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Lasers continue to see uptake in a wide 
range of modern applications due to their 
incredible precision and flexibility. 

On page 8 we see how this flexibility 
is now increasing even further, with 
coherent-beam-combining technology 
having recently unlocked the ability to 
rapidly switch between a wide range 
of beam profiles, which can be used to 
enhance welding applications. Bosch 
Research is currently investigating the 
technology to determine the relationship 
between different beam shapes and other 
parameters, such as laser power, weld 
depth and material type.

In our cover story for this issue, on 
page 14, we see how lasers are now 
being used in the very new application of 
bendable display production. The cutting 
of OLED stacks requires laser source 
parameters to be adjusted to previously 
optimised values for each layer within the 
stack. UV picosecond lasers have been 
demonstrated to be the right tool for the 
job, and can thus expect to see uptake in 
the production of bendable smartphones 
and rollable TVs.

E-mobility continues to be a modern 
application area at the forefront of laser 
materials processing development. While 
in recent years we’ve seen innovative blue 
and green laser technologies emerge to 
take on the difficult challenge of copper 
processing, on page 20 we learn how laser 
welding in a vacuum with standard infrared 
wavelengths can be used as an alternative. 
The process can be used to stabilise the 
welding process and avoid spatter, cracks 
and pore formation, making it ideal for 
busbar and hairpin welding, in addition to 
the welding of bipolar plates for hydrogen 
fuel cell production.

All this and more can be learned about 
not only in this issue, but also at the 
upcoming LASYS trade fair, which returns 
after four years of absence on 21-23 June 
in Stuttgart, Germany. We look forward to 
seeing you there!

 @lasersystemsmag

   www.linkedin.com/showcase/ 
laser-systems-europe/ 
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NEWS

LASERS 
IN ACTION

Laser textured discs improve 
marine engine performance
Friction discs laser-textured 
at Heriot-Watt University in 
Edinburgh, Scotland, could 
reduce maintenance costs and 
downtime for the biggest ships 
sailing on the oceans.

German firm Man Energy 
Solutions tested the friction 
discs on its two-stroke 
engines on two ships sailing 
from Europe to Asia. The 
discs transfer power in 
engines and act as a safety 
device. They need to sustain 
a precise amount of friction: 
too much and the gear can be 
overloaded, too little and there 
could be premature slippage.

Currently, such discs are 
treated with a thermal spray 
coating to help them create 
friction. However, this method 
isn’t as precise as the engine 
and the industry need.

Scientists from Heriot-Watt 
University have therefore 
worked with Man Energy 
Solutions and Danish firm TRD 

Surfaces to develop a new laser-
texturing process for the discs. 
The work was done as part of 
the EU-funded project SHARK, 
which aims to industrialise 
laser texturing.

Professor Duncan Hand, 
from Heriot-Watt University, 
said: ‘Using lasers means we 
can create precise, uniform 
and replicable textures on the 
discs. We used laser pulses 
to experiment with different 
patterns, shapes, spacing and 
depths, with the aim of creating 
a new surface that would have a 
good grip on its counterpart.’

The high-friction concept 
was combined with a surface 
hardening process, carried out 
by TRD Surfaces. It effectively 
freezes the textured surface 
to ensure it doesn’t deform 
when it comes into contact with 
its counterpart. 

The technique was tested 
extensively in the laboratory 
at Heriot-Watt and then on a 

QiOVA won the ‘Laser 
systems for industrial 
production engineering’ 
Innovation Award 
category at Laser World 
of Photonics for it’s 
VULQ1 multibeam marking 
solution. VULQ1 can 
create 2D datamatrix and 
alphanumeric patterns in 
applications such as anti-
counterfeiting, customer 
engagement or tracking 
of components.

Ultrafast laser 
manufacturer Amplitude 
has acquired MW 
Technologies, a developer 
of optical fibre lasers 
– changing its name to 
Amplitude Portugal. 
The acquisition will 
enable Amplitude to 
increase its production 
capacity and better serve 
international customers.

Yamazaki Mazak 
has opened a new 
headquarters for its 
European Laser Business 
in Milan, Italy. 

EuroBlech 2022 is set 
to return to a live event 
format on 25-28 October 
in Hanover, Germany. 
The show will feature a 
ninth exhibition hall for 
the first time, focusing on 
joining technology.

Australian semiconductor 
developer BluGlass has 
acquired a commercial 
laser diode production 
facility lease in Silicon 
Valley, enabling it to 
accelerate its growth 
strategy, bring key 
fabrication processes 
in-house, and improve the 
quality and consistency of 
its GaN laser diodes.

IN BRIEF 

specialist demonstrator. ‘We 
achieved a much higher and 
more reproducible friction 
coefficient than we had 
expected,’ said Hand. ‘Improving 
the performance of the discs 
means significant savings on 
maintenance costs, which the 
shipping industry will welcome.’ 

Jesper Vejlø Carstensen, 
from Man Energy Solutions, 
commented: ‘We needed a 
better solution for one of our 
high-friction components. After 
joining forces with Heriot-Watt 
and TRD Surfaces, we now 
have a precise, controllable 
and reproducible solution. As 
a vital add-on, we can perform 
non-destructive quality control 
of every part, and are installing 
the laser surface textured high-
friction discs in engines.’

Man Energy Solutions has 
commercialised the innovation 
with TRD Surfaces as the 
supplier of the laser textured 
friction discs.
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The team tested different texture spacings on the disc
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Liebinger spoke on a panel at Laser World of Photonics in April

Laser job shops, not just global entities, need quantum 
computing – Trumpf CTO Peter Leibinger 
The potential of quantum computers to help 
solve global challenges, such as climate 
change, is clear, but just as important is 
their possibility to transform the day-to-day 
running of businesses, such as laser job 
shops, said Trumpf’s CTO Dr Peter Leibinger, 
speaking on a panel at Laser World of 
Photonics in April.  

Leibinger told the audience of the World 
of Quantum conference that five-to-six 
years ago he asked Trumpf employees 
whether there were any technical problems 
that needed solving. It was found that a 
large number of fundamental questions 
relating to sheet metal cutting could not 
be solved. 

In particular, this involved the complex 
calculations needed for ‘nesting’ – a process 
of getting the greatest possible number of 
parts out of a single sheet of metal to save 
material. Fabricators can use specialist 
software to help with nesting, but this only 
takes into account the shape of each part, it 
doesn’t consider other factors such as how 
to cut parts without causing them to tilt. 

Many operators therefore opt to carry 
out manual nesting for more complex jobs, 
placing the parts on the metal sheet like a 
giant jigsaw puzzle. Conventional computers 
are not powerful enough to calculate the 
perfect nesting solution using all of the 
required factors in less than a matter of 
hours or even days. But quantum computers 
could process these complex computations 
much more quickly. 

‘After a few tests with existing quantum 
computers… we found this will be an 
absolute enabler for us. We must master 
the use of quantum computing as soon as 
possible – it will be a differentiator for our 
business,’ Leibinger said. ‘It’s the day-to-day 

understand what is behind this technology. 
We run the risk that an ivory tower will be 
created of people who talk with each other 
and understand what they’re talking about 
among themselves, but are decoupled from 
the rest of the world,’ Leibinger highlighted.

‘To stop this happening – in the R&D 
departments in our companies, for 
example – we need to broaden education 
of quantum technologies in the rank 
and file of existing organisations. So we 
need top talent generation, we need 
ordinary engineering training, but we also 
need training programmes within our 
companies to generate an understanding of 
quantum technologies.’

He added that engineers need a broad 
range of skills – understanding both 
chemistry and quantum technology, for 
example, or photonic/optics engineering 
along with quantum. ‘People who only do 
physics will not be sufficient to bridge that 
education gap,’ Leibinger said.
Reported by Jessica Rowbury.

Nuburu, a manufacturer 
of high-power and high-
brightness industrial blue 
lasers, has partnered with 
additive manufacturing (AM) 
firm, Essentium, to develop and 
manufacture a blue-laser-based 
metal AM platform. 

The new printer will enable 
manufacturers to create 
production-grade parts using 
reflective metals, with high 
resolution and fast throughput.

Under the multi-year, multi-
million-dollar agreement, 

Essentium will integrate Nuburu’s 
blue laser technology with 
its High Speed Extrusion 3D 
printing technology for product 
development in a first phase, 
and manufacturing in a second 
phase. The new AM platform will 
deliver exceptional throughput 
and extremely high part quality for 
broad-scale use in major industrial 
markets, including automotive, 
aerospace and defence.

Nuburu’s blue laser technology 
is well-suited to AM applications 
involving highly reflective 

materials such as copper and 
aluminium, which reflect much of 
the energy delivered by infrared 
lasers – leading to lower print 
speed and quality. The blue lasers 
will enable rapid printing of such 
materials, with very high metal 
density and without any required 
post processing.

‘We are excited to work closely 
with the Essentium team and 
combine the powers of our existing 
technologies to develop and 
manufacture a new transformative 
platform for AM,’ said Dr Mark 

Zediker, co-founder, CEO and 
president at Nuburu. ‘Our high-
power, high-brightness blue laser 
technology, along with our 3D 
printing IP, will help Essentium 
build a powerful metal 3D printer 
with a wide range of applications.’

‘Nuburu’s expertise will help 
enable gains in speed and power 
within our new platform,’ added 
Dr Elisa Teipel, chief development 
officer and co-founder of 
Essentium. ‘We are looking forward 
to working with their team and 
leveraging their technology.’

problems, not just the big world problems, 
that need quantum computers,’ he noted. 
‘Very simply, to run your sheet metal shop to 
deliver products to your customer.’

Pushing quantum forwards 
Clemens Utschig-Utschig, from 
pharmaceutical company Boehringer-
Ingelheim, said for quantum computing 
to find its way into industry, the scientific 
community needs to adjust the way it 
engages stakeholders. 

‘Our language is too binary. We are 
so used to explaining things classically, 
but we need to talk about use cases and 
applications to get the technology into the 
industry. The use cases are clear,’ he said. 

Trumpf’s Leibinger added that bridging the 
quantum education gap will be important, 
not only for obtaining talent, but for ensuring 
quantum development is understood within 
both the photonics community and within 
individual companies.

‘Ordinary engineers like myself need to 

Nuburu to develop blue-laser 3D printers in new partnership
M
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New process to increase 
underwater welding efficiency
The Laser Zentrum Hannover (LZH) is 
developing a laser-assisted metal flux-cored 
welding process for use underwater. 

Whether for wind farms, coastal 
protection structures, or harbours: when 
technical constructions have to be welded 
underwater, divers usually do it by manual 
electrode welding. While this process is 
relatively simple and inexpensive, it has a 
major disadvantage in that the diver must 
frequently replace the burnt electrodes. This 
means the process has to be interrupted 
repeatedly, especially for longer welds.

In the BMBF-funded LaMeer project, LZH 
scientists are therefore now developing 
an alternative process together with its 
industry partner, AMT from Aachen. The 
new process, called laser-assisted metal 
flux-cored underwater welding, aims to make 
welding underwater easier and produce 
better weld seams.

to power 
plants, vehicles 
and shipbuilding. 

However, welding 
the copper alloy is 
challenging due to 
process instabilities. 
The alloyed 
zinc evaporates 
below the melting 
temperature 
of copper. For 
this reason, pore 
formation and a 
high hot cracking 
tendency of the 
seams can occur.

Therefore, in 
the project LaserMessing, the LZH and 
its industry partner are developing a 
laser-based manufacturing system for 
the automated series production of brass 
components, such as fittings, bearings, 
valves, turbines or heat exchangers. The 
partners are combining laser-based deep 
welding using adaptable beam profiles, with 
cored wire processes, to produce a stable, 
automatable process that produces weld 
seams free of pores, weld spatters and 
underfill. Thermography and spectroscopy 
data will be used to monitor the process 
and develop a process control system. In 
doing so, energy can be directed into the 
workpieces to reduce vapour capillary 
fluctuations. The use of core and ring spots 
will provide additional process stabilisation. 
The subsequent laser cored wire process 
then smooths the seam surface of the 
previously created deep welds.

Fraunhofer ILT has opened a 
300 square metre research 
laboratory dedicated to 
realising the cost-optimised 
series production of hydrogen 
fuel cells, helping unlock their 
technological/economic potential 
and accelerating their structured 
rollout in industry.

The ‘Hydrogen Lab’ was 
officially opened in Aachen on 
5 May at the International Laser 
Technology Congress AKL’22. 

It offers a wide range of laser-
based experimental facilities that 
cover the manufacturing steps 
for producing metallic bipolar 
plates used in hydrogen fuel cells. 
This includes technology for 
welding and cutting, as well as for 
structuring and coating, which can 
be used to improve the efficiency 

and functionality of bipolar plates. 
Test rigs will also be available 
to evaluate laser-manufactured 
components in terms of both 
hydrogen tightness and efficiency.

Having such a space 
will encourage seamless 
interdisciplinary collaboration, 
giving public projects and 
industry collaborations a space 
to achieve synergy at the highest 
scientific and technological level. 

‘In Germany, of course, there 
are other well-known research 
institutes working on hydrogen, 
and we are in constant exchange 
with them,’ said Dr Alexander 
Olowinsky, head of the Micro 
Joining Group at Fraunhofer 
ILT. ‘We could also work with 
component manufacturers for fuel 
cells, as well as with partners who 

want to produce manufacturing 
technology, such as scanners 
or tools for process monitoring, 
or with those who want to test 
beam sources.’

Innovation Award for Laser 
Technology presented at AKL’22
The 2022 Innovation Award 
for Laser Technology was won 
by Primes at AKL’22 for its 
ScanFieldMonitor, a laser scanner 
characterisation system. The 
development of the system, 
carried out by Primes’ head of 
R&D Stefan Wolf and his team, 
was prompted by many new 
applications in the field of additive 
manufacturing and e-mobility. 

The ScanFieldMonitor’s 
measurement principle enables 
the measurement of laser beam 

parameters during the movement 
of a scanned vector. The resulting 
laser scanner characterisation 
provides all geometrical and laser-
related parameters relevant to 
remote applications. Additionally, 
beam position and movement 
of the laser scanner unit in its 
scanning field are determined in 
the same operation.

In standard flux-cored welding, a wire 
is taken from a wire reel and melted. This 
allows significantly longer weld seams to 
be produced, thus increasing deposition 
rates and production rates. With the help 
of laser radiation the LZH scientists now 
want to optimise flux-cored welding further 
as a more efficient underwater welding 
alternative. To this end, they want to develop 
and test a welding torch prototype with 
integrated laser optics. The laser beam 
will insert energy into the workpiece in a 
targeted manner to improve arc ignition 
and stability. 

The work is based on research into laser 
beam-arc hybrid welding in an atmosphere, 
which has shown that the targeted 
combination of laser beam and arc in a 
common process zone allows the arc to be 
guided precisely, resulting in higher process 
stability and geometric accuracy of the weld 
seam. In addition, higher welding speeds 
and the over-welding of existing weld seams 
are possible. 

Bettering brass joining
The LZH is also looking to improve the 
welding of brass in another project with LMB 
Automation from Iserlohn. 

Brass’ high electrical conductivity, 
high corrosion resistance and attractive 
appearance make it suited to many 
applications, ranging from fittings, 
machinery and apparatus engineering, 

Fraunhofer ILT inaugurates Hydrogen Lab at AKL’22

Bipolar plate functionalised with USP 
laser microstructuring
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Laser-assisted metal flux-cored welding will 
increase underwater joining efficiency and quality

Spectroscopic 
measurement data and 
adaptable beam profiles 
will be combined to 
control and stabilise laser 
brass welding
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Matthew Dale 
learns how Bosch 
Research plans 
to use one of 
the most recent 
developments in 
laser technology

In developing its extensive range 
of products, spanning from home 
appliances to automotive parts, 
Bosch researches and wields the 
latest production technologies.

