer
Neutrons help to investigate internal stress in components made by additive manufacturing

3D printing has opened up a completely 
new range of possibilities. One example is 
the production of novel turbine buckets. 
However, the 3D printing process often 

induces internal stress in the components 
which can in the worst case lead to cracks. 
Now, a research team has succeeded 
in using neutrons from the Technical 
University of Munich (TUM) research 
neutron source for non-destructive 
detection of this internal stress – a key 
achievement for the improvement of the 
production processes.

“Complex components with such 
intricate structures would be impossi-

ble to make using conventional manu
facturing methods such as casting 
or milling,” says Tobias Fritsch of the 
German Federal Institute for Materials 
Research and Testing (BAM). But the 
laser’s highly localized heat input and 
the rapid cooling of the melt pool lead 
to residual stress in the material. Manu
facturers usually eliminate such stress 
in a downstream heat-treatment step, 
which however takes time and thus 
costs money.

Unfortunately, these stresses can 
also damage the components as early as 
during the production process and up 
until post-processing takes place. “The 
stress can result in deformations and 
in the worst cases lead to cracks,” says 
Fritsch. He therefore examined a gas tur-
bine component for internal stress using 
neutrons from the TUM neutron source 
in Garching, FRM II. The component 
was made using additive production 
processes by gas turbine manufacturer 
Siemens Energy.

For the neutron experiment at the 
FRM II, Siemens Energy printed a lat-
tice structure only a few millimeters in 
size using a nickel-chrome alloy typical 
of that used for gas turbine components. 
The usual heat-treatment after produc-
tion was intentionally omitted. “With 

the equipment provided by STRESS-
SPEC we were even able to resolve 
internal stress in lattice structures as 
intricate and complex as these,” the 
physicist says.

While the team has succeeded in 
detecting the internal stress within the 
component, the next step is to reduce 
this destructive stress. “We know that 
we have to modify the production pro-
cess parameters and the way in which 
the component is built up during print-
ing,” says Fritsch. “The more localized 
the heat application is during the melting 
process, the more internal stress results.” 
For as long as the printer’s laser is aimed 
at a given point, the heat of the point rises 
relative to adjacent areas. This results 
in temperature gradients that lead to 
irregularities in the atomic lattice. “So 
we have to distribute the heat as evenly 
as possible,” says Fritsch. In the future 
the group will review the situation with 
new components and modified printing 
parameters. 

Reference: T. Fritsch et al.: On the determination 
of residual stresses in additively manufactured 
lattice structures, J. Appl. Cryst. 54, 228 (2021); 
DOI: 10.1107/S1600576720015344

www.bam.de  www.tum.de

Neutron diffraction is an ideal method to measure 
residual stress inside components made by additive 
manufacturing. The image shows a lattice structure 
in the measurement position on the residual stress 
diffractometer STRESS-SPEC at TU Munich. 
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Ensuring quality in 3D printing – with 
sensors and artificial intelligence
App developed for automatic monitoring of print quality

3D printing enables batch size one pro-
duction, which means that no two prod-
ucts are alike because each part is individ-
ually designed for the customer. Among 
others, this is interesting for medical 
technology. Additively manufactured 
(AM) dental splints, hearing aids and 
even implants can be perfectly adapted 
to the body of an individual patient and 
still be produced cost-effectively. 

One challenge for companies, how-
ever, is quality assurance. Personalized 
medical devices are subject to strict 

safety requirements. Manufacturers 
must be able to guarantee that there are 
no invisible cracks or pores in the com-
ponent and that the geometric require-
ments and desired material properties 
are achieved. Scientists from Hanover 
and Aachen are working on a solution to 
support small and medium-sized com-
panies in particular in the approval of 
patient-specific medical devices from 
the 3D printer: they want to develop an 
app that helps with quality assurance.

The more individualized the produc-
tion, the more difficult quality assurance 
becomes. In the case of goods manu-
factured in large series, it is often suffi-
cient to carry out quality tests on a few 
randomly selected products in order to 
be able to draw conclusions about the 
entire batch. This is not possible with 
single-item products. Here, each com-
ponent must be examined in detail to 
ensure quality.

Detecting possible defects in 
patient-specific 3D printed products 
during production is the goal of the 
new research project ‘Sensor and app-
based validation of process and product 
quality for effort-reduced certification 
of personalized medical devices (SAV-
iour)’ that is being conducted jointly by 
scientists at the Institut für Integrierte 

Produktion Hannover (IPH) and the 
Laboratory for Machine Tools and Pro-
duction Engineering (WZL) of RWTH 
Aachen University.

 The researchers want to equip 
an industrial 3D printer with sensor 
technology to seamlessly monitor the 
printing process. The sensor data will 
be evaluated in an app using artificial 
intelligence via a quality model to reli-
ably detect production errors. The scien-
tists at the IPH and the WZL are focus-
ing primarily on medical technology 

because the degree of individualization 
of products and the associated quality 
requirements in this industry are partic-
ularly high, and proof of a quality assur-
ance system must be provided as part 
of an approval process. In the research 
project, the IPH is responsible for sensor 
technology and data collection, while the 
WZL is responsible for creating the qual-
ity model and programming the app.

Quality in 3D printing is influenced 
by many factors: the type of material 
used, the ambient temperature, the tem-
perature at which the filament is melted, 
the printing speed, the vibrations of the 
print head and quite a few other param-
eters. “Particularly treacherous is that 
many errors are no longer visible from 
the outside once the component has fin-
ished printing. For example, if the print 
head clogs briefly in between and then 
continues to print normally, you won't 
see it later,” says project engineer Anne 
Rathje from IPH.

 The IPH and the WZL are working 
closely with industry on the research 
project. The project advisory commit-
tee includes manufacturing companies 
from medical and dental technology and 
other industries, as well as manufactur-
ers of 3D printers.

 saviour.iph-hannover.de

Quality monitoring: The 
scientists will attach 
sensors to the printer 
to detect faults such as 
a clogged print head. 
(Source: D. Binder, IPH)
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New board member and management at ASAM
Personnel changes at the Association for Standardization of Automation and Measuring Systems

Dr René Grosspietsch (BMW) was 
elected as a new member of the ASAM 
board of directors at the general assem-
bly on March 24, 2021. He succeeds 
Richard Vreeland (Cummins), who did 
not run for the board position. During 
his career, Dr Grosspietsch has gained 
extensive experience in  strategy and 
innovation management, especially 
with the validation of driver assistance 
systems. 

Prof Marcus Rieker (Horiba Europe) 
was confirmed in his position as chair-
man of the board during the constituent 
meeting of the ASAM board on April 20, 
2021. Prof Rieker has a long-standing 
and close relationship with ASAM: the 
new term of office is his seventh on the 
board and his second as chairman of the 

board. He was also involved in ASAM 
working groups for many years before 
his board membership. 

The major tasks of the board of direc-
tors will be to continue the international-
ization of the organization and to further 
develop the ASAM standards portfolio. 
The new standardization domain ‘Sim-
ulation’, which supports the implemen-
tation of highly automated and autono-
mous driving, will be further extended 
and merged with activities in the clas-
sic domains. Co-operation with other 
standardization organizations and par-
ticipation in publicly funded projects is 
another important strategic point.

Also, Peter Voss became the new 
managing director as of 1st April 2021.  

He follows Dr Klaus Estenfeld who is 
retiring from this position after being 
with ASAM for five years.

Dr Estenfeld will remain with ASAM 
as executive advisor until Septem-
ber 2022. In addition he will remain 
executive director of ASAM Japan GK 
and a member of the advisory board 
of C-ASAM in China. He will also be 
responsible for membership manage-
ment and will act as liaison manager for 
cooperations and partnerships.

Peter Voss has gained significant 
experience in the automotive semicon-
ductor business, from which the last two 
decades were dominated by the growing 
ADAS and autonomous driving market. 

www.asam.net
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ASAM Board of Directors, term 2021 – 2023 (left to right: Dr René Grosspietsch (BMW), 
Prof Marcus Rieker, chairman (Horiba Europe), Dr Ralf Nörenberg (HighQSoft), Armin 
Rupalla (RA Consulting), Prof Frank Köster (DLR)

Laserlab-Europe AISBL Elections
ICREA professor Jens Biegert elected chair of the association’s general assembly

Jens Biegert, ICREA professor at the 
Institut de Ciencies Fotoniques in Bar-
celona, has recently been elected chair of 
the general assembly of Laserlab-Europe. 
He has established a record of active 
engagement within the organization 
over many years, and is currently also 
serving as chair of the networking board 
of Laserlab-Europe and on its manage-
ment board. 

ICFO is a participating infrastructure 
of Laserlab-Europe through its Attosci-
ence and Ultrafast Optics facility, led by 
Prof Biegert, and its Super-resolution 
Light Nanoscopy & Microscopy (SLN) 
facility, led by Dr Pablo Loza.

Laserlab-Europe, the integrated ini-
tiative of European laser research infra-

structures, is an EU H2020 research proj-
ect that aims to strengthen Europe’s lead-
ing position and competitiveness in this 
area. To achieve this goal, it promotes the 
Europe-wide use of advanced lasers and 
laser-based technologies in research and 
innovation and serves as a cross-disci-
plinary user community from academia 
and the industry.

It is a competitively funded project 
that began to take shape back in the 
1990’s. In order to give this long-term 
project continuity, Laserlab-Europe 
AISBL was formed as an international 
not-for-profit association. The gen-
eral assembly is the association’s deci-
sion-making body, consisting of 45 
institutions across 22 countries as voting 

members, including ICFO. It appoints 
an executive director for the daily busi-
ness that the general assembly decides. 
(Source: ICFO)

www.laserlab-europe.eu

ICREA Prof Dr Jens Biegert (Source: ICFO)

Peter Voss (left) is the new Managing Director at ASAM. 
He succeeds Dr Klaus Estenfeld (right; source: ASAM)
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VDMA Robotics has three new board members
Andrea Alboni, Martin Kullmann, and Alexander Mühlens strengthen the VDMA Robotics board

The VDMA Robotics board has 
appointed three new board members. 
Andrea Alboni, Universal Robots suc-
ceeds his former colleague Helmut 
Schmid, who left the board last year. 
Martin Kullmann, ABB Robotics, suc-
ceeds Jörg Reger of ABB Robotics. With 
Alexander Mühlens, the Igus company  
from Cologne provides a board member 
for the first time.

“We are very pleased to welcome 
Andrea Alboni, Martin Kullmann and 
Alexander Mühlens, three new top-class 
experts to our board,” says Volker Span-
ier, chairman of the board of VDMA 
Robotics. “The voluntary work in the 
VDMA Robotics Division with its 
approximately one hundred members 
is more important than ever. We are 
currently observing rapid technological 
development and are supporting small, 
medium and large companies in taking 
advantage of the opportunities.” 

Andrea Alboni is general manager 
of Universal Robots Western Europe in 
Munich and points out the enormous 
dynamics of the robotics and automation 

industry. As a specialist in collaborative 
lightweight robots, he helps to further 
advance the development of human-ro-
bot collaboration as a board member in 
the VDMA robotics department.

 Martin Kullmann is business unit 
manager customer service at ABB 
Robotics in Friedberg, Hesse, and 
highlights the further development 
of robotics around safety as a future 
topic. The development of standards 
and expansion of application areas, as 
well as closer cooperation between man 
and machine, are further important 
topics in which Martin Kullmann will 

actively support the VDMA specialist 
department.

Alexander Mühlens is head of the 
automation technology and robotics 
division at the Cologne-based Igus 
company. He looks forward to working 
together with the broad automation 
industry network within the VDMA. 
He sees being competitive in the vibrant 
automation market as the greatest chal-
lenge. It will be important to provide 
a stimulus there to shape the future 
together with the VDMA.

https://robotik.vdma.org

Andrea Alboni (Universal Robots) Martin Kullmann (ABB Robotics) Alexander Mühlens (Igus)

The German Society for Applied Optics (DGaO) mourns the passing of Dr Frank Höller 

As former Chairman of the Board 
(2012 – 2016), Past President (since 
2016), Treasurer (2010 – 2012), 
long-standing member of the Exec-
utive Board (since 2010), Chairman 
of the Program Committee of many 
Annual Meetings and, above all, com-
mitted member (since 2008), Frank 
Höller intensively shaped and actively 
contributed to the DGaO. It is thanks 
to his outstanding commitment that 
the society has been able to reposition 
itself over the past decades and success-
fully fulfill its task as a bridge builder 
between industry and science in the 
field of applied optics with renewed 
vigor. As the initiator of the Young 
Scientist Award of the DGaO, he has 
provided important impetus for the 
work of young scientists in the field of 
applied optics.

Clear strategic thinking, acting 
and communicating were omnipres-
ent trademarks of Frank Höller. With 
his commitment, for example as Vice 

President of the International Commis-
sion for Optics (ICO) and of the Inter-
national Union of Pure and Applied 
Physics (IUPAP), he also formed the 
bridgehead into the international sci-
entific community and promoted inter-
national networking. Despite his new 
time-consuming professional engage-
ment at the young company Scantinel 
Photonics, Frank Höller continued to 
be intensively involved in the DGaO as 

Past President through his important 
contributions to the discussion about 
the revised bylaws of the DGaO. With 
his work as a whole, he has left lasting 
traces in the DGaO and far beyond. 

In addition to all these outstanding 
professional achievements and activ-
ities for the DGaO however, we will 
miss one thing first and foremost after 
the sudden unexpected death of Frank 
Höller: a dear colleague and friend. His 
sober yet humorous view of the world 
and society, with an always alert mind 
and critical analytics, was always inspir-
ing and challenging in a truly missed 
way. 

Our sympathy goes to Frank Höller’s 
family, especially his wife and his daugh-
ter. We wish them much strength and 
confidence to cope with this heavy loss. 

 
Stefan Sinzinger 
on behalf of the Executive Board and 
all members of the German Society for 
Applied Optics

Frank Höller
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Announcing another milestone
EPIC now has over 700 members and is still growing strong

What an amazing growth EPIC, the 
European Photonics Industry Consor-
tium, has been through. Founded in 
2003, EPIC has grown steadily over the 
years, but since 2016 things started to 
snowball. Since then, the team has grown 
from 3 to 15 and our membership has 
grown from 300 to over 700 members. 
All in the past four years. The ambition 
of EPIC is never-ending as shown during 
this year’s Annual General Meeting held 
on 15 April 2021.

The Annual General Meeting was 
held online with almost 150 partici-
pants, all at CEO and CTO level. We 

presented the continuous drive for 
innovation as we went through our 
2020 activity report (available at www.
epic-assoc.com/reports/). This report 
shows that we organized eighty meet-
ings and events in which we engaged 
2,087 industry professionals from 
1,231 companies in 44 countries. We 
launched new member services such as 
the “EPIC Members Product Release” 
and the “Mentors in Photonics” website, 
where members can reach out to other 

members for guidance on leadership, on 
expanding to new territories and obtain 
other advice.

In 2020, EPIC published 14 articles 
and 36 C-level interviews. We released 
15 new market reports and have 29 active 
partnerships with industry associations. 
Just in October we announced that we 
had reached 600 members, and now, 
only a few months later, we have reached 
another milestone: 700 corporate mem-
bers. Our 700th member was announced 
at the EPIC Annual General Meeting 
and is the German start-up Lidrotec. 
They have developed a laser system that 
reduces material and processing costs 
through its unique innovation: specifi-

cally designed liquids that efficiently cool 
the work piece during the dicing process, 
and keep the surface clean by washing 
away micro and nano particles. Welcome 
Lidrotec to the largest photonics industry 
association in the world. We look forward 
to continuing our services to promote the 
sustainable development of organizations 
working in the field of photonics. For an 
overview of all our 700+ members, go 
to www.epic-assoc.com/membership/
epic-members/ 

www.epic-assoc.com

Upcoming EPIC events:
	� 28 June 2021                       
EPIC Online Technology Meeting 
on Novel Photonic Solutions for 
Microscopy
	� 5 July 2021                           
EPIC Online Technology Meeting 
on Current and Future Challenges 
for Laser Cutting 
	� 14 July 2021                         
EPIC Online Technology Meeting 
on Mid-IR Technologies for Indus-
trial Manufacturing (in co-opera-
tion with MidIR Alliance)
	� 6 September 2021            
EPIC Online Technology Meeting 
on New Developments in FMCW 
LIDAR

	� 13 September 2021          
EPIC Online Technology Meeting 
on Spectroscopy and Imaging for 
Process Monitoring
	� 20 September 2021          
EPIC Online Technology Meeting 
on Laser Ablation and Laser Clean-
ing
	� 22 September 2021          
EPIC Online Technology Meeting 
on Mid-IR Technologies for Envi-
ronmental Monitoring (in cooper-
ation with MidIR Alliance)
	� 27 September 2021          
EPIC Online Technology Meeting 
on Head-Up Displays: from 2D to 
AR

www.epic-assoc.com/epic-events

http://www.epic-assoc.com/reports/
http://www.epic-assoc.com/reports/
http://www.epic-assoc.com/membership/epic-members/
http://www.epic-assoc.com/membership/epic-members/
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Access Space Alliance and EPIC collaborate
Memorandum of understanding to strengthen the photonics and new space industries

The Access Space Alliance and the Euro-
pean Photonics Industry Consortium 
(EPIC) signed a collaboration agree-
ment in March, publicly announced 
at the EPIC Online Technology Meet-
ing ‘Quarterly Briefing on New Space 
Communications and Monitoring’ on 31 
March 2021 (pictured). The collabora-
tion is focused on cooperative activities 
and advisory mandates with the aim of 
bringing cooperation and, ultimately, 
supporting the development of an effi-
cient and sustainable industry.

The partnership will encourage coop-
eration between the members, including 
participation at events, collaboration on 
information exchange and promotion, 
and advisory mandates to develop an 
efficient and sustainable industry. 

In May 2020, the Access Space Alli-
ance formed the Free Space Optical 
Communications Committee (FSOCC) 

uniting leading companies in the field 
of space-based laser communications. 
“The partnership with EPIC is meant 
to facilitate collaboration between EPIC 
members and those of Access Space who 
are developing laser communication 

solutions and applications with a view 
to leverage existing supply chains,” said 
Christian von der Ropp, director and 
co-founder of the Access Space Alliance 
and chairman of FSOCC. 

www.epic-assoc.com

MedPhab launches open call
Pilot line for photonics-based medical devices supports companies with their developments

MedPhab offers modular technology 
blocks including photonics technologies, 
non-photonic peripherals, system inte-
gration and post-processing steps. This 
concept enables a structured approach to 
highly fragmented heterogeneous pho-
tonic and non-photonic technologies 
such as microfluidics or surface func-
tionalization from early phase proof-of-
concept to regulated pilot production. 

The technology offered by MedPhab 
can help companies to develop diagnos-
tic solutions for hospital use to enable 
real-time information and monitoring 
of the treatment progression; novel home 
care services, and equipment for molec-
ular diagnostics based on serum, saliva 
or urine samples.

The MedPhab Open Call provides 
financial support for pioneer busi-

ness cases. European-based SMEs may 
receive a subsidy of 75 % of their inno-
vation project, whereas large-scale Euro-
pean companies receive a 50 % subsidy. 
The first cut-off date for expressing an 
interest is July 15th, 2021.

MedPhab has received funding from 
the European Union’s Horizon 2020 
research and innovation programme.

www.medphab.eu 

Phabulous Pilot Line Association established
Serving the market with free-form micro-optics solutions

After the full review process as part of the 
pilot line project funded under the Euro-
pean Union’s Horizon 2020 research and 
innovation initiative, in public-private 
partnership with Photonics 21, the Pha-
bulous Pilot Line Association is now the 
20th official partner of the pilot line.

Phabulous is the European one-stop 
shop for the manufacturing of free-form 
micro-optics offering accelerated inno-
vation and production cycles from pro-
totypes to piloting and large volume pro-
duction. As the legal entity of the pilot 

line, the association sets the guidelines 
for uniform and effective internal pro-
cesses within the pilot line, in order to 
ensure high quality production services 
and excellent customer experience. To 
this extent, the association was founded 
as an independent legal entity and its 
bylaws were signed by the founding 
members.

At its first general assembly and exec-
utive board meeting, Dr Toralf Scharf 
(president) from Suss MicroOptics, Dr 
Paul Hartmann (vice-president) from 

Joanneum Research, Dr Onno Lint from 
Morphotonics, Dr Veli-Pekka Leppänen 
from Nanocomp, Dr Oscar Fernandez 
from CSEM, and Richard Clarke from 
PowerPhotonic, were named as execu-
tive board members.

The executive board appointed Dr 
Rolando Ferrini from CSEM as man-
aging director. With the establishment 
of the association and its front office, 
and the Grant Agreement amendment 
session, Phabulous is fully operational. 

www.phabulous.eu
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“Be invited to experience our portfolio online”
Three questions and answers with the new vice president of sales for the MKS pho-
tonics brands in Europe, Thorsten Frauenpreiss

Which new products, developments or 
services had you intended to present at 
the ‘Laser fair’ in June 2021? 
Thorsten Frauenpreiss: In the past, Laser 
World of Photonics in Munich has always 
been one of our highlights when it comes 
to international trade fairs. As in the years 
before, we would have introduced new 
products from all our Light & Motion 
brands. Just recently, MKS announced 
what we believe to be the world’s smallest 
actively Q-switched UV laser, the Spec-
tra-Physics Explorer One HP HE 355-
200. With pulse energies of more than 
200 µJ, an average power higher than 
4 W, and dynamic closed-loop pulse 
energy controls, the new laser is ideal 
for structuring and ablating thin films in 
displays and photovoltaics, for the trim-
ming of microresistors and capacitors, 
and for high-contrast marking of med-
ical devices, plastics and glass. It would 
have been great to present this innova-
tive compact laser to our customers and 
prospects at the show. 

The same is true for Ophir laser mea-
surement devices. There is a strong need 
for integrated measurement in auto-
mated production lines using lasers for 
battery welding. We have developed an 
enhanced version of our flagship prod-
uct for the automotive industry: the new 
Ophir BeamWatch Integrated 500 allows 
the use of the kinds of long focal length, 
single-mode fiber laser beams that are 
common in remote welding applications. 
Especially in battery welding processes, 
this device is ideally suited to measure 
power, focal shift and beam caustic. To 
ensure the reliability of the respective 
laser process, the laser power settings 
that are programmed for the individ-
ual parts’ configuration can be sim-

up to receive future marketing materials 
or learn more from presentations. 

We will also participate with several 
topics at the Lasers in Manufacturing 
(LiM 2021) conference that will take 
place online as well. Nicolas Meunier, Jim 
Bovatsek and Chandra Nathala will pres-
ent MKS’ solutions for applications such 
as additive manufacturing, high-power 
laser measurement, ultrashort-pulse 
laser cutting and microwelding. 

Have you implemented or enhanced 
the use of alternative tools or platforms 
since the onset of the pandemic to com-
pensate for the lack of physical encoun-
ters with clients, customers, or suppliers, 
and what are they?
Thorsten Frauenpreiss: As I mentioned 
before, we have established our MKS 
virtual booth as a platform for online 
events. But we also use collaboration 
tools to conduct individual remote train-
ing or presentations with our customers. 
This felt strange for our sales engineers 
at first, but meanwhile both they and our 
customers have pretty much got used to 
it. To address a broader audience, we 
complement our customer engagement 
activities with webinars, either within 
industry-specific events together with 
media partners or by using our own 
channels. Nevertheless, I must say that 
I personally look forward to seeing our 
customers, partners and prospects in 
person again soon. 

Registration page for the  
MKS World of Light and Motion:

https://go.mksinst.com/MKSVirtualBoothEU

Interview	

ulated over time, and measurements 
can be taken. By utilizing the measured 
parameters, the actual focus behavior 
can be compared with the expected 
focal shift. This beam profiling system 
can be integrated in automated prod-
uct lines and production networks via 
GigE, Profinet, EtherNet/IP or CC-Link. 
We have also announced Ophir Ariel, a 
compact, flexible and stand-alone power 
measurement system that fits in the palm 
of your hand. 

When it comes to optical measure-
ments in research applications, we have 
developed an enhanced version of our 
Newport benchtop optical power meter. 
By integrating a touch screen, the two 
new devices, Newport 1938-R and New-
port 2938-R, are really simple to use, and 
an up-to-date CPU enables high-speed, 
modulated light measurements.

Where and how will you present those 
new products instead?
Thorsten Frauenpreiss: We will present 
our products online at our own virtual 
event called ‘MKS World of Light and 
Motion’. Our virtual booth will be open 
from June 21st to 24th. As most of the 
major trade fairs went online this year, 
we have decided early to build our own 
virtual booth for all our Light & Motion 
brands that can be linked to the respec-
tive event. Instead of physically present-
ing our new products, prospects will 
be invited to experience our portfolio 
online. There is a landing page to register 
for the event and, once the virtual show 
is open, they can check out our booth, 
watch videos, download material, sign 
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“Be effective in using your experi-
ence” 
EPIC talks to Jean-Louis Gentner, CEO of Almae Technologies  
Jose Pozo

sidiary of Alcatel he had joined to lead 
the epitaxy team, he moved back into 
research. His main focus was on improv-
ing and creating the core technology to 
make photonics integration possible on 
wafers with the aim of developing high-
speed and high-performance integrated 
devises for telecom applications.

Alcatel-Thales III-V lab
In 2004, Alcatel joined forces with 
Thales to set up a joint lab to investigate 
a broad range of applications of III-V 
materials, the Alcatel-Thales III-V lab, 
with Jean-Louis as PIC platform man-
ager. This was an exciting time as the 
lab was instrumental in establishing 
Europe’s first photonics integration 
project, ‘EuroPIC,’ which was created 

research and product development 
of III-V components. He started as a 
production manager for Alcatel CIT 
working on components for early tele-
com systems, but following the telecoms 
crash in the early 2000s and the sale of 
Alcatel Optronics, the industrial sub-

Jose Pozo, ‘chief technology observer’ of 
EPIC, has visited Jean-Louis Gentner, 
the co-founder of Almae Technologies, 
a provider of laser components and inte-
grated laser modulators for the telecom 
and datacom markets. 

With physics in his DNA from an 
early age, in 1974, Jean-Louis went 
to study for an MSc in physics at the 
Grenoble Institute of Technology, where 
one of his lecturers was Louis Néel, a 
Nobel Prize winner for pioneering work 
on the magnetic properties of solids. 
For his master’s thesis, he worked on 
elaborating and performance testing 
of superconductors, and in 1977, as 
part of a PhD, he moved to the Philips 
research laboratory in France working 
on gallium arsenide, transistors and the 
epitaxy of III-V materials.

In 1990, Jean-Louis joined Alcatel, 
where he stayed for the next 22 years in 
various positions, alternating between 
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Jean-Louis supervising an  
MBE growth run

Almae 3” InP wafer comprising thousands 
of high-speed EMLs
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to effect a fundamental change in the 
way PIC applications were designed and 
manufactured in Europe. The objective 
was to share expertise among teams 
from the Netherlands, Germany, UK 
and France in the exploration of pho-
tonic integration to determine limits and 
compromises in terms of performance 
between discrete and integrated devices. 

Alcatel-Lucent III-V lab
Following the success of the Alca-
tel-Thales III-V Lab and the merger of 
Alcatel with Lucent in 2007, the lab was 
enlarged to bring CEA-Leti on board 
in 2011 and changed its name to III-V 
Lab. Jena-Louis became administrator 
for Alcatel-Lucent in 2012, and this time, 
rather than an exploration of the tech-
nology the aim was to push the exciting 
research results and promote the tech-
nology to convince the industry of the 
potential of integrated photonics to cre-
ate new solutions and better synergies. 

Almae Technologies 
Almae Technologies started operation on Feb 1st, 
2016, and was created as a spin-off of III-V lab, a 
joint lab of Nokia Bell Labs, Thales and CEA-Leti. 
It has built an industrial R&D and production 
platform for advanced PIC fabrication based on 
proven photonic integration building blocks, the 
objective being to exploit a platform for chip and 
wafer fabrication to support telecom/datacom 
market growth, with the first products launched 
being a portfolio of 10/25G EML products. Almae 
Technologies also offers specialized foundry ser-
vices to partner companies in the field of Photonic 
chip manufacturing and is open to discuss with 
interested parties whatever the application field. 

www.almae-technologies.com

Company

Almae Technologies
As a result of his expertise, passion and 
belief in promoting the benefits of inte-
grated photonics and his skills in devel-
oping business relationships worldwide, 
In 2015, Jean-Louis persuaded one of 
III-V Lab’s partners to co-found Almae 
Technologies. The idea was for Almae 
to commercialize innovative photon-
ics technology that had already been 
developed by Nokia (Alcatel-Lucent at 
the time), Bell Labs, Thales and the CEA 
at III-V Lab. Specifically, Almae would 
use epitaxy reactors and electronic nan-
olithography equipment to design and 
produce InP wafers to implement pho-
tonic circuits capable of integrating semi-
conductor lasers and meet high-scale 
demand from telecom for data storage 
and ultrahigh-speed optical data trans-
mission. It was decided to base the com-
pany in France as the technology would 
require complex processes which, at that 
time, were unrealistic to transfer to the 
industrial partner abroad.

Company development
Almae’s first products were high-speed 
integrated photonic chips addressing 
metro and access telecom networks 
based on standardized integration 
building blocks for 10 Gb/s high speed 
EMLs (externally modulated lasers), 
and after improving the design and 
the technology, they were then able to 
provide solutions for 25 and and most 
recently, for 50 Gb/s as well as 100 Gb/s 
using PAM4 modulation, the new stan-
dard transmission format for data center 
interconnect (DCI).   

The second track was to provide 
customized solutions for customers 
developing various flavors of advanced 
assembly platforms for co-packaged and 
on-board optics. The race for better solu-
tions to support the exponential growth 
of bandwidth demand opens opportuni-
ties for chip makers like Almae.

The future 
Jean-Louis would like Almae to be rec-

Almae operates a 2000 square meters clean room

MBE technology – Almae’s workhorse for photonic integration

http://www.almae-technologies.com
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Jose Pozo is director of technology and 
innovation at EPIC, and as such he rep-
resents more than six hundred leading 
corporate members active in the field of photonics. His work 
consists of actively engaging with them and providing them 
with the tools to strengthen their position in the supply chain. 
He has twenty years’ background in photonics technology, 
market knowledge, and a large network within the industrial 
and academic photonics landscape. Jose holds a PhD in elec-
trical engineering from the University of Bristol, UK, and an MSc and a BEng in 
telecom engineering from Spain and Belgium. 
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ognized as a provider of best-in-class 
integrated laser chips, able to offer cus-
tomized chip solutions for easier pack-
aging and providing added-value to the 
industry.

Although much work remains to be 
done promoting III-V technology for 
photonics, the next frontier is to ramp 
up their EML production by a factor of 
ten. While this target may seem optimis-
tic, Jean-Louis is confident of achiev-
ing it as he believes the big players of 
the addressed markets are already con-
vinced of the need for integrated pho-
tonics and, by working in combination 
with their partners and investors, Almae 
strives to make it happen. 

The second part of the strategy is to 
look at diversification. Access to Almae’s 
customizable platform will enable more 
customers to develop new products in 
new technology fields outside the tele-
com data sector, such as sensors. The 
idea is not for Almae to be a player in 
these fields but to harness its technol-
ogy and background skills and work in 
collaboration with others to create new 
markets and opportunities. 

Although the race for speed and 
performance is ongoing, Jean Louis 
believes it will be important to keep an 
open mind about the technical options 
and not just to focus on InP integration. 
As he points out, there are a variety of 

ways to integrate functions, especially 
very high-speed functions on the same 
platform, and in the next five years, 
Almae will continue to explore these 
alternatives.

If you could start again, what would 
you do differently?
“One thing I would do differently is 
not to wait so long to create a start-up. 
In some ways, I was too broad in my 
approach and it might have been better if 
I had selected and pursued just one area 
of interest and started earlier.” 

“The other thing I would change is to 
try to be more effective in using my expe-
rience and ideas to accelerate change 
in our industry, especially in Europe. 
Although we have accumulated a lot of 

experience and technical expertise, we 
have been too slow in implementing it. 
Of course, this is not something I could 
do alone, but I would try to push harder 
to accelerate scouting and deployment 
of the technology in the industry.” 

What advice do you have for the next 
generation of entrepreneurs?
“It is important to be passionate about 
what you do and to believe in yourself 
and your ideas. But you need to take time 
to strengthen your vision and personal 
engagement by talking to people with 
experience in the industry. In this way 
you can continually monitor your ideas 
and the wisdom of your decisions and 
keep on track to achieve your goals.” 

 High speed EML during a 100G PAM4 testHigh speed EML chip on carrier for testing
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High-contrast pulse measurements for industrial 
applications and laser development
APE GmbH offers a novel high-con-
trast SHG-autocorrelator for the tem-
poral characterization of laser pulses 
and their satellites. The type II inter-
action used here offers, in contrast to 
standard SHG-autocorrelators, a far 
superior signal-to-noise ratio of over 
107 in autocorrelation traces.

Ultrashort, femtosecond pulsed lasers 
have a growing importance in a multi-
tude of industrial material processing 
applications. Ever more investigations 
are focusing on the dependency of the 
process quality on the temporal pulse 
duration [1-3], which is commonly 
defined by the full width at half maxi-
mum of a second harmonic autocorrela-
tion (SHG) measurement. Assuming a 
Gaussian or Sech2-like pulse shape, one 
can then calculate the peak power and 
peak intensity of the laser pulse in the 
process zone.

Real laser pulses
This assumption often ignores the fact 
that pulses from real femtosecond laser 
sources can possess considerable energy 
at the picosecond time scale beneath the 
main femtosecond peak. These longer 
pulse contributions are difficult to mea-
sure with commonly used pulse mea-
surement methods such as commercial, 

In the high-contrast autocorrelation, 
one can clearly identify a multiple 100 
picosecond-long pulse trail below the 
main 300 fs peak, which would not be 
visible with a standard SHG-autocor-
relator. Note, that for the high-contrast 
autocorrelation shown, over 48 % of the 
area below the autocorrelation trace lies 
outside the Gaussian fit curve and would 
therefore only partially participate in 
material processing.

The high-contrast autocorrelator 
presented here is the perfect tool not 
only for detailed pulse characterization 
of existing sources, but also for the pulse 
contrast optimization of laser sources 
during development and production 
(e.g. via tuning of compressor proper-
ties or others). Furthermore such pulse 
contrast optimizations could enable 
more effective use of pulse energy in 
peak power driven material processing 
applications. 
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standard SHG-autocorrelators due to 
their limited signal-to-noise ratios of 
typically around 102 to 104 and often 
limited temporal scan ranges of below 
100 ps. Nevertheless only detailed 
knowledge about how much pulse 
energy is contained in these ‘hidden’ 
picosecond features reveals informa-
tion about a more realistic peak power 
and peak intensity value, and provides 
an estimate of which part of the pulse 
energy contributes to peak power driven 
material processing methods.

High-contrast autocorrelator
The high-contrast autocorrelator 
from APE enables SHG-autocorrela-
tion measurements with signal-to-
noise ratios of 107 over a temporal 
scan range of 1000 ps. In contrast to 
standard SHG-autocorrelators, the 
high-contrast autocorrelator is based 
on the nonlinear type II interaction, 
which provides a nearly background-
free autocorrelation measurement even 
in collinear beam geometry (see [4] for 
more technical details). Furthermore, 
the simple design of type II interaction 
in combination with a Michelson inter-
ferometer makes the autocorrelator very 
robust and easier to align in comparison 
to higher order autocorrelators (such as 
THG-autocorrelators). 

The picture shows a comparison 
between a standard autocorrelation 
(top) and a high-contrast autocorrela-
tion measurement (bottom) of a fem-
tosecond laser with a FWHM pulse 
duration of 300 fs (blue line). A Gauss-
ian fit function is shown in yellow. 

The high-contrast autocor-
relator

Comparison of a standard autocorrelation (top) with a 
high-contrast autocorrelation measurement (bottom) of a 
commercial femtosecond pulsed laser. With the high-con-
trast measurement a 100 ps long, temporally structured 
pedestal pulse is clearly visible beneath the 300 fs long 
main pulse. 
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S4LFT3167/328 – new high-power  
version of the S4LFT0163/126

Lenses made of fused silica are used for 
high power applications to avoid the 
problem of thermal focus shift. This 
material is characterized by a very tem-
perature-stable refractive index and a 
low thermal coefficient of expansion. 
In addition, the material transmission is 
very high so that only a very small part 
of the laser radiation remains in the lens 
and heats it up. Low absorption coatings 
are also used for these high power lenses. 
As only an extremely small part of the 
laser energy remains in the objective, 
this hardly changes the refractive index 
and the radii of the fused silica lenses, 
and thermal shift is avoided. 

To avoid damage when using high-
power lasers, care must also be taken 
to ensure a design without any internal 
ghosts. Internal ghosts are back reflec-

few years. This scan lens is very often 
used with high power lasers because of 
its design, which is free from internal 
ghosts. 

In order to provide a solution which 
is free from internal back reflections and 
without a thermal focus shift, Sill Optics 
developed an optimized version of the 
S4LFT0163/126 lens. The new lens 
S4LFT3167/328 is based on the previ-
ous version but is suitable for high power 
applications. It consists completely of 
fused silica lenses with a special low-
absorption coating.

Just like the S4LFT0163/126, the 
S4LFT3167/328 is not telecentric and 
has a large scanning area of approxi-
mately 100 mm × 100 mm. All the 
other specifications are also similar to 
the S4LFT0163/126. The only relevant 
difference is the distance between the 
lens and the scanner mirrors, a modi-
fication that was necessary to eliminate 
all critical focused back reflections in 
the S4LFT3167/328.

Sill Optics GmbH & Co. KG
Johann-Höllfritsch-Straße 13

90530 Wendelstein
Germany

phone:  +49 9129 9023-0
e-mail: info@silloptics.de 

Web: www.silloptics.de

tions from lenses that are focused on 
other lens surfaces and generate an 
energy peak there. Especially with 
short-pulsed lasers this can lead to dam-
age of  the coating, resulting in the need 
to repair the scan lens. External ghosts 
are also back reflections from lens sur-
faces, but unlike internal ghosts, they 
are located in front of the lens. Their 
position must be carefully considered 
as they must not be near other optical 
elements, such as the mirrors of a galvo
scanner.

Thermal focus shift is often a prob-
lem for users of the S4LFT0163/126 
which was designed for low power 
marking applications. Nowadays people 
also use mid or high power lasers even 
for applications like that because of the 
fast laser development during the last 

usage of an optical glass lens 
with a low power laser

usage of an optical glass lens 
with a high power laser

higher lens temperature 
smaller radii of curvature
refractive index change

shorter focal length
shorter working distance

part number focal length 
[mm]

wavelength 
[nm]

scan area 
[mm x mm]

max. beam-Ø 
[mm] length [mm]

max. 
outside-Ø 

[mm]
mounting 

thread
working 
distance 

[mm]
S4LFT0163/126 162 1064 107 x 107 12.0 43.3 89.0 M85x1 181.2
S4LFT3167/328 167 1030-1090 100 x 100 10.0 54.0 93.0 M85x1 200.7

The combination of optical glass scan lenses and high-power lasers 
can result in a thermal focus shift. In this case, the laser energy heats 
the glass so that it expands, thus changing the radius curvature of 
the lenses. In addition, the refractive index of lots of optical glasses is 
temperature-dependent. The change in lens radii and refractive indices 
leads to reduced working distances and focal lengths. The constant focal 
length change during operation is very problematic because a permanent 
readjustment of the working distance would be necessary. SF glasses are 
particularly sensitive to thermal lensing and should therefore only be 
used in the low-power range. 
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The smallest linear slide in the industry
The MSR 3 by PM is the newest member of the company’s MSR series

PM B.V. is introducing the smallest lin-
ear slide available in the industry, the 
MSR 3. The slide is designed for the op-
tical and medical industry where pre-
cise movements are required, often 
within tight installation spaces. The 
design offers very smooth motion and 
high repeatability. 

