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Analysis and Simulation on Damage Characteristics of
Multilayer Optical Film by Pulsed Laser

Zheng Mengke'*, Li Jie*, Zhang Rongzhu' , Chai Liqun®
' College of Electronics and Information Engineering, Sichuan University, Chengdu, Sichuan 610064, China;

? Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang, Sichuan 621900, China

Abstract A method for comprehensively analyzing the damage characteristics of optical films is proposed.
According to the theory of heat conduction and electron proliferationand, a theoretical model for damage of
multilayer dielectric films under laser irradiation is established. Taking HfO,/SiO, multilayer high reflection film as
an example, the temperature field, stress field, and free electron number density distribution in the film system
under the action of infrared nanosecond pulse laser are calculated, and the damage threshold of the film system
under different input conditions is obtained after comprehensive evaluation of its thermal characteristics and electron
proliferation characteristics. The results show that the damage characteristics of Hf(),/SiO, multilayer dielectric
films are affected by the standing wave field. The thermal stress damage effect of HfO,/SiO, multilayer dielectric
films is earlier than the thermal melting effect, and the SiO, layer in the film is thermal damage, but the film has no
field damage. In addition, the damage threshold of the film increases with the increase of laser pulse width.

Key words thin films; multilayer optical film; thermal transfer; photon ionization; pulse laser
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Table 1 Thermodynamic parameters of thin film materials
. Thermal
Absorption Young’s o
_ Refractive - oc / K/ Melting coefficient of Poisson’s
Material coefficient / ) ) modulus / )
index B (Jeem +°C 71107 Weem '+°C™ 1) point /°C expansion / ratio
em”! (10" Pa) o e
ao " CtH
HfO, 1. 812 3. 54 4. 64 20.0 2850 24.0 6.6 0. 29
SiO, 1. 431 1. 41 2.10 1.7 1723 8.7 0.5 0.16
R 2 WM B PSR
Table 2 Physical parameters of thin film materials
) o Field intensity Field intensity Field intensity
Effective Initial free Electron
to overcome to overcome to overcome
Band electron electron saturated o
Material . ) . ionization phonon thermal
gap /eV mass / density / drift velocity / ) ) ]
) R . scattering / scattering / scattering /
(107 kg) cm (10°m=s b - - -
MVem™H MVem) MVem?b
HIO, 5.7 2.9152 10" 2.0 30 3.2 0.01
SiO, 7.8 4. 5550 10" 1.7 30 3.2 0.01
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Fig. 2 Standing wave field distribution in multilayers
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Fig. 3 Temperature distribution in film under incidence of pulse with pulse width of 10 ns.

(a) Temperature at center of film; (b) curve of temperature peak with time
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Fig. 4 Spatial distribution of stress field in film under incidence of pulse with pulse width of 10 ns. (a) Radial stress;

(b) annular stress; (c) axial stress
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(a) Avalanche ionization rate; (b) multiphoton ionization rate
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Table 3 Film damage characteristics under different pulse widths

Pulse width /ns

Parameter
10 20 30 40 50
Maximum temperature /°C 1860 1721 1616 1540 1482
Maximum hoop stress /(10% Pa) 1. 42 1.22 1.02 9. 90 9. 20
Free electron density /(10" ¢cm ™) 1. 105 1. 066 1. 058 1. 049 1. 042
Whether it is damaged Yes Yes No No No
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Fig. 8 Temperature distribution in film under incidence of pulse with laser energy density of 8 J/cm?®.

(a) Temperature at center of film; (b) curve of temperature peak with time
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Fig. 9 Spatial distribution of stress field in film under incidence of pulse with laser energy density of 8 J/cm®.

(a) Radial stress; (b) annular stress; (c) axial stress
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(a) HIO, film layer; (b) SiO, film layer
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Fig. 11 Free electron density distribution curve in film

under incidence of pulse with laser energy density of 8 J/cm®
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Table 4 Film damage characteristics under different energy density

Energy density /(J + cm )

Parameter
10 8 6 4 2
Maximum temperature /°C 1860 1489 1117 744 372
Maximum hoop stress /(10" Pa) 14. 10 11.50 8.78 5. 80 2.93
Free electron density /(10" cm™*) 1. 105 1. 095 1. 082 1. 062 1. 042
Whether it is damaged Yes Yes No No No
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Fig. 12 Change curves of membrane damage threshold

with pulse width
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