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Abstract: 

This research will focus on the investigation of laser-induced damage mechanisms and threshold values 

of optical components operating in the ultraviolet (UV) and deep ultraviolet (DUV) spectral ranges, 

specifically at wavelengths corresponding to third- and fourth-harmonic generation of Yb:YAG (343 nm 

/ 257 nm) and Alexandrite (248 nm / 193 nm) laser systems. These wavelength regimes are of increasing 

importance for high-average-power laser applications, including advanced manufacturing, 

photolithography, and scientific instrumentation, where optical component reliability and lifetime are 

critical. 

The work will involve systematic LIDT characterization of both reflective and transmissive optical 

elements under nanosecond and picosecond pulse durations, (potentially cw), enabling the study of 

temporal regime-dependent damage processes. Experimental campaigns will be conducted using high-

power laser infrastructure, allowing testing under realistic operating conditions, including high 

repetition rates and elevated average power loads. Particular attention will be given to the influence of 

coating design, substrate materials, surface quality, and environmental conditions on damage initiation 

and growth. This work will also involve generation of UV and DUV radiation via nonlinear harmonic 

conversion of Yb:YAG and Alexandrite laser sources, developing an in-depth understanding of harmonic 

generation efficiency, stability, and beam quality, and their relationship to optical damage processes. 

This combined approach will allow linking laser source characteristics directly to the LIDT performance 

of optical components. 

In addition to experimental measurements, the research will aim to correlate observed damage 

behavior with underlying physical mechanisms, including multiphoton absorption, defect-driven 

breakdown, thermal accumulation effects, and electric field enhancement in layered coatings. The goal 

is to establish performance limits for UV–DUV optical components and to propose optimization 

strategies for improved durability and stability in demanding laser environments. 

The outcomes of this research will contribute to the development of robust optical components for 

next-generation high-power UV laser systems, providing valuable insights for both scientific 

applications and industrial implementation. 