In the field of laser materials 
processing, which has become 
one of the many tools in Bosch’s 
production arsenal over the 
years, the firm works with the 
absolute cutting-edge. Last 
year, for example, it announced 
its partnership with the 
European photonics consortium, 
LAMpAS, to develop a laser 
system capable of structuring 
metal surfaces to give them 
antibacterial, water-repellent 
and grease-repellent properties. 
The work could lead to home 
appliances that remain clean for 

longer periods of time. 
‘We have a lot of applications 

that rely on laser material 
processing, and look to adopt 
the latest technologies as they 
emerge,’ confirmed Dr Reiner 
Ramsayer, Bosch Researcher’s 
chief expert in joining technology 
and the manager of its laser 
materials processing group. 
‘Over the years, we’ve seen laser 
sources continually increase 
in terms of both beam quality 
and power. We’ve also seen 
innovative optics developed 
and new wavelengths emerge 
– for example, in the visible 
(blue and green) part of the 
spectrum for copper processing. 
We continually develop 
new processes with these 
evolving technologies.’

And so with the firm at 
the forefront of technology 
development, who better to ask 
the simple question: ‘What’s next 
in laser materials processing?’

Beam shaping for new 
opportunities
The answer, according to 
Ramsayer, is being able 
to change the profile and 
parameters of laser beams 
during processing, without 
requiring a change in optics.

‘From my point of view, beam 

shaping is a parameter field ripe 
for exploring to further optimise 
processes, as today, 99 per cent 
of all laser processes work with 
a single round beam with either 
a Gaussian or top hat profile,’ he 
said. ‘While in the last three to 
four years we have witnessed the 
emergence of so-called “ring-in-
ring” technology for lasers with 
adjustable beam quality, its beam 
shaping functionality is actually 
quite limited. Such systems 
do not enable you to achieve 
whatever beam shapes you want, 
and the shapes they do offer can 
be quite static. While you can 
change the sub-power in the ring 
and in the core, it’s unfortunately 
not very flexible or dynamic.’ 

Which is why the firm has 
begun working with Civan 
Laser’s dynamic beam lasers 
(DBLs) wielding coherent-beam-
combining technology. Here, 
numerous beams of differing 
phase are overlapped to 
produce a wide range of beam 
shapes at up to megahertz 
frequencies, and at high power. 
This enables full control of the 
keyhole during welding, opening 
new possibilities in increasing 
process quality, speed and 
creating new applications.

The concept of coherent 
beam combining is not new, 
however, it is only in recent 
years that it has been adapted 

THE NEXT STEP IN LASER 
MATERIALS PROCESSING

for high-power (kilowatt-level) 
material processing lasers. 
‘Over the past decade a lot of 
experts in laser technology 
identified it as a good approach, 
but many didn’t think it would 
work with lasers tens of kilowatts 
in power, or that it would be 
too expensive,’ said Ramsayer. 
‘Civan has since overcome 
these issues. They introduced 
the concept to us four to five 
years ago and we recognised 
it to have great potential as 
the next step forward in laser 
materials processing. It offered 
a completely new field of 
adjustable parameters.’

Getting to grips with new 
technology
Civan has since adapted 
the technology to materials 
processing and released 
systems that it and Bosch 
Research can experiment with 
together at research institutes. 
‘Now we are at the stage of 
conducting lots of research to 
increase our understanding 
of the process fundamentals 
– determining the relationship 
between different beam shapes 
and other parameters, such as 
laser power, weld depth and 
material type,’ said Ramsayer. 
‘This will enable us to identify 
which shapes can be used to, 
for example, influence welding 

The coherent beam combining technology of Civan’s Dynamic Beam Laser 
can be used to produce a wide range of beam profiles

Copper-aluminium welds achieved using different 
beam profiles from Civan’s Dynamic Beam Laser 
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speeds in certain materials 
without inducing defects, such 
as pores or cracking.

‘This is exactly what our 
corporate research team 
does at Bosch: take emerging 
technologies and identify where 
they can be used in the future.’

During this work the firm will 
explore completely new ideas on 
what can be done with the new 
DBL technology. ‘While you can 
do a lot of processes with the 
state-of-the-art adjustable beam 
quality lasers now available, this 
new option to change the beam 
shape during the process will 
create a lot of freedom for future 
process design,’ said Ramsayer.

Another advantage of Civan’s 
coherent-beam-combining 
technology is that it enables 
small spot sizes to be achieved 
over large working distances. 
‘Currently, the optics have to 
be very close to your part if you 
want to have a small spot size 
on the workpiece, however, with 
this technology you can increase 
the distance, enabling you to 
cover a larger working field with a 
scanner,’ said Ramsayer. ‘This will 
be very important for increasing 
remote welding speeds, or 

improving remote welding quality 
at the same speeds, which will 
enable more reliable and efficient 
production of products in future.’

This is why, in his opinion, 
high-frequency dynamic 
beam shaping is one of the 
next steps for laser material 
processing. ‘While it certainly 
won’t be applicable to all of our 
processes, I believe we will find 
numerous instances where it is 
beneficial,’ Ramsayer continued. 
‘This is why Bosch is very 
interested in the technology.’

Putting it to work
However, to bring the DBL into 
production, Bosch still has to 
conduct more fundamental 
research on how it can be used 
to influence processes. ‘Once 
we achieve this we can find 
applications for it,’ affirmed 
Ramsayer. ‘We certainly have 
applications in mind, for example, 
in the production of fuel cells, 
electric drives and power 
electronics for future vehicles, 
so we’ll likely start with these 
and then find other processes 
where it’s also beneficial.’

While the beam shapes 
achievable with Civan’s DBLs 

are possible with other lasers, 
expensive, specialised optics 
are currently required to do this, 
and even then these don’t enable 
the beam shape to be adjusted 
during processing. ‘So the 
innovation of DBL technology is 
you now have one system that 
can produce numerous beam 
shapes at high frequency without 
first having to change in optics,’ 
Ramsayer remarked. ‘This will 
be very useful if you have to 
perform different welds on a 
single part, or across multiple 
parts in quick succession.’

Bosch Research envisions the 
technology being particularly 
applicable to the field of 
e-mobility, where it will put it to 

“We take 
emerging 
technologies 
and identify 
where they 
can be used 
in the future”

work in the welding of hairpins, 
busbars and bipolar stacks for 
battery, electric drives, and fuel 
cells respectively. ‘These require 
lots of high quality, long welds 
to be made, and all have a very 
high cost pressure associated 
with them due to the expense of 
e-mobility,’ said Ramsayer. ‘This 
technology should enable us to 
ramp up the production of such 
parts while also making them 
smaller and better.’

The laser is regarded as 
an important technology in 
e-mobility production, but the 
quality and reproducibility of the 
welds must improve over what 
they are currently, Ramsayer 
continued. ‘While today, we 
adjust all the parameters we 
have currently available to 
achieve this – welding speed, 
laser power, focus diameter – we 
cannot currently change the 
beam profile during the process 
with ease,’ he concluded. ‘We 
believe high-frequency dynamic 
beam shaping could be used to 
improve the quality and speed 
of our processes, ultimately 
allowing us to provide better 
products at lower prices for 
our customers.’ l
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Lasers in  
Action Forum 
As well as the exhibition, the popular Lasers 
in Action Forum, hosted and programmed 
by Laser Systems Europe, will once again be 
taking place this year. The forum is open to 
all exhibition visitors, and through a range of 
engaging presentations will help deepen their 
understanding of laser technology and its 
many applications. Here we preview the range 
of topics set to be covered.

Efficient laser cutting and welding  
of sheet metal assemblies: flexible,  
modular, productive
Andreas Scholz, area sales manager, Weil 
Technology
In the field of sheet metal processing 
and assemblies, production is currently 
characterised by different batch sizes and 
fluctuating order intakes. Our solution for 
more added value is called ‘Flexible Laser 
Solutions (FLS)’: variable system technology 
for efficient laser welding and cutting of sheet 
metal assemblies with individual concepts.

You don’t go off-road with a sports car, do 
you? So, how do you find out what’s best for 
your sheet metal assembly production? What 
are the influencing factors and what are good 
answers to that? How about quick and easy 
change-over times? How about autonomous 
production? How about bringing several 
processes into one machine? How about 
splitting complicated processes into simple, 
parallel working steps with a high output? Weil 
Technology welcomes you to find out in this 
presentation.

Customised laser micromachining 
processes for industrial production
Thomas Gester, head of laser application 
and contract manufacturing, 3D-Micromac
In the industrial manufacturing of electronic 
components, precision, machining quality, 

throughput and cost are playing an important 
role. This presentation will give a brief 
overview of different case studies where laser 
micromachining achieves new dimensions 
in terms of precision, quality and process 
efficiency. Different laser applications and 
machining solutions for industrial production 
will be presented. One example application is 
the laser processing of metal foils, including 
cutting, drilling, and micro structuring. Further 
applications cover selective ablation, through 
glass vias (TGV), and the cutting of CFRPs.

Smart ultra-short pulse laser processing 
with rotating beam – laser micro drilling, 
cutting and turning
Florian Lendner, CEO, GFH
Current micro drilling, cutting and turning 
processes are mainly based on EDM, 
milling, stamping, honing or grinding. All 
these technologies are using a tool with a 
predefined geometry that is transferred to the 
workpiece.

In contrast the laser is a highly flexible 
tool, which can adapt its size very quickly 
and simply by the change of a software 
setting. Thanks to laser development efforts 
in recent years, stable ultrafast lasers with 
sufficient average power and high repetition 
rates have become industrially available. For 
using as many pulses as possible, cost-
efficient production demands for innovative 
processes and machining setups with fast 
axes movement and special optics for beam 
manipulation.

GFH has developed helical drilling optics, 
which rotate the beam at up to 30,000 
rpm in a very precise circle and allows the 
adjustment of the diameter and incidence 
angle. This enables the laser to be used for 
high precision drilling and cutting and also for 
micro turning processes.

Laser beam welding in a vacuum – industrial 
implementations of LaVa-welding
Dr Benjamin Gerhards, product manager, 
LaVa-X
Laser beam welding in a vacuum (LaVa) 
is a process modification of laser beam 
welding. It combines the vacuum technology 
normally used in electron beam welding 
with the established joining technology of 
laser beam welding. The process is usually 
used in a pressure range of 1 to 100hPa and 
is characterised by a very high weld seam 
quality as well as the avoidance of pores, 
spatters and oxidation. The weld seams 
produced with LaVa welding resemble 
electron beam weld seams in their formation. 
In addition, the ‘LaVa effect’ enables the 
penetration depth to be increased by up to 
60 per cent compared to the conventional 
atmospheric process, without changing the 
process parameters. Conversely, the energy 
input into the workpiece can be significantly 

BEAMING BACK 
TO STUTTGART
Industry gears up for the long-awaited return 
of LASYS, the international trade fair for laser 
materials processing

LASYS, the trade fair dedicated to laser 
materials processing, is set to return 
to Stuttgart from 21 to 23 June after a 
four-year absence from the exhibition 
halls of Messe Stuttgart, alongside the 
renowned Stuttgart Laser Technology 
Forum (SLT).

The LASYS exhibition showcases 
technologies serving the wide 
range of laser materials processing 
applications, including cutting, welding, 
drilling, cleaning, marking, additive 
manufacturing, micromachining, surface 
treatment and texturing. Trade visitors 
will primarily consist of decision-makers 
from the mechanical engineering, 
plant construction, automotive and 
optical industries, with the exhibited 
technologies also serving the aerospace, 
electronics, semiconductor, medical 
device manufacturing, metalworking, 
plastics, glass processing, toolmaking 
and mouldmaking industries.

Gunnar Mey, department manager of 
exhibitions & events at Messe Stuttgart, 
commented: ‘We are delighted to be 
back with LASYS after this long break 
and to build on what we achieved at the 
last event together with the industry. 
At the same time, we are continuing to 
develop LASYS so we can keep offering 
a platform for the latest trends and 
innovations in laser material processing.’

Thomas Fehn, chief sales and service 
officer at Trumpf Laser Technology, an 
exhibitor at this year’s show, added: 
‘In an economic region as strong 
as Stuttgart, LASYS is essential to 
enable us to get back to face-to-face 
communication and live machine 
demonstrations on site after two years 
of webinars and video conferences. And 
the focus on laser material processing in 
particular makes the trade fair especially 
attractive for us.’
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reduced while the penetration depth 
remains the same, which saves energy and 
significantly reduces distortion.

The LaVa process is now established in 
many industrial areas such as electromobility, 
aerospace and sensor technology. The reason 
is that joining technology is now key in many 
applications, as the quality requirements for 
joints have increased significantly.

Dynamic Beam Laser  for  
joining applications
Dr Eyal Shekel, CEO, Civan Lasers
In the past few years, the fast-growing 
demand for electrically operated vehicles has 
surfaced the need for an industry transition 
toward laser-based welding processes rather 
than conventional technologies such as 
arc-welding, brazing, solid-state welding, etc. 
The challenges are broad and versatile and 
concern the minimisation of parts, difficult-
to-weld alloys, dissimilar-material welding, 
and high-speed welding challenges when 
processing components such as powertrains, 
busbars, and hairpins, to name a few. 

However, these challenges are dealt with by 
conventional laser systems only to a limited 
extent that has not yet been established for 
mass production replacements. This, in part, 
is caused by the fact that conventional laser 
systems can control a limited set of process 
parameters, such as power, feed rate, and 
focus as the main exchangeable parameters, 
which are insufficient to allow better control 
of the welding process dynamics. Civan’s 
OPA-series Dynamic Beam Lasers precisely 
target the melt pool dynamic through shape 
stirring and predesigned power distribution 
profiles, by which defects such as porosity, 
spatter, humping, and cracks are avoided. The 
flexibility of the controlled parameters offered 

by OPA-series lasers (i.e., type of shape, shape 
frequency, focus stirring, power distribution 
profile, etc.) allows for the better refinement 
of process parameters for a specific task. 
This results in better optimisation of various 
welding processes that are of high industrial 
demand.

3D dynamic beam shaping for  
laser material processing
Dr-Ing Patrick Herwig, group manager 
for laser cutting, Fraunhofer Institute for 
Material and Beam Technology IWS
Macro laser material processing is no longer 
limited due to the availability of laser power 
at low costs. Currently, local overheating 
in the centre of the process zone does not 
lead to an increase in process performance, 
but degrades the process result due to 
instabilities. Additional local energy deposition 
in high temporal resolution provides a solution 
to this problem. This presentation gives an 
insight into the technical possibilities of an 
implementation as well as first insights into 
shifting the process boundaries. Different 
adaptive elements for beam oscillation 
in the kHz range will be discussed and 
improvements already achieved in the field of 
laser cutting and welding will be shown.

High throughput biomimetic laser surface 
functionalisation
Bizhan Alatif, Laserinstitut Hochschule 
Mittweida
Mimicking natural concepts by laser surface 
texturing holds great promise for biomimetic 
surface functionalities, interfaces and 
products. So far, it is validated that rippled 
textures can function as a diffraction grating 
for optical effects, multi-scale laser textures 
can induce water-repellent and self-cleaning 
surface behaviour, and riblet-shaped groove 
structures are beneficial to reduce wall shear 
stress and skin friction drag on solid surfaces 
in turbulent flows. 

The ongoing trend to higher laser powers 
allows high-throughput machining and 
large-area processing, thus paving the way 
for laser made surface functionalities from 
lab-scale research to industrial production. 

