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4.1 Final publishable summary report 

 

Executive Summary 
High-precision laser micro-machining has delivered an important impact in daily life, hence its benefits and 
usefulness can easily be taken for granted. For example, in the manufacture of smart phones, i-tablets, etc, 
high-precision laser micro-machining is essential to produce some of the key features we use in these 
devices. 
In the car industry it is has been shown that injection nozzles produced with ultrafast lasers lead to 
significantly reduced air pollution in comparison to nozzles produced with conventional fabrication 
techniques. Spinning nozzles used widely in the textile industry are also produced using ultrafast lasers. The 
main goal of RAZipol is to demonstrate laser material processing at unprecedented levels of productivity 
(leading to drilling process times below 4 s of high aspect ratio [40:1] holes compared to current times of 25 
s) and precision material processing (structure dimension below 1 μm) using novel beams with radial and 
azimuthal polarization. The challenge is not only to achieve high productivity at moderate levels of precision 
or highest quality at low speeds, but to reach both targets at the same time. Therefore, an adequate 
ultrafast laser source with a very high average power and well-adapted beam parameters, including pulse 
duration, pulse energy, intensity profile, and polarization, is needed. Additionally, the laser beam has to be 
applied to the work-piece in a well-defined application-specific manner. Finally, advanced processing 
strategies are required to obtain optimum results at high productivity. The ultrafast laser source planned for 
RAZipol project combines several quite unique features. Its modular 3-stage master oscillator power 
amplifier (MOPA) concept offers a high degree of flexibility to generate a broad range of pulse durations, 
pulse energies and repetition rates. The MOPA combines an ultrafast oscillator together with a Single Crystal 
Fiber amplifier as 1st amplification stage and a thin-disk multipass amplifier as final amplification stage.  
Although the potential range of material processing applications for this laser source is extremely broad, 
within the project, we will focus on two demonstration applications. The first application (application 1) will 
be based on a fast scanner system which facilitates the production of complex structures like a “lab-on-a-
chip” on large wafers (6” diameter). 
For this application, a MOPA system delivering beams with radial/azimuthal polarization with up to 580 W 
(resp. 415W) of average power at a repetition rate of 20 MHz (resp. 10 MHz) and pulse duration of 782 fs 
(resp. 716 fs) was set up.  
The second application will be trepanning drilling (application 2) of deep, high aspect holes with tight 
tolerances. In this case, a MOPA system delivering beams with radial/azimuthal polarization with up to 210 
W of average power at a repetition rate of 200 kHz and a pulse duration of 7.8 ps was set up.  
For application 1, the patterning results showed a good quality with sharp edges and without a damage of 
the glass carrier material at a high ablation rate of about 378 cm² per minute. Patterning large wafers with 
the HRR system using radial or azimuthal polarization enabled a 78 times faster processing, compared to the 
benchmark application. Furthermore, a 50 % higher ablation rate was achieved using radial or azimuthal 
instead of linear polarization. With a typical area per chip of 16 mm², per hour about 18 chips can be 
produced with the benchmark laser, while about 1400 chips per hour can be theoretically produced with the 
RAZipol HRR system. Taking into account, that several positioning steps have to be done during the 
processing, this leads to a processing cost reduction by a factor of 22. 
For application 2, the benchmark experiments have shown an increase of up to 50% of the drilling efficiency 
using beams with azimuthal polarization when compared to beams with circular polarization. Furthermore a 
10 times faster drilling process (when compared to the benchmark low power laser) is achieved when the 
high-power LRR developed within RAZipol is used. This leads to a processing cost reduction of a factor of 7.  



Summary description of project context and objectives 
The main goal of the RAZipol project is to demonstrate laser material processing at unprecedented levels of 
productivity and precision using beams with radial and/or azimuthal polarization. The challenge is not only 
to achieve high productivity at moderate levels of precision or highest quality at low speeds, but to reach 
both targets at the same time. Several prerequisites have to be fulfilled to be able to accomplish this goal. 
First of all, an adequate ultrafast laser source with a very high average power and well-adapted beam 
parameters, including pulse duration, pulse energy, intensity profile, and polarization, is needed. 
Additionally, the laser beam has to be applied to the work-piece in a well-defined application-specific 
manner. For example, the beam has to be split (e.g. by a diffractive element) or moved rapidly (e.g. by a 
scanner) to avoid heat accumulation which will degrade processing quality. Finally, advanced processing 
strategies (e.g. controlled variation of certain beam parameters during the process) are required to obtain 
optimum results at high productivity.  

In summary, the following primary objectives have been targeted: 

• Highly flexible high-power ultrafast laser source (objective 1) with average output power of 500 W at 
High Repetition Rates (20-40 MHz) and 200W at Low Repetition Rates (0.2-1 MHz) 

• Cost-efficient solutions for a broad range of applications (objective 2) 

• Optimization of demanding high-volume applications regarding efficiency as well as quality 
(objective 3) 

 

 

 

 

 

 

 

 
Within the project, mainly two attractive applications have been investigated to demonstrate the potential 
of the source: 

• Fast, large-area structuring, of Lab-on-a-Chip wafers (objective 3.1) 

• Precision trepanning drilling of high-aspect ratio holes (objective 3.2) 

Objective 2 has been addressed by several aspects of the concept: First of all, no chirped pulse amplification 
(CPA) was used to achieve the high peak powers (up to 200 MW) necessary especially for the drilling 
application. This method considerably reduces cost, size and complexity of the system and improves its 
efficiency and reliability. Additionally, the modularity of the 3-stage MOPA concept (see figure 1 below) 
facilitates the adaptability of the actual solution to the requirements (e.g. average power and pulse energy) 
of the different applications. For example, the final amplifier stage – a thin-disk (TD) multi-pass amplifier 
enabling average powers in excess of 500 W – can be skipped for average powers of up to 100 W and pulse 
energies below 100 µJ. The intermediate single crystal fibre (SCF) amplifier offers high gain and can be 
adapted to different requirements (e.g. for high or for low pulse energies) to obtain an optimum solution for 
every application. 

To target objective 1, the amplifiers used in the source shall support both high-pulse energies as well as high 
repetition rates. To enable repetition rates beyond 1-2 MHz, which is crucial for highly productive large-area 
structuring applications (objective 3.1), no optical switches (e.g. Pockels cells) were used in the amplifiers. To 
achieve high pulse energies essential for drilling applications (objective 3.2) without CPA, amplifier concepts 
(SCF and especially TD) with very high thresholds for nonlinear effects were used. In consequence, the 
concept chosen addresses an extremely broad range of pulse durations, pulse energies and repetition rates. 

Figure 1: Overall Schematic 



To achieve objective 3, the MOPA system generated radiation with radial or azimuthal polarization, having a 
ring-shaped (“donut” or TEM01* mode) intensity distribution. Due to its steeper intensity variation, this 
intensity distribution enables generating significantly finer structures (e.g. sharper edges) than the well-
known TEM00 fundamental mode. Last but not least, its rotationally symmetric cylindrical polarization 
combines isotropic processing properties (which can also be achieved with circular polarization) with 
optimized processing efficiency, especially when the beam is incident upon the surface of the work-piece at 
shallow angles (e.g. in drilling applications). To maximize the flexibility (objective 1), the polarization of the 
output beam was switchable between radial and azimuthal. 

The ultrafast laser source for the project combines several quite unique features.  

• Its modular 3-stage master oscillator power amplifier (MOPA) concept shown in the schematic below 
offers a high degree of flexibility to generate a broad range of pulse durations, pulse energies and 
repetition rates.  

• In contrast to the more common regenerative amplifiers, the amplifier stages used here do not limit the 
repetition rate, which can be as high as 20 MHz (or even 40 MHz), which is crucial for highly productive 
large-area structuring applications.  

• The combination of a seed oscillator with moderate average power and an intermediate single crystal fibre 
(SCF) amplifier with high gain is a cost-effective solution. The design eliminates the need for complex 
chirped pulse amplification (CPA) technologies and the cost of expensive gratings typically featured in the 
compressor stage of such designs. 

• The RAZipol approach will be more efficient since it will not need to use the compressors at the output of 
the laser. Common compressor gratings (best have 90-95% of efficiency) are known to introduce losses in 
the range of 20-35% for double pass configuration. The final amplifier based on thin-disk (TD) technology 
enables average powers in excess of 500 W as well as peak powers in the GW range. Due to its steeper 
intensity variation, the ring-shaped (“donut” or TEM01* mode having a beam quality factor M²=2) intensity 
distribution produced by this MOPA system enables generating significantly finer structures (e.g. sharper 
edges) than the well-known TEM00 fundamental mode.  

• Last but not least, its rotationally symmetric cylindrical polarization combines isotropic processing 
properties with optimized processing efficiency, especially when the beam is incident upon the surface of 
the work-piece at shallow angles (e.g. in drilling applications). To maximize the flexibility, the polarization 
of the output beam will be switchable between radial and azimuthal modes. 

 
Although the potential range of 
material processing applications 
for this laser source is extremely 
broad, within the project, we will 
focus on two demonstration 
applications. The first application 
will be based on a fast scanner 
system which allows to produce 
complex structures like a “lab on 
a chip” on large (e.g. up to 8” 
diameter), nearly planar surfaces 
(e.g. wafers). For this application, 
the MOPA system will be set up 
for repetition rates in the 10-40 
MHz range with pulse duration of 
approximately 1ps. The second 
application will be trepanning 
drilling of deep, high aspect holes 

Figure 2: Schematic overview of the project structure 



with tight tolerances. In this case, the MOPA system will be set up for generating high pulse energies (0.2-
1 mJ) at pulse duration of about 5 ps. In both cases the beam quality factor M² of the beam shall be equal to 
approximately 2.  An overview of the whole project structure is seen in figure2.  

So far most of the high-power (100W) laser amplifier systems which have been reported in literature, or 
are commercially available, deliver (nearly) Gaussian beams with a linear polarization state. The highest 
output power (275 W, 583 fs and 16.8 µJ) achieved from an ultrafast oscillator was reported by the group of 
Prof. U. Keller (ETH Zurich) whereas the highest energy (141 W, 1.1 ps and 41 µJ) was achieved by TRUMPF. 
Commercial systems like e.g. regenerative thin-disk amplifiers (TRUMPF) or slab amplifier deliver 100 W and 
400 W respectively. 1.1 kW was demonstrated in a lab experiment using 2 slab amplifiers.  
 
Table 1 summarises the key laser and application objectives of RAZipol. The strong and long experience of 
the partners within RAZipol represents a solid baseline for the project. It covers all different aspects of the 
project from the laser side (ultrafast oscillators-TBWP, SCF-CNRS-LCF&FIB and TD-mutipass amplifier-
USTUTT) to the machining and applications side (Scanner-NSTBVBA, trepanning optics-GFH and high-
precision micro-processing-SLV-C4L & USTUTT). The 3 partners USTUTT, CNRS and FIB have demonstrated 
very recently the amplification of beams with radial and azimuthal polarization in an Yb:YAG SCF; output 
powers of up to 100 W were extracted in CW regime.  

 
Table 1: Key Laser and Application Parameters 

Application Key Laser Parameters Key Application Parameters 

Large area fast scanning 
for surface structuring 
(HRR) 

MOPA with radially/azimuthally 
polarized beams having 500 W average 
power, at repetition rates in the 20-40 
MHz range generating pulse energies 
(12.5 - 25 µJ) and pulse duration of 1 ps 

Scan field full telecentric up to 8” 
wafer size (borosilicate/silicon). 
Structuring (texturing and 
patterning),  

Trepanning drilling of 
deep, high aspect ratio 
holes (LRR) 

MOPA with radially/azimuthally 
polarized beams having 200 W average 
power, at repetition rates 0.2-1 MHz 
generating high pulse energies (0.2-1 
mJ) at pulse duration of 5 ps 

Entrance diameter (<50 µm), Exit 
diameter (<50 µm), material 
thickness (2 mm), aspect ratio 
(40:1), surface roughness of hole 

 
Description of main S&T results/foregrounds  

In order to achieve the 
objectives of the project, 
the work to be performed 
was broken down into 6 
RTD workpackages: WP1 – 
Laser oscillator 
development and laser 
system integration; WP2 – 
Single crystal fibre (SCF) 
amplifier; WP3 – TD multi-
pass amplifier; WP4 – 
Laser and scanner 
integration; WP5 – 
Machine setup, laser and 
optics integration; WP6 – 
Application development.  
In addition to the RTD 
workpackages there was Figure 3: The interaction between the RAZipol RTD and DEM workpackages 



also a demonstration workpackage: WP7 – Demonstration. The interaction of all the workpackages is shown 
in Figure 3. 

