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The OCLA Programme Committee welcomes you all 

• Dr. L. Gallais; Fresnel Institute
• Dr. Th. Gischkat; RhySearch
• Dr. Ch. Harder; Swissphotonics
• Prof. Dr. N. Kaiser; Fraunhofer IOF
• Prof. Dr. M. Michler; NTB Buchs
• Prof. Dr. D. Ristau; Laser Zentrum Hannover
• Prof. Dr. T. Südmeyer; University of Neuchâtel
• Prof. Dr. C. Ziolek; NTB Buchs

During the OCLA Symposium, we provide you a wireless access 

SSID: gast-ntb 
password: tgzwaqzw 

( WPA2-PSK)

We appreciate your feedback. 

We are pleased to welcome you at this year’s OCLA 
symposium. In the survey (use the code on the right)
you get the opportunity to give us feedback on the event. 
The time needed for the survey is approximately 3 minutes.

https://www.surveymonkey.de/r/HQNLRW3 
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 Organizing Committee:

Optical Coatings for Laser Applications OCLA: Programme

Date:  Thursday, 12th April 2018, 9:40 a.m. - 5:20 p.m., followed by an Apéro Riche

Location:   NTB Campus, Werdenbergstrasse 4, 9471 Buchs SG, Switzerland

 9:00 a.m. Registration, Welcome Coffee

9:40  
 

Welcome Note
Prof. Dr. Andreas Ettemeyer, NTB Buchs

9:50  
 

OPENING - morning session
Programme Committee

10:00 Keynote Lecture: New opportunities with X-ray Laser sources
 Dr. Luc Patthey, Swiss FEL, Paul Scherrer Institut PSI, Switzerland

10:30 Recent development of XUV multilayer coatings at IOF
 Dr. S. Yulin, Fraunhofer IOF, Jena, Germany

10:50 Fluoride coatings for the DUV-VUV-wavelength range
 Dr. S. Schippel, Layertec GmbH, Mellingen, Germany

11:10  Short Break

11:20 Swiss made ultra-stable high-fi nesse optical cavities
 Dr. E. Portuondo-Campa / Dr. B.Eiermann, CSEM Neuchâtel/ WZW Optic AG Balgach, both Switzerland

11:40 Atomic layer deposition for optical coatings on complex formed optics
 K. Pfeiffer, Fraunhofer IOF, Jena, Germany

12:00 Broadband coatings for thin-disk oscillators
 Dr. O. Razskazovskaya, University of Neuchâtel, Switzerland

12:30 Lunch and Poster Session

13:30 OPENING - afternoon session
 Programme Committee

13:40 Keynote Lecture: Advanced X-ray Analytics for Innovative Coating Technologies
 Dr. A. Neels, Empa, Switzerland

14:10 Laser damage metrology for PETAL optics
 Dr. L. Lamaignère, CEA Bordeaux, France

14:30 Laser induced defl ection LID – absolute photo-thermal absorption measurement in optical coatings and

materials
 Dr. C. Mühlig, Leibniz-Institut für Photonische Technologien, Jena, Germany 

14:50 All-silica based optical coatings for high power laser systems
 Dr. T. Tolenis, Center for Physical Sciences and Technology, Vilnius, Lithuania

15:10  Coffee Break

16:00  Keynote Lecture: Unravelling the Systematics in Ion Beam Sputter Deposition: Experiment, Calculation
and Simulation

 Dr. C. Bundesmann, Leibniz-Institute of Surface Engineering IOM, Leipzig, Germany

16:30  Effects of Fixture Rotation on Coating Uniformity for High Performance Optical Filter Fabrication
 Dr. B. Rubin, Veeco Instruments, Plainview, USA

16:50  Nanolaminates in IBS optical coatings
 Dr. M. Jupé, Laser Zentrum Hannover e.V., Germany

17:10  Conclusion
 Dr. Andreas Bächli, RhySearch, Buchs, Switzerland

17:20 Apéro Riche sponsored by Swissphotonics and Poster Session
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Dr. Carsten Bundesmann 

Carsten Bundesmann studied physics and mathematics for teaching 
profession at the University in Leipzig. After the study of mathematics at the 
University of Liverpool he completed in 2005 his doctoral degree at the 
University in Leipzig. Since 2006 Carsten Bundesmann works as Senior 
scientist, Leibniz Institute of Surface Engineering (IOM) in Leipzig. He has 
excellent and outstanding knowledge in the area of thin film growth by ion 
beam sputter deposition (IBSD) as well as in the field of ex-situ / in-situ thin 
film characterization and in-situ characterization of ion sources and electric 
propulsion thrusters. 