In this talk, we will present the latest results 
achieved in high-rate laser surface texturing 
and functionalisation, for example, by 
demonstrating super-hydrophobic surfaces, 
shark-skin inspired riblet profiles and 
high-friction performances. The replication 
of these microscopic surface structures 
in plastic features a further technological 
improvement for mass production, which 
enables numerous innovations in modern 
micromachining and advanced surface 
engineering.

Selective laser melting in the micro scale
Julian Drechsel, Laserinstitut Hochschule 
Mittweida
The micro-SLM process established at the 
Laserinstitut Hochschule Mittweida (LHM) 
is an additive manufacturing process that 
scratches the surface of possibility of metallic 
microprocessing. The process is a further 
development of selective laser melting 
(SLM), which has already been established 
in industry for several years. The special 
features of the process, namely the small 
focus diameter of <30µm, the small powder 
grain size and the resulting low structural 
resolutions, enable the production of 
various parts in the micro range, which will 
be presented. Micro-SLM can be used to 
produce a range of structures, from watch 
parts to aerospace components.

Latest developments in laser-based glass 
additive manufacturing
Katharina Rettschlag and Dr.-Ing. Peter 
Jäschke
Additive manufacturing of glass and 
ceramic materials will open up new fields 
of application in the future, for example in 
chemical apparatus engineering, architecture, 
or even optics. Therefore, we are developing 
manufacturing processes further to produce 
reproducible and automatable glass 
components with a high level of complexity 
and optical quality.

The additive manufacturing of glass, also 
known as laser glass deposition, has been 
co-developed by us at the Laser Zentrum 
Hannover and enables the automated 
production of complex structures using a 
fibre-based process. The focus is on the 
automation of extensive handling, from 
handling the raw material to the finished 
product for standardised, reproducible 
results. Furthermore, we are working on the 
additive manufacturing of optics and optical 
components such as ball lenses. We can print 
on existing components as well as build up 
independent components layer by layer.

To set the basis for more applications for 
the additive manufacturing of glasses and 
ceramics, we are developing and evaluating 
processes for materials that have not yet 
been used for this purpose. l
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The Japanese Government is 
supporting the development 
of several new hubs that 
aim to supply breakthrough 
solutions based on state-of-
the-art photonics and quantum 
technology.

Such was heard by attendees 
of the 15th International Laser 
Marketplace, which was hosted 
by Optech Consulting alongside 
the Laser World of Photonics in 
Munich this year.

The hubs are being 
established as part of the 
ongoing ‘Photonics and 
Quantum Technology for Society 
5.0’ project, which was launched 
in 2018 by the The Cross-
ministerial Strategic Innovation 
Promotion Program (SIP), and is 
set to conclude next year.

Making models
Dr Koji Yasui, senior chief 
technologist of Mitsubishi 
Electric and a sub program 
director of SIP, explained that 
one of the main goals of the 
new hubs will be to establish 
a cyber-physical system 
(CPS) for laser processing 
that seamlessly integrates 
cyberspace (virtual space) with 
physical space (real space). 
The CPS will be able to produce 
digital twins (simulations) for 
laser processing and provide a 
boost to smart manufacturing 
that will facilitate the breaking of 
production bottlenecks for users 
of laser processing, allowing 
them to address increasing 

customer demands and accept a 
larger number of orders.

The challenge with developing 
a CPS for laser processing, 
according to Yasui, is that laser 
processes are very difficult to 
model due to their complexity 
– each consisting of numerous 
thermal, non-thermal, physical 
and chemical processes that 
often take place simultaneously. 

However, he shared the 
positive news that in recent 
years, Professors at the 
University of Tokyo have 
achieved a breakthrough in 
this area and are now able to 
produce models – and thus 
digital twins – for a range of laser 
processes. These models were 
constructed using first principle 
calculations that handle each 
atom individually, as well as 
through the use of AI technology 
and by ‘connecting simulation 
codes from the nanometre level 
to the millimetre level’, Yasui 
said.

‘And now, the University of 
Tokyo is preparing a web-based 
service to construct digital 
twins for your applications,’ he 
remarked. ‘If you ask them laser 
processing conditions for a new 
material for example, they will 
find out the best processing 
conditions by using both AI 
technology based on their 
physical theory, and also by 
using on-site laser processing 
machines.’ For example, a 
sample of the material would 
be irradiated with a laser under 
many different conditions, 
and then the data from the 
processing results would be 

collected and analysed using AI 
to find the optimal processing 
conditions, which could then be 
delivered to the user.

These efforts will also be 
assisted by developments being 
made in quantum computing 
at the new hubs. ‘We consider 
quantum computing essential 
for the total optimisation of 
digital production,’ said Yasui. 
‘However, unfortunately, 
today’s quantum computing 
can only be applied to a limited 
range of applications. Now a 
breakthrough has been made 
in that we are now applying 
quantum computing to a variety 
of real industrial applications.’

This has been achieved 
with the help of high-level 
mathematic experts at Kyoto 
University and Keio University, 
who according to Yasui have 
successfully converted a range 
of industrial problems to a 
format that can be handled 
by quantum computing. For 
example, in laser processing, 
Yasui envisions quantum 
computing web-based services 
also being used by engineers 
to determine the optimal 
parameters for a process in 
a dramatically reduced time 
frame. The engineers can then 
use conventional computing 
within their firm to develop the 
final process, guided by the 
results delivered via quantum 
computing.

Yasui referred to this use 
of web-based computing as 
‘Quantum as a Service’ or QaaS 
for short. 

Supreme scanning
Another recent development 
that has emerged from a 
member of the new hubs 
is Hamamatsu Photonics’ 
development of an innovative 
spatial light modulator that 
delivers exceptionally high 
pulse laser power capability of 
up to 400GW/cm2. The system 
is designed for high-power 
industrial pulsed laser systems 
and is expected to achieve 
high-throughput, high-precision 
laser processing. It is designed 
to deliver digital light control for 
innovative laser processing and 
is well-suited to applications 
involving resistant materials 

BREAKING  
BOTTLENECKS

“The 
University 
of Tokyo is 
preparing a 
web-based 
service to 
construct 
digital twins 
for your 
applications”

such as lightweight and high-
strength carbon fibre reinforced 
plastics. 

‘Hamamatsu Photonics 
has successfully enhanced 
the power capability of this 
technology from the 10W level 
to the kW-level to cope with a 
wide variety of laser processing 
applications,’ said Yasui. A 
version of this spatial light 
modulator has been supplied to 
the laser processing CPS of the 
University of Tokyo, as well as 
to Utsunomiya University so it 
can develop systems requested 
by industrial users for cutting, 
welding and drilling. ‘A modular 
system is also being developed 
so that customers can easily 
apply a feedback control system 
using the spatial light modulator 
in their own systems,’ Yasui 
added . 

The new hubs, whose 
members include Kyoto 
University, the University 

of Tokyo, Keio University, 
Utsunomiya University, 
Hamamatsu Photonics, 
Waseda University and Kyushu 
University, will continue to work 
in the fields of laser sources, 
feedback control and AI/
quantum technology to develop 
innovative solutions that aim 
to overcome manufacturing 
bottlenecks. ‘We are very happy 
to connect our hubs with your 
hubs in Europe, in China, the 
United States and across the 
world,’ Yasui concluded. ‘Some 
hubs have already started 
collaboration with institutes and 
companies in Europe.’ l

Matthew Dale learnt of smart 
manufacturing innovations 
taking place in Japan, at the 
15th International Laser 
Marketplace
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Laser and optoelectronics /  
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Biophotonics and medical engineering
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Laser systems for industrial production 
engineering
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Optics / Manufacturing technology for optics 
28 June, 2 pm (BST)

Sensors, test and measurement /  
Optical Measuring Systems / Imaging
29 June, 2 pm (BST)

Live Webinars
Innovation Award 
shortlist series

Laser Systems Europe, 
Imaging and Machine 
Vision Europe and 
Electro Optics, are 
partnering with Laser 
World of Photonics, 
in hosting a series of 
webinars highlighting 
the technologies from 
shortlisted companies 
in April’s Laser 
World of Photonics 
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www.electrooptics.com/LWOPawardwebcasts
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Jim Bovatsek, of MKS Spectra Physics, 
shares how UV picosecond lasers 
can effectively cut layered stacks of 
organic polymers in flexible OLED 
display production

Organic polymers are 
employed as substrates and 
other components in many 
microelectronic and display 
devices. In microelectronics, 
for example, polyimides (PIs) 
are used as passivation layers, 
insulators and alpha-particle 
barriers. Flexible electronics 
devices use PIs for both 
substrates and encapsulation 
layers, while liquid crystal 
displays (LCDs) use polyimides 
as alignment layers. New PIs that 
are highly transparent at visible 
wavelengths (clear PI) are used 
as substrates and encapsulants 
in flexible organic LCD (OLCD) 
and organic light emitting diode 
(OLED) displays. Acrylic resins 
with hard, inorganic particulate 

additives are used for scratch-
resistant, anti-fingerprint 
hard coat layers (HCs) and 
polyethylene terephthalate 
(PET) for transparent substrates 
and protective layers in flexible 
OLED manufacturing processes. 

Recently, novel thin film stacks 
for flexible, and touch-sensitive, 
OLEDs have been developed 
that facilitate emerging designs 
for foldable smartphones 
and rollable displays1. These 
stacks typically employ a 
flexible PET layer with a thin 
layer of pressure sensitive 
adhesive (PSA) as a removable 
protective layer. Optically clear 
PI is used as a substrate and 
encapsulant, while engineered 
polymer HCs or ultrathin glass 
(UTG) are employed for anti-
scratch, anti-fingerprint layers. 
Polyvinyl alcohol (PVA) films 
are used for polariser layers. 

heated cutting zone that 
often generates a significant 
peripheral heat affected zone 
(HAZ). While UTG is tolerant of 
relatively high temperatures 
and therefore resistant to HAZ 
formation, organic polymers are 
easily thermally damaged and 
IR laser sources often produce 
unacceptable HAZ. 

The right tool
High-power, ultrashort 
pulse (picosecond, ps, or 
femtosecond, fs) UV laser 
sources are therefore used 
for precision cutting of many 
polymer films. UV wavelengths 
facilitate bond-breaking over 
photothermal vaporisation 
during the cutting process, 
and the cut is produced via 
a photoablative mechanism. 
OLED cutting using ps pulsed 
UV lasers requires polymer-
specific laser source parameters 
for each film since organic 
polymers can exhibit a wide 
range in photoablation threshold 
values. In addition, the polymers 
used in OLED stacks exhibit very 
dissimilar HAZ characteristics. 
Laser cutting of OLED stacks 
thus requires that the laser 
source parameters be adjusted 
to previously optimised values 
for each layer within the stack 

Precision laser cutting of OLED polymer
stacks for bendable display technologies

Achieving a small bending 
radius of curvature in all the 
display’s component layers 
while simultaneously retaining 
functionality over a long lifetime 
of bending cycles is challenging 
for OLED device manufacturing. 
UTG, which is brittle and difficult 
to manufacture and handle, 
is especially problematic and 
is therefore replaced with 
clear PI/HC layers in many 
OLED devices.

Laser cutting for device 
singulation and feature 
generation is the only method 
with the precision required 
for OLED manufacturing. UTG 
films can be laser-cut using 
Bessel beam processing and 
an IR picosecond laser, but this 
method does not work for OLED 
polymer stacks. IR laser sources 
cut materials photothermally, 
producing a localised, intensely 

Figure 1a: Experimentally determined ablation 
thresholds for clear PI, PET and HC

Figure 1b: Optical microscope images showing 
dissimilar ablation characteristics for clear PI, 
PET and HC materials (single pulse energy ≅ 5× 
material ablation threshold)

Figure 1c: Test results for HC cut optimisation
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if best overall quality and 
throughput are to be achieved.

MKS has evaluated the use 
of a high-power, picosecond 
UV hybrid fibre laser (Spectra-
Physics IceFyre UV picosecond 
laser) for photoablative cutting 
of a multi-layer polymer stack, 
like those used in foldable OLED 
applications2. The IceFyre UV50 
laser outputs >50W of UV power 
with pulse energy >40µJ (100s 
µJ in burst mode), repetition 
rates from single shot to 10MHz, 
and typical pulse widths of 
10ps. The system also allows 
pulse-tailoring using TimeShift 
ps technology to produce 
programmable burst shapes 
with constant pulse energy, 
adjustable pulse repetition 
frequency (PRF), and variable 
burst-pulse separations as low 
as 10ns. 

A polymer test stack, 
developed by a supplier to the 
OLED display industry, was 
used to determine single-pulse 
ablation thresholds and cutting 
results. It consisted of a 50μm 
thick clear PI film, a 12μm 
thick engineered composite 
HC layer on one surface (an 
organic polymerised film with 
embedded inorganic particles 

such as high-hardness glass/
ceramic nanoparticles), and a 
50μm thick protective PET film 
adhered to the HC layer with 
a 4μm thick PSA coating. The 
challenge addressed in these 
tests was to adjust the laser 
source parameters to produce 
high quality cuts at high cutting 
speeds for the complete stack.

Each material in the stack 
was evaluated for single-pulse 
ablation threshold using the Liu 
method3. The results, shown in 
figure 1a, exhibited considerable 
range. Clear PI had a relatively 
low threshold of ~0.25J/cm2, 
similar to that of conventional 
PI and consistent with strong 
linear absorption of the UV 
energy. The PET material had 
a threshold value more than 
twice that of clear PI, at ~0.56J/
cm2, consistent with higher 
transparency at 355nm. The 
engineered composite HC layer 
displayed the highest threshold, 
at 2.4J/cm2, approximately 10x 
that of clear PI. This result is 
expected for glassy materials 
and ultrashort UV pulse lasers. 
The single-pulse tests also 
highlighted the very dissimilar 
ablation characteristics among 
the materials. Whereas clear PI 

exhibited clean photoablation, 
PET and HC materials showed 
signs of thermal melt and brittle 
fractures, respectively (figure 
1b). Following the determination 
of ablation threshold values 
and characteristics for each of 
the stack materials, optimised 
laser source parameters were 
determined for cutting individual 
layers. Figure 1c shows a 
representative series of results, 
in this case for the HC layer. The 
successful cutting process for 
the HC layer required low laser 
source energy, high PRF and 
high pulse overlap. Similar tests 
were conducted for cutting the 
clear PI and PET layers.

Once the optimised laser 
source parameters were 
obtained for cutting each 
material, stack cutting tests 
determined the optimised OLED 
stack cutting process. The 
threshold studies had shown 
that stack cutting presented a 
significant challenge, since laser 
source parameters for optimised 
throughput and quality differed 
significantly for each layer. Here, 
the ability of the IceFyre laser 
source to change parameters 
on-the-fly proved invaluable. 
Once the clear PI layer had 
been cut using a large focus 
spot size and moderate laser 
fluence, a single focus and PRF 
adjustment optimised the laser 
source for cutting the HC layer. 
After cutting the HC layer, the 
final, more thermally sensitive 
PET layer required only a laser 
source adjustment to a lower 
PRF value. The IceFyre laser 
automatically outputs the 
maximum pulse energy at each 
of the triggered PRFs, or it can 
be programmatically adjusted to 
an appropriate setting, if desired. 

The final, optimised stack 
cutting process yields excellent 
results, as shown in figure 2a 
and figure 2b. The OLED stack 
cutting process had an overall 
cutting speed of >400mm/s 
which is similar to, or slightly 
better than, that which can be 
achieved with other polymer 
stacks of similar thickness. The 
cuts showed edge heating HAZ 
values of <10μm for the clear 
PI and PET layers and <5μm for 
the critical HC layer. The cross-
sectional inspection showed 

Jim Bovatsek is a manager of 
applications engineering at MKS 
Spectra Physics

no evidence for delamination, 
adhesive smearing, or HAZ 
across the cut surfaces.

