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keeps constant with increase of metal film's thickness. During the etching process, it is appropriate to choose laser
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conduction equations. The influences of different laser parameters on etching process are discussed. Simulation
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results show that the ablation depth is mainly affected by the laser power density, and it decreases at first and then

parameters of higher power and shorter pulse width in order to well protect the substrate from damage. As copper

copper film etching. Results are instructive and helpful to understand the actual laser etching process.
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film etching is much more difficult than aluminum film etching, higher laser power density should be selected for
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Temperature Distribution for Laser Etching of Metal Thin Films on
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In order to study the pulse laser etching process of metal thin films on polyimide substrate, a two-
dimensional transient physical model of Gaussian distribution pulse laser irradiation in composite material is

established with the finite element analysis software COMSOL Multiphysics. The temperature distribution of metal

thin films is calculated under irradiation of pulse lasers with different powers by means of solving the thermal
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Table 1  Thermal physical properties of aluminum thin film

Solid state Liquid state
Density /(kg/m?*) 2700 2700
Specific heat /[J/(kg *+ K)] 595.66 + 1.51T — 0.0021 T* 1176.73
Heat conductivity /LW/(m « K)] 39.65+1.68T — 0.0054 T? 40.94 +0.073T — 2.28 X 107° T*
Absorptivity'*’ 354.67 X 107" X /= 1.0+ 1.25 X 10 ° T 354.67 X 10" X /107 + 1.45 X 10 X T
Melting point /K 933
Boling point /K 2793
Latent heat of fusion /(kJ/mol) 10.79
Latent heat of evaporation /(kJ/mol) 293.4

2 R A A A T
Table 2 Thermal physical properties of copper thin film

Solid state Liquid state
Density /(kg/m?*) 8960 8960
Specific heat /[J/ (kg « K] 342.76 +0.13T + 5.54 X 10° T* 516.16
Heat conductivity /[W/(m * K)] 423.74 —0.31T 4+ 0.001 T* 423.74 —0.31T 4+ 0.001 T*
Absorptivity ' 354.67 X 107" X /= 0.1254 0.675 X 10 ° T 354.67 X 10 X /6.2 1.02X 10 * X T
Melting point /K 1357.6
Boling point/K 2836
Latent heat of fusion /(kJ/mol) 13.050
Latent heat of evaporation /(kJ/mol) 300.30
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Table 3 Thermal physical properties of polyimide

Material Density /(kg/m®) Specific heat /[J/(kg + K)]  Heat conductivity /[W/(m *» K)] Melting point /K
Polyimide 1420 2000 0.385 443
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Fig. 2 Temperature distributions at 100 ns. (a) Temperature on copper surface at the center of laser irradiation versus time;
(b) radial distribution of temperature field on copper surface; (c) vertical distribution of temperature

on copper film/polyimide surface
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Fig. 6 Variation curves of (a) ablation depth and (b) ablation radius versus laser power
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