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WHO WE ARE
The EU funded PULSE project brings
together 12 partners across Europe
for one mission – enabling the shift
to an advanced manufacturing
industry by developing a high-power
pulsed laser system.
Europe is the world leader in laser
technology, and maintaining this lead
is important. To do this, new
materials processing technologies
must be developed at a competitive
cost – and PULSE intends to provide
this.
PULSE aims to develop a complete
laser system with the ability to cut
even the hardest steel used in car
construction, texture materials at
unimaginable speeds and weld
dissimilar materials. This will result in
reduced
waste
and
energy
consumption, impacting positively on
both the economy and environment.
To learn more about PULSE, click the
following link:

Here’s what our project
coordinator, Dr Regina Gumenyk,
had to say about our first year of
research:

“This is a very ambitious and
challenging project, where we
aim to develop an industrial laser
with no market analogue
performance within just a few
years.
However, the first year of the
project has shown a high-level of
professionalism and unbroken
enthusiasm from the consortium
partners enabling the state-ofthe-art technologies to become
a reality.
These technologies will make a
breakthrough in the laser
industry and 3D material
processing in automotive and
renewable sectors.”

PULSE has developed novel high laser
damage threshold materials offering
new prospects for breakthrough high
power laser optics
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Realizing a New Generation of Tapered Fiber Laser capable of 500W amplification using improved
core materials – PULSE achieves a major project milestone
Active Tapered Double-Clad fiber (T-DCF) is a
versatile approach for high-power amplification of
pulsed lasers (https://en.wikipedia.org/wiki/Doubleclad_fiber). T-DCF is a solid-type fiber whose outer
and inner claddings and core diameters vary smoothly
with its length (Figure 1).
This geometric structure provides significant
technological benefits for common problems arising
with power scaling such as nonlinear effects (Raman
Stimulated Scattering, Brillouin Stimulated Scattering,
nonlinear instabilities). The all-glass technological
approach of the T-DCF development, when all
principle parts of the fiber consist of glass materials
(pure silica and fluorine), allows us to mitigate the
difficulty of high temperature instability experienced
with polymer-based cladding which is one of the
major issues limiting the reliability of high-power
amplifiers.

Figure 1 : Single amplifier channel experimental setup scheme.

This experimental setup demonstrated the capability of
the all-glass active T-DCF to deliver almost 500 W of
optical output at 1064 nm and 50 ps pulses with direct
amplification when pumped with 800 W at 976 nm
(Figure 2). The maximum achieved optical power
corresponds to 43dB of gain with high conversion
efficiency of approximately 66 %.
Maximum output power was limited only by available
pump power. At the maximum achieved output power
there was no evidence of nonlinear effects, which could
potentially limit the power level, were observed.
Therefore, further increases of the output power are
clearly possible by simply increasing pump power.
Specifically, 515 W of output power is achievable with
the addition of a single 130 W diode.

Figure 2 : Output power of amplified optical signal versus output power
of pump unit. Inset: seed source spectrum (black curve) and typical
spectrum of amplified signal (red curve).

Ampliconyx release new Tapered Fiber Amplifiers
Based on the Tapered Double-Clad Fiber technology
being developed in the PULSE project, Ampliconyx
has released 4 new laser products capable of
generating 100W of average power from a 30 mW, 25
MHz, 40 ps seed laser input.

Typical applications are in material processing, surface
structuring, marking, micro-machining, micro-welding
and ultrafast high power experimental setups.
Datasheets are available on the Ampliconyx website.
www.ampliconyx.com

The product range includes a single fiber laser
amplifier through to a ready to run laser amplifier
complete with pump diodes. These amplifiers deliver
high efficiency and amazing beam quality, as can be
seen in Figure 3.
They are compatible with a range of seed lasers,
meaning the user can select the most suitable pulse
duration and repetition rate for their application.

Figure 3: The Ampliconyx TGModule C- PM,
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PULSE has developed novel high laser damage threshold materials offering new prospects for
breakthrough high power laser optics
The production of micro-optical elements using NanoImprint Lithography is an attractive and rapidly
emerging approach to realising low-cost volume
production. However, its use for high-power systems
is severely limited as the existing polymers used
suffer from low Laser-Induced Damage threshold,
confining its use to low-power optical applications.
PULSE has been exploring the possibility of
developing diffractive optical elements to combine
the outputs from multiple high-power amplifiers.

This has now moved a step closer to reality with the
development of novel polymer formulations that are
capable of withstanding ultrafast laser pulses. Using
these new formulations experiments with ultrafast lasers
have achieved damage thresholds above 0.5 J/cm2,
representing a new record and opening the possibility
for diffractive optical elements suitable for high-power
pulsed beam combining.

Multiplexer and delivery fiber for high-power USP laser processes
To enable industrial application of high-power T-DCF
based laser systems new state-of-the-art designs to
realise kW-class multiplexer are required to provide
the high-power handling with low losses and precise
beam alignment.

PULSE has now demonstrated a multiplexer assembly
design capable of coupling more than 800 W of optical
pump power at 976 nm into 800 µm cladding of a TDCF with high coupling efficiency of 92%.

