
APPOLO Publishable Summary, period 2 

The APPOLO project is seeking to establish and coordinate connections between the end-users, 
which have demand on laser technologies for (micro)fabrication, knowledge accumulated in the 
laser application laboratories of research institutes and universities and the laser equipment 
manufacturers (preferable SMEs: for integration, lasers, beam control and guiding, software, etc.) 
in order to facilitate faster validation of the process feasibility and adaptation or customization of 
the technology (equipment) for manufacturing conditions. Core of the consortium consist of laser 
application laboratories around Europe which are connected to a virtual APPOLO HUB to 
accumulate knowledge and infrastructure and promote the easy-to-access environment for 
development and validation of laser-based technologies. The APPOLO project cover activities on 
technical, technological and economical assessment of new equipment supplied by project 
partners in 8 complex assessment value chains and preparation of standardised procedures for 
the assessment service with can be provided for new project partners and customers beyond, 

All activities of the APPOLO project during the second year of implementation were performed 
close to the workplan. 

During the second year, the APPOLO project established clear outlines for assessment 
templates. Using these templates, partners validate new equipment by assessing them according 
to APPOLO HUB specified parameters. These assessments allowed partners to present their 
finding to customers and, therefore, gained feedback how to successfully implement assessment 
procedures for the desired application. The Open call for new partners and experiments was 
successfully implemented with 12 application received, and 7 of these experiment proposals were 
selected. The APPOLO HUB will organize information exchange between new and existing 
partners and HUB members. The activities will include training on assessment procedures, 
exchange of knowledge of successful assessment experiments. 

WP2 is going with some delay according to its plan. EKSPLA has developed the new concept 
and manufactured the laser emitting picosecond pulses at 1342 nm. The performance of the 
modified ps-laser @ 1.342 µm is close to, and its assessment was started at FTMC in laser 
scribing of CIGS thin film solar cells. Onefive GmbH has delivered an optimized laser based on 
GENKI platform to BUAS for validation. The high pulse energy available supports successful 
BUAS approach to high-throughput CIGS scribing. NST has assembled and tested first LSE300 
scanner using non-coated optics. Delivery of the coated parts has been delayed by 3 months. 
ELAS has finished upgrading its DuoMaster laser processing for installation of the EKSPLA 
1342 nm ps-laser. Their validation started at FTMC. The new method of on-line electrical 
characterisation of thin film solar cells during laser scribing process was developed by FTMC. 
BUAS worked on optimizing P1-3 scribing processes. In Y2, the focus was set on optimizing 
scribing velocity with electrical validation of the achieved scribe quality. More than 1.5 m/s scribing 
velocity was demonstrated for P2 process using two different scribing approaches.  

Within the second year of the project in WP3, substantial advances were achieved within all active 
tasks. The main activity in the initially proposed tasks was focused on equipment assessment for 
laser processing of CIGS-based PV devices using metallic substrates. Therefore, the 
development of a suitable P1 process in a stack of metallic substrate/dielectric 
barrier/Molybdenum contact was the main challenge within the CIGS activities of APPOLO at 
UPM and IOM. The activities/tasks of the WP3 are finalized with deliverables and milestones. In 
addition to the planned activities within the work package, additional work was carried out for the 
development of the best practice laser scribing processes for CIGS scribing and assessment of 
the laser and the equipment.  



The PV market is changing very fast due to the still very fast development of the scientific and 
technical achievements, declining prices for PV modules and the change of the fabrication sites 
for the modules to East Asia. These changes of the PV market within the last two years enforced 
decision of the partners on the further development of PV-modules for being competitive in the 
production of modules in the future. The new developed Perovskite solar cells hold the potential 
of easy, low-cost fabrication of solar modules that can be competitive to the currently domination 
silicon modules. This material system is now within the focus of the proposed modifications of 
WP3. 

Progress was made by each partner in all tasks of WP4 addressed in year two. However, delays 
in delivery of JDSU laser system and Next Scan Technologies polygon line scanner made it 
impossible to follow the work plan exactly at BUAS. Therefore, some deliverables and milestones 
have to be postponed. After real progress in Y1 on the development of a new ps or fs laser source 
with 100W power and high repetition rate, an average power significantly higher than 100W was 
achieved with a system on the optical table. The transfer into an industrially suited prototype has 
led to unforeseen problems. An average power of 65 W was achieved with the system in the final 
housing, and some improvements have still to be done. The new version of the LSE-170 lines 
scanner with the new firmware was tested. NST has developed the new high numerical aperture 
version (HNA) but its delivery postpone due problems with optical coatings. 