Conclusion
Layered stacks of organic 
polymers (that is, polyimides, 
PET, polyvinyl alcohol, and so on) 
constitute critical components 
in new microelectronics and 
display devices, such as foldable 
phones and roll-up monitors 
and TVs. New, advanced laser 
technologies are needed for the 
precise cutting processes used 
in device singulation and feature 
generation when manufacturing 
devices containing these 
polymer stacks. Lasers that 
employ ultrashort pulse 
technology combined with UV 
wavelengths have been proven 
in this application, successfully 
providing the precision cutting 
capability for a diverse range 
of polymer layer stacks. The 
data provided in this article 
demonstrates how the Spectra-
Physics IceFyre picosecond 
hybrid fibre UV laser with 
TimeShift ps technology can 
be used to provide a flexible 
platform for the development of 
manufacturing processes that 
yield both high quality device 
features and high throughput. l
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“UV USP 
lasers provide 
the precision 
cutting 
capability for a 
diverse range 
of polymer 
layer stacks”

Figure 2a: 
Stack cutting 
results showing 
optimised cuts 
for PI, HC and 
PET layers

Figure 2b: A 
cross-section of 
the laser-cut film 
stack showing 
no evidence of 
delamination or 
debris smearing 
across the 
cut surfaces
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Pravin Sievi, of Scansonic, 
introduces processing optics that 
facilitate reproducible and highly 
reliable hairpin welding in the 
production of electric motors

Electric cars are no longer an 
exotic sight, with the required 
charging infrastructure also 
steadily growing. All large-scale 
manufacturers have now added 
a number of electrified models 
to their portfolios. In Norway 
– a trendsetter in e-mobility – 
almost two-thirds of the newly 
registered passenger vehicles 
in the past year have been 
electric. In three years, no new 
combustion engines will be 
permitted in the country.

The transition to e-mobility 
presents challenges not only 
for battery technology and 
the charging infrastructure, 
but also for the adaptation of 
production technologies. 

In addition to the frequently 
discussed topic of battery 
technology, which is the decisive 
factor for vehicle range, the 
production of drive motors is 

also presenting manufacturers 
with a number of challenges. 
Most importantly, these motors 
must be suitable for economical 
large-scale production. Laser-
based hairpin welding is 
therefore becoming increasingly 
common in the production of 
traction motors.

Hairpins: A key technology
The stator accounts for the 
largest proportion of production 
costs in an electric motor. Not 
only is the copper used in the 
part quite expensive, but the 
winding of the coils is also a 
relatively complex process. 
When producing traction motors 
for electric vehicles, most 
manufacturers use an alternative 
to coil winding, in which the 
coils consist of individual 
copper pins bent in the shape 
of a hairpin. These hairpin coils 
are inserted into the stator’s 
laminations during assembly 
and then laser welded. The 
result is a coil, similar to those 
produced by traditional winding, 
which generates the necessary 
magnetic field. This method 
permits a compact motor design 
and is highly efficient.

An automated and safe 
process is particularly important 
for large-scale production. 
Depending upon the motor 
design, several hundred 
hairpins must be welded with 
one another. A single defective 
weld can render the entire 
stator unusable. The stators are 

and focused application of 
energy, without damage to the 
insulation layers. Unlike electron-
beam welding, which also 
enables a targeted application of 
energy, no vacuum is required. 
The greatest challenge is 
the material, since copper 
requires innovative solutions to 

Rising to the challenge of large-scale
e-mobility production

“The keyhole 
can briefly 
close and the 
vapour pressure 
can cause the 
ejection of 
molten material”

therefore produced using laser 
welding technology, which is 
already successfully employed 
in a wide variety of areas within 
the automotive industry. This 
method permits short cycle 
times, can be easily automated 
and is very flexible. The hairpins 
can be welded with a targeted 

As a material, copper places high demands on the control of the 
welding process – pore formation and spattering must be avoided 
through optimised parameter selection

Laser-based hairpin welding is becoming increasingly common in the 
production of traction motors
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achieve a safe and stable laser-
welding process.

Absorption depends  
upon temperature 
Economical laser sources 
with scalable power ranges 
emit beams in the infrared 
wavelength range at 1,030 or 
1,070nm. At these wavelengths, 
copper absorbs only around 5 
per cent of laser light at room 
temperature. The degree of 
absorption then increases to 
around 15 per cent shortly 
before the melting temperature 
is reached, and ultimately 
reaches nearly 100 per cent 
when a vapour capillary, or 
keyhole, has formed. However, 
this process is extremely 
dynamic – for example, the 
keyhole can briefly close and the 
vapour pressure can cause the 
ejection of molten material. This 
spattering must be prevented 

because the ejected material can 
lead to short-circuits within the 
stator, or to other defects. 

Spattering can be effectively 
avoided if the welding speed is 
higher than 20m/min. Achieving 
this for the start of the process 
requires a specific adjustment of 
the relevant process parameters, 
such as laser power, speed 
and focus size. This stabilises 
the keyhole and practically 
eliminates spattering.

Image processing  
for optimal results
The geometry and positioning 
of the hairpin ends can have an 
enormous effect on the result 
of the welding process. The 
hairpins have a rectangular 
cross-section of only a few 
square millimetres. Before being 
inserted in the stator laminations, 
they are cut to length, bent and 
insulation is stripped from the 

ends. Burrs on the cut surfaces, 
remnants of insulation and 
imprecisely bent hairpins can 
influence the welding process 
and affect quality. To achieve an 
optimal weld seam, the control 
of the automated manufacturing 
process must be adjusted, 
for example, if the ends of the 
hairpins have a vertical offset or 
there is a gap between the two 
ends being welded. 

Image processing is generally 
used to account for these 
parameters in the process. 
Berlin-based Scansonic, which 
develops processing optics 
for autobody construction, has 
adopted an innovative approach 
to the laser welding of copper 
hairpins with its line of RLW-S 
optics. High-performance 
scanner drives are used to 
deflect the laser beam to 
maximise shape accuracy of 
the oscillation function, even at 
high frequencies. The result is a 
reproducible and highly reliable 
process. Two functional modules 
integrated into the optics work 
together to determine the 
position of the hairpins. 

The optics use conventional 
camera-based image 
processing. Because the 
surfaces of the individual 
hairpins reflect varying degrees 
of light, they appear in the 
greyscale image with widely 
varying levels of brightness and 
may not be reliably recognised. 
Illuminating the surfaces from 
different angles significantly 
improves recognition. Because 
the camera system provides 
images only from the front side, 
gaps between the ends can be 
detected, but the system cannot 
identify a vertical offset. Laser 
line triangulation is useful for 
detecting an offset between 
the two ends being welded. In 
this process, a sensor projects 
a straight laser line onto the 
surface of the two hairpins. The 
light is reflected and measured 
by the receiving element in the 
sensor. Using an angular offset 
between the projection unit 
and the receiving element, the 
sensor can measure the object’s 
height profile. The height offset 
is then identified and taken 
into account in the subsequent 
welding process.

Pravin Sievi is a product owner 
at Scansonic MI in Berlin and is 
responsible for remote welding 
solutions.

Successful demonstration  
on the production line
The reliable and high-quality 
welding of hairpins offered 
by such optics is only half of 
the equation for large-scale 
production, however. In addition 
to process reliability, the method 
must also be compatible with the 
60-second cycle time customary 
in the automotive industry. To 
increase speed, a large scanning 
field could be used, which 
would allow all hairpin pairs to 
be welded without moving the 
stator. In practice, however, 
this approach leads to quality 
problems caused by the angular 
offset in the various positions of 
the stator. 

With this in mind, Scansonic 
focused on process quality and 
stability when developing its 
RLW-S system. The company’s 
developers used a smaller 
scanning field and adapted 
the camera’s field of view for 
optimal effect. This ensures 
optimal positioning of the 
laser beam processing point 
on the component, as well as 
the position measurement 
of this point via the camera. 
To weld a complete stator, 
the unit must be rotated. The 
desired cycle time can be 
achieved by using a powerful 
rotary axis. Standardised 
processing optics can then 
take full advantage of their 
technological capabilities. Using 
this approach, Scansonic RLW-S 
laser processing optics 
has already demonstrated 
flawless operation on the 
production lines of a major 
automotive manufacturer. l

“Depending 
upon the 
motor design, 
several hundred 
hairpins must 
be welded with 
one another”

RLW-S laser optics have been successfully implemented 
in the production of electric motors
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Takaaki Yamanashi, 
of Amada, shares 
how users have 
been getting to 
grips with the firm’s 
Locus Beam Control 
technology since 
it first debuted at 
EuroBlech 2018

One of the challenges in recent 
years has been how to get the 
best performance from a solid-
state laser cutting machine 
without simply increasing the 
overall power of the engine. 
Increased power can lead to 
unexpected knock-on effects 
within the machine itself, such 
as increased consumable costs, 
as well as generally increasing 
the machine cost.

Several different beam 
shaping technologies have 
been developed by different 
manufacturers, but these 
have all been static control 
solutions and all have led to 
the energy density of the laser 
beam to be compromised in 
some way. Some even require 
additional optics to be manually 
changed by an operator in the 
cutting head before production 
can continue.

Research into dynamic beam 
oscillation methods and control 
systems revealed their ability to 

improve processing in the mid-
range power band while keeping 
power consumption – and 
therefore cost-per-part – as low 
as possible, all while providing 
extra benefit to users. Amada’s 
R&D team discovered that 
significant improvements to the 
interaction of the laser beam 
and metal could be achieved 
by the ability to oscillate a low-
order laser beam independent 
of the cutting head direction 
of travel, while maintaining the 
high brightness provided by 
continued developments in 
laser diode technology. This led 
to the development of Locus 
Beam Control (LBC) technology 
(see figure 1), which first 
debuted in 2018.

Since then we have seen 
users increasingly realise they 
do not require the high-power 
systems they initially thought 
they did, and they can achieve 
similar cutting results using a 
4kW LBC-enabled system – at 
lower running costs – than a 
6kW system. Not only that, 
but they are also seeing these 
systems require less regular 
maintenance than higher-power 
systems due to them being less 
susceptible to imperfections 
in the beam path, such as dirty 
laser optics.

Beam control beats power
When cutting thin materials, 
a standard solid-state laser 
beam has a sharp, power-dense 
profile. However, as the material 
thickness increases, the focus 
position must be adjusted to 
provide the optimum cut width 
to remove molten material, 
thereby reducing the power 
density of the beam. The only 
way to overcome this decreased 
power density and still provide 
enhanced cutting performance 
is to increase the laser power. 
With LBC technology, the 
power density of the laser 

capable of achieving similar 
results to higher-power 6kW 
systems at lower running costs.

The introduction of this 
type of laser processing also 
required the development of 
enhanced control systems in 
relation to the beam cutting 
direction. If the dynamic 
beam pattern is not altered 
during the cutting process, 
the final cut shape will not 
be as the customer requires. 
Vector control technology was 
developed to eliminate this 
issue. Using this system, the 
dynamic beam pattern can be 

adjusted as the cutting head 
approaches, turns through and 
accelerates away from a corner, 
ensuring the required cut shape 
is correct after processing. 
Figure 2 shows three examples 
of instances where there is 
either no control or incorrect 
control (2a to 2c), versus the 
Vector Control technology 
result (2d). As can be seen, the 
dynamic beam pattern must be 
altered progressively in relation 
to the cutting head direction to 
ensure that the final cut profile 
is correct.

Cutting innovations 
make waves in industry

“Users are 
increasingly 
realising they 
don’t need the 
high-power 
systems 
they initially 
investigate”

beam never changes from the 
sharp, power-dense profile. The 
beam is moved dynamically in 
predefined patterns depending 
on the material and thickness 
being processed. This 
independent beam movement 
provides the optimum cut width, 
retains the high power density 
of the beam and allows material 
on the cutting front to be 
removed with high efficiency.

For users to take full 
advantage of this type of 
technology, Amada developed 
a new 4kW single diode 
module fibre laser engine. It 
was discovered during the 
development of LBC technology 
that keeping the low order 
properties of the laser beam 
was a fundamental requirement. 
Originally, in 2010, Amada 
developed a fibre laser engine 
using 600W modules that were 
combined together. In 2014, the 
design was changed to utilise 
2kW modules. The elimination 
of combined modules meant 
the superior BPP of the beam 
was retained at the 2kW level. 
In 2017, 3kW single modules 
were introduced, moving 
this BPP benefit to a higher 
power level. Whilst developing 
LBC technology, a parallel 
development was made into a 
4kW single diode module, as it 
was realised that the benefits 
of a high quality beam at higher 
power would provide additional 
benefits. When LBC technology 
was released on the Ventis-AJ 
fibre laser at EuroBlech 2018, it 
was therefore powered by the 
new 4kW single diode module 
engine without the need for 
a module combiner. It is this 
set-up that users are finding 

Figure 1: The difference between a standard solid-state laser without any 
type of beam control and LBC technology
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www.scanlab.de

excelliSCAN 20: Scan System for 
Exceptionally Demanding Applications 

• Best contour accuracy at highest dynamics

• SCANahead control shortens processing times

• Enhanced thermal management for higher load  
   resilience

More Productivity for Micro 
Machining and 3D Printing

There are three main 
operating modes provided by 
LBC technology: Productivity 
Mode, Quality Mode and Kerf 
Control Mode. 

In Productivity Mode, the 
cutting speeds achievable 
can be up to double that of a 
conventional 4kW solid-state 
laser. With aluminium, for 
example, the performance can 
be equivalent to that provided 
by an oscillator with 1.5 to 2x 
the laser power. This extra 
performance also provides 
significant cost reductions. If we 
take stainless steel processing 
as an example, the costs can be 
reduced by about 50 per cent 
of a conventional 4kW solid-
state laser. 

Quality Mode has the 
ability to provide dross free 
stainless steel processing up 
to 15mm, dramatically reducing 
secondary operations. 

Kerf Control Mode allows 
the cutting gap to be adjusted 
to suit the application. This 
ensures easier removal of parts 
from the cut sheet either by an 
automated part removal system 
or, in the case of thick parts, 
manually by the operator.

The combination of LBC 
technology, Vector Control 
technology and the 4kW 
single diode module fibre laser 
engine has allowed many users 
to increase their production 

capabilities whilst reducing 
running costs. For example, 
Omnis Mechanical in the UK 
initially planned to purchase 
a 3kW fibre laser, but when 
seeing the Ventis capabilities 
for compressed air cutting, 
which are the same as a 6kW 
fibre laser, they decided the 
Ventis offered more benefits 
for their production. Germany’s 
Funke Werkzeugbau and AMS 
have both benefited from the 
high cutting speed and quality 
in aluminium, which was found 
to be superior to 6kW fibre 
lasers available on the market. 
In addition, Somis, of Italy, has 
been particularly impressed 
with the dross free cutting 
capabilities when processing 
stainless steel with Quality 
Mode. Finally, Spanish firm 
Model Metal commented that 
no other laser on the market 
(even those with much higher 
power) could achieve the 
same cutting quality in 25mm 
mild steel as the Ventis with 
LBC technology.

Over 150 Ventis-AJ fiber 
lasers have been sold into the 
European market since the 
machine’s official launch in 
late 2019. l

Takaaki Yamanashi is director and 
senior executive officer of the Sheet 
Metal Technology Development and 
Production HQ at Amada
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Figure 2: Three examples of instances where there is either no control or 
incorrect control (a to c), versus the vector control technology result (2d)
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Dr Christian Otten, of LaVa-X, 
demonstrates an alternative to 
emerging blue and green laser 
technologies for welding copper 
in electric vehicle production

The technological development 
in the automotive industry 
towards electrification offers 
many opportunities. But it also 
comes with some challenges, 
such as the increasing 
processing of copper materials. 
The growing consumption of 
copper places new demands on 
the joining process in terms of 
automation capability, quality 
of the joint and process speed. 
Here, laser welding offers 
enormous potential due to its 
high precision, high intensities 
and ease of automation. In 
particular, laser welding in a 
vacuum (LaVa welding) delivers 

high productivity and high 
quality using low energy input 
– even when welding difficult 
materials such as electrolytic 
tough pitch (ETP) copper.

