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Abstract 

 
 In this contribution we present a technology for deposition and testing of interference coatings for optical 

components designed to operate in power pulsed lasers. The aim of the technology is to prepare components for high 

power laser facilities such as ELI (Extreme Light Infrastructure) or HiLASE. ELI is a part of the European plan to build 

a new generation of large research facilities selected by the European Strategy Forum for Research Infrastructures 

(ESFRI). These facilities rely on the use of diode pumped solid state lasers (DPSSL). The choice of the material for the 

lasers’ optical components is critical. Some of the most important properties include the ability to be antireflection and 

high reflection coated to reduce the energy losses and increase the overall efficiency. As large amounts of heat need to 

be dissipated during laser operation, cryogenic cooling is necessary. The conducted experiments served as preliminary 

tests of laser damage threshold measurement methodology that we plan to use in the future. We designed a special 

apparatus consisting of a vacuum chamber and a cooling system. The samples were placed into the vacuum chamber 

which was evacuated and then the samples were cooled down to approximately 120K and illuminated by a pulsed laser. 

Pulse duration was in the nanosecond region. Multiple test sites on the sample’s surface were used for different laser 

pulse energies. We used optical and electron microscopy and spectrophotometer measurements for coating investigation 

after the conducted experiments. 
1. Introduction 

 
 The work conducted at the Institute of Scientific Instruments consists of theoretical and practical investigation 

of the coatings that will be necessary for operating the DPSSLs. These pumping lasers will require multiple amplifying 

slabs and multiple passes of the pumping laser beam through them. Efficiency is one of the key issues. Therefore these 

slabs will need to be antireflective coated on one side and have a high reflective coating on the other to minimize losses 

or antireflective coated on both sides for the same reason. This contribution only deals with the antireflective coating. 

The most likely materials which will be used for amplifier slabs are Yb:YAG and Yb:CaF2. These are the samples we 

are investigating in our contribution. As the amplifiers will generate large amounts of heat during their operation, 

cooling is also important. The presently investigated cooling option is cryogenic cooling by helium vapors. The 

temperature of this coolant is approx. 123K. For our experiments we used liquid nitrogen to cool the samples instead, as 

it is much simpler and sufficient for our case. 

 
2. Coating Design and Manufacturing 

 
2.1 Design 

 
The wavelengths of interest in our case are 940nm and 1030nm. Our goal is to design an antireflective coating which 

will provide maximum transmittance for both wavelengths. We start with the choice of appropriate materials. We 

require a high laser damage threshold. Ta2O5 is suitable as the high refractive index material. As the low refractive 

index material we chose SiO2 for the same reason. Next step is choosing the number of layers. Fewer layers mean lower 

mechanical stress in the coating but also a worse optical performance. More layers will improve the performance but we 

risk adhesion problems. We modeled the performance of the coating in FilmStar software and optimized the initial 

design by damped least squares method. Multiple designs were considered, the difference being the number of layers. 

Less than five layers produced transmittance values below 99% which was considered unsatisfactory. With five layers 

used we reached theoretical transmittance values (at the wavelengths of interest) of over 99.98%. We also modeled 

designs with more layers but the increase in transmittance was very small while the overall thickness rose significantly. 

Therefore the five layer design was chosen with overall thickness of 520nm. Although there are differences in the 

crystals’ refractive indices, we used the same coating for both samples. The theoretical curve is shown in the following 

figure. 
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Figure 1. Five layer antireflective coating. Maximum transmittance at 940nm and 1030nm. 

 
2.2 Manufacturing 

 
 For the manufacturing of the coatings we used the plasma ion assisted electron beam evaporation technique. The 

coating system we used is SyrusPro 710 by Leybold Opticts. The coating system is equipped with two electron guns 

and plasma ion source APSpro. Working pressure during the coating process was between 4×10
-4

 and 5×10
-4

mbar and 

the temperature of the samples was kept at approx. 100°C during the whole coating process. The deposition rate was 

0.2nm/s in case of Ta2O5 and 0.4nm/s in case of SiO2. 

 
3. Experiment 

 
3.1 Laser Parameters 

 
 We use a Brilliant b  Nd:YAG pulsed laser by Quantel. It consists of an oscillator producing pulses at 1064nm 

and three modules which, when used, produce 532nm, 355nm and 266nm. For our experiments we only used the base 

wavelength 1064nm. The repetition rate of the laser is 10Hz and pulse duration at the base wavelength is 6ns. 

Maximum energy per pulse is stated by the manufacturer to be 850mJ, however the measured value is approximately 

650mJ. The amount of energy in a pulse can be set by changing the Q-switch settings, however this is not recommended 

as the stability of the laser deteriorates as low energies are approached. For this reason we used a variable attenuator 

consisting of a half wave plate and a polarizer cube to set the energy in a pulse and also the desired polarization. The 

amount of energy in a pulse was measured by an energy meter Fieldmax II by Coherent. The spot size was determined 

by using a Basler camera to obtain an image of the spatial profile of the pulse and a Gaussian curve fitting to obtain the 

spot size value. It was set to 0,4mm. 

 
3.2 Experimental Setup and Procedure 

 
 We use the following setup for our LIDT measurements. The test laser pulse is emitted and directed into the 

variable attenuator consisting of a half wave plate and a polarizer beam splitter cube (BS) by high reflection mirrors 

(HR). The variable attenuator allows for directing the desired amount of energy by rotating the wave plate. Also the 

desired polarization can be chosen. A portion of the energy is reflected by a quartz wedge into the energy meter (E) in 

order to determine the amount of energy in the pulse. A second quartz wedge is used to reflect a portion of the pulse 

into the camera to determine the spatial profile and spot size. The pulse is then directed into a vacuum chamber through 

an AR coated window. The vacuum chamber protects the sample from contamination and also prevents condensation 

when the sample is cooled down to cryogenic temperatures. A second beam from a He-Ne 532nm laser is used as a 

probe beam. It is combined with the test laser by a dichroic mirror (DM). The chamber is evacuated by a HiPace pump 

by Pfeiffer Vacuum. It consists of a membrane pre pump combined with a turbomolecular pump. The working pressure 

is in the order of 10
-6

 mbar. The sample is placed on a Cu rod which extends out of the chamber and its end is immersed 



in liquid nitrogen which provides the cooling. There is a hole directly under the sample in the rod to accommodate a Pt 

probe which is used to monitor the temperature of the rod and the sample. 

 

 
Figure 2. Experimental setup 

 
4. Conclusion 

 
 We have assembled an experimental apparatus which is capable of laser damage testing optical components. It 

allows for testing at room temperature or at cryogenic temperatures. We are capable of testing optics of various sizes 

from 0.5” to 2” in diameter and various types of coatings. Combined with our coating system it provides complete 

equipment for thin layer coating production and testing. Only preliminary test have been conducted so far on the AR 

coated samples to test the station’s performance.  
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