Dr. Andreas Bächli (Conclusion) 

After a Physics degree (ETH, 1988) and a subsequent PhD (University of 
Bern, 1992), Andreas Bächli worked two years as research fellow at 
Caltech, Pasadena, before joining BALZERS AG in 1995.  

During the following 20 years he gained extensive experience in thin films, 
focusing on optical coatings (Balzers AG and Unaxis) and Laser Scribing 
Processes of thin film photovoltaic coatings (TEL Solar).  

Since November 2016 he heads the Business Unit Optical Coatings at 
RhySearch. 

Dr. Bernd Eiermann 

Bernd Eiermann studied Physics at the University of Konstanz and finished 
his doctoral research study at the Universities of Konstanz & Heidelberg in 
2004. After three months as postdoc at the Institut d’Optique in Paris he 
joined Unaxis Optics as coating engineering in 2005. From 2007-2013 he 
worked as project manager in the R&D department of Oerlikon Optics (later 
Optics Balzers). 

Since 2014 he is working in his current position as project manager at WZW 
Optic AG in Balgach. 
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Prof. Dr. Andreas Ettemeyer (Welcome Note) 

Andreas Ettemeyer studied Mechanical Engineering in Munich and Aachen 
and graduated on holographic interferometry in Stuttgart. During nearly 20 
years in industry, he concentrated on optical measuring techniques such as 
holography and speckle interferometry. In 1989 he founded and managed 
a company for production of laser measuring systems until he moved back 
to academia in 2005 as professor for Technical Optics at NTB Interstate 
University of Applied Sciences in Buchs, Switzerland and later as head of 
the institute for production metrology, materials and technical optics (PWO) 
at NTB Buchs, Switzerland. Since 2015 Andreas Ettemeyer is the vice-
rector and head of applied research and development at the NTB Buchs, 
Switzerland. 

Dr. Marco Jupé 

Marco Jupé studied physics at the Friedrich Schiller University of Jena and 
obtained his diploma in physics in 2001. After receiving the PhD degree 
in Physics from the Leibniz University of Hannover in 2012. He worked 
since 2001 he works as a research associate at the Laser Zentrum 
Hannover e.V. Since 2013 he acts as the head of the “Photonic 
Materials Group”. The research areas are located in the fields of material 
science, improvement of laser power capability, nonlinear material effects 
in dielectric thin films and atomistic thin film growth simulations. In 
addition, he was involved in the development of phase separating ion 
beam sputtering processes. 

Dr. Laurent Lamaignère 

Laurent Lamaignère studied physics in the University of Bordeaux. After 
obtaining his PhD in Chemical-Physics, he held a post-doctoral position at 
the CEA-CESTA (France) for two years. He has been working for CEA 
since 2000 on the laser damage topic in the framework of the Laser 
Megajoule and the PETAL laser. Primary research areas include optical 
damage studies and laser development. He is in charge of CEA laser 
damage metrology, he manages measurements and experiments at the 
laser damage laboratory and he supervises thesis dealing with the ns 
and fs laser damage issues. He is member of the International Standard of 
Organization dealing with the laser damage standards and he is also part 
of the Laserlab consortium. 
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Dr. Christian Mühlig 

Christian Mühlig studied physics at the Friedrich-Schiller-University (FSU) 
in Jena and completed his doctoral research study on absorption in highly 
transparent DUV optical materials at the Institute of Photonic Technology 
(IPHT) in Jena. He reached an MSc in Physics of Laser Communications at 
the University of Essex in Colchester, UK. From 1998 he worked as 
research associate at Leibniz Institute of Photonic Technology in Jena 
where he is now a senior scientist responsible for characterization of optical 
materials and coatings with the particular focus on direct absorption 
measurements and cavity ring-down spectroscopy.  