Due to their properties, 
copper materials are now a 
fundamental component of 
batteries, electric motors and 
high-performance electronics 
in electric cars. ETP copper 
in particular has established 
itself as a material in electrical 
engineering due to its favorable 
manufacturability, as well as its 
good conductivity. The problem: 
these copper materials – such 
as ETP copper – are only 
suitable for welding to a very 
limited extent. Laser welding 
is particularly problematic 
for processing. 

and are focusing on green 
and blue lasers as the new 
solution for copper welding. 
What brings advantages in 
material processing also 
means high investment costs 
for expensive lasers for the 
companies themselves.

Laser welding in vacuum 
as an alternative
Laser welding in a vacuum, for 
example, is an alternative that 
combines high quality with 
increased productivity – and 
at significantly lower costs. 
It uses an infrared laser, but 
as the name suggests, this 
process works in a vacuum. Due 
to the special environmental 
properties of LaVa welding with 
infrared laser sources, it is no 
longer necessary to use lasers 
with wavelengths from the 
visible range – blue and green – 
for copper welding. 

Ambient pressure and 
evaporation temperature are 
reduced, thus stabilising the 
welding process and avoiding 
spatter, cracks and pore 
formation. While conventional 

Laser welding in a vacuum optimises
copper welding for e-mobility

Challenges in laser beam 
welding ETP copper
Until now, there have been 
various challenges when 
welding copper with infrared 
lasers, for example, with 
regard to the reproducibility 
of consistent quality, as 
well as increased pore and 
spatter formation.

The formation of pores is 
a typical defect that occurs 
more frequently with Cu-ETP 
materials. Pore formation is 
also intensified by residues 
from the insulation layer, which 
evaporate due to the heat 
generated by the laser and 
dissolve in the melt pool. The 
bigger problem, however, is the 
strong spattering that occurs 
due to the low viscosity of the 
melt. In addition to the loss of 
mass, adhering spatter can 
further destroy the insulation 
layer and cause short circuits. 
Furthermore, due to its residual 
oxygen content, ETP copper 
tends to absorb hydrogen 
during welding, leading to 
embrittlement or even cracking.

Heat generation due to the 
high reflection properties of 
copper when processing with 
infrared wavelengths is also a 
problem. With classic infrared 
laser welding, enormous 
amounts of energy are lost – as 
well as due to the high thermal 
conductivity of copper. As a 
result, many companies have 
been looking for alternative 
processes in recent years – 

“It is no longer 
necessary to 
use blue and 
green lasers for 
copper welding”

Weld seam top of a bipolar plate made of 1.4301 stainless steel with a wall 
thickness of 75µm – without post-treatment 

La
Va

-X

20    LASER SYSTEMS EUROPE SUMMER 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM

ANALYSIS:  E-MOBILITY



copper welding with infrared 
lasers requires high laser 
powers for deep welding, LaVa 
welding can even achieve 
welding depths >1mm per 
1,000W due to the increase in 
process efficiency.

For example, copper sheets 
with a thickness of 6mm can 
be welded with a power of 
approximately 6kW with free 

root formation and without 
pores. At the same time, the 
weld scaling is very fine and also 
free of ejections and adherent 
spatter. According to current 
studies, the maximum welding 
depth that can be achieved 
with 12kW beam power on ETP 
copper is up to 11mm.

The following application 
examples show the advantages 
of laser beam welding in 
a vacuum when joining 
components for electromobility:

Copper busbars for battery 
packs: To manufacture lithium-
ion battery packs, the individual 
cells are welded with so-called 
cell connectors, also known 
as busbars. When joining 
individual lithium-ion batteries, 
care must be taken to ensure 
the integrity of the battery cells 
is not compromised and the 
battery bodies are not heated 
to more than 80°C. When laser 
welding in a vacuum (with 
pressure of 20mbar) with a 2kW 
single-mode fibre laser, Cu-ETP 
busbars can already be welded 
almost pore-free, with a power 
of only 1kW at a welding speed 
of 50mm/s.

Bipolar plates for fuel 
cells: In addition to lithium-
ion batteries, fuel cells are 
considered a key technology 

“This process 
combines 
high quality 
with increased 
productivity 
– and at 
significantly 
lower costs”

Dr Christian Otten  
is CEO at LaVa-X

of components, so that the 
bipolar plates can be welded 
‘on the fly’. Evacuation as a non-
productive time is therefore 
completely eliminated.

Copper hairpins for 
electric motors: In stators in 
electric motors, the ends of 
the individual conductors are 
welded as so-called hairpins. 
However, conventional laser 
beam welding of Cu-ETP 
hairpins with an insulating 
coating produces many pores 
and spatters. For Cu-ETP 
hairpins, LaVa welding has the 
significant advantage that the 
energy required for the laser 
beam can be reduced by up 
to 50 per cent. By reducing 
the evaporation temperature, 
the temperature of the melt 
pool decreases, which leads 
to a stabilisation and thus to a 
significant reduction of spatter. 
Furthermore, the formation 
of pores is reduced, since 
outgassing from the melt is 
facilitated in a vacuum. For 
example, LaVa welding can be 
performed with a 2kW single-
mode fibre laser at a pressure 
of 20mbar – with an evacuation 
time of just three seconds.

In addition to all the 
qualitative features, 
the reduction in energy 
consumption in particular 
also plays an important role in 
the LaVa welding process. In 
addition to the cost reduction 
and the increased quality, this 
is another important plus point 
for laser welding in a vacuum – 
and can secure a competitive 
advantage in the long term. l
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Cross-section of a copper hairpin welded in a vacuum hairpin

Cross-section of an aluminium 
weld performed in a vacuum on 
a 5mm thick busbar with 1,800W 
laser power

in the energy transition, with 
tens of millions expected to be 
produced annually. Therefore, 
high demands are placed on 
the cost-effectiveness of the 
welding process. When using 
conventional, single-mode 
fibre lasers, however, humping 
occurs from a welding speed 
of approximately 700mm/s. 
The quality of the weld seam 
becomes insufficient due to this 
effect. LaVa welding has the 
advantage over conventional 
laser beam welding – the 
energy required for welding 
can be reduced by up to 60 per 
cent. This enables practically 
distortion-free welding, which 
is a major advantage, especially 
with the 80μm thick stainless 
steel foils usually used for 
bipolar plates. The defined 
atmosphere also enables 
oxide-free welding, as well as 
targeted influence on the melt 
by varying the composition of 
the shielding gas composition. 
With LaVa welding, a welding 
speed of 900mm/s can be 
achieved with a beam power 
of only 150W. A rough vacuum 
of approximately 100mbar 
enables rapid evacuation within 
approximately 10s. The use 
of a pressure stage system 
also allows a continuous flow 
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Dr Thomas Schopphoven, 
of Fraunhofer ILT, 
provides an update on the 
development of EHLA for 
3D printing applications

Extreme High-Speed Laser 
Material Deposition (EHLA), 
developed at the Fraunhofer 
Institute for Laser Technology 
ILT, is known as an efficient 
and environmentally friendly 
alternative to conventional 
cladding processes. It offers 
several significant advantages, 
particularly for coating metallic 
components to be protected 
from corrosion and wear. 
Scientists at Fraunhofer ILT 
are continuing to work on the 
patented process to advance it 
for additive manufacturing and, 
thus, expand its possibilities 
many times over.

Originally created as an 
alternative to coating processes, 
such as hard chrome plating and 
thermal spraying, Fraunhofer 
ILT is working with industry 
partners to transform this 
extremely high‐speed form of 
laser material deposition into 
a fast and affordable additive 
manufacturing process. The 
goal is to push the boundaries 
of 3D printing and achieve 
extremely high deposition rates 
at high resolution.

The perfect foundation
Compared to conventional 
laser material deposition, EHLA 
scores in several respects. It 
is not without reason that the 
scientists at Fraunhofer ILT won 
the prestigious Joseph von 

Fraunhofer- and first Berthold 
Leibinger Innovationspreis for 
this. The process they developed 
improves the feed rate at which 
the surface is processed, from 
0.5-2 metres per minute in 
conventional laser material 
deposition, all the way up to 
50-500 metres per minute. A 
component can, therefore, be 
coated 100 to 250 times faster 
today. It is also possible to apply 
significantly thinner layers. 
While layers of at least 500 
micrometres were state of the art 
with conventional laser material 
deposition, a minimum of 50 
micrometres is now possible.

Another advantage is the 
low heat input. In conventional 
laser material deposition, the 
powdered filler material is melted 
directly on the component 
surface in a relatively large melt 
pool in the coating process. 
However, this can permanently 
change the material properties 

at the same time. Now we are 
working on complex, filigree 
structures easily and cost-
effectively on a large scale. 
Individualised components are 
also conceivable.

First projects started
To make the advantages of 
EHLA 3D available to a large 
group of users in the industrial 
environment, Fraunhofer ILT is 
conducting targeted research 
work with various machine 
builders and end users. In 
particular, we are working 
on mastering the process 
complexity and transferring 
expert knowledge into machine 
knowledge. The focus here is, 
for example, on applying artificial 
intelligence methods, process 
simulation, as well as process 
monitoring concepts and 
automated tool path planning 
tools. The potential is huge. We 
are only seeing the tip of the 
iceberg of what is possible, and 
we’re excited to find out more.

Currently, numerous renowned 
companies from diverse sectors 
are looking into EHLA 3D. Further 
bilateral, as well as publicly 
funded, consortium projects 
and feasibility studies are also 
being planned. The range of 
possibilities for the production 
and processing of components 
will be expanded many times 
over with EHLA 3D, while at 
the same time the process 
becomes more efficient and 
environmentally compatible. l

“We are 
currently only 
seeing the tip of 
the iceberg of 
what is possible, 
and we’re 
excited to find 
out more” Dr Thomas Schopphoven is head 

of the Laser Material Deposition 
department at Fraunhofer ILT

and costs a great deal of energy. 
Not so with EHLA: here, the solid 
powder particles are melted 
by the laser while still in the air. 
They reach the surface of the 
component in a liquid state and 
do not have to be melted further 
with a high energy input. As a 
result, the heat-affected zone is 
reduced to 5-10 micrometres, 
which is only one hundredth of 
that of the conventional process.

This means that metallurgically 
incompatible, heat-sensitive 
material pairings can now be 
joined and processed together, 
such as aluminium and titanium. 
Overall, the component surface 
also becomes much smoother. 
Its roughness is only one tenth 
of that from conventional 
deposition. For the experts at the 
Fraunhofer ILT, this provides a 
perfect basis as technology for 
additive manufacturing.

New generation of additive 
manufacturing
For several years the extreme 
high speeds needed for EHLA 
had been achieved on fast, 
lathe-like, kinematic systems 
for rotationally symmetrical 
components. But we did not 
want to limit ourselves to simple 
round parts when a much wider 
range of possible applications 
is conceivable.

For this reason, a team of 
scientists has been developing 
a new generation of the process 
to use the innovative technology 
for 3D printing. Dubbed ‘EHLA 
3D’ this process enables 
several unique, process-related 
advantages at once: high build 
rates, great flexibility and material 
diversity, and high precision 

Fr
au

nh
of

er
 IL

T

‘EHLA 3D’ is a new generation of EHLA that enables high build rates, great 
flexibility and material diversity, and high precision for 3D printing 

EHLA 3D: The Next 
Generation of Extreme 
High-Speed Laser
Material Deposition 

22    LASER SYSTEMS EUROPE SUMMER 2022 @LASERSYSTEMSMAG  |  WWW.LASERSYSTEMSEUROPE.COM

ANALYSIS:  ADDITIVE MANUFACTURING



“Plume 
settling within 
a machine 
can affect its 
durability and 
obstruct the 
laser optics”

The accuracy and fine resolution 
of laser technology makes it ideal 
for creating high quality products 
from a variety of source materials 
via additive manufacturing 
(AM). However, this intense 
heat can create challenges for 
manufacturers. For example, in 
metal processing, a rapid cooling 
in the material can generate 
unintended residual stresses, 
which can ultimately impact 
product performance.

Of particular concern in AM is 
the ablation mechanism, where 
the irradiation of the laser beam 
causes an instantaneous material 
sublimation and subsequent 
solidification that can result in 
a ‘cloud’ of emissions known as 
‘condensate’ or ‘plume’. Should 
this settle on the inside of the 
machine, it can lead to machine 
durability issues, as well as 
obstructing the laser optics, 
resulting in beam scattering and 
reduced build quality. 

It is for these reasons – 
product quality, materials stability 
and equipment performance 
– that the AM environment 
needs careful management – 
this is where effective filtration 
and atmosphere management 
are critical. For example, in 
metal AM, which commonly 
involves aluminium and titanium, 

unwanted oxidation can lead 
to unbonded material, so 
chambers are kept inert through 
the use of nitrogen or argon. 
Maintaining a stable chamber 
temperature is also critical for 
process integrity. 

A further challenge resulting 
from the process is managing 
the flammable material collected 
through the filtration system, 
because exposure to oxygen 
during the exchange process 
could result in a thermal event. 
To help address this challenge, 
Bofa has developed a filter 
exchange system for its AM 400 
unit that creates a seal around 
the filter housing, enabling 
removal and exchange quickly 
and in a controlled manner. This 
also helps minimise the escape 
of nitrogen or argon during the 
process. The system also offers 
high air flow potential up to a 
maximum of 190 cubic ft/min and 
a maximum pressure generation 
of 250mbar, with low leakage at 
<30ml/min at -10mbar.

High temperature  
atmosphere control
In AM processes, the quality of 
the finished product is directly 
proportional to the accuracy 
of the thermal control. AM 
requires the application of 
high temperatures to join the 
materials. This can create 
challenges in conventional 
chemical absorption filtration 
because the higher energy 
can impact the ability to bind 
emissions to filtration media. 

This can be addressed using 
a process ‘loop’ to remove 
particulate through active 
convection and pressure 
differentials. A purge process 
can also be used to remove 
residual chemicals at lower 
temperature once the AM 
process is complete. Such 
technology can be found 
in Bofa’s 3D PrintPRO HT 
system, which also uses active 
convection to help ensure 
that key components are kept 

free from dust and particulate. 
These advances in high 

temperature atmosphere control 
are enabling manufacturers 
to leverage the cost, speed 
and customisation benefits of 
AM technologies – and take 
advantage of the evolution of 
functional materials that have 
the potential to open up AM 
benefits across an ever-wider 
market spectrum.

Of course, effective filtration 
also relies on accurate control, 
so alongside air management 
innovation, Bofa has also 
introduced ways to help 
protect system electronics and 
safeguard the performance of 
the multi-stage filtration system 
– for example, by using specialist 
glues and gas filters.

Here, scientific resources 
play a key role in emissions that 
need to be filtered, whether 

by reference to safety data 
sheets or analysis of particulate/
gases that result from lasering 
combinations of materials. This 
research enables chemical 
reactions to be specified that 
can form part of the filtration 
system in a high temperature 
environment – it is a specialism 
that is growing in importance 
with the rapid proliferation of 
AM across a wider range of 
industry sectors.

It is also important that 
the filtration system does 
not inadvertently lead to a 
reduction in process-critical 
temperatures across the laser 
bed, or disturb the materials 

being worked (powder, for 
example). This temperature 
control is particularly important 
with polymers, where the bed is 
preheated, and the laser power 
is significantly lower than that 
in metal. 