The MSR 3 is a real innovation in the 
industry. With a height of only 3.2 mm 
and a width of 5.5 mm, it offers maxi-
mum space savings. The MSR 3 provides 
the advantages of cross roller bearings 
together with anti-cage creep technol-
ogy. The slide is free of play and preload-
ing is done at the factory by matching the 
rollers within tolerances of 0.1 micron 
to the raceways. 

Available lengths and stroke
The slide top and base have equal lengths. 
The MSR 3 comes in four lengths of 8, 
15, 20 and 25 mm with stroke lengths 
of 5 – 20 mm. The dynamic load rating 
ranges from 191 to 393 N.
Other specifications of the MSR 3 are:
	� 100 % made of stainless steel
	� crossed roller design allow loads in 
every direction
	� crossed roller design offers high 
stiffness and precision
	� factory preloaded, ready-to-install
	� zero cage creep
	� can be used in every mounting ori-
entation
	� ultrasmall footprint makes the 
slide attractive for miniature 
machines and instruments.

Miniature slides can be customized as 
many applications have specific require-
ments such as:  

PM B.V.
Galileistraat 2 

NL-7701 SK 
Dedemsvaart

The Netherlands 
e-mail: sales@pm.nl 

Web: www.pm.nl
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PM B.V.
PM is a technologically-driven family business that is active worldwide in the field 
of precision linear guides, linear slides and customized motion systems. The lin-
ear guides and slides are known for their high precision, low friction and smooth 
running performance. Another main business is the supply of engineered-to-spec 
motion systems. The products are made in the Netherlands and meet the strict-
est quality requirements. 

 www.pm.nl

Company

The MSR 3 miniature slide

	� alternative lubricant
	� specific pushing force
	� specific table part design
	� customized stroke
	� additional holes
	� cleanroom and vacuum compat-
ible.

The MSR 3 is the newest member of the 
MSR series. The whole range includes 
seven sizes and covers more than thirty 
lengths. The stroke ranges from 5 to 
112 mm and the dynamic load carry 
capacity ranges from 191 up to 7,819 N.

The MSR range includes seven sizes

The MSR 3 miniature slide

mailto:sales@PM.nl
http://www.PM.nl
http://www.PM.nl
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Audi, as one of the market leaders in 
automotive, has a clear view on what 
is the destiny of metal additive manu-
facturing (AM): the industrialization of 
the process. A typical example of what 
is well-known in metal AM is given by 
their e-foil (see Fig.1): it is lightweight, 
aerodynamic, efficient and it was devel-
oped in one hundred days, a very tight 
schedule that could only be achieved 
by using AM. For its jet turbine, nei-
ther die casting nor joining technology 
was possible in that timeframe. Fast 
part development processes and tight 

functional testing cycles are among the 
main drivers for using AM technolo-
gies. Audi wants to exploit them more. 
They opened their small machine park 
center in 2016, concentrating on selec-
tive laser melting. They have only three 
machines from EOS and SLM Solu-
tions. From those, they want to learn 
and understand how different materi-
als behave in the laser melting process 
and to improve it. In the past five years, 
they have developed their own printing 
parameters on these machines and they 
have enhanced the production capacity. 

The automotive and energy sectors are driving the full value chain of additive 
manufacturing of metal towards a smart, virtual factory, where 3D printing and 
traditional technologies of metal processing can play side-by-side, exploiting 
their respective potential towards an efficient and productive process chain. 
The end users and system integrators recognize the fundamental role that 
photonics plays towards fully automated additive manufacturing: let’s see 
why and how.

They are concentrating at the moment 
on two different kinds of steel material 
and on the aluminum alloy AlSi10Mg, 
but still for prototyping, not for large 
volume production. For single parts 
made of other materials, such as tita-
nium, they turn to external suppliers. 
At the moment, it is not convenient 
for them to change material every few 
days because, apart from learning the 
behavior of such materials, it is also 
necessary to think about the complete 
process chain including, for example, 
the de-powdering and the heat treat-

Towards the industrialization of 
metal additive manufacturing
How the automotive and energy sectors are contributing to a systematic 
application of 3D printing of metal
Francesca Moglia and Antonio Raspa

Fig.1 Audi e-tron e-foil (Source: Audi)
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ment processes. Furthermore, machines 
and systems have to be cleaned from 
the small powder particles – mainly by 
hand – and this procedure takes hours.  

The main drivers from automotive 
are fast services and cost per part. The 
first one is already fulfilled very well by 
AM because the typical delivery time of 
their 3D-printed parts is, at the moment, 
much shorter (i.e. from twelve weeks to 
one week) but the cost per part is still too 
high to motivate their customers to turn 
exclusively to AM. Every AM machine 
is a stand-alone unit and a lot of man-
ual handiwork is needed to orchestrate 
the machining process. Also, although 
no tooling is needed, the manufactured 
parts have a very rough surface and 
without a post-processing treatment 
they can only be used for prototypes. 
Currently, the high costs can only be 
sustained by specialist users, such as 
motorsport pre-series standard design 
studies or for spare parts for traditional 
Audi production. For production equip-
ment, the technology is partially estab-
lished and commercially deployable, for 
example in the production of tool inserts 
for hot forming or die casting molds. 
These inserts weigh up to 100 kg. 

Audi’s suggestion to companies 
that want to invest in AM is therefore 
to devote time to understanding the 
full process chain, but they also wish 
for themselves that more momentum 
would be generated by other compa-
nies in other sectors to optimize it. 
For example, they would like univer-
sities and collaborations funded by the 
European Commission among indus-
trial players to pursue further studies 
in pre and post-processing. Audi could 
be interested in testing new laser sys-
tems, collaborating on the 3D printing 
of large tool inserts and, in general, new 
solutions bringing down the costs of 
AM. They think it could be interesting 
to print these large tool inserts faster 
by multilaser systems with pre-heated 

building chambers (using other materi-
als than today) with cheaper investment 
costs in machining technology. In med-
ical applications, print farms consisting 
of sixty to seventy machines running 
in parallel exist already, but not in the 
automotive sector. For this, the single 
machines are still too slow to be run in 
parallel for effective production. What 
is Audi’s dream for the future? A fully 
integrated production cell where every 
operation is automated, starting by pro-
gramming parts with bionic structures, 
without the need to deal with the powder 
or laser parameters, in a perfectly auton-
omous IoT-based (Internet of Things) 
environment. 

Siemens Energy, at the Swedish site 
of Finspong, produces gas turbines (see 
example in Fig. 2) made of special, spe-
cific and expensive superalloy materi-
als in very complex components. For 
these reasons, AM is very attractive 
for them and they have been devoted 
to it since 2009. Currently they have 
two workshops with more than forty 
EOS 3D printing machines producing 
more than twenty commercially avail-
able components. They use only nick-
el-based materials. Their aim for 2025 
is to reach two hundred components in 
four different areas: rapid manufactur-
ing, rapid repair, spare parts, and rapid 
prototyping. The advantages of AM rec-

ognized by Siemens Energy can be quan-
tified as a reduction of 65 % resources in 
production process, 60 % in repair time, 
90 % in lead time, and 75 % in develop-
ment time. As also identified by Audi, 
the process for reaching efficient AM is 
long and needs a lot of acquired experi-
ence and knowledge. Despite an initial 
loss of motivation due to their inexpe-
rience, the recognized potential of AM 
gave the push for the progress that in the 
past five years has led Siemens Energy 
to substantial knowledge growth. They 
have acquired knowledge about design 
and Digital Twins, Big Data, machine 
learning and process monitoring, the 
implementation of robots and AR/VR 
and now have the aim of building an 
autonomous workshop with full IoT 
integration of AM by 2025. The clear 
analogy with the goals of Audi is also 
reflected by the relevance given by Sie-
mens Energy to the researchers’ efforts 
and EU-funded initiatives, where they 
are actively participating. One of these 
is the EU-funded MANUELA proj-
ect, which focuses on the automation 
of pilot lines for AM of metal and for 
which Siemens Energy is developing 
post-processing of AM. An example 
of the advantages of AM is given by a 
classical burner, a typical component 
of gas turbines, consisting of 13 differ-
ent components and 18 different weld-

combustion system
burner / swirler / nozzle / mixer

turbine
small parts
blades and vanes

compressor
small partsFig. 2 Example of a gas turbine  

(Source: Siemens Energy)  

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 
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ing positions. Now it is 3D-printed 
in one piece and they have shortened 
the lead time from twenty-six to three 
weeks. Furthermore, they have started 
to implement collaborative robots that 
can clean chambers and avoid operators 
coming into contact with the powder. 
They are currently collaborating with 
many external partners, for example by 
supporting them with software develop-
ment and process monitoring.  

Siemens Energy’s wish for the future 
is further, systematic implementation of 
robots for the full automation of the pro-
duction line that are really autonomous, 
being able to take decisions without 

human intervention and thereby lead-
ing to more efficient post-processing, 
because the tolerances and the surface 
quality are not good enough yet. 

How system integrators and 
the photonics community sup-
port AM of metal
Additive Industries supplies fully inte-
grated and automated solutions for 3D 
metal printing, serving different fields 
of applications. The MetalFAB1 system 
is based on powder bed fusion, incor-
porating a number of integrations and 
automatic steps which were previously 
done manually by classical machines. It 

presents a 420 × 420 mm2 platform that is 
400 mm high and hosts up to four 500 W 
lasers. The automation already starts 
here with automatic powder removal 
and reconditioning, the capability of 
dealing with more materials if one con-
nects more build chambers, automatic 
job stores and storage, powder and part 
removal, heat treatment ... all following 
the customers’ designs. The applications 
are varied and their requirements drive 
technology development, for example 
the medical field requires design and 
customization freedom while Formula 
1 customers wish for the fastest design 
iterations possible. An advantage that 

Fig. 3 Example of suspension made of titanium (a, b) and of 
a wafer stage for microchip manufacturing (c, d) by Additive 
Industries (Source: Additive Industries)  

a

b

c

d



www.photonicsviews.com  

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021	 35

applies to all sectors is that the produc-
tion of spare-parts is effective with AM 
because it avoids their expensive storage 
and the risk of obsolescence. 

Two examples of the parts that Addi-
tive Industries can deliver with the 
MetalFAB1 series are shown in Fig. 3. 
A real suspension unit with fully inte-
grated hydraulics printed out of tita-
nium for racing or electrical vehicles is 
pictured above. Previously it was assem-
bled from different parts, now it is 3D 
printed, made by generative design and 
is lightweight. Below, a dummy wafer 
stage similar to those used in a lithogra-
phy machine is shown. The goal was to 
make it as fast as possible and, by apply-
ing generative design based on a unique 
algorithm developed by TU Delft, they 
were able to print these two parts just 
as one piece with no support structure. 
These parts would float on a magnetic 
stage, developed by MI-Partners, which 
mimics the accurate positioning of sil-
icon wafers in a lithography process.

Additive Industries recognizes the 
value of collaboration with the pho-
tonics industry. Laser sources, beam 
shaping and galvanic mirrors with 
their positioning control, optical and 
IR protective windows can dramat-
ically influence the final price of the 
machine. Photonics manufacturers can 
support machine-building optimization 
and motivate many more end-users to 
adopt 3D printing technology. The typi-
cal challenges for system integrators are 
beam focus, power and positioning sta-
bility (<50 µm resolution on an incident 
surface) and long-term stability for laser 
calibration. They have estimated that at 
least seventy parameters can influence 
this photonics chain and compromise 
the desired stability. The ultimate dream 
of Additive Industries is to have closed-
loop control of the laser power, deter-
mining the temperature of the melting 
pool depending on the setting, imply-
ing active control of the induced heat 
at 10 – 20 kHz (camera sampling rate 
>100 kHz). Also Additive Industries has 
the final goal of a fully automated chain 
in a completely virtual environment that 
can control the manufacture and where 
the software algorithms can calculate 
the most efficient and effective way to 
process the parts without any human 
intervention. In order to reach this, the 
critical element is the post-processing: 
it cannot be too complicated and time 
consuming, but it is needed and has to 
be application/customer-oriented. 

Many potential partners for Addi-
tive Industries can be found in the EPIC 
community. The New Imaging Technol-
ogy company provides SWIR sensors 
and cameras with the advantage of a pro-
prietary logarithmic pixel design able to 
cover a unique 120 dB dynamic range, 
covering both reflective light and a tem-
perature range from 300 to 1500 °C in a 
single capture and able to monitor the 
metal AM process and the cooling curve.

The New Infrared Technologies (NIT) 
company offers two kinds of affordable 
solutions for metal manufacturing pro-
cesses based on their MWIR cameras. 
The first one, CLAMIR, is a system that 
was built for direct energy deposition 
processes such as laser metal deposi-
tion and cladding. It offers closed-loop 
control of the laser power to assure the 
quality of the parts and repeatability of 
the process. The system is embedded: it is 
connected directly to the laser controller, 
and the camera prevents the accumula-
tion of heat during the process, reduces 
the rate of defective parts, reduces energy 
consumption compared to uncontrolled 
processes and reduces CO2 emissions. 
Overall, it increases productivity and 
avoids machine downtimes. CLAMIR 
is fully compatible with optical compo-
nents from Trumpf, Laserline, Precitec 
and Coherent, among others, and can 
be retrofitted in all cases. 

The second system is a high-speed 
MWIR camera capable of operating 
at 4,000 fps, which enables the moni-
toring of powder bed fusion processes, 
providing valuable data from the pro-
cess, for example the melt pool geom-
etry and the cooling rate. This kind of 
high-speed camera associated with a tai-
lored deep-learning algorithm, neural 
network and artificial intelligence can 
operate at 1 kHz.

The Direct Machining Control com-
pany is specialized in designing software 
for machine and process control, from 
CAD import to the final part. It enables 
on-the-fly operation with stages and gal-
vos, multi-galvo control from two up 
to eight or more beams in closed-loop 
control for AM and other laser-based 
applications.

The Optoprim company, as a distrib-
utor and innovation supporter, proposes 
the implementation of a very compact 
and broadband acoustic sensor. With 
a frequency range of up to 1 MHz, it 
can give real-time feedback on process 
stability and cooling cracks in powder 
bed fusion AM machines (see Fig. 4).
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  The Lasea company has extensive 
experience in the integration of ultrafast 
lasers for maximum precision applica-
tions, typically in subtraction and sur-
face finishing processes. Its machines 
have different sensors to ensure max-
imum precision and quality, as well as 
highly advanced software that controls 
everything in the configuration of the 
machine, including 3D processing. 
This has great potential if applied to the 
post-processing of AM components, as 
well as for the development of future AM 
machine solutions.

The role of job-shops, service 
providers and the metal AM 
R&D centers
Job shops and service providers also 
have interest in collaborating with the 
photonics community. Beamit, as a solu-
tion provider for AM, covers the whole 
value chain from metallurgy and powder 
up to post-processing. They have almost 
sixty additive manufacturing systems for 
metals, polymers and ceramic materials. 
They are able to process stainless steels, 
aluminum and titanium alloys and nick-
el-based superalloys. All these materials 
are completely qualified and in produc-
tion for different business sectors such 
as aerospace, automotive, industrial gas 
turbines (IGT) and biomedicine. They 
are investing consistently in R&D, espe-
cially in new material development of 
high strength, high-temperature alumi-
num and titanium alloys. For them, the 
current challenge for new materials is 

that most AM machines are equipped 
with NIR fiber lasers and there are some 
materials like pure copper or aluminum 
that have high reflectivity at this wave-
length. Can green and blue lasers be an 
answer to this? Laser manufacturers like 
Trumpf and Nuburu specialize in sup-
porting these two wavelengths, in lasers 
for welding but recently also for AM 
applications. Another challenge is with 
non-weldable materials, that is, all those 
materials that, for metallurgical reasons 
during the process and cooling phase, 
generate so-called cracks and require a 
different way to manage the laser power 
and energy. Active laser control could 
be a solution to this. Another problem-
atic area is productivity. Up until now, 
an increase in productivity has been 
achieved by the AM machine supplier 
by installing different lasers working in 
parallel for the same process. But using 
a different size of laser beam or beam 
shaping technology could also be an 
alternative. They are currently look-
ing for partners to resolve this kind of 
issue. They are open for the testing of 
all possible components, such as lasers, 
optics, and scanners, for R&D activities 
and EU projects. 

The Norwegian research organi-
zation SINTEF is pursuing different 
aspects of the industrial application of 
AM technology through several projects 
in different branches of the organiza-
tion. The overreaching vision of SIN-
TEF is that industrialization of metal 
AM depends on the development of 

a functional intellectual infrastruc-
ture, where each branch of SINTEF 
is developing the knowledge needed 
to fill the gaps in their respective area 
of research. One branch is devoted to 
the aspects of digitalization and aims 
to achieve better interoperability and 
better quality through the develop-
ment of digital twins of the manufac-
turing process. This work is dependent 
upon a few ingredients involving exper-
tise and input from industry as well as 
other fields of AM research, which 
other branches of SINTEF are working 
on. First of all, there is the need for a 
potential customer, and the customer 
also needs to know the pros and cons 
of different AM processes and be able 
to choose the manufacturing process 
that is most beneficial for the intended 
application. Secondly, there is the need 
for a framework that incorporates legal 
responsibilities, including IPR issues, 
trade regulations, certification, and 
standardization to achieve international 
coherency in such a cross-disciplinary 
field as AM. In addition to digitaliza-
tion and photonics, metal AM process-
ing also relies on expertise in materials 
and manufacturing technology, and all 
these different disciplines must work 
perfectly together. The third ingredient 
is process integration. Since AM pro-
cesses can rarely deliver a final prod-
uct directly from the machines, there 
is also a need to make AM machines 
work together with conventional man-
ufacturing processes in order to pro-
duce the final product with the highest 
possible quality and minimal human 
labour. SINTEF has developed a solu-
tion in the form of a prototype hybrid 
manufacturing cell where a laser powder 
bed fusion machine has been integrated 
with a 5-axis CNC milling machine. 
This will ensure that the AM process 
can produce a complex geometry that is 
not possible with any other technology, 
while the CNC milling ensures a level 
of control and precision on all critical 
surfaces that cannot be achieved by AM. 
This means that each process is set to 
deliver the features for which they have 
superior capabilities, while the integrity 
of each different process is maintained. 
The solution is based on a shared dig-
ital interface and using generic pallets 
for both processes. By using the same 
coordinate system, both processes are 
working with the same zero-point and 
the same coordinates. Manual handling 
has been reduced to moving the pallet 
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Francesca Moglia 
is a project leader at 
EPIC, the European 
Photonics Industry 
Consortium. She 
has a background in 
crystal growth, spec-
troscopy, optics and 
laser development 
for research and large research facil-
ities. 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 Universität Hamburg 
and pursued her postdoctoral activ-
ities at DESY, Deutsches Elektronen-
Synchrotron in Hamburg, Germany. 

Antonio Raspa 
is the innovation 
manager of EPIC 
and has a back-
ground in electri-
cal engineering 
with a specializa-
tion in quantum 
electronics. Before 
joining EPIC, he worked at Quanta 
System as R&D manager, developing 
solid-state laser sources and custom-
ized photonic systems for industrial 
and scientific applications. During this 
period, he was also in charge as lidar 
specialist of the Italian research pro-
gram in Antarctica. Later he worked at 
Trumpf and Rofin-Sinar as an industri-
al laser products and processes spe-
cialist. In 2009 he again joined Quanta 
System, organizing and managing a 
brand-new structure to produce sterile 
optical fibers for surgery.  
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and part/workpiece between the differ-
ent machines. SINTEF shares the vision 
that AM-enabled production is a natural 
part of digital production, and this will 
make it possible to provide, among other 
things, on-demand manufacturing of 
various products and spare parts. In this 
vision, product and manufacturing data 
is stored in ‘digital warehouses’ which 
are used to set up a production chain, 
inline process monitoring is used for 
quality assurance, and data from prod-
uct performance in the field can be used 
to modify the design and manufactur-
ing requirements to ensure continuous 
product improvement.

SINTEF is committed to EU-funded 
projects, such as the one called PUL-
SATE, recently granted under GA 
951998 in the Horizon 2020 program. 
Its aim is to connect many digital inno-
vation hubs in Europe with expertise 
in laser-based manufacturing, includ-
ing AM, and to reach all the SMEs who 
want to fit in a digital-manufacturing 
and Industry 4.0 environment, who see 
laser as a key enabling technology but 
are unable to implement it due to the 
lack of testing capability. EU-funded 
fast and simple tests of laser equipment 
are being offered in the current year in 
two calls – please refer to the website 
for more information: www.pulsate.eu.

From this overview, it is clear that all 
the players in the value chain of additive 
manufacturing of metal have a common 
view towards a smart and virtual fac-
tory where photonics plays a key role. 
Let’s see which advances the upcoming 
months will bring!    

*
EPIC wishes to acknowledge its mem-
bers and collaborators who are always 
eager to share their ambitions and 
vision, and in particular Martin Bock 
and Thomas Tacke from Audi, François 
Coursaget from New Imaging Technolo-
gies, Rodrigo Linares Herrero from New 
Infrared Technologies, Sarunas Vaskelis 
from Direct Machine Control, Christian 
Schröter from Optoprim, Jose Antonio 
Ramos de Campos from Lasea, Pajazit 
Avdovic from Siemens Energy, Harry 
Kleijnen from Additive Industries, Mar-
tina Riccio from Beamit, Tor Dokken 
and Klas Boivie from SINTEF, and all 
the PULSATE partners.
PULSATE and MANUELA have received fund-
ing from the European Union’s Horizon 2020 
research and innovation program under Grant 
Agreement No. 951998 and No. 820774, respec-
tively.
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E-mobility: powering the next 
industrial revolution
Laser companies are giving manufacturers of battery cells, packs and 
modules a power charge in innovation

manufacturers offered their customers 
a premium for switching to an electric 
car. And the range of electric car models, 
such as the Porsche Taycan, BMW i3, 
Audi e-tron quattro, Renault Mégane 
eVision, Kia e-Niro and Tesla models, 
to name but a few, is growing almost 
monthly. Start-ups like Sono Motors, 
Lucid and Rivian or Nio quickly catch 
up and offer competitive new technol-
ogy and will further speed up the shift 
to electric powered transportation.

The German government is also 
clearly steering in the direction of 
e-mobility. To make the use of elec-
tric vehicles more attractive, it decided 
in 2016 to give additional impetus to 
e-mobility. The overall package con-

energy and thus help the erratic energy 
of renewable sources to establish itself 
on the market. 

The time has come
In addition to e-mobility in the pub-
lic sector, especially rail, tram and bus 
connections not to mention e-bikes, the 
entire transport sector – cars, trucks, 
ships and even aeroplanes – is facing a 
huge shift towards electrification. But 
for a long time, it seemed as though the 
consumer, and car manufacturers even 
more so, had no interest in letting go 
of the internal combustion engine. The 
year 2017 finally saw Germany pass a 
definitive tipping point. In the wake of 
the diesel scandal, more and more car 

Hardly any other aspect of climate protection is being so intensely and hotly 
debated as the topic of transport, and hardly any other is as significant, since 
its contribution to the issue is so huge. Unfortunately, the positive CO2 effects 
of more consumer-friendly engines have been undone in recent years with 
the registration of more and heavier vehicles. What is needed now is a leap 
in innovation.

Electrification is currently regarded as 
the key to reducing climate-damaging 
emissions in the transport sector world-
wide. This is because electric vehicles – 
in conjunction with regeneratively gen-
erated electricity – produce significantly 
less CO2 than conventional drive sys-
tems. This is also confirmed by a study 
carried out by the Technical University 
of Eindhoven on behalf of the green 
party in the summer of 2020, accord-
ing to which electric cars currently being 
sold are responsible for lower CO2 emis-
sions than internal combustion engines, 
even taking into consideration battery 
production and power consumption. In 
addition, they can absorb fluctuations 
in wind and solar power by storing 
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sists of purchase incentives limited 
until 2025, the so-called environmental 
bonus, additional funds for expanding 
the charging infrastructure, a procure-
ment programme for the public sector 
and extensive tax measures. The vision 
is to rethink mobility holistically, with 
all its components such as drive technol-
ogy, battery research, energy research, 
networked cars, fleet and logistics con-
cepts, digitalization, network integra-
tion and intelligent billing of electricity 
at charging points, and the associated 
infrastructure. By 2030, the federal gov-
ernment wants to increase the number 
of charging points to one million.

Is the future looking bright for 
e-cars?
E-mobility is transitioning from being an 
industry driven by subsidies to one that 
is growing due to real customer demand 
and supportive political mechanisms, 
according to Bloomberg NEF analyst 
Colin McKerracher. Many analysts 
are positive about the future. Growth 
drivers are likely to be the decreasing 
battery prices which are simultaneously 
increasing in effectiveness. The trend is 
also moving towards significantly lower 
lithium consumption. Correspondingly, 
McKinsey predicts there will be a hun-
dred million electric cars worldwide by 
the year 2040 in their intermediate sce-
nario. And the hype is only just begin-
ning.

The European Battery Alliance 
brings new drive
At the heart of e-mobility are pow-
erful, state-of-the-art batteries. To 
counterbalance the dominance of the 
Americans and Asians in the field of 
battery production, the Europeans 
have founded a battery alliance. The 
timing seems to be right, as China is 
currently cutting many subsidies. The 
Federal Ministry of Economic Affairs 
and Energy (BMWi), under wants to 
develop Germany within the frame-
work of this alliance into a leading loca-
tion and is making one billion euros 
available by 2022 from the Energy and 
Climate Fund for this purpose. The 
goal is to make the domestic market 
the leading market for electric mobility. 
After all, e-mobility can only be truly 
successful with state-of-the-art batter-
ies offering advanced storage capacity 
and fast charging options.

Almost every day, new reports are 
coming in. The e-mobility market is 

developing rapidly. Brand new alliances 
are needed now to maintain Germany’s 
technological leadership, to charge their 
electric vehicles at home and to success-
fully market them on the world market. 
Globally, automobile companies and 
manufacturers of battery technologies 
are currently forming joint ventures. 
In August 2020, Daimler announced 
its cooperation with battery supplier 
CATL, VW took a 26 % stake in Guox-
uan and BMW is currently setting up its 
own “E-drive systems competence cen-
ter” in Dingolfing. As a result, huge giga-
watt factories are being built, like Tesla’s 
battery production near Berlin, whose 
output of the relevant components is 
expected to cover the gigantic energy 
requirements of the coming decades.

At the heart of every battery is 
the battery cell
Battery cells are the core component of 
every battery. In the case of electric cars, 
up to forty percent of the added value 
comes from battery cells. Unfortunately, 
there are no standardized cell formats 
yet. The 7.9 million electric cars pro-
duced worldwide until 2019 contained 
lithium-ion batteries in three main 
cell formats: cylindrical, prismatic and 
pouch. The most common is the round 
or cylindrical cell as used in the Tesla 
M3. It is used flexibly in the form of 
many packs covering the entire under-
floor compartment of electric cars. The 
prismatic cell used in the BMW i series 
– i3 and i8 – for example, is rectangu-
lar and considered the safest cell for-
mat. Pouch cells, on the other hand, are 
cheaper to produce, but can also be less 
safe as they are more flammable.

Laser technology is a key com-
ponent of e-mobility
On route to the mass market for e-mo-
bility, it is not only German industry 
that needs innovative technologies for 
series production. Robust processes 
that can be quickly ramped up from 
today’s low production volumes are in 
high demand. Laser material process-
ing plays a significant role. Essential ele-
ments of this are the lasers themselves 
and critical system components such as 
laser deflection units, optics, sensors, 
quality monitoring and digital control 
systems. Laser material processing is a 
key component in manufacturing for 
e-mobility. This process is used in the 
manufacture of essential components, 
including among others the electric 
drive itself, the manufacture of battery 
cells, modules and packs, and finally 
the necessary power electronics. Laser 
material processing makes it possible 
to manufacture the battery in an effi-
cient, contactless and affordable way at 
maximum capacity and with maximum 
flexibility at the same time. 

Deflection units can be used to generate battery foils 
quickly and precisely: Here, a cut edge of a cathode 
with lithium-nickel-cobalt-mangnesium oxide coating. 
(Source: Sonplas)

A Jonas & Redmann employee checks a complex automation system. The special machine builder 
from Berlin offers innovative engineering in battery production. (Source: Jonas & Redmann)
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The Raylase Group, with more than 
14,000 deflection units produced and 
delivered in 2020, works closely with 
customers in the following three appli-
cations which form the core of electric 
mobility, 
	� inside the battery: cutting electrode 
foils for battery production, 
	� outside the battery cells: contact 
welding different battery cell for-
mats, and
	� producing battery packs and mod-
ules: welding aluminium compo-
nents.

In addition to the three application 
fields mentioned above, laser systems 
with deflection units are also used in 
other areas: for plastic separator foils 
for safely separating electric

potentials in battery cells, for power 
electronics for converting and distribut-
ing electrical energy, for electric engines 
and fuel cells and, in future, for dry coat-
ing electrode foils.

Application 1: laser cutting 
electrode foils for battery pro-
duction
Much currently depends on efficient 
battery production in the industry 
since faster and more precise manufac-
ture leads to enormous cost savings in 
production. Modern laser technology is 
proving to be an innovative driver from 
which electric mobility can only gain. 
The manufacture of lithium-ion battery 
cells essentially involves three produc-
tion steps: electrode manufacture, cell 
assembly and cell finishing.

Electrode production and cell fin-
ishing can be carried out largely inde-
pendently of cell type, while for cell 
assembly a distinction is made between 
pouch, cylindrical and prismatic cells. 

Regardless of the cell type, the smallest 
unit of every lithium-ion cell consists of 
two electrodes, namely a coated foil for 
the anode (copper) and cathode (alu-
minum) and a microporous separator 
made of plastic that separates the elec-
trodes from each other. In between is 
the ion-conductive electrolyte.

In electrode manufacture, carrier 
foils made of aluminum and copper are 
then coated with electrode material on 
large so-called mother coils and, after 
drying and rolling, separated into baby 
coils. For pouch cells, these are already 
divided into areas onto which an inter-
mittent coating is applied, which later 
roughly correspond to their cell size. In 
contrast, the round cylindrical and pris-
matic cells have a continuous coating. 
The baby coils made of coated alumi-
num and coated copper usually have a 
thickness of approx. 5 – 25 μm each and 
must now be separated to the desired 
format of the cells.

Not only the coated areas are cut 
with high precision using the laser beam 
deflection system. Punching may still 
be the norm at present, but modern 
laser systems also offer clear ad- van-
tages here. For example, the deflection 
unit allows for both a very straight cut 
to be made on the coating and the cor-
responding current conductor flags to 
be generated quickly and precisely using 
contour cutting.

To increase productivity in this pro-
cess step, cutting of the battery foils and 
generation of the foil stacks of pouch 
cells are usually carried out with the 
baby coil running. For cylindrical and 
prismatic cells these are called foil wraps. 
A highly complex process that requires 
the highest precision at the greatest pos-
sible speed. And a task in which modern 
laser cutting systems can show all their 
benefits. With the help of the appropri-
ate software and exact consideration of 
the conveyor belt speed, laser deflection 
units can perform the cut with precise 
positioning at astonishing speed. And 
in contrast to conventional punching 
tools, the laser is completely wear-free.

Prefocusing laser deflection units in 
the appropriate process field sizes that 
perform the cutting process with a very 
fine spot and high contour quality are 
particularly suitable for this production 
step. Deflection units with large mirror 
apertures in the range of 50 mm – such 
as those employed by Berlin company 
Jonas & Redmann, a manufacturer of 
specialist machinery – are useful here. 

This company develops and produces 
machines and products for assembly 
technology, medical technology, photo-
voltaics and not least, for energy storage 
in the form of battery cells.

Axel Albrecht, general manager for 
laser technology at Jonas & Redmann 
sees the advantages this way: “From cell 
production to the assembled, ready-to-
install battery pack, there is an enormous 
number of individual production steps, 
each of which influences overall produc-
tivity and output of manufactured units. 
Laser technology has made itself indis-
pensable because, among other things, 
we can use it to minimize maintenance 
on the machines and so keep our cus-
tomer’s manpower to a minimum.”

Application 2: tab welding and 
cell connector welding 
Wherever electricity flows, there is elec-
trical resistance. Under certain circum-
stances, these can drastically limit the 
efficiency of the battery. Especially when 
many individual small battery cells or 
submodules are connected in series to 
form a larger cell network such as a pack 
or stack, such small contact resistances 
can quickly add up to a large total resis-
tance. And that should be avoided.

The series connection of the cells 
now makes it possible to add up the 
source voltages of the submodules. 
These units can be controlled with 
other cell networks e.g., in the under-
floor compartment of an electric vehicle, 
and further connected as required via 
the power electronics. Despite the high 
complexity, the individual work steps 
can be controlled in a stable and reg-
ularly repeatable way with the help of 
laser deflection units.

Above all, microwelding with laser 
deflection units offers an optimal weld-
ing process without mechanical force. In 
the case of cylindrical cells, deep weld-
ing processes, in particular, are used in 
which the laser beam penetrates both 
sheets to be welded with a very small 
spot diameter but remains in the lower 
sheet with a defined welding depth. A 
keyhole is formed, a welding capillary 
that fills up with the liquefied metal 
mixture and cools down as soon as the 
laser beam moves away. To increase the 
connection area to a precisely defined 
value, the laser beam is modulated or 
wobbled here.

Another special challenge in the field 
of laser welding is the welding of dis-
similar materials. In the case of cylin-

A ‘high power’ product for laser welding processes in 
electromobility is Raylase’s Axialscan 30 Fiber deflection 
unit, complemented by the SP-ICE-3 control card and 
RAYGUIDE software. (Source: Raylase)



www.photonicsviews.com  

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021	 41

drical cells, these are the copper current 
conducting plates in connection with 
the aluminum poles of the cells. The 
different degrees of absorption of the 
metals also result in different melting 
behavior which complicates the process. 
New wavelengths in the green (515 nm, 
532 nm) and also the blue wavelength 
range at 450 nm seem to offer more 
favorable absorption behavior of the 
materials, which can make the welding 
process even more homogeneous and 
of higher quality. Ongoing research is 
being carried out here to make the pro-
cesses even more efficient.

All in all, the design of the welding 
process consisting of the scan parame-
ters and ultimately the quality control 
using suitable sensors, is hugely import-
ant in e-mobility. Accordingly, the vari-
ous welding work steps require absolute 
precision work. It almost always requires 
the connection of coaxial process mon-
itoring that functions via the deflection 
unit’s mirror system. The connected 
sensors are often different. The con-
trol electronics are also indispensable, 
as they provide a variety of real-time 
functionalities especially for the require-
ments of e-mobility processes.

Pouch cells – laser welding in 
series production
Heat conduction welding is usually used 
for pouch cells. This is always possible 
when the tabs or contact flags are thick 
enough to provide a very robust welded 
connection with relatively high laser 
power. The heat conduction process 
results in a weld bead width of several 
hundred micrometers. Here, too, the 
tabs of the pouch cells are made of dif-
ferent materials, namely aluminum or 
copper, depending on the pole.

However, due to the more generous 
space available with pouch cells, multi-
mode lasers up to 6 kW and additional 
redundant welds can be used. It enables 
a high-quality connection without sig-
nificant contact resistances.

„Battery electric vehicles represent 
a central pillar in a new era of mobil-
ity that will no longer rely on the use 
of fossil fuels. This is reflected in the 
growing numbers of electrical storage 
devices in production,“ Dr Alexander 
Olowinsky, group leader for micro-
joining at the Fraunhofer Institute for 
Laser Technology ILT in Aachen, is 
certain: “It’s hard to imagine battery 
technology without the current laser-
based manufacturing processes. Par-

ticularly for building battery modules 
and packs that consist of large numbers 
of cells, laser technology can play to 
its strengths, which include high flex-
ibility and good controllability of the 
energy input for the connection.” Dr 
Olowinsky sees challenges in process 
stability and quality: “Online process 
control in combination with scan-
ner-based beam guidance systems will 
be the way to achieve high quantities at 
the required process speeds,” he says.

Application 3: laser welding alu-
minum components on battery 
packs
Another and no less important appli-
cation area for laser deflection units 
on battery packs comprises the various 
welding applications on aluminum com-
ponents. They are joined together and 
to each other using laser technology.

These sometimes very thin alumi-
num components place high demands 
on the welding process. Great flexibility 
is required to generate complex welding 
contours while simultaneously ensur-
ing high positioning accuracy. The chal-
lenge is also to process very large laser 
process fields with just one laser unit 
with a very fine spot size.

Intelligent welding ramp functions 
on the control electronics ensure that 
the energy input into the join partners 
always produces a uniform welding 
result. The welding depth should always 
be constant and consistently monitored.

Special deflection units which con-
nect suitable welding monitoring sys-
tems coaxially via the mirrors of the 
deflection unit, appear to be the means 

of choice here for monitoring and safe-
guarding process quality.

Depending on the material thickness 
of the aluminum components, contin-
uous beam lasers with up to 6 kW of 
laser power, are typically used. The 
laser power must be introduced into the 
material by the laser deflection unit in a 
stable way. In certain applications, the 
laser beam is also modulated – wobble 
welding – to optimize the homogeneity 
of the weld bead during a heat conduc-
tion welding process and to increase the 
bonding surface area between the com-
ponents. However, nonmodulated heat 
conduction welding and deep welding 
processes can also be suitable for this.

Conclusion
In view of climate change and the asso-
ciated need to reduce our overall CO2 
footprint, particularly in the transport 
sector, the course is set ecologically, 
politically, and economically for elec-
tric drive systems. If we want to avoid 
handing over this important territory 
to the Asian market, now is the time 
for the European industry to invest in 
e-drive systems.

Dr Philipp Schön, CEO
Wolfgang Lehmann, product manager

RAYLASE GmbH
Argelsrieder Feld 2+4

82234 Wessling
Germany

Phone: +49 8153 9999 699 
e-mail: info@raylase.de

Web: www.raylase.de

An employee from the Fraunhofer ILT in Aachen checks the settings of the scanner system. Below is a 
clamping device for a sub-module of cylindrical cells. (Source: Fh. ILT)
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LiDAR based on integrated optical phased arrays
OPAs with solid-state beam steering can reduce the cost and size

Taking a critical step toward developing 
lidar systems for widespread commer-
cial applications, CEA-Leti has devel-
oped genetic algorithms to calibrate 
high-channel-count optical phased 
arrays (OPAs), as well as an advanced 
measurement setup enabling wafer-scale 
OPA characterization.

“The development of a high-perfor-
mance OPA would pave the way to inex-
pensive lidar systems for autonomous 
vehicles, holographic displays, biomed-
ical imaging and many other applica-

tions,” said researcher Sylvain Guerber, 
“but widespread adoption of lidar will 
hinge on lower system costs and smaller 
form factors.”

Resolving a 10 cm object at 100 m 
requires an OPA operating at a wave-
length of 1 µm with a circuit consisting 
of at least 1,000 antennas, each spaced 1 
µm apart. So the development of high-
channel-count OPAs is necessary for a 
commercial OPA-based lidar system. 
An integrated chip-scale OPA with sol-
id-state beam steering can be produced 

by leveraging the benefits of a mature 
silicon photonics platform, Guerber 
said. However, this is only the first step 
toward a fully functional OPA because 
beam scanning requires a preliminary 
calibration. Due to the high number of 
required optical antennas, this calibra-
tion process can take a large amount of 
time, which is incompatible with massive 
deployment of a technology. Thus, the 
CEA-Leti team has developed what may 
be the first wafer-scale OPA characteri-
zation setup, which is an important step 
toward industrialization of OPA-based 
lidars. In addition, genetic algorithms 
based on Darwin’s theory of evolution 
have been developed to quickly and 
reliably calibrate high-channel-count 
OPAs. These allow up to a thousand 
times faster calibration than previously 
used algorithms.