Dr. Antonia Neels 

Dr. Antonia Neels studied chemistry at the Humboldt University of Berlin (D) 
and obtained a PhD from the University of Neuchâtel (CH). After a 
postdoctoral position at the Texas A & M University she has been appointed 
Maître Assistante at the University of Neuchâtel in 1997. She has been 
leading the XRD laboratory at the IMT EPFL (former UniNE) and CSEM 
from 2006 until 2014. In 2014, she graduated from the EPFL / HEC 
Lausanne and received an Executive MBA in Management of Technology 
MoT. Since July 2014, she heads the Center for X-ray Analytics at Empa, 
Swiss Federal Laboratories for Materials Science and Technology and is 
responsible for research and development of X-ray analytics for novel 
materials, components of / and systems. Her interests are focused on new 
materials, their fascinating structures leading to new physical properties 
and applications. She is experienced in the development and application of 
X-ray based analytical methods in the emerging fields of chemistry, biology, 
physics and microtechnology. Her research is focalized on the study of 
strain and defect mobility in materials and / or systems (thin films, coatings, 
interfaces, MEMS) especially in space and medical applications. Antonia 
Neels is teaching crystallography at different universities in Switzerland and 
has published more than 230 academic research papers. 

Dr. Luc Patthey 

Luc Patthey studied and received his PhD in Physics at the University of 
Lausanne. Between 1995 and 1997 he was Post-doc at the University of 
Uppsala, Sweden. In 1998 Luc Patthey started his career at the 
Paul Scherrer Institut beginning as beamline scientist at the Swiss Light 
Source, followed as group leader of the Spectroscopy on Novel Materials 
group at Synchrotron Radiation and Nanotechnology.  Between 2012 and 
2016 he was coordinator for Photonics, Project Leader for Photon 
Beamline and Instrumentation. He was the Project Leader for the 
SwissFEL in 2017 and is now SwissFEL coordinator & SwissFEL-Phase II 
Project Leader as well as head of the Laboratory for Advanced Photonics 
at Paul Scherrer Institut. In fact since 2012 he coordinates and manages 
strategic a large scale facility (budget of 44 MCHF, over 262 coworkers in 
matrix organization). Luc Patthey gave 64 invited talks and published 165 
refereed articles. 
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Kristin Pfeiffer 

Kristin Pfeiffer received her Master of Science in 2014 at the Ernst-Abbe-
Hochschule (EAH) Jena. In her award-winning master thesis she 
investigated atomic layer deposited vanadium dioxid. In 2014, she started 
as doctoral candidate working on optical coatings for complexly formed 
surfaces by atomic layer deposition at the Friedrich Schiller University Jena 
in the Emmy Noether research group supervised by Dr. Adriana Szeghalmi 
and financially supported by the Carl Zeiss Foundation.  Since October 
2017, Kristin Pfeiffer is working at the Fraunhofer IOF Jena applying the 
knowledge of her ongoing doctoral research studies for industrial projects.  

Dr. Erwin Portuondo-Campa 

Erwin Portuondo-Campa received his PhD in physics from the Laboratory 
of Ultrafast Spectroscopy of the EPF Lausanne in 2006. After one year of 
postdoc, in 2007, he joined the Microfluidics group of the CSEM in Alpnach, 
Switzerland, where he worked until 2009 as R&D engineer. Later, he 
worked at the Global Center for Research and Technology of the CEMEX 
group as project manager and technical consultant of the Intellectual 
Property department, before joining again in 2011 the CSEM in his current 
position of senior R&D engineer in the Time & Frequency Section. 

Dr. Olga Razskazovskaya 

Olga Razskazovskaya studied Engineering at the Moscow State 
Technological University and received her PhD at the Max-Planck-Institute 
of Quantum Optics in Garching. She has work-experience as R&D engineer 
in the development of Nd:YLF high-power solid-state oscillators. Since 2017 
she is scientific collaborator at the University of Neuchâtel. 
Her research interests and projects are multilayer coatings for ultrafast 
optics, femto- and attosecond applications, advanced broadband multilayer 
dispersive optics as well as THz sources and spectroscopy. 
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Dr. Binyamin Rubin 

Binyamin Rubin studied Aerospace Engineering at the Moscow Institute of 
Physics and Technology and received in 2007 his PhD at the Technion-
Israel Institute of Technology in Haifa. He was Postdoc at the Electric 
Propulsion and Plasma Engineering Laboratory (CEPPE Lab) and Laser 
and Plasma Diagnostics Laboratory (LPDL) of the Colorado State 
University in Fort Collins. As Research associate he worked at the School 
of Materials Science and Engineering of the Clemson University. He is 
highly experienced in numerical modeling and experimental research 
of ion thrusters. Since 2011 Binyamin Rubin is Senior Research scientist 
at Veeco Instruments where he increased the throughput of a Spector HT 
by up to 400%.

