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Study on ejection mechanism of copper film induced
by nanosecond laser
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Abstract: Laser induced ejection mechanism of micron thick copper film was studied using nanosecond
Nd:YAG laser pulses. By carrying out the experiments with different energy of laser pulses 10-500 wJ,
three different ejection regimes were revealed: no ejection, stable ejection and sputtering. In the stable
ejection regime, the forward and backward ejection were found to be simultaneously induced by a single
laser shot. This phenomenon opened a way to the fabrication of microstructures on both the receiving and
the donor substrate. The temperature field and the phase transition in the copper film were analyzed using
the finite element method, which revealed that the laser —induced ejection was mainly caused by the
hydrodynamics behavior of the molten and the evaporated material. The laser energy thresholds for stable
ejection were characterized based on the thermodynamics calculations. The laser induced hydrodynamics
behavior (bubble dynamics) was well described by the Rayleigh—Plesset equation, and which was solved

numerically in the paper. It was discovered that rapid bubble expansion and collapse were the main
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causes of the forward and backward ejections, respectively. Based on the experimental and numerical

findings, the controlling schemes of the laser pulse parameters for the stable ejections were introduced.

Key words: laser—induced forward transfer;

laser—induced cavitation
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Tab.1 Thermo-physical properties of copper

Parameters Copper

Latent heat of fusion/J - g 206.5
Melting point/K 1357

Latent heat of vaporization/J - g 4724.5
Boiling point/K 2840
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the copper film obtained by heat calculation of
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Fig.6 Change of the laser—induced cavitation bubble radius

R with time T while laser pulse energy is 61.7 wJ
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