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Study of Laser-Driven Shock Wave Propagation in Film-Substrate Structure Material
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Abstract In order to study laser-induced shock wave's propagation properties in the film-substrate structure material and
its impact on film-substrate bonding strength, the process is studied systematically based on Abaquas software and
experiments. In the numerical simulation, the film-substrate structure models with different acoustic impedance matching
modes are established and the film thickness is changed. The stress distribution along the depth direction at different
moments, the convex morphology of films, the maximum stress value and duration of different thickness films are all
analyzed. The results show that, when the acoustic impedance of the film is weaker than that of the substrate, tensile
stress at the interface between the film and substrate can be avoided by covering appropriate constraint layer on the film
surface. In this case, the bonding strength is not weakened and the material surface properties are enhanced. When the
acoustic impedance of the film is stronger than that of the substrate, conducting the laser shock or not depends on the
processing purposes. When the stress is unavoidable, choices of material thickness should be cautious. Not only the
strengthening effect of the material surface should be taken into account, but also the tensile stress at the interface between
the film and substrate should be reduced.

Key words laser technique; laser shock; film-substrate structure; shock wave propagation; binding strength;
numerical simulation
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Table 1 Numerical simulation parameters

T /ns V /(m/s) L /mm D /mm d,/mm d,/mm ds;/mm d,/mm ds/mm
30 5098 0.153 0.5 0.05 0.10 0.15 0.20 0.30
F2 MM John-Cook 51 2%

Table 2 John-Cook model parameters of copper and aluminum

Material o /(g/cm?®) E /MPa o M /k A /MPa B /MPa C /MPa n m
Cu 8.93 119000 0.326 1356 90 292 0.025 0.31 1.09
Al 2.77 70000 0.34 877 337 343 0.010 0.41 1
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Fig. 3 Normal stress versus depth at different moments (200 pm aluminum film, 500 pm copper substrate)
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Fig. 4 Normal stress versus depth at different moments (200 pm copper film, 500 pm aluminum substrate)
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Table 3 Experimental materials and parameters

Film-substrate d /pm D /mm 1/] T\/ns C
Al-Cu 150 10 9 10 water
Cu-Al 150 10 9 10 water
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Fig. 8 Aluminum film-copper substrate. (a) Front view; (b) side view
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Fig. 9 Copper film-aluminum substrate. (a) Front view; (b) side view
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Table 4 Parameters vary with film thickness

d /pm P./MPa H /pm P+/MPa Tr/ns 7 /ns
50 3921 53.06 931.9 33.5 14
100 3689 97.95 862.9 53.5 34
150 3200 142.4 736.2 68.2 45
200 2856 207.5 602.1 98.5 67
300 2658 58.37 449.3 146.2 112
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