Guerber noted that broad commer-
cial adoption of lidar technology by the 
automotive industry and other markets 
is projected to be several years down the 
road. OPAs are a critical step, which 
CEA-Leti will continue to work on.

www.leti-cea.com

optical �ber power splitting phase modulator antennas

Microscope view of a silicon photonics based optical phased array (Source: CEA-Leti)

New kind of a 3D holographic head-up display
A first lidar-based augmented reality head-up display for use in vehicles

Researchers have developed the first 
lidar-based augmented reality head-up 
display (HUDs) for use in vehicles. Tests 
on a prototype version of the techno
logy suggest that it could improve road 
safety by seeing through objects to alert 
of potential hazards without distracting 
the driver. The technology, developed 

by researchers from the University of 
Cambridge, the University of Oxford 
and University College London (UCL), 
uses lidar data to create ultra high-defi-
nition holographic representations of 

road objects which are beamed directly 
to the driver’s eyes, instead of 2D wind-
screen projections used in most HUDs.

While the technology has not yet been 
tested in a car, early tests, based on data 
collected from a busy street in central 
London, showed that the holographic 
images appear in the driver's field of view 
according to their actual position, creat-
ing an augmented reality. This could be 
particularly useful where objects such as 
road signs are hidden by large trees or 
trucks, for example, allowing the driver 
to see through visual obstructions.

Jana Skirnewskaja, a PhD candidate 
from Cambridge and her colleagues 
based their system on lidar, which is 
being trialled in autonomous vehicles 
for obstacle detection. The researchers 
mapped a street using terrestrial laser 
scanning. Millions of pulses were sent out 
from multiple positions along the street. 
The data was then combined with point 
cloud data, building up a 3D model.

The researchers then transformed 
various objects on the street into holo
graphic projections. The data was pro-
cessed by separation algorithms to 
identify and extract the target objects. 
Another algorithm was used to convert 
the target objects into computer-gen-
erated diffraction patterns. These data 
points were implemented into the optical 
setup to project 3D holographic objects 
into the driver's field of view.

The optical setup is capable of pro-
jecting multiple layers of holograms with 
the help of advanced algorithms. The 
holographic projection can appear at 
different sizes and is aligned with the 
position of the represented real object 
on the street.  (Source: U. Cambridge)

Reference: J. Skirnewskaja et al.: LiDAR-derived 
digital holograms for automotive head-up 
displays, Opt. Exp. 29, 13681 (2021); DOI: 
10.1364/oe.420740

www.ceps-cdt.org

Image based on lidar data (left) converted to a holo-
gram (right; source: Cambridge U.)
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A LiDAR device the size of a finger
Korean research team presents nanophotonics-based ultracompact technology

The nanophotonics-based lidar technol-
ogy developed by a Pohang University 
of Science and Technology (Postech) 
team was presented by Prof Junsuk Rho 
and postdoctoral researcher Dr Inki 
Kim. The cooperation with the French 
National Science Institute (CNRS-
CRHEA) focused on lidar device devel-
opment through advancing metamate-
rials-based ultralight nanophotonics.

Their reearch work introduces core 
nanophotonic technologies such as the 
phase-change, material-based, beam 
scanning technique, a flash-type lidar 
that does not require beam scanning 
by applying a point-cloud generation 
device, and light-source device integra-
tion together with scalable manufactur-
ing methods.

In particular, the work explains that 
the ultraprecise lidar device developed 
by the research team can be applied not 
only to autonomous vehicles, but also to 

intelligent robots, drones, 3D panoramic 
cameras, CCTVs, and augmented real-
ity platforms. Lidar technology collects 
the depth information of an object by 
irradiating a laser beam onto the object 
and measuring the time of its return. 
These sensors are gaining attention 
as the future displays for machinery – 
such as autonomous vehicles, artificially 
intelligent robots, and unmanned  aerial 
vehicles – to being mounted on smart 
phones for 3D face recognition or used 
in secure payment systems.

Currently, high-end mechanical lidar 
systems on the roofs of autonomous 
vehicles are about the size of two fists 
stacked together, and cost tens of thou-
sands of dollars. There are still many 
challenges to be overcome, such as a 
charging process that consumes a huge 
amount of power, and heat management.

As a solution to this, the research 
team proposed an ultracompact lidar 

technology based on nanophotonics. 
The researchers explain how this nano-
photonic technology can innovate the 
lidar sensor system in various aspects, 
from the basic measurement principles 
of lidar to the latest ultrafast and ultra-
precise nanophotonic measurement 
methods, and also explain nanophotonic 
devices such as metasurfaces, soliton 
microcomb, and optical waveguides.

“Currently, the research team is con-
ducting several follow-up studies to 
develop ultralight metasurface-based 
compound lidar systems,” remarked 
Prof Rho. “If this research is successful, 
we can look forward to manufacturing 
affordable ultrafast and ultraprecise lidar 
systems at marketable cost.”
Reference: I. Kim et al.: Nanophotonics for 
light detection and ranging technology, Nature 
Nanotech. 16, 508–524 (2021); DOI: 10.1038/
s41565-021-00895-3

 https://postech.ac.kr



Communications	

44 	 PhotonicsViews  3/2021� ©  2021 Wiley-VCH GmbH  

The HighNo powder nozzle – a key component in EHLA
New sales and marketing for extreme high speed laser metal deposition component

The EHLA process is increasingly 
becoming a significant technology in 
surface finishing. Whether corrosion 
or wear protection coatings: thin layers 
(25 – 250 μm) can be applied within a 

short time in a resource-efficient and, 
above all, economical manner using 
EHLA. The high process speeds coupled 
with very high powder efficiency and the 
subsequent low level of rework represent 

a real alternative to hard chrome plating 
and thermal spraying. In particular, the 
technological advantages of EHLA offer 
a clear upgrade for the industry because 
coatings produced by EHLA that are free 
of pores and cracks protect the compo-
nent much more efficiently and in the 
long term.

While all the components used for the 
EHLA process can be replaced equally at 
any time, this is not the case with pow-
der guidance. The technology stands and 
falls solely with the powder nozzle. This 
makes this tool the key component for the 
EHLA process. The highest performance 
– very high surface quality, precise pow-
der injection and efficiency – is necessary 
to ensure a successful coating result. In 
cooperation with the Fraunhofer ILT and 
the chair DAP of the RWTH Aachen Uni-
versity, HD has developed a powder noz-
zle that meets these requirements. The 
HighNo powder nozzle combines these 
quality features with the highest reliabil-
ity. Application rates of several square 

meters per hour are possible, which are 
not possible with comparable technolo-
gies/processes (LMD) let alone powder 
nozzles. With the qualification of the noz-
zle tips for reproducible replacement, a 
product suitable for mass production has 
finally been created as a plug-and-play 
solution.

The development and introduction 
of this powder nozzle to the market will 
enable industrial-scale production using 
EHLA. The coating of passenger vehicle 
brake discs would be a good example of 
a first application. 

The Fraunhofer ILT has been respon-
sible for marketing during the transi-
tional phase from idea to functioning 
product. HD has now taken over the 
direct product marketing and also 
secured the ‘HighNo’ trademark. The 
company has now moved into a new 
building in Übach Palenberg on the 
southern Dutch border with Germany.

www.hd-sonderoptiken.de

EHLA with HighNo 4.0-Powder Nozzle on a brake disc

Cost-efficient, wear-free and flexible
Manz develops a new laser welding process for use in lithium-ion battery cell production

In its energy storage segment, Manz is 
presenting a new laser process for the 
production of battery cells that optimizes 
the welding process for cell arresters, 
known as tabs. It is called ‘laser tab weld-
ing’ and reduces the number of process 

steps required by at least one and thus 
significantly reduces the overall costs per 
battery cell.

The ultrasonic welding of cell arresters 
in the production of lithium-ion battery 
cells is associated with a high mechanical 
load. Among other things, conventional 
ultrasonic welding requires pre-welding. 
This process step becomes unnecessary 

with the new, innovative laser technol-
ogy. Research is currently being carried 
out into further process step reductions.

The new laser tab welding process 
represents a fully-fledged replacement 
to ultrasonic tab welding, and the new 
technology can also be integrated into 
existing production solutions.

Initially, the acquisition costs for laser 
technology are higher than for the tried 
and tested ultrasonic method. But in the 
long run however, the operating costs are 
lower, since the new process is almost 
maintenance-free, achieves a signifi-
cantly higher throughput per minute and 
overall better system availability is guar-
anteed through fewer failures. Given a 
typical number of produced parts, hav-
ing fewer machines or modules leads to 
a break-even point after less than a year.

With the help of the new laser tech-
nology, important parameters in the 
production of lithium-ion battery cells 
are improved: more power due to higher 
energy density and more safety of the 
battery modules due to optimized cell 
protection than with previous cells. 

When welding, metal foils and tabs 
fuse together completely and thus form 
a very strong, crack-free connection. The 
compact weld seam can fix up to 160 
layers, with increased welding quality. 
It has an extremely low electrical resis-
tance and is up to five times stronger 
than an ultrasonic weld. This simple and 
safe process is scalable to up to 200 tabs 
in one collector.

In addition, laser welding results in 
less abrasion due to contactless process-
ing, which means reduced mechani-
cal stress on the electrodes. The laser 
source itself has a very high mechanical 
strength and is therefore hardly prone 
to errors. The new laser tool is wear-
free, does not require readjustment and 
only needs to be replaced approximately 
every fifteen years. With laser tab weld-
ing, Manz is supporting customers with 
an innovative technology for the pro-
duction process of lithium-ion battery 
cells, thereby helping them to position 
themselves successfully in the automo-
tive industry. 

www.manz-automation.com

Lithium-ion battery cell samples (Source: Manz)
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Networked vision system assists 
drivers
System automatically prevents accidents and reduces casualties

Researchers at the the University of 
Tokyo have developed an evasive maneu-
ver assist (EMA) system using an array of 
Mikrotron high-speed cameras, capable 
of communicating with each other via 
a network. The system has a wide field 
of view (FOV) and high responsive-
ness, enabling vehicles to receive infor-
mation about potential dangers imme-
diately after it appears around them, 
and allowing them to perform evasive 
maneuvering as quickly as possible to 
prevent accidents and reduce casualties.

One of the most challenging situa-
tions for drivers is avoiding a collision 
with an obstacle that abruptly appears in 
front of the vehicle.Vehicle-bound cam-
eras suffer from a limited FOV and can-
not observe pedestrians or motorcycles 
in a dead spot. Another technique, vehi-
cle-to-vehicle communications, notifies  
drivers of each other’s position. How-
ever, this type of system requires almost 
all vehicles to be equipped with an alert 
and notification unit. In addition, the 
accuracy of GPS for vehicle navigation 
has room for improvement.

Using multiple precisely synchro-
nized high-speed cameras in the sys-
tem provides a broader FOV that can 
successfully track a target even under 
extreme conditions, such as when the 
target moves rapidly across the FOV of 
each camera. Thanks to the high acqui-
sition rate, the system also recognizes 
events immediately after they occur 
around a tracking target, which is criti-
cal where even a slight latency can have 
adverse effects. The researchers devel-
oped a 12 V networked high-speed vision 

system composed of Mikrotron EoSens 
CMOS monochrome cameras aligned to 
cover all areas of interest. These Camer-
aLink devices are connected to enable 
them to communicate with each other, 
with each camera forming a node with 
its processing unit. All nodes are syn-
chronized to submillisecond order using 
a software-defined precision time pro-
tocol. The cameras can robustly track 
objects moving around the entire space 
of interest and recognize events in every 
frame. Applications of the proposed sys-
tem include various kinds of ITS tasks, 
such as motion planning and platooning 
vehicles.

To test the system, researchers built a 
1:10 scale robotic car platform featuring 
a real-time operating system to control 
steering and WiFi communication mod-
ules. Two high-speed Mikrotron cam-
eras were set to 600 fps and connected 
to a workstation for image processing. 
One of the two workstations was set to 
transmit an obstacle map containing 
fifty obstacles.

The cameras recognized the posi-
tion of the vehicle during its entire path, 
including the area in which the FOVs 
overlapped, while it was traveling at 
72 km/h. Networked cameras detected 
the moment the vehicle crossed the line. 
These results clearly show that it is criti-
cal to detect dangers as soon as possible 
to perform evasive maneuvering safely.

Researchers are now working on 
ways to reduce communication latency 
by introducing low-latency real-time 
wireless communication techniques.

www.mikrotron.de

A 1:10 scale robotic car was used for testing (Source: U. Tokyo / Mikrotron)
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MKS rises to measurement challenges in the automo-
tive industry
Several new Ophir gauges to optimize laser welding of copper and VCSEL measurement

Laser light and the automotive indus-
try are tied closely together. Both laser-
based manufacturing and laser-based 
sensing play key roles in today’s mobil-
ity, and they also present significant 
challenges. For example, lidar systems 
are required in order to advance auton-
omous driving and sensing devices for 
car interiors – both based on VCSELs; 
further development and production 
are essential here. And the automotive 
industry needs to quickly design and 
build battery production lines for elec-
trical vehicles. To ensure high quality, 
MKS Instruments has recently devel-
oped several new Ophir devices that 
carry out the important measurement 
of the laser beam when designing and 
building high-tech parts. 

Measuring laser beams in bat-
tery welding
Producing battery packs for electri-
cal vehicles involves many different 
laser-welding processes. Depending on 
the materials that need to be combined, 
the process windows of the laser beam 
parameters can differ, resulting in the 
usage of different measurement technol-
ogies. While in more robust welding pro-
cesses it may suffice to measure the laser 
power, in sensitive applications the laser 
beam needs to be profiled. MKS offers 
measurement solutions for both power 
measurement and comprehensive beam 
profiling in automated production lines. 

Ophir Helios Plus measures high-
power industrial lasers of up to 12 kW 
and, for increased flexibility, provides an 
expanded selection of wavelengths: 450 – 
550 nm (blue/green) and 900 – 1,100 nm 
(infrared). This is especially important 
in the automotive industry as it strives to 
improve welding efficiency by utilizing 
blue and green lasers for battery welding 
and connecting small copper parts in 
electrical components. The Helios Plus 
power meter is compact, requires no 
water cooling, provides a high damage 
threshold and offers different network 
interfaces. 

For comprehensive beam profiling, 
MKS offers the Ophir BeamWatch Inte-
grated beam profiling system. The device 
conducts non-contact measurement of 
the laser beam and is available in two 

versions: while the 150 mm version is 
designed for standard welding heads 
with short focal lengths, the new 500 mm 
version allows the use of the kinds of 
long focal length, single-mode fiber laser 
beams that are common in remote weld-
ing applications. All Ophir BeamWatch 
Integrated systems can be integrated in 
automated product lines and production 
networks via GigE, Profinet, EtherNet/IP 
or CC-Link. The fully automated mea-
surements of both Helios and Beam-
Watch Integrated devices can be used 
to prevent the production of bad parts 
due to issues such as low laser power or 
unwanted focal shift. 

Ensuring safety for laser-based 
sensing
Various new laser applications have 
recently gained in importance due to the 
tremendous progress made in autono-
mous driving: high-power VCSELs are 
found in many novel lidar systems, and 
low-power VCSELs are used for prox-
imity sensors or face and gesture recog-
nition. Finding the right measurement 
device is the first step to ensuring the 
quality and sustainability of processing, 
as well as guaranteeing the safety of the 
products’ end users. MKS has addressed 
this measurement topic with the Ophir 
IS1.5-VIS-FPD-800, which provides 
accurate and reliable measurement of 
the optical parameters of VCSELs and 
other pulsed semiconductor lasers. This 
new integrating sphere combines multi-
ple measurement capabilities in a single 
device: a precision photodiode delivers 

calibrated average power measurement, 
a fast photodiode provides pulse shape 
characterization on an oscilloscope, and 
an SMA fiber optic adapter enables easy 
connection to a spectrometer. The Ophir 
IS1.5-VIS-FPD-800 accurately measures 
light that diverges up to ±60 degrees. The 
calibrated device is NIST traceable.

Enabling the measurement of 
wide beams
MKS has also developed the Ophir Wide 
Beam Imager (WB-I) as a useful tool for 
measuring the size and power distribu-
tion of the large and divergent beams 
of VCSELs, LEDs, edge-emitting lasers, 
and fiber lasers. The compact, calibrated 
optical system is capable of imaging any 
beam shape (round, line or square) that 
is too large for a camera sensor. It fea-
tures a 48 mm diameter aperture and an 
angle of incidence of 70 degrees. Beams 
are captured on a translucent, diffusive 
screen and then re-imaged to produce 
a complete and accurate mapping of the 
light’s intensity distribution. The WB-I 
is designed for use with camera-based 
beam profiling systems in the develop-
ment and testing of the VCSELs used in 
lidar systems for autonomous driving, 
as well as in high-speed data commu-
nication solutions; it can also be used 
to measure VCSELs and LEDs in 3D 
sensing applications.

www.ophiropt.com/photonics

Ophir Helios Plus enables power measurement for laser-based processes in battery 
welding (left). The Ophir Wide Beam Imager enables the camera-based beam profiling 
of large and divergent beams.
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From the living room to the  
driving room
The augmented reality of automotive head-up displays:  
an enhanced value proposition linked to technological developments
Zine Bouhamri

HUDs were limited, but  
augmented reality HUDs have 
arrived
HUDs have been around for a long time, 
but they have been very limited in their 
performance as they were either com-
biner-based or windshield-based. In 
these cases, due to optical invariants, 
the physics is as simple as it is with reg-
ular combiners as in AR headsets: if 
you want to increase the field of view, 

while increasing autonomy but are not 
yet at a level where ‘eyes off the road’ 
is achievable. There is also ever more 
information to manage during day-to-
day driving, be it driving-related or, 
more generally, infotainment-related. 
This conundrum has led to an increased 
demand for heads-up displays (HUDs). 
In this way, drivers can keep their eyes 
on the road while accessing data, as 
HUDs can help combine both worlds. 

The automotive industry has adopted the CASE paradigm: connected – autono-
mous – shared – electrical. And in that context, the connectivity, autonomy, and 
sharing megatrends are all changing car interiors. As a matter of fact, this can 
be traced back to two major industry drivers: improving safety while improving 
comfort. Though this may appear like a dichotomy, they can be linked within 
the car interior where these drivers are evident in displays, interior lighting, 
gesture recognition, particle monitoring, and monitoring systems in general, 
be it for the drivers or the passengers. This brings the complete living room 
to the car, but as with the home, how can the car user interact with all these 
elements, ensuring as ergonomic a user experience as possible?

We see nowadays that cars have an 
ever-increasing number of displays, 
while ever more safety features are 
required. However, displays require 
attention. Although HMI development 
is increasing – to avoid having to look 
directly at a screen and to avoid con-
trolling everything with touch, using 
haptics, for example – there is a dichot-
omy with the idea of having more safety. 
We are on the path to increasing safety 
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you have to increase the size of the 
optics. However, increasing the size of 
the optics is virtually impossible as the 
available space in a car is very restricted. 
An additional problem is as simple today 
as ‘smart glasses’ in the sense that there 
is no augmented reality (AR) element 
to project information: information is 
usually reflected on a simple plane and 
not projected with a feeling of distance.

Traditional solutions are too limited 
to increase the field of view (FOV) and 
the information displayed. New projec-
tion technologies are required, along-
side innovative optical components, 
to provide useful, convenient, and safe 
HUDs that occupy as small a volume 
as possible in the car. As there is no AR 
HUD per se, the FOV today is very lim-
ited. A substantial volume in the dash-
board would be needed to increase the 
FOV and reach AR-like immersion in 
the car with current technologies. This 
is not acceptable in a world where OEMs 
are trying to save as much space, volume, 
and weight as possible, for reasons such 

as energy consumption, aesthetics, and 
improved functionality. 

The first of these AR HUD modules 
was released in the latest Mercedes 
S-Class in fall 2020. As we see, the first 
models use a projection microdisplay, 
and we expect the microdisplay module 
market for automotive HUDs to grow at 
a 107 % CAGR until 2025, to $ 285 M [1].

The microdisplay and optics 
choices for HUDs
But what is it that we call ‘microdisplays’? 
They are display devices that can either 
be transmissive, reflective, or self-emis-
sive. We usually consider these as less 
than 1.5 – 2" diagonal with full pixel 
matrices. Contemporary technologies 
typically include liquid crystal on silicon 
(LCOS) and digital micromirror device 
(DMD) chips. DMDs, provided by Texas 
Instruments, seem to be better suited for 
HUD applications nowadays. They are 
qualified for the automotive sector and 
are better suited than LCOS on paper: 
they have faster refresh rates, better 

contrast, and a wider operating tem-
perature range before their character-
istics are modified than liquid crystals. 
The Mercedes mentioned above uses a 
DMD for its AR HUD. However, both 
these technologies exhibit some lim-
itations, one of which is the brightness 
levels they can deliver. In that context, 
and in the world of microdisplays for 
AR applications in general, microLED 
microdisplays have been gaining trac-
tion. MicroLEDs are a new technol-
ogy that has been in development for 
more than a decade. They promise to 
bring everything needed: brightness, 
reliability, switching speeds, efficiency, 
form factor, and so on. They are being 
developed both for microdisplays and 
for regular direct-view displays; in a car, 
these would be the cluster, the central 
information display, and potentially 
many others. 

As for the optics, much as in AR 
headsets, the form factor is also criti-
cal in a car as the available volume is 
very limited. Most of the work has to 
come from the optics: how to manage 
size without increasing the volume? The 
use of waveguides, similar to their use in 
AR headsets, seems to be the preferred 
solution. In a vehicle, however, another 
important factor is the line of sight to 
the road: for certification reasons, the 
view must not be obscured. Hence the 
need for a transparent material that does 
not affect the incoming view while being 
able to reflect light from the HUD. In 
addition, the optical material must be 
capable of being easily laminated onto 
the windshield. Holographic optical ele-
ment (HOE) development appears to 
have this as one of its top priorities as 
its high wavelength and angle selectivity 
allow it to work very well with projec-

LCOS DMD MicroLED
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Picture generation – towards microLED microdisplays?
(Source: Automotive Interior – From Lighting, Sensing to Display Technologies 2020 
report, Yole Développement)
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tion technologies. We have seen Ceres 
Holographics, a manufacturer of HOEs 
for automotive, partnering with Texas 
Instruments to develop an AR HUD 
compatible solution and bring it to the 
market.

The endgame, obviously, be it for 
HUDs or even regular direct-view dis-
plays, is a true three-dimensional dis-

play. But this is a longer-term play as 
we do not expect it to reach significant 
volume within five years with a reason-
able level of performance. 

As a final word, the use case for HUDs 
has always been the automotive market, 
even more so now with the road towards 
autonomy. However, the technologies 
to provide what has always been envi-
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sioned by the OEMs have never been 
available. Naturally, we are not talking 
about a 50° FOV being available tomor-
row, as AR HUDs started appearing less 
than a year ago. However, thanks to the 
use of microdisplays and specific optical 
elements, we now see some AR HUDs 
being implemented. HUD penetration is 
set to increase rapidly at a 27 % CAGR, 
but adoption of AR HUDs will remain 
limited to large, luxury vehicles until the 
day the technology has improved suf-
ficiently to reduce the cost and volume 
required in the dashboard. But as this 
brings a more comfortable and differ-
entiating feature to car manufacturers, 
we anticipate AR HUDs to grow more 
significantly at a 127 % CAGR until 
2025 [1].

[1]	 Source: Automotive Interior - From Light-
ing to Sensing and Display Technologies 
2020, Yole Développement, 2020
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Micro optic beam shaping solutions for high power lasers, 
from single components (e.g Collimators, Homogenizers) to 
modules and highly customized products. Up to 12’’ glass 
wafer-based production, paired with 2D-freeform on both 
optical surfaces, enables monolithic cost effective solutions in 
multi-million quantities.
 
Fast-Axis Collimators: Highest quality glass, lowest 
remaining divergence, customized solutions available.
 
Homogenizers: Top-Hat, rectangular, squares and lines.
 
Diffusers: Widest angles with highest uniformity.
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Accelerate the adoption of  
industrial AM
On the benefits of comprehensive, end-to-end simulations 
Ashley Eckhoff 

Material possibilities
Material choice is often one of the first 
decisions made when developing a 
product. For an automotive company, 
it might be how to balance a component 
in weight and strength for structural 
components, but for consumer person-
alization it may mean a selection based 
on aesthetic or tactile properties. Every 
material has innate properties it brings 
to a design – strength, density, thermal 
conductivity and even cost. This was a 
roadblock for the early days of AM, with 
the limited number of choices, but there 
have been many breakthroughs with 
materials for AM. 

With rapidly growing investment 
in AM, industry and academia alike 
are developing more usable materials 
for the technology, even sometimes 

which will be invaluable as automotive 
OEMs transition to the future of cars.

Additive trends
Since AM is still such a new technology 
compared to the more traditional man-
ufacturing methods, many companies 
spend vast resources learning about its 
capabilities – both in material applicabil-
ity and geometric possibilities. Because 
of this, some manufacturers may be hesi-
tant to adopt the technology or be appre-
hensive that it will reliably deliver prod-
ucts and do so economically. Though 
this article will speak to the worries of 
adoption, it is important to understand 
the material and geometric constraints 
are not the problem, rather it is the 
up-front cost of knowledge acquisition 
about the additive process.

Additive manufacturing (AM) as a technology has experienced major growth 
in the past decade. The number of available materials has skyrocketed, and 
their capabilities are further expanded through functional design to coax 
specific properties from a material. 

Viable applications for AM technology 
have grown as well, beyond the rapid 
prototyping that dominated its infancy. 
But with all of these advancements, there 
is still a lot to learn about the processes 
being used for engineers to have an 
intrinsic understanding of what works 
and what does not. 

To aid that learning process, many 
automotive companies are starting with 
smaller projects within their larger man-
ufacturing activities to gain understand-
ing without losing productivity or inno-
vation. Some are also adopting compre-
hensive simulation and software tools 
to leap-frog the steep learning curve 
that additive manufacturing presents. 
The result is the ability to manufacture 
parts that perform better and were not 
producible using traditional methods, 

Fully printed automobile frame as a proof of con-
cept (Photo courtesy of Hackrod Inc, Ventura Ca.)
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adapting the technology for common 
materials. One recent development 
from academia is the ability to print 
silicon carbine structures, a material 
commonly used in nuclear reactors for 
its high heat capacity and low reactiv-
ity. A high number of composite mate-
rials are being qualified for AM as well 
with continuous fiber printing, where 
the thread is applied with a resin and 
cured with integrated UV lights at the 
print head. Furthermore, many mate-
rials used in traditional manufactur-
ing such as nylon polymers, aluminum, 
and titanium, have all been adapted 
for use with various 3D printing tech-
nologies.

With a refined knowledge of the 
initial printable materials, some com-
panies are looking at scaling up their 
printable volumes. A few start-up com-
panies are experimenting to additively 
manufacture entire automobile frames 
for custom and race vehicles to be as 
light as possible. Others are imple-
menting large format plastic printing 
for composite lay-up molding for faster 
development.

Functional geometries
Even if the total number of materials 
available to AM processes takes years 
to reach the number available to tradi-
tional manufacturing solutions, there 
is one more ace up its sleeve by way of 
functional geometries. Most material 
properties are understood in relation 
to the total amount of homogeneous 
material present and when an engineer 
begins to alter the geometric structure 
of a part, they can produce quite dif-
ferent results with the same material. 
Imagine dropping a metal cube as 
opposed to dropping a spring made of 
the same metal. The cube will bounce 
slightly but will come to rest much faster 

than the spring. The most common 
examples of functional geometries in 
additive manufacturing today are the 
use of lattices to reduce weight but, by 
varying the geometry of the part, other 
characteristics such as energy return / 
absorption and thermal dissipation can 
be altered.

Functional geometries may even 
be external to the original structure, 
as is the case with iso-grids for aero-
space applications. By adding ribbed 
sections to the surface of a thruster 
cone, the rigidity can be exponen-
tially improved with minimal weight 
added. This is not a new process, but 
the application has been accelerated 
with the use of additive manufactur-
ing. Traditionally, each rib would be 
set and welded manually after manu-
facturing the base structure, but with 
AM the part can be placed in a multi- 
axis printer and the ribs can be printed 
with much greater precision and speed. 

The other side of this acceleration 
comes from additional design and 
manufacturing solutions for AM. With 
tools like algorithmic modeling, users 
can use drag-and-drop interactions to 
program patterns onto their structures. 
Previously, this process would require 
complex coding and manual modeling. 
Now one can simply define intention, 
constraints, and rules in a visual logic 
workflow and even update these rules 
quickly to spawn rapid design itera-
tions.

Harnessing complexity
It sounds like an abstract goal, but with 
additive manufacturing, harnessing 
complexity has a very physical mean-
ing. Utilizing functional geometries or 
other complex structures in industri-
al-scale products is increasingly com-
mon. However, the geometries resulting 

from these processes are complex and 
not easily designed manually. Therefore, 
it would be foolhardy to assume one can 
just start working with AM and be an 
expert on day one. However, short adop-
tion timelines are attainable with plan-
ning and the right tools to help manage 
the complexity that comes from fewer 
material and geometric constraints on 
manufacturing.

Rapid prototyping
For existing manufacturing businesses 
adopting AM into their daily workflow, 
there are three common approaches to 
get a handle on the technology before 
adopting it across the business. In the 
design realm, this is often first done 
through rapid prototyping. Proto-
type parts often do not have the same 
requirements as production parts. For 
example, surface finish and quality can 
often be approximated in a prototype. 
Rapid design revisions and fast proto-
typing provide an opportunity to learn 
and optimize the design and processes 
being used for production. Advanced 
software can augment this early portion 
of the AM learning curve by allowing 
the designer to validate the printabil-
ity of the component. Are there over-
hangs that will require support struc-
tures? Are the part walls thick enough 

Siemens
Amid unprecedented change and the rapid pace 
of innovation, digitalization is no longer tomor-
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Fig. 1 Hybrid AM robot used by CEAD for 
large format printing obot used by CEAD 
for large format printing (Source: Siemens 
Digital Industries Software)
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to withstand the sintering process? Are 
there any design flaws such as enclosed 
voids where powder material may be 
trapped? Answering these questions 
during the design phase can eliminate 
costly re-work later in the process while 
allowing the designer to learn about the 
requirements of designing parts for 
additive manufacturing.

Jigs, fixtures, and manufactur-
ing aids
Moving into manufacturing, many 
companies are using on-site print-
ers to create fixtures and tooling for 
their more conventional machining 
processes. Auto racing teams are even 
experimenting with large format AM 
to create molds for composite panels, 
improving aerodynamics for race vehi-
cles faster than ever before. While this 
application does not provide the same 
room for complexity that direct print-
ing with AM provides, it does acquaint 
the manufacturing department with the 
intricacies of the process so that pro-
cedures can be established for future, 
more mission-critical production. Fix-
ture printing also offsets some of the 
cost of the initial machine investment 
through time and material savings. A 
gripper or manufacturing jig can be 
made in a matter of hours, instead of 
days or weeks. And depending on the 
material used, these printed fixtures 
can reduce machine stresses from the 
reduced weight and lower material 
hardness in cases with component 
contact. 

Augmented designs
And the last way businesses begin adopt-
ing AM before moving to full-scale usage 
is through add-on parts. This option is 

increasingly common in the automo-
tive sector with companies printing 
custom components as accents to the 
overall design. This might be shifter 
knobs form-fit to the user or custom 
dash panels to match their style pref-
erences. This type of low-volume pro-
duction is only expected to grow as the 
consumer market shifts towards more 
personalized products across the auto-
motive industry. AM enables customiza-
tion potential for cars due its linear cost 
scaling compared to many traditional 
manufacturing processes. 

Companies may also opt for a hybrid-
ized design for their product. Research 
in the German automotive industry was 
starting to drastically reduce the weight 
of an automobile frame, but instead of 
printing the entire assembly, they opted 
for standard extruded tubing connected 
by additively manufactured assembly 
nodes. The nodes included internal 
lattice structures to further reduce the 
total weight while retaining the required 
structural rigidity. This approach saved 
manufacturing time and cost by using 
off-the-shelf components for the sim-
pler structural regions, while still reach-
ing the goal of a lightweight frame. 
Regardless of the final application, a 
measured approach to the adoption of 
additive manufacturing is accelerating 
the learning curve for additive while also 
producing a tangible benefit.

Accelerate AM with simulation
As we have seen, hands-on application 
of additive solutions can be a great 
introduction to the technology, but 
enhanced development software has 
been the single greatest enabler of AM 
adoption. Today, the most important 
area of software development for AM 

revolves around simulation. New sim-
ulation tools offer designers and man-
ufacturers the insight that would oth-
erwise take decades to collect. These 
simulation tools span the additive 
workflow from early part development 
to final build optimization, and each 
is key to accelerating the adoption of 
additive manufacturing in an industrial 
environment.

Multiscale failure analysis
The complexity of additively designed 
components extends into the realm of 
simulation as well. Structures within a 
printed part range from the intentional 
macro-sized structures like lattices, to 
residual microstructures resulting from 
the printing process. Because of the 
mixture of course and fine structures 
in an additively manufactured part, 
basic finite element analysis (FEA) does 
not quite fit the bill for failure predic-
tion. Multiscale FEA, however, can be 
applied by combining a local scale model 
of the microstructures with a global 
scale model of the complete part. This 
method of solving each domain indi-
vidually and then linking the results is 
orders of magnitude faster than solving 
for the entire model at the high resolu-
tion necessary to capture the relevant 
microdetails.

Handling component analysis with 
a multiscale solution is far more effi-
cient than standard FEA, but it can also 
natively support heterogeneous materi-
als. This is invaluable, for example, when 
working with composite materials for 
ultra-lightweight bodies for race and 
sports cars. Multiscale analysis allows 
for performance validation at the part 
level as well as at the material level. A 
lightweight, 3D-printed wheel is great 

Fig. 2 Comparison of local distortions from overheating before and after running a 
path optimization (Source: Siemens Digital Industries Software)

before after
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until a defect causes a spoke to shear 
during the high loads experienced in 
a race.

Part performance
On top of the innate geometry’s impact 
on part performance in the real world, 
the printing process can impart artifacts 
and distortions that also affect the per-
formance of the final part. This is not 
any different to other manufacturing 
methods, except that we have had far 
less time to learn how these defects form 
and affect the part, leading to another 
important application of simulation in 
the AM process – durability. Process 
variables from laser intensity to screw 
tension on the building plate, to machine 
firmware can lead to varied porosity and 
other unintentional microstructure 
variations. When producing vehicles 
at scale, each part needs to be just as 
reliable as the last, so discrepancies over 
the production run of the car must be 
minimized.

To combat this extended list of vari-
ables, companies like Siemens are uti-
lizing machine learning to understand 
the impact of process variables on the 
printed material and to predict solutions 
for optimal performance of the product. 
This is further augmented by combin-
ing both experimental data and phys-
ics-based modeling with simulation. 
For a deeper understanding of how this 
process is being implemented, there are 
great resources on the Siemens website 
for additive manufacturing.

Printing path optimization
With a greater understanding of how 
the part will operate in the real world 
it is time to print, but even companies 
with years of experience struggle with 
first article part quality. As mentioned 
before, the number of variables for 
AM processes leads to a situation with 
a large number of paths to failure and 
a small number of paths to success. 
A trial-and-error approach does not 
deliver a wide enough knowledge base 
so many companies refine a group of 
similar parts to perfection instead. This 
leads to a specific knowledge set on the 
material, the machines and processes 
used to produce parts of similar geom-
etries. However, when a new material is 
needed, a new process is introduced, or a 
dissimilar geometry needs to be printed, 
that knowledge acquisition work must 
be done again. This was the motivation 
for the Siemens AM Path Optimizer. 

Rather than simulating the print pro-
cess and adjusting a multitude of vari-
ables, the AM Path Optimizer investi-
gates the deposition path defined by the 
print software and uses machine learn-
ing techniques to compensate for struc-
tural errors from printing by adjusting 
the deposition path program.

Examining the problem at the meso-
scale, the print simulation can predict 
the thermal loads on local areas during 
the sintering of each layer of the com-
ponent. This ensures the laser does not 
create a larger melt pool than desired, 
which can wreak havoc on small struc-
tures. This thermal loading information 
is then used to design an altered sin-
tering path to allow proper cooling on 
a region before returning for an adja-
cent or higher layer. This is of profound 
importance for low tolerance applica-
tions like engine pistons where surfacing 
processes can only do so much to correct 
a deformed part.

Build optimization
Build optimization is a simulation solu-
tion that can often solve more than 80 
percent of the quality issues in a print-
ing process and could even be called a 
silver-bullet because of its efficacy rate. 
Print orientation is one of the most crit-
ical variables to optimize for final part 
quality when using AM. This stems from 
a combination of the previous distor-
tion paths and the greatest deformation 
force, gravity. This is another case where 
many companies architect techniques 
and rules of thumb from years of print-
ing and experimentation, but modern 
software can help alleviate this need for 
knowledge acquisition.

These in-house rules-of-thumb can 
often reduce the number of trial-and-er-
ror iterations, but they usually do not 
find the optimal orientation for print-
ing. This is especially true when there 
are multiple conflicting goals, such as 
minimizing the build time, minimizing 
the support structures used, or minimiz-
ing geometric distortion. Finding the 
optimal print orientation for a given 
part, material, and process requires 
testing hundreds of different orienta-
tions to find an optimal solution. Doing 
this would be impossible without the 
highly parallelized processing power 
available in the cloud. Parallel pro-
cessing enables the execution of hun-
dreds of trials simultaneously so that 
the optimal solution is found within 
an acceptable timeframe. Printed part 

orientation optimization will become 
extremely important as the number of 
printed parts in the automotive indus-
try grows, but the need to maintain 
safety and performance characteristics 
remains constant.

Accelerating industrial additive 
manufacturing
Adopting additive manufacturing into 
an existing industrial manufacturing 
business can be a daunting proposition, 
but it does not need to be. With proper 
planning and the right set of tools, any-
one can start using the technology, but 
it helps to set reasonable expectations. 
While one could theoretically print an 
entire automobile, this is an unrealis-
tic goal for a major automotive OEM, 
much less someone just getting into AM. 
Decisions about where and when to use 
additive manufacturing are built upon 
knowledge and, as we have seen here, 
new advances in software give compa-
nies a way to short-circuit that learning 
curve.  With new solutions in materials 
science, design for additive manufactur-
ing and simulation, additive manufac-
turing is becoming a technology that a 
growing number of companies can use 
today to design and produce the prod-
ucts of tomorrow.

DOI: 10.1002/phvs.202100037
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Accurate beam shapes for efficient 
lidar
Defined light distribution and wide-angle illumination requirements in 
automotive light detection and ranging 
Dirk Hauschild and Daniel Braam

accommodate the newest applications, 
so additional considerations must be 
taken into account. 

“Laser safety” is one of the key stan-
dards that laser-based industrial and 
consumer technologies must follow. 
But no one currently knows what will 
happen if all laser-safe cars with lidar 
sensors meet each other in a city cen-
ter traffic jam. The answer from traf-
fic analysts is: we avoid this scenario 
using artificial intelligence (AI) based 
software for avoiding traffic jams. Since 
we are living in a very dynamic world 
using smart handheld devices that will 

optical elements (ROE) and diffractive 
optical elements (DOE) beam shaping 
approaches, reducing zero-order or 
hot spots. Keeping these parameters 
stable under different environmental 
influences, e.g. a wide range of tempera-
tures, is the key to a safe and reliable 
product for the automotive industry 
and beyond.

