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Motivation

• Coatings for laser applications: dispersive mirrors, 
beamsplitters, input and output couplers

All calculations of spectral characteristics are carried out in 

the frame of the well-known linear theory



Motivation
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• Study of the pre-damage behavior of dielectric multilayers;

• Revealing nonlinear effects at high intensities; 

• Estimation of nonlinear additions of the refractive indices of coating 
layers

• A step forward to designing optical coatings with predictable nonlinear 
properties

What is going on with dielectric multilayer coatings at high 

intensities? 



Motivation
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• Edge Filter with an extremely steep 
spectral reflectance in the vicinity of

• High sensitivity to any refractive index 

variation;

• High sensitivity to the AOI variation

1030 nmλ =   
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R∆ - modulation depth



Production of experimental samples

• Layer Materials: Nb2O5/SiO2

• Thickness 8.7 mkm, 69 layers

• Deposition: magnetron sputtering (Helios plant)

• Time monitoring



Edge filter in the angular mode

Reflectance at the central wavelength 

of 1030 nm vs. angle of incidence

The ratio R0:T0 can be set 

up by adjusting the angle 

of incidence



Experimental setup

• Yb:YAG thin disk regenerative 
amplifier

• Repetition rate 50 kHz
• Pulse duration is 1 ps
• Beam radius 180 µm 

Initial ration R0:T0 is specified 
by adjusting 
the incident angle at low 
incident power of 100 mW.
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Intensity dependent measurements
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• Optical chopper wheel, 
duty cycle 10%



Calculation of the nonlinear response of 
optical multilayers 

• Calculations of R/T of the multilayers in the nonlinear regime are based on the 

solution of the system of Maxwell equations describing the propagation of light 

through a multilayer system.

• Dependence of the refractive index along the coating coordinate is taken into account:  
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Example: Dependence of nonlinear refractive index variation along the coating 

coordinate at different AOI



Comparison with experiment

2n    + Parameters of 

the laser pulse
+ Design

Intensity dependent spectral 

characteristics R(I)/T(I)

Comparison of experimental modulation depth values without thermal 

effect and model calculations. 



Determination of Kerr coefficient
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Kerr coefficient of Nb2O5
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Results

• Novel dielectric edge filters exhibiting pronounced 
nonlinear increase of reflectance at high intensities have 
been demonstrated;

• The filters have been carefully characterized with the help 
of laser  measurements as well as with photometric data;

• The nonlinear coefficient n2 for Nb2O5 thin film material 
has been determined
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