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Numerical Simulation of Movable Nanosecond Pulse Laser
Etching of Metal/Polyimide

Abstract
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In order to study the laws of single- or double-layer metal/polyimide etched by movable pulse lasers, one
general model of movable nanosecond pulse laser etching is built with the finite element method. The influence of
laser movement speed on etching depth is discussed, and the law of temperature change of the metal Al thin films
and double-layer metal thin films etched by movable pulse laser is analyzed. The results show that, with a certain
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a high thermal conductivity is helpful to protect the polyimide substrate.
OCIS codes

movement speed, the etching depth increases at the beginning, then the increase rate slows down, and the etching
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depth approaches to one constant maximum value. The temperature change at the interface between the metal and
the substrate material lags behind that of the metal thin film close to laser source, and the substrate temperature
etching depth

rises continually after turning off the laser. As for double-layer metal films, the choice of thicker bottom layer with
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Fig. 1 2D geometric model. (a) Single-layer metal; (b) double-layer metal
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Table 1 Thermal properties of aluminum film

Parameter Solid state Liquid state
Density /(kgem ) 2700 2700
Specific heat /[J+(kg+K ') '] 595.66+1.51T—0.0021T* 1176.73
Heat conductivity /[We(m+K) '] 39.65+1.68T—0.0054T* 40.94+0.073T —2.28 x10 " T*
Absorptivity'' 354.67X107'/—1.0+1.25X10 ° T 354.67X 107" /10.74+1.45X10 ° T
Melting point /K 933
Boling point /K 2793
Latent heat of fusion /(kJemol™") 10.79
Latent heat of evaporation /(kJemol™"') 293.4
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Table 2 Thermal properties of copper film

Parameter Solid state Liquid state
Density /(kgem *) 8960 8960
Specific heat /[J+(kg*K ') '] 342.76+0.13T+5.54 x10 °T* 516.16
Heat conductivity /[W+(m+K) '] 423.74—0.31T+0.001T? 45.3340.15T—5.70 x10 > T?

Melting point /K 1357.6
Boling point /K 2836
Latent heat of fusion /(kJ*mol ') 13.050
Latent heat of evaporation /(kJemol™") 300.30
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Table 3 Thermal properties of gold film

Parameter Solid state Liquid state
Density /(kgem *) 19300 19300
Specific heat /[J+(kg+K) '] 399352.2T *+114.8987+0.03228805T 169.34
Heat conductivity /[We(m+K) '] 330.64—0.025T —0.00008 T* 40.2840.07T—1.85 x10° T?

Melting point /K 1338
Boling point /K 3130
Latent heat of fusion /(kJ*mol ') 12.550
Latent heat of evaporation /(kJemol™") 334.4
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Table 4 Thermal properties of polyimide

Material Density /(kgem ) 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 Geometric model input at the first cooling stage
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Fig. 3 Temperature field input at the first cooling stage

B 4 6 A ko JE i 20 ik 2 A8 1k
Fig. 4 Change of etching profile after six laser pulses
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Fig. 5 Change of etching depth with number of Fig. 6 Change of etching depth with number of laser
laser pulses (v=300 mm/s) pulses under different etching speeds
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Fig. 7 Etching profiles. (a) After 1 laser pulse; (b) after 2 laser pulses; (¢) after 3 laser pulses
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Fig. 8 (a) Schematic diagram of position of points A and B in the simulation; (b) temperature change
of point A during 3 laser pulses; (c¢) temperature change of points A and B at the first laser pulse stage
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Fig. 9 Temperature change of different Fig. 10 Temperature change of one point on the interface
metal films after 3 laser pulses between different metal films and PI during 3 laser pulses
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