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Theoretical Analysis on the Optimum Fluence for Copper Ablation with a 515 nm

Picosecond Laser
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Ultra-short laser pulses are effective, when high requirements concerning accuracy, surface
roughness and heat affected zone are demanded for surface structuring. In particular, picosecond
laser systems that are suited to be operated in industrial environments are of great interest for
many practical applications. This paper focused on inducing optimum process parameters for
higher volume ablation rate by analyzing a relationship between crater diameter and optical spot
size. In detail, the dependency of the volume ablation rate, penetration depth and threshold
fluence on the pulse duration 8 ps and wavelength of 515 nm was discussed. The experimental
results showed that wavelength of 515 nm resulted in less threshold fluence (0.075 J/cmz) on
copper than IR wavelength (0.3 J/cm2). As a result, it was possible that optimum fluence for
higher volume ablation rate was achieved with 0.28 Jem?.
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F = Fluence

Fy, = Threshold fluence

w, = Beam radius at focus
rq = Crater radius

L = Ablation depth per pulse
4(1/a) = Penetration depth
V = Volume

P, = Average power

A = Wavelength

Rep = Repetition rate
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Fig. 1 Reflectivity of copper as a function of wavelength

Fig. 2 Experimental setup for ablation of copper using a
picosecond laser
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7,; : measurement of the crater-radius

F : fluence w, : optical spot size

F,, : determination of the threshold fluence € Eq. (2)

L : the crater depth |——

O : determination of the penetration depth (=1/a) € Eq. (3)

Rep: repetition rate P, : average power

dav . .
a Calculation for volume ablation rate € Eq. (1)

Fig. 3 Experimental design based on the equation (1)-(3)
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Fig. 4 Optical microscope image of the copper surface
patterned under the following conditions: F =
0.28J/cm?, N = 200pulses
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Fig. 5 Change in the central diameters of craters of
copper according to the total input energy (i.e.,
fluence x number of pulses)
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Incident laser fluence (J!cmz)
Comparison of the saturated central crater
diameters of copper obtained from experiments

and simulations
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(b)
(a) 3D and (b) 2D profiles of the crater of copper
ablated under the following conditions: F = 0.28
J/em?, N =200 pulses
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Fig. 8 Variation in the volume ablation rate of copper as

a function of the repetition rate under the
condition of a pulse duration of 8 ps and a

fluence of 0.28 J/cm>
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Fig. 9 The patterned copper specimen with images of
the Mona Lisa by the Italian artist Leonardo da
Vinci KIMM logo wunder the following
conditions: (a) F: 30 J/em® and (b) F: 0.28 J/em?,
Rep: 100 kHz, A: 515 nm

Fig. 10 The microscopic pictures of an eye patterned

copper surface under the following conditions:
F: 0.28 J/ecm?, Rep: 100 kHz, A: 515 nm
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