Dr. Stefan Schippel 

Stefan Schippel has studied physics at the Friedrich-Schiller-Universität 
Jena. He holds a PhD in solid state physics. In his thesis he dealt with high 
dose ion implantation for the formation of silicide layers and the 
corresponding analytical methods. Since 1994 he works at LAYERTEC. He 
has specialized in optical high power coatings for the UV-VIS-NIR spectral 
range. At present he works as team leader of the evaporation group and is 
also responsible for joined research projects at LAYERTEC. 

Dr. Tomas Tolenis 

Tomas Tolenis holds a PhD in Materials Engineering on “Modelling, 
formation and characterization of nano-sculptured thin films” from the 
Centre for Physical Sciences and Technology (FMTC) in Vilnius, Lithuania. 
Since 2017 he is researcher at the Centre for Physical Sciences and 
Technology (FMTC) as well as lecturer at the Vilnius University (VU), 
Faculty of Physics, Vilnius, Lithuania. 

Dr. Sergiy Yulin 

Sergiy Yulin received his Diplom Physiker in 1989 and his Dr. rer. nat. in 
1998 from the State Kharkov University. From 1989 to 1999 his work was 
focused on research and development of EUV/Soft X-ray optics on the base 
of artificial multilayer coatings. He has been a staff scientist at Fraunhofer 
Institut Angewandte Optik und Feinmechanik in Jena since 1999, where his 
work has armed on XUV multilayer-coated optics for different applications. 
He has published over 50 scientific papers and patents.  
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Morning Session 1 

10:00 – 10:30 

Keynote Lecture 

New opportunities with X-ray Laser sources 

L. Patthey 

Paul Scherrer Institut, Villigen, Schweiz 

The new X-Ray Free Electron Laser (SwissFEL) facility at PSI delivers fsec photon pulses of coherent x-
rays in the wavelength range 0.1 to 7 nm, with extremely high peak brightness. These characteristics will 
provide opportunities for new experiments in chemistry, solid state physics, biology and materials science. 
The first pilot experiments by Aramis hard x-ray FEL branch start in December 2017 and the normal user 
operation will start in 2018 with two dedicated end-stations. The Alvra end-station is focused on using time 
resolved x-ray spectroscopy (XAS/XES) to investigate femtosecond chemical processes and time-resolved 
x-ray diffraction for serial femtosecond crystallography (SFX) experiments on proteins. The Bernina end-
station is designed for femtosecond time-resolved pump-probe hard x-ray diffraction and scattering 
experiments in condensed matter systems. The Athos soft x-ray FEL branch is in the early phase of 
construction and should provide its first FEL light to experiments in 2020 in the field of Atomic, molecular, 
and optical physics (AMO), condensed matter and non-linear x-ray Science. 

10:30 – 10:50 

Recent development of XUV multilayer coatings at IOF 

S. Yulin and N. Kaiser 

Fraunhofer-Institut Angewandte Optik und Feinmechanik, Albert Einstein Str. 7, 07745 Jena, Germany 

High-reflective XUV coatings are a key component for many applications including microscopy in the “water 
window“ (2.3 - 4.4 nm), next generation lithography (λ = 13.5 nm), high-order harmonic generation (20 - 50 
nm), astronomy and spectroscopy (5 - 80 nm) as well as plasma diagnostics and laser research.  