Understanding all these 
challenges – temperature, the 
mass and makeup of emissions 
– is key when specifying the 
appropriate extraction system 
set-up and filtration media. 
And, of course, the greater the 
mass, the more energy/airflow 
needed to remove it, so pipes, 
hoses and pumps need to be 
sized to maintain an environment 
that helps protect the laser 
operation while capturing and 
filtering emissions.

As 3D printing technology 
matures and adoption rates 
increase, the requirement for 
greater understanding of the 
profile of emissions being 
generated by these processes 
also grows, particularly with the 
trend towards the development 
of more functional materials. 
BOFA is working closely with 
OEMs to ensure filtration 
technology not only keeps 
pace with developments in 
the space, but anticipates the 
evolution of AM. l

Joshua Evans is an applications 
engineer and head of Bofa Academy 
at Bofa International

Joshua Evans, of 
Bofa International, 
shares how proper 
fume management 
helps maintain the 
durability and build 
quality of metal 
3D printers 

Addressing fume extraction
challenges in additive manufacturing

Bofa’s AM 400 enables easy 
management of the flammable 
material collected through the 
filtration system, which if exposed to 
oxygen during the exchange process 
could lead to a thermal event
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Dr Branislav 
Timotijevic, of 
Optotune, shares 
the benefits of 
specialised optics in 
the infrared, NIR and 
visible wavelengths 
when integrated into 
marking applications

The demand for controlling 
the focus of a laser beam in all 
three axes is ever increasing. 
Traceability regulations have 
resulted in a higher need for 
laser marking in many industries, 
from PCB engraving in consumer 
electronics to the marking of 
medical implants.

This trend is expected to 
continue: according to a current 
report of the Japanese market 
research specialists, Shibuya 
Data Count, the laser marking 
market itself is on course for 
steady growth until 2030, with a 
CAGR of 4-5 per cent.

One common pain point in 
marking applications is fast and 
precise focus control. The need 
is to focus either at specific 
object planes (so called 2.5D 
focusing), or in arbitrary volume 
(3D laser applications). Naturally, 
standard optical configurations 
are the first port of call for such 
applications: galvanometric 
mirrors are used to provide beam 

steering in a plane (x-y control), 
whereas the required z-control 
is established using translational 
optics, or mechanically moving 
the object.

These solutions work, but 
are not ideal in terms of size, 
speed, limited z-range, cost, or 
mechanical wear that leads to a 
reduced lifetime. Consequently, 
there has been a visible shift 
towards adaptive optical 
elements. In these cases, spatial 
displacement of an optical 
element is replaced by the 
change of its shape.

Optical feedback is key
Innovative developments in 
this field have been made by 
employing well-known voice coil 
technology – used for example, 
in microphones – to control 
the shape of a polymer lens 
filled with optical liquid. The 
first generation of Optotune’s 
laser focus-tunable lens EL-10-
42-OF took advantage of this 
technology, which has since 
proven to be an ideal solution in 
many areas of laser processing 
where high standards are needed 
in terms of laser spot size and 
scanning speed, especially if 
volumes are large. This focus-
tunable lens was designed 
for the 1,064nm wavelength 
commonly used in most laser 
processing applications, and for 
low- to mid-power (50W) lasers.

At these powers laser 
materials processing 
applications are highly likely 
to have thermal effects that 
influence the stability and 
accuracy of a len’s optical 
power. For that reason, internal 
optical feedback was integrated 
into the EL-10-42-OF, which 
addressed this problem. This 
technology is constantly 
active during lens operation to 
stabilise its optical power and 
to allow for repeatability as low 
as 0.02 diopters in the whole 

Focus-tunable lenses 
augment laser marking
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Figure 1: Marking field and z-ranges achievable with Optotune’s 
EL-10-42-OF when a 160mm f-theta lens is used

Figure 2: 3D laser marking configurations with focus tunable lenses, 
such as the EL-10-42-OF, remove the need for an f-theta lens

Figure 3: Inline inspection configuration using 
Optotune’s EL-16-40 tunable lens
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focus tuning range between 
-2.0 and +2.0 diopters. Even if 
repeatability is not of importance, 
the optical feedback remains an 
important specification in fields 
where it is mandatory due to 
regulatory requirements.

Expanding to the NIR  
and visible range 
Demand has since been seen 
for such focus-tunable lens 
technology covering a much 
wider wavelength range in the 
NIR spectrum, from 950 to 
1,100nm, to process a wider 
range of materials. Hence the 
development of the second 
generation of the EL-10-42-OF, 
which covers laser applications 
using NIR lasers outside the 
1,064nm point. We also saw need 
for a green version of the focus-
tunable lens, for lasers with a 
wavelength of 532nm and up to 
20W of power, which can be used 
for marking or cutting certain 
types of organic material.

The expansion of the 
wavelength range was 
accompanied by some 
additional adjustments of the 
EL-10-42-OF’s design, such as 
optimised cover glasses and 
filters that helped to improve 
the lens stability and reduce its 
thermal sensitivity. Components 
involved in the optical feedback 
loop were also redesigned to 
further improve the system’s 
repeatability when switching the 
laser on or using the lens near 
the edge of the diopter range.

Control in three dimensions
Many marking and engraving 
laser systems need occasional 
jumps to a different height to 
enable 2.5D processes, but 
users want to avoid bulky and 
costly translational optics. The 
compactness of focus-tunable 
lenses mean they can easily be 
added to a system between the 
laser and the scanning head, 
being compatible with pre-
installed f-theta lenses for optical 
field flattening. 

This adapted set-up provides 
a fast and flexible working 
distance adjustment over a 
large z-range, without any need 
for mechanical stages. As an 
example, with an f=160mm 
f-theta lens, a z-range as large 
as 100mm can be achieved (see 
figure 1). For 2.5D applications, 
the lens can be realised in 
analogue signal configurations, 
where an analogue board 
controls its optical power by 
monitoring optical feedback and 
temperature, allowing it to jump 
between large z-axis variations 
within milliseconds.

Thirdly, 3D laser processing is 
a particular challenge in industry 
since either speed, z-range or 
spot uniformity are typically 
compromised. As shown in 
figure 2, configurations using 
focus-tunable lenses such as the 
EL-10-42-OF, typically supported 
by a digital controller using the 
XY2-100 protocol, resolve all 
these challenges. They offer 
simultaneously high speed (up 

to 6m/s), large scan field and 
z-range (up to 1,000 x 1,000mm), 
and a constant spot size in the 
entire volume. In addition, a 
configuration like that does not 
require f-theta lenses as the field 
flattening is performed by the 
lens itself. Only standard off-the-
shelf optics are needed to define 
a starting working distance. 

Inline visual inspection
Industry is also showing 
increasing demand for real-time 
quality monitoring during laser 
processing, driven in part by the 
growing need for automation. 
External cameras can partially 
meet this need, but visual inline 
solutions with a coaxial set-up 
of the inspection path and laser 
beam path, separated by a 
beam splitter, are the preferred 
choice for integration and 
resolution reasons.

We see two possible 
configurations using focus-
tunable lenses that can address 
this challenge. The first (see 
figure 3), sees an EL-16-40 
tunable lens – sister to the EL-
10-42-OF – added to a standard 
camera to perform automatic 
focusing for inspection. This can 
be used for repositioning the 
laser focus to the right plane. 
Being outside the laser beam 
path, the lens can be integrated 
regardless of the laser power 
class. The existing set-up is 
minimally affected, as only a 
simple dichroic mirror needs to 
be added.

“Focus-tunable 
lenses can 
supply users 
with new 
options to 
design compact 
and accurate 
systems for 
3D focus 
control and 
laser process 
monitoring”

Dr Branislav Timotijevic 
is business development 
manager at Optotune

The second configuration (see 
figure 4), which can be used in 
systems with laser power levels 
up to 50W, sees the EL-10-42-OF 
used for both laser processing 
and the inline inspection at the 
same time. The inline camera in 
this case only requires standard 
camera optics, and the scan 
head does not have to be 
equipped with an f-theta lens. 
This approach leads to laser 
marking systems with improved 
accuracy, as it provides constant 
laser spots and constant image 
resolution in the entire marking 
volume. In addition, the marking 
volume is even increased 
compared to a set-up using an 
f-theta lens. On top of that, users 
benefit from a set-up that is far 
more compact, and from reduced 
overall cost.

Marking and more
Focus-tunable lenses for laser 
beams in the infrared, NIR and 
visible wavelengths can supply 
users with options to design 
compact and accurate systems 
for 3D focus control and laser 
process monitoring. They can 
lower overall installation costs 
in emerging 2.5D and 3D laser 
applications, such as laser 
marking and cutting, as well 
as micro-processing, additive 
manufacturing and many other 
fields of use. l

Figure 4: Tunable lenses such as Optotune’s EL-10-42-OF enable both inline 
inspection and laser marking to be performed using one set-up
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Dr Jason Lee, of Luxinar, 
reviews competing CO2 
laser technologies in terms 
of processing capability, 
relative lifetime and cost

In most applications, the 
processing capability of a laser 
is determined by its average 
power, pulsing capability, beam 
quality and wavelength. Each of 
these parameters is determined 
by the engineering of a specific 
laser design. In particular, in the 
realm of CO2 lasers, the average 
power, pulsing capabilities 
and beam quality vary greatly 
between direct current (DC)-
excited glass laser tubes and 
radio frequency (RF)-excited 
metal slab lasers. 

Average power
The power scalability of 
DC-excited glass laser tubes 
is limited by the discharge 
excitation and related geometry. 
A light-producing discharge 
is created by applying a 
large DC voltage between a 

cathode and an anode, each 
located at opposing ends of 
the discharge. A high electric 
field of ~20kV/m is required 
to initiate the discharge and 
~13kV/m to sustain it. Handling 
of these high voltages safely 
is not trivial and can add 
unexpected, unseen complexity. 
The output power of the laser 
is increased by increasing the 
length, with typical discharge 
lengths between 0.5m to 2m 
to produce output powers 
between 20W and 160W. The 
long discharge lengths and high 
switching voltages limits the 
power scaling of a single glass 
tube. Polarisation combining 
of two glass tubes is possible 
to increase the maximum 
output power to ~300W, 
but this results in crossed 
polarisation at the output. 
Some optical arrangements 
include polarisation-sensitive 
components, such as beam 
splitters, acousto-optic 
modulators (AOMs) and 
optical isolation, which will 
not function correctly without 

Pulsing capability
The average power of both 
DC-excited glass laser tubes 
and RF-excited metal slab laser 
tubes are varied by pulsing the 
laser. The pulsing capability of 
a glass laser tube is limited by 
the difficulty of switching high 
voltages, typically >10kV, and 
the low gas pressure required 
for consistent striking of the 
discharge. The low discharge 
pressures result in long rise and 
fall times, producing modest 
pulse repetition frequencies 
before successive pulses 
overlap and the output no longer 
consists of distinct pulses. 
Pulsing of an RF power supply 
within an RF-excited laser is 
far more straightforward. The 
switching voltages are much 
lower and the small gap between 
the slab-like electrodes allows 
much higher pressures within 

DC-excited glass laser
tubes versus RF-excited, metal
slab laser tubes

“The long 
service life 
and consistent 
performance of 
an RF-excited 
laser represent 
a sound 
investment”

linear polarisation. Therefore, 
cross-polarisation can limit the 
applications that combined 
glass laser tubes can undertake.

RF-excited slab lasers do not 
suffer the same limitations. RF 
excitation enables the creation 
of gas discharges over large 
areas. Unstable resonators 
are naturally matched to the 
geometry of the discharge 
and so can usefully extract 
light from the whole discharge. 
So the combination of RF 
excitation, slab-like electrodes 
and unstable resonators 
result in a laser output that is 
scaled relative to the area of 
the discharge, not its length, 
producing a far more compact 
device. In fact, single laser 
tube devices are commercially 
available with operating output 
powers between 20W to 1,000W 
when sealed. 
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Luxinar’s OEM series of CO2 lasers employ the RF-excited slab laser design
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the discharge. Therefore, the 
rise and fall times of the pulses 
are much shorter, allowing a 
much higher pulse repetition 
frequency before successive 
pulses begin to overlap. 

Ultimately, the RF-excited 
laser is able to operate at pulse 
repetition frequencies from 
single shot to hundreds of 
kilohertz. The shorter rise and 
fall times of the RF-excited laser 
result in much less peripheral 
damage and heat-affected 
zone, outside of the intended 
processed area; therefore, 
combined with the excellent 
pulsing characteristics of 
the power supply, a much 
wider range of high-speed 
printing, perforating and drilling 
applications are possible.

Beam quality
RF-excited slab lasers ensure 
a high-quality, near-Gaussian 
distribution by utilising the 
combination of waveguiding 
between the slab electrodes 
and beam correction. This 

is extremely important for 
applications requiring high-
quality, low kerf widths and low 
heat-affected zones where 
multimode profiles create 
features and damage outside 
the required processing area. 
DC-excited lasers have limited 
mode selection largely to ensure 
the maximum output power. 
Typically, this results in lower 
mode and machining quality 
than RF-excited lasers.

Lifetime
DC-excited glass lasers have 
lifetimes ultimately limited by 
‘cathode poisoning’. This is the 
process of positively charged 
molecules generated in the 
gas discharge reacting with the 
negatively charged cathode, 
limiting the generation of 
electrons and, subsequently, 
the power transferred to the 
discharge. This causes a drop 
in the output power before, 
eventually, emission ceases. 
RF-excited discharges do 
not suffer from this effect. 

Although improvements in 
glass tube lifetime have been 
enabled by the introduction of 
catalysts, quoted lifetimes for 
DC-excited glass laser tubes 
are still, at best, only half of 
those for RF-excited lasers. In 
fact, anecdotally, it is apparent 
that often the lifetime of an 
RF-excited laser is several 
times longer than that of the 
DC-excited glass laser. When 
glass laser tubes are replaced, 
often they cannot be regassed 
or refurbished and so are simply 
destroyed. However, RF-excited 
lasers can be regassed and 
refurbished more than once, 
significantly reducing the 
waste created.

Cost
A simple comparison of the 
initial cost of a DC-excited 
glass laser tube and RF-excited 
laser shows that the glass 
laser tube would be cheaper. 
However, this is often an over-
simplification. The increased 
capability of the RF-excited laser 

Dr Jason Lee is 
technology and innovation 
director at Luxinar

and significantly longer lifetime 
ensures that the RF-excited 
laser is not only the most cost-
effective choice, but the only 
choice for many applications.

Conclusion
DC-excited glass tube laser 
sources have their place, 
generally in applications where 
processing speed, precision 
and quality requirements are 
relatively low. However, the 
more robust RF-excited laser 
technology is the choice for 
more demanding applications, 
particularly where the laser 
is required to operate at 
high speeds and in harsh 
environments, and where high-
quality, repeatable results are 
essential. In these applications, 
the long service life and 
consistent performance of an 
RF-excited laser represent a 
sound investment. l
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NEWS FROM AILU

Dave MacLellan, executive 
director of AILU, takes us 
through some of the topics 
covered at a recent workshop 
on laser surface texturing

Laser surface textures are 
finding applications in several 
industries. These bio-inspired 
surfaces can be used for 
modifying the wettability 
(making surfaces attract or repel 
water droplets), the tribology 
(modifying the performance of 
a surface regarding friction or 
wear) or the optical reflectivity 
(changing colour or contrast) of 
surfaces. These surfaces can be 
used in applications as diverse 
as biomedical, surgical implants, 
aircraft surfaces, engine and gear 
train components, white goods 
and currency or luxury goods.

The latest AILU workshop, 
which took place at Cranfield 
University, explored various 
aspects of this application and 
the laser technology to support 
it. As well as providing a forum 
to exchange ideas in the form 
of engaging presentations, the 
workshop was backed up by a 
range of industrial exhibitors and 
networking opportunities.