All photon-based applications in 
industry show evolutionary improve-
ments of performance and acceptance. 
Safety-related solutions typically fol-
low defined, standards-oriented design 
guidelines. Yet these were not written to 

The goal of the next generation of advanced high-definition lidar products 
is to provide compact solutions that can reliably and affordably recognize 
threats at long distances and wide angles while being safe for other road users 
and pedestrians. Moreover, reducing unused photons in upcoming autono-
mous vehicles will be essential to avoiding uncontrolled photonic noise and 
non-visible contamination with laser lights on streets and throughout cities. 
Such noise could affect other technologies, equipment, and the eyes of both 
people and animals. 

In this article, we discuss the critical 
factors that influence the control of lidar 
photons with the latest beam shaping 
innovations and how to achieve control 
while maintaining high quality for vol-
ume production. We start by consider-
ing the requirements for laser sources, 
such as high power and good signal-to-
noise ratio for long range. These influ-
ence the need for damage threshold 
and homogeneity distribution for all 
optical components. Wide angles and 
eye-safety can be addressed by glass 
optics with high refractive indices in 
combination with intelligent refractive 
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Fig. 1 Wafer level beam shaping optics 
for 3D application-specific intensity pro-
files
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be used to equip cars with more tera-
flops than a high-end computer ten 
years ago, we can imagine that the IT 
driven solutions will hopefully find an 
algorithm to compensate for mislead-
ing signals from lidar sources before 
an accident will happens.

We already trust this approach 
during the intensive communications 
that are occurring using streamed meet-
ing and mobile networks. Few of us stop 
to think about potential errors. This is 
made possible because of well-defined 
signal-to-noise ratios in digital trans-
mission channels. Even when thou-
sands of smartphones are being used 
in a building, no one loses data or is 
harmed due to incorrectly transmitted 
electromagnetic waves.

Data transmission energy leaves 
antennas in all directions and without 
hot spots. As a result, laser light for 
detection and ranging must be used in a 
different manner as it involves perfectly 
collimated and concentrated light with 

synchronized emissions and detection 
in hundreds of defined scanning direc-
tions per second per device. Only frag-
ments of these defined and concentrated 
packages of photons are reflected back 
into the paired receiver. Therefore, it is 
best to not wait for a disastrous event of 
several mis-reflected packages of pho-
tons to come to the conclusion that the 
next evolution of lidar systems should 
generate as few unused chaotic reflected 
and detected photons as possible for safe 
operation. 

Current optics research focuses on 
how to bring a sufficient amount of 
photons to the environment in order to 
keep unused photons at a minimum and 
reduce photonic noise to low, safe levels 
for current and future lidar applications. 

Bringing photons to where they 
are needed
In the first generations of lidar prod-
ucts, most companies focused on 
safe detection and good resolution of 

the sensors independent of the ratio 
of unused vs. emitted photons. This 
resulted in optical redundancy. This 
is useful but presents challenges when 
you add in the interaction effects from 
vehicles and their immediate surround-
ings. The latest generations of beam 
shaping optics go beyond the current 
laser illumination accuracy and direct 
the light only on a specific area that will 
be detected and analyzed by the light 
detecting sensor, which is paired with 
the emitting module. The optical noise 
creates misleading signals that reduce 
the probability of the secure detection 
of an object that could be relevant for 
a corrective movement of a car. Reduc-
ing non-detectable reflected photons 
helps to minimize noise. In addition, 
new innovations in optics can improve 
the collimation and beam shaping accu-
racy. Generating a defined, segmented 
laser illumination can change the field 
of illumination by switching the areas 
that need special attention on and off. 

Fig. 2 A Focuslight LE02 lidar compact laser 
source with defined beam shape – credit card 
to scale
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Avoiding light contamination in 
lidar environments
Today, optical system designers have 
a wide range of options to shape the 
light from laser sources and to image the 
reflected light back on the detector. The 
use of diffractive optical elements pro-
vides the flexibility to generate custom-
ized beam shapes at small and medium 
farfield angles. To generate these pro-
files, each DOE segment generates a full 
angular spectrum of diffraction pattern, 
which results in a certain number of 
unused photons outside the field of illu-
mination. This diffraction-dominated 
beam shaping cannot control the light 
as precisely as the refraction dominated 
microlens based on 1D or 2D arrays. 
In addition, DOE-based shaping per-
formance is limited in generating more 
gain at larger angles.

To minimize the diffraction-based 
loss of photons, ROE-based laser illu-
mination systems can be designed with 
wave optical simulation and analyzed 
with logarithmic intensity distribu-
tions to see and correct the source of 
unused photonics noise early in the 

design phase. Wave optical simulation 
tools help to optimize the ROE surfaces 
together with the light characteristics of 
the individual laser sources. The follow-
ing simulation of the homogenized field 
shows the refraction dominated and 
optimized profile with a 20 dB signal-
to-noise ratio.          

Current designs show a contrast up 
to 1 : 10,000 and have such steep slopes 
that 14 bit CMOS cameras or better are 
needed to detect the unused light.   

Non-sequential beam shap-
ing with refractive freeform 
micro-optical systems
 To be able to fully control the light 
from laser sources, the design of the 
non-sequential ROE-based microlens 
arrays should use higher order aspheric 
terms and high index glass in case larger 
fields of illumination are needed [1 – 
3]. Refractive beam shaping with ROEs 
also enables compact packages because 
of nearfield imaging with refraction 
dominated designs. Even when shaping 
segments, ROE-based designs with high 
numerical aperture optical elements can 

transform the beam shape with a very 
compact size. In this case, the higher 
order aspheric parameters help to min-
imize aberration and keep the fraction 
of non-defined diffraction-based pho-
tons at the lowest possible level. In Fig. 
6, the intensity distribution on the left 
shows the beam profile without dif-
fraction-based side-lobes in compar-
ison with a non-optimized beam on 
the right.   

 Suppression of light outside the field 
of illumination increases the efficiency 
and, with this, the signal-to-noise ratio, 
while ensuring accurate and safe detec-
tion. Using these precise ROE surface 
shapes also means new segmented beam 
profiles with steep slopes can be gener-
ated to form a line by stitching individ-
ual beams together to use only the lidar 
light that is needed.

Conclusion
The use of refractive freeform micro-
lens arrays helps to reduce  the photonic 
noise in new lidar dominated automo-
tive applications using high power laser 
sources. It also helps to minimize envi-
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Fig. 4 Comparison of refractive optical element vs. diffractive optical element dominated beam shap-
ing optics
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ronmental light contamination and to 
optimize the signal-to-noise ratio of 
lidar photons to more safely managed 
traffic infrastructure. Unused segments 
of lidar beams can be switched off to 
avoid or minimize the photonic load, 
whether in cities, in the countryside, or 
in between. The safe use of laser light 
in traffic has the potential to reduce 
more than 95 % of accidents that result 
in injuries and people will no longer be 
stressed by unused and unnecessary 
laser photons.  

 DOI: 10.1002/phvs.202100044
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Angular resolution in VCSEL radi-
ant intensity distribution measure-
ments
Performing a proper eye safety assessment and designing suitable  
secondary optics
Günther Leschhorn, Thomas Attenberger, and Tobias Schneider

bly in a ‘single shot’ without resorting 
to time and space-consuming – as well 
as expensive – goniometric measure-
ment setups, that also cannot be readily 
integrated into most production lines. 
Fig. 2 shows an example of the radiant 
intensity distribution of a commercial 
VCSEL array. A key criterion required 
for the interpretation of measurement 
data is the angular resolution of the 
measurement method. Here we present 
two methods for measuring the radiant 

higher economic significance than the 
classical industrial applications for these 
types of laser diodes.

In consumer 3D sensing and automo-
tive lidar applications, eye safety assess-
ments according to IEC 60825-1 and sec-
ondary optics design requirements call 
for measurement of the radiant intensity 
distribution (in W/sr) emitted from a 
single VCSEL or an array. The spatial 
beam profile of a VCSEL can be quite 
irregular and may vary from Gaussian to 
top-hat, or doughnut-shaped emission 
and typically shows a significant angular 
divergence. For this reason, manufac-
turers and integrators are interested in 
accurate and fast measurement of the 
radiant intensity distribution, prefera-

Vertical cavity surface-emitting lasers (VCSEL) are getting more and more pop-
ular for 3D sensing and time-of-flight technology in consumer and automotive 
applications. VCSEL arrays with hundreds of single emitters are often used. 
Measurement of the radiant intensity distribution is the key to performing 
a proper eye safety assessment and designing suitable secondary optics for 
these emitters. 

In this article, we discuss two methods 
for measuring the radiant intensity dis-
tribution, the ‘direct method’ and ‘screen 
method’. The theoretical minimum 
angular resolution that can be achieved 
by these methods will be calculated and 
compared. The advantages and draw-
backs of the two methods for different 
scenarios will be outlined, and recom-
mendations given for choosing a suit-
able method for specific applications.

Vertical-cavity surface-emitting 
lasers (VCSELs) are very well suited to 
3D sensing applications such as struc-
tured light or time-of-flight technology 
for scanning objects in three dimen-
sions. These applications have boosted 
the popularity of VCSELs to an even 
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Fig. 1 Optical measurement solutions 
are needed along the whole lidar value 
chain from wafer-level testing of individu-
al VCSEL arrays to completely integrated 
systems.
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intensity distribution and divergence 
angle, compare the achievable theoret-
ical resolution and recommend the best 
method for different applications. 

Measurement schemes
To determine the spatial radiation pat-
tern of a VCSEL-based emitter in a sin-
gle fast measurement, the irradiance dis-
tribution produced by the VCSEL on 
a detection plane at a certain distance 
is measured with a two-dimensional 
detector. The radiant intensity distribu-
tion of the VCSEL can be reconstructed 
from the measurement assuming the 
distance to the source is much larger 
than the extension of the source (‘far-
field’ or ‘point-source’ condition). Two 
main measurement schemes can be 
used: 

Firstly, a ‘direct method’ (Fig. 3) can 
be employed by simply placing a 2D 
CCD or CMOS array detector at a cer-
tain distance d to the device under test 
(DUT). The VCSEL device will irradiate 
the detector directly and no other optical 
elements are needed. The information 
recorded by the detector is then used to 
derive the radiant intensity distribution 
and divergence angle of the source. 

The second measurement scheme is 
based on imaging the spatial intensity 
distribution produced by the DUT on 
a light-permeable, diffusely scattering 
screen placed at a distance d from the 
DUT in front of a camera (Fig. 4). This 
method is called the ‘screen method’. 
The DUT irradiates the screen from 
one side, mapping its radiant intensity 
distribution to a radiance distribution 
on the camera side of the screen. A 
CCD or CMOS camera captures this 
distribution, from which the radiant 
intensity distribution of the DUT can 
be reconstructed. Additional mapping 
by the screen and subsequent imaging 
gives – compared the direct method – 
more freedom to adjust the fundamental 
parameters of the measurement, such as 
distance d to the DUT, the angular field 
of view and angular resolution, to opti-
mally suit a specific application. Espe-
cially the possibility to choose, within 
certain limits, the measurement distance 
for a given angular field of view has a 
positive effect on the achievable mini-
mum angular resolution, and ensures 
that the VCSEL array is measured in far-
field condition (measurement distance 
≫ DUT size), as required for an accurate 

reconstruction of the radiant intensity 
distribution.

The “screen method” uses additional 
optical elements that affect the angular 
resolution. A point-like illumination on 
one side of the screen blurs to a finite-
sized spot on the other side of the screen, 
and the imaging optics have a finite 
spatial resolution. The point spread 
function (psf) describes the response 
of the optical system to irradiation of 
the screen by a point source or point 
object with close to zero angular diver-
gence. The degree of spreading of the 
point object must be taken into account 
when calculating the minimal achiev-
able resolution of the ‘screen method’ 
and when comparing the two methods.

Calculation of optimum angular 
resolution
The optimum angular resolution for 
the two different methods is calculated 
using the parameters in Table 1.

Simple trigonometry is used to find 
the angular resolution δθ(d) for 0° emis-

Parameter Symbol

Source

diameter L

emission angle θ

Detector

spatial resolution ∆

FOV diameter A

magnification M

CCD size S

pixel size p

diameter point spread function screen psf

Measurement setup

distance source / detector d

200

400
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800

1000

1200

1400

1600

1800

2000

Y (
pix

els
)

500 1000 1500 2000
X (pixels)

Fig. 2 CCD detector image of 
the relative radiant intensity 
distribution of a VCSEL array 
measured by the ‘screen 
method’.

Instrument Systems
With the development of high-precision array 
spectrometers, colorimeters and software solu-
tions, Munich based Instrument Systems GmbH 
is setting worldwide standards in the field of light 
measurement. Our customers include interna-
tional manufacturers of LEDs and displays as well 
as notable testing laboratories and research insti-
tutions. We develop and manufacture measuring 
devices of the highest quality at our company sites 
in Munich and Berlin. As a subsidiary of Konica 
Minolta, Instrument Systems benefits from a pow-
erful and global network.

www.instrumentsystems.de

Company

Table 1 Overview of parameters used in the calculation of optimum angular resolution

Detector (CMOS or CCD)

∆

A

L

d

Fig. 3 Measurement setup for the direct 
method. A CCD/CMOS detector directly 
measures the intensity distribution of a 
VCSEL source at a distance d.
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sion direction, while distinguishing 
between two different cases. In the first 
case, called the detector resolution limit, 
the spatial resolution of the detector ∆ 
is much larger than diameter L of the 
DUT (∆ ≫ L). The angular resolution 
is given by the minimal opening angle 
of the detector resolution seen from the 
source, which is in turn given by the size 
of detector pixels or screen point-spread 
function for the direct or screen method, 
respectively:

δθ(d) = 2 tan-1​​(​ Δ __ 2d ​)​​

The second case is the so-called source 
size limit, where the spatial resolution of 
detector ∆ is much smaller than diam-
eter L of the DUT (∆ ≪ L). In this case, 
the angular resolution is given by the 
opening angle under which the detector 
sees the source: 

δθ(d) = 2 tan-1​​(​ L __ 2d ​)​​

These two cases can be combined by 
approximating:

δθ(d) ≈ 2 tan-1​​(​ L+Δ ____ 2d  ​)​​ ≈ ​​ L+Δ ____ d  ​​

where the second approximation holds 
for d ≫ L + ∆. The maximal working 
distance dmax (corresponding to the 
best angular resolution) is limited by 
the field-of-view (FOV) diameter of the 
detection and the condition that all radi-
ation emitted by the source is detected:

tan​​(​ θ _ 2 ​)​​ = ​​  A ____ 2dmax
 ​​ → dmax = ​​  A _______ 

2 tan ​(​ θ _ 2 ​)​
 ​​

The optimal angular resolution  can thus 
be approximated by:

δθmin = δθ(dmax) ≈ ​​ L+Δ ____ dmax
 ​​ = ​​ 

2 tan ​(​ θ _ 2 ​)​
 _______ A  ​​ (L+Δ)

Comparison of different meth-
ods
With the optimal angular resolution  
δθmin at hand, we can compare the 
direct method and screen method. For 
the direct method, the field-of-view 
diameter equals the detector size (A = 
S) and the spatial resolution is given by 
the pixel size of the detector (∆ = p).

Assuming the camera detector has 
the same size as the one used in the direct 
method, the field-of-view of the screen 

method is given by A = S/M, and the 
spatial resolution equals the diameter of 
the point spread function of the screen 
(∆ = psf). This can be used to calculate 
the ratio 

R = ​​δθ​  min​  direct​​ / ​​​δθ​  ​ 
 ​​ min​ screen​​

of angular resolution of the two meth-
ods.

R = ​​ 
​δθ​  min​  direct​ 

 ______ 
 ​​δθ​  ​ 

 ​​ min​ screen​
 ​​ ≈ ​​ 1 __ M ​​ ∙ ​​  L+p

 _____ L+psf ​​

This fundamental equation can be used 
to determine the advantages and dis-
advantages of the two methods with 
respect to angular resolution, in con-
sideration of the different limits and 
applications.

Source size limit
VCSEL arrays with hundreds of sin-
gle emitters on the dye and a typical 
package size of a few millimeters are 
used for 3D sensing applications. This 
means that the source size limit applies 
for this kind of measurement, where 
the size of the source is large compared 
to other parameters such as the pixel 
size or the point spread function of the 
screen (L ≫ p, psf). The ratio of angular 
resolution R of the two methods sim-
plifies in this limit, and a typical value 
can be assigned:

Source size limit:

R ≈ ​​ 1 __ M ​​ ∙ ​​  L+p
 _____ L+psf ​​ 

L≫p, psf  ≈ ​​ 1 __ M ​​ M = 0.1 10

The typical order of magnitude for M 
is around 0.1 for imaging a (few) 10 cm 
part of a screen to a (few) cm CCD/
CMOS detector. In the source size limit, 
one can improve the resolution by the 
screen method compared to the direct 
method by a factor of about ten. This 
means that if the source is, for exam-
ple, a VCSEL array of a few mm diam-
eter, the screen method is the method 
of choice.

Detector resolution limit
On the other hand, if the source size 
is very small compared to the other 
parameters (L → 0), the fundamental 
equation for the ratio R approaches the 
detector resolution limit:   

R ≈ ​​ 1 __ M ​​ ∙ ​​  L+p
 _____ L+psf ​​ 

L→0 R ≈ ​​  p
 _____ M ∙ psf ​​ 

M = 0.1; p = 3.5 µm; psf = 1 mm  0.035

In this limit, for typical parameter 
values, M = 0.1, p = 3.5 µm and psf = 
1 mm, the direct method will typically 
have a better angular resolution than 

Application Superior method Better angular resolution

Measurement of typical sources

VCSEL array 3D sensing screen method factor 7 – 10

single VCSEL 
emitter

QC of single VCSEL 
emitters

direct method factor 7

Theoretical limits

sources << 1µm – direct method up to a factor of 30

sources > 100µm VCSEL array measure-
ment

screen method up to a factor of 10

Table 2 Summary of comparison between direct and screen method for different applications

CCD camera

lens

screen

A

θd Fig. 4 Measurement setup for the ‘screen 
method’. The VCSEL source illuminates 
a light-permeable, diffusely scattering 
screen from one side and creates a spa-
tially-resolved mapping of the radiant 
intensity distribution. A CCD or CMOS 
camera images this distribution and 
reconstructs the radiant intensity distribu-
tion from the image.
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the screen method by a factor of about 
thirty.

If only a single VCSEL emitter of 
about 10 µm in diameter is measured, 
the detector resolution limit is however 
not quite reached for the direct method. 
Nevertheless, the direct method will typ-
ically have a better angular resolution 
than the screen method by a factor of 
about 7.

Threshold value for change of 
method
The screen method has a better angu-
lar resolution than the direct method if 
R > 1. Using typical values, it can be seen 
that the screen method is superior for 
sample sizes larger than approximately 
100 µm:

R > 1 → L > ​​ M ∙ psf – p
 ________ 1 – M  ​​

M = 0.1; p = 3.5 µm; psf = 1mm  100 µm

For magnification in the order M =  
p/psf, the screen method achieves the 
same resolution as the direct method 
in the detector limited regime, while it 
is superior in all other regimes. How-
ever, for reasons of optimum sampling, 
a larger magnification value is typically 
chosen for the screen method, whereas 
a distance smaller than the maximum 
(corresponding to the best angular reso-
lution) is chosen for the direct method.

The main findings of the compari-
son of the direct and screen methods 
are summarized in Table 2 using typical 
parameter values.

It is worth mentioning the maximum 
distances that can be used compare as

R = ​​ 
​d​ max​ direct​

 _____ 
​d​ max​ indirect​

 ​​ = ​​ 
dmax |A = S

 ___________  dmax |A = S/M ​​ ≅ M

Which means that for typical parameter 
values, the maximum distance for the 
screen method is a factor of ten larger 
than the maximum distance of the direct 
method. Therefore, other measurement 
problems related to alignment of the 
measurement setup for example, stray 
light or the accuracy of the pixel-to-an-
gle conversion are typically significantly 
easier to solve for the screen method.

Summary
Vertical cavity surface-emitting lasers 
(VCSELs) are becoming increasingly 
popular for 3D sensing applications 
and often come as arrays with hundreds 
of single emitters. Measurement of the 
radiant intensity distribution is the key 
to performing a proper eye safety assess-
ment and designing suitable secondary 
optics for these emitters. Two methods 
for measuring the spatial intensity dis-
tribution have been described: the direct 
method and the screen method. The 
direct method uses a CCD or CMOS 
detector to measure the angular radi-
ant intensity distribution without the 
need for additional optical elements. 
The screen method uses a light-perme-
able screen and reconstructs the radi-
ant intensity distribution from a camera 
image of intensity distribution on the 
screen. The theoretical resolution that 
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can be achieved by these two methods 
has been calculated and compared.

For the direct method, the maximum 
distance to the source – and therefore 
the angular resolution – is limited by the 
size of the detector, which has severely 
limited scalability (technologically as 
well as economically). 

The screen method can overcome 
this limitation in many applications. The 
size of the screen can easily be scaled 
up to a size of several ten centimeters 
and is ultimately limited only by space 
constraints for the whole measurement 
system. The larger irradiated area can 
always be imaged on a detector of a given 
size by a suitable choice of magnifica-
tion of the imaging optics, preserving 
the angular resolution of the system, 
which is ultimately limited by the size of 
the point-spread function of the screen. 

For single emitters, the direct method 
delivers the best resolution, but suffers 
from drawbacks created by using very 
short distances. The most severe draw-
back is that the setup is much more sen-
sitive to reflections, causing artifacts in 
the image and possible alteration of the 
laser emission by feedback.

For more extended sources, such as 
the VCSEL arrays used in 3D sensing 
applications, the screen method is bet-
ter suited. It achieves an approximately 
ten times higher angular resolution and 
benefits from the longer measurement 
distance with a setup that is easier to 
align and produces less reflections.
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View from the top
3D camera replaces several sensors for position monitoring

The operator places several prepared 
sheet metal parts on top of each other 
so that a welding robot can weld them 
together at several points to form one 
piece. Toggle clamps are used to fix the 
sheet metal parts. They are L-shaped 
levers which fold down and fix the sheet 
metal in the equipment from the top.

Usually dozens of sensors are 
installed at that point to monitor the 
correct position of the clamps and the 
presence of the workpieces. Because 
only if the component is detected as 
‘present’ and all clamps have been sig-
naled to be ‘closed’, would the controller 
release the welding process.

At Opel, people thought about how 
to optimize this position detection. 
The idea: The O3D sensor from IFM 
looks at the scene from above. Claus 
Moog, supervisor operation planning, 
electric and commissioning at fixture 
and plant engineering at Opel in Rüs-
selsheim: “In 2017, we considered how 

(called ROIs, region of interest). The inte-
grated evaluation detects if the tension 
lever is ‘open’ or ‘closed’. The events are 
transferred to the controller using the 
integrated Ethernet interface via TCP/IP, 
Profinet IO or Ethernet/IP. The live cam-
era image can also be provided. Using the 
software Vision Assistant, the user can 
easily set the sensor parameters, define 
ROIs or configure the output function, 
for example. This software is available 
both for Windows PCs and for iPads.

Looking down from the top
Two of these sensors are installed above 
the welding system, one in the place-
ment area (component placed), the 
other in the actual welding area. Both 
look down from the top to the sheet 
metal to be welded and their clamps in 
the installation equipment. 

Fabian Gulla, application engineer 
for image processing and robotics in 
plant construction at Opel, explains 

to design our tools more cost effectively 
and efficiently. At first, we started with 
analyzing the market of different vision 
sensors and eventually came across the 
company IFM. Using their O3D sensor, 
we can replace the conventional sensors 
and detect positions visually.”

The O3D sensor
IFM’s O3D302 vision sensor is a 3D 
camera with integrated image evalua-
tion. The resolution of the PMD image 
sensor is 176 by 132 pixels. For each of 
the 23,232 pixels the sensor supplies a 
precise distance value – up to 25 times 
per second. In contrast to laser scanners, 
the IFM 3D sensor has no moving parts. 
Therefore, it is especially robust, small 
and cost-effective.

Since the 3D image is evaluated in 
the sensor, external image evaluation is 
not needed. The distance between the 
clamp and the sensor is evaluated via 
definable positions in the camera image 

The automotive manufacturer Opel in Rüsselsheim relies on innovative tech-
nology in production. At a welding robot various stamped and deep-drawn 
metal sheets are welded to form a supporting element of the bodywork. A 3D 
camera monitors the position and the fixing of the sheet metal parts.

Several prepared sheet metal plates are welded together to 
form a subassembly. (Source all images: IFM)
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the function of the sensors: “We use the 
sensor for distance measurement. To do 
so, we have defined several regions of 
interest which we detect. For once, there 
is the clamp and its end positions, and 
then there is the component as such, 
i.e. ‘present’ or ‘not present’.” You could, 
of course, also detect this using several 
one-dimensional photoelectric sensors 
if you align one sensor to each area. The 
advantage of the O3D is that you only 
need one sensor and can then redefine 
ROIs in the software. We have aligned 
the ROIs to the end positions of the 
clamps and the workpieces and then we 
simply use the distance measurement for 
detection: ‘Is a component present’ or 
‘Has the clamp reached its end position?’ 

Cost savings 
Instead of many sensors only one single 
3D sensor simultaneously detects the 
position at several points in the equip-
ment. Using the O3D vision sensor, 
approximately eighty percent of the 
conventional sensors can be replaced 
in this plant. 

Claus Moog: “Usually, thirty to 
forty sensors would be installed on 
the tool. Now, we need only ten sen-
sors for the detection of actuators in 
concealed installation positions, which 
the vision sensor cannot detect. That 
means we could replace a major part 
of the sensors. We could achieve cost 
savings amounting to about twenty to 
thirty percent. Furthermore, we have 
compared how much power conven-
tional sensors use and how much the 
O3D consumes. Here again, significant 
cost savings result.” There are even more 
saving potentials by reducing cabling, 
installation accessories and I/O points 
at the controller.

Visualization
For transparency in the process, Opel 
has installed a monitor for visualization 
in the plant. Besides graphic process 
visualization, the O3D can also provide 
a live image. 

Gulla explains: “The standard display 
shows the operator which components 
are to be placed and if the components 
are correctly positioned in the tool. 
Currently, these are graphics that have 
to be designed and animated by a pro-
grammer and are composed of several 
images. Different markers are added 
which show the operator which com-
ponents are still missing and which he 
still needs to place.”

Thanks to the live image, the advan-
tage of the IFM sensor is that individu-
ally assigned end positions to the clamps 
and components are visualized in the 
image. The red-green color change sym-
bolizes to the operator if a workpiece 
has been placed and if the clamp is open 
or closed.

“This does not mean any more pro-
gramming work because the sensor 
parameters have to be set anyway and 
the live image is provided by the sensor,” 
explains Gulla.

Space saving
Due to the fact that instead of several 
sensors, now only one sensor is needed 
for the detection of several positions and 
this sensor is installed high above the 
plant, there are advantages for the con-
struction of the plant. 

Moog: “The use of the O3D sensor 
provides us with completely new pos-
sibilities; for example, we have more 
construction space and more space for 
accessibility to welding tongues. Fur-
thermore, we can eliminate the suscepti-
bility to failure of conventional sensors. 
Since the sensor is installed high above 
the welding area, weld spatter cannot 
reach it which would damage it over 
time as is possible with conventional 
sensors installed close to the welding 
tongues.”

Prospects
The experience made in this pioneer 
plant at Opel is overall positive. This 
will influence future developments in 
plant construction.

Moog concludes: “We believe that the 
use of vision sensors will establish itself 
in the future because using the vision 
sensors we can create artificial intelli-

gence which is not yet possible like this 
today.”

Gulla adds: “In the context of cam-
eras we will be able to make enormous 
progress. For example, robot grippers 
and suckers can be made considerably 
more flexible and therefore consider-
ably more intelligent. However, this does 
not only concern the subject of cameras 
but, for example, also technologies such 
as IO-Link, artificial intelligence, deep 
learning or machine learning. At any 
rate, there will be many new things. It 
is always a question of consideration: 
‘What makes sense, what fits my 
price-performance segment’ and: ‘Do 
I generate added value for the company 
or the application at the end of the day?’”

The O3D vision sensor was intro-
duced in close cooperation with the 
developers of the vision sensor. Gulla: 
“The cooperation with IFM is very good. 
We had several meetings directly with 
the developers. So we could gain insight 
into important findings such as ‘how 
does the sensor work?’, ‘what do I have 
to note?’, ‘what size must my clamp be so 
that it can be reliably detected?’” 

Fewer sensors, simpler plant con-
struction, no interference due to weld 
spatter – the vision sensor as a monitor-
ing system provides numerous advan-
tages and considerably reduces the plant 
cost. Other production plants can also 
be equipped with the vision sensor and 
thus optimized. 

ifm electronic gmbh
Friedrichstr. 1

45128 Essen
Germany

phone: +49 201 24 22-0
e-mail: info@ifm.com

Web: www.ifm.com

Welding system in 
the area of body-
in-white. 
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No lithium fire due to heat input
Efficient laser systems with optical and sensory temperature monitoring for 
welding Li-ion cells prevent the component from heating up to over 80 °C

crimping, screwing or ultrasonics are 
significantly slower, more cost-inten-
sive or unsuitable for thicker material. 
However, there are a number of things 
to consider when designing a laser weld-
ing system for batteries, as reflections, 
inclusions and heating of the welding 
environment must be avoided due to the 
difficult material properties as well as 
the heat sensitivity of the installed lith-
ium. In addition, uncleanly machined 
component areas such as milled edges 

is supplemented by intelligent image 
processing and temperature probes. 
“In the production of batteries, the con-
nections between the battery cells have 
to be welded at the electrodes in order to 
achieve higher performance. The major 
advantage of laser welding is primarily 
the precise and short energy input, so 
that heating of the surrounding mate-
rial is significantly reduced,” explains 
Peter Schlüter, Managing Director of 
LMB Automation. “By means of pre-
cise guiding systems, precise position-
ing can be carried out in a very short 
time to less than 0.05 mm, which is 
completely sufficient in battery tech-
nology.” Other joining methods such as 

Laser welding is a viable alternative to conventional joining methods for e-mo-
bility processes such as rotor welding or battery production due to its non-con-
tact and precise processing technology. However, highly reflective materials 
such as copper and aluminum are used in these processes. Their low surface 
absorption and high thermal conductivity require a special design of the laser 
system to prevent scattered radiation and the material temperature from 
rising above 80 °C, because welding generates quite a bit of heat. 

If this value is exceeded, the lithium 
in the battery, for example, can ignite 
and cause a fire or explosion. In addi-
tion to temperature control and a suit-
able laser, special optics with intelli-
gent image processing are needed so 
that the laser can reach all the welding 
points without restriction, despite the 
sometimes different types of batteries. 
To meet all these requirements, LMB 
Automation develops, among other 
things, systems specially designed for 
laser welding of contact connections on 
batteries. As a rule, they have an adapted 
housing design containing a combined 
motion unit with a fast, scanner-op-
tics-based beam guidance system. This 
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 To work with a high speed the time for 
moving four optics has to be reduced. 
Therefore the welding is done with four 
optics at the same time by power sharing.
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can impair the welding result, so that the 
integration of good image processing 
supporting the laser optics makes sense.

Therefore, LMB Automation devel-
ops special laser welding solutions that 
are adapted to different battery sizes as 
well as for trucks and industrial trucks. 
But the company also offers systems for 
other tasks in e-mobility, such as the 
welding of rotors. For this purpose, the 
decisive parameters such as the mate-
rials and material thickness used, the 
welding requirements and the compo-
nent geometry are defined with the cus-
tomer in advance of a project. Thanks 
to its many years of experience in the 
field of laser system construction and 
the welding of aluminum or copper, 
LMB can accordingly determine and 
efficiently link the various machine 
components for positioning, monitor-
ing and safety. 

Laser-compatible welding tech-
nology for demanding material 
“For hazard-free and effective laser 
welding of batteries, it essentially 
comes down to the right combination 
of laser tool and monitoring. It there-
fore makes sense to have a machine 
layout with a special housing design, a 
combined motion unit with a fast opti-
cal precision guidance system and an 
additional fast beam guidance system 
with scanner optics,” explains Schlüter. 
The laser used should work with a high 
beam quality and still provide sufficient 
power, because welding must take place 
quickly to avoid a buildup of heat at the 
welding point. Overall, the material in 
the vicinity of the weld must not heat 
up to over 80 °C, otherwise the lithium 
in the battery could ignite. Fiber or 
disk lasers with an average power of 4 
to 6 kW have proven themselves at LMB 

because they have a good and reproduc-
ible beam quality, so that their power can 
be coupled into a fiber of 0.1 to 0.2 mm 
diameter. In this way, very precise and 
reproducible spot and seam welding is 
ensured, resulting in only low heating 
at an average seam length of approx. 
30 mm. 

A motion unit with scanner optics is 
ideal for positioning the laser, as it can 
execute very different geometries and 
motion profiles without jerking, even 
in confined spaces. As a result, circular 
paths or figure-of-eight lines, for exam-
ple, can be implemented precisely at up 
to 10 m/s even in a small area. A scanner 
system can position the laser beam in 
the processing position with a power of 
ten greater precision than conventional 
optics. The system builders at LMB sup-
plement this flexible motion unit with 
image processing developed in-house, 

To get good welding results the welding station is 
to adapt close to the type of product and material.
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which ensures the correct positioning 
of the specified welding points. “Since 
the position of the welding spots is not 
always directly visible in modern batter-
ies due to the connecting plate lying on 
top of the individual cells, the defined 
welding strategy must be matched 
with real-time images even before the 
laser is positioned,” explains Schlüter. 
“The software-based image processing 
ensures that the actual and target posi-
tions are matched, whereupon the laser 
is automatically aligned.”

Inert gas and temperature con-
trol prevent material reaction 
with ambient air
Because batteries incorporate tempera-
ture-sensitive aluminum, copper and 
lithium, safety and monitoring compo-
nents such as inert gas supply and tem-
perature probes must be integrated into 
the system without obstructing the laser 
or oversizing the housing. Here, LMB 
draws on material experience from other 
welding work of these materials in its 

own contract manufacturing. For exam-
ple, the shielding gas, which is to prevent 
the supply of oxygen on the aluminum, 
should be introduced into the welding 
area without turbulence. This is because 
swirling entrains air, which causes oxy-
gen to reach the welding area. To prevent 
ignition of the lithium, which is very dif-
ficult and costly to extinguish, tempera-
ture sensors in combination with high 
welding speeds of the laser ensure that 
the material temperature does not rise 
above 80 °C. In addition, the workspace 
housing is designed to be completely 
sealed off to isolate the source of the 
fire and deprive it of oxygen.

As with the critical components for 
positioning, monitoring and safety, 
LMB also customizes the systems to 
meet customer requirements in terms of 
component type and location. In addi-
tion to the laser station, this includes 
peripheral additions for sorting, feed-
ing, clamping and quality assurance. 
“Since we operate a job shop with six-
teen laser systems, we can simulate the 

processing of the individual battery 
components in advance in production 
test runs,” reports Schlüter. “This makes 
it possible to adapt the process as well 
as the system components precisely to 
the component. At the same time, we 
can check how the laser behaves and 
whether gaps occur due to possible 
warpage.” In addition, micrographs 
are produced in consultation with the 
customer to ensure seam quality and 
exclude inclusions and pores. Dummies 
with the same material properties and 
geometries often serve as component 
substitutes. In addition, LMB advises 
its customers both before and after the 
order is placed. This includes remote 
maintenance after approval by the cus-
tomer, for example to isolate faults and 
carry out calibrations. “Our goal is to 
be a partner at the customer’s side in 
this growing sector. Starting with proj-
ect planning, including the preparation 
of the electrical plan, through the con-
struction and delivery of the plant, to 
further support,” he concludes.

LMB Automation GmbH
Peter Schlüter, Managing Director

Schmölestraße 13 
58640 Iserlohn 

Germany
phone: +49 (0) 2371 1521-00 

fax: +49 (0) 2371 1521-90
e-mail: info@lmb-gruppe.de

Web: www.lmb-gruppe.de

To win more power of the battery the electrodes has to com-
bined by welded busbars. The advantage of laser welding is 
a short application of energy. This will reduce the warming of 
material.

LMB Automation
Since 1994, the company offers solutions on a high level for laser-based process-
ing obtained on different materials and components. Three different areas of 
application as welding, cutting and marking are covered. In addition the company 
develops since 2000 industrial laser production lines – as stand-alone systems or 
as a part of bigger production lines – where the laser is the most important tool. 
The systems are completely designed at company site, constructed, build up and 
adapted to the requirements of the customer. In a company attached job shop 
the LMB is working with lasers of different power and workstations with up to six 
axes and robot systems. Together with partners in the photonic and high schools 
development projects are implemented. At the moment, 55 people are working in 
the company.

www.lmb-gruppe.de

Company

A scanner optic is a good tool for welding rotors.

mailto:info@lmb-gruppe.de
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BLUE laser soldering
An innovative, very-high speed and efficient 450 nm laser soldering tech-
nology
Alessandro Sala, Roberto Battista, and Alessandro Maio

of soldering compounds is that much 
lower power is required for the same 
processing compared with traditional 
near-IR systems (as much as 50 % less 
power required to solder). In addition, 
with residual reflections by the joint to be 

tive metals such as copper and silver 
(Fig. 1), and tin, which are the princi-
pal elements of tin-silver-copper (SAC) 
lead-free alloys and of the PCB-pads sub-
strate and coatings. The straightforward 
benefit of this overall higher absorption 

Thanks to the outstanding properties of blue 450 nm radiation, Lyocon’s BLUE 
lasers, with their compact size and ease of integration, will enable very high 
speed, extremely precise, variable geometry soldering applications: from the 
soldering of THT and SMD components on PCB boards, to wire soldering on 
power electronics components, and welding of thin copper wires.

Laser soldering is a well-established 
technique that has many known advan-
tages over conventional (tip) soldering, 
among them it being contactless, with 
a locally limited application of energy, 
low thermal stress on the zone to be pro-
cessed, and high flexibility and adapt-
ability. As shown in Fig. 1, the main draw-
back of laser soldering with traditional 
IR sources (with 808 / 980 nm radiation) 
is the residual high reflectivity of metals 
at the basis of the most common sol-
dering alloys: most of the radiation is 
lost due to the poor absorption in the 
IR range of typical materials involved, 
resulting in undesired reflections, poor 
efficiency, and a long application time.

Blue 450 nm radiation greatly over-
comes this limit, being strongly absorbed 
(up to 20× better compared to stan-
dard IR wavelengths) by highly-reflec-
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Lyocon
Founded in 2014, Lyocon benefits from 18+ years of experience in lasers and 
photonics to offer its expertise in the design, development and production of 
laser sources and systems mainly for the industrial and aesthetical-medical mar-
kets. It was one of the very first companies in the world to bet on the innovative 
450 nm technology, developing unique BLUE laser sources for galvo and plotter 
marking systems, with applications in textile marking and cutting, marking on 
organic materials, labelling and security marking for packaging and pharma, very 
high-speed traceability marking and extremely precise, variable geometry solder-
ing of PCB components.

www.lyocon.com
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Fig. 3 Examples of SMD wire and paste soldering employing Zephyrus 450 nm laser 
system, both on resist and metalcore PCB.