The RTD workpackages and the DEM workpackage will now be visited individually.  Each comprise of an 
overview, objectives, achievements and highlights, impact and conclusion section. 

 
Workpackage 1 
This work package is tasked to develop suitable oscillators to seed the HRR and LRR, each being two stage 
amplified systems, as well as integrate the separate stages of the whole system. Within the work package 
Lumentum was using its expertise in development of SESAM modelocked Yb doped tungstate oscillators and 
building prototype ultrafast lasers. Oscillators will be designed, built and delivered to partners: 

- the targeted parameters for the high rep rate system (~500 fs, 20 MHz, 3 W, 150 nJ, 1030 nm) 
- the targeted parameters for the low rep rate system (~5 ps, 500 kHz, ~70 mW) 

The integration of the whole systems, including designing appropriate optomechanics, housing, electrical 
and cooling connections was also carried out in WP1. 
LUMEN led the WP1 and strongly collaborated with partners CNRS, FIB, USTUTT, and NSTBVBA. 

The first task in WP1 was to develop a high power, high pulse energy short pulse Yb-based oscillator to seed 
the sub-sequent amplifier stage (SCF). Therefore, the oscillator requirements from the partners were taken 
into account while designing and building the seed oscillator. The necessary opto-mechanics and the 
electronics for the oscillator were also designed and built. The finished prototype was delivered to FIB for 
the development of the next amplification stage.  

Our oscillator design is based on our industrial 
femtosecond laser platform YBIX, typically 
operating at a repetition rate near 80 MHz and a 
pulse energy of 35 nJ. To increase the pulse 
energy and at the same time match the required 
repetition rate of 20 MHz, the cavity needs to be 
adapted accordingly. The cavity design is 
challenging, as it needs to satisfy all necessary 
parameters and overcome the geometrical 

constraints of the housing. The cavity design therefore employs a Herriot-type multi-pass cell (MPC) in the 
cavity, which maintains the compact layout of the seed oscillator but enables a scalable reduction of the 
repetition rate. The principle of this type of cell is shown in Figure 4. 

The developed laser prototype 
including the laser head and the 
power supply is presented in Figure 
5. 

The HRR seed oscillator delivered 

linearly polarized beams with an 

output power of 2.9 W, a pulse 

energy of 137 nJ at a pulse duration 

of 350 fs and a repetition rate of 21 

MHz. The central wavelength had to 

be precisely tuned to 1030 nm to 

match the maximum amplification in 

the subsequent amplifiers. The 

industrial grade laser has an 

excellent beam quality with M2 <1.1 in both x and y, the beam roundness >0.8 and power fluctuations <1% 

rms. 

Figure 4: Principle of a Herriot-type multi pass cell 

Figure 5: Realization of the oscillator together with the laser power supply. 



The LRR seed oscillator delivered linearly polarized beams with an output power of 63 mW, a pulse energy of 

126 nJ at a pulse duration of 7.5 ps (stretched pulses to minimize the risk of high peak power in the SCF 

amplifier), and a repetition rate of 500kHz, the central wavelength was 1030.2 nm. This performance was 

achieved by using a transmission grating stretcher. Actually, it was decided later to operate the laser at 200 

kHz to reach 1 mJ pulse energy at the end of the amplifier chain. The industrial grade laser has an excellent 

beam quality with M2<1.1 in both x and y, the beam roundness >0.8 and power fluctuations <1.5% rms. 

Furthermore, we investigated the possibility to directly generate a radially polarized beam from the seed 
oscillator. To achieve this, different grating waveguide output couplers (GWOCs) were designed and 

provided by USTUTT. 
The measured 
reflectivites for both 
radial (TM) and 
azimuthal (TE) 
polarizations of 
circular gratings are, 
as shown in Figure 6, 
exhibiting sufficient 
reflectivity difference 
to select radial 
polarization in an 
oscillator.  

This device has been 
used previously as a 

cavity end-mirror to produce radially polarized output beams in continuous-wave operation. A laser cavity 
was built up and modified to exhibit the needed beam properties to use the GWOC as an output coupler and 
the laser output was characterized. Due to a temporally unstable transversal laser mode profile, as can be 

seen in Figure 7, 
modelocking experiments 
could not be performed 
with the bulk geometry 
used by LUMEN.  

A potential reason for this 
instability is the 
preferential polarization 
state in which the cavity 
lases. This could be 
related to thermal or 
mechanical stress in the 

gain crystal (most probably caused by its mounting). Further evidence for this theory comes from similar 
experiments in the thin-disk configuration conducted at USTUTT, where the superior thermal management 
properties of the thin-disk enabled a stable passively modelocked, radially polarized output. 

In fact USTUTT was able to obtain a radially polarized thin-disk modelocked oscillator with an output power 
exceeding 13 W at a pulse duration of 907 fs with a GWOC produced in the same batch [M. Eckerle, T. 
Dietrich, C. Pruss, F. Schaal, W. Osten, T. Graf, and M. Abdou-Ahmed, Optics Letters 41(7) 1680-1683 
(2016).]. The strong advantages of the thin-disk compared to the bulk configuration are the much better 
thermal properties related to the one-dimensional heat-flow in the thin-disk. A thin-disk oscillator based on 
Yb:YAG typically does not show a preferential polarization state as was observed above in the bulk 
geometry.  Figure 8 shows the recorded intensity distribution of the extracted radially polarized mode 

Figure 6: Measured reflectivity curve for a GWOC (left) and a photo 
of one of the fabricated GWOCs (right). The circular grating can be seen in the center of the 

device. 

Figure 7: Sequence of beam profiles recorded with a frame rate of 3 fps with the GWOC 



(without and with polarization analyser) from the modelocked Yb:YAG thin-disk oscillator developed at 
USTUTT.  It 
is believed 
that the 
concept is 
capable of 
up to 
100W of 
output 
power.  

Within 
further tasks, integration of the whole HRR and LRR laser systems was performed successfully. A relatively 
flexible mechanical housing platform is designed to fit various size mounts, but still to provide dust sealing, 
water cooling and robust housing in relatively compact size. All the electrical and water connections are 
custom-made in the housing according to requirements from laser partners. The designs and the photos of 
the laser systems are presented in Figures 9 and 10. The integrated laser systems are installed without much 
difficulties and are operational for testing of various applications. 

Within WP1 we successfully developed the oscillators for the high power and high pulse energy ultrafast 
laser systems based on the thin disc booster amplifiers, and integrated them in the first prototypes. The 

prototypes are currently in use at laser application partner facilities. 

Based on the successful demonstration of applications, we will further discuss how to commercialize the 
developed technologies. 

LUMEN developed the know-how about the high pulse energy femtosecond oscillators and will continue in 
the future to push the boundaries in scaling up the pulse energy directly from the industrial grade SESAM 
modelocked oscillators.  

Figure 8: recorded intensity distribution of the radially polarized mode without and with polarization 
analyser at different transmission axis 

Figure 9: Drawings of the housings for the first and second box of the HRR (LRR) system 

Figure 10: Photos of the integrated HRR system. Left: First box with the lid open (contains the seed oscillator and 
the SCF amplifier). Right: Second box (contains Thin-disk multipass amplifier) with the lid closed. 



Workpackage 2 
The aim of the WP2 was to develop two diode-pumped amplifiers working at High Repetition Rate (HRR) and 
at Low Repetition Rate (LRR) based on single crystal fibre doped with ytterbium ions. These amplifiers are 
used to seed efficiently the Thin Disk (TD) multipass amplifiers in order to produce high average power (HRR) 
or high energy per pulse for the applications. All the research and development of the WP2 has been 
performed in a close collaboration between CNRS and FIBERCRYST with the help of the others partners of 
the project.  

Figure 11 shows a schematic of the 
principle of the SCF and an assembled 
SCF module as provided by FIB. 
Different samples with doping ranging 
from 1% to 4% and length from 30 
mm to 50 mm have been produced 
based on amplification simulations for 
high single pass gain or high average 
power output.  

Development of a high repetition 
rate (HRR) single crystal amplifiers system (SCF) 
The amplifier system is based on three Yb:YAG SCF amplifiers. The implementation of three separate SCF 
amplifier stages has allowed investigating different solutions with respect to the pumping diode, doping and 
length of the gain media, and setup configuration in order to optimize the overall performance. The setup is 
composed of two Yb:YAG SCF pre-amplifiers operating in linear polarization to favour high gain amplification, 
and a last amplifier stage operating in radial/azimuthal polarization state achieved by adding the polarization 
converter after the second amplifier. 

In the bench experiment, the seed oscillator, developed by LUMENTUM within the WP1, provided 360 fs 
pulses at a repetition rate of 20 MHz with an average power of 1.5 W and a spectral width of 3.45 nm FWHM 
centred at a wavelength of 1031 nm. 

The first amplifier is designed to operate in double-pass 
configuration in order to achieve a high gain as shown in 
figure 12.  

The optimum design of the SCF (i.e. a doping concentration 
of 2% and a length of 30 mm) led to an extracted output 
power of 22W with a slope efficiency of 18%. At the 
maximum pump power (120W) a beam quality factor M² of 
1.1 was measured in both directions. 

For the second amplification stage, the goal was to achieve 
higher extraction level. For this purpose, a more powerful 
laser diode delivering 200 W and at a wavelength of 969 nm 
in order to reduce the thermal load of the laser crystal.  

At 200 W of pump power, the output power extracted from 
the amplifier is 52 W with a still constant slope efficiency of 20 %. To further increase the output power the 
amplifier was used in a double pass configuration. For an input signal power of 15 W, 72 W of output is 
obtained which corresponds to a gain of 4.8. The beam quality was measured to be M² = 1.18 and M² = 1.21 
in vertical and horizontal direction, showing that there is no significant degradation. 

Figure 12: Configuration of the double-pass SCF 
preamplifier 

Figure 11: Left: Concept of the Single Crystal Fiber (SCF); Right: SCF 
amplifier module 



As the double pass configuration is not 
compatible with cylindrical polarization, the 
polarization converter is placed after the 
second SCF amplification stage (see figure 
13). The polarization converter, provided by 
USTUTT, consists of an assembly of 8 half-
wave plate segments. After the converter 
and the beam clean up, 55W of power is still 
remaining. To compensate for the power 
loss, a third SCF stage operating in single-
pass was setup in order to amplify beams 

with radial or azimuthal polarization. The last SCF 
stage, with a crystal length of 40 mm at a doping 
concentration of 1%was pumped at 120W (at a 
wavelength of 940nm). The amplified signal beam 
reaches a maximum power of 86 W for both radially 
and azimuthally polarized seed beams.  

The qualitative polarization analysis of the emitted 
beam, using a CCD camera and a rotating polarizer is 
shown in figure 14, confirming its good radial 
polarization quality.  

 

 

 

 

 

 

 

 

 

Figure 15 shows the optical spectrum of the amplified pulses at different stages of the amplification process. 
The gain narrowing progressively affects the optical 
spectrum by decreasing the FWHM from 3.45 nm to 
1.7 nm. Consequently, the pulse duration increases 
during the amplification. Pulse durations of 750 fs 
were measured assuming a sech² temporal shape. 
This corresponds to a time-bandwidth product of 
0.36 (figure 16). The pulse energy and peak power 
reach 4.2 µJ and 5 MW, respectively. 
Integration of the HRR SCF amplification stages 
Based on the performances obtained above, 
FIBERCRYST has developed the integrated version of 
the HRR SCF amplifiers.  The design of the amplifiers 
was made taking into account requirements of other 
partners, especially in terms of stability and 

Figure 13: Set-up of the three stages amplifiers system operating in 
azimuthal / radial polarization state 

Figure 14 9: Output power versus pump power in single-
pass for both radially and azimuthally polarized input 

beam 

Figure 15: Spectrum of the output pulses for 
the oscillator (grey), after the first amplifier 
(black) and the third amplifier stage (red) 

Figure 16:  Autocorrelation trace of the 
output pulses 

Figure 17: Integrated version of the HRR SCF amplifier 
developed by FIB 



compactness of the system. For this purpose, FIB designed and realized specific mechanical components 
such as mirrors and lens mounts which are stable, compact and adjustable.  