At the Fraunhofer IOF Jena multilayer coating development covers the full spectral range from 1.0 nm to 
vacuum ultraviolet around 200 nm. This paper covers some theoretical design considerations, prospects of 
modern interface-engineered strategies (diffusion barriers and capping layers) and deposition techniques 
for controlled fabrication of XUV multilayer coatings. The paper summarizes our recent progress in 
preparation of high-reflective XUV multilayer coatings with regard to minimum structure imperfections, 
enhanced stability and different possibilities in broadening of the angular reflective response. 
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10:50 – 11:10 

Fluoride coatings for the DUV-VUV-wavelength range 

Stefan Schippel 

LAYERTEC GmbH Mellingen, Germany 

Lasers working in the DUV and VUV spectral range are of increasing importance in medical and analytical 
applications and in materials processing. Excimer lasers and higher-harmonics solid state lasers are 
optimized for high output power. Thus, there is a need for appropriate optical components which withstand 
high fluence of UV radiation for a long time and exhibit high LIDT. 

Fluoride materials proved to be a good choice for high power applications in the DUV-VUV range. The talk 
gives an overview about the opto-mechanical properties of fluoride materials. Advantages and 
disadvantages of fluoride coatings are discussed using the examples of optics for excimer lasers and higher 
harmonics of Nd:YAGlasers and Ti:Sapphire lasers. 

LAYERTEC has dealt with these kinds of optics for more than 20 years. The results shown were achieved 
in cooperation with Leibniz-IPHT, Jena, Fraunhofer IOF, Jena, and LZH. Parts of these works were co-
financed by the German Ministry for Education and Research. 

Morning Session 2 

11:20 – 11:40 

Swiss made ultra-stable high-finesse optical cavities 

S. Lecomte1 and B. Eiermann2

1CSEM Neuchâtel, Switzerland 
2WZW Optic AG Balgach, Switzerland 

Nowadays the best optical references are made of ultra-stable high-finesse Fabry-Pérot cavities. Such 
cavities can exhibit frequency stability performances limited by the thermal noise of its constituents. In 
addition, to achieve ultra-narrow stabilized continuous-wave laser linewidth at the Hz level or below, ultra-
high finesse cavities with values > 100’000 are required. Only mirrors with exquisite reflectivity achieved 
with super polishing and low-defect high quality Bragg mirrors can lead to such finesses. WZW and CSEM 
tackled this challenge in order for WZW to be a supplier of such cavities. In the presentation WZW and 
CSEM will show the achieved mirrors and cavity performances as well as the characterization methods. 
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11:40 – 12:00 

Atomic layer deposition for optical coatings on complex formed optics 

K. Pfeiffer1, L. Ghazaryan1,2, U. Schulz1, A. Szeghalmi1,2 
1Fraunhofer Institute for Applied Optics and Precision Engineering, Jena, Germany 

2Friedrich Schiller University Jena, Abbe Center of Photonics, Institute of Applied Physics, Jena, Germany 

Optical coatings are essential for a wide range of laser optics. Commonly, thin films applied in precision 
optics are produced by physical vapor deposition (PVD). However, thickness gradients can occur on 
strongly curved surfaces due to the line-of-sight nature of PVD and the film thickness variation can lead to 
deviations from the desired optical function. 

Atomic layer deposition (ALD) is a powerful coating technology for conformal coatings on arbitrarily shaped 
surfaces widely applied in the semiconductor industry. It is a deposition technique based on cyclic, self-
limiting surface reactions enabling a precise thickness control with sub-nanometer precision. The thickness 
of the layers is exactly determined by the number of ALD cycles. Hence, ALD thin films have been qualified 
for optical applications of complex shaped optics. 

Different ALD materials (SiO2, Al2O3, HfO2, Ta2O5 and TiO2) have been optimized to prepare optical 
homogenous layers with low optical losses for applications in the UV visible spectral range. We investigated 
especially optical losses and microstructure, as laser damage properties of ALD thin films are mainly 
affected by film absorption and crystallization. 

12:00 – 12:20 

Broadband coatings for thin-disk oscillators & applications 

O. Razskazovskaya, V. Wittwer, T. Südmeyer 

Laboratoire Temps-Fréquence, Institut de Physique, Université de Neuchâtel, Neuchâtel, Switzerland 

Time-frequency laboratory (LTF) of the University of Neuchatel is a partner of SNOP (Swiss National Optics 
Platform) from Swissphotonics designated to provide a platform for IBS solutions for research. Pursuing 
this aim, LTF has assembled a thorough coating laboratory that enables a complete cycle of design, 
production and characterization of IBS coatings for application in ultrafast science. 