Fig. 2 Examples of THT wire soldering 
employing Zephyrus 450 nm laser system

focusing-heads can have sizes down to 
½", similar to the typical dimensions of 
soldering tips, and permit combinations 
of working distances and beam spots 
covering the main pad geometries of 
interest. This feature, together with the 
remote control ability of the laser source 
(specific to a fiber-coupled system) 
and employing armored optical fibers 
(which are essential in the harshest envi-
ronments) make Zephyrus a top-quality 
and efficient laser soldering system. In 
Fig. 2, an example of wire soldering of 
THT components on a PCB board is 
shown. Thanks to the uniform illumi-
nation guaranteed by the focusing-head, 
the zone is processed homogeneously, 
enabling a precise temperature rise of 
the joint to be soldered, improving the 
overall quality of the soldering itself.

The great advantage of using 450 nm 
radiation is the reduction by up to 50 % 
of the power and by 60 % of the time 
required for the same soldering pro-
cessed with a typical 30 – 50 W 980 nm 
laser system. This clearly translates 
into reduced thermal stress on the pad 

involved, together with reduced collat-
eral damage due to reflected radiation 
towards other pads. In a world with 
an ever-increasing demand for energy 
saving, this reduction of power needed 
for the application is crucial, and the 
BLUE 450 nm sources with their high 
integrability and wall-plug efficiency are 
the perfect partners for repetitive and 
high-precision industrial processing.

In Fig. 3, an example of wire and paste 
soldering of SMD components on a resist 
and metal core PCB board is shown. Pre-
cise illumination of the pad involved is 
essential in order not to damage the 
outline resist or components, espe-
cially when dimensions scale down to 
hundreds of µm. To this end, a further 
advantage of BLUE 450 nm technology 
is indeed its higher focusing accuracy, 
thanks to the shorter wavelength: phys-
ics dictates focus down to less than half 
with respect to near-IR wavelengths, also 
improving the power densities involved. 
The focusing-heads employed in these 
case-studies created extremely precise 
beam spots ranging from 150 µm up to 
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Fig. 1 Absorption and Reflectivity curves of various metals 
from near-UV to far-IR, highlighting values for blue 450 nm 
radiation.

soldered being dramatically reduced, the 
heating speed and therefore the process 
control is improved, minimizing unde-
sirable reflections towards other PCB 
components. 

Lyocon have developed very compact 
and industry-reliable 450 nm laser solu-
tions that address the most common sol-
dering applications: from soldering of 
THT and SMD components of different 
sizes and geometries on PCB boards, up 
to heavy applications in the power elec-
tronics market.

Improved soldering perfor-
mance 
Some case-studies using Lyocon’s BLUE 
450 nm sources are described here, 
highlighting their great flexibility and 
improved performance compared to IR 
laser systems.

The main 450 nm source employed 
is Zephyrus: a 30-W cw fiber-coupled 
laser system. Zephyrus being a fiber-de-
livered laser, a focusing-head of fixed 
focal length or, alternatively, with zoom-
able optics, is used for the application: 
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1.5 mm, thus covering  a wide range of 
soldering applications. 

The flexibility and adaptability of 
our 450 nm sources (Fig. 4) for differ-
ent markets and applications also allows 
the soldering of copper wires on a coil 
which is used in the power electronics 
industry. 

When multipoint and variable-ge-
ometry soldering on the same PCB 
board is of primary concern, and move-
ment of the board itself may be difficult 
to implement, one would rather steer 
the beam to cover the relevant areas. It 
is worth mentioning examples of solder-
ing here that Lyocon carried out using 
IRYS 11W, an 11-W cw 450 nm laser 
scanning system: delivery of radiation 
onto the solder pad was done through 
a scanning head, focused by an f-theta 
lens onto a beam spot of about 200 µm. 
A scanning system such as IRYS 11W 
takes advantage of the very high-speed 
capabilities of contemporary scanning 

heads, together with the ability to create 
any arbitrary soldering shape required 
(e.g. from filled or empty rectangles and 
circles, up to very particular solder pad 
geometries). And then, when the sol-
dering is finished, a little twinkle: add 
labelling and security marking for trace-
ability of the PCB boards!

Conclusions
Thanks to the strong absorption of 
450 nm radiation by different kinds 
of materials (up to 20× compared to 
IR wavelengths), our BLUE lasers can 
access the highly-reflective material pro-
cessing market with much lower power 
densities compared to state-of-the-art IR 
lasers, and with longer lifetimes. Lyocon’s 
BLUE lasers are a good choice for PCB 
soldering applications, saving time and 
power, and also reducing thermal stress 
and undesired reflections on solder pads.
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Improved soldering performance compared to IR laser sources
50 % power required to solder – 60 % time required to solder
Reduced thermal stress on solder pad
Reduced collateral damage due to reflected radiation

Fig. 4 Zephyrus 
laser system (left), 
IRYS 11W laser scan-
ning system (right)
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Micro glass welding with milli
meter-long filaments
How USP lasers, common lenses, and self-focusing create long  
microwelds
Martin Kahle, Dirk Nodop, Paul Wiemuth, and Jan Rücker

glass, interfaces can be welded that are 
not mechanically accessible. Due to the 
very small heat-affected zone (HAZ), 
glasses with very different expansion 
coefficients and assemblies with tem-
perature-sensitive elements can also be 
joined. One of the biggest limitations 
of this joining technology is that the 
interfaces of the joining partners have 
to be in optical contact beforehand, 
which requires a high surface quality 
of the joining zone. As shown later by 
several groups, the USP welding pro-

the joining zone is subjected to strong 
mechanical stresses due to the thermal 
expansion of the glass. 

In recent years, local glass welding 
with ultrashort-pulse lasers (USP) has 
been discussed in scientific publica-
tions [1, 2, 3]. This process is based 
on a spatially very limited energy input, 
which creates molten zones with a 
diameter of approximately 100  µm. 
Flat connections can be made by lin-
ing up these welding zones. Since the 
process works through the transparent 

The welding of glass with ultrashort-pulsed lasers (USP) is usually conducted 
with microscope objectives. Their short working distance limits the thickness 
of the work piece, the usable laser power and the feed rate of the process. 
To increase the possible dimensions of the welding partners and the process 
speed to industrial levels, we present USP welding with a galvoscanner and 
a common F-theta lens. Differences between the well-known breakdown re-
gime and the filamentation regime are discussed and tensile measurements 
are shown.

The industrial joining of glass is a chal-
lenge, even with the latest technology. 
If the joining zone is supposed to have 
the same properties as the surrounding 
glass, classic joining methods cannot be 
used. Gluing and soldering bring foreign 
materials into the joining zone, which 
negate the favorable properties of the 
glass with respect to the entire work-
piece. Even with conventional welding 
of glass by means of CO2 lasers, the prob-
lem is that either the entire workpiece 
has to be heated, or the area around 
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Fig. 1 Microscopic side view of 
mm-long molten filaments
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cess is able to bridge and even reduce 
gaps of several micrometers between 
the interfaces [2, 4].

A major hurdle to the industrial 
usage of the process is its productiv-
ity. Fixed, high numerical aperture 
(high-NA) optics are used in the liter-
ature, and the glasses are moved with 
linear axes, which greatly limits the pos-
sible feed rates and usable laser powers. 
The high-NA optics and low laser pulse 
energies of up to several microjoules are 
used to enable optical breakdown in the 
glass while circumventing self-focusing.

The classical UPS welding process 
described in the literature is based on 
optical breakdown. The laser radiation 
is therefore focused into the transpar-
ent material. At optical intensities in 
the order of 1013 W/cm2 (depending 
on wavelength and material) multi-
photon absorption occurs and gener-
ates free electrons. These electrons can 
then directly absorb more energy from 
the light field. On a timescale of sev-
eral picoseconds, the electrons transfer 
their heat to the glass lattice. At high 
repetition rates, subsequent pulses can 
heat the glass lattice to the melting point 
while the low thermal conductivity lim-
its the molten zone well below milli
meter size.

High-NA objectives are used for the 
initial focusing to prevent the ablation of 
the upper glass surface by lowering the 
optical intensity through the high con-
vergence. In addition, the high numeri-
cal aperture allows the intensity thresh-
old for optical breakdown to be reached 
while staying below the power threshold 
for self-focusing.

The publications [5] and [6] are two 
of the very rare ones on welding with 

long focal lengths. In [5], the authors 
describe their welding experiments with 
speeds of up to 1 m/s. They report that 
their weld seams in fused silica reach 
strengths of up to 30 MPa, but without 
presenting the measurement setup in 
detail or making a connection to the 
laser parameters.

In [6], the authors compare optical 
breakdown with filamentation, which 
is the interplay between self-focusing – 
resulting from high pulse energies when 
welding with long focal lengths – and 
diffraction – mainly by the generated 
plasma. This interplay leads to a chain 
of foci on the optical axis, the filament.

The goal of this work was the transi-
tion to welding with long focal lengths 
to enable the use of galvoscanners and 
thicker work pieces. This further relaxes 
the positioning requirements due to the 
long molten zones and enables very high 
welding speeds of up to 1 m/s. Another 

aim is to increase the usable average laser 
power, since industrial USP lasers are 
available up to hundreds of watts where 
the power-to-price ratio increases with 
the average power. The higher process 
speeds enabled by galvoscanners are 
intended to increase the economics of 
the process to such an extent that mass 
production, for example in microflu-
idics or optics production, container 
construction, fiber technology, micro-
technology, and sensor technology, 
becomes realistic.

Experimental setup
The following experiments were con-
ducted with an Amphos 100 flex laser 
system using pulse energies up to 10 µJ, 
a repetition rate of 1 MHz, a wavelength 
of 515 nm and a pulse duration of 950 fs. 
The laser beam was directed through 
a Scanlab intelliscan 14 galvoscanner. 
An F-theta lens of 65 mm focal length 

SiO2
glue

weld
Fig. 2 Welded fused silica sub-
strates glued to knurled nuts for 
tensile testing.
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Fig. 3 Microscopic side view of laser modifications in fused silica: fP = 1 MHz, EP = 5 µJ, 
vscan = 1 mm/s.
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focused the beam down to a measured 
spot size of 17 µm including the enlarge-
ment by the refractive index of the work-
piece but not including the effect of the 
Kerr lens.

UV-grade fused silica was chosen for 
the first experiments. Mirror substrates 
of 1" diameter and 6 mm thickness with 
a surface flatness of λ/8 and 20/40 S-D 
were used. They were cleaned and opti-
cally contacted. No heat was applied. 

The central part of the samples 
was welded with a distance of 200 µm 
between the welding lines in order to 
prevent mutual influence of the welding 
seams. After this processing, the samples 
were examined in different ways: some of 
the samples were cut for optical micros-
copy of the welding seams; the rest of the 
samples were glued with Delo AD840 
adhesive to M6 stainless steel DIN 467 
knurled nuts (see Fig. 2) for testing on a 
tensile testing machine (Instron 4411). 
Since the glued area was larger than the 
welded area, the samples fractured in the 

weld rather than in the glue, despite the 
weld having a higher tensile strength. 

Results
As a first step, the laser focus was set 
in the volume of a sample to examine 
the molten zones. Fig. 3 shows a micro-
scopic side view of the resulting lines. 
Here the laser entered the sample from 
the bottom, creating a modification. 
Since the modification is transparent, 
it could only be detected by stray light. 
Towards the laser, irradiation the mod-
ifications show a small bubble (visible 
as a white spot). Behind this bubble, 
the samples show a filament-like index 
modification. The maximum length of 
such an entity in this sample is > 800 µm.

The bubbles are characteristic for 
fused silica and could not be observed 
for other investigated materials such as 
BK7 or Zerodur. While the formation 
of the bubbles limits the transparency, 
they make it much easier to find the 
laser treated area in the analysis. As 

other authors have pointed out, the 
bubbles result from small amounts of 
oxygen in the fused silica material being 
set free during melting and solidifica-
tion [7]. 

Since these modifications can show 
irregular behavior, the filament length 
and the depth of the filament were eval-
uated in dependence of the pulse energy.

Filament length vs. pulse energy
At first, the pulse energy was varied 
over multiple samples under constant 
geometrical conditions. Fig. 4 shows 
the results regarding the length: our 
first observation was the clear onset of 
self-focusing at about 1 µJ independent 
of the feed rate vscan. This is in accor-
dance with self-focusing threshold cal-
culated via Eq. (1):

Pcrit = ​​ 0,148 λ2
 ______  n n2

  ​​	 (1)

With the laser wavelength of λ = 515 nm, 
the refractive index of fused silica n = 
1.4615 as well as the nonlinear index n2 
= 2.44 · 10-20 m2/W and the pulse length 
of 900 fs used here, this results in an 
energy threshold of about 1 µJ. Below 
this energy, no self-focusing occurs. 
Without self-focusing, the intensity is 
too low for nonlinear absorption and 
the laser light is transmitted.

Higher pulse energies allow longer 
filaments. The physical reason for this 
is that both the self-focusing and the 
nonlinear absorption are dependent on 
the pulse energy, the former in a linear 
way and the latter in a quadratic way. 
Since the laser pulses lose energy along 
the optical axis through the generation 
of the plasma channel,  the pulse energy 
is too low for self-focusing after a certain 
length. Interestingly, this dependence 
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seems to be almost linear up to a certain 
scanning speed, as depicted in Fig. 4. 

Fig. 4 also shows that the filaments do 
not reach their full possible length when 
the scanning speed is too high. We pro-
pose the following reason for this behav-
ior: while the beam path and the plasma 
channel are similar for the first laser pulse 
and later pulses, the upper part of the 
plasma channel absorbs more energy 
since the pulse energy decreases along 
the beam path. Because of this, the glass 
lattice in the upper part of the plasma 
channel heats up more rapidly than in 
the lower part. When the feed rate is too 
high, too few pulses are irradiating this 
one channel, so that the heat accumula-
tion in the lower part of the filament is 
not sufficient to reach the melting tem-
perature. From the perspective of energy, 
one could simply say that the power input 
per unit length has to be high enough to 
melt the entire plasma channel volume 
and not just the upper part of it.

Filament position vs. pulse 
energy
Using the same samples, the position of 
the filament was measured with the sam-
ple surface as a reference. The position of 
the geometrical focus to the sample sur-
face was constant in the experiments. As 
can be seen in Fig. 5, the feed rate has no 
influence on the position. It is obvious 
that the position of the filament changes 
linearly with the pulse energy in the 
direction of the laser source. Although 
this is known from USP welding with 
microscope objectives, the magnitude of 
the effect is completely different here. 
With high-NA optics, the molten zone 
grows with the pulse energy towards the 
laser source in the order of 100 µm. In 
our experiments the position changes 
in the direction of the laser source over 
several millimeters. The reason for this 
behavior is the self-focusing. The linear 
dependence is in accordance with the 
theory, since the dioptric power of a Kerr 
lens is proportional to the optical power 
of the beam.

The remarkable result here is that the 
filament position is easily controllable 
despite the Kerr lensing and independent 
of the scanning speed which, together 
with the long working distance, provides 
easy alignment in the application.

Strength over the length of the 
filament
When one thinks about the application 
of the comparably long filament for 

welding, the next question is the usability 
of the filament length for the strength of 
the bond. Because of that, we produced 
welds with constant parameters (5 µJ, 
1 MHz, 1 mm/s) but different positions 
of the filament with respect to the sam-
ple interface. These samples were tested 
for their tensile strength as described 
above – the results can be seen in Fig. 6. 
The samples welded with the upper part 
of the filament show a breaking strength 
of over 2 kN which means a pressure of 
10 N/mm2 respective to the welded area. 
This is about 20 % of the strength of the 
volume material and twenty times more 
than the strength of the optically con-
tacted samples without the weld.

The geometry of the welding seams is 
far from optimized, so there is substan-
tial room for improvement here. The 
important fact that this measurement 
shows is that this strength only decreases 
slowly towards the lower part of the fil-
ament. Several hundred micrometers 
away from the optimal welding position 
of the filament, the strength is still about 
50 % of the maximum value. This shows 
that the majority of the filament length 
is actually usable for welding, which 
strongly relaxes the required precision 
of the alignment and enables welding 
with galvoscanners.

As a side note, some of the welds pro-
duced were tested for their He-leakage 
according to a DIN EN 1779 leakage 
test (ASM 310 Pfeiffer Vacuum). None 
of the samples transmitted a measur-
able amount of helium, which is not sur-
prising since the samples were in optical 
contact before welding.

Conclusion and outlook
USP welding in the filamentation regime 
was investigated and demonstrated. We 
have shown that the process of weld-
ing with filaments starts when the pulse 
energy or the peak power exceeds the 
critical power known for self-focusing. 
Above that energy, the length of the 
modification increases linearly with the 
pulse energy as long as the feed rate is 
low enough for the heat accumulation 
to melt the whole length of the filament.

With long focal lengths, compara-
bly long molten zones of 2 mm can be 
generated. Furthermore, the position of 
these molten zones is stable and control-
lable despite the fact that the process is 
dominated by Kerr lensing. Finally, it 
was shown that the bonding strength 
of the weld changes continuously when 
different sections of the filaments are 

used to weld the interface. Twenty per-
cent of the breaking strength of the fused 
silica base material was reached with an 
unoptimized weld geometry. This tol-
erant behavior, together with the long 
working distances ensures easy align-
ment and paves the way for industrial 
scale applications of ultrafast laser glass 
welding with galvoscanners.

Further experiments will target on 
the maximum length of the filaments. 
Early parameter scans have shown that 
even longer molten zones up to 8 mm are 
possible. The limits of this process have 
to be found and explained. Furthermore, 
the bonding strength and process speed 
will be optimized.
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Polarization analyzer for fiber 
optics and free beam applications
State of polarization measurement, precise alignment of polarization- 
maintaining fibers and accurate adjustment of arbitrary states of polariza-
tion 
Anja Knigge, Michael Schulz, Christian Knothe, and Ulrich Oechsner

ues, the azimuth angle φ with respect to 
the x-axis and the ellipticity η

sin 2η = ​​ 
2 ∙ Êx ∙ Êy ∙ sin δ

 ___________ 
 Êx

2 + Êy
2  ​​

tan 2φ = ​​ 
2 ∙ Êx ∙ Êy ∙ cos δ

 ___________ 
 Êx

2 – Êy
2  ​

​Usually, light emitted by a laser source 
has a defined linear polarization. For 

the transversal nature of light in light 
or glass, be expressed as the superposi-
tion of two orthogonal plane waves Ex(t), 
Ey(t) with frequencies ω, amplitudes Êx, 
Êy and phases δx, δy (in real notation):

Ex(t) = Êx cos (ωt + δx) 
Ey(t) = Êy cos (ωt + δy)

Depending on the phase difference δ = 
δy – δx and the amplitudes, all states of 
polarization (SOP) from linearly (δ = 
n π, n ∈ N0) to elliptically and circu-
larly (Êx= Êy, δ = ± π/2) polarized are 
described. In the x-y plane, the vector 
(Ex(t), Ey(t)) describes an ellipse, see 
Fig. 2a. This ellipse is defined by two val-

The state of polarization plays an integral role in many optical measurement 
techniques. The defined adjustment and setting of the polarization as well as 
its precise measurement is often fundamental to further success. 

The polarization analyzer was devel-
oped for the precise coupling of linearly 
polarized light into polarization-main-
taining fibers as well as for the setting 
of a well-defined state of polarization 
in free beam applications (Fig. 1). The 
compact design with communication 
and power supply via USB facilitates its 
easy incorporation into already existing 
setups, whether used as a mobile mea-
suring device or permanently built into 
an industrial routine.

Polarization
The electromagnetic magnetic field 
E(t) of a laser source can, because of 
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Fig. 1 SK010PA polarization analyzer 
for the adjustment of polarization-main-
taining fibers. Time-consuming alignment 
tasks are completed efficiently. The USB 
device is available for different wave-
length ranges from 370 – 1,660 nm.



www.photonicsviews.com  

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021	 75 

unpolarized light, as emitted by filament 
lamps for example, all directions of 
polarization are statistically equally rep-
resented. Each SOP can be mapped 
bijectively on a sphere, the so-called 
Poincaré sphere (Fig. 2b). Linearly polar-
ized states are found on the equator of 
the sphere and circularly polarized light 
on the north or south pole (depending 
on the sense of rotation of the electric 
field vector). Any other elliptical state 
is found on the remaining surface. 

In order to fully describe polariza-
tion, a set of four independent param-
eters is necessary, i.e. Ex(t), Ey(t) and the 
phases δx, δy. The Stokes parameters S1, 
S2, S3 and the light intensity S0 or the 
normalized Stokes parameters S–1, S

–
2, S

–
3 

with S–i = S
–

i/ S0 are often used where [1]

S–1 = cos 2η ∙ cos 2φ = ​​ 
Êx

2 – Êy
2

 ______ 
Êx

2 + Êy
2 ​​

S–2 = cos 2η ∙ sin 2φ = ​​ 
2 ∙ Êx ∙ Êy ∙ cos δ

 ___________ 
 Êx

2 + Êy
2  ​​

S–3 = sin 2η = ​​ 
2 ∙ Êx ∙ Êy ∙ sin δ

 ___________ 
Êx

2 + Êy 
2

  ​​The total light intensity S0 consists 
of the intensity of both polarized light

​√ 
_

 ​S​ 1​ 2​ + ​S​ 2​ 2​+ ​S​ 3​ 2​  ​

and unpolarized light. The degree of 
polarization DOP is thus defined as

DOP = ​​ 
​√ 
_

 ​S​ 1​ 2​ + ​S​ 2​ 2​+ ​S​ 3​ 2​  ​ 
 __________  S0

  ​​

and has a value of 1 for fully polarized 
light. For a DOP ≠ 0, the Poincaré sphere 
can be normalized with respect to the 
intensity of the polarized light and the 
Stokes parameters equal the Cartesian 
coordinates (x, y, z) of the states of polar-
ization on the Poincaré sphere.

Polarization, coherence and 
polarization-maintaining  
single-mode fibers
Single-mode fibers are special fibers 
that transmit light in the transversal 
fundamental mode LP01. The field dis-
tribution (mode field) of the light exit-
ing the fiber is nearly Gaussian. The 
light is guided in two principal states 
of polarization with equal propagation 

constants. Imperfections in the fiber do, 
however, lead to random power trans-
fer between the two principal states of 
polarization, due to the equal propaga-
tion constants in the principal SOPs and 
the resulting phase-match [2]. 

Polarization-maintaining fibers are 
rotationally non-symmetric, for exam-
ple through the integration of stress 
elements that break the degeneracy of 
the two principal states of polarization. 
Light is guided with two different prop-
agation constants, either in the ‘fast’ or 
the ‘slow’ axis. The linear polarization 
of light coupled into one of the axes is 
maintained. If light is guided partly in 
the other axis, then the coherence of the 
light source determines the resultant 
polarization. If the coherence length of 
the light source is larger than the opti-
cal path difference between the light in 
the two principal SOPs, then the light 
guided separately in the principal axes 
recombines at the output to an arbitrary 
elliptical state. The ellipticity depends 
on the phase shift of the two compo-
nents with respect to each other. Pres-
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experience in the development of opto- 
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sure and temperature changes influence 
this phase difference and thus also the 
resulting elliptical state.

If the coherence length of the laser 
is smaller than the optical path differ-
ence, then there is no defined phase rela-
tionship between the exiting radiation 
guided in the two principal SOPs and, as 
a result, the light is partly depolarized. 
For these reasons, it is extremely import-
ant to precisely align the polarization 
axis of the polarization-maintaining 
fibers with the linear polarization axis 
of the source. The polarization extinc-
tion ratio PER – the ratio between the 
powers guided in the two polarization 
axes – serves as a decisive measure for 
the fiber alignment.

Fig. 3 shows the angular accuracy 
required when adjusting the angle 
between the laser source and the fiber 
axis of a hypothetical fiber. We can take 
from Fig. 3 that the angular accuracy 
required is about 1 degree. This would 
reduce a theoretical polarization extinc-
tion rate (PER) of 40 dB (1:10,000) of 
the hypothetical fiber to about 32 dB 
(1:1,585), which is still a very good value.

Polarization measurement
The polarization analyzer described in 
detail here has two main applications: 
on one hand, monitoring the alignment 
of polarization-maintaining fibers with 
the polarization axis of the source; on 
the other hand, determining the state of 
polarization in general and its defined 
setting according to requirements. The 
polarization is determined by evaluating 
the light arriving at a photodiode after 
passing through a rotating quarter-wave 
plate and a static polarizer.

The Stokes parameters are retrieved 
from a detailed analysis of the photodi-
ode signal and the time/position infor-

mation of the quarter-wave plate. The 
state of polarization is then depicted on 
the Poincaré sphere, where any change 
in the state of polarization as well as the 
sense of rotation (depicted on the north-
ern or southern hemisphere) is easily 
visible. A polarization ellipse, a common 
representation of the state of polariza-
tion, is also shown. A DOP ellipse com-
plements the polarization visualization 
for sources with low coherence.

Fiber alignment of polarization- 
maintaining fibers with coher-
ent laser sources
It is fundamental to the fast and precise 
alignment of polarization-maintain-
ing fibers with linearly polarized light 
sources that the polarization extinction 
ratio PER and the degree of polariza-
tion DOP are efficiently determined 
and depicted. The polarization of lin-
early polarized light that is not coupled 
completely into one of the polarization 
axes is not maintained, and the polar-
ization changes with temperature and 
variations in strain. When a fiber is 
strongly jigged the state of polarization 
jumps wildly over a section of the Poin-
caré sphere. For more defined ambient 
changes, such as from varying the tem-
perature of slowly bending the fiber, a 
data circle is produced on the Poincaré 
sphere resulting from the induced phase 
shift between the two principal states 
of polarization.

This circle represents all states of 
polarization possible for the current 
alignment, with the center representing 
the mean polarization extinction ratio. 
For an ideal polarization-maintaining 
fiber, the mean polarization extinction 
ratio should be located at the equator. 
The data point, which is farthest from 
the equator shows the worst polarization 

extinction ratio possible for the current 
alignment.

When adjusting the coupling of 
the fiber the radius of the circle on the 
Poincaré sphere indicates the quality 
of the alignment, since it shows the 
angle deviation between fiber polar-
ization axis and the polarization axis 
of the source. Assuming an ideal lin-
early polarized source, the circle radius 
is large for poorly aligned fibers – the 
polarization changes heavily with the 
ambient conditions – and is small for 
precisely aligned fibers. For an optimally 
aligned ideal fiber, the data circle con-
verges to a single point on the equator 
of the Poincaré sphere. 

When adjusting the fiber coupling, a 
series of measurement points is acquired 
while changing the temperature or care-
fully bending the fiber to generate a cir-
cular trajectory of data points. A circle 
is automatically fitted to the data points 
and the mean and minimal PER are dis-
played (Fig. 4a). The fiber polarization 
axis can now be rotated with respect 
to the polarization axis of the source 
until the radius of the circle reaches a 
minimum (Fig. 4b). The success of the 
adjustment is clearly visualized with 
a color-coded logarithmic bar plot. A 
second measurement then reveals the 
parameters of the optimized alignment 
of the fiber.

Localization of disturbances 
using the polarization analyzer
The polarization analyzer can, mak-
ing some assumptions, also be used to 
locate disturbances in the fiber con-
nectors or the incoupling and outcou-
pling optics,  caused by birefringence 
for example. Birefringence describes 
the optical property of matter that the 
refractive index and the correspond-

Fig. 4 Adjustment of a polarization-main-
taining fiber with a coherent laser source. 
Goal of the adjustment is minimizing the 
data circle radius. When the fiber polar-
ization axis and the laser polarization axis 
have a high angular deviation, the state 
of polarization varies significantly when 
bending the fiber or when the ambient 
temperature changes (a). The better the 
angular alignment of the fiber, the small-
er the change in polarization and the 
smaller the radius of the data circle (b).
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ing travel velocities are polarization 
and direction dependent, altering the 
state of polarization of light passing 
through. Stress-induced birefringence 
describes an optical anisotropy caused 
by mechanical stress. Assuming that 
the disturbances only occur in the fiber 
connector, these disturbances can be 
located when swapping fiber input and 
output and performing two successive 
PER measurements after optimizing the 
fiber adjustment to a linearly polarized 

light source. The larger the circle, the 
more disturbances occur in the current 
input fiber connector. Thus, the mini-
mal radius possible when adjusting the 
fiber alignment serves as a measure of 
the stress-induced birefringence in the 
input fiber connector. 

Swapping fiber input and output, 
the distance of the center of the circle 
from the equator (the mean polarization 
ratio) becomes the new radius of the 
circle, and the former circle radius (the 

angular deviation) becomes the new dis-
tance of the center of the circle from the 
equator. If it is the stability of the state of 
polarization that is of major importance 
and not the PER, swapping fiber input 
and output will reveal the most stable 
fiber configuration.

Measurement accuracy
The polarization analyzers are care-
fully calibrated for different wavelength 
ranges. From statistical considerations, 

Fig. 5 Alignment of a quarter-
wave plate depicted on a 
Poincaré sphere. The state of 
polarization produces a figure-
of-eight during rotation of the 
quarter-wave plate. For a circu-
lar SOP, the extreme values of 
this figure reach the poles: the 
north pole for right-handed cir-
cular polarization and the south 
pole for left-handed circular 
polarization.
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some insight can be taken concerning 
the uncertainties and measurement 
errors. The azimuth angle φ and the 
ellipticity η, both have a measurement 
inaccuracy of ±0.4°. Assessing the 
accuracy of the PER measurement is 
not trivial. It is itself PER dependent 
and increases disproportionately with 
PER value. For a typical PER of 25 dB, 
the PER measurement accuracy can be 
given to be ±0.5 dB. PER measurements 
with values above 35 dB have a much 
larger measurement inaccuracy already 
in the order of a few dB and should not 
be taken too literally.

Alignment of retardation optics
In a free beam configuration, the polar-
ization analyzer can be used to align and 
quantify retardation optics, i.e. fiber col-
limators with integrated quarter-wave 
plates produced by Schäfter+Kirchhoff 
such as those used in quantum optics for 
magneto-optical traps. 

The emerging polarization is manip-
ulated by rotating the quarter-wave plate 
with a special tool. A full rotation corre-
sponds to a figure-of-eight on the Poin-
caré sphere (Fig. 5). Circularly polarized 
light is achieved when the poles are 
reached, with right-handed circular 
polarization located at the north pole, 
and left-handed polarization located at 
the south pole. If the actual retardation 
of the optics deviates from the desired 
value, then the extreme values do not 
reach the poles. The polarization ana-
lyzer then provides a measure of the 
actual retardation of the optics.

Integration into measurement 
routines
The polarization analyzer has dimen-
sions of 40 × 70 × 82 mm and is one of 
the most compact measuring devices in 
its class. It is available in various versions 
to cover the wavelength range from UV 
to IR (370 – 1,660 nm). The polarization 
analyzer receives its power from the USB 
port of the evaluating computer. Since 
an external power supply is unnecessary, 
it is ideally suited as a mobile measur-
ing device.

The polarization analyzer is compat-
ible with the microbench system (cage 
system). Microbench adapters for optics 
of different diameters for the standard 
fiber collimators from Schäfter+Kirch-
hoff are available. Fiber adapters for 
FC-APC and FC-PC (SC and E2000) 
are used for the alignment of the fiber 
coupling. The analyzer can be fitted with 

connections for most of the common 
optical bench systems. A quick change 
between free beam mode and fiber 
coupling mode using a fiber adapter is 
also possible as the device does not need 
additional recalibration after switching.

Besides the SKPolarimeter software, 
a runtime library (DLL) for integration 
into special measurement routines and 
customer software is provided. Any 
features of the SKPolarimeter software 
can be included into customer projects 
using C, C++, C#. This includes all dia-
logue boxes for the input of different 
parameters, all graphical displays and 
all routines for the measurement of the 
polarization extinction ratio for PM 
fiber alignment.

Conclusion
The SK010PA polarization analyzer is 
one of the most compact measurement 
devices of its class. Time-consuming 
alignment tasks are completed effi-
ciently for free beam and fiber optic 
applications. Special routines allow 
the precise coupling of linearly polar-
ized light into polarization-maintaining 
fibers. The state of polarization is con-
tinuously updated and visualized on a 
Poincaré sphere. The graphic visualiza-
tion of the state of polarization and of the 
success of the measurement as well as 
the depiction of DOP and polarization 
extinction ratio ensure that the align-
ment process is completed quickly and 
efficiently. The polarization analyzer 
can also be used to set a well-defined 
state of polarization in free beam appli-

cations, such as for fiber collimators 
with an integrated quarter-wave plate 
from Schäfter+Kirchhoff.

The polarization analyzer commu-
nicates and receives its power via USB. 
Different versions cover the wavelength 
range 370 – 1,660 nm. The scope of 
delivery includes the polarization ana-
lyzer, compatible with the microbench 
system, as well as a fiber adapter for 
FC-APC connectors. The DLL runtime 
library enables the analyzer to be easily 
integrated into customer-specific mea-
surement routines and software without 
losing the benefit of the various graphic 
displays and routines.
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Microscopy

Microsphere – the future of optical 
microscopes 
Beating the diffraction limit with microsphere-assisted technology 
Lianwei Chen, Yan Zhou, Rui Zhou, and Ming Hui Hong

The diffraction limit has always been a fundamental barrier in optical science 
and engineering. It limits the minimum feature size in surface patterning 
technologies such as lithography and laser direct writing.  It also restricts the 
resolution for optical imaging. 
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Microspheres have been demonstrated 
to be a powerful platform to challenge 
the diffraction limit due to their ability 
to manipulate the light in a novel way 
that conventional optical components 
cannot achieve. 

On the other hand they can manip-
ulate an incident light wave on sample 
surfaces to overcome the diffraction 
limit for imaging, creating a research 
direction of optical nanoimaging. 

After initial exploration, microsphere 
nanoimaging can be summarized into 
three points: 
(a) The image is magnified compared to 
the size of the original sample. 
(b) The image contains small features 
beyond the conventional resolution 
criterion.
(c) A microsphere can form a virtual 

image with rich nanostructures infor-
mation. 

A virtual image theory is proposed to 
explain microsphere’s nanoimaging fea-
tures. The theory is built on the assump-

tion that a microsphere has a similar 
imaging process and mechanism to the 
spherical lens in which the nature of the 
magnification capability comes from 
refraction at the interfaces.

Phaos Technology – SigmaKoki – OptoSigma
Founded in 2017, Phaos is an advanced microscopy technology company focused 
on developing super-resolution microscopes for applications, such as in bio-
medical. It licenses the microsphere microscopy technology from the National 
University of Singapore (NUS), researched by Professor Hong Ming Hui and his 
team and commercializes the technology into a product. 
The company subsequently signed a partnership with Sigma Koki Co. Ltd, a lead-
ing Japanese manufacturer, to co-develop Phaos’ first product line, Opto Nano 
200, under the OptoSigma brand name, the world’s first optical microscope to see 
beyond the optical limit.

www.optosigma.com – www.phaos.com.sg

Companies
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In the imaging process, a micro-
sphere first forms an enlarged vir-
tual image. Such a magnified virtual 
image replaces the original object as 
the imaging target of the microscope. 
The conventional optical microscope is 
then used to capture this virtual image. 
Hence, the conventional microscope can 
see an enlarged image with a higher res-
olution.

Microsphere imaging to achieve 
enhanced resolution
Contact mode imaging 
Microspheres were directly deposited 
on the sample surfaces, working in con-
tact mode. Experimental demonstration 

had discovered that the virtual images 
formed by the microspheres can be 
stitched together to form an image with 
an extended field of view. In addition, it 
was found that microspheres provide an 
enhanced resolution down to 23 nm (lab 
setup) and that the intrinsic properties 
of the microsphere, environment and 
types of samples influence the imag-
ing performance. It also demonstrated 
that microsphere imaging preserves 
most advantages of conventional opti-
cal microscopes. 

However, the imaging mode also 
shows several limitations, as follows: 
	� Firstly, the FOV is restricted to the 
location of the microsphere as it 
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Summary of the imaging performance for 
common optical imaging tools (Source: 
[1])

depends on the size of the micro-
sphere.
	� Secondly, the deposition of the 
microsphere on the sample surface 
is a random process and is difficult 
control well, increasing the pos-
sibility that the microspheres will 
not be placed directly on top of the 
feature to be observed.
	� Thirdly, the experimental proce-
dure and the sample preparation 
are complex.
	� Lastly, the deposition of the micro-
spheres contaminates the sample 
surface, so it is recommended to 
use solid samples for the ease of 
attaching the microspheres.

OptoNano 200 
Built on the patented Optical 
Microsphere Nanoscopy (OMN) 
technologies, OptoNano 200 is 
able to resolve target features 
down to 137 nm scale in visible 
light and ambient air observation, 
breaking the ~200 nm Abbe’s 
resolution limit, which bridges a 
major gap between optical and 
electron microscopes. In addition, 
the system also includes features 
of auto focus, fast image stitching 
and high accuracy measurement, 
facilitating the acquisition of data.
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Non-contact mode imaging 
To overcome the limitations, one fea-
sible solution is to lift the microsphere 
above the sample surface and function 
in non-contact mode. 

The key to achieving the non-con-
tact mode is to develop a mechanism 
to accurately control the microsphere 
above the sample surface at a controlla-
ble distance, which enables fast scanning 
over the sample surfaces.

It requires mechanical holders to be 
fabricated to install the microspheres 
and improve the imaging process.

To fulfil these criteria, users can 
either attach the microsphere on a tiny 
microsphere holder or fix the micro-
sphere in a film. 

Experiments were conducted on its 
imaging quality and it was concluded 
that non-contact imaging mode can pro-
vide super-resolution capability in near 
field and the transition zone between 
the near field and the far field.

Optical microsphere nanoscope 
Optical microscopes have unrivalled 
advantages, such as functioning well 
in different environments of air, water, 
and oil, and forming the image of the 
target sample instantaneously.  

To further build on optical micro-
scopes, the optical microsphere nano-
scope (OMN) has been invented as a 
method to enhance the observation 
power of conventional optical micro-

Z movement
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reverse extension
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OptoNano is a micro-
scope with a microsphere 
between the sample and 
the objective lens. In the 
imaging process, the 
microsphere first forms 
an enlarged virtual image. 
Such a magnified virtual 
image replaces the origi-
nal object as the imaging 
target of the microscope. 
A conventional microscope 
system is used to capture 
the virtual image provided 
by the microsphere.

scopes, allowing them to provide more 
dynamic and real-time imaging. The 
information available will allow users 
to characterize not only the morphology 
and shapes but also many light proper-
ties such as spectrum and polarization, 
which could reveal extra information of 
the samples of interest. 

In summary, OMN is a highly flexible 
and universal technology with poten-
tial new ideas and research directions 
emerging rapidly in the near future.
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SFG vibrational spectroscopy for 
the investigation of interfaces
Sum frequency generation to understand the architecture of biomole-
cules and monolayers in perovskite solar cells
Regimantas Januškevičius, Robertas Kananavičius, Udo Umhofer, and Gediminas Niaura

picosecond SFG systems, one beam of 
higher frequency is fixed in frequency 
(called the ωVIS beam), while the sec-
ond beam is tunable in the mid-infrared 
spectral region (called the ωIR beam). 
The tunability range is very important 
and determines the vibrational fre-
quency region of the SFG spectrome-
ter. Fig. 2 shows the SFG signal gener-
ation scheme. Both incoming ωVIS and 
ωIR beams must overlap at the studied 
interface to generate the emitted SFG 
beam, ωSFG. The intensity of the SFG 
signal increases as ωIR reaches the vibra-

copy holds several important advantages 
over traditional spectroscopy methods 
for the molecular level analysis of inter-
faces, including (i) surface sensitivity, 
(ii) vibrational specificity, and (iii) the 
possibility to extract detailed informa-
tion on the ordering and orientation 
of molecular groups at the interface by 
analysis of polarization-dependent SFG 
spectra [1−3]. 