The integrated HRR system contains three SCF amplification stages into a packaging of 740x550 mm 
footprint. The figure 17 shows a picture of the amplifier. The typical output power of the system is 60 W at 
20 MHz, with pulses of 680 fs. The stability of the system output was measured to be as good as 0.2% RMS 
over 10 hours (figure 18). 
 

 
Figure 18: Long term measurement of output power of the HRR integrated amplifier 

 
Development of a low repetition rate (LRR) single crystal amplifiers (SCF) system 
In this work, a two-stage master-oscillator power-amplifier (MOPA) system based on Yb:YAG single-crystal-
fiber (SCF) technology and designed for high peak power is studied to significantly increase the pulse energy 
of a low power picosecond Yb:YAG mode-locked oscillator developed by LUMENTUM (see WP1). 

In picosecond regime, due to the low spectral width, in our case below 1 nm, Chirped Pulse Amplification 
(CPA) techniques are less convenient to implement compared to femtosecond regime. For simplicity 
reasons, the strategy employed here to push further the limitations in terms of peak power and energy is 
only based on the concept of Divided Pulse Amplification (DPA) technique. The DPA concept is a powerful 
passive coherent combining technique. It consists in the generation of delayed pulse replicas with 
birefringent crystals or delay lines and to recombine them after amplification. It can be easily implemented 

passively in double pass amplifiers using a 
90° polarization rotation between the 
two passes.  

The combination of a high-gain 
preamplifier stage and a high-energy 
amplifier stage using DPA allows 
demonstrating average power of 55 W at 
500 kHz with a pulse duration below 6 ps.  

The experimental setup of the first SCF 
preamplifier stage is shown in figure 19.  
The Yb:YAG oscillator delivers a train of 
pulses of 1.1 ps at 20 MHz with a spectral 
width is 1 nm FWHM centred at a 
wavelength 1030 nm. A stretcher based 

on Martinez-design inducing a negative chirp is used to increase the pulse duration to 8.5 ps and reduce the 
nonlinear effects that occur mainly in the second stage. Using an external pulse picker, the repetition rate 
can be adjusted according to the required repetition rate of the system. The first Yb:YAG SCF pre-amplifier is 
operated in double pass configuration, similar to the configuration developed for the HRR system.  

This first pre-amplifier stage is designed for high gain. In order to increase the pump absorption in the 
entrance of the SCF, the Ytterbium doping ratio is push to 2 % at. Furthermore, by shortening the SCF length 
to 30 mm, the reabsorption at signal wavelength is limited leading to higher optical gains. 

At a repetition rate fixed at 2 MHz, a maximum output power of 9.4 W is extracted from the SCF for a seed 
average power of 78 mW, corresponding to a gain of 21 dB. The energy and peak power of the amplified 

Figure 19: Experimental setup of the first preamplifier stage 



pulses are respectively 17 µJ and 1.8 MW. The output beam M2 is below 1.2 in both directions, close to the 
oscillator, showing that there is no significant degradation. 

The second SCF amplifier also operates in double-pass configuration as presented in figure 20. The setup is 
very similar to the first amplifier-stage but, this time, the SCF is pumped at 969 nm using a wavelength 

stabilized laser 
diode delivering 
185 W. To 
distribute the 
thermal load 
along the SCF 
and maintain the 
beam quality 
during 
amplification, the 
doping 
concentration is 

also reduced to 1%. The input power seeded into the second amplifier stage is 4.7 W, corresponding to a 
peak power of around 1 MW (@ 500 kHz and 9 ps pulse).  

In order to reduce the peak power to prevent Kerr lensing, the Divided Pulse Amplification (DPA) technic is 
used for the second amplifier. The principle is to create several temporal replicas (4 in our case) before the 
double-pass amplifier and recombined the pulses in a single one after the amplification (figure 21). The 
output replicas are recombined 
in a totally passive method by 
polarization switching between 
the input and output paths, this 
way, the pulses travel exactly 
the same optical path length 
during the round trip. A free 
space delay line (FSDL) is first 
used to generate the two first 
replicas separated by 300 ps. 
Then, with a 40-mm-long YVO4 
AR-coated-crystal two others replicas temporally separated by 32 ps are generated. The use of a free-delay 
line allows to limit the number of YVO4 crystals and, consequently the nonlinearities in the recombination 
phase. By introducing decreasing delays, we generate temporal replicas alternatively linearly and 
orthogonally polarized in the time domain. 

At maximum pump power (170 W into the SCF), 
the output power extracted from the amplifier in 
double pass configuration is 50 W, corresponding 
to a gain of 10 and an extraction efficiency of 
27%. The combining efficiency at maximum pump 
power and input signal power reaches 94% and 
the M2 of the amplified pulses remains under 1.1. 

Integration of the LRR SCF amplification stages 

The LRR integrated system contains two SCF 
amplifiers and an integrated version of the DPA 
setup, into a packaging of 710x460 mm footprint. 

In nominal operation, the amplifier delivers an 

Figure 20:  Experimental setup of the second amplifier stage 

Figure 21: Passive coherent combining based on the Divided Pulse Amplification 
(DPA) technic 

Figure 22: Integrated version of the LRR SCF amplifier 
developed by FIB 



output power of 47 W at the repetition rate of 500 kHz, leading to a pulse energy of 94 µJ. The figure 22 
shows the LRR amplifier. 

In both LRR and HRR systems, the laser diodes are integrated into the optical head. Both systems were 
delivered with a rack including the laser diodes power supplies and an air-water chiller. 

These two systems have been shipped and installed at USTUTT to seed the HRR and LRR Thin Disk multipass 
amplifiers and for the final integration of the whole systems.  

Implementation of a modulation scheme for the HRR SCF system:  
An innovative solution for the Pulse on Demand delivery for the HRR SCF system has been developed in 
order to fulfil the requirements of the end-users of the project. As it is not possible to stop at 20 MHz 
repetition rate the output pulses from the SCF amplifiers due to the high average power and the high peak 
power, a solution based on two acousto-optic modulators (AOM) has been studied and the principle is 
described in the figure 23. A fast AOM is placed before the SCF amplifier and a slow AOM is placed after the 

SCF amplifier. A specific electronic unit has been developed by LUMEN to control the two AOM's and to 
adjust the delay between the switching times (figure 24). By this way it is possible to isolate a train of pulses 
without parasitic pulse (see figure 25). After tests in the optical bench in the research laboratory, this 
solution has been implemented for the integrated HRR SCF system. 

Workpackage 3 
The objectives of WP3 are to develop two thin-disk multipass amplifiers (TD-MPA) emitting beams with 

radial and/or azimuthal 
polarization. The first one 
(High Repetition Rate 
system: HRR) was meant to 
deliver sub-1ps pulses with 
up to 500W of average 
power at repetition rate of 
20MHz (i.e. corresponding 
to an energy per pulse of 25 

J). The second one (Low 
Repetition Rate system: LRR) 
shall deliver sub-10 ps 
pulses with an average 

Figure 10: Layout of the optical bench to obtain the Pulse on Demand 

Figure 24: Pulse train generated with the two 
AOMs 

Figure 25: Single pulse operation mode 

Figure 26: Schematic representation of the thin-disk multipass amplifier (left). A 
Photograph of the mirror array (with 60-mirros) is shown on the right side 



output power of more than 200W at a repetition rate of 200-500kHz.   

Figure 26 represents schematically the amplifier system. A SESAM mode-locked oscillator (developed by 
partner LUMEN) combined to a multi-stage single-crystal-fiber amplifiers (developed by partners FIB and 
CNRS) is used as “seed laser” for the multipass amplifier. This “seed laser delivers” a linearly polarized beam 
(M² < 1.2). In a sub-sequent step, the linear polarization of the seed laser is converted to radial by means of a 
linear to radial/azimuthal polarization converter (LRAC) composed of 8 half-wave segments.  

The multipass amplifier uses a mirror array of 60 individually adjustable mirrors and is operated in a single 
pass configuration due to the cylindrical (radial/azimuthal) polarization. An Yb:YAG thin-disk was mounted 
on a diamond heat sink at USTUTT and is used as amplifier medium. In order to reduce the thermal load on 
the disk, this latter is pumped at 969 nm wavelength (with wavelength stabilized laser diode provided by 
DILAS) by a multi-pass cavity with 24 passes. The pumped spot has a diameter of approximately 5 mm.  

The amplification of beams with radial/azimuthal polarization in a TD-MPA require a careful design and 
selection of the optical components (array of mirrors, and retro-reflector mirrors (particularly those 
operating under an AOI of 45°) in order to maintain the polarization purity as high as required for the sub-
sequent application (Degree of radial/azimuthal polarization must be higher than 90% as specified in the 
DoW). Therefore, a compensation scheme has been implemented in order to minimize the effects of the 
phase-shifts caused by the folding mirrors used in the TD-MPA.  

Furthermore, in order to allow application at high-repetition rate with polygon scanner, a novel modulation 
scheme for the TD-MPA has been implemented by USTUTT (patent pending of USTUTT). This allows the 
operation of the amplifier chains at high average power with the possibility of flexible selection of pulse 
sequences on the workpiece and without risks of damaging the systems.  

Development of the high-repetition rate Thin-disk multipass amplifier (HRR TD-MPA) 
In the following, the HRR SCF amplifier system developed in WP2 was used as seed laser for the HRR TD-
MPA. After the LRAC and a beam cleaning scheme, the power loss was estimated to be around 15-20%.  

Several configurations (by varying seed powers or repetition rate) have been implemented and tested.  Two 
main configurations have been experimentally implemented. The first one with a seed laser delivering pulses 
at a repetition rate of 20 MHz and the second one delivering pulses at repetition rate of 10 MHz. The main 
results are summarized in Table 2. 

As can be seen in both cases the energy per pulse is higher than 25 µJ (as requested for the sub-sequent 
application). It is worth mentioning here that the 10 MHz system was implemented in order to mitigate the 
losses introduced by the polygon scanner but at the cost of the average power. By this, one could achieve 
much higher energy per pulse (>40 µJ) at the exit of the TD-MPA in order to compensate for the additional 
losses of the scanner.   

Table 2 

  Configuration 1 (20 MHz)  Configuration 2 (10 MHz, 
including AMOs) 

  Seed TD-MPA  seed TD-MPA 

Output Power 
(W) 

 75 580  40 416 

Repetition rate 
(MHz) 

 20 20  10 10 

Pulse duration 
(fs) 

 727 782  670 716 

Pulse energy 
(µJ) 

 3,45 29  4 41,5 



Beam quality 
factor (M²) 

 <1,3 <2,3  <1,3 2,3 

Optical 
efficiency (%) 

 n.m.  48  n.m. 45 

Polarization  Linear radial/azimuthal   linear radial/azimuthal 

DOP (%)  n.m.  >95  n.m. >95 

Figure 27 shows the recorded intensity distribution of the converted beam without and with polarization 
analyser at different orientation confirming the radial polarization behaviour of the transmitted laser beam.  

 

 

 

 

 

 

 

 

Furthermore, as an example, figure 28 shows the recorded intensity distribution of the converted and 
amplified beam at an output power of 415 W (configuration 2) without and with polarization analyser at 
different orientation confirming the radial polarization behaviour of the transmitted laser beam. The same 
intensity and polarization distribution could be demonstrated for all configurations developed for the HRR-
TD-MPA.  

 

 

 

 

 

 

 

 

For integration of the TD-MPA, USTUTT has designed and implemented highly stable thermo-mechanical 
(thermalized breadboard and mirror holders) components in order to ensure stable operation of the TD-MPA 
for the sub-sequent applications.  The integrated HRR system (including the SCF and the TD-MPA amplifiers) 
is shown in figure 29. 

Figure 27: Beam profile of converted seed beam (top) and its polarisation analysis (bottom). The white 
arrows indicate the transmission axis of the polariser. 

Figure 28: Output beam profile of the amplified beam (top) and its polarization 
analysis (bottom) at around 400 W output power. The white arrows indicate the 

transmission axis of the linear polarizer 



To conclude, the goals of the project 
with regards to laser system have 
been successfully achieved. We 
demonstrated the amplification of 
beam with radial/azimuthal 
polarization at an average output 
power higher than 500W (resp. 
400W) at a repetition rate of 20 
MHz (resp. 10MHz) and a pulse 
duration below 1 ps.  