Successful work within LTF and collaborations with ETH, Zurich on the development and implementation 
of dispersive multilayer and semiconductor saturable absorber mirrors (SESAM) has yielded imposing 
advances in the field of high-average power kerr-lens as well as SESAM mode-locked ultrafast thin disk 
lasers (TDLs). Following the initial success, we expand the horizon of the scientific activities to the 
development of the ultraviolet and deep ultraviolet along with THz and infrared optics aiming to the 
applications in ultrafast biological and chemical research and high-harmonic generation that were enabled 
by the TDLs. 
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Afternoon Session 1 

13:40 – 14:10 

Keynote Lecture 

Advanced X-ray Analytics for Innovative Coating Technologies 

A. Neels and A. Dommann 

Center for X-ray Analytics, EMPA Swiss Federal Laboratories for Materials Science and Technology, 
Dübendorf, Switzerland 

The development of new material systems is strongly connected to the possibilities for a com-prehensive 
analysis of their properties. However, analytical methods do not only provide knowledge about the 
materials, but also support understanding of the production process of these materials. This in turn is the 
basis for a specific synthesis of new materials for a broad range of industrial applications. Empa’s Center 
for X-ray analytics focusses on the continuous improvement of X-ray based analysis methods to support 
actively material research. The ana-lytical methods of X-ray diffraction and scattering techniques like 
HRXRD, 2D-XRD, GI-XRD and SAXS are improved and stretched to their limits. Microstructural 
investigations are fostered developing X-ray absorption and 3D computer tomography combined with state-
of-the-art 3D imaging methods. Progress has been achieved by applying theses X-ray analytical tools to 
the development of thin film coatings regarding their chemical composition, analysis of crystallographic 
phases and texture, determination of stress and the correlation with the physical properties of the coatings. 
This in turn results in distinctive understanding of the deposition processes.  

Applications in the domain of hard coatings [1], semi-conductors [2,3], and also organic and inorganic thin 
films for electronic transport [4] are among our investigated materials systems. For instance, highly stable 
oxide coatings [1,5] are produced by reactive cathodic arc evapora-tion which is one of the PVD methods. 
Due to the process stability, coatings for a wide varie-ty of applications can be synthesized, e.g. for oxidation 
and chemical protective coatings, dif-fusion barriers, or for wear protection in tribological systems. To 
control structural coating parameters such as crystallographic phases, crystallite sizes, texturing and / or 
stress, it is nec-essary to understand the process related to the oxide synthesis. We are therefore active in 
studying the phase transformation at the target (cathode) surface after the arc process and to correlate the 
results with the phases obtained in the coating. Different systems have been in-vestigated. In addition, high 
temperature in-situ XRD methods are applied to study corrosion resistance.  

References 

[1] X. Maeder, A. Neels, M. Döbeli, A. Dommann, H. Rudigier, B. Widrig, J. Ramm, Surface & Coatings 
Tech-nology, 309, 2017, 516-522.  

[2] M. Reinke, Y. Kuzminykh, F. Eltes, S. Abel, T. LaGrange, A. Neels, J. Fompeyrine, P. Hoffmann, 
Advanced Materials Interfaces, 1700116, 2017, 1-8.  

[3] F. Isa, A. Jung, M. Salvalaglio, Y. Dasilva, M. Meduňa, M. Barget, T. Kreiliger, G. Isella, R. Erni, F. Pez-
zoli, E. Bonera, P. Niedermann, K. Zweiacker, A. Neels, A. Dommann, P. Gröning, F. Montalenti and H. v. 
Känel, MRS Advances, 2016, 1-6.  

[4] D. Balma, A. Mazzalai, N. Chidambaram, C.S. Sandu, A. Neels, A. Dommann, P. Hess, D. Binz, P. 
Muralt, Journal of the American Ceramic Society, 97, 2014, 2069–2075.  