The next level of laser scanner technology
The high laser power systems developed in PULSE
enable much higher processing speeds in laser
processing. An ultra-high-speed polygon scanning
system was developed and successfully tested in
extended use with a 3kW CW laser system. The
whole scanner system withstood this high thermal
load without any problems damage threshold 1000
times higher than the pulse energies produced by the
PULSE laser. Tests were performed with ultrafast
lasers using nanosecond and picosecond pulses and
metal ablation tests using the scanner with scan field
sizes of 300x300 mm at scan speeds of 500 m/s
were successfully completed.

Figure 4: The high-speed polygon scanner designed by
University of Mittweida

“In the first year excellent progress has been made with the development of a new all-fiber seed laser and breakthrough
levels of power-scaling in ultra-fast pulsed tapered fibers achieved. New materials for fabrication of high-power optical
elements promise new approaches to high-power beam combining in the coming years.”

— Dr Neil Stewart, Project Manager

3

August 2020 PULSE Project Newsletter

A unique platform for the demonstration of USP laser processing applications
The PULSE laser machining system is designed to
offer full process flexibility at high speed whether
cutting, surface micro-structuring, or welding. The
development of such a high performance, high
accuracy, and user-friendly processing machine will
have a great impact in the manufacturing industry in
the coming years.
The highly stable, high precision system includes a
triangulation sensor which can geometrically scan the
target workpiece and translate it into digital
information. This makes it possible to prepare the
path planning on any arbitrarily shaped 3D-workpiece.
This unique solution developed by LUNOVU uses the
sensor and software to capture the workpiece
meaning a CAD model is not necessary for the laser
processing, which dramatically shortens the time
required for process planning. This application will be
particularly useful for laser treatment of parts where
no CAD model is available.

Figure 5: Multi-functional USP laser processing unit designed by
LUNOVU GmbH

New reliable seed sources for high power laser systems
Progress in pulsed seed technology has enabled the
development of several seed lasers based on fiber
and semiconductor technologies. PULSE coordinator
Tampere University has developed a fiber-based
short pulsed seed laser delivering 170 fs pulses that
has passed tests involving several thousand hours of
drop-free operation. Ongoing work aims to improve
the laser performance to satisfy industrial standards.

A breakthrough in high repetition rate high-power
laser is a step closer following the development of a
semiconductor based seed laser operating at 1 GHz
(Figure 7) by Aston University. This seed is capable
of delivering <20 ps pulses at 1040 nm wavelength
and with pulse compression down to 15 ps pulses.
Optimization of the laser control parameters
demonstrated short-term stability and reliability of
pulsed operation. Tests are underway to confirm
the long-term stability of this seed source.

~ 170

Figure 7: Schematic of the 1GHz seed laser set-up
Figure 6:: Picture of the seed laser and pulse characteristics
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PULSE PIONEERS AND FUTURE
PHOTONICS RESEARCH LEADERS
Marcel Wolf Mittweida University, Germany
Marcel gained his MSc in technical physics in 2018 after the completion of his BSc, both
undertaken at Mittweida University. He is assisting in the construction of the Polygon Scanner for
use in the PULSE project and will also work on the integration of the ultrafast scanner into the
machining system and support the process development throughout.
“For me the most exciting thing in the project is the combination of such high power ultrashort

pulsed laser system with the polygon scanner. I hope we can use the full performance of the
scanner with this new laser system and make the processes faster like ever before. “

Dr. Mikko Narhi Tampere University, Finland
Mikko received his PhD in nonlinear fiber optics in 2017 and since then has worked in Denmark on
fiber lasers, amplifiers and supercontinuum generation before returning to Finland to work on the
PULSE project. He will be involved in the fiber seed laser development as well as the coherent
beam combining system.
“The broad background of partners involved varying from laser specialists, machining specialists,
optics and fiber specialists as well as end users, that enables us to hopefully achieve a functioning
prototype that has impact in the laser processing industry rather than just a research curiosity.”

Dr. Sergey Kurylchyk Aston University, England
Sergey received his PhD in Optics in 2014 from the Belarusian National Technical University
before working as a research fellow at the Optoelectronics Research Centre in Southampton. In
the PULSE project, he will be working on the development of the high rep-rate semiconductor
seed laser with high stability output.

“I find the PULSE project exciting since it has an ambitious aim to develop an unparalleled highpower ultrafast laser system, which is in high demand for numerous industrial applications, and it
brings together efforts and experience of many partners from different parts of Europe.”

Dr. Vasileia Melissinaki
Foundation for research and Technology Hellas, Greece
Vasileia received her PhD degree from the department of Physics of University of Crete. Receiving
her master’s degree (2011) and her Bachelors (2009) from the same department. In her PhD
thesis she worked on the fabrication and studying of 3D micro-optical elements on the end face of
optical fibers and their use as gas and liquid sensors.

“I find the PULSE project exciting because it brings together researchers of different expertise
allowing them to exchange knowledge, and accomplish a state of the art project such as designing
and fabricating parts that will be assembled into a high power ultrafast laser. “

This project is an initiative of the Photonics Public Private Partnership and
has received funding from the European Union’s Horizon 2020 research
and innovation programme under Grant Agreement no. 824996
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