 
 
 
 
 

Development of the low repetition rate Thin-disk multipass amplifier (LRR TD-MPA) 
The design for the TD-multipass amplifier for the LRR-system is very similar to the one of the HRR. The main 
difference is the smaller pump spot diameter of around 4.7 mm and the seed-laser source. 3 different LRR 
seed laser were used for the demonstration of more than 200W of output power at a pulse energy 
approaching the 1 mJ. The obtained results are summarized in Table 3.  

Table 3: Summary of the laser performances of the LRR systems  

  Configuration 1 
(500kHz, ps pulses)  

 Configuration 2 (200 
kHz, ps pulses) 

 Configuration 3 (200 
kHz, fs pulses) 

  Seed TD-MPA  seed TD-MPA  seed TD-MPA 

Output 
Power (W) 

 44 265  36 210  40 235 

Repetition 
rate (kHz) 

 500 500  200 200  200 200 

Pulse 
duration 
(ps) 

 5,3 5,3  8,2 7,8  805 fs 888 fs 

Pulse 
energy 
(mJ) 

 3,45 0.530  180 1.050  200 1,175 

Beam 
quality 
factor (M²) 

 <1,3 <2,3  <1,3 <2,3  <1,3 <2,3 

Optical 
efficiency 
(%) 

 n.m.  29  n.m. 30  n.m. 27 

Polarizatio
n 

 Linea
r 

radial/azimuth
al 

 linea
r 

radial/azimuth
al 

 linear radial/azimuth
al 

Figure 29: Picture of the HRR-laser system at USTUTT 



DOP (%)  n.m.  >95  n.m. >95  n.m. >95 

Figure 30 shows the intensity profiles together with the qualitative polarization analysis of the extracted 
radially polarized beams for configuration 1 and 3.  

As for the HRR system, custom-designed thermo-
mechanical components were implemented for the 
integrated LRR TD-MPA laser system. The integrated 
LRR TD-MPA is shown in figure 31.  

 
Workpackage 4 
The aim of this workpackage is that a new polygon scanner must be developed to meet the requirements of 
smaller spot sizes and average power handling up to 500 Watt, at laser repetition rates in the 10 to 20 MHz 
range. 

Novel strategies need to be developed to modulate the 500 Watt laser output at high modulation rates (10-
20 MHz) 

A polygon scanner with 170 mm scan line length, and focused spot size of 25 µm has been developed, and 
integrated in the GFH laser micro machining centre. Spot scan speeds can be set from 25 to 100 m/sec. Using 
a 20 MHZ rep-rate laser the scanner can be operated at highest moving speed (100 m/s) at a 5 µm spot 
pitch. This is equivalent to an 80% spot overlap writing process. This new product will now enable the 
implementation of small focused spot size, high spot overlap processes at 100 m/sec scanning speed. 

Modulator concepts have been 
developed, and implemented in the 
500W/20MHz rep-rate laser built in 
this project. 

Scanner and laser operation has 
been successfully demonstrated at 
150 W average laser power. 

For the intended demonstrator in 
this project 150W laser power did 
suffice. More testing is needed to 
verify operation and thermal 
stability of the scanner at higher 
average power. 

The newly developed scanner will 
be commercially available from Q4/2017 on. Official product release is foreseen end of June 2017 at the 
World of Photonics show in Munich. 

Figure 30: Output beam profile of the amplified beams 
(top) and their polarization analysis (bottom) at maximum 
output power for both configuration 1 (left) and 3 (right). 

The white arrows indicate the transmission axis of the 
linear polarizer Figure 31: Photo of the integrated LRR-TD-multipass amplifier 

Figure 32: Polygon scanner in operation on a metal substrate 



In the past modulators were an add-on module in the laser to scanner beam delivery system. As such they 
could be easily implemented independently from the laser timing controls. The newly developed modulator 
concepts need to be implemented inside the laser systems and controls. Integration demands specific 
knowledge of the laser system operation. We do expect that these modulator schemes will become available 
in commercial laser systems as soon as the market demand arises. 

 
Workpackage 5 
Ultrashort pulses are successfully used for micromachining applications. Usually galvo scanners are used to 
move the beam along a desired path and control the laser power used for the process for ablation, and 
purpose-built drilling optics like GL.trepan can lead the beam on a rotary path for high precision holes.  

The two lasers developed within this project have either a very high repetition rate of 20MHz with pulse 
energies above 25µJ or high pulse energies up to 1mJ with decent pulse repetition rates of 200kHz. In the 
first case, the pulse energy is sufficient for the single pulse ablation of thin films on flat substrates but the 
high repetition rate overstrains most galvo systems on the market. The high pulse energy in the second 
version of the laser will help to drill high precision spinneret holes or fuel injection holes in a very 
competitive drilling time. The possibility of optimizing the polarization by using radial or azimuthal 
polarisation for optimum process results offers further opportunities in raising the process efficiency.  

The task in this work 
package was to 
overcome the 
current 
shortcomings and 
utilize the 
developed laser 
systems in 
demonstration 
machines for 
defined applications, 
i.e. the micro 
structuring of thin 
films to realize lab-
on-a-chip-devices. In 
order to make use of 
the high pulse 
repetition rate, 

instead of a galvo head the developed polygon scanner with a coating suitable for high power was used. The 
specifications for a successful integration of the laser and polygon scanner to be developed were defined 
including mechanical, electrical and safety interfaces and optical requirements toward beam quality, beam 
diameter and beam pointing. The original plan was the integration of the laser as well as the polygon into a 
3-axes-machining system. As the laser itself consists of three modules, the seeder, the fibre amplifier and the 
thin disk amplifier, the overall system size and weight exceeded the defined specifications and accessibility 
for alignment of the laser became increasingly difficult. In order to overcome these drawbacks, the decision 
was made to put the laser outside of the machining station on a separate optical bench and guide it with a 
steering mirror layout to the machining head into the polygon scanner (see laser setup next to machine in 
Figure 33).  

The beam size out of the high repetition rate laser was expanded by a 2x beam expander telescope to reach 
the defined 11 mm scanner input beam diameter necessary for the desired focal spot of 25 µm diameter 
with a radially or azimuthally polarized beam being focused by a focal length optic of 170mm in the polygon 
scanner. 

Figure 33: HRR laser layout on optical table next to machining system 

HRR Laser Setup on Optical Table Beam delivery 

into machining 

system 



The control of the bitmap machining is mastered by the polygon controller from NST. In order to scribe 2D-
patterns, a CNC axis needs to transport the substrate synchronized to the scan speed and desired line 
distance. In order to achieve this, the Y axis was used and the CNC control extended to allow the NST 
controller to trigger the transport.  

For actual machining, the GUI of the machining system was also upgraded with an interface handling the 
communication with the polygon scanner and laser. A black-and-white bitmap needs to fulfil defined criteria 
which are checked when the file is loaded. The machining parameters may be entered, sent to the controller 
and the machining job can then be started. An Ethernet communication with TCP/IP protocol is used for the 
bitmap transfer and a USB interface with a serial line protocol is used for status display.  

The bitmap size is in this setup limited to 4MB. With the implementation of a streaming function, this 
restriction is eliminated.  

The power loss of the HRR laser through the scan head lies at 36% resulting in 205 W available for the 
application trials. Nevertheless, this power is sufficient for the sub-sequent applications 

The developed HRR laser can emit more than 500 W with up to 20 MHz pulses. In order to allow the 
modulation of the pulses by the polygon head, the application trials are done at 10MHz. Care had to be 
taken to avoid critical conditions for the laser system as a result of very short on-off intervals. The laser was 
operated at a defined power level of 320W. In order to adapt the power for machining (and alignment), an 
externally placed half-wave plate with a thin film polariser is used, and the unused energy dumped in a 
water cooled power meter. For the application trials with radial and azimuthal polarisation, the segmented 
polarisation converter may be placed and aligned in the beam path. The laser power and position stability 
seems sufficient after an extended warm-up time of the SCF of > 4 hours.  

For the LoCs, 25 µJ pulse energy in a 35 µm focal spot was defined to ablate the nanometer thick metal layer 
with a single spot.  For the test, aluminium sheets were used to be structured. Bitmaps with test layouts 
were downloaded to the scanner controller and executed. The controller acts as the master, requests the 
laser pulses and steers the transport axis synchronously. Different designs were tested. The system in 
operation is shown in Figure 32.Error! Reference source not found. An example of a machined surface is 
shown in Figure 34. With linear polarisation, a focal spot of 33µm was used. For the test, a hatch distance of 

9µm (in-scan and cross-scan-direction) was 
used. The laser power used in this case was 
150W @ 10.5MHz.  

On 100nm Pt, with 4.2µJ the following spot 
sizes were achieved:  

- 22.8µm (linear) 
- 31.9µm (radial) 
- 32.5µm (azimuthal) 

The scan speed of 100mm/s results in 
3.75mm/s axial feed rate. The ablation rate 
could be considerably increased to > 

600mm²/s with the RAZipol laser system.  

The tests have verified that the necessary system functions for the HRR applications are in operation:  
- The beam modulation concept works. 
- The system sustains the power levels so far tested (150W incident power on the scanner), and the 

beam stability is sufficient for the application trials.  
- The transport axis´ movement is synchronous to the polygon operation.  
- The optical resolution and the pulse energy achieved is sufficient for the application.  
- A planar ablation rate exceeding 600mm²/s can be achieved with such a high repetition rate 

radially/azimuthally polarized laser system using a high-speed polygon scanner.  

Figure 34: Example of machined sample substrate 



The demonstration system allows the evaluation of the technological advantages of high repetition rate 
machining with different polarization states. The laser system and also the scanner need further 
investigation and improvement concerning warm-up, long term stability and power loss. The modulation 
concept may also need an additional development step before commercialization to ensure safe operation 
of arbitrary bitmaps. Above all though, the demonstration was successful despite many challenges which 
needed to be overcome during the project. 

 
Workpackage 6 
The goal of the WP6 has been to develop the laser process for 2 applications, related to the 2 lasers that 
have been developed within Razipol: High repetition rate (HRR), low energy, and High energy – Low 
repetition rate.  

Beside a benchmark process development on existing laser sources (5, 25 and 50W), the goal was to define 
the required specifications of the new lasers as precisely as possible as well as the optic path specification in 
relation with the different polarization to evaluate: circular, radial, azimuthal.  

 

 

Finally, the goal has been to validate the polarization effect to the process efficiency of the different 
application fields and the optimization of the process.  

Application 1, related to the high repetition rate low energy laser, consisted in 
the ablation of thin layers of different metal (Pt, Cu, Al, …) on a glass substrate 

for electronic devices applications. In order to take 
advantage of the high repetition rate, a polygon scanner – 
allowing extremely high speed – has been used. 

Application 2, related to low repetition rate, high energy 
laser, consisted in drilling of steel for automotive injection 
nozzle applications with rotating optic.  

The main goal has been to drill µm holes in 1mm steel plates within less than 4 second. 
Parallel to this, a second goal has been set in order to fully beneficiate from the high 
energy potential of the developed laser: drilling, of 200 µm holes in 2mm steel plate.   

The reason why polarisation is so important for such drilling is related to the absorption / reflexion reaction 
by the different polarisation states. As shown on fig. 38.  

 

Figure 38: effect of polarisation by drilling 

 

Gaussian        Donut 

Figure 35: Different states of polarization 
and energy profile studied during the project 

Figure 36: Example of 
machined pattern 

Figure 37: 
Rotating optic 

used 



Overview of Key Results/Main achievements for the WP: 
 
Application 1:  
Low Power laser (50W): For the process development two ultra-short pulsed laser systems (TruMicro 5X50 
pico and TruMicro 5050 femto, Trumpf) were used.  

The final specimens for the Lab-on-a-Chip devices consisted of a glass wafer (76x26mm), which was coated 
with 15 nm of titanium for the purpose of a bonding layer and, on top of it, a Platinum coating with a 
thickness of 100 nm. The platinum layer is relevant for micro-structuring of the circuit paths.  

The development of the most efficient processing procedure included a wide field of parameters and 
strategies. Thus, the investigation included the evaluation of the pulse duration, the laser wavelength, the 
pulse energy, the repetition rate, the pulse overlap, the focal length of the optical setup, the focus position, 
the wavelength-specific ablation thresholds, the process gas atmosphere, as well as the maximum 
scanning/axis speeds for proper contours. 