This nonlinear spectroscopic tech-
nique is heavily dependent on the 
quality of the pulsed laser beams used 
to generate the SFG signal. In classical 

Vibrational sum frequency generation (SFG) spectroscopy offers detailed mo-
lecular level information on the structure, ordering, and orientation of molec-
ular groups, and the function of monolayers at various interfaces, including 
buried ones, without noticeable contribution from the bulk phases. 

Vibrational spectroscopy provides 
detailed information about the struc-
ture, function, and interactions of mol-
ecules through the analysis of the vibra-
tions of atoms. Traditional infrared and 
Raman spectroscopies are extensively 
used for the analysis of bulk materi-
als but also for the study of molecules 
at interfaces by exploring surface-
enhanced Raman spectroscopy (SERS) 
or reflection-absorption infrared spec-
troscopy (RAIRS) approaches. Subse-
quently discovered vibrational sum 
frequency generation (SFG) spectros-

Fig. 1 SFG spectrometer: classic and 
microscopy setup in one unit. Customized 
setup (Source: Ekspla)  



www.photonicsviews.com  

©  2021 Wiley-VCH GmbH	 PhotonicsViews  3/2021	 83

tional transition in the molecule. Being a 
second order nonlinear optical spectros-
copy, it obeys a strict selection rule: only 
a medium without inversion symmetry 
can generate SFG signal. In many cases, 
bulk compounds (for example water) 
retain inversion symmetry and conse-
quently no contribution from this bulk 
phase is expected to be observed. How-
ever, SFG is by definition allowed at the 
interface where the inversion symme-
try is broken. This interfacial specificity, 
combined with sub-monolayer sensitiv-
ity, has positioned SFG as an unrivaled 
tool for the in situ examination of liquid 
surfaces and various interfaces, includ-
ing buried ones without the otherwise 
overwhelming bulk contributions. This 
is one of the most sensitive and selective 
ways to study the orientation of mole-
cules in the surface layer. 

Features of the SFG spectrom-
eter 
The SFG spectrometer developed by 
Ekspla scientists and engineers is a 
nonlinear spectrometry instrument, 
convenient for everyday use (Fig. 1). 
This spectrometer is not complicated, 
even for scientists who are not familiar 
with lasers. Ekspla manufactures SFG 
spectrometers, which are used by chem-
ists, biologists, material scientists, and 
physicists. The spectrometer has many 
features that help to set up measure-
ments and to make successful vibra-
tional spectroscopy studies. For chem-
ical and biochemical laboratories, this 
makes the Ekspla SFG spectrometer a 
reliable workhorse with a broad spec-
tral region, automatically tuned from 
1,000 to 4,300 cm-1, a high spectral reso-
lution (2 or 6 cm-1), and easily controlled 
adjustment of polarization optics.

The Ekspla SFG system is based on 
a mode-locked Nd:YAG laser with a 
29 ps pulse duration, with 30 – 40 mJ 
pulse energy at 1,064 nm and a 50 Hz 

repetition rate. The VIS channel of the 
SFG spectrometer consists of part of a 
laser output beam, usually with doubled 
frequency (532 nm) up to 0.5 mJ. The 
main part of the laser radiation goes to 
an optical parametric generator (OPG) 
with a difference frequency generation 
(DFG) extension. The IR channel of the 
spectrometer is pumped by the DFG 
output beam with energy in the range 
of ~40 – 250 µJ. Infrared light can be 
tuned in a very broad spectral range 
from 2.3 up to 16 μm. The bandwidth is 
2 or 6 cm-1 (depending on the selected 
OPG model) and it is one of the main 
factors of SFG spectrometer spectral 
resolution. The second beam (VIS) is 
also narrowband at ~2 cm-1. The spec-
trometer detection system has a tempo-
ral gate. It reduces noise collection and 
ambient light influence, which allows 
the spectrometer to be used even in a 
brightly illuminated room. The spec-
trometer does not have any acoustic 
noise because the laser is pumped by 
diodes. The spot size of the IR beam is 
adjustable. In this way, the appropri-
ate energy density is achieved to avoid 
damaging the sample. Spectrum scan-

ning, polarization control and VIS beam 
attenuation are controlled from a com-
puter. The spectrometer has a motor-
ized polarization switch for the IR, VIS, 
and the generated SFG light beams. 
Special detectors continuously moni-
tor the energy of the VIS and mid-IR 
laser pulses, so IR energy is checked at 
each measurement point. This makes 
it easy to normalize the resulting SFG 
vibrational spectrum. 

Sample compartment
A large sample compartment (Fig. 3) 
enables the use of various extensions and 
additional instruments for simultaneous 
control of the sample conditions, includ-
ing a Langmuir-Blodgett trough for air/
water and lipid/air interface studies, 
temperature and humidity-controlled 
cells, and other instruments.  

Safety of the SFG spectrometer
The spectrometer is safe to use: all 
high energy pulsed beams are enclosed 
(Fig. 1). In addition, the sample area also 
has a special cover. During the measure-
ments, it is possible to close the sample 
compartment so that radiation cannot 

EKSPLA
The laser manufacturer from Vilnius, 
Lithuania, designs and manufactures 
advanced lasers and systems. Its main 
competence is the ability to effectively 
tailor products for specific applications 
and requirements. Many top universi-
ties and science institutions use Ekspla 
lasers. The main products are pulsed 
femtosecond, picosecond ,nanosecond 
lasers and tunable wavelength systems 
for scientific and industrial application, 
spectroscopy systems, and high-inten-
sity laser systems.

https://ekspla.com

TOPAG Lasertechnik
Incorporated in 1993 and located 
in Darmstadt, Germany, Topag sup-
plies lasers, laser optics and optical 
metrology. Its main focus is the dis-
tribution and service of pulsed sol-
id-state lasers for scientific and indus-
trial applications. Further products 
include opto-mechanics, spectrom-
eters, infrared viewers, crystals and 
ultrashort pulse spectroscopy. Topag 
Lasertechnik develops and manufac-
tures innovative diffractive laser beam 
shaping optics.

www.topag.de

Companies

Fig. 2 SFG signal generation diagram (a) 
and the molecular energy level diagram 
for the SFG process (b). 
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penetrate outside. The automatic change 
of polarization and energy attenuation 
makes it possible to perform measure-
ments without opening the spectrome-
ter. Laser safety precautions are required 
only for the alignment of the laser beams 
on the studied surface. 

Several modifications available  
SFG spectrometer with extended 
vibrational frequency range (SFG 
Advanced). The main modification 
of the spectrometer enables a spectral 
range of 1,000 to 4,300 cm-¹. Using 
an additional crystal in the laser light 
source, the range of the spectrometer 
expands by up to 625 cm-¹. This opens 
a fingerprint spectral region for the anal-

ysis of many inorganic compounds, the 
vibrations of ions and biomolecules. 
SFG spectrometer with additional 
phase sensitive measurements option. 
A phase sensitive spectrometer allows 
the measurement of the phase of . Ref-
erence and test samples are used and the 
SFG phase difference between them is 
scanned. The real and imaginary parts 
of second order susceptibility are cal-
culated from the experimental results. 
Such an approach enables the unambig-
uous determination of the orientation of 
molecular groups at the interface. 
Double resonance SFG spectrometer.  
This modification enables to use a VIS 
beam from 420 up to 680 nm. It is help-
ful if the sample can absorb at 532 nm. 

Structure determination of bio-
molecules at interfaces
Important biocatalytical reactions and 
biochemical processes take place at 
interfaces. To understand and control 
these processes, detailed molecular level 
information on the organization and 
structure of proteins, peptides, and lipids 
at the interface is required. Traditional 
spectroscopy methods lack the neces-
sary molecular specificity (fluorescence 
and electronic spectroscopy) or required 
interfacial sensitivity (Raman and infra-
red spectroscopy). Amongst the exper-
imental methods that are appropriate 
for interface studies of biomolecules, 
vibrational sum frequency generation 
spectroscopy seems particularly prom-
ising because of its combined molecular 
specificity and intrinsic surface sensi-
tivity properties [1, 4]. For biomolecu-
lar studies, it is extremely important to 
access the vibrational frequency region 
from 1,000 to 1,800 cm-1 where the par-
ticular amide group modes (Amide-I, 
Amide-II, and Amide-III) as well as 
the vibrations of side chains of amino 
acids take place. Fig. 4 demonstrates 
pD-dependent SFG spectra of hen egg-
white lysozyme oligomers adsorbed to 
a DOPG/D2O interface taken with SSP 
polarization combination in the fre-
quency region of 1,560 – 1,800 cm-1 
[5]. Vibrational resonances from the 
Amide-I group of adsorbed peptides 
and C=O stretching resonance from the 
DOPG monolayer are clearly resolved. 
Analysis of the Amide-I spectral region 
indicates the presence of adsorbed pro-
teins in two different secondary struc-
tures at the interface: an unordered 
secondary structure associated with 
the 1,645 cm-1 band and a predominant 
β-sheet secondary structure as indicated 
by the resonance at 1,675 cm-1. Alter-
ation in the solution pD induces dra-
matic changes in the Amide-I spectral 
region; the intensity of both resonances 
increases at higher pD values. The spec-
tral changes were related with reorien-
tation of an amide group dipole at the 
DOPG/D2O interface. The presented 
SFG study has revealed the importance 
of hydrophobic and electrostatic inter-
actions for the adsorption of lysozyme 
aggregates to lipid/water and air/water 
interfaces. The aggregation of peptides 
and proteins and the adsorption behav-
ior of such structures at interfaces is an 
important issue in the elucidation of 
pathogenesis of neurodegenerative ill-
nesses such as Alzheimer’s and Parkin-
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Fig. 4 The molecular structure of a lipid 1,2-dioleoyl-sn-glycerol-3-phospho-rac sodium 
salt (DOPG), which was used for monolayer formation (upper image). Schematic illus-
tration of the SFG experiment (left image). The SFG spectra (right image) of hen egg-
white lysozyme oligomers adsorbed to a DOPG/D2O interface taken with SSP (S-SFG, 
S-532 nm, and P-IR) polarization combination at different pD values (adapted from [5]). 
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son’s disease [6]. SFG spectroscopy is 
able to provide detailed molecular level 
information of the interfacial aggrega-
tion of biomolecules and the adsorption 
of aggregated peptides and proteins at 
biological interfaces [1, 5].  

Monolayers for perovskite solar 
cells
The current development of photo-
voltaic and optoelectronic science 
and technology is closely related with 
synthesis as well as understanding the 
structure and function of promising 
new materials based on halide per-
ovskites. These are hybrid organic/
inorganic structures containing sev-
eral active layers. A recent study high-
lights the importance of interfaces for 
the performance of the photovoltaic 
devices [7]. These interfaces are very 
complex, and in many cases are buried 
and difficult to access by spectroscopic 
methods because of the contribution 
from the bulk phases to the signal [3]. 
Being surface sensitive and molecule 
specific, SFG spectroscopy is able to 
provide the required molecular level 
knowledge on the structure of these 
interfaces [3, 8]. Fig. 5 demonstrates 
what kind of unique information can 
be extracted from SFG measurements of 
monolayers formed on ITO substrates 
serving as hole transporting monolay-
ers for highly efficient perovskite solar 
cells [8]. It was found that the function 
of devices depends on the composition 
of mixed monolayers deposited from 

the solution containing a different 
ratio of V1036:C4 compounds on an 
ITO substrate. FTIR spectra indicate 
only a slight decrease in intensity of the 
C−N stretching band, ν(C−N), of com-
pound V1036 near 1,238 cm-1 compar-
ing monolayers prepared from a solu-
tion containing only the V1036 com-
pound and mixed solution V1036:C4 

(0.1: 0.9). Thus, adsorption of the larger 
molecular mass compound V1036 at the 
ITO surface through the phosphonic 
acid moiety is preferable compared 
with the C4 compound. In contrast, 
the SFG spectrum shows intense res-
onance due to ν(C−N) vibration only 
for a monolayer prepared from the 
solution containing solely the V1036 
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Fig. 5 The molecular formulas of compounds V1036 and C4 used to form the monolay-
ers on the ITO surface (upper image). The FTIR absorbance spectra of monolayers on 
an ITO substrate prepared from a 1 × 10-3 M mixed solution of V1036:C4 (a). The SFG 
spectra collected from monolayers on ITO substrates prepared from a 1 × 10-3 M mixed 
solution of V1036:C4 in the spectral region of 1,150 – 1,300 cm-1 (b). Spectra were taken 
with an SSP polarization combination (adapted from [8]). 
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compound; the SFG signal completely 
disappears in the case of a monolayer 
prepared from the solution containing 
a mixture of compounds V1036 and 
C4. This is related with specific selec-
tion rules for SFG spectroscopy. The 
intensity of SFG resonances depends 
not only on the number of molecules at 
the interface but also on the alignment 
of dipoles. An intense signal is expected 
for oriented dipoles at the interface, the 
intensity decreases for more disordered 
structures and no signal is expected to 
be observed for a completely disor-
dered monolayer at the interface. So 
the presented SFG spectra reveal dis-
ordering of the V1036 molecules in 
the monolayer prepared from mixed 
V1036:C4 (0.1:0.9) solution. Such dis-
ordering correlates with the function 
of constructed perovskite-based solar 
cells; higher solar cell device efficiently 
was observed in the case of disordered 
monolayers. Unique information on the 
ordering of molecules in the monolayer 
was obtained by SFG spectroscopy – 
such information cannot be acquired 
by using other spectroscopic methods. 

Conclusions
A modern picosecond SFG spectrome-
ter developed by Ekspla offers the reli-
able vibrational spectroscopy analysis 
of biomolecules at interfaces as well 
as monolayers at buried interfaces of 
perovskite solar cell elements, poly-
mers, and other molecular structures. 
An additional vibrational frequency 
region extension, phase-sensitive detec-
tion option and the possibility to con-
duct microscopy measurements are also 
available if required by users.

DOI: 10.1002/phvs.202100041 
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High-quality solutions for the characterization of  
IR emitters
Instrument Systems provides modu-
lar test solutions for IR emitters in labs 
and production. The extensive portfo-
lio covers IR radiation measurement 
as well as other aspects related to the 
control of the device under test. Some 
benefits of the diverse test systems 
are high accuracy combined with a 
high modularity in hard and software 
items for multiple applications.

Applications in the IR range
Infrared (IR) is defined as electro-
magnetic radiation (780 nm – 1 mm 
range) with wavelengths longer than 
those of visible light. The relevant 
range for radiation measurement is the 
near-infrared range (NIR) from 780 – 
1,400 nm and the short-wavelength 
IR (SWIR) from 1,400 – 3,000 nm. 
The use of VCSELs (surface-emitting 
lasers) in particular  has enabled many 
new applications for consumer equip-
ment and in the field of 3D sensing. 
Outstanding examples for applications 
in the IR range are facial recognition 
with 3D sensing, autonomous driving 
with lidar, and optical under-display 
fingerprint sensors. 

A major part of these infrared appli-
cations is based on IR-LEDs and IR 
lasers. In particular, the use of com-
pact VCSEL arrays has enabled many 
new applications in the consumer goods 
market. The superior properties of infra-
red LEDs and IR lasers challenge metrol-
ogy with, for example, narrow emission 
bandwidth or temperature dependence 
of the optical output. 

Measurement challenges for 
IR-LEDs: 
	� Broad spectral range, to cover all 
applications (800 – 2,150 nm)
	� Precise measurement of different 
radiometric quantities requires the 
appropriate calibration
	� High-power LEDs require pulse 
measurement (in the µs to ms 
range) or temperature control in 
order to prevent temperature drift
	� Measurement of spatial radiation 
properties and homogeneity

system solution. An extensive portfo-
lio of spectroradiometers covers a broad 
spectral range. Specifically for VCSEL 
measurements, the HR version achieves 
a spectral resolution down to 0.09 nm 
to resolve a narrow laser spectrum. All 
spectrometers can be combined with 
a wide range of interchangeable mea-
surement probes that are connected by 
a fiber bundle and serve as ‘light collec-
tors’. Each measurement probe is cali-
brated together with the spectrometer 
in our ISO 17025 accredited testing lab. 
This ensures traceable measurement of 
the calibrated optical quantity as well as 
the spectral data. 

For more information, please contact 
our IR specialists at sales@instrument-
systems.com

Instrument Systems GmbH
Kastenbauerstr. 2 

81677 Munich  
Germany

phone: +49 89 454943-0
e-mail: sales@instrumentsystems.com

Web: www.instrumentsystems.com

Measurement challenges for IR 
lasers / VCSELs: 
	� Narrow-band emitters require a 
high-resolution spectroradiometer 
for precise spectral measurement
	� Measurement of power, homoge-
neity of VCSEL arrays and spatial 
radiation properties in the NIR 
spectral range (800 – 1,000 nm)
	� Temperature dependence of the 
optical output requires tempera-
ture control or short pulse mea-
surement (in the µs range)
	� 3D sensing applications use 
extremely short pulse sequences 
(ns to µs) that require fast photodi-
odes for measurement

Based on these requirements, Instru-
ment Systems provides modular systems 
with some key components: the Pulsed 
VCSEL Testing System (PVT) is built 
specifically for nanosecond pulse driv-
ing and measurement as used for lidar 
or time-of-flight (ToF) applications. 
For all other applications, radiometric 
measurement equipment and software 
can be flexibly combined to a modular 
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High LIDT coatings on large optics for petawatt lasers 
and line beam systems
Laseroptik uses dedicated equipment 
for dielectric coatings on large optics 
up to 2 m in length (long axis for rect-
angular shapes) or 1 m in diameter 
with a superior spectral uniformity 
over the complete surface and high 
LIDT values. 

Approved automated ultrasonic and 
manual cleaning procedures guarantee 
optimum cleanliness even at these large 
scale geometries – possible sizes and 
techniques are listed in the table below.

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

Rectangular shapes 
For bar-like rectangular substrates, 
plane or curved, Laseroptik can coat 
laser mirrors that are amongst the 
largest in the world (up to 2000 mm in 
length) by using Ion Beam Sputtering 
(IBS). This method is commonly known 
for producing the highest quality thin 
films, but just on small areas. However, 
by redefining an advanced substrate 

tric Coatings. Coatings 2020, 10, 603.). 
Another common use of large round 
optics is gravitational wave research. 
The detector’s sensitivity is dependent 
on the end mirrors’ perfection, i.e. the 
total losses and Brownian noise have to 
be reduced to a minimum. IBS is well 
suited to this task as its low loss coatings 
are approved for gyroscope applications.

Tailored environment of separate 
cleanrooms with a dedicated inspection 
metrology, optic cleaning and anneal-
ing solutions was built to support this 
innovative equipment. It is part of a 
department that specializes in work-
ing with large round and rectangular 
optics, addressing the highest demands 
for LIDT, low losses and spectral per-
formance.

A space-resolved quality inspection 
is performed on the whole dimension 
to check for surface defects and spec-
tral properties, including interferomet-
ric inspection. Large optics are held in 
custom-built lifting and handling tools 
for inspection, transport and fixing in 
the coating machine.

LASEROPTIK GMBH
Horster Str. 20 

30826 Garbsen 
Germany

phone: +49 5131 4597-0  
e-mail: service@laseroptik.de

Web: www.laseroptik.de
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motion, a unique approach for long 
optics was found and has been patented. 
Currently, two custom-built machines 
are working to offer this unique pro-
cess. A variance in central wavelength 
of below ±1 % can be achieved for optics 
up to 2000 mm in length. 

Round shapes 
As with long substrates, round optics 
can be coated by IAD and EBE if the 
coating requirements are standard. 
When it comes to complex coating 
designs and superior spectral perfor-
mance, IBS coatings offer excellent 
solutions. Laseroptik has commercial 
coating systems for substrates up to 
Ø 400 mm and custom-built machines 
for up to Ø 550 mm in operation, or 
adequately  for rectangular shapes fitting 
onto the carrier planet. 

These specialized machines also 
allow the use of several coating mate-
rials, which is important for advanced 
thin-film design strategies aiming at the 
highest LIDT. This capability is crucial 
for very high energy laser research, also 
known as petawatt and laser fusion pro
jects. Recent findings from respected 
research partners show the advances 
in LIDT for large-scale petawatt optics 
(see P. K. Velpula, D. Kramer, B. Rus, 
Femtosecond Laser-Induced Damage 
Characterization of Multilayer Dielec-

coating 	 rectangular 	 round
technique   	 long axis	 short axis	     Ø

IBS 	 2000 mm 	 250 mm 	 550 mm
EBE 	 1200 mm*	 120 mm	 1000 mm
IAD 	 940 mm 	 80 mm*	 300 mm

* other ratios short/long axis possible

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

Laser testing lab

https://www.laseroptik.de/en/coating-guide/production-methods/ibs
https://www.laseroptik.de/en/coating-guide/production-methods/ibs
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PT403 series tunable wavelength laser
/ 	From 210 to 2,300 nm output 

wavelength
/ 	1 kHz repetition rate
/ 	~15 ps pulse duration
/ 	Narrow linewidth <9 cm-1

/ 	OPO and pump laser integrated 
into one box

Main applications
/ 	Time resolved fluorescence, 	

pump-probe spectroscopy
/ 	Laser-induced fluorescence
/ 	Infrared spectroscopy
/ 	Nonlinear spectroscopy:  

surface-SH, Z-scan
/ 	Other spectroscopic and non- 

linear optics applications

The PT403 series laser systems integrate 
a picosecond 1 kHz repetition rate DPSS 
pump laser and optical parametric gen-
erator into a single housing. The new 
picosecond tunable laser system pro-
vides wavelengths between 210 nm and 
2.3 µm from one box. The PT403 occu-
pies almost half the space on the table 
compared to the previous solution with 
separated pump laser and OPO, leaving 
room for other important equipment.

The size of ‘real estate’ placed on opti-
cal tables, floating stability due to sep-
arate (pump and OPG) units, the need 
for higher safety standards, installation 

and maintenance costs, limited service 
personnel visiting possibilities due to 
pandemic restrictions – there are a 
lot of challenges that distract modern 
researchers from their main task. We 
have addressed these challenges with 
our new PT403 laser. 

Unlike other solutions in the market 
offering the laser and OPO in different 
units, this new approach has the pump 
laser and OPO integrated into one unit. 
That delivers almost half the footprint, 
a shorter installation time, better sta-

scientists researching in various kind of 
disciplines, such as time-resolved flu-
orescence, pump-probe spectroscopy, 
laser-induced fluorescence, Infrared 
spectroscopy and other applications.

Unlike other solutions on the market, 
the PT400 requires only quick and sim-
ple installation, which is very relevant 
due to the pandemic-inflicted travel 
restrictions. Safety during installation 
and operation is ensured as all beams 
are enclosed in the one box.

For customer convenience, the sys-
tem has a PC interface module with 
a USB interface, and remote control 
through Windows DLL function calls. 
These options provide easy control of 
the system settings.

For researchers demanding a wide 
tuning range, high conversion efficiency 
and narrow line-width, EKSPLA tunable 
lasers are an excellent choice. All models 
feature hands-free wavelength tuning, a 
valuable optical components protection 
system as well as a wide range of acces-
sories and extension units. Long-term 
experience and close cooperation with 
scientific institutions has made it pos-
sible to create a range of models, offer-
ing a wide tuning range from 193 nm 
to 16,000 nm. Versions offering near 
transform-limited linewidth <2 cm-1 
are available.

A wide range of available options, 
accessories and modifications enable 
you to tailor lasers to better fit your 
requirements.

EKSPLA
Savanoriu Ave 237

LT-02300 Vilnius, Lithuania
phone: +370 5 264 96 29

e-mail: sales@ekspla.com
Web: ekspla.com

bility, and other substantial benefits for 
the user.

Compared with solutions offering 
the laser and OPO in different units, 
the PT400 has better overall stability as 
the all-in-one-box solution contains all 
components in one compact housing. 
All potential causes of misalignment 
between separate units of the pump 
laser and optical parametric generator 
are eliminated. In addition, there is a 
separate output beam for the pump laser, 
so users can appreciate a real 2-in-1 solu-
tion by having a high-energy picosecond 
laser or tunable wavelength output. In 
systems with separate boxes, customers 
can have only one output from the para-
metric generator (as the laser should be 
connected to the parametric generator).

To ensure reliability, industry and 
market-tested solutions were employed 
during the development of the PT403.

The pump laser is based on an indus-
try ‘gold standard’ diode pumped, Ekspla 
PL2210 series, picosecond mode-locked 
laser. Improved output parameters and 
reduced maintenance costs are achieved 
by employing only diode-pumped tech-
nology.

The optical parametric generator is 
based on PGx03 picosecond, optical 
parametric amplifier systems. A fully 
automated and microprocessor-based 
control system ensures precise, hands-
free wavelength tuning.

The PT403 was built without sacri-
ficing any parameters or reliability. The 
optical design is optimized to produce 
low divergence beams with moderate 
linewidth (typically <9 cm–¹) at approxi-
mately 15 – 20 ps pulse duration. With a 
1 kHz repetition rate, the PT403 tunable 
laser is a versatile, cost-efficient tool for 
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All-in-one beam profiler for additive  
manufacturing: PRIMES ScanFieldMonitor
As innovative the 3D production in-
dustry itself: compact design and wire-
less control, combined with powerful 
software, make the ScanFieldMonitor 
(SFM) a fast, handy and versatile part-
ner in laser beam diagnostics and pro-
cess optimization. The ScanFieldMoni-
tor was developed specifically to meet 
the current requirements of additive 
manufacturing machines. In less than 
three seconds, the SFM determines 
the most important production pa-
rameters, position accuracy, marking 
speed, caustics and much more. 

The device operates by detecting the 
scattered laser light on a structured glass 
plate and is therefore independent of the 
optical power. No need for an external 
wiring, nor for a water supply to cool 

the absorber. And 
even more important: 
the SFM is capable of 
process-oriented mea-
surements all across the 
build plate.

The novel measur-
ing principle enlight-
ens your laser scanner 
application with high-
est accuracy. Guid-
ing the laser over an 
engraved measuring 
structure enables pre-

cise measurements of the laser beam 
position and spot size all over your scan-
ning field. Key to success are those char-
acteristic peaks within the measurement 

DiagnosticsSoftware LDS by Primes. 
Even with a low level access to your 
additive manufacturing machine the 
LDS allows a high degree of automation. 
This simplifies complex measurement 
tasks such as a caustic measurement. It 
reduces the individual influence of the 
user and enables better comparability 
of measurements made on laser scan-
ner systems at your locations around 
the world.

The compact measuring unit enables 
laser scanner characterization in the 
entire build area under real process 
conditions. This saves the user time, 
money and helps with commissioning 
and maintenance of AM machines as 
well as with process control and qual-
ity management. Applications include 
merging overlapping construction fields 
and determining the laser on/off delay 
with high resolution and reproducibility, 
especially in modern additive manufac-
turing plants.

For more information please contact 
our technical engineers at sales@primes.
de or visit www.primes.de.

PRIMES GmbH
Max-Planck-Str. 2
64319 Pfungstadt

Germany
phone: +49 6157 9878 0
e-mail: sales@primes.de

Web: www.primes.de
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signal. In combination with a detailed 
knowledge about the measuring struc-
ture, the SFM measures the exact beam 
path inside the measurement window.

Measuring principle of the 
ScanFieldMonitor
Every measurement automatically con-
tains the start and end point of your vec-
tor, the marking speed and, of course, 
the vector length. The structure size is 
in the range of 7.5 mm. With a vector 
of 10 mm in length and scanning speed 
from 0.1 m/s up to 10 m/s, every single 
measurement will just take a fraction 
of a second. The SFM thus enables sev-
eral hundred measurements in a few 
seconds. So the time effort to measure 
focus shift, delay time, reproducibil-
ity and stitching of several sources is 
reduced to a minimum.

For an easy and intuitive handling, 
the SFM comes with the powerful Laser-
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Blue light-emitting diodes for  
disinfection 
Is the process able to improve hygiene in clinics and public buildings?
Bernd Seme, Kerstin Günther, Norbert Winkler, and Walter Wipprich

subject of academic interest for more 
than ten years, the mechanisms of the 
disinfection process are still not com-
pletely clear. It is proposed that endog-
enous porphyrins, which are present 
in bacterial cell walls, absorb light and 
transfer the energy, leading to the pro-
duction of highly cytotoxic reactive oxy-
gen species (ROS) such as peroxides, 
superoxide ions, hydroxyl radicals or 
singlet oxygen. The porphyrin absorp-
tion is particularly strong within the 
Soret band, ranging from about 400 to 
420 nm. It reaches a maximum at around 
405 nm. Consequently, violet-blue light 
with a wavelength of 405 nm is the 
most antimicrobial [1]. LEDs with an 

lighting applications and has not yet 
been exhausted. Processes such as dis-
infection, photocatalytic cleaning, plant 
growth and wound healing can be trig-
gered with the help of blue light LED 
systems. Disinfection processes are of 
particular interest due to growing con-
cerns over illnesses caused by micro-
organisms and the persistent problem 
of healthcare acquired infections. Addi-
tionally, because of the rise of antibiotic 
resistant bacteria, the investigation of 
novel non-antibiotic approaches for 
the prevention of infectious diseases 
has become highly topical. 

Even though the use of blue light as a 
method to reduce bacteria has been the 

Disinfection processes are currently of particular interest due to growing con-
cerns over illnesses caused by human pathogenic germs. Blue light-emitting 
diodes (LEDs) can reduce the microbial load on surfaces, in liquids and in air. 
The high wall-plug efficiency of the diodes, their additive-free antimicrobial 
effect and the good tolerability of the light enable affordable and safe disin-
fection systems. 

LEDs create light by electrolumines-
cence in a semiconductor material. In 
the first three decades since their market 
entry in 1962, LEDs emitted only red, 
orange, yellow, and green light. Typical 
applications were light indicators and 
optical signal transmitters. This changed 
in 1993 with the realization of efficient 
blue light emitting diodes based on 
GaN- semiconductor material systems. 
These new blue LEDs paved the way for 
white LEDs, which revolutionized the 
general lighting sector because of their 
superior energy-efficiency. However, 
the potential of the inexpensive, com-
pact, durable, and efficient blue LEDs 
is much more extensive, goes beyond 

View of the running hand disinfection 
device with the front and rear plates 
removed. (Source all images: GMBU)
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emission maximum in this range and a 
narrow spectral width of about 10 nm 
represent an attractive light source for 
disinfection applications. In the follow-
ing, the advantages and disadvantages 
of blue light in comparison to conven-
tional disinfection methods are dis-
cussed. Afterwards we present newly 
developed LED system concepts for the 
disinfection of frequently touched sur-
faces in public buildings, the disinfec-
tion of siphons in sanitary facilities and 
the killing of germs on human hands.

Conventional disinfection 
methods and their drawbacks
Since Ignaz Semmelweis’s pioneering 
studies during the mid-1800s in Vienna, 
it is known that hospital-acquired dis-
eases are transmitted via the hands of 
healthcare workers and doctors. Today 
the WHO recommends the use of alco-
hol-based liniments for 20 to 30 seconds 

as the preferred means for routine hand 
antisepsis. Alcohol-based hand rubs are 
effective and have not shown any evi-
dence of inducing bacterial resistance. 
Although alcohols are more skin-
friendly than soaps and detergents, 
they can still cause dryness and skin 
irritation. Additionally, alcohol leads 
to a burning sensation on pre-damaged 
skin. It is also toxic and flammable. In 
the event of insufficient ventilation, the 
formation of ignitable vapor is possible. 

The most commonly applied method 
to disinfect surfaces in hospitals and san-
itary facilities involves routine manual 
cleaning techniques using chemical dis-
infectants such as phenols or aldehydes. 
These techniques are far from perfect: 
in a study, more than 1,000 frequently 
touched surfaces in three hospitals were 
checked after routine cleaning and only 
47 % of these surfaces had really been 
cleaned [2]. Moreover, components of 
the cleaning process may become con-
taminated themselves during the clean-
ing procedure. For example, cleaning 
buckets and fluids are contaminated 
rapidly and may then transfer patho-
gens from one surface to another [3]. 
Additionally, the persistent application 
of disinfectants on the microorganisms 
leads to the development of resistance 
[3] and, finally, the environment and 
especially the wastewater is contami-
nated with toxic chemical agents. 

Thermal disinfection of liquids such 
as water is called pasteurization after 
Louis Pasteur. Pasteurization can take 
place at temperatures well below boil-
ing point, whereby the pasteurization 
time decreases with increasing tempera-

ture. A typical pasteurization process for 
water treatment is 10 minutes at 75 °C. 
Thermal disinfection can kill all patho-
gens of concern. However, the main dis-
advantage of pasteurization is its cost. 

In addition to chemical disinfectants 
and pasteurization, UVC irradiation is 
an established technology for water 
and medical device decontamination. 
Low-pressure mercury discharge lamps, 
which primarily emit at 254 nm wave-
length, are commonly used in UVC 
disinfection. UVC radiation inactivates 
microbes by damaging their deoxyri-
bonucleic acid (DNA). Unfortunately, 
serious eye and skin injuries can result 
if UVC lamps are used improperly or 
if skin is irradiated accidentally and 
some materials may show degrada-
tion after prolonged exposure to UV 
light. UV-LEDs are currently seen as a 
new technology that can replace tradi-
tional mercury lamps for disinfection. 
However, even though UV-LEDs have 
become more and more powerful in the 
past decade, LEDs in the UVC range 
still have low energy efficiencies of 10 % 
or less.

Performance, advantages and 
limitations of blue light disin-
fection
Disinfection processes using blue LEDs 
are currently attracting increasing atten-
tion. This is due to the high wall-plug 
efficiency of the LEDs in the range of 
50 %, the good tolerability of the light 
and its antimicrobial effect without the 
addition of exogenous photosensitizers. 
Under aerobic conditions, all bacteria 
investigated so far can be inactivated 

Gesellschaft zur Förderung von 
Medizin-, Bio- und Umwelttechnologien 
GMBU e.V. is a non-profit association for industrial 
research and development with its main compe-
tences in environmental biotechnology, opto-sen-
sors, photonic measurements, thin-film technolo-
gy and functional coatings. Through its innovation 
activities, the association establishes important 
contact between academic research and small and 
medium-sized enterprises. It acts as a center of 
excellence and know-how transfer in the fields of 
biotechnology, medical and environmental tech-
nology.

 www.gmbu.de
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Fig. 1 LED siphon consisting of five LED 
modules arranged radially around the 
inlet side. Glass tube diameter: 32 mm. 
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by exposure to 405 nm radiation. The 
antimicrobial efficacy is determined 
by calculating the difference in log10 
colony forming units (CFU) before 
and after disinfection. Gram-positive 
and Gram-negative vegetative bacteria 
require similar doses of violet-blue light 
for a 1-log10 inactivation, with mean 
doses of 126 J cm-2 and 105 J cm-2 respec-
tively [4]. The required doses depend 
heavily on the experimental setup, the 
wavelength and the bacterial strain. 
With a dose of 500 J cm-2 at 405 nm, 
almost all types of bacteria except spores 
are reduced by three to four log10 levels 
[5]. Similar to vegetative bacteria, yeasts 
require average doses of 131 J cm−2 for a 
1-log10 reduction [4]. In addition, blue 
light is effective at inactivating both 
planktonic cells and biofilms of import-
ant nosocomial pathogens [6] whereby 
the development of resistance is very 
unlikely to occur [7].  

Of course, blue light disinfection is 
not a perfect technique either. Com-
pared to UVC radiation, blue light is 
far less harmful to humans and mate-
rials but it can pass through the cornea 
and lens to the retina and may cause 
diseases such as dry eye, cataracts and 
macular degeneration. It even stimulates 
the brain, inhibits melatonin secretion 
and enhances hormone production, 
which affects sleep quality. Blue LEDs 
therefore require a precise analysis of 
their emissions and a classification 
according to the risk groups defined in 
the international standard IEC 62471 
in order to ensure safe operation. Single 
blue high power LEDs without diffusors 
typically belong to risk group one or two 

and do not represent a photobiological 
danger as long as you do not stare into 
the light. Eye-protectors are necessary 
when high-energy blue LEDs are used 
and looking into the source cannot be 
totally ruled out. Another disadvantage 
of blue light technology is that viruses 
cannot be deactivated with it because 
they do not contain endogenous por-
phyrin. Exogenous photosensitizers are 
needed to enable the virucidal action 
of the light.

LED hygiene siphons
Siphons of washbasins in hospitals con-
tain 106 – 1010 CFU of bacteria per mil-
liliter [8]. Nutrients in the sealing water 
and temperatures between 20 and 40 °C 
provide ideal conditions for the multi-
plication of the bacteria. Even worse, 
during drainage of water, siphons emit 
microbes into the ambient air in the 
form of aerosols and are relevant sources 
of pathogens and infections. By using 
blue LEDs, a significant reduction in 
the bacterial load of the siphon can be 
achieved with low operating costs. Fig. 1 
shows the demonstration device that 
has been developed. It consists of five 
LED modules arranged radially around 
a glass siphon at the inlet side, Fig. 2. 
The blue light disinfects the sewage 
water as well as the air above the water 
level and the siphon’s walls by applying 
irradiances in the range of 200 mW/
cm2. Tests using pseudomonas aerugi-
nosa and burkholderia cepacia bacteria 
showed that the blue light reduces the 
number of these active pathogenic hos-

pital germs in the inlet side wastewater 
by more than four log10 levels within 
one hour. Moreover, the running costs 
of the system are only 0.4 euros per day. 
Compared with a conventional hygiene 
siphon based on thermal disinfection, 
the operation of the LED device is about 
three times cheaper. This will help to 
make hygienic syphons interesting for 
areas in which they have not previously 
been used for cost reasons. Blue LEDs 
can help to improve hygiene in sanitary 
facilities, and a market launch of the 
LED siphon is in preparation.

Antimicrobial handrails
Handrails in clinics, medical facilities, 
public buildings, day care centers, nurs-
ing homes or public transport are fre-
quently touched surfaces that require 
special attention from a hygienic point 
of view. Regular disinfection of hand-
rails usually only takes place in medical 

PURION
The core business of PURION GmbH is the devel-
opment, production and sale of high-performance 
environmental technology. Applying highly effec-
tive UV technologies, we produce high quality 
equipment for water, air and surface disinfection 
without chemicals. PURION installations are suit-
able for industrial, commercial and residential 
markets. We constantly challenge the status quo 
in order to develop and manufacture superior 
innovative systems. 

www.purion.de
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Fig. 2 Arrangement of the siphon’s  
LED modules with ten LEDs connected in 
series. 
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facilities at places with a risk of infection, 
such as surgical departments, operat-
ing rooms, units for intensive therapy 
as well as isolation and functional areas 
for patients infected with pathogens. In 
all other cases, regular disinfection of 
frequently touched surfaces is not car-
ried out at all and they are only cleaned. 
A first rethink took place during the 
coronavirus pandemic in 2020 and the 
handles on shopping trolleys were reg-
ularly disinfected with chemical agents. 
However, the disadvantages of chemical 
disinfection remain.

