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Abstract: 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. Taking the HfO,/SiO, multilayer 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 effects 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. The verification experiment observed
that the damage appearance of the HfO,/SiO, multilayer dielectric film is a round hole type, which is a typic-
al thermal melting damage, and is consistent with the conclusion of the theoretical model. The measured
damage threshold is 13.75 J/cm?, which is only higher than the theoretical analysis result. The improved mod-
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el 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: HfO,/SiO, multilayer dielectric films field effect Drude model thermal-stress coupling dam-

age threshold
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Tab. 1 Related calculation parameters of HfO,/SiO,
Parameter Symbol HfO, Sio,
Band gap Eg=eV) 55 7.8
Effective electron mass m=10 3kg) 0.39x9.11 0.50%9.11
Electron saturated drift velocity Vs:(105 ms 1) 2.0 2.0
Refractive index No 1.97 1.45
Heat capacity density c(1°Im3 K1Y 4.65 2.10
Thermal conductivity KW m 1 K 1 2.0 1.19
Melting point THK) 3073 1997
Young’s modulus = (1010 Pa) 24.0 8.7
Thermal coefficient of expansion =(10 6K 1) 5.6 0.5
Poisson’s ratio 0.27 0.17
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Fig.5 Temperature variation curves within the film under 7-ns pulse laser irradiation. (a) Axial temperature variation curve at
the center of the film; (b) temperature peak variation curve over time
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Fig. 6 Thermal stress distribution within the film under laser pulse irradiation. (a) Radial stress; (b) hoop stress; (c) axial stress
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