A polygon scanner enabling the highest speed was integrated in the GFH machine. Here, the synchronization 
between scanner and AOM was optimized to provide precious patterning results. Furthermore, the scanner-
axes-synchronization was optimized.  

The patterning results showed good structure qualities at high ablation rates of about 630 mm²/s.  

In experimental trials, the influence of radial/azimuthal polarization for processing thin metallic layers with a 
thickness of about 1 µm (platinum, aluminium, copper, and constantan) was investigated. Overall, about 150 
parameter sets were tested and evaluated. The tests showed good processing results at a pulse duration of 
800 fs and a wavelength of 1030 nm. The tests also showed, that a pulse energy of 25 µJ is sufficient for spot 
diameters of 30-35 µm. 

High Power Laser (final Razipol Laser, high repetition rate, low energy): 
The process development for large surface patterning using the RAZipol HRR laser system, based on the  
results of the experimental investigations, was optimized using following process parameters:  

• Polarization: radial  
• Repetition rate: 10.5 MHz  
• Resulting pulse energy on workpiece: 4.2 µJ  
• Scanning speed: 100 m/s   
• Scan/Cross-Scan resolution: 9 µm  
• Focus diameter: 32 µm  
• Spot overlap: 72 %  
• Ablation rate: ≈ 630 mm²/s  

 The optimized process parameters resulted in good structure qualities with high ablation rates.   
 
Application 2: 
Low Power laser: 
The benchmark application with low power laser (Trumpf 5050) has shown laser drilling with good quality for 
helicoidally drilling with both circular / cylindrical polarizations.   
Trials with cylindrical polarization have been done demonstrate benchmarking results: faster drilling 
through, larger holes, conical holes at low power.  (5 and 25 W) 
 



             
 
Besides, a model - including the ramping up of the laser power - the hole shape and the rotating optic has 
been developed and tested. in order to consider the rotation of the optic, the hole geometry and the 
ramping to master the process at the best and transfer the process optimally on new laser.  
 
Speed Model: how fast the energy moves down 
Energy Model: ramping up model  
Effective area: hole shape and divergence   
Time Model: how fast do we drill through 
These models, and model combinations, have been 
validated through trials focused on drilling time.  
 
High Power Laser (final Razipol Laser, low repetition rate, high energy):  
 

 

 

Figure 39: Overview of the system and polarisation after laser and trepanning optic 

 

After the process has been developed with state of the art lasers, it could be upscaled to the RAZipol 200W 
laser system in order to prove that this new laser show the potential to upscale the process speed by the 
required quality.  

 

 

Measured profile of a 

drilled hole 

Example of drillings made with 

circular - Gaussian - polarization 

Fig Example of drillings made with 

cylindrical donut polarization 

 



Drilling efficiency, percussion drilling: 
In order to demonstrate the drilling efficiency of the different polarization states with the 200W laser 
percussion drilling has been used that shows that cylindrical polarization enables a more effective drilling for 
percussion drilling. Azimuthal polarization is the most effective. 

 
Figure 40: Comparison of drilling though time for different polarization state  

with percussion drilling in 2mm thick 1.4310 stainless steel 

 
One should note that the low circularity of the hybrid beam – as the laser is not developed to work in this 
modus - is also a cause of its result that should be mitigated. Indeed, the drilling was much bigger. The rest 
of the trials have been conducted with Azimuthal and Radial polarization states.  

 
Figure 41: Drilling through time percussion drilling though 2.5mm steel - Azimuthal vs. Radial 

 

One can see that the Azimuthal polarisation shows a much better drilling efficiency. One can also see that 
the drilling time slope is not linear and that the efficiency slows down by higher power.  This is due to 



melting by temperature increase. The effect has an even bigger impact with radial polarization s the 
absorption is higher and causes more melting effect.  
 

 
Figure 42: Percussion trials through 2.5 mm stainless steel 

 
 

Drilling quality, helicoidal drilling with drilling optic: 
 

 
Figure 43: Trepanning trials on 2mm steel 



 
Figure 44: Trials at maximal power (192W) – 1mm steel 

 
Figure 45: Comparison with benchmark trials – 1mm 

 

The trials performed with the trepanning optic shows good quality up to high energies. small holes bellow 

200 µm could be achieved and drilling time bellow 3s for 2mm thick material. Nevertheless, the smallest 

holes of 50 µm could not be achieved at lowest drilling times (see fig 46).  

Azimuthal polarisation shows more energy efficient, Smaller holes, Less splatters, More efficiency on high 

aspect ratio 

Radial polarization shows More absorption, Bigger holes, More efficiency on low aspect ratio 



Conclusion:  

 
Figure 46: Summary of the goals versus the achievements.  

 
The Laser shows it ability to run steadily and provide reliable result at high power (up to 195 W) 
 

Due to the specificity of the drilling optic, only 120W could be brought to the work piece. (optical losses 
within the optic) Nevertheless the upscale ability could be demonstrated. 

When drilling smaller holes with the drilling optic or when using the full power of the laser, a saturation 
effect is observed, that cause large melting and lower the drilling quality. This is partially due to the 
limitation of the drilling optic speed.  

The concept is validated, new features – identified all along the project – would be required in order to bring 
the validated development prototype to a fully usable industrial laser: 

- Ramping ability in order to reduce the melting issue and optimize the drilling quality. 
- Adjustable frequency.  
- Faster trepanning optic 

  



Workpackage 7 
The objective of the 7th work package was to demonstrate the overall efficiency of using the RAZipol high 
repetition rate (HRR) laser system with the integrated high-speed scanner unit for patterning electronic 
devices such as lab-on-a-chip (LOC) structures. Here, glass wafers, which are coated with thin metallic layers, 
had to be structured with μm-accuracy. The chip geometries used for this purpose feature sensors for 
registering cell physiological parameters, for example the concentration of oxygen, the acidification or the 
cell growth density. Today, for that aim conventional methods such as photolithography are used. Due to the 
high demand on the accuracy of a few micrometers for small traces, this results in time-consuming processes 
and relatively high costs. Especially for prototypes, conventional technologies are complex and expensive. 
The RAZipol project addresses this issue. Using ultrafast laser pulses and high-speed scanner systems for 
micro-structuring thin films, a non-thermal and high-quality processing result was achieved, which surpasses 
the conventional methods in many ways. 

After the developed process know how 
from WP5 and WP6 was transferred to the 
project partners involved in WP7, the HRR 
system, as well as the high-speed scanning 
unit were integrated in an existing laser 
machine (GL.compact, GFH GmbH, 
Deggendorf, Germany) and intensively 
tested with respect to the industrial 
reliability. After the preliminary tests were 
successful, the process development and 
optimization for patterning thin metallic 
layers such as lab-on-a-chip structures 
were performed using different types of 

metallic coatings on 6” wafers. The results showed a high efficiency of the RAZipol technology compared to 
conventional methods as well as the benchmark application. Compared to the benchmark application, a 78 
times faster structuring process was achieved at high patterning qualities, which resulted in a significant 
reduction of the process costs. 

After the benchmark applications were 
defined and the know how transfer from 
WP5 and WP6 was achieved with the help 
of the project partners, the HRR system 
was integrated in the existing laser 
machine (GL.compact). For that, the laser 
system was mounted on an optical table 
and was covered by a flow box for 
optimized conditions. After preliminary 
tests of the laser system, the high-speed 
scanning unit (polygon scanner) was 
installed and adjusted in the GFH machine. 
Figure 39 shows the integrated RAZipol 
HRR laser system.  

In addition, Figure 40 shows the installed polygon scanner on the GFH machines vertical z-axis. Here, the 
synchronization between scanner and AOMs as well as between scanner and axes were optimized to provide 
precious patterning results. 

Figure 39: HRR laser system (left) and GFH machine (right) 

Figure 40: Integrated Polygon Scanner LSE 170 HNA in the GFH 
machine while patterning 



To provide a safe beam alignment 
through the HRR system and the 
GFH machine, the beam path to the 
machine was covered by a tube. 
Due to special mounts, the 
polarization converter was aligned 
in front of the beam entrance to 
the GFH machine, so that radial, 
azimuthal and linear polarization 
were able to be adjusted. After the 
HRR system was built up, several 
power tests were performed. In 
order to allow the modulation of 
the pulses by the polygon scanner, 
the application trials were done at 
10.5 MHz, this resulted in a 
maximum average power of about 

320 Watt. Figure 41 shows the output power curve depending on the diode pump power of the thin disc 
amplifier (TDA). 

While ensuring a stable process, a 
maximum average power of 
about 320 Watt was reached at a 
pumping power of 800 Watt. At a 
constant rep rate of 10.5 MHz, 
this resulted in pulse energies of 
maximum 30.5 µJ. To regulate 
the power on the workpiece, a 
λ/2-waveplate was installed right 
behind the thin disc amplifier. 
Figure 42 shows this power 
regulation as a function of the 
angle of the main axis of the λ/2-
waveplate.  
There were nearly no power losses measured by using the radial/azimuthal polarization converter. However, 

a polygon scanner based power loss of 
about 36 % was measured. Furthermore, 
the polygon scanner was only tested at up 
to 150W only.  

After the preliminary tests with the laser 
system were successful, the process 
development for patterning different thin 
metallic layers started. For this, 6” glass 
wafers were sputtered with platinum, 
copper, constantan and aluminium films 
with a thickness of about 100 nm. In the 
beginning of the experiments, the focus 
position on the workpiece had to be 
determined. Here, single lines, which were 

vertically varied in steps of 100 µm, were patterned on aluminium plates with the polygon scanner. Figure 43 
shows the different lines on the test plate using a pulse energy of about 6.8 µJ. 

Figure 41: TDA output power of the HRR laser system depending on the diode 
pump power 

Figure 42: TDA output power regulation as a function of the λ/2 waveplate 

Figure 43: Focus range on aluminium, 100 µm z-steps 



According to these results, the focus position was measured on an aluminium coated glass wafer with radial 
polarization. Using a pulse energy of about 6.8 µJ, a line thickness or respectively spot diameter of about 30 
µm was achieved, as it can be seen in Figure 44. 

In further tests, the material specific 
ablation thresholds were determined by 
increasing the pulse energy by the help of 
the λ/2-waveplate stepwise. For these 
tests, single lines with a scan resolution of 
9 µm were used. Furthermore, the 
influence of the polarization type was 
investigated. FIG 11 shows the results on a 
platinum coated glass wafer with a layer 
thickness of about 100 nm. 

For an effective material ablation on 
platinum, a pulse energy of about 2.3 µJ is 
required for all three polarization types. To 
compare the direct effect of the 
polarization type, single lines were 
patterned on platinum coated glass 
wafers. Figure 46 shows these lines using 
linear, radial and azimuthal polarization at 
a constant pulse energy of about 4.2 µJ. 

 

 

 

 

 

 

 

Figure 44: Single line thickness on aluminium coated glass wafer in 
focus (0) and defocused position (radial polarized, EP = 6.8 µJ) 

Figure 45: Ablation thresholds on platinum 

Figure 46: Linear, radial and azimuthal polarised ablation on platinum wafer (EP = 4.2 µJ) 



It was measured, that the spot diameter 
at the same pulse energy of about 4.2 µJ 
is approximately 29 % smaller using 
linear polarization. However, the ablation 
quality using radial or azimuthal 
polarization is higher than using linear 
polarization, which can be seen on the 
edge quality and the sublimation 
homogeneity. Furthermore, the amount 
of ablated material per pulse is about 50 
% higher using radial or azimuthal 
polarization. Due to this, the process 
time of the patterning process can be 
decreased significantly by increasing the 
cross-scan resolution for further different 

applications. Figure 47 exemplarily shows a large area structured aluminium surface, which was patterned 
using the RAZipol HRR system. 

After determining the focus positions as well as material specific ablation thresholds, the process 
development for patterning lab-on-a-chip wafers using the HRR system was performed by using specific lab-
on-a-chip bitmaps. The optimized process parameters can be seen in Table 4 below. 