Due to the delay in its delivery, the scale–up process was investigated with numerical and 
analytical models respectively calculations. The results help to be prepared for the scale – up 
experiments and already know which strategies have to be used if problems with heat 
accumulation can occur. Four different methods do deal with the intersection region of the two 
parts of a stitched image were developed and investigated. It is possible to generate an almost 
but not totally invisible intersection. 

In WP5, a 3D mould texturing method is assessed and optimized for applications on automotive 
interior components, with the goal to obtain soft-touch effects by the micro/ nano-textured 
surfaces. This work is based on a technology previously developed by Lightmotif that enables 
laser ablation of micro- and nanoscale features on 3D curved moulds by ultra-short pulsed lasers. 
Lightmotif and CRF cooperate with the goal to obtain a method that enables the production of 
polymer parts for car interiors with added functionality due to a micro- and nano-textured surface, 
obtained by a textured mould. The surfaces show a soft-touch effect which results from a largely 
reduced contact area of skin and polymer part. Besides the haptic properties of the surface other 
relevant aspects like aesthetic properties of the textures are optimized. 

Two tasks in WP6 were focused on optimization and development of suitable laser head for the 
surface treatment. FTMC, ELAS and EKSPLA have worked on design and assembly of the 3D 
laser processing head ADILAW with the support of AMSYS measuring head. Work on laser 
structuring of polymers and metal plating was performed by CRF and FTMC, defining suitable 
regimes of laser structuring. Excellent results were achieved with polypropylene based material. 
BioAGE has worked on the electrical design of touch sensors that will be used to validate the 
equipment and technology.  

The main objective of WP7 is to adapt the Laser Induced Forward Techniques (LIFT), a well-
known laser direct writing technique for material transfer, to define metallic contacts onto flex 
optoelectronics devices. UPM was assessing laser sources from partners-suppliers (EKSPLA, 
Onefive) using setup developed by Mondragon for the potential use of their equipment for the 
metallization by LIFT. An end-user (Abengoa) was making the final assessment of the 
metallization process through a detailed characterization (morphological, electrical and 
performance in the final device) of the deposited metallic lines. As a proof of concept, an important 



milestone is included in this activity targeting the full metallization of a CIGS solar cell on steel 
flex substrate with fingers and busses deposited by the proposed LIFT technology. 

During the second year in WP8, LUT developed the real-time monitoring system based on outputs 
of a high-speed camera and spectrometer. In addition, an adaptive control system developed for 
control of a pulsed laser in real-time based on the output of a spectrometer. The system with high-
speed camera passed the first tests at FTMC in real laser microfabrication experiments.  

During the second year, AMSYS has working on implementation two approached in on-lime 
monitoring which could work with polygon scanner. Linear fiber coupler was investigated at 
FTMC. Notwithstanding, it provide useful information of the laser processing, further development 
needed to get reliable results. Another, coaxial approach of on-line monitoring was implemented 
at AMSYS as laboratory setup and will be transferred to FTMC for testing with LSE300 polygon 
scanner. Focus-Tilt system for integration with ADILAW laser processing head was delivered to 
ELAS and installed in DuoMaster laser system of ELAS for f real conditions validation. 

Dissemination and exploitation activities in WP9 are on track with the original plan. In the second 
year, the general exploitation and dissemination strategy was set-up, and work was performed 
accordingly. Internal RTD activities are ongoing and the opportunities for exploitation becoming 
more clear. In general, APPOLO partners have had a high presence at international events to 
promote project results and the APPOLO HUB idea. Press releases were made about this and 
can be viewed on the website. In addition, two issues of the APPOLO newsletter were prepared 
and disseminated. Workshops were dedicated to specialist while other science related events 
attracted students and general public. Possible business model and processual work of APPOLO 
was discussed within the consortium as well as technical and processual documents exchanged. 
In Exploitation, further steps were taken to strategically collect all IP and exploit it accordingly. 
Work was conducted on the improvement of the exploitation plan and a general market overview. 

Two websites for the project are running with permanent update of information: www.appolo-
fp7.eu for all project related activities and dissemination and http://appolohub.appolo-fp7.eu/ for 
APPOLO HUB as a single access point to consolidated infrastructure and expertise of the laser 
application laboratories, involved in the project. Increased traffic of visitor was observed during 
Open call process and after each world-wide conference, where APPOLO activities were 
intensively presented. 
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