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Abstract:
Compared with traditional nanotexturing methods, an ultrashort-

pulsed laser is an efficient technology of fabricating nanostructures 
called laser-induced periodic surface structures (LIPSS) on material 
surfaces. LIPSS are easily fabricated when the pulse duration is shorter 
than collisional relaxation time (CRT). Accordingly, ultrashort-pulsed 
lasers have been mainly used to study LIPSS, but they unstably irradiate 
while requiring high costs. Although long-pulsed lasers have low cost and 
high stability, the phenomena (such as the effect of pulse duration, laser 
wavelength, and heat) of the LIPSS fabricated using short-pulsed lasers 
with the pulse duration close to the maximum CRT, which is greater 
than femtosecond, have not been clarified. However, the nanosecond 
pulse laser has been reported to produce LIPSS, but those were unclear 
and ununiform. In this study, the short-pulsed laser with the pulse 
duration of 20 ps, which is close to the maximum CRT, was employed 
to clarify the effects of pulse duration and heat on the fabrication of 
LIPSS and to solve problems associated with ultrashort-pulsed lasers. 
First, a finite-difference time-domain simulation was developed at 20-
ps pulse duration to investigate the effects of irradiation conditions 
on the electric-field-intensity distribution. Subsequently, experiments 
were conducted using the 20-ps pulse laser by varying conditions. The 
aspect ratio of the LIPSS obtained was greater than that of the LIPSS 
fabricated using ultrashort-pulsed lasers, but LIPSS were not fabricated 
at 355- and 266-nm laser wavelength. In addition, the short-pulsed laser 
experienced thermal influences and a cooling material was effective for 
the fabrication of LIPSS with high-aspect-ratio. This demonstrates the 
effects of pulse duration close to the CRT and heat on the fabrication of 
LIPSS.
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