Table 4: Optimized process parameters for patterning LOC glass wafers with a 100 nm platinum coating 

Parameter / Strategy Optimized HRR process 

Pulse duration 780 fs 

Laser polarization radial/azimuthal 

Wavelength λ [nm] 1,032 

Average power on workpiece [W] 44,2 

Pulse energy [µJ] 4,2 

Repetition rate [Hz] 10,500,000 

Spot diameter [µm] ≈ 32 

Focus position [mm] ± 0 (in focus) 

Optical setup Polygon scanner (LSE 170 HNA) 

Scanning speed [m/s] 100 

Distance of parallel lines for hatching 
[µm] 

9 

Pulse overlap [%] 72 

Effective surface ablation rate 
[cm²/min] 

378 

Figure 47: Large surface patterned aluminium plate using the RAZipol 
HRR system (size: 170×90 mm) 



Based on the optimized process parameters, Figure 48 
exemplarily shows the patterning results of a LOC glass 
wafer section, which was platinum coated with layer a 
thickness of about 100 nm. In addition, Figure 50 shows a 
higher magnification of a single structured platinum path. 

 
The patterning results show a good quality with sharp edges and without a damage of the glass carrier 
material at a high ablation rate of about 378 cm² per minute. After the process development was finished, 
the cost evaluation was calculated compared to the results of the benchmark application. In this case, the 
results were very advantageous. Patterning large wafers with the HRR system using radial or azimuthal 
polarization enabled a 78 times faster processing time, compared to the benchmark application. 
Furthermore, a 50 % higher ablation rate was achieved using radial or azimuthal instead of linear 
polarization. With a typical area per chip of 16 mm², per hour about 18 chips can be produced with the 
benchmark laser, while about 1400 chips per hour can be theoretically produced with the RAZipol HRR 
system. Taking into account, that several positioning steps have to be done during the processing, a realistic 
value of 600 chips per hour can be estimated. Especially for prototype manufacturing, the HRR system offers 
significant benefits. 

Due to very fast and precise structuring results at high qualities, the projects findings are very promising. 
Therefore, it is reasonable to expect that the RAZipol technology will be adopted by existing laser companies 
or new start-ups, when there will be some additional development. The successful cooperation and the 
established connections between the RAZipol partners helped to create workgroups which continue 
developments of new products required by the market. The networking and common developments will 
continue after the end of the project. In the context of the project, an extensive knowledge was generated 
regarding the high-speed processing of large areas using novel ultrashort laser technologies. Thus, the 
people working on the RAZipol project have gained a high amount of experience in a number of fields, so 
that several other projects at the participant project partners can now benefit from this know how. It was 
also gained exposure to colleagues and partners across Europe, which can now form the basis of future 
collaborations to come. Furthermore, the performance achieved in the project has led to a strong case for 
further development work in different fields, for example in biomedical or tribological applications. 

 
Potential impact and main dissemination activities and exploitation results 
The primary impact of the RAZipol project will be in enhanced application fields and significant reduction of 
the process times for laser micro processing due to higher power, higher repetition rates and higher speed. 
The benefit to the research partners, exploitation partners and end-users will be in making USP laser-micro 

Figure 48: HRR patterned resistance sensor on 
platinum LOC 

Figure 49: Single platinum path of a LOC resistance sensor 



processing an economic alternative to many conventional production techniques like photolithography, EDM 
and CNC machining. 

The RAZipol project has advanced the performance of thin-disk laser technology towards ultrafast, high-
energy and high-power laser system emitting beams with radial and azimuthal polarization. This 
development alone has helped secure the continued leadership of European research in thin disk laser 
technology and together with the SME businesses involved in the project will help secure its deployment in 
applications with global potential. The study of the birefringence distribution and the wave-front 
deformation occurring inside the thin-disk laser active medium introduced by stress applied during the 
different steps of the assembly process as well as caused by the temperature distribution generated during 
laser operation of the crystal has lead to a tremendous know-how that has allowed optimal design and 
realization of such high-power systems. The ring-shaped pump light distribution used to adapt the lateral 
gain distribution to the intensity distribution of the transverse mode that is intended to be amplified is only a 
first demonstration of the huge potential of customized pump power distributions; in due course it will 
facilitate improvements in the discrimination between wanted and unwanted transverse modes, including 
custom “super” modes generated using intra-cavity components that introduce specific aspherical wave-
fronts.  

This project has significantly enhanced the visibility of both thin-disk laser technology and SCF technology as 
the basis for Ultrashort Pulse Lasers for micro-machining applications, in Europe as well as worldwide. It has 
also strengthened the reputation of the respective originators of the technologies (USTUTT and CNRS-LCF) as 
leading research institutes for industrial applications that exploit them. The existing academic-industry 
collaborations between the RAZipol partners will be further cemented and new opportunities generated to 
sustain future cooperation. RAZipol has two application areas (high-speed surface structuring and drilling) 
and each of these has critical mass in terms of industrial involvement, and capacity to manufacture 
innovative products with strong potential for high market acceptance. Industrial leadership of the 
exploitation of Razipol results is assured and in the hands of high-quality European players. 

The two application areas (high-speed surface structuring and drilling) are each the focus of two groups of 
SME exploitation partners, with some partners common to both. LUMEN, NSTBVBA and GFH focus on the 
high-speed surface structuring (App1) and LUMEN, GFH and C4L focus on the drilling (App2). SLV, effectively 
an end-user in the project, have evaluated the application credentials of both systems. For the surface 
structuring application, the inclusion of NSTBVBA offers the prospect of accelerating the take-up of novel 
photonics technology by leveraging the high-speed processing expertise of the print industry and applying it 
to materials processing. In the drilling application, the existing wide customer base and credibility in 
materials processing of GFH and C4L will support faster take-up through the ability of these partners to 
identify and access early-adopter clients. 

The RAZipol partners are well placed to undertake awareness raising efforts that stimulate greater interest in 
photonics amongst the general public, youngsters and entrepreneurs. There is pre-existing experience of 
public engagement activities and a willingness to utilise communication skills that have been developed over 
many years in the photonics industry to the benefit of wider promotional work. RAZipol SME partners are 
also instinctively in tune with the entrepreneurial agenda as they are fast-moving and ambitious businesses 
themselves with a desire to accelerate practical interest in USP lasers. 

The project has been widely disseminated and promoted to both scientific research community, industry and 
the general public throughout its duration.  The main vehicles have been papers in scientific journals and 
presentations at scientific meetings and conferences to promote scientific results to the research 
community, the project WEB site to keep both the research community and the general public updated with 
the current status of the project and Press Releases to announce major achievements. 

Over the course of the project RAZipol has been promoted at more than 18 scientific conferences and 
meetings.  This has involved a combination of presentations and posters communicating the objectives of 
the project and the results achieved. 

In addition, the RAZipol partners have disseminated the project via 7 papers published in scientific journals. 



Press releases have been used from the start of the project to promote the project in general, as well as 
highlighting key achievements.  A tri-fold project brochure was also created and circulated to each of the 
partners in pdf format so that it could be easily printed and distributed.   

 

The RAZipol project WEB site (www.razipol.eu) has acted as the main communication tool of the project 
since its launch in February 2014.  It is updated on a regular basis and contains areas for both the general 
public and the research community, for example the News page is aimed at a wide audience, whereas the 
Project Deliverables area is aimed more towards the research community. 

The exploitation strategy has been an important aspect of the RAZipol project and a process was utilised to 
ensure this was achieved to the best standard. 

The RAZipol exploitation planning process comprised the following activities: 

• Scanning the external environment for potentially suitable application opportunities; 

• Systematically evaluating and ranking the application opportunities; 

• Linking market/customer requirements to RAZipol work packages/deliverables; 

• Periodically reviewing the alignment of project activity to external opportunities. 

In detail, the process comprised the following steps: 

• Preparation of a list of potential application opportunities for RAZipol; 

• Development of the criteria against which the attractiveness of individual opportunities are 
evaluated; 

• The scoring of each application against the evaluation framework; 

• An assessment of the degree of alignment of each Work Package to individual application 
opportunities; 

• Consolidation of the above in a matrix planning tool to facilitate decision making; 

• Development of lower order detail for the requirements of each application area; 

• Review of the matrix planning tool, inputs and outputs at periodic milestones. 

This resulted in the top 3 exploitation routes of: 

• HRR lab on chip system 

• LRR cutting of micro mechanic components 

• HRR for structuring dielectric large surfaces 

This helped concentrate the activities in the relevant workpackages and ensured the consortium worked 
towards common goals. 
 

http://www.razipol.eu/
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4.2 Use and dissemination of foreground 

 
Section A (public) 
 

TEMPLATE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title Main author 

Title of 
the 
periodical 
or the 
series 

Number, 
date or 
frequency 

Publisher 
Place of 
publication 

Year of 
publication 

Relevant 
pages 

Permanent identifiers 
(if available) 

Is/Will 
open 
access 

provided 
to this 
publicati
on? 

1 

Radially polarized emission 
with 635  W of average 
power and 2.1  mJ of pulse 
energy generated by an 
ultrafast thin-disk multipass 
amplifier 

André 
Loescher, 
Jan-Philipp 
Negel, 
Thomas Graf, 
and Marwan 
Abdou 
Ahmed 

Optics 
Letters 

 Vol. 40, 
Issue 24 

Optical Society of 
America 

United 
States 

2015 
 pp. 
5758-
5761 

https://doi.org/10.1364/OL.40.00
5758 

No 

2 

Investigations on ring-
shaped pumping 
distributions for the 
generation of beams with 
radial polarization in an 
Yb:YAG thin-disk laser 

Tom Dietrich, 
Martin 
Rumpel, 
Thomas Graf, 
and Marwan 
Abdou 
Ahmed  

Optics 
Express 

 Vol.23, 
Issue 20 

Optical Society of 
America 

United 
States 

2015 
 pp. 
26651 - 
26659 

https://doi.org/10.1364/OE.23.02
6651 

Yes 

3 

High-power Yb:YAG single-
crystal fiber amplifiers for 
femtosecond lasers in 
cylindrical polarization 

F. LESPARRE, 
J-T GOMES, 
X. DELEN, I. 
MARTIAL, J. 
DIDIERJEAN, 

Optics 
Letters 

Vol.40 
Issue 11 

Optical Society of 
America 

United 
States 

2015 
 pp. 2517 
-2520 

https://doi.org/10.1364/OL.40.00
2517 

No 



W. 
PALLMANN, 
B. RESAN,  T. 
GRAF, M. 
ABDOU 
AHMED, F. 
DRUON, F. 
BALEMBOIS, 
P. GEORGES 

4 

Yb:YAG single-crystal fiber 
amplifiers for picosecond 
lasers using divided pulse 
amplification technique 

 F. LESPARRE, 
J.T. GOMES, 
X. DELEN, I. 
MARTIAL, J. 
DIDIERJEAN, 
W. 
PALLMANN, 
B. RESAN, F. 
DRUON, F. 
BALEMBOIS, 
P. GEORGES 

Optics 
Letters 

Vol.41 
Issue 07 

Optical Society of 
America 

United 
States 

2016 
 pp. 1628 
- 1631 

https://doi.org/10.1364/OL.41.00
1628 

No 

5 

Novel thin-disk oscillator 
concept for the generation 
of radially polarized 
femtosecond laser pulses 

Michael 
Eckerle, Tom 
Dietrich, 
Frederik 
Schaal, 
Christof 
Pruss, 
Wolfgang 
Osten, 
Marwan 
Abdou 
Ahmed, and 
Thomas Graf 

Optics 
Letters 

Vol.41 
Issue 07 

Optical Society of 
America 

United 
States 

2016 
pp. 1680-
1683 

https://doi.org/10.1364/OL.41.00
1680 

No 

6 
High-power single-stage 
single-crystal Yb:YAG fiber 
amplifier for radially 

M. Eckerle, F. 
Beirow, T. 
Dietrich, F. 

Applied 
Physics B  

Nr.5 S.139  
Springer 
Science+Business 
Media  

 2017  
https://doi.org/10.1007/s00340
-017-6720-0 

No 



polarized ultrashort laser 
pulses  

Schaal, C. 
Pruss, W. 
Osten, N. 
Aubry, M. 
Perrier, J. 
Didierjean, X. 
Delen, F. 
Balembois, P. 
Georges, M. 
Abdou 
Ahmed and 
T. Graf  

7 

Thin-disk multipass amplifier 
for fs pulses delivering 400 
W of average and 2.0 GW of 
peak power for linear 
polarization as well as 235 
W and 1.2 GW for radial 
polarization  

