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Optical components used in high power laser systems could be irreversibly damaged due to so-called laser induced 

damage phenomena. Determining the lifetime of optics is greatly important for applicational purposes. Laser induced 

damage testing could be a solution to describe the degradation of materials after relatively short periods of time 

(seconds, minutes, hours), however, this approach might not reflect the real-life situations as the optical elements could 

be used for many days after being damaged. The aim of this work was to find the mathematical models which best 

describe femtosecond laser induced damage in single-layer thin-film dielectric optical coatings (Al2O3, TiO2, Ta2O5, 

HfO2, ZrO2, Nb2O5, SiO2) and fused silica substrate. The destructive S-on-1 measurements were performed on the 

samples and then the inspection under Nomarski interference contrast microscope was carried out. The calculated so-

called laser survivability curves were fitted with empirical and theoretical models using least square fitting approach. 

Lastly, fitted curves were extrapolated up to 1015 laser pulses. The obtained results from the inspection show that the 

damages of all tested samples could be classified into two categories: color and catastrophic damage modes, which have 

different degradation behavior. For the catastrophic damage mode the behavior is more probabilistic, but for the color 

damage mode - deterministic. Also, the catastrophic mode survivability curves of TiO2, Ta2O5, HfO2, ZrO2, Nb2O5 and 

fused silica substrate reach saturation, while color mode survivability curves – continues to decrease. Catastrophic 

damage mode is best described by type I and II models, when color damage mode – by type III models. We also show 

that the optical coating process could change the structure of material from the structure of its bulk state. Moreover, we 

discuss that fitting and extrapolating the material’s survivability curve which is determined by both catastrophic and 

color damage mechanisms with a single model could be misleading. Finally, our results demonstrate that there is no 

single model that could universally describe catastrophic or color damage mode. 

 
 