[5] X. Maeder, M. Döbeli, A. Dommann, A. Neels, H. Rudigier, B. Widrig, J. Ramm, Surface and Coatings 
Technology, 260, 2014, 56-62. 
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14:10 – 14:30 

Laser damage metrology for PETAL optics 

Laurent Lamaignère 
Commissariat à l’Energie Atomique et aux Energies Alternatives, Centre d’Etudes Scientifiques et 

Techniques d’Aquitaine (CEA CESTA), CS60001, 33116 Le Barp Cedex, France 

Laser damage resistance is a key factor for the improvement of high power laser system. The PETAL laser, 
developed by the CEA, uses meter scale reflective optics to compress, transport and focalize sub-
picosecond laser pulses at 1053nm with high-energy. A specific laser damage facility has been developed 
to measure the intrinsic laser induced damage thresholds of PETAL mirrors and gratings. Additional 
procedures have also been implemented to measure damage densities due to nanoscale defects included 
in the coatings during manufacturing processes. Next growth experiments are also carried out on the 
damage sites that allow us to estimate the functional lifetime of the optics in their operating conditions. 
These procedures are first presented; damage initiation measurements and damage growth 
phenomenology are next given and also compared to the laser damage observed on the PETAL facility. 

14:30 – 14:50 

Laser induced deflection (LID) – absolute photo-thermal absorption measurement in optical coatings and 
materials 

Christian Mühlig 

Leibniz Institute of Photonic Technology, Jena, Germany 

Increasing laser power for material processing, decreasing structures for semiconductor lithography – 
meeting the advanced requirements on low-loss optical components yields an increasing demand for 
sensitive absorption measurements. Recently, the ability of absolute calibration has gained more and more 
attention in order to allow for reliable absolute absorption data required for e.g. sophisticated optical 
simulations. 

The laser induced deflection (LID) technique belongs to the photo-thermal absorption measurement 
techniques with a transversal pump-probe arrangement. The talk will cover pro and cons of this 
arrangement, different measurements concepts and its independent absolute calibration procedure. A 
particular emphasis is placed on particular approaches for measuring optical thin films. 
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14:50 – 15:10 

All-silica based optical coatings for high power laser systems 

Tomas Tolenis1, Lina Grinevičiūtė1, Andrius Melninkaitis2, Rytis Buzelis1 
1State Research Institute Center for Physical Sciences and Technology, Savanori¸u ave. 231, 

LT-02300 Vilnius, Lithuania 
2Vilnius University, Laser Research Center, Sauletėkio ave. 10, LT-10223 Vilnius, Lithuania 

Laser resistance of optical elements is one of the major topics in photonics. Various routes have been taken 
to improve optical coatings, including, but not limited by, materials engineering and optimisation of electric 
field distribution in multilayers. During the decades of research, it was found, that high band-gap materials, 
such as silica, are highly resistant to laser light. A novel route will be presented in materials engineering, 
capable to manufacture multilayer optical components using only SiO2 material and GLancing Angle 
Deposition (GLAD) method. The range of components includes anti-reflection coatings, high reflectivity 
mirrors, waveplates, polarizers for zero angle of incidence etc. The technique involves the deposition of 
columnar structure and tailoring the refractive index of silica material throughout the coating thickness. The 
performance of all-silica optical coatings indicates superior laser resistivity properties when compared with 
any standard elements. All researches indicate the possibility of new generation coatings for high power 
laser systems. 

Afternoon Session 2 

16:00 – 16:30  

Keynote Lecture 

Unravelling the Systematics in Ion Beam Sputter Deposition: Experiment, Calculation and Simulation 

C. Bundesmann, Th. Lautenschläger, R. Feder, D. Spemann, H. Neumann 

Leibniz-Institut für Oberflächenmodifizierung (IOM), Permoserstr. 15, 04318 Leipzig, Germany 

There is an increasing demand for thin films with optimized properties, which requires the use and control 
of adequate deposition techniques. Ion beam sputter deposition (IBSD) is capable to fulfil the technological 
demand, because it offers the unique opportunity to tailor the properties of the film-forming particles and, 
hence, thin film properties. The paper describes the systematics of IBSD, i.e. the correlation between 
process parameters, properties of film-forming particles, and thin film properties. Exemplary, TiO2 
(dielectric), Ag (metal) and Ge (semiconductor) are considered. Though the materials are very different, the 
fundamental systematics were found to be the same: (i) The most important parameters are scattering 
geometry and primary ion species, (ii) ion energy and ion incidence angle have only a small or negligible 
impact, (iii) backscattered primary particles have a higher impact than sputtered target particles. Selected 
experimental data are presented and accompanied by calculation and simulation results for discussion and 
verification. 
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16:30 – 16:50 