J. Negel, A. 
Loescher, B. 
Dannecker, 
P. Oldorf, S. 
Reichel, R. 
Peters, M. 
Abdou 
Ahmed and 
T. Graf  

Applied 
Physics B  

Nr.156  
Springer 
Science+Business 
Media  

 2017  
https://doi.org/ 
10.1007/s00340-017-6739-2 

No 

 
 

TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES 

NO. 
Type of 
activities 

Main leader Title  Date/Period  Place  
Type of 
audience 

 
 
Size of 
audience 

Countries 
addressed 

1 Press release USTUTT 
Ultrafast lasers for high efficiency 
micromachining applications (David 
Belforte) 

13.11.13 
Industrial laser solutions for 
manufacturing 

Scientific 
Community 
(higher 
education, 

Large Europe 



Research), 
Industry 

2 Web USTUTT www.razipol.eu  28.02.14 Project website hosted by USTUTT 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 
Policy makers 

Large International 

3 Press release USTUTT 
Initial National and European press 
release - Dr Marwan Abdou-Ahmed 

06.05.14 
https://cordis.europa.eu/wire/index.cf
m?fuseaction=article.Detail&RCN=443
11&rev=0 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, Civil 
society, Policy 
makers, 
Other 

Large Europe 

4 Conference CNRS/FIB 

 "High power Yb:YAG single-crystal 
fiber amplifiers for femtosecond 
lasers" 
 
Fabien Lesparre, Igor Martial, Julien 
Didierjean, Jean Thomas Gomes, 
Wolfgang Pallmann, Bojan Resan, 
André Loscher, Jan-Philipp Negel, 
Thomas Graf, Marwan Abdou Ahmed, 
François Balembois, Patrick Georges 

Feb-15 Photonics West, San Fransisco, USA 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

5 Conference CNRS/FIB 

 "Single crystal fiber for laser sources" 
Xavier Délen, Adrien Aubourg, Loïc 
Deyra, Fabien Lesparre, Igor Martial, 
Julien Didierjean, François Balembois, 
Patrick Georges 

Feb-15 Photonics West, San Fransisco, USA 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

6 Conference NST 
Promoting Ultrafast_RAZipol future 
exploitation results during the event 

25-Jun-14 LASYS 2014 
Scientific 
Community 

Large International 



(higher 
education, 
Research), 
Industry, 
Policy makers 

7 Web GFH 
Promoting Ultrafast_RAZipol on 
partner's website 

01.07.14 
http://www.gfh-
gmbh.de/unternehmen/news/news20
14/241-012014-2 

Industry Large International 

8 Workshop GFH 
Laserbohren und -schneiden mit 
Trepanieroptik (Florian Lendner) 

16.10.14 IVAM Laserforum 2014 in Bochum 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 
Policy makers 

Medium Germany 

9 Other USTUTT 
Creation of Ultrafast_RAZipol 
LinkedIn group  

17.02.15 LinkedIn 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Small International 

10 Web USTUTT 

Thin-disk multipass amplifier enables 
record output powers for ultrashort 
laser pulses also with radial 
polarization (635W) 

Dec-15 
http://www.ifsw.uni-
stuttgart.de/artikel/art15_08.html?__l
ocale=en   

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large Europe 

11 Conference USTUTT 

Post-deadline paper: "A 265W and 
782 fs amplified radially polarized 
beam emitted by a thin-disk 
multipass amplifier", Loescher, 
André; Negel, Jan-Philipp; Graf, 
Thomas; Pallmann, Wolfgang; Resan, 
Bojan; Martial, Igor; Didierjean, 
Julien; Lesparre, Fabien; Gomes, 
Jean-Thomas; Delen, Xavier; Druon, 

Oct-15 
Advanced Solid-state lasers (ASSL) 
conference 2015, Berlin, Germany 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 



Frederic P.; Balembois, François; 
Georges, Patrick; Abdou Ahmed, 
Marwan 

12 Conference USTUTT 

Efficient generation of cylindrically 
polarized beams in an Yb:YAG thin-
disk laser enabled by a ring-shaped 
pumping distribution, Tom Dietrich, 
Martin Rumpel, Thomas Graf, and 
Marwan Abdou Ahmed  

Apr-16 SPIE photonics Europe 2016 

Scientific 
Community 
(higher 
education, 
Research) 

Medium International 

13 Conference USTUTT 

Thin-disk multipass amplifier emitting 
radially polarized beam with 635W of 
average power and 2.1 mJ of pulse 
energy, André Loescher, Jan-Philipp 
Negel, Thomas Graf, Marwan Abdou 
Ahmed, Univ. Stuttgart (Germany) 

Apr-16 SPIE photonics Europe 2016 

Scientific 
Community 
(higher 
education, 
Research) 

Medium International 

14 Web C4L 
Promoting Ultrafast_RAZipol on 
partner's website 

Jan-16 www.class4laser.ch  Industry Medium International 

15 Other GFH 
Promoting Ultrafast_RAZipol during 
an industrial event 

29.10.15 Trumpf Roadshow at GFH, Germany 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Small Germany 

16 Conference 
CNRS/FIB/USTUTT/L
UMEN 

 "High power (100W) Yb:YAG single-
crystal fiber amplification chain for 
sub-ps MHz system" F. Lesparre, J.T. 
Gomes, I. Martial, X. Delen, J. 
Didierjean, W. P. Pallmann, B. Resan, 
A. Loscher, J.P. Negel,  T. Graf, M. 
Abdou Ahmed, F. Balembois, P. 
Georges  

Jun-15 
CLEO Europe, 21-25 June 2015, 
Munich (Allemagne) 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

17 Conference 
CNRS/FIB/USTUTT/L
UMEN 

Amplificateurs à fibres cristallines 
Yb:YAG pour des lasers femtoseconde 
à polarisation radiale F. Lesparre, J.T. 
Gomes, X. Delen, I. Martial, J. 
Didierjean, W. P. Pallmann, B. Resan, 

Jul-15 
Optique Bretagne, Journées Nationale 
des Cristaux pour l'Optique (JNCO) 
2015, Rennes, France 

Scientific 
Community 
(higher 
education, 
Research), 

Medium France 



T. Graf, M. Abdou Ahmed, F. Druon, 
F. Balembois, P. Georges 

Industry 

18 Conference 
CNRS/FIB/USTUTT/L
UMEN 

High power single crystal fiber 
amplifiers for linearly and cylindrically 
polarized picosecond lasers F. 
Lesparre, J.T. Gomes, X. Delen, I. 
Martial, J. Didierjean, W. P. Pallmann, 
B. Resan,  M. Eckerle, T. Graf, M. 
Abdou Ahmed, F. Druon, F. 
Balembois, P. Georges   

Oct-15 
Advanced Solid State Lasers 2015, 
Berlin Germany 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

19 Conference 
CNRS/FIB/USTUTT/L
UMEN 

 "A 265W and 782 fs amplified 
radially polarized beam emitted by a 
thin-disk multipass amplifier" Post-
deadline paper A. Loescher, J-P. 
Negel, T. Graf, W. Pallmann, B. Resan, 
I. Martial, J. Didierjean, F. Lesparre, J-
T Gomes,  X. Délen, F. Druon, F. 
Balembois, P. Georges, and M Abdou 
Ahmed 

Oct-15 
Advanced Solid State Lasers 2015, 
Berlin Germany 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

20 Press release CNRS 
 "Développement de sources laser 
ultra-rapides de forte puissance pour 
l’usinage" Xavier Delen : 

Sept/Oct 
2015 

 Photoniques, Numéro 78, Septembre-
Octobre 2015  

Scientific 
Community 
(higher 
education, 
Research), 
Industry, Civil 
society, Policy 
makers 

Medium France 

21 Conference CNRS/FIB/LUMEN 

 "Yb:YAG single-crystal fiber 
amplifiers for picosecond lasers using 
divided pulse amplification technic" 
F. Lesparre, J.T. Gomes, X. Délen, I. 
Martial, J. Didierjean, W. Pallmann, B. 
Resan, F. Druon, F. Balembois,  P. 
Georges 

Feb-16 

Photonics West 2016, LASE, "Solid 
State Lasers XXIII: Technology and 
Devices" 
 
 13-18 February 2016, San Fransisco 
(USA) 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

22 Other SLV 
Promoting Ultrafast_RAZipol future 
exploitation results during a 

Dec-15 
SLV - visit of different customers in the 
field of strain gauges 

Industry Small Germany 



customer visit 

23 Workshop NST 
Workshop APPOLO for 
SWISSPHOTONICS Burgdorf 

04.11.15 
 http://www.swissphotonics.net/work
shops/workshop-datenbank?2213  

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 
Policy makers 

Large Europe 

24 Conference CNRS/FIB 

Divided Pulse Amplification for 
ultrashort pulses Invited conference, 
P. GEORGES, F. GUICHARD, J. 
POUYSEGUR, F. LESPARRE, Y. 
ZAOUTER, I. MARTIAL,  F. DRUON, F. 
BALEMBOIS, M. HANNA 

30th May - 
1st June 
2016 

Stuttgart Laser Technology Forum - SLT 
2016 Stuttgart 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

25 Conference CNRS/FIB 

 "Yb-doped crystalline hosts, laser 
architectures and crystal geometries 
for high-power ultrashort-pulse 
lasers" Invited conference, X. DELEN, 
F. LESPARRE, J.T. GOMES, I. MARTIAL, 
J. DIDIERJEAN, F. DRUON, F. 
BALEMBOIS, P. GEORGES 

7th-12th 
August 2016 

18th International Conference on 
Crystal Growth and Epitaxy (ICCGE-18), 
 Nagoya, Japan 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

26 Workshop GFH 
Prozesse und industrielle 
Anwendungen in der UKP-
Lasertechnik; Florian Lendner 

22.03-
23.03.2016 

MIKROLAS Innovationsforum 2016, 
Rostock 

Scientific 
Community 
(higher 
education, 
Research) 

Medium International 

27 Workshop NST 
Workshop APPOLO for 
SWISSPHOTONICS Burgdorf 

04.11.15 
http://www.swissphotonics.net/works
hops/workshop-datenbank?2213 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 
Policy makers 

Large Europe 

28 Other NST 
Promoting Ultrafast_RAZipol future 
exploitation results during a 
customer visit 

March/April 
2016 

Shanghai/Seoul/Taiwan Industry Large International 



29 Other KITE Ultrafast_RAZipol brochure 3/29/2016 
To be distributed during any event 
deemed appropriate 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

30 Conference SLV 
Wachstumskern MikroLas – Surfaces 
shaped by photonics; Presentation: 
Rigo Peters 

22.03-
23.03.2016 

MIKROLAS Innovationsforum 2016, 
Rostock 

Scientific 
Community 
(higher 
education, 
Research) 

Medium Germany 

31 Conference USTUTT 
High-power amplification of ps/fs 
cylindrically polarized beams in thin-
disk lasers 

22.03-
23.03.2016 

MIKROLAS Innovationsforum 2016, 
Rostock 

Scientific 
Community 
(higher 
education, 
Research) 

Medium Germany 

32 Film NSTBVBA 
Polygon Scanner Systems for USP 
Laser 

15.06.2016 
https://www.youtube.com/watch?v=7
E3vCyx48GA 

Scientific 
Community 
(higher 
education, 
Research) 

Medium International 

33 Conference CNRS/FIB 

 “High power single crystal fiber 
amplifiers”, Invited Conference, X. 
DELEN, F. LESPARRE, J. T. GOMES, R. 
BAUDOIN, I. MARTIAL, J. DIDIERJEAN, 
F. DRUON,  F. BALEMBOIS, P. 
GEORGES 

21-26 
August 2016 

7th EPS-QEOD EUROPHOTON 
CONFERENCE "Solid State, Fibre, and 
Waveguide Coherent Light Sources" 

Scientific 
Community 
(higher 
education, 
Research) 

Large International 

34 Workshops NST 
AILU; Polygon Scanners – Capabilities, 
Applications and System integration 
considerations by Lars Penning 

16-Nov Edinburgh Scotland  Industry Medium 
United 
Kingdom 

35 Conferences NST 
UKP Event Aachen; tabletop 
presentation 

14-26-27 
April 2017 

https://www.ultrakurzpulslaser.de/en/
ukp-
workshop/exhibition/next_scan_techn
ology_bvba.html 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 

Large Germany 



Policy makers 

36 Conferences NST 

CLEO; Polygon Scanners – 
Capabilities, Applications and System 
integration considerations by Ronny 
De Loor 

