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Micro-Relief Structures Forming on 45% Steel Induced by
High Repetition Rate Femtosecond Laser
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Abstract Micro-relief lines were formed on the surface of 457 steel by photonic crystal fiber femtosecond laser with
a repetition rate of 50 MHz and 1 MHz respectively. The heights and the widths of the micro-relief lines were
affected by the input laser power, the laser scanning velocity and the pulse repetition rate. The specific structure of
the micro-relief can be controlled by properly adjusting these parameters. The mechanism for the formation of the
micro-relief was also analyzed preliminarily. The heat accumulation of the high repetition rate femtosecond laser
induces the surface melting of the 457 steel, which results in the micro-relief structures by the combination of the

liquid surface-tension and the temperature gradient.
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Fig.1 Femtosecond laser micromachining experimental setup
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Fig. 2 SEM pictures of the micro-reliefs induced by different laser powers 1 W (a) and 11 W (b) with 50 MHz repetition
rate and the scanning velocity of 0. 1 mm/s, (c¢) cross section profile for the micro-reliefs measured by the surface
profiler, (d) heights and widths of the micro-reliefs dependence on laser powers
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Fig. 3 (a) Cross section profiles induced by different laser powers with the repetition rate of 1 MHz and the scanning
velocity of 100 mm/s, (b) cross section profiles induced by different scanning velocities with the repetition rate of

1 MHz and the laser power of 3 W
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Fig.4 Metal lattice temperature at r, =15 pm dependence on input pulse number N with different repetition rates
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Fig. 5 SEM pictures for the transverse profile of the lines induced by different laser powers [(a) 2 W, (b) 6 W] with

the repetition rate of 50 MHz, (¢) aspect ratio H/W of the molten regions induced by different laser powers
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