Effects of Fixture Rotation on Coating Uniformity for High Performance Optical Filter Fabrication 

B. Rubin, J. George, R. Singhal 

Veeco Instruments, 1 Terminal Drive, Plainview, NY 11787 USA 

Coating uniformity is critical in fabricating high performance optical filters by various vacuum deposition 
methods. Simple and planetary rotation systems with shadow masks are used to achieve required 
uniformity [1]. In this work we discuss effect of rotation pattern and speed on thickness uniformity in ion 
beam deposition system. Numerical modelling is used to determine statistical distribution of random 
thickness errors in coating layers. Relationship between thickness tolerance and production yield is 
simulated theoretically and demonstrated experimentally. Production yields for different optical filters 
produced in ion beam deposition system with planetary rotation are presented. Single wavelength and 
broadband optical monitoring systems were used for endpoint monitoring during filter deposition. 
Limitations of thickness tolerances that can be achieved in systems with planetary rotation are shown. 
Design of a new single rotation fixture that allows achieving higher yield while maintaining tight thickness 
tolerance is described, and results of improved production yield in new fixture are demonstrates. 

References: 

[1] O. Lyngnes et al., “Method for Designing Coating Thickness Uniformity Shadow Masks for Deposition 
Systems with a Planetary Fixture”, SVC 2014 Technical Conference Proceedings, Optical Coatings (August 
13, 2014). 

16:50 – 17:10 

Nanolaminates in IBS optical coatings 

M. Jupé, Th. Willemsen, D. Ristau 

Laser Zentrum Hannover e.V., Hollerithallee 8, 30419 Hannover 

Current dielectric thin film developments lead to components of highest complexity, and the processes are 
optimized according to stability and homogeneity. Especially, Ion Beam Sputtering is experiencing an 
economic rise which is driven by the necessary quality standards of optical coatings. Additionally, the power 
handling capability of complex components gains of increasing importance. Particularly optical components 
for the ultra-short laser pulses (USP) demand highest accuracies. Achieving these requirements, both, the 
coating technology including high end monitoring algorithms as well as the choice of material are essential 
for the practical realization. The damage processes in the fs-regime are related to the band gap of the 
material. A higher material damage threshold is linked to higher gaps energy. Unfortunately, the refractive 
index shows the contrary behavior. The contrast in index of refraction between the low and high refractive 
index material is decreasing which depicts a major problem for the realization of complex optical filters. One 
restriction is caused by the limited number of available high refractive index materials, and the change of 
properties during coating processes requires a great technological effort. However, the optimized selection 
of optical properties allows both, to optimize the design as well as the damage threshold. An example is 
the optimization of the laser induced damage threshold using the RISED concept. In the last years the 
application of material mixtures are increasingly established. The advantages of ternary materials are 
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higher LIDTs, often higher temperature resistances, and a strongly reduced tendency for the crystal 
formation, but often the reproducibility of the index of refraction during complex coatings is lower compared 
to processes using binary oxides, which causes deposition inaccuracies in complex stacks. 

On the way towards coating systems with highest power handling capability, the LZH developed an 
approach, using quantizing  Nanolaminates. The effect is based on the spatial reduction of the electronic 
movement inside sequences of periodic quantum well structures. The reduction of the well thickness in the 
range of few atomic layers leads to the change of the electronic states in the material resulting in a spectral 
blue shift of band gap. The effective refractive index is dependent on the percentage of the well and the 
barrier material according to the effective medium theory. Consequently, the geometric sequence of the 
binary dielectrics changes the optical and electronic properties of the effective material. 

In the presentation, the fundamental processes of quantizing Nanolaminates are discussed. The model is 
verified by experiments which allow differentiating between homogeneous mixtures and geometric 
quantization effects. Finally, first realized chirped mirrors using binary oxides, ternary mixture oxides, as 
well as Nanolaminate designs are compared.  

The above presentation concludes the symposium. 

We appreciate your feedback. 

Use the QR code on the right  or type

https://www.surveymonkey.de/r/HQNLRW3 

Time needed for the survey is approximately 3 minutes. 
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