Processing techniques
When functional surfaces are 
applied to components for 
industrial applications, there is 
a need to make the rate of laser 
processing sufficiently rapid 
to be economical. This can be 
achieved with a combination 
of higher powers and faster 
scanning speeds, or alternatively 
multiple beamlets that can apply 
hundreds of small spots in an 
array simultaneously.

At HiLASE, near Prague in 
the Czech Republic, the latest 

results in this field involve 
using a diffractive optical 
element supplied by HoloOr 
of Israel, together with a Perla 
100 picosecond laser built at 
HiLASE with high pulse energy 
(20mJ) and high frequency (up 
to 200kHz repetition rate). Using 
this method it is possible to 
reach high speeds of patterning. 
The goal is to reach speeds 
higher than 1 square metre per 
minute.

Alternative techniques 
use direct laser interference 
patterning, which sees a 
combination of laser beams 
forming an interference pattern 

to achieve smaller features than 
the diameter of the beam. This 
technique can also produce high-
speed patterning with the same 
goal. This technique is offered 
by Fusion Bionic, a German 
company based in Dresden that 
spun out of Fraunhofer IWS. The 
application of this technology 
can be based around different 
laser sources (in terms of 
wavelength and pulse duration), 
depending on the material, the 
application and the geometry 
required.

Tribology applications
At the MTC (Manufacturing 
Technology Centre) and 
Loughborough University, 
work is being carried out 
on the texturing of cutting 
tools to change their friction 
performance. Tools made from 
synthetic diamond and textured 
by laser can have reduced 
coefficient of friction, and the 
grooves or pockets made by 
laser processing can act as 
reservoirs for lubricant, which 
can also improve tool life and 
reduce wear.
This process can result in 
longer-lasting cutting faces 
and reduce the costs and 
inconvenience of replacing worn 
tools so frequently.

Wettability in electronics
In the field of circuit boards for 
microelectronics, Watt-Laser has 
applied laser surface texturing to 
make hydrophobic surfaces that 
repel water and oils, making the 
surface corrosion-free, which 
can act as a pre-treatment for 
soldering. This avoids the need 
for precious metal coatings that 
already contribute a large cost in 
the electronics industry.

Optical advances
PowerPhotonic is using novel 
manufacturing techniques 
to make complex lenses. 
Microlens arrays (pictured) 
and homogenisers using 
designs inspired by nature are 
produced using laser material 
processing to ablate the 
lens material and then polish 
or re-melt the surfaces to 
improve the smoothness and 
optical performance.

Laser sources
At Lithuanian firm Light 
Conversion, femtosecond laser 
sources are developed that 
target applications in surface 
structuring, including high 

contrast marking, polishing, 
ablation and micro-machining. In 
the case of periodic structures, 
femtosecond lasers are used 
in applications such as the 
preparation of surfaces to 
reduce transmission losses 
using a ‘moth eye’ structure 
to prepare these optical parts. 
The particular case study 
presented at the workshop in 
Cranfield was the processing of 
Mach-Zehnder Interferometers, 
where ultrashort laser pulses 
accurately structure the 
trenches required to produce 
these precise tools.

A full video of the workshop 
on surface texturing is available 
after the event at the online 
delegate rate (as are prior online 
or hybrid workshops). The next 
AILU workshop will be a meeting 
at the MTC near Coventry on 
29 September, on high-power 
laser welding, which will explore 
research and industrial state-
of-the-art applications in 
this area. l

Laser surface textures find 
applications across industry

“There is a need 
to make the rate 
of laser surface 
texturing sufficiently 
rapid to be 
economical”

www.ailu.org.uk/events
info@ailu.org.uk
+44 1235 539595

PowerPhotonic produces microlens 
arrays featuring bio-inspired 
surfaces using laser texturing
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TruFiber P, TruMicro 2000 and 
TruMicro 6000
Trumpf has released a new line of TruFiber 
P fibre lasers, offering up to 6kW power 
output and a sophisticated array of optics, 
sensors and software. The TruFiber P offers 
an output with a spliced laser light cable and 
VariMode technology, which enable its beam 
characteristics to be adapted to suit varying 
manufacturing requirements. The laser can 
process thin sheets of steel and aluminium 
at high speeds, as well as copper, brass and 
other reflective materials. It then takes less 
than 40ms for VariMode to change the beam 
profile for piercing and cutting thick sheet 
metal. TruFiber P also features Active Power 
Control, where a power sensor compares the 
value preset on the laser with the actual power 
reading at microsecond intervals. In the event 
of a discrepancy, the power level is adjusted 
automatically. This keeps the laser power 

output constant, even after years of operation. 
Trumpf has also unveiled the TruMicro 6000 

and TruMicro 2000 ultrashort pulse lasers, 
each capable of providing an output in the 
infrared, UV and green wavelengths. Based 
on slab technology, which enables high pulse 
energies at high repetition rates, the TruMicro 
6000 can be deployed in various industries for 
applications ranging from cutting to drilling. 
With pulse energies of several millijoules, this 
laser is capable of processing glass up to 6mm 
thick. The TruMicro 2000 offers a high average 
power output of up to 100W in a compact, 
lightweight design. The laser’s pulse duration, 
repetition rate and pulse energy can be variably 
adjusted within milliseconds to suit a wide range 
of use cases, such as cutting highly sensitive 
medical products, machining surfaces and 
marking a wide variety of materials ranging from 
glass and plastics to corrosion-resistant metals. 
www.trumpf.com

FemtoBlade
Lumentum has added the FemtoBlade 
femtosecond laser to its portfolio of ultrafast 
lasers. The laser employs a modular design 
that provides increased flexibility and high 
power at high repetition rates. This will 
enable faster processing and improved 
throughput for micromachining applications, 
including OLED, PCB, ceramic and glass 
cutting, engraving and solar cell processing.

Available in UV, IR and green wavelengths, 
the FemtoBlade comes with powers ranging 
from 12W to 50W of UV, up to 200W of IR, or 
up to 100W of green. The laser incorporates 
previous Lumentum ultrafast laser features 
with added benefits, including: FlexBurst 
and MegaBurst, providing the ability to split 
the energy at a higher power of a single 
pulse (single pulse mode) into a group of 
pulses (burst mode); AccuTrig, providing 
accurate triggering function for on-the-
fly processing capabilities; and SYNC, 
which enables precise timing control for 
applications benefiting from the increased 
productivity achieved with high-speed galvo 
or line scanners.
www.lumentum.com

PRODUCT
UPDATE

IceFyre GR50
MKS Instruments has introduced the Spectra-
Physics IceFyre GR50, a compact, high-power 
green picosecond laser offering exceptional 
performance and low cost-of-ownership. The 
laser is also rugged and compact, enabling 
easy integration into machine tools. 

The IceFyre GR50 is ideal for 
micromachining some of today’s most 
challenging materials, including FR4, various 
metals, ceramics and glass composites. 
The laser delivers >50W average power and 
>100μJ of green pulse energy at adjustable 

repetition rates, from single shot to 10MHz, 
with true pulse-on-demand and position-
synchronised-output triggering. The laser’s 
TimeShift ps programmable pulse capability 
enables flexible burst operation with adjustable 
sub-pulse count, separation and intensity for 
optimising micromachining results. 

Fully automated and computer controlled, 
the laser exhibits exceptional stability in power, 
beam parameters and beam pointing during 
24/7 operation to deliver high precision and 
reproducibility for demanding applications.
www.mksinst.com/b/spectra-physics
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LightWELD XR 
IPG has introduced the LightWeld XR, 
which in addition to delivering laser 
welding and cleaning in one handheld 
system, is capable of processing more 
materials and thicknesses than previous 
LightWeld models.

Capabilities of the LightWeld XR include:
• Weld sheet metal up to 6.35mm thick
• Clean and weld steel, aluminium, titanium, 
copper and nickel alloys
• Weld dissimilar metals and metals with 
differing thicknesses, reflective surfaces, or 
very thin parts
• Switch between cleaning and welding 
functions with the change of a nozzle
https://ipgphotonics.com

CleanTech 3000-CTH
Laser Photonics has launched the CleanTech 
3000-CTH 3kW laser cleaning system. This 
powerful handheld device can get through the 
toughest corrosion and enhance adhesion 
pre-paint preparations. The system has an 
integrated chiller and the same dimensions 
as its predecessor, the 2000-CTH. Laser 
Photonics’ systems are used by manufacturers 
in the aerospace, automotive, defence, energy, 
industrial, maritime and medical industries. 
www.laserphotonics.com

PowerLine E 6/12 QS
Coherent has released the PowerLine E 6 QS 
(AC) and PowerLine E 12 QS (AC) laser marking 
sub-systems for use in the semiconductor and 
electronics industries. Both systems include an 
air-cooled green 532nm laser, optional scanning 
optics and power monitoring functionality. 

The two laser markers offer a choice of either 
6W or 12W of pulsed (Q-switched) output. In 
addition to the elimination of water and reduced 
number of sub-components, the PowerLine E 
6/12 QS (AC) is easier to integrate, maintain and 

service than typical water-cooled laser markers.
The PowerLine E 12 QS (AC) is also available 

in Coherent’s PowerLine D format, where 
one laser powers two scanners by means of 
a beamsplitter. This configuration enables 
larger marking fields and up to two times faster 
marking, all while operating as a single laser 
marker. The new markers are ideal for system 
builders and production line integration in any 
application where mark quality, aesthetics and 
legibility are critical. 
www.coherent.com

20kW ByStar Fiber 
Bystronic’s ByStar Fiber systems are now 
available as 20kW versions, offering enhanced 
cutting quality and productivity. 

Compared to the 15kW systems, the 
productivity of the new versions are on average 
40 per cent higher when cutting mild steel and 
stainless steels from 4 to 20mm thick. This 
means sheet metal processing firms can benefit 
from higher productivity at lower unit costs.

Regardless of whether cutting aluminium, 
non-ferrous metals, or steel, the high-

performance cutting head on the Bystar Fiber 
excels with high precision in both thin and 
thick sheets and profiles. In addition, the 20kW 
output power opens up extended applications 
in processing steel and aluminium sheets up to 
50mm in thickness. The systems also feature 
a new ‘Parameter Wizard’, which ensures the 
quality of the cut parts is always achieved, by 
obtaining correct parameters within minutes. 

The new power level is available for the 
ByStar 3015, 4020, 6225 and 8025.
www.bystronic.com

LaserSmart 510 Femto
Rollomatic has launched a femtosecond 
laser machine designed for cutting PCD 
(polycrystalline diamond) and other ultrahard 
materials such as ceramics, carbide, sapphire 
and glass. The LaserSmart 510 Femto 
features a powerful femtosecond laser source 
and is capable of achieving surface finishes 
as low as Ra 40nm. According to Rollomatic, 
the system produces crisper and sharper 
cutting edges compared to conventional laser 
machines, and offers 30 per cent faster feed 
rates. The system is also able to adapt the 
machining process automatically to the type 
of material.
www.rollomatic.ch



TEST AND MEASUREMENT OPTICS

BeamPeek
MKS Instruments has launched the Ophir 
BeamPeek, an integrated beam analysis 
and power measurement system for fast, 
accurate, real-time measurement of lasers in 
additive manufacturing chambers. The system 
provides simultaneous beam profiling, focal 
spot analysis, and power measurement in just 
three seconds.

The system is a compact, ruggedised, 
high-power laser measurement tool that 
measures powers up to 1kW for two minutes 
for both green (532nm) and NIR wavelengths 
(1,030 to 1,080nm). The active components 
(electronics, optics, camera and power meter) 
are located in a sheltered chamber whose 
temperature rise is not more than 2.5̊ C 
per minute at 1kW. The system includes 
an innovative beam dump designed as a 
replaceable tray that eliminates the need to 
waste time letting the system cool down. 
As the main beam enters the system, it 
encounters a beam sampler that diverts 

approximately 4 per cent of the laser’s power 
to the thermal sensor; the remaining 96 
per cent is captured by the beam dump for 
faster cooling. This allows measurements 
to be repeated immediately, allowing for 
sustained work cycles. There is no need for 
water or fan cooling as the replaceable tray 
eliminates downtime between measurement 
sessions. The system is ideal for field service 
testing of additive manufacturing chamber 
powder beds.
www.mksinst.com/b/ophir

Linos F-Theta Ronar
Excelitas Technologies has launched 
its Linos F-Theta Ronar 251mm 
Telecentric Lenses for laser material 
processing applications, including 
drilling, welding, cutting, structuring and 
additive manufacturing.

Optimised for back reflection with an 
entrance aperture up to 20mm, the new 
lenses, intended for 1,030 to 1,080nm 
wavelengths, feature a large, effective 
focal length with low spot variation. A low-
absorption coating and interchangeable, 
coated protective glass made of fused 
silica equip the new lenses for ultrashort 
laser pulses and high-power applications 
up to 10kW. The product utilises a standard 
M85x1 connecting thread. It is dust-tight on 
the output side, including protective glass 
for extended lens life and cost savings.

The 251mm telecentric lens product 
joins Excelitas’ Linos F-Theta-Ronar 
family of lenses, which all have two main 
characteristics: when a beam is deflected 
by a scanning mirror in front of a lens, the 
scanned distance is proportional to the 
scanning angle; and the focus position over 
the entire scan field is always in the same 
plane. These lenses feature innovative 
optical designs, coupled with the highest-
grade materials and precision manufacturing 
to ensure ultra-precise performance for 
laser material processing systems.
www.excelitas.com

SmartSense+ 
Coherent has introduced 
the SmartSense+ process 
monitoring system, which enables 
improved results and better 
reproducibility in welding, 
cutting, marking, engraving 
and cleaning applications, 
while providing traceability and 
documentation data. 

This opto-mechanical accessory 
incorporates optical detectors and 
(optionally) acoustic sensors, and 
includes all the required data acquisition 
and signal processing electronics and 
software. It is readily integrated into 
Coherent’s ExactCut, ExactWeld, StarCut, 
StarFiber, MPS, UW and PowerLine series 
laser systems, while also being compatible 
with several other Coherent fibre, diode and 
ultrashort pulse lasers.

The SmartSense+ captures back-reflected 
laser light, plus light emitted by the process 
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FS200M×2
Farsoon has introduced the FS200M×2 
platform as a new addition to its medium-
sized metal LPBF portfolio. The system is 
equipped with a versatile build volume of 425 
x 230 x 300mm and a powerful dual 500W 
laser configuration. It is ideal for medium-
to-high volume metal series production and 
prototypes, with fast manufacturing turn-over 
rates, versatility and impressive ROI. 

Equipped with powerful dual-laser 
scanning technology and advanced 
calibration algorithms, the FS200M×2 

offers exceptional build rates. The system 
offers precise tailoring of its processing 
parameters and is able to integrate multiple 
scanning strategies of different layer 
thickness in a single build, according to the 
application’s needs. 