Antimicrobial handrails using blue 
light are continuously disinfected all 
day long without the need for clean-

ing staff. This method prevents human 
errors, such as the use of the wrong 
disinfectants or the skipping of disin-
fection intervals. The self-disinfect-
ing handrails make use of the small 
size of the LEDs to create a lighting 
concept called LED edge lighting. In 
this technology, the radiation is fed 
into an acrylic glass structure via the 
edges. Diffusing particles incorpo-
rated into the glass cause illumination 
of the whole structure and light output 
across the entire surface. Fig. 3 and Fig. 4 
illustrate the demonstration device. It 
consists of a pipe made of acrylic glass 
with a stainless steel support. Electri-
cal boards and the required heat sinks 
are located inside the tube. A blue light 
irradiance of at least 3 mW/cm2 across 
the whole surface has been achieved by 
using thirty LEDs with a total power 
consumption of 30 W. According to 
IEC 62471, the setup belongs to risk 
group zero and does not represent a 
photobiological danger. Nevertheless, it 
is sufficient to achieve a 4-log10 reduc-
tion of bacteria on its surface within 
48 hours. For comparison: chemical 
disinfectants reduce the bacterial load 
by four to five log10 levels after contact 
times of a few minutes to ten hours, 

depending on the agent. We conclude 
that blue light disinfection of hand-
rails is slower than chemical disinfec-
tion, but it is a competitive solution 
that can improve the hygienic safety 
of surfaces in a cost effective manner. 
Full day operation of the system gen-
erates electricity costs of only 0.2 euros 
per meter length, whereas commercial 
disinfection services charge about five 
euros per square meter.

Optical hand disinfection
We designed a blue light irradiation 
device, Fig. 5, to examine the potential 
for blue light to improve hand hygiene. 
It contains 768 blue LEDs distributed 
over eight panels, which are arranged 
to create a volume with a hexagonal 
cross-section (image p. 91). In this way, 
hands inserted into the volume can be 
irradiated, even between the fingers. 
The front and back of the device are 
mirrored on the inside, which contrib-
utes to the uniform spreading of the 
radiation. Hands are illuminated with 
a maximum of 350 mW/cm2 of blue 
light centered around 405 nm. Higher 
irradiance levels lead to the risk of ther-
mal skin damage. The electrical power 
consumption of the device amounts to 
2.4 kW, which gives costs of only about 
one cent per one-minute disinfection. 
For comparison: alcoholic liniments 
cost around ten euros per liter and 
five cents per application. However, by 
illuminating model bacteria in suspen-
sions, it could be demonstrated that the 
system is at best capable of achieving 
a 0.5-log10 reduction of germs within 
one minute. Alcoholic rub-in products 
are much more effective and achieve a 
4-log10 reduction of bacteria within sixty 
seconds. In order to achieve the same 
4-log10 reduction of microbes on hands 
by using blue light, an exposure time of 
at least twenty minutes would be neces-
sary. We conclude that disinfection of 
hands with blue light is possible, but it 
takes too long to be practical and it is not 
economical compared to alcohol-based 
hand rubs. 

Conclusion
Blue LEDs enable a reduction of the bac-
terial load on surfaces, in liquids and air 
without the use of consumables. Com-
pared to UVC radiation, blue light is 
much more suitable for skin, eyes and 
materials. Due to the high wall-plug 
efficiency of the LEDs, blue light dis-
infection is also affordable. This enables 

Fig. 3 Antimicrobial LED handrail consisting of a stainless steel support with a light-con-
ducting acrylic glass cover. Length: 1 m, diameter 40 mm. 

stainless steel
support

acrylic glass

board with
heat sink

LED

Fig. 4  Schematic cross-sectional drawing of the anti-
microbial LED handrail. 

Fig. 5 Hand disinfection device with glare shield (orange) during use. 
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the automatic disinfection of publi-
cally accessible surfaces such as hand-
rails and the construction of hygienic 
LED siphons. Blue light doses of about 
500 J cm-2 are required for a good dis-
infection result, that is, the reduction 
of the CFUs by at least four log10 levels. 
In practice, the irradiance is typically 
limited to values less than one W cm-2 
for thermal, economic or radiation 
protection reasons. Compared to alco-
hol-based liniments and UVC disinfec-
tion, the blue light disinfection process 
is therefore slow and is not suitable as 
the sole process in applications that 
require fast 4-log10 disinfection within 
a few minutes.
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Unifying ultrafast laser imaging 
and spectroscopy
Pioneering technology demonstrates how ultrafast laser sources can 
enable 3D imaging of cells at high resolution and in real time
Christopher G. Leburn

vital in research into all tissues and 
organs, to understand liver, kidney or 
cardiac function, for example. It also 
plays a key role in optogenetics, where 
the technique enables deeper imaging in 
highly light scattering brain tissue, with 
reduced photobleaching and improved 
spatial resolution. 

Today, the majority of multiphoton 
imaging research employs two-photon 

Developments in biological 
imaging
For many years, the leading standard 
in biological imaging was one-photon 
fluorescence microscopy, or confocal 
microscopy. This technique used a 
single photon to excite fluorescent dyes 
using visible excitation wavelengths. 

The emergence of multiphoton 
microscopy in the 1990s provided the 
ability to image more deeply into tissue, 
with higher resolution than traditional 
confocal microscopy. This technique has 
become a powerful tool to study biolog-
ical functions in vivo. In comparison 
to many standard imaging techniques, 
multiphoton microscopy has become 

Advancements in recent years have shown rapid growth in the application 
of ultrashort pulsed lasers as a light source for sophisticated biological imag-
ing techniques, including multiphoton microscopy. Conversely, ultrafast laser 
systems are increasingly used to drive advances in Raman spectroscopy or 
using Fourier-transform infrared spectroscopy (FTIR) to identify chemical and 
biological signatures.

Novel work is now being conducted to 
bring ultrafast imaging and spectros-
copy capabilities together. This tech-
nique has the potential to capture 3D 
fluorescence lifetime imaging of biolog-
ical samples, in real time and at depth, 
to examine cell health and complex bio-
logical processes. 

This article highlights the key devel-
opments in ultrashort pulsed lasers and 
how the technology is an essential light 
source in pioneering both biomedical 
imaging and spectroscopy techniques. 
The article illustrates how these two 
techniques become unified; using the 
latest detector technology to enable live 
biological imaging in 3D.
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 Chromacity’s range of fixed wavelength 
femtosecond lasers and picosecond 
OPOs are used in imaging applications, 
such as multiphoton microscopy, as well 
as spectroscopy applications including 
environmental sensing.  
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techniques, where fluorescent mark-
ers, that emit light upon excitation, are 
tagged to specific structures within a 
specimen. A focused laser beam is used 
to emit long-wavelength photons, which 
can excite an electron in the dye to a 
higher energy state through a two-pho-
ton process. After a certain lifetime, 
this energy state decays, causing the 
dye to fluoresce. The two-photon exci-
tation produces fluorescence only at the 
focal plane where the photon density 
is sufficiently high. Because two-pho-
ton fluorescence falls off as the square 
of the distance from the focal plane, 
virtually no out-of-focus light is gen-
erated, leading to the creation of high 
resolution images. Additionally, the long 
wavelength excitation used to generate 
the two-photon process can penetrate 
deeper than one-photon light sources, 
owing to the lower scattering losses of 
biological tissues at longer wavelengths. 

The multiphoton imaging com-
munity has relied on tunable Ti:sap-
phire-based technology for decades, 
which can generate ultrashort (sub-
100 fs) pulses and correspondingly 
broad bandwidths, making them ideal 
to excite a wide range of fluorescent 
markers. However, these diode-pumped 
solid-state systems are complex to man-
ufacture, install and operate. 

Over the years, significant improve-
ments have been made to electronically 
control the cavity and make these sys-
tems significantly more user-friendly. 
However, they continue to occupy a 
large space on the optical bench due to 
water cooling requirements. In turn, this 
requirement leads to higher operational 
running costs and a negative impact on 
the environment. 

More recent developments in fixed 
wavelength, fiber-based architectures 
have led to the manufacture of laser sys-

tems that are inherently more efficient, 
stable and robust than Ti:sapphire-based 
technologies. This improved efficiency 
reduces thermal demand, so many of 
today’s fiber-based systems don’t require 
any water cooling. More importantly, 
the stability of these systems is also sig-
nificantly more efficient than free-space 
laser cavities because the intracavity 
beam is confined within a robust fiber.

To study biological samples, research-
ers make use of fluorophores, molecules 
that absorb light of a specific wavelength 
and emit light at a longer wavelength. 
But these fluorescent probes typically 
have large excitation bandwidths, which 
allows a range of labels to be excited by 
fixed wavelength sources.

Because of this, much of today’s 
research does not necessarily require 
multiple excitation laser lines. There are 
generally two main wavelength regions 
that are targeted – typically around 
1000 – 1100 nm and 920 – 980 nm. The 
first fiber-based lasers started out with 
wavelengths at 1040 – 1060 nm, but a 
new generation of sources are becoming 
available that cover the 920 – 950 nm 
region.

Two-photon microscopy using 
fiber lasers
Chromacity has successfully demon-
strated the two-photon fluorescence 
microscopy capabilities of fiber lasers 
across a range of samples, using an ultra-
fast fixed wavelength 1040 nm ytterbium 
fiber-based laser source (the Chromac-
ity 1040). The ultrashort pulse duration 
of the Chromacity 1040 is ideal for gen-
erating a label-free second-harmonic 
response from non-centrosymmetric 
molecular structures, such as colla-
gen and myocin. Unlike fluorescence 
microscopy, SHG microscopy does not 
involve the creation of excited electronic 

states, so cell viability issues associated 
with heating and photobleaching are 
reduced.

Fig. 1 shows results acquired from the 
Chromacity 1040 when imaging; Fig. 1a 
shows Invitrogen FluoCells in a section 
of mouse intestine (cells approximately 
5 µm in diameter) via excitation of Sytox 
Green; Fig. 1b demonstrates liver cells 
imaged using direct excitation of RFP, 
YFP and GFP using the same excitation 
laser (three separate channels have been 
overlaid); and Fig. 1c shows kidney cells 
overlaid by collagen and demonstrate 
the ease with which samples can be dif-
ferentiated using mT:mG as a marker 
and SHG from the collagen fibers (mak-
ing it easy to differentiate between cell 
types). 

In these experiments, the power lev-
els from the 1040 nm source were proven 
to be more than adequate for generat-
ing fluorescence images. Along with the 
advent of new laser lines, like 920 nm, to 
compliment the 1040 nm sources, these 
fiber-based systems are improving the 
ability to create exciting discoveries in 
biomedical imaging.

Chromacity
Chromacity designs and manufactures ultrafast 
lasers for a wide range of industrial and funda-
mental research applications. Chromacity’s sys-
tems range from fixed wavelength femtosecond 
lasers to tunable picosecond OPOs, which span 
the near and mid-IR spectral region. These ultra-
short pulse systems have been deployed for a 
variety of end-user applications which include 
multi-photon imaging, SHG microscopy, FTIR spec-
troscopy, stand-off detection of harmful chemicals 
and quantum optics research. 

www.chromacitylasers.com 

Company

a b c

Fig. 1 Images acquired in partnership with ICFO (a), Cancer Research UK Edinburgh Centre (b), Institute of Genetics & Molecular 
Medicine IGMM (c)
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Developments in biological 
spectroscopy
However, the images that are created by 
these multiphoton processes only tell 
half the story. There is a whole layer of 
spectroscopic information that can also 
be extracted for biomedical imaging. 

As an example, quantum cascade 
lasers (QCLs) have been used in near- 
and mid-IR biomedical spectroscopy 
to analyze blood, urine and intersti-
tial fluid, and even Fourier-transform 
infrared spectroscopy (FTIR), which is 
commonly used to identify atmospheric 
gases, can also be applied to breath anal-
ysis [1]. However, QCLs have their lim-
itations as spectroscopists often look for 
high brightness and broadband tunabil-
ity across several wavelengths, whereas 
the continuous wave or nanosecond 
pulses from QCLs tend to generate a 
narrow bandwidth and limited wave-
length, particularly across the mid-in-
frared. 

In contrast, biological spectroscopy 
applications, which require excitation 
from higher energy photons to measure 
certain specific fluorescence lifetimes, 
use lasers that deliver femtosecond 
pulses and high average powers in the 
green and UV part of the spectrum. 
The measurement of fluorescence 
lifetimes provides a wealth of infor-
mation on the local environment of 
biomolecules in living cells. In many 
studies, short fluorescence lifetimes 
on a picosecond timescale need to be 
measured. Fluorescence spectroscopy 
has been around for many decades, and 
there are a number of different tech-
niques that can be employed to inves-
tigate the decay of different molecules.  
An increasingly effective technique is 
time-correlated single photon counting 
(TCSPC). This is a technique whereby 

the fluorescence of a sample monitored 
can be studied as a function of time after 
excitation by a pulse of light. 

Fluorescence spectroscopy uses light 
to excite the electrons in molecules (via 
the same process described above to 
image a sample), and this causes them 
to emit light. By time gating the detected 
signal, it is possible to build up a his-
togram of the decay of the molecules 
that are being sampled. With various 
molecules having different decay rates, 
it is possible to build up a spectroscopic 
picture of the samples under test, which 
enables identification of the molecules 
present or changes in the molecule. 

The ability to identify short fluores-
cence lifetimes depends on a number 
of factors, including the response of 
the detector and also the time taken to 
excite a particular molecule. By using 
an ultrashort pulsed laser source (typ-
ically <10 ps pulse duration) and a fast 
singlephoton detector, it is possible to 
measure short fluorescence lifetimes on 
a picosecond timescale.

Measuring fluorescence life-
times
These fluorescence lifetimes provide 
a wealth of information on the sample 
under study, such as information about 
the local environment of the cellular 
samples under investigation.

To demonstrate the capabilities of 
fiber-based lasers in measuring picosec-
ond fluorescence lifetimes, we have used 
an ultrafast fixed 520 nm wavelength 
ytterbium fiber-based laser source (the 
Chromacity 520), in combination with 
a photoluminescence spectrometer 
(Edinburgh Instruments FLS1000) to 
measure the fluorescence lifetime of 
4‑DASPI in ethanol (57 ps) and water 
(11 ps).

The fluorescence decay of 4-DASPI 
in ethanol is shown in Fig. 2a The decay 
was measured at the emission maximum 
(600 nm) and the instrument response 
function was measured at the laser wave-
length (520 nm) using a scattering dis-
persion of colloidal silica. A single expo-
nential decay models the fluorescence 
well and the lifetime of 57 ps is in good 
agreement to previous reports [2].

It is known that when 4-DASPI is 
dissolved in water, its fluorescence life-
time decreases fivefold, so a solution of 
4‑DASPI in water was also measured to 
provide a more challenging sample. The 
fluorescence decay and fit of 4-DASPI 
in water are shown in Fig. 2b revealing 
a lifetime of 11 ps, which aligns with 
the 11 ps lifetime previously reported 
in the literature [3].

Bringing ultrafast microscopy 
and spectroscopy together
As we have seen, recent developments 
in ultrafast fiber laser technology have 
resulted in its useful application in both 
the fields of biological imaging and spec-
troscopy. Fluorescence lifetime imag-
ing microscopy (FLIM) presents an 
opportunity to see both of those fields 
combined to deliver new and exciting 
capabilities in the world of biological 
research and beyond.

FLIM techniques are already deliver-
ing benefits in real-world applications, 
from the measurement of molecular 
environment parameters to the mea-
surement of the metabolic state of cells 
and tissue. But, when it comes to 3D 
imaging of live cells, the technique faces 
key technological challenges, including 
picosecond-precision arrival time sta-
tistics of single photons. 

Today, Chromacity is working closely 
with a manufacturer of fluorescence life-
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Fig. 2 Fluorescence decays of 4-DASPI 
in ethanol (a) and water (b) measured 
using TCSPC. Original content courtesy 
of Edinburgh Instruments.
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time spectrometers and photon count-
ing components to bring together fiber-
based lasers with new detector tech-
nologies and enable real-time FLIM 
capabilities in 3D and at depth in bio-
logical samples.

Pioneering developments in ultra-
fast laser systems and optical detec-
tors have brought video-rate live-cell 
3D FLIM within grasp, but important 
optical challenges have yet to be over-
come before this can become a reality. In 
particular, the need to feed a single-pho-
ton detector array with exactly one pho-
ton per femtosecond laser pulse must 
be addressed. This challenge has, so far, 
proven to be a barrier to the application 
area of 3D live-cell imaging. 

Leveraging ultrafast lasers, the new 
project aims to unite 3D two-photon 
microscopy and advanced photon detec-
tors to enable video-rate 3D live-cell 
FLIM. The project aims to implement 
a novel microscope concept that will 
maintain the required high two-pho-
ton fluorescence excitation efficiency, 
while enabling the detectors to operate 
at their full capability. The project’s goal 

is to achieve real-time FLIM, at depth, 
in challenging biological samples.

This project has the potential to 
deliver new capabilities for live-cell 
imaging in biomedical research, lead-
ing to rapid diagnosis and treatment. 
For example, real-time 3D FLIM could 
help researchers understand the dynam-
ics of cancer cell migration and metas-
tasis, ultimately leading to improved 
understanding and treatments.
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The recent growth in the organic 
light-emitting diode (OLED) market 
has resulted in substantial investments 
in the display industry, particularly 
from South Korean companies, but also 
recently from Chinese players, and this 
trend is expected to continue for a fur-
ther three to four years. This expansion 
of the display industry has resulted in 
a growth of USP laser markets due to 
the requirement for higher power and 
more precise processing quality. This 
industry is prepared to pay for better 
laser-based solutions which has fueled 
the demand for shorter pulsed CO2 lasers 
for film cutting applications. One of the 
key features required in the market is to 
minimize the heat effect on the material 
during the cutting process.

In order to address this demand Lux-
inar has launched the SR AOM, a range 

of CO2 lasers with an integrated AOM, 
that has a rise/fall time of less than 1 μs. 
These devices minimize unwanted heat 
accumulation in the material being pro-
cessed compared with traditional CO2 
laser sources, which typically produce 
longer pulse rise/fall times of approxi-
mately 60 μs. The series is available in 
two power levels 75 W and 150 W. The 
SR 25 AOM is a unique proposition with 
150 W peak power, a typical power sta-
bility of ±2 % and a typical optical rise/
fall time of <0.5 µs.
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Resolving power of laser scan-
ning microscopes
Contrast transfer function
The plane resolving power of typical 
optical microscopes is generally defined 
by Rayleigh’s resolving power. Even if the 
optical system is aplanatic, when pro-
jecting an infinitely small point with 
the optical system, the projected image 
spreads due to diffraction. This spread 
is called the PSF (point spread function) 
and is determined by the wavelength 
used and the NA (numerical aperture) 
of the optical system. The radius where 
the strength becomes zero for the first 

time from the center (first dark ring) is 
calculated by 0.61 × λ / NA. According 
to Rayleigh’s definition, the resolving 
power of two adjacent points is defined 
as the state where the center of one PSF 
is positioned on the first dark ring of the 
other PSF. The reflective confocal laser 
scanning microscope has what is called 
coherent image formation, and its image 
formation principles are different from 
common microscopes. For this reason 
Rayleigh’s definition of resolving power 
cannot be used to directly compare the 
performance of laser scanning micro-
scopes with ordinary optical micro-

scopes. Therefore the contrast transfer 
function CTF is used for evaluation. 
The CTF evaluates the image contrast 
against the space frequency. However, 
unlike the modulation transfer function 
MTF, the CTF evaluates the propagation 
of contrast made by rectangular waves 
0 and 1 that have the same width, but 
reflectance 1 (100 %) and reflectance 0 
(0 %). Fig. 6 is a simulation example of 
image shading obtained from a mono-
chrome pattern with different pitches. 
You can see that the contrast becomes 
less clear as the pitch gets smaller. Laser 
scanning microscopes deliver clearer 

Principles of laser scanning  
microscopes
Part II: Resolving power, measurement accuracy, software for laser scan-
ning microscopes, and an application note  
Megan Farell 

Functional materials have been developed and widely used in industrial fields 
including the automobile, aviation, metal, and chemical industries, requiring 
high accuracy and resolving power for measurements and testing.  This article 
details the features and applications of industrial laser scanning microscopes, 
concentrating on the reflection-type confocal laser scanning microscope built 
for high resolution detection.

Fig. 5 Comparing non-confocal (left) and 
confocal (right) imaging (Source all imag-
es: Olympus IMS)
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contrast at all space frequencies than 
ordinary optical microscopes though 
the cut-off frequency is not dramatically 
improved (details about this are beyond 
the scope of this document). This means 
that the space frequency to obtain the 
same contrast is higher, indicating that 
observation with a higher space resolv-
ing power is effectively possible. It goes 
without saying that lasers with a short 
wavelength and objective lenses with 
a large NA must be used to improve 
the resolving power of laser scanning 
microscopes, as with ordinary optical 
microscopes. In addition, not only the 
principles but also the completeness of 
the product is an important element. For 
example, the spherical aberration of an 
optical system, the jitter of a scanning 
mechanism, and the light after passing 
through the pinhole are detected as elec-
trical signals. Therefore, observation 
with a higher resolving power becomes 
possible if all of these elements, includ-
ing electrical S/N, are in the proper con-
ditions.

Measurement accuracy
The use of laser scanning microscopes 
for measurement is largely divided into 
two categories: horizontal measurement 
using an intensity image at a high res-
olution, and three-dimensional mea-
surement using a height image. While 
there may be many causes of errors that 
must be dealt with when attempting to 
perform these measurements with high 
accuracy, there are two components that 
are important in terms of accuracy.

Horizontal measurement: During 
horizontal measurement using an 
intensity image, the most important 
determining factor of measurement 
accuracy is control of the oscillation 
angle of the scanning mechanism. Many 

products are periodically calibrated 
using a standard sample to ensure stable 
measurement for long periods of time. 
The galvano mirror often used in the 
scan optical system uses a coil for posi-
tion detection, so it takes some time to 
stabilize. As the intensity dramatically 
changes around the focal position in the 
confocal optical system, focusing is one 
of the factors that affects the repeatabil-
ity of a measurement result. When the 
line width of a pattern on a separated 
sample surface with a laser scanning 
microscope is narrow, it is desirable to 
use the relatively faster X axis direction 
which is not easily affected by vibra-
tion and other disturbances for mea-
surement, especially because the X and 
Y axes have different speeds.

Vertical Measurement (three-
dimensional measurement): Although 
the image is an important element of 
three-dimensional measurement, as it is 
in line width measurement, the driving 
factor for accuracy is the Z drive mech-
anism, which can move the objective 
lens and sample relative to each other. 
The method of driving the revolving 
nosepiece to which the objective lens 
is attached in the Z direction or the 
method of driving the XY stage on 
which the sample is positioned in the 
Z direction are the possible implemen-
tations of a Z drive mechanism. Because 
the mass of every sample is different 
and the XY stage has a somewhat larger 
mass, and it is the total of these two 
masses that must be driven in the Z 
direction with the latter method, the 
method of driving a revolving nose-
piece equipped with an objective lens 
which has a constant, relatively small 
mass or a number of objective lenses 
to ensure stability when driving in the 
Z direction is often adopted. If a laser 

scanning microscope is used to mea-
sure the height, the highest intensity 
at each pixel must be found by moving 
in the Z direction as described above. 
Therefore, the travel mechanism must 
be accurately moved with a resolution 
of about 10 nm at the highest magni-
fication. 

Although a detailed discussion on 
the drive mechanism is beyond the 
scope of this document, a highly accu-
rate linear guide and feeding screw are 
used together, and a pulse motor or 
other device is used in most cases to 
drive in increments of a few millimeters, 
usually with a resolution accuracy of a 
few nanometers. There is also a device 
that incorporates a measuring appara-
tus using a scale, laser interference, or 
other method for accuracy improve-
ment. In addition, the I-Z curve in Fig. 6 
is determined based on the magnifica-
tion of the objective lens in an actual 
measurement, and therefore there is an 
appropriate Z axis travel step for each 
objective lens. If the I-Z curve is cap-
tured with coarse steps, an incorrect 
position is measured as the maximum 
intensity. However, if the steps are too 
fine, it takes more time than necessary 
and the measurement value may be 
affected by the device drift, causing 
errors. It is therefore desirable to clarify 
the I-Z curve before determining the Z 
axis step or use the value recommended 
by the manufacturer. 

The confocal optical system and this 
highly accurate Z axis driving mecha-
nism currently allow the laser scanning 
microscope to be used with the high-
est magnification objective lens and to 
resolve data down to several nanometers 
in the Z direction. In addition to these 
items, a variety of factors deteriorate the 
accuracy of three-dimensional measure-
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Fig. 6 Contrast comparison
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OLS4100 light source (405 nm) conventional microscopes(550 nm peak)
Fig. 7  Laser light source of the Olympus 
LEXT OLS5000
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ment (e.g. flatness of the optical system). 
A laser scanning microscope designed 
for high accuracy can minimize these 
factors during the design and manufac-
turing phases.

Software for laser scanning 
microscopes 
Images captured from laser scanning 
microscopes can be processed and ana-
lyzed using computer software as a final 
step to obtain the desired output. This 
software is also an important element 
that determines the operability of the 
device and compatibility with samples. 
The following is a brief introduction 

to some of the imaging, analysis, and 
display functions supported by this 
software.
Imaging: Captured images are usually 
preprocessed for analysis or display. 
Image processing generates an image 
for display that is easy to observe and 
facilitates analysis. Inclination correc-
tion, smoothing filters, emphasis and 
frequency filters among others, isolated 
point removal, contour correction and 
other functions can all be used to elim-
inate unnecessary noise.
Analysis (Measurement): The status 
of the sample surface can be digitized 
and used for quantitative determination. 

Generally, a variety of analysis software 
applications are included, for example, 
applications for profile analysis, line 
width measurement, roughness anal-
ysis, area and volume measurement, 
particle analysis, geometrical measure-
ment, and coating thickness measure-
ment. Recently, use of the microscope as 
a non-contact face roughness measuring 
unit has increased.
Display: A variety of display methods can 
be used to visually represent the shape 
of a sample. Three-dimensional display 
supports the line method, mesh method, 
surface method, shadow method, con-
trast/shadow method, and the intensity/
height method, which is characteristic of 
the laser scanning microscope. In addi-
tion, samples can be observed at a high 
resolution and in wide field by stitch-
ing several images together. Using these 
software applications to meet a variety 
of requests can be expected to further 
widen the application range of laser 
scanning microscopes.

Application note
The plane resolving power of optical 
microscopes largely depends on the 
wavelength of the light used. A laser 
scanning microscope using laser light 
with a short wavelength has better hor-
izontal resolving power than conven-
tional microscopes which use visible light 
(average wavelength: approx. 550 nm). 
The following application note describes 
the resolving power of a laser scanning 
microscope adopting a 405-nm short 
wavelength semiconductor laser.

Objective lens specially designed 
for 405 nm light
It is important to reduce the effect of 
aberration of the optical system in addi-
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Fig. 8 Lens Performance comparison with objective lenses specially designed for 405 nm light. Left: LEXT-dedicated objective lenses, 
right: aberrations are highly reduced (orange curve) when using LEXT-dedicated lenses.	

Fig. 9  Two-dimensional 
scan system (left), 
enabling accurate XY 
plane measurements 
down to the 0.1 micron 
scale (below)

128 × 128 µm 0.12 µm line and space (LEXT OLS5100)
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tion to shortening the wavelength of the 
light source to achieve a high resolving 
power in a confocal optical system. The 
most important part in the optical sys-
tem is the objective lens. An objective 
lens specially made for 405 nm light 
gives ideal performance with blue-vi-
olet laser light.

The two graphs in Fig. 8 compare the 
measurement results acquired using the 
specially designed objective lens and 
those acquired using an objective lens 
with the same NA used in an ordinary 
optical microscope. The sample has a 
nominal period of 10 mm and a sine 
wave profile with amplitude of 0.3 
mm. In the case of the ordinary objec-
tive lens, the area around the optical 
axis shows the correct measurement 
result as the nominal value. However, 
the measured amplitude is larger than 
the actual value at the periphery of the 
field of view. This error is caused by the 
difference in aberration performance 
on the optical axis and in the periphery 
of the field of view at the light source 
wavelength of 405 nm. This phenom-
enon becomes more prominent in pro-
portion to the inclination angle of the 
sample. In contrast, when the objective 
lens specially designed for 405 nm light 
is used, this behavior is not seen and 
the correct measurement result is also 
acquired at the periphery of the field of 
view. In this way, reliable measurement 
of shapes often seen in typical measure-
ment targets such as regional inclina-
tion created by minute irregularities 
in the sample across the whole field of 
view is assured. In addition, accurate 
detection is possible at the periphery of 
the field of view and the measurement 
performance for samples with steep 
inclination has been improved.

Differential interference contrast of 
laser (DIC)
Differential interference contrast obser-
vation is an observation method that 
allows one to see minute irregularities 
at the nanometer level, exceeding the 
resolving power of the laser scanning 
microscope. With this laser DIC, the 
laser scanning microscope can obtain 
images at a resolving power close to that 
of electron microscopes even during live 
observation at low magnification.

Fig. 10 Images of a polymer film without differential interference contrast of laser (DIC) 
(a), and with DIC (b).

Fig. 11 Dual Confocal System and example of acquisition of steep slope
diamond electroplated tool, Objective lens: MPlanApoN50xLEXT (a), Razor with an acute 
angle (b), with conventional laser microscopes (c), with LEXT OLS5000 (d)

Fig. 12 Data acquisition of soft surface sample (a). In contact measurement, the stylus 
scrapes soft samples. Observation image sample using the laser scanning microscope: 
adhesive tape, 256 × 256 μm area (b).

Confocal A

Confocal B

a b

c d

a b

a b

Laser Microscope

R: 0.2 µm
Fig. 13  Laser spot of a laser 
scanning microscope
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“repeatability.” Accuracy refers to how 
close the measurement value is to the 
true value. Repeatability refers to how 
small any fluctuations are after several 
measurements. Select a laser scanning 
microscope that guarantees these two 
performance values with components 
from the objective lens to the main body 
that are shipped after passing rigorous 
inspection standards. A specialist engi-
neer calibrates and makes final adjust-
ments to the product at delivery in the 
environment where the product will 
actually be used.

DOI: 10.1002/phvs.202100028 

Part I: Confocal optical systems, 2D 
and 3D scanning, confocal effect and 
extended focus image, and scanning 
mechanisms of this tutorial appeared 
in the April/May issue 2/2021 and can 
be found online at 
https://doi.org/10.1002/phvs.202100027

Improvement of detection capabili-
ty for combined samples containing 
materials with different reflectance 
values and steep slopes
Laser scanning microscopes can adopt 
a dual confocal system that incorpo-
rates two such systems. In combination 
with a highly sensitive detector, clear 
images and reliable height images can 
be obtained from a sample consisting 
of parts that have very different reflec-
tance values. In addition, it can be dif-
ficult to detect the height data of steep 
slopes from which little reflected light 
returns with conventional laser scan-
ning microscopes. However, a laser 
scanning microscope can reliably mea-
sure samples that have steep angles using 
a specially designed objective lens with 
a high NA and a 405 nm laser.

Non-contact / non-destructive 
observation, inspection, and mea-
surement
Laser light measurement allows for 
observation, inspection, and measure-
ment without damaging the sample. 

Samples can be measured in atmosphere 
without having to cut them into small 
pieces. All you have to do is place the 
sample on the stage of the microscope. 
For example, in stylus-type measure-
ment the stylus directly touches the 
sample surface. Therefore the surface of 
soft samples could be scraped or sticky 
samples could be pulled along, making 
it impossible to obtain a correct value. 
However, noncontact laser scanning 
microscopes are not affected by the con-
dition of the surface and enable  accurate 
roughness measurement.

Measurement of fine irregularities 
using miniscule laser spots
While the tip radius of a new stylus 
(before wear) is 2 μm or 10 μm, the 
radius of the laser spot of the laser scan-
ning microscope is very small (0.2 μm) 
and does not wear. The laser spot reaches 
into narrow crevices that other devices 
cannot enter, making it possible to mea-
sure surfaces with fine irregularities.

Performance assurance of accura-
cy and repeatability and ensuring 
traceability
The performance of a measuring unit is 
represented by the terms “accuracy” and 

Fig. 14  Assurance of two performance values and ensuring traceability

Megan Farell
joined Olympus in 2020 as a 
technical sales support spe-
cialist for industrial micro-
scopes. She has seven years of 
research experience, and her 
work involved various types 
of microscopy. She completed 
her BS at the University of Tennessee and her PhD 
in chemical engineering at the Pennsylvania State 
University.
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Company Profiles

APE Angewandte Physik & Elektronik GmbH
APE is a worldwide operating manufac-
turer of equipment in the field of ultra-
short laser pulses. Its portfolio includes 
autocorrelators, spectrometers and other 
pulse diagnostic systems. The company 
is one of the international market lead-
ers in the field of wavelength conver-
sion using optical parametric ampli-
fiers (OPA), synchronously pumped 
optical parametric oscillators (OPO) 
or wavelength multiplication (SHG, 
THG, FHG, DFG). From single com-
ponents to complete turnkey solutions, 
APE offers everything from a single 
source including matching accessories 
to adjust various parameters (repetition 
rate, spectral bandwidth and more). APE 

instruments are used in scientific insti-
tutions and research centers worldwide, 
often in basic research in physics, chem-
istry, biology and medicine. Devices 
from Berlin can be found in almost all 
well-known institutes and universities 
worldwide. Laser manufacturers also 
appreciate our precisely manufactured 
devices and use them to control the 
quality of their own products in order 
to optimize their production.

APE employs about 70 people. All 
products are developed and produced 
in Berlin according to high quality 
standards. The devices are distributed 
directly as well as through partners in 
over 40 countries.  Since 2010, APE 

Applied Physics & Electronics, Inc., a 
subsidiary in California, USA, has been 
serving the North American market.

The first-class quality of APE preci-
sion instruments as well as competent 
and expert customer service are stan-
dards with which the company meets 
the high demands of a market that is 
constantly moving.

A very close contact to the customers 
is maintained in order to permanently 
improve and further develop the prod-
ucts.

APE Angewandte Physik &
Elektronik GmbH 
Plauener Str. 163-165, Haus N
13053 Berlin, Germany
phone: +49 30 986 011-30
e-mail: sales@ape-berlin.de

www.ape-berlin.de

Company

Expertise in Spectral Analysis and Photonics

AHF analysentechnik is your expert 
partner in optical filter designs and 
microscope accessories for industry 
and research laboratories. AHF offers 
products that have proven their quality 
in many fields of applications, such as 
fluorescence microscopy, multiphoton 
spectroscopy, cell analysis, laser and 
Raman spectroscopy which include 
super-resolution techniques with opti-
cal resolution beyond the Abbe limit 
(TIRF, STED, PALM, STORM, etc.).

The range of products covers hard-
coated singleband, multiband and inter-
ference filters, beamsplitters, dichroics 
and mirrors from prestigious manufac-
turers available as single filter or filter 
sets completely mounted in micro-
scope-specific cubes. Customized filter 
designs, prototyping and OEM solutions 
can also be provided. Powerful LED light 
sources, image splitters and systems for 
quality control of fluorescence imaging 
systems are part of the portfolio as well.

AHF started in 1981 and has grown 
over the years. Its customers benefit 
from long-term and interdisciplin-
ary expertise. The team of AHF gives 
manufacturer-independent product 
advice and helps the customer to find 
the right optical filter design or acces-
sory equipment for his specific appli-
cation and instrument. In many cases, 
optical filters and LED light sources can 
be provided for testing.

AHF analysentechnik AG
Kohlplattenweg 18, D-72074 Tübingen, 
Germany
phone: +49 (0)7071 970 901-0, 
e-mail: info@ahf.de

www.ahf.de

Company
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Edmund Optics –The future depends on optics

Edmund Optics® (EO), founded in 
1942, is a leading supplier and man-
ufacturer of optics, imaging products 
and laser optic components. The com-
pany designs and manufactures a wide 
array of prisms, lenses, beam splitters, 
coatings, imaging lenses, imaging sys-
tems, opto-mechanical equipment, 
and much more. With a portfolio of 
over 34.000 products, EO holds a very 
large inventory of optical components 
allowing immediate delivery and offers 
products, standard or customized, 
small quantities or large volume, for 
various industries. With its headquar-
ters in the US, EO holds manufacturing 
sites in Asia, Europe and the Ameri-
cas and has a highly trained interna-
tional sales team and a strong world-
wide network. Edmund Optics offers 
excellent service along the entire value 
chain – from design to prototype to vol-

ume production. With a global team 
of experts in optical design and man-
ufacturing, EO supports its customers 
around the world and helps them to 
succeed. The FUTURE DEPENDS on 
OPTICS and EO is ready to support 
customers and partners on that jour-
ney. Visit EO’s website to learn more  
www.edmundoptics.eu, send an email 
techsup@edmundoptics.eu or keep in 
touch and receive our news around 
trends, special deals, events, product 
updates, and more. 
www.edmundoptics.eu/stayinformed

Edmund Optics GmbH 
Isaac-Fulda-Allee 5, 55124 Mainz, Germany, 
phone: +49 6131 5700-0, 
e-mail: sales@edmundoptics.eu

www.edmundoptics.eu 

Company

Focuslight Technologies Inc.

Founded in 2007 and headquartered 
in Xi’an, China, Focuslight Technol-
ogies Inc. is a fast-growing company 
that develops and manufactures high 
power diode lasers (photon generation) 
and laser optics (photon control) used in 
various applications in advanced manu-
facturing, health, research, automotive, 
and information technology. Currently, 
our business scope is being extended by 
the development and manufacturing of 
photonic application modules and sys-
tems (photonics application solutions, 

including LiDAR transmitter modules 
and UV-L optical systems). With our 
extensive engineering expertise and 
know-how, Focuslight is dedicated to 
providing customers with well-matched 
comprehensive solutions that enable our 
customers’ success in their own business.

In 2017, Focuslight successfully 
acquired LIMO. Since its inception in 
1992, LIMO has been one of the world’s 
leading manufacturers of fiber-coupled 
modules and optical systems, as well as 
a pioneer of groundbreaking new pho-
tonics production technologies. In 2018, 
LIMO was a winner of the Prism Awards, 
one of the highest honors in the global 
optoelectronic industry awarded by the 
Society of Photo-Optical Instrumenta-
tion Engineers (SPIE).

Focuslight now has four major 
businesses: Diode Laser, Laser Optics, 
Automotive Application (LiDAR), and 
Optical Systems, with facilities in Xi’an 
(China), Dongguan (China), and Dort-
mund (Germany).

Focuslight Technologies Inc.
56 Zhangba 6th Road, High-Tech Zone, Xi’an, 
Shaanxi 710077, China
phone: +353 86 350 0766
e-mail: sales@focuslight.com

 www.focuslight.com 

Company
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HÜBNER Photonics
HÜBNER Photonics is committed 
to supplying high performance and 
innovative lasers that meet or exceed 
the market’s expectations concerning 
quality, reliability and robustness. HÜB-
NER Photonics offers the full range of:
	� C-WAVE cw tunable lasers 
	� Cobolt single & multi-line lasers 
	� C-FLEX laser combiners 
	� Terahertz imagers & spectrometers 

Through continuous technology devel-
opment, customer orientation and an 
ISO certified quality management sys-
tem, HÜBNER Photonics has become 
a preferred supplier of lasers to major 
instrument manufacturers and leading 
research labs for cutting-edge appli-
cations in the areas of fluorescence 
microscopy, flow cytometry, Raman 

spectroscopy, metrology, holography, 
nanophotonics and quantum research. 
HÜBNER Photonics has manufacturing 
sites in Kassel, Germany and Stockholm, 
Sweden with direct sales and service 
offices in USA.

HÜBNER Photonics GmbH 
Wilhelmine-Reichard Strasse 6
34123 Kassel, Germany
phone:  +49 561 994 060-0
fax: +49 561 994 060-13
General enquiries:
e-mail: info.de@hubner-photonics.com 
Sales enquiries:
e-mail: sales@hubner-photonics.com

www.hubner-photonics.com

Company

Innovative optical and optoelectronic  
components
IMM Photonics develops and produces 
optical and optoelectronic products for 
a multitude of applications.