14-9 May 
2017 

San Jose USA 
http://www.cleoconference.org/home
/ 

Scientific 
Community 
(higher 
education, 
Research), 
Industry, 
Policy makers 

Large International 

37 Conferences NST 

LPM2017; Polygon Scanners – 
Capabilities, Applications and System 
integration considerations by Lars 
Penning 

5-8 June 
2017 

Toyama Japan 
http://www.jlps.gr.jp/lpm/lpm2017/ 

Scientific 
Community 
(higher 
education, 
Research) 

Large International 

38 Conference C4L 
Promoting Ultrafast_RAZipol during 
an industrial event - EPMT / EPHJ 
2015 

6/5/2015 EPMT / EPHJ 2015 conférences Industry medium International 

39 Conference C4L 
Promoting Ultrafast_RAZipol during 
an industrial event - EPMT / EPHJ 
2016 

6/14/2016 
Euresearch conferences auf dem EPMT 
/ EPHJ 2016 

Industry small Suisse 

40 Conference C4L 
Promoting Ultrafast_RAZipol during 
an industrial event - JNPLI 16 

6/29/2016 JNPLI Conference Liege Industry medium Europe 

41 Thesis CNRS/FIB 
"Amplificateurs impulsionnels à base 
de fibres cristallines dopées 
Ytterbium", F. LESPARRE 

30 January 
2017 

Institut d'Optique Graduate School, 
University of Paris-Saclay, Palaiseau, 
France 

Phd Defense, 
oral 
presentation 
in French 

Small France 

42 Web FIB 
Promoting Ultrafast_RAZipol on 
partner's website 

April 2016 
http://www.fibercryst.com/fibercryst-
optics-laser-crystal-fiber-taranis-ampli-
7 

Scientific 
Community 
(higher 
education, 
Research), 
Industry 

Large International 

43 Other GFH 
Lasermikrobearbeitung bei der Firma 
GFH ; Florian Lendner 

16/02/2016 Lions Club Deggendorf 
Industry, 
policy makers 

small Local 

44 Conferences GFH 
Smart ultra short pulse laser 
processing with rotating beam - Laser 
micro cutting, drilling and turning 

05-Apr-17 
Japan Laser Materials Processing 
Conference (JPLS), Tokyo, Japan 

Scientifific 
community 
(higher 

Large International 



education, 
research); 
industry 

 
 



 
Section B (Confidential or public: confidential information to be marked clearly) 
Part B1  
 

 

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights:   

Confidential  
Click on 
YES/NO 

Foreseen 
embargo 
date 
dd/mm/yyyy Application reference(s) (e.g. 

EP123456) 
Subject or title of application 

Applicant (s) (as on the application) 
 

Patent YES    Marwan Abdou-Ahmed (USTUTT) 

Patent YES    Marwan Abdou-Ahmed (USTUTT) 

Patent NO N/A WO2012/131015_EP2691803 Polygon scanner  Next Scan Technology (Ronny De Loor) 

Patent YES    Marwan Abdou-Ahmed (USTUTT) 

 



Part B2  
Please complete the table hereafter: 

 

Type of 
Exploitable 
Foreground 

Description 
of exploitable foreground 

Confide
ntial 
Click on 
YES/NO 

Foreseen 
embargo 
date 
dd/mm/y
yyy 

Exploitable 
product(s) 
or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & 
Other 
Beneficiary(s) 
involved 

General 
advancement of 
knowledge 

       CNRS (owner) 

General 

advancement of 

knowledge 

Development by FIB of expertise 

and knowledge on integrated laser 

system. 

NO   Using this 

new 

expertise FIB 

launched 

two news 

products : 

PICAO and 

FEMTO, two 

industrial 

laser 

systems. 

C25.6 - 

Treatment 

and coating 

of metals; 

machining 

C23.1.2 - 

Shaping and 

processing 

of flat glass 

The two products 

were introduced 

to the market on 

June 2015 

  FIB (owner) 

Commercial 

exploitation of 

R&D results 

New scanner design with smaller 

spot sizes. 

NO none N C26.4 - 

Manufacture 

of consumer 

electronics  

Product preview 

in Jan 2015, 

release June 2017 

  NST(owner) 

General 

advancement of 

knowledge 

      know-how Lumentum 

(owner) 



Type of 
Exploitable 
Foreground 

Description 
of exploitable foreground 

Confide
ntial 
Click on 
YES/NO 

Foreseen 
embargo 
date 
dd/mm/y
yyy 

Exploitable 
product(s) 
or 
measure(s) 

Sector(s) of 
application 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & 
Other 
Beneficiary(s) 
involved 

General 

advancement of 

knowledge 

Development of a drilling model 

enabling to master the drilling 

process further, to upscale it on 

newly developed laser sources, and 

to anticipate drilling result for 

more industrial use. 

NO  using the 

know how 

to push laser 

drilling 

process 

further, for 

Razipol 

application, 

as well as for 

drilling in 

other fields: 

fine 

mechanic, 

electronic 

devices, fine 

cutting with 

rotary optic, 

… 

"C25.6 - 

Treatment 

and coating 

of metals; 

machining  

prestation 

available for sell 

from summer 

2017, 

subcontracting of 

prestation 

avalable spring 

2017 

  

General 
advancement of 
knowledge 

    

 

 Licence of 

IFSW - patent 

IFSW (Owner), 

GFH (Licensing) 

 

 

 



4.3 Report on societal implications 

 

A General Information (completed automatically when Grant Agreement number is 

entered. 

Grant Agreement Number: 
 
619237 

Title of Project: 
 

Ultrafast_RAZipol 

Name and Title of Coordinator: 
 

Dr Marwan Abdou Ahmed 

B Ethics  

 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 

• If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 

 

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 

described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 

 

 

 
No 

2.      Please indicate whether your project involved any of the following issues (tick 

box) : 

YES 

RESEARCH ON HUMANS 

• Did the project involve children?  No 

• Did the project involve patients? No 

• Did the project involve persons not able to give consent? No 

• Did the project involve adult healthy volunteers? No 

• Did the project involve Human genetic material? No 

• Did the project involve Human biological samples? No 

• Did the project involve Human data collection? No 

RESEARCH ON HUMAN EMBRYO/FOETUS 

• Did the project involve Human Embryos? No 

• Did the project involve Human Foetal Tissue / Cells? No 



• Did the project involve Human Embryonic Stem Cells (hESCs)? No 

• Did the project on human Embryonic Stem Cells involve cells in culture? No 

• Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? No 

PRIVACY 

• Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 

No 

• Did the project involve tracking the location or observation of people? No 

RESEARCH ON ANIMALS 

• Did the project involve research on animals? No 

• Were those animals transgenic small laboratory animals? No 

• Were those animals transgenic farm animals? No 

• Were those animals cloned farm animals? No 

• Were those animals non-human primates?  No 

RESEARCH INVOLVING DEVELOPING COUNTRIES 

• Did the project involve the use of local resources (genetic, animal, plant etc)? No 

• Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 

No 

DUAL USE   

• Research having direct military use No 

• Research having the potential for terrorist abuse No 

C Workforce Statistics  

3.       Workforce statistics for the project: Please indicate in the table below the number of 

people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator   0  1 

Work package leaders  2  5 

Experienced researchers (i.e. PhD holders)  4  18 

PhD Students  1  6 

Other  3  16 



4. How many additional researchers (in companies and universities) were 

recruited specifically for this project? 

9 

Of which, indicate the number of men:  

 

 

6 



D   Gender Aspects  

5.        Did you carry out specific Gender Equality Actions under the project? 

 

 
 

Yes 

No  

6. Which of the following actions did you carry out and how effective were they?  

   Not at all 

 effective 

   Very 

effective 

 

   Design and implement an equal opportunity policy      
   Set targets to achieve a gender balance in the workforce      
   Organise conferences and workshops on gender      
   Actions to improve work-life balance      
   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever people were 

the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 

considered and addressed? 

   Yes- please specify  

 

   No  

E Synergies with Science Education  

8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 

   Yes- please specify  

 

   No 

9. Did the project generate any science education material (e.g. kits, websites, explanatory 

booklets, DVDs)?  

   Yes- please specify  

 

   No 



F Interdisciplinarity  

10.     Which disciplines (see list below) are involved in your project?  

   Main discipline1: 1.2 

   Associated discipline1:    Associated discipline1: 

 

G Engaging with Civil society and policy makers 

11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 

 
 

Yes 

No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society 

(NGOs, patients' groups etc.)?  

   No 

   Yes- in determining what research should be performed  

   Yes - in implementing the research  

   Yes, in communicating /disseminating / using the results of the project 

11c In doing so, did your project involve actors whose role is mainly to 

organise the dialogue with citizens and organised civil society (e.g. 

professional mediator; communication company, science museums)? 

 
 

Yes 

No  

12.    Did you engage with government / public bodies or policy makers (including international 

organisations) 

   No 

   Yes- in framing the research agenda 

   Yes - in implementing the research agenda 

   Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by 

policy makers? 

   Yes – as a primary objective (please indicate areas below- multiple answers possible) 

                                                           
1 Insert number from list below (Frascati Manual). 



   Yes – as a secondary objective (please indicate areas below - multiple answer possible) 

   No 

13b  If Yes, in which fields? 

Agriculture  
Audiovisual and Media  

Budget  

Competition  
Consumers  

Culture  

Customs  

Development Economic and 

Monetary Affairs  
Education, Training, Youth  

Employment and Social Affairs 

 

 

 

 

 

 

 

 

 

 

 

Energy  
Enlargement  

Enterprise  

Environment  
External Relations 

External Trade 

Fisheries and Maritime Affairs  

Food Safety  

Foreign and Security Policy  
Fraud 

Humanitarian aid 

 

 

 

 

 

 

 

 

 

 

 

Human rights  
Information Society 

Institutional affairs  

Internal Market  
Justice, freedom and security  

Public Health  

Regional Policy  

Research and Innovation  

Space 
Taxation  

Transport 

 

 

 

 

 

 

 

 

 

 

 

http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm


13c   If Yes, at which level? 

   Local / regional levels 

   National level 

   European level 

   International level 

H Use and dissemination  

14.    How many Articles were published/accepted for publication in 

peer-reviewed journals?  

7 

To how many of these is open access2 provided?  

       How many of these are published in open access journals? 1 

       How many of these are published in open repositories? 0 

To how many of these is open access not provided? 6 

       Please check all applicable reasons for not providing open access:  

        publisher's licensing agreement would not permit publishing in a repository 

        no suitable repository available 

        no suitable open access journal available 

        no funds available to publish in an open access journal 

        lack of time and resources 

        lack of information on open access 

        other3: …………… 

 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 

jurisdictions should be counted as just one application of grant). 

4 

16. Indicate how many of the following Intellectual Trademark 0 

                                                           
2 Open Access is defined as free of charge access for anyone via Internet. 
3 For instance: classification for security project. 



Property Rights were applied for (give number in 

each box).   
Registered design  0 

Other 0 

17.    How many spin-off companies were created / are planned as a direct 

result of the project?  

0 

Indicate the approximate number of additional jobs in these companies:  

18.   Please indicate whether your project has a potential impact on employment, in comparison 

with the situation before your project:  
  Increase in employment, or  In small & medium-sized enterprises 

  Safeguard employment, or   In large companies 

  Decrease in employment,   None of the above / not relevant to the project 

  Difficult to estimate / not possible to quantify    

19.   For your project partnership please estimate the employment effect 

resulting directly from your participation in Full Time Equivalent (FTE = 

one person working fulltime for a year) jobs: 

 

 

 

Difficult to estimate / not possible to quantify 

Indicate figure: 

 

1-2 

 

 

 

 
 



I Media and Communication to the general public  

20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 

   Yes  No 

21. As part of the project, have any beneficiaries received professional media / communication 

training / advice to improve communication with the general public? 

   Yes  No 

22 Which of the following have been used to communicate information about your project to 

the general public, or have resulted from your project?  

  Press Release  Coverage in specialist press 

  Media briefing  Coverage in general (non-specialist) press  

  TV coverage / report  Coverage in national press  

  Radio coverage / report  Coverage in international press 

  Brochures /posters / flyers   Website for the general public / internet 

  DVD /Film /Multimedia  Event targeting general public (festival, conference, 

exhibition, science café) 

23 In which languages are the information products for the general public produced?  

  Language of the coordinator  English 

  Other language(s)   

  