The FS200M×2 is equipped with an 
integrated, two-stage filter module, featuring 
a powerful back-flush function to ensure filter 
life and repeatable part quality. In addition, 
in-chamber cameras are used to monitor and 
record data for each layer during builds.
http://en.farsoon.com

itself. This light is split into its visible, laser 
wavelength and near-infrared components, 

and sent to three separate detectors. 
Together, these signals deliver 
detailed information about the 

absorption of the laser light, 
the characteristics of the 
plasma (ionised plume) created 

by the laser process, and the 
surface temperature of the 
part. The option for detecting 
acoustic signals, using 
piezoelectric contact sensors 

and microphones, enables 
acquisition of an even more 

comprehensive process fingerprint, 
such as heat cracking in a joint during, or even 

after, the welding process.
The use of high data acquisition rates 

enables the SmartSense+ to work with both 
high- and lower-power continuous-wave and 
pulsed lasers. 
www.coherent.com
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APPLICATION FOCUS: WELDING

A brief introduction 
to laser welding, 
the technologies 
involved, and 
the advantages it 
offers over other 
joining methods

CREATING THE  
PERFECT SEAM

Benefits over alternative 
welding methods
Laser welding poses a number 
of advantages over conventional 
arc-based methods, such as 
MIG, TIG and MAG welding. Such 
processes input large amounts of 
heat into the weld seams, which 
can lead to defects such as 
distortion and twisting, meaning 
post-processing techniques like 
grinding are required to achieve 
a more aesthetically pleasing 
weld. This can be very time 
consuming. Comparatively, laser 
welding delivers lower heat input, 
resulting in better looking welds 
with high repeatability, removing 
any need for post processing 
and thus improving the time 
efficiency of the whole process.

The controlled heat input 
of laser welding also makes it 
suitable for joining thin materials 
together – a task not typically 
achievable using arc-based 
welding methods. Arc welding 
is also somewhat restricted in 
the types of joint it can make, 
whereas laser welding can be 
used to perform a wide range of 
welds over complex geometries 
due to its light often being 
deliverable via a fibre optic cable, 
enabling it to access harder-

to-reach areas of a workpiece. 
This is what also makes certain 
laser welding technologies 
easily integrated with robotics 
technologies.

Electron beam welding is 
an alternative remote joining 
method involving an accelerated 
beam of electrons that can be 
magnetically deflected and 
focused to the workpiece. While 
the technique is generally suited 
to performing thicker welds 
than laser-based methods, to 
prevent the electrons scattering 
or reacting with gas molecules, 
it must take place in a vacuum 
chamber. In addition to having 
to wait for the chamber to be 
pumped down before welding 
can begin, this also limits the size 
of the parts that can be welded. 
Laser welding faces no such 
size limitations, however, due to 
it taking place outside a vacuum 
chamber (for the most part – 
see page 20 for an exception), 
a shielding gas is required to 
prevent the weld reacting with 
gases in the atmosphere.

Shielding gas required
To perform laser welding, 
shielding gas must also be 
delivered to the workpiece 

Laser welding, also commonly 
known as laser beam welding 
(LBW), is the process by which 
materials such as metals and 
thermoplastics are fused 
together, using either a 
continuous-wave or pulsed 
beam of amplified light emitted 
from a laser source. The light is 
delivered to a workpiece through 
a system of glass lenses, mirrors 
and often a fibre optic cable. 

The process has gained 
significant popularity over the 
years, developing a reputation 
for being a reliable joining 
technology with exceptional 
quality, precision, speed, 
flexibility and versatility. This 
makes it an excellent choice for 
performing the standard lap, fillet 
and butt welds commonly used 
in industries such as automotive, 
aerospace and shipbuilding. 
Laser welding is also well-
suited to being automated on 
production lines, being easily 
integrated with a wide range of 
robotic technologies in remote 
welding applications. This has 
been particularly relevant in 
recent years, with the gradual 
transition into the fourth 
industrial revolution: Industry 4.0.

Types of laser welding
Most laser welding techniques 
can be classified into two 
categories: heat conduction 
welding and keyhole welding. 

In heat conduction welding, 
the energy is coupled into 
the workpiece solely through 
heat conduction. The material 
surface is heated above its 

melting point, but not so much 
to vaporise it, meaning the laser 
beam is absorbed only at the 
surface of the material rather 
than penetrating it. Such welds 
therefore typically exhibit a 
high width-to-depth ratio, with 
the depth being controllable 
by varying the duration of the 
pulse – heat conducts further 
down into the part the longer the 
pulse. Such welds are typically 
performed at energy densities 
around 105W/cm2, using laser 
powers of hundreds of watts. 
Due to the relatively low powers 
involved, weld depth typically 
ranges from only a few tenths 
of a millimetre to one millimetre. 
Heat conduction welding is 
generally used in applications 
where a particularly aesthetic 
weld is required, or when 
particulates may be a cause for 
concern, like in battery sealing. 

Keyhole welding, on the other 
hand, is used where deeper, 
stronger welds are required. In 
this process, the laser beam 
heats up the material until it 
vaporises, penetrating deep 
into the metal. This creates a 
cavity known as a keyhole, filled 
with either expanding vapour 
or plasma that prevents the 
collapse of the cavity walls, with 
temperatures rising well above 
10,000K. Welding is achieved 
by traversing the keyhole along 
the joint to be welded, or moving 
the joint with respect to the 
laser beam. Surface tension 
then causes some of the molten 
material at the leading edge of 
the keyhole to flow around the 
cavity to the back, which then 
cools and solidifies to form the 
weld. Keyhole welding results 
in welds with a high depth-to-
width ratio, reaching depths from 
millimetres to tens of millimetres 
in thickness. Such welds are 
typically performed at energy 
densities of about106-107W/cm2 
using laser powers typically in the 
order of kilowatts.

in association with



alongside the beam. This gas 
serves multiple purposes: it helps 
maintain a stable process and 
stable weld pool; keeps the weld 
material from reacting with the 
oxygen, nitrogen and hydrogen 
in the atmosphere (preventing 
weaker welds filled with defects, 
such as voids); and minimises 
the formation of plasma above 
the weld, which would otherwise 
partially block and/or distort the 
laser beam.

In general, the type of shielding 
gas used can influence the 
speed, microstructure and overall 
shape of the weld. Shielding 
gases typically used are helium, 
carbon dioxide, nitrogen and 
argon, each with varying degrees 
of cost, plasma suppression and 
oxidation prevention. Certain 
gases work better for certain 
materials. For example, nitrogen 
is known to react strongly with 
titanium (or austenitic stainless 
steels alloyed with titanium) to 
form titanium nitride compounds, 
which can lead to the resulting 
weld being brittle. Argon is 
therefore a suitable alternative 
for welding titanium-based 
alloys. Using nitrogen during the 
welding of ferritic steels also has 
detrimental effects, leading to an 
increased quantity of martensite 

in the weld metal. This, in 
turn, can make the weld more 
brittle and more susceptible to 
hydrogen embrittlement. 

Certain gases also work better 
for certain laser wavelengths. 
For example, helium is a suitable 
shield gas for CO2 laser welding 
due to the excellent plasma 
suppression it offers. The 
formation of plasma is more 
critical when welding with a 
CO2 laser compared to other 
lasers due to its relatively large 
wavelength, which is 10 times 
that of widely used fibre lasers. 
The larger wavelength exhibits 

higher absorption in any plasma 
that does form, which as 
explained earlier, can block and/
or distort the beam.

Lasers used for welding
Laser sources often used for 
welding include solid-state lasers 
– such as Nd:YAG lasers, fibre 
lasers and direct diode lasers – 
and CO2 lasers.

Fibre lasers operate at around 
1μm and offer excellent beam 
quality, small spot sizes, high-
reliability and low maintenance. 
They offer good absorption in 
non-reflective metals and are a 
popular choice in modern laser 
welding applications. While CO2 
lasers operating in the 9–11μm 
region of the spectrum have 
for many years been used for 
welding, in recent years they have 
seen ground increasingly taken 
from them – in this application 
at least – by fibre lasers, which 
due to their lower wavelength 
not only see better absorption in 
certain metals, but can also have 
their beam delivered via flexible 
optical fibre to the workpiece, 
increasing their versatility in 
welding applications. 

However, CO2 lasers are still 
sometimes used for creating 
thicker weld seams designed 
to resist large amounts of 
stress – for example, when 
joining metal sheets in the 
shipbuilding industry, or when 
producing differential gears in 
the automotive industry. Nd:YAG 
lasers operate at the same 
wavelength as fibre lasers and 
offer high peak powers in small 
laser sizes, enabling welding 
with large optical spot size. 
This translates to maximised 
part fit-up and laser to joint 
alignment accommodation. 

Direct diode lasers offer a 
larger spot size and higher wall-
plug efficiency than fibre lasers, 
and are available over a broader 
range of wavelengths, from 
780-1,060nm, 1,400-1,500nm, 
and more recently at the blue 
wavelength – 450nm. This 
new wavelength is particularly 
suited to copper welding due to 
its relatively high (65 per cent) 
absorption in copper, compared 
to standard infrared wavelengths, 
which only exhibit five per cent 
absorption in copper due to 

the material’s high reflectivity. 
Techniques such as wobble 
welding are therefore used with 
infrared lasers to overcome some 
of the challenges associated with 
this low absorption, reducing 
defects such as bubbles and 
spatter in the final weld.

In more recent years, 
technology has been released 
that can vary laser beam 
quality without the use of 
complex optics (visit www.
lasersystemseurope.com/
adjustable-beam-quality for more 
information). Coherent, NLight, 
Trumpf, SPI Lasers, IPG and Civan 
Lasers (see page 8) have all 
released such lasers, which are 
being shown to improve welding 

by reducing porosity, spatter, 
enable higher travel speeds 
and smoother bead surfaces. 
Trumpf’s BrightLine Weld 
technology, for example, alters 
the distribution of the laser power 
between an inner and outer core 
within the beam profile. Similar 
to the wobble welding technique 
previously mentioned, this can be 
used to improve copper welding. 
The BrightLine Weld laser is able 
to form a tiny spot, which melts 
the copper, while a larger spot 
keeps the weld keyhole open at 
the surface. Trumpf has shown 
this to produce copper contacts 
in e-mobility applications with 
weld seams free from pores and 
containing minimal spatter. l
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“Laser welding 
poses a number of 
advantages over 
conventional arc-
based methods, 
such as MIG, TIG 
and MAG welding”

Civan Lasers OPA 6 Weld – next generation laser  
for welding applications

The unique Dynamic Beam capabilities enable new applications, 
as well as improving speed and quality in existing applications. 
The laser features open a new set of parameters for laser 
welding, including:

1.  Beam shaping – design and use new beam shapes in less than 
five minutes

2.  Shape frequency – control the melt pool dynamics by steering 
the beam at up to 50MHz

3.  Shape sequence – change between beam shapes in 1 
microsecond

4. Focus steering – steer the focus up at to 50MHz

OPA 6 Weld can replace old joining methods, such as vacuum 
brazing. The advantage is not only in the system cost, which is a 
third of the price, but most importantly in that it allows the user 
to reduce power consumption by a significant factor of 72, from 
4MW to 55kW, reduce floor footprint by a factor of 20, and enable 
the welding of recyclable Al alloys such as Al 5xxx and Al 6xxx. 

More information:  
www.civanlasers.com

CIVAN LASERS  FEATURED PRODUCT
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DIRECTORY

El.En. S.p.A.
Via Baldanzese, 17
50041 Calenzano - Firenze - Italy
Tel. +39 055 8826807 l Fax +39 055 8832884
https://elenlaser.com

Producing innovation since 1981
El.En. is an italian laser company based in Florence. We produce CO2 
laser sources, laser scanning heads and custom laser devices for the 
manufacturing industry. With El.En. you can count on reliability, durability 
and expert technical assistance because all the core components of our 
devices are engineered and produced in-house. Our laser sources are 
geared to achieve speed, precision and ease of integration in a wide range 
of applications. This is why since 1981 we’ve been working with more than 
2000 companies worldwide, gaining a considerable experience in a wide 
range of markets. Start making with El.En!

Aerotech United Kingdom
The Old Brick Kiln, Ramsdell,  
Tadley, Hampshire RG26 5PR
Tel: +44 (0)1256 855055 
Fax: +44 (0)1256 855649 
sales@aerotech.com l www.aerotech.co.uk

Aerotech serves the unique requirements of laser processing and laser 
machining applications by manufacturing high performance systems and 
components for laser applications.
Aerotech developments in the areas of mechanics, controls, software 
and laser control have provided end users, systems integrators and 
OEMs with the best possible laser cutting, welding, etching, and marking 
systems available.

ADVERTISE HERE AND ONLINE 
For details please contact Jon Hunt on +44(0)1223 221049 

or email: jon.hunt@europascience.com 

Find the suppliers you need quickly and easily 
www.lasersystemseurope.com/suppliers

Fujikura Europe Ltd
C51 Barwell Business Park,
Leatherhead Road, Chessington, Surrey KT9 2NY, UKK
Tel: +44-(0)20 8240 2000 l Fax: +44-(0)20 8240 2010
sales@fujikura.co.uk l lasers@fujikura.co.uk
www.fujikura.co.uk l www.fiberlaser.fujikura.jp/eng

Fujikura is a global technology leader providing a wide range of Electrical, 
Optical and Fibre Laser products for diverse markets around the world.
As an established supplier of Fibre Lasers in Japan we manufacture all 
of the key parts such as pump diodes, doped fibres as well as all of the 
internal optical components in-house. Fujikura has been represented in 
Europe for over 25 years and our European operations are based in the 
South West of London.

Edmund Optics
Tel: +44 (0)1904 788600 
sales@edmundoptics.eu 
www.edmundoptics.eu

Edmund Optics® (EO) is a leading global manufacturer and 
distributor of precision optics, optical assemblies and imaging 
components with headquarters in the USA and manufacturing 
facilities in the US, Asia and Europe. With a portfolio of more than 
30.200 products, EO has the world’s largest inventory of optical 
components.

COMPLETE LASER SYSTEMS
3D-Micromac AG
www.3d-micromac.com
ACSYS
www.acsys.de
Amada Weld Tech
www.amadaweldtech.eu
Coherent-Rofin
www.rofin.com
Highyag Lasertechnologie GmbH
www.highyag.de
Kern Laser Systems
www.kernlasers.com
Keyence Germany GmbH
www.keyence.de
Laserline GmbH
www.laserline.de
Leister Technologies AG
www.leister.com
LPKF
www.lpkf-laserwelding.com
Next Scan Technologies
www.nextscantechnology.com

Precitec
www.precitec.com
Trumpf
www.trumpf-laser.com

CONTROL & GUIDANCE
Cambridge Technology
www.camtech.com
Scanlab
www.scanlab.de

LASERS

Coherent
www.coherent.com
Directed Light Inc.
www.directedlight.com
IPG Photonics
www.ipgphotonics.com
Laser Quantum
www.laserquantum.com
Photon Energy GmbH
www.photon-energy.de

Powerlase Limited
www.powerlase-photonics.com
Power Technology
www.powertechnology.com
Quantel
www.quantel.fr
RGB Lasersysteme GmbH
www.rgb-laser.com
Synrad
www.synrad.com
Toptica
www.toptica.com

OPTICS
GT Advanced Technologies
www.gtat.com

SAFETY
Brinell Vision Limited
www.brinellvision.com
Lasermet
www.lasermet.com

Laser S.O.S
www.lasersos.com
PROTECT-Laserschutz GmbH
www.protect-laserschutz.de
Purex UK
www.purex.co.uk

SERVICES
Laser on Demand
www.laser-on-demand.de
Metal Improvement Company
www.metalimprovement.co.uk

TEST & MEASUREMENT
Duma Optronics
www.duma.co.il
Gentec Electro-Optics Inc
www.gentec-eo.com 
Newson NV
www.newson.be/rhothor.htm
Ophir
www.ophiropt.com



Does your laser  
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Imaging & Machine Vision Europe 
For suppliers, integrators and OEMs 

of imaging and machine vision 
technologies in Europe

imveurope.com/subscribe
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TO 
BEAM

21 to 23 June 2022 
Messe Stuttgart, 

Germany 

The solutions of tomorrow – experience them today: Live presentations 
and best practices of the laser technologies of the future.

Get information now:
www.lasys-fair.com/2022

#LASYS

LASYS2022_AZ_Besucher_219x288mm_EN.indd   1LASYS2022_AZ_Besucher_219x288mm_EN.indd   1 21.04.22   09:3321.04.22   09:33