Since our founding in 1992, we have 
been offering new and innovative com-
ponents and modules to numerous cus-
tomers from various technology sectors. 
From metrology and analytics, biopho-
tonics and medical engineering to opti-
cal data transmission and security tech-
nology – our products are deployed in 
several areas of industrial production.

Standard products include laser 
diode modules and collimators, fibre 
optic components, glass fibre testers 
and UV light sources for UV curing. 
Upon request, they can be customised 
and further developed according to spe-
cific customer requirements.

In addition to standard products, we 
also offer OEM and ODM services. In 
the development of customised solu-
tions, we adhere at all times to the cus-

tomer’s specifications, budget and time 
schedule. As a reliable and competent 
partner, we accompany our customers 
along the entire process – from proto-
typing to series production.

Manufacturer, developer and distrib-
utor – with almost 30 years of experi-
ence in the photonics industry, a team 
of qualified engineers and developers, 
production sites in Germany that meet 
the highest technical standards and a 
global partner network, we are in a posi-
tion to offer our customers innovative 
and economically effective solutions, 
even for complex tasks.

IMM Photonics GmbH
Ohmstraße 4
85716 Unterschleißheim, Germany
phone: +49 321412-0
e-mail: sales@imm-photonics.de 

www.imm-photonics.de

Company
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LASEROPTIK – Home of high power laser optics and coatings

LASEROPTIK is a manufacturer of 
high LIDT laser optics and coatings 
from UV to IR and employs more than 
35 coating machines using 7 different 
coating methods. They include e-beam 
evaporation, ion assisted deposition 
(IAD), ion plating, magnetron sput-
tering, ion beam sputtering (IBS) and 
atomic layer deposition (ALD). 

LASEROPTIK offers an express 
coating service starting with a 24 hour 
option for rapid prototyping. Coatings 
and optics can be configured in the 
online app “LOOP”, a database with 
more than 1200 coatings plus substrates 
and coated components.  

Typical products are high LIDT mir-
ror and AR coatings, thin-film polariz-
ers, gradient filters, dispersive coatings 
like GTI mirrors, chirped mirrors and 
mirror pairs, attenuators, customized 
filters, metal-enhanced coatings, coat-

ings on crystals, fibers, viewports and 
space optics.  

LASEROPTIK offers special capa-
bilities in their Ion Beam Sputtering 
section. Two IBS coaters have been built 
up for coatings on large substrates of 
up to 2 meters in length or 500 mm in 
diameter.

With a team of about 100 people, 
LASEROPTIK produces up to 180,000 
coated optics per year for laser appli-
cations in industry, medicine and sci-
entific research. 

LASEROPTIK GmbH
Horster Str. 20 
30826 Garbsen, Germany
phone: +49 5131 4597-0  
e-mail: service@laseroptik.de

www.laseroptik.de

Company

Create the perfect user experience with high-end 
light measurement technology

With the development of high-level light 
measurement technology, Instrument 
Systems enables innovative product 
development. Our measuring instru-
ments are indispensable for producers 
in the photonics industry, entertainment 
electronics e.g. displays, LED and lamp 
manufacturers, in the automotive and 
aviation industries as well as in research 
and development. All our measurement 
solutions are based on our widely rec-
ognized CAS series of spectroradiome-
ters. The newly developed CAS 125 with 
CMOS sensor is designed to maximize 
production efficiency. With minimum 
measurement times in the micro-second 
range and precise triggering it enables 
short-pulse measurements required e.g. 
for a precise characterization of high-
power LEDs with reduced heat-dissipa-
tion capability. 

A main area of research and devel-
opment is to ensure the perfect user 
experience for AR/VR devices. Exten-
sive and highly accurate optical tests 

are necessary not only for the virtual 
display, but also for all other light 
sources and sensors of an AR/VR 
headset. To meet these challenges, 
Instrument Systems has developed 
the LumiTop AR/VR 2D imaging col-
orimeter. Its lens simulates the human 
eye and measures color and luminance 
exactly as seen by the user. Also for 
other included light sources and sen-
sors, Instrument Systems offers testing 
solutions, e.g. for the IR sources (NIR 
LED, VCSEL) often used for gesture 
and object recognition.

Instrument Systems GmbH
Kastenbauerstr. 2, 81677 Munich, Germany
phone: +49 89 454943-0
e-mail: sales@instrumentsystems.com

www.instrumentsystems.com

Company

http://www.instrumentsystems.com
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Enabling the technologies that transform our 
world

MKS Instruments is a global provider 
of instruments and solutions to mea-
sure, monitor, deliver, analyze, power 
and control critical parameters in 
advanced manufacturing and research 
applications. Spectra-Physics, Ophir 
and Newport are brands within the 
MKS Instruments Light & Motion divi-
sion.  ESI is a brand in our Equipment 
& Solutions division. Spectra-Physics 
combines groundbreaking laser tech-
nologies with deep application exper-
tise to deliver industry leading lasers 
for precision industrial and scientific 

research applications. Ophir specializes 
in laser and LED measurement prod-
ucts, including laser power and energy 
meters and laser beam profilers. Ophir 
also provides high-performance IR ther-
mal imaging lenses and optical elements 
as well as optics for CO2 and high-power 
fiber laser material processing. Newport 
provides a full range of solutions includ-
ing motion control, optical tables and 
vibration isolation systems, photonic 
instruments, optical and opto-mechan-
ical components. MKS Light & Motion 
solutions enhance our customers’ capa-

bilities and productivity 
in the semiconductor, 
industrial technolo-
gies, life and health 
sciences, research and 
defense markets.  The 
Equipment & Solu-
tions segment provides 
laser-based manufac-
turing solutions for 
the micro-machining 
industry that enable 
customers to optimize 
production. Our market 
is composed primarily 

of flexible and rigid PCB processing/
fabrication, semiconductor wafer pro-
cessing and passive component man-
ufacturing & test. Our solutions from 
both divisions support our Surround 
the WorkpieceSM offerings, in which we 
deliver leading products and services in 
the lasers, photonics, and optics mar-
kets.

MKS Instruments 
Newport Spectra-Physics GmbH
Guerickeweg 7, 64291 Darmstadt, Germany 
phone: +49 6151-708-0, 
e-mail: germany@newport.com

www.mksinst.com

Company

Optoprim Germany GmbH 
Optoprim Group, since its foundation 
in 1994, has established itself as one of 
the main players in the European Laser 
& Photonic market. As a supplier and 
distributor of well-selected laser com-
ponents of global leading manufac-
turers Optoprim offers solutions at 
any integration level. With subsidiary 
offices in Paris, Monza, Rome, and 
Munich we have over 60 employees 
which have enabled us to build a diverse 
customer base from big OEM´s, inte-
grators, end-users to research institutes. 
With our product portfolio we do sup-
port our customers on industrial and 
scientific requests from the develop-
ment status to the serial production of 
systems and machines. Optoprim offers 
highest standard of customer service 
throughout Europe as well as we are 
providing high expertise in industrial 
laser applications with our application 
team and state of the art equipped appli-

cations lab. With this setting we address 
applications like laser cutting, welding, 
marking, additive manufacturing pro-
cesses, micro machining processes or 
heat treatment processes. Customers 
can get supported with induvial sin-
gle components or with complete vali-
dated integration packages consisting of  
laser source, process optic, process con-
trol, laser safety components as well as 
all additional accessories. Our focus is 
to understand the customers’ needs and 
address them with the right laser tech-
nology – #laserwithus! 

Optoprim Germany GmbH 
Max-Planck-Straße 3
85716 Unterschleißheim, Germany
phone: +49 (0) 89 800 76 281
e-mail: info@optoprim.de

www.optoprim.de 

Company

mailto:info@optoprim.de
http://www.optoprim.de
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Precision linear guides and frictionless slides
PM is the leading European manu-
facturer of standard and customised 
precision linear bearings, linear slides, 
miniature slides, rotation bearings, 
sub-assemblies and engineered-to-
spec motion systems. We are a fami-
ly-owned company in the Netherlands 
and employs more than 200 people. 
Known as a trusted partner for hundreds 
of global players operating semiconduc-
tor industry, optical and metrology sec-
tors, medical technology to industrial 
automation, space and defense indus-
tries.

PM has over 50 years in-depth man-
ufacturing knowledge and critical prod-

ucts are made in house. With the man-
ufacturing capabilities extremely small 
sized products up to large machined 
products (example vacuum chambers, 
accurate large machine elements and 
frames) can be supplied.

The product portfolio of  linear 
bearings includes ball, cross roller and 
needle roller linear bearings. Besides 
linear bearings, PM is specialised in 
linear slides and offers various minia-
ture slides. The newest innovation is the 
extremely compact cross roller linear 
slides MSR which includes anti-cage 
creep technology and offers a highly 
accurate movement at high speeds.  

Other products are the compact 
and flat rotary table bearing for precise 
rotary motion and the gonio bearings 
which offer precision and low friction 
curved motion, originally developed for 
use in optical lenses applications 

Furthermore, the portfolio includes 
customised XY-stages, positioning sys-
tems and advanced motion systems with 
accuracies at sub-micron level. With a 

deep expertise solutions can be offered 
that meet the specific requirements of 
a wide variety of industry applications. 
Assembly of the products is done in con-
ditioned low-dust assembly rooms, for 
semiconductor and medical custom-
ers ultrasonic cleaning, assembly and 
qualifying in cleanroom classes 6 and 
7 is offered.

PM B.V.
Galileistraat 2, 7701 SK Dedemsvaart,  
The Netherlands
phone: +31 (0)523 612 258, e-mail: info@PM.nl

www.PM.nl

Company

Competence in beam diagnostics

PRIMES develops and produces market 
leading systems for laser beam charac-
terization in industrial applications. 
Our spectrum of high-precision, dura-
ble products is put to use in numerous 
branches, such as automotive industry, 
industrial machinery, additive manufac-
turing as well as R&D and laser man-
ufacturing. PRIMES is an important 
player on the global market, represented 
by 12 distributors and a subsidiary in 
Japan. We have a clear customer focus 
and provide worldwide consulting.

PRIMES provides robust, industry 
proven, ready-to-use-systems for indus-
trial environments. They are easy to 
integrate in production processes due 
to standardized interfaces. Thanks to 
the in-house design of hard- and soft-

ware we can offer optimal solutions for 
a wide variety of laser measuring tasks 
as well as for nearly all major laser- and 
machine builders. Our core competence 
lies in beam diagnostic devices for use 
in the processing area of systems with 
multi-kilowatt laser power.

As an ISO 9001 certified company, 
precision is our standard. Our calibra-
tion laboratory has years’ experience 
in the calibration of power meters at 
process relevant power levels as well as 
in the validation of camera- based and 

opto-mechanical beam profilers. Our 
extensive spectrum of beam sources – 
ranging from UV over VIS and NIR to 
CO2 lasers – offers the perfect condi-
tions for this.

With a global installation base of 
more than 25,000 systems, PRIMES 
has gained highest reputation and is 
renowned for offering sophisticated 
solutions in the cross-sectional tech-
nology “laser”.

PRIMES GmbH
Max-Planck-Str. 2, 64319 Pfungstadt, Germany
phone: +49 6157 9878 0, e-mail: info@primes.de

www.primes.de

Company
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Innovative solutions for optics and photonics
Sill Optics is the specialist for quality 
and innovation in the field of photonics 
technologies. With regard to custom-
ized development as well as standard 
solutions we have established ourselves 
internationally and are one of the lead-
ing companies in this business.

With highly qualified and motivated 
teams, we have the flexibility to create 
photonic solutions in a targeted, effi-
cient and economical manner for our 
customers.

Main activities
The production spectrum covers a wide 
range from the production of lenses up 
to complete systems for following appli-
cations:
	� Laser technology: Industrial mate-
rial processing, e.g. micromaterial 
processing, additive manufacturing
	� Imaging optics, e.g. industrial 
metrology, quality assurance
	� Medical technology, e.g. micros-
copy, analytical technology
	� Science and research, e.g. trapped 
ion lenses

Services
Development and production of
	� Spherical precision lenses
	� Precision apsheres
	� Low absorption coatings
	� Mechanical components
	� Optomechanical components
	� Electronics

Technology focus
	� Optical and mechanical solutions 
in high end applications
	� Alignment turning device
	� High precision assembly
	� Optical thin films and absorption 
measurement devices

Sill Optics GmbH & Co. KG
Johann-Höllfritsch-Straße 13, 90530 Wendelstein, 
Germany, phone: +49 9129 9023-0, 
e-mail: info@silloptics.de 

www.silloptics.de

Company

High-quality optical components
The company Schäfter+Kirchhoff GmbH 
is based in Hamburg, Germany and was 
founded over 60 years ago. From here we 
manufacture high quality optical prod-
ucts that are delivered to customers all 
around the world.

Our current product lines are polar-
ization-maintaining fiber optics, lasers 
for machine vision and line scan cam-
eras. A special focus is set on the win-
ning combination of high optical and 
high mechanical precision, which is the 
basis for the high quality, stability and 
durability of our products. 

One example of successful opto-me-
chanics is the 60SMS laser beam cou-
pler, which is used to couple into 
polarization-maintaining fibers. This 
demanding task requires very high 
precision and quality in order to reach 
long-term stable and high coupling effi-
ciencies. Further fiber optics compo-
nents are available for the wavelength 
range 360-2100nm.

Another field of opto-mechanics is 
Machine Vision that uses laser line or 
spot generators as well as line scan cam-
eras. Ruggedized solutions for indus-
trial purposes are only possible by using 
high-quality optics, mechanics and elec-
tronics. This is true for defined and thin 
laser line geometries or especially small 
laser spots as well as complete line scan 
camera based scanner systems. The Cor-
rosion Inspector, e.g., is an automated 
and objective analysis tool for corrosion 
phenomena that offers a fast and precise 
evaluation according to international 
norms. The line scan cameras used are 
also supplied as OEM components and  
offered with different interfaces.

Our extensive know-how and highly 
qualified, strongly committed employees 
are the driving force behind the com-
pany. To have sales, research and devel-
opment, as well as manufacturing so 
closely knit together, ensures a quick and 
efficient response to customer needs. 

Schäfter+Kirchhoff GmbH
Kieler Str. 212, 22525 Hamburg, Germany, 
phone: +49 40 853997-0, fax: +49 40 853997-79
e-mail: info@sukhamburg.de

www.sukhamburg.com

Company

http://www.silloptics.de
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TOPAG Lasertechnik 
TOPAG Lasertechnik is a distributor 
of lasers, metrology and optics in Ger-
many and Austria. The main focus is 
on consultation, sales and service of 
pulsed solid-state lasers for demanding 
research and 24/7 industrial processes. 
Our team of engineers and physicists is 
experienced in translating your technical 
requirements into efficient solutions.

In addition, Topag develops and man-
ufactures laser beam shaping optics to 
enhance efficiency of laser processes. 
Top Hat beam shapers series FBS (dif-
fractive) and GTH (refractive free-form) 
generate homogenous square or round 
beam profiles for improved laser abla-
tion while 1- or 2-dimensional beam 
splitters DBS are used for parallel laser 
processing.

Product Portfolio
	� Nanosecond to femtosecond solid 
state lasers
	� Tunable lasers from UV to IR
	� Autocorrelators, spectrometers and 
monochromators
	� Beam shaping optics (Top Hat 
shapers and beam splitters)
	� Microchannel plates and MCP 
detectors

	� Optics, laser crystals, opto-me-
chanics and optical systems

Services
	� Consultation, design and service of 
laser systems
	� Design of laser optics and optical 
systems

TOPAG Lasertechnik GmbH
Nieder-Ramstädter Straße 247
64285 Darmstadt, Germany
phone: +49 6151 429440
e-mail: info@topag.de

www.topag.de

Company

TOPTICA Photonics AG

TOPTICA has been developing and 
manufacturing high-end laser systems 
for scientific and industrial applications 
for 20 years. Our portfolio includes 
diode lasers, ultrafast fiber lasers, ter-
ahertz systems and frequency combs. 
The systems are used for demanding 
applications in biophotonics, industrial 
metrology and quantum technology. 
TOPTICA is renowned for providing 
the widest wavelength coverage of diode 
lasers on the market, providing high-

power lasers even at exotic wavelengths.
TOPTICA develops and manufac-

tures high-end laser systems for scien-
tific and industrial applications. OEM 
customers, scientists, and over a dozen 
Nobel laureates all acknowledge the 
world-class exceptional specifications 
of TOPTICA’s lasers, as well as their 
reliability and longevity.

Founded in 1998 near Munich (Ger-
many), TOPTICA became one of the 
leading laser photonics companies by 
aiming for, and consistently delivering 
high-end specifications. TOPTICA’s 
diode lasers are appreciated for excel-
lent coherence, wide tuning range and 
ideal beam profiles.

TOPTICA’s 340 employees take pride 
in developing customized systems. In 
close collaboration with several uni-
versities and institutes, latest scientific 
discoveries are frequently incorporated 
into commercial products. With a global 
distribution network, TOPTICA pro-
vides exceptional service worldwide.

 
Short profile TOPTICA Photonics 
AG 
Founded: 1998
Employees: 340 (2020)
Revenues: 76 Mio. € (90 Mio $) 
Legal form: Aktiengesellschaft (AG), 
private ownership
Presidents: Dr. Wilhelm Kaenders,  
Dr. Thomas Renner
Chairman: Dr. Dieter Schenk

TOPTICA Photonics AG
Lochhamer Schlag 19
82166 Graefelfing / Munich 
Germany
phone: +49 89 85837-0
e-mail: sales@toptica.com

www.toptica.com

Company
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new / next date

June 21 – 24, 2021 		  April 26 – 29, 2022
LASER World of PHOTONICS Exhibition
Munich, Germany
https://world-of-photonics.com

June 22, 2021
PHOTONICS GERMANY online workshop on quantum 
technologies
online
https://photonics-germany.de 

June 22 – 23, 2021				 
Rapid.Tech 3D
online only 
www.rapidtech-3d.de 

June 29 – 30, 2021		
PHOTONICS+
online 
https://photonicsplus.com

 
July 05 – 09, 2021 	

Microscience Microscopy Congress mmc2021
online 
www.mmc-series.org.uk

July 06 – 07, 2021 	 	 March 16 – 17, 2022
W3+ Fair Wetzlar
Wetzlar, Germany
https://w3-messe.de

new / next date

July 06 – 07, 2021 	
T4M – Technology for Medical Devices – meet2match
online
www.t4m-expo.com

July 13 – 15, 2021
SEMICON West 	   December 07 – 09, 2021
San Francisco, CA, USA / hybrid
www.semiconwest.org

September 01 – 03, 2021 
CIOE 2021
Shenzhen, China
www.cioe.cn

September 14, 2021
Innovative Product Development by Additive 
Manufacturing
Hannover, Germany
www.lzh.de

September 22 – 23, 2021
W3+ Fair Rheintal
Dornbirn, Austria 
https://w3-messe.de

October 05 – 07, 2021 
VISION
Stuttgart, Germany
www.messe-stuttgart.de/vision 

October 12 – 16, 2021
Fakuma
Friedrichshafen, Germany
www.fakuma-messe.de

Source: Messe Frankfurt Source: Messe München

Read event previews and reviews on www.wileyindustrynews.com/en/events
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“Becoming a flagship of the UV LED community”
Review: Unique conference covering the wide range of UV LED topics

For the second time, Iculta – the ‘Inter-
national Conference on UV LED Tech-
nologies & Applications’ – presented 
a forum for the UV LED community 
to exchange ideas and results on cut-
ting-edge topics. The program of last 
week’s virtual event covered the most 
recent and novel developments in UV 
LED manufacturing, including applica-

tions in health care, environment and 
life sciences, curing, and metrology. 
A running theme in many of the ses-
sions was the role of UV and UV LEDs 
to address Covid-19, in particular the 
disinfection of air and surfaces. Overall, 
the conference served to bring together 
the world’s foremost LED makers, users, 
and researchers in an environment that 
fostered an excellent and productive 
sharing of information. 

“The strong attendance with over 320 
participants from 33 countries has shown 
how necessary the exchange between UV 
LED developers and users is”, concludes 
Sven Einfeldt on Iculta 2021. The confer-
ence chair from Advanced UV for Life 
and Head of the GaN Optoelectronics 
Lab at Ferdinand-Braun-Institut in 
Berlin highlights the lively and fruitful 
discussions in the live chats. “In order 

to advance UV LED technologies, it is 
important to look beyond our own hori-
zons. We have provided this opportunity 
with Iculta 2021.”

To be continued…
The entire field of UV LEDs contin-
ues to evolve dynamically. Many excit-
ing developments, such as increasing 
power and efficiencies, and the falling 
prices of UV LEDs, can be expected in 
the coming years. The Advanced UV for 
Life consortium and the International 
Ultraviolet Association have already 
announced Iculta 2023 to further pro-
mote the exchange of current findings in 
the UV LED community and to enable 
a view of what the future might hold in 
this exciting field. 

www.iculta.com

“Reaffirming the leadership claim”
Review: Sensor+Test, 4 – 6 May 2021, online only

With 188 exhibitors, the event achieved  
a considerable size compared to the pre-
vious digital trade fairs. Sensor+Test was 
again able to maintain its position as a 
prime international event for sensor, 
measuring, and testing technology.

“For us as the organizers as well as 
for the many exhibitors and visitors, this 
digital Sensor+Test was uncharted ter-
ritory. And we’re proud indeed to have 
been able to carry out such a digital event 
so well. Although we realized that these 
three days were no fully -fledged substi-
tute for a presence event, we were in a 
position to clearly advance and expand 
the digitalization of our leading fair,” said 
organizer Holger Bödeker. 

So after the first truly online event in 
2020, this year’s edition started off with 
a significantly improved system and a 
plethora of innovations, presentations, 
and talks as well as optimized opportu-
nities for digital communication among 
all the participants. 

The participants made abundant 
use of these opportunities not only to 
obtain information on the many inter-
esting innovations at the digital trade-
fair ‘stands’,  but also to talk directly with 
the exhibitors’ experts via modern chat 
functions and to make appointments. 

The focus was mainly on the series 
of presentations: in 50 in-depth lectures 
on technology and 91 short-form talks, 
the exhibitors presented their latest solu-
tions and trends in sensor and measuring 
technology. 

This year’s special topic, Sensor and 
Measuring Technology for Condition 
Monitoring, was discussed with great 
interest. The digital-format contribu-
tions to this topic provided by the exhib-
itors were great public attractions. 

The community stand, Young Inno-
vative Enterprises, was also held dig-
itally. The ten participating start-up 
companies were able to present their 

fresh ideas to the visitors via the trade-
fair platform. 

The number of visitors, 2,500, was as 
expected less than at a presence event 
(2019: approx. 7,000). The same is true 
for the exhibitor numbers, 188 (2019: 
538). “We have to be satisfied with these 
figures considering the current situa-
tion. All of us were able to gain a lot 
of experience during the preparation 
of this online fair and were anxious to 
see how the Innovation Dialog would 
fare under digital conditions. Now we 
can say that we were not disappointed” 
said Bödeker.  

Sensor+Test was able to continue its 
long and successful tradition in hosting 
scientific conferences while also holding 
the first parallel SMSI Sensor and Mea-
surement Science International Con-
ference. Over 220 participants attended 
167 presentations, tutorials, and discus-
sions. The new format linked national 
and international representatives from 
research, science, and industry. 

Next year the event is to be held again 
as a presence event from 10 – 12 May in 
the halls of the Nuremberg Exhibition 
Center. 

www.sensor-test.de

Conference by Co-chair Sven Einfeldt, Ferdinand-Braun-
Institut, opens the conference

SENSOR+TEST 2021 digital (Source: AMA)
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“Showcasing innovative research and applications in 
laser science”
Review: CLEO 2021, 9 – 14 May, online only 

Distinguished speakers from across the 
globe described advances in quantum 
and silicon photonics, optical imaging 
and sensing and more during the all-vir-
tual CLEO 2021 held in May. The con-
ference drew more than 4,600 registrants 
from 73 countries.

Ultrabroadband nanophotonics, inte-
grated nonlinear photonics, self-driv-
ing cars, ultrafast lasers and the optics 
community’s response to Covid-19 were 
among topics for more than 2,000 tech-
nical and poster presentations across 
241 technical, postdeadline papers 
and poster sessions, workshops, short 
courses and special events. Registrants 
have access to recorded presentations to 
view on-demand for sixty days.

“The virtual event expanded our 
knowledge of research and technolo-
gies that are driving the industry for-
ward,” said program chair Clara Sara-
ceno. “The extraordinary developments 
in areas ranging from high harmonic 

and fiber-based light sources to pho-
tonic computing illustrate the amazing 
work of researchers and industry leaders 
developing and bringing these products 
to market.”

Speakers from government, industry 
and academia participated in a work-
shop focused on biophotonics and nano-
photonics optical approaches in fighting 
pandemics and challenges associated 
with those applications. Among them 
were UV radiation for effective decon-
tamination and cleaning and spectros-
copy techniques for rapid pathogen 
detection and virus probing.

“The presenters covered a wide-range 
of groundbreaking research that is rap-
idly changing our field,” said CLEO 2021 
general chair Christophe Dorrer. “We are 
investigating our world at the fundamen-
tal level and addressing concrete prob-
lems with photonics and advanced laser 
science.” One presentation reviewed 
work underway to detect exoplanets 

with precision optical technology. “Small 
planets are very abundant in our galaxy,” 
said Dimitri Mawet of California Insti-
tute of Technology, USA, adding that 
direct imaging will enable scientists to 
learn more about their atmospheres.

The discovery of the supermassive 
black hole was the topic of a talk by 
Shep Doeleman of Harvard University, 
USA. This seminal achievement relied 
on optical sparse aperture systems for 
astronomical observations. The team 
used a technique called very-long-base-
line interferometry (VLBI) using radio 
telescopes worldwide connected by a 
network of atomic clocks to observe the 
hole and digitize data, he said.

The CLEO Virtual Exhibition fea-
tured eighty leading companies in laser 
science and photonic applications: Top-
tica Photonics, AIM Photonics, Opto-
Sigma, Coherent, MKS, Synopsis, Oz 
Optics, Menlo Systems and many more.

www.cleoconference.org

Preview: Rapid.Tech 2021 
22 – 23 June 2021, online only

The event which was scheduled to take 
place at the beginning of May in Erfurt 
was first postponed to June and intended 
to be a conference event with an accom-
panying exhibition. 

The Rapid.Tech 3D trade congress 
2021 will take place exclusively digitally. 
Messe Erfurt has made this decision in 
consultation with the advisory board. 
Previously, a hybrid format was planned 
for this oldest German congress trade 
fair in the field of additive manufactur-
ing (AM). “The pandemic situation still 
does not allow a secure preparation and 
execution of a live event this summer. 
That’s why we are giving the ‘AM future 
makers’ a digital stage on June 22 and 
23, bringing users and suppliers together 
virtually. Guests at the online event can 
look forward to an attractive, user-ori-
ented technical program that presents 
AM solutions under the guiding prin-
ciple of sustainability in nine industry- 
or technology-specific forums. We also 
offer a virtual expo and networking 

area,” explain Michael Kynast, Manag-
ing Director of Messe Erfurt, and the 
Advisory Board Chairmen Michael 
Eichmann from Stratasys and Prof Dr 
Gerd Witt from the University of Duis-
burg-Essen.

In the congress live stream, users and 
suppliers of additive technologies will 
present best-practice examples and the 
latest developments from the automotive 
& mobility, medical & orthopedic tech-
nology, aerospace, software/processes/
design and tool, model and mold mak-
ing sectors. In addition, the ‘News from 
AM’ forum, which is on the program 
for the first time, offers a look into the 
future of additive manufacturing and 
presents processes as well as materials 
that go beyond the state of the art of the 
technology currently in use, but already 
have a high level of application maturity. 
In parallel, there will be a ‘Rapid.Tech 
Special’: the focus will be on innovations 
from research and development, which 
will be addressed in the AM Science, 

AM in Construction & Architecture 
and Fraunhofer Additive Manufactur-
ing Competence Field forums.

Traditionally, each day of the con-
gress opens with a keynote lecture, but 
a new feature is another key presenta-
tion at the end of the event. On June 22, 
2021, Ralf Anderhofstadt and Janis Kretz 
from Daimler Buses will provide infor-
mation on how additive manufacturing 
is already integrated into bus production. 
At the beginning of the second day of the 
congress, Volker Thum, CEO of the Ger-
man Aerospace Industries Association, 
will explain why industrial 3D printing is 
essential for the climate-neutral aircraft 
of the future. A special aviation appli-
cation will be the focus of the closing 
lecture on the afternoon of June 23. Alex-
ander Altmann of Liebherr-Aerospace 
Lindenberg will report on the integration 
of AM technology in the production of 
the Boing 777X’s wingtip folding propul-
sion system using a hydraulic actuator.

www.rapidtech-3d.com
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Preview: W3+ Fair, Photonics+ 
29 – 30 June 2021 online; 16 – 17 March 2022, Wetzlar, Germany 

After two postponements, organizer 
Fleet Events finally canceled the W3+ 
trade show for this year. However, the 
date for the restart in 2022 has already 
been set. 

The trade fair was originally planned 
for February this year. The date was last 
postponed to 6 – 7 July. Now the orga-
nizer also had to pull the plug here due 
to Corona. Despite sinking incidences 
and a positive atmosphere there are 
still too many barriers, which make the 
actual purpose of the fair impossible: 
networking. The new start for the fair 
is now planned for 16 – 17 March 2022 in 
Wetzlar. Until then, there will be enough 
time to collect new topics and ideas and 

thereby  support the high-tech commu-
nity in networking and new business in 
the best possible way.

Project director Jörg Brück: “We as 
organizers are very sorry, especially for 
our exhibitors and partners, because a lot 
of heart and soul has gone into the prepa-
rations. However, after all the positive 
feedback and the many new suggestions 
of the last few weeks, we are now focus-
ing on an even stronger trade show in 
March 2022.” During the last event at the 
end of February 2020, shortly before the 
outbreak of the Corona pandemic, 180 
exhibitors met just over 2,800 visitors.

Not affected by the cancellation is 
the W3+ Fair 2021 in the Rhine Valley, 

which will open the high-tech trade fair 
autumn in the four-country region at 
Lake Constance from 22 – 23 September 
2021, as planned. The event sees itself as a 
door opener to the high-tech region with 
its focus on research and development.

Until then, the photonics industry 
will have another opportunity for con-
tacts and new leads by participating 
in the Photonics+ Virtual Exhibition 
and Conference (photonicsplus.com), 
in partnership with EPIC. The digital 
event, which started in February with 
338 exhibitors and over 3,500 visitors, 
will now go into the next round on 29 – 
30 June 2021.

https://w3-messe.de

Preview: CIOE 2021
1 – 3 September 2021, Shenzhen, China

The China International Optoelectronic 
Exposition CIOE 2021 will be held at 
Shenzhen World Exhibition and Con-
vention Center on September 1 – 3, 2021 
with 160,000 square meters exhibition 
area to showcase the dynamic opto-
electronic industry worldwide. CIOE’s 

flagship expo, Precision Optics Lens & 
Camera Module Expo, known as the 
‘weather vane’ of Asia’s optics industry, 
will attract thousands of optics indus-
try professionals to collect information, 
purchase new products and find new 
suppliers onsite. Also, Lasers Technol-

ogy & Intelligent Manufacturing Expo 
will be the ideal platform to source Chi-
na’s lasers and follow the market trends 
under one roof. 

www.cioe.cn/en

Preview: T4M meet2match
6 – 7 July 2021, online; T4M fair with new date t.b.a. 2022

T4M – Technology for Medical Devices 
will not take place in 2021. This decision 
was made at the request of the industry 
along with the trade fair advisory board 
and its supporters, Swiss Medtech and 
the VDMA Working Group Medical 
Technology.

For a long time, the industry was 
holding onto the idea of an event in the 
first half of the year in the hope that a date 
after the Whitsun holiday would have a 
higher chance of realization and, as a 
result, ensure greater planning certainty. 
“We regret this development. Given the 
risk areas spread across Europe and the 
resulting travel restrictions and quar-
antine regulations, the idea of holding 
an in-person trade fair for the medical 
technology industry in June is, unfortu-
nately, unrealistic and the economic risk 
is too high,” says Niklas Kuczaty, man-

aging director of the VDMA Working 
Group Medical Technology. The next 
medical technology trade fair is sched-
uled to take place regularly at the Messe 
Stuttgart venue in 2022.

The recent months have made very 
clear that online trade fairs can help 
solve the problem and can bring ben-
efit for customers. They are, however, 
difficult, especially when it comes to 
medical technology. After a thorough 
review and discussions with the industry, 
Messe Stuttgart decided against hosting a 
digital version of the in-person Medical 
Technology Expo in June 2021. The proj-
ect team will concentrate all its energy to 
further increase the quality of the ‘T4M – 
Technology for Medical Devices’ brand 
with individual goal-oriented activities.

So, in cooperation with the VDMA 
Working Group Medical Technology, 

the T4M team now presents ‘T4M meet-
2match’ – a solution to counteract the 
effects of the pandemic and the resulting 
travel restrictions that make networking 
significantly more difficult. The format 
connects supplier companies from the 
medical technology sector as well as 
manufacturing and marketing compa-
nies of medical products, but also found-
ers and start-ups in the industry. 

From 6 – 7 July 2021 for the first time, 
participants will have the opportunity to 
make new international contacts, foster 
their existing networks, obtain informa-
tion about current topics and get into 
conversation. 

www.messe-stuttgart.de/t4m/
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Buyers’ Guide

Components and  
accessories� �

 
Cooling systems  

 

KKT chillers 
Industriestraße 3 • 95359 Kasendorf  
T +49 9228 9977 0 
F +49 9228 9977 149 
E  info@kkt-chillers.com 
W www.kkt-chillers.com

 
termotek GmbH 
Gottlieb-Daimler-Str. 3-9  
76532 Baden-Baden 
Tel.: +49 7221 9711-0 Fax.: -111 
www.termotek.de 
info@termotek.de

Extraction systems, AIR 
PuriFication� 

 
Fuchs Umwelttechnik P+V GmbH 
Gassenäcker 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

 
TBH GmbH 
Extraction & Filtration Technology 
Heinrich-Hertz-Str. 8 
DE-75334 Straubenhardt 
Tel. +49(0)7082 9473 0 
Fax. +49(0)7082 9473 20 
info@tbh.eu · www.tbh.eu

 
 

 
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 Mülheim-Kärlich 
Tel. 02630/964-0, Fax 02630/964-1018 
www.laserline.com, info@laserline.com

Fiber lasers up to 100 W 
PHOTON ENERGY GMBH 
Bräunleinsberg 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 
Bräunleinsberg 10, 91242 Ottensoos 
Tel. +49(0)9123-99034-0, Fax. –22 
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, pulsed 
PHOTON ENERGY GMBH 
Bräunleinsberg 10, 91242 Ottensoos 
Tel. +49(0)9123-99034-0, Fax –22 
info@photon-energy.de, www.photon-energy.de

Nd:YAG lasers, up to 500 W 
PHOTON ENERGY GMBH 
Bräunleinsberg 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 
Bräunleinsberg 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 AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com 

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Filters, optical 
Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

LOGO?



Buyers’ Guide	

118 	 PhotonicsViews  3/2021� ©  2021 Wiley-VCH  GmbH  

Free-form optics

 
Trionplas Technologies GmbH 
Permoserstr. 15 
D-04318 Leipzig 
Tel. +49(0)3412352234 
info@trionplas.de 
www.trionplas.de

Galvanometer Scanning Systems

 
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 

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Mirror coatings 
Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

Mirrors 
B&M Optik GmbH 
Am Fleckenberg 20, 65549 Limburg 
+49 (0) 6431 9860 – 0  
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Mirros, UV 
Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

Optical Components
B&M Optik GmbH 
Am Fleckenberg 20, 65549 Limburg 
+49 (0) 6431 9860 – 0  
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

 

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Prisms 
B&M Optik GmbH 
Am Fleckenberg 20, 65549 Limburg 
+49 (0) 6431 9860 – 0  
info@bm-optik.de / www.bm-optik.de

Optics Balzers AG 
Balzers, Liechtenstein 
Phone +423 388 92 00 
www.opticsbalzers.com

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Windows, optical 

B&M Optik GmbH 
Am Fleckenberg 20, 65549 Limburg 
+49 (0) 6431 9860 – 0  
info@bm-optik.de / www.bm-optik.de

 
Zünd precision Optics ltd 
Prismastr. 5 
CH-9444 Diepoldsau 
Tel. +41(0)71 737 74 00 
Fax +41(0)71 737 74 10 
info@zuendoptics.com 
www.zuendoptics.com

Our buyers’ guide  
can be found  

in each issue of   
PhotonicsViews.

Interested?

Please contact:

Änne Anders
Phone: +49(0) 62 01 – 606 552 

aanders@wiley.com
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Material processing 
systems 

 
Laser welding 
LPKF WeldingQuipment GmbH 
Tel. +49-911-669859-0, Fax: -77 
www.lpkf-laserwelding.de

Marking systems 
PHOTON ENERGY GMBH 
Bräunleinsberg 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 

 
Helling GmbH, 25436 Heidgraben 
3D-Laserscanning-Entspiegelungsspray 
Tel.:  04122/922-0, Fax: 922-201 
info@helling.de 

Optical metrology

 
Acceleration sensors
POLYTEC GmbH 
76337 Waldbronn 
www.polytec.de 
info@polytec.de

Dimensional gauging
POLYTEC GmbH 
76337 Waldbronn 
www.polytec.de 
info@polytec.de

Film thickness measurements
POLYTEC GmbH 
76337 Waldbronn 
www.polytec.de 
info@polytec.de

Interferometric measurements
POLYTEC GmbH 
76337 Waldbronn 
www.polytec.de 
info@polytec.de

SmarAct GmbH  
Tel.: +49 441 - 800 87 90  
E-Mail: info@smaract.com 
www.picoscale.com

Surface quality measurements
POLYTEC GmbH 
76337 Waldbronn 
www.polytec.de 
info@polytec.de

Transmission/reflection  
measurement of thin films

 
EssentOptics Ltd 
23A-81, 40 let Pobedy street 
Borovlyany, Minsk region 
223053 Belarus 
Tel: +375 17 5112025 
Email: office@essentoptics.com 
www.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

SmarAct GmbH  
Tel.: +49 441- 800 87 90  
E-Mail: info@smaract.com 
www.picoscale.com

Services� 

 
Application development/ 
Application laboratories�
Fraunhofer-Institut für Lasertechnik 
Steinbachstraße 15, 52074 Aachen 
Tel: 0241/8906-0, Fax: 0241/8906-121 
www.ilt.fraunhofer.de

Optical development and  
engineering companies 
Fraunhofer-Institut für Lasertechnik 
Steinbachstraße 15, 52074 Aachen 
Tel: 0241/8906-0 Fax: 0241/8906-121 
www.ilt.fraunhofer.de

System consulting 
Fraunhofer-Institut für Lasertechnik 
Steinbachstraße 15, 52074 Aachen 
Tel: 0241/8906-0, Fax: 0241/8906-121 
www.ilt.fraunhofer.de

Our buyers’ guide  
can be found  

in each issue of  
PhotonicsViews.

Interested?

Please contact:

Änne Anders
Phone: +49(0) 62 01 – 606 552 

aanders@wiley.com
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More Infos at www.ape-berlin.de

High Resolution 
Spinning Grating Spectrometer

Wavelength from 200 to 6300 nm
Resolution up to 0.05 nm
Fiber and free beam input
Continuous measurement with high refresh rate
Intuitive software with extensive analysis tools
USB interface and remote control
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