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Improved model and experimental study of laser-induced damage in

multilayer dielectric films

WANG Zhen, TU Shuai, ZHANG Rongzhu®
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

* Corresponding author, E-mail: zhang rz@scu.edu.cn

Abstract: Objective: The structure of multilayer dielectric film will modulate the optical field, thus in the
study of laser-induced damage characteristics, it is necessary to consider the energy distribution within the
film system and the resulting changes in material optical properties. Method: Taking the HfO,/Si0, multilay-
er dielectric film structure as an example, and based on the laser-induced ionization/electron multiplication
process, the Drude model is introduced into the optical field calculation, extending the film layer refractive
index from a static constant to a dynamic complex refractive index driven by the free electron density. Based
on this, a thermal conduction (and thermal stress) model is coupled to calculate the evolution of thermal ef-
fects inside the thin film under nanosecond pulsed laser irradiation, and the corresponding damage threshold
is determined to be 13.65 J/cm?, and the damage characteristics of the film are studied experimentally. Res-
ult: The verification experiment observed that the damage appearance of the HfO,/SiO, multilayer dielectric

film is a round hole type, which is a typical thermal melting damage, and is consistent with the conclusion of
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the theoretical model. The measured damage threshold is 13.75 J/cm?, which is only higher than the theoretic-
al analysis result. Conclusion: The improved model established is helpful to further analyse the interaction
between strong laser and multilayer dielectric film from the theoretical level, and to better study the damage

resistance of optical thin film.
Key words: multilayer dielectric films; field effect; Drude model; thermal-stress coupling; damage threshold
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Variation of film parameters under 1064 nm laser irradiation. (a) Electric field distribution along depth; (b) Free elec-

tron density distribution along depth; (c) Real refractive index distribution along depth; (d) Imaginary refractive index

distribution along depth; (e) Electric field variation over time; (f) Free electron density variation over time.
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