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INTRODUCTION

Suitable topography of structured surfaces may allow attaining innovative surface
properties including friction reduction, superhydrophobicity, self-cleaning, anti-icing
and many more. Despite a list of attractive applications of functional surfaces and
demonstrated capability of lasers to produce them, the speed of laser micro and
nanostructuring is still low with respect to many industry standards. In this work,

we introduce a unique combination of high-energy pulsed ultrashort laser system
HIiLASE PERLA with up-to-date most promising multi-beam micro and nanostructuring
technologies able to produce for example more than 40,000 beamlets with productivity
over 1900 cm?/min.

METHODS

Stainless steel plates (AISI 316L) were treated by selected Ytterbium based diode
pumped solid-state laser system Perla (HiLASE, Czech Republic) emitting 1.7 ps
pulses with M2 of 1.15 and wavelength of 1030 nm. The laser system can be operated
at different repetition rates reaching either high average power of 200 W with the
repetition rate of 50 kHz and 100 kHz or high pulse energy up to 20 mJ with 1 kHz
repetition rate.

The input laser beam was guided through MS-805-I-Y-A or MS-835-J-Y-X (Holo/Or

Ltd., Israel) generating a square shape matrix of 51x51 sub-beams with the spacing
of 20 pm or matrix of 201x201 beams with the spacing of 5 ym, respectively. In both
cases, the size of the square-shaped matrix on the sample was ~1 mm. In the following
step, the beam was guided through the high dynamic galvo-scanner system (Scanlab
GmbH, Germany) and focused on a sample using a telecentric F-theta lens with the
focal length of 100 mm or used with a high NA lens to focus each sub-beam below

5 um.

RESULTS

2601 nanostructured microcraters with diameter below 20 pm and 40 401
nanostructured microcraters with diameter below 5 ym ordered in square-shaped
matrixes covering an area of 1X1 mm were fabricated simultaneously with 51x51 and
201x201 elements, respectively. To cover larger areas, the sample has to be moved to
a different position for 201x201 element coupled with high NA objective or the whole
matrix can be shifted by the galvanometric scanner in the case of 51x51 element. The
advantageous square shape of the beam matrix allows 0% overlap and thus productive
matrix stitching over the sample.
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FIGURE 1. (A),(B) CAMERA IMAGE OF BEST-QUALITY MATRIX ACHIEVED FOR 51X51 ELEMENT; (C) SUB-BEAM
MATRIX FABRICATED ON A STAINLESS STEEL SURFACE WITH THE USE OF 51X51 ELEMENT; (D) SUB-BEAM
MATRIX FABRICATED ON A STAINLESS STEEL SURFACE WITH THE USE OF 201X201 ELEMENT; (E) SEM IMAGE
OF MICROCRATER COVERED BY NANOGRATING FABRICATED BY SINGE SUB-BEAM IN 51X51 MATRIX; (F)

SEM IMAGE OF MICROCRATER COVERED BY NANOGRATING FABRICATED BY SINGE SUB-BEAM IN 201X201
MATRIX.

To demonstrate the maximal throughput for nanograting fabrication, the sample area
of 40x40 mm was irradiated by the maximum available average power of 200 W at

100 kHz producing nanograting with the periodicity of ~400 nm by 5 consecutive laser
pulses and nanograting with the periodicity of ~900 nm by 50 consecutive laser pulses
(see Figure 2). The matrix was shifted by galvanometric scanner with the scanning
speed of 9 m/s resulting in a throughput of 1910 cm2/min and 797 cm2/min for
microcraters covered by 400 nm and 900 nm nanogratings, respectively.

FIGURE 2. (A) PHOTOGRAPHY OF THE FABRICATION PROCESS WITH 200 W OF AVERAGE POWER,
SCANNING SPEED OF 9 M/S UTILIZING THE 51X51 ELEMENT; (B) DETAIL OF NANOGRATING FABRICATED BY
5 CONSECUTIVE PULSES; (C) DETAIL OF NANOGRATING FABRICATED BY 20 CONSECUTIVE PULSES.

CONCLUSION

With the use of advanced multi-beam processing approaches the speed and efficiency
of nanostructuring with high power ultrashort laser systems can be dramatically
improved. Several approaches including DOE beam splitting, interference patterning
and dynamic beam shaping have been introduced and compared with respect to the
throughput during the production of nanogratings. The highest throughput reached
1910 cm?/min with the use of high power and high quality ultrashort laser system
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