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Excimer laser micromachining of silicon in liquid phase

Deoksuk Jang and Dongsik Kim
Department of Mechanical Engineering, POSTECH

ABSTRACT

Laser micromachining is a promising technique to fabricate the micro-scale devices. However, there
remains important challenges to reducethe redeposition of ablated materials around the laser irradiated
zone and to get a smooth surface, especially for metal and semiconductor materials. To achieve the
high-quality =~ micromachined devices, various methods have been developed. Liquid-assisted
micromachining can be a good solution to overcome the previously mentioned problems. During the
laser ablation process, the liquid around the solid sample dramatically changes the ablation
characteristics, such as ablation rate, surface profile, formation of debris, and so on. In this
investigation, we conducted the laser micromachining of Si in various liquid environmental conditions,
such as liquid types, liquid thickness. In addition, using nanoscale time-resolved shadowgraphy
technique, we observed the ablation process in liquid environments to understand the mechanism of
liquid-assisted laser micromachining.
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Fig. 1 Experimental setup for liquid-assisted laser
micromachining.
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Fig. 2 Examples of laser micromachining in; (a) air, (b) DI water with 100 pulses at laser fluence (F) =
(e) air and(f) DI water with 1000

Jem?, (c) air, (d) DI water with 100 pulses at F =

pulses at F = 5 J/em®.
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Fig. 4 Optical microscope images (a) in air (F: 4.2
Jem®, 20 pulses), (b) under thin liquid film
(F: 42 Jem’, 20 pulses, thickness: ~ z7m)
and (c) in bulk liquid film (F: 4.7 Jem?, 5
pulses, A#: 0.6mm).
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Fig. 5 Profiles of the ablated region of Si in (a) water,
(b) ethanol for various liquid thicknesses, and
(c) ablation rate change (F = 6.lJ/cm2).
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