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ABSTRACT

The combination of direct laser interference patterning (DLIP) with laser-induced periodic surface structures (LIPSS) enables
the fabrication of functional surfaces reported for a wide spectrum of materials. The process throughput is usually increased
by applying higher average laser powers. However, this causes heat accumulation impacting the roughness and shape of
produced surface patterns. Consequently, the effect of substrate temperature on the topography of fabricated features requires
detailed investigations. In this study, steel surfaces were structured with line-like patterns by ps-DLIP at 532 nm. To investigate
the influence of substrate temperature on the resulting topography, a heating plate was used to adjust the temperature. Heating
to 250 ◦C led to a significant reduction of the produced structure depths, from 2.33 µm to 1.06 µm. The reduction is associated
with the appearance of a different LIPSS type, depending on the grain orientation of the substrates and laser-induced superficial
oxidation. This study revealed a strong effect of substrate temperature, which is also to be expected when heat accumulation
effects arise from processing surfaces at high average laser power.
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Influence of structure on the optical appearance
Fig. S1 illustrates an exemplary optical microscopy image of a produced DLIP structure showing the decrease in reflectivity in
the areas covered by smaller structures (LSFL-II). Since the laser and the used microscope illumination are in the mid-visible
spectrum, the absorption is increased in the corresponding areas.

Figure S1. Light microscopy image of the DLIP pattern with a 100x magnification produced at Φp = 0.5 J/cm2 (peak, for
Gaussian equivalent without interference), f = 200 kHz, op = 99.0 % and TS = 250 ◦C. The location of LSFL-I and LSFL-II is
highlighted in the image.
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Formation of HSFL in the periphery of the intensity profile
LSFL-II need LSFL-II as precursors owing to required intensity pattern. SEM images were taken at the upper edge of the
pattern (perpendicular to the scan direction). The images are shown in Fig. S2. For the case of TS = 250◦C, a large amount of
HSFL were formed with a higher regularity. Partially, this may be due to changes in crystal defect dynamics discussed in the
main manuscript. The HSFL observed at the edge are also expected in the scan direction and consequently can contribute to
LSFL-II formation.
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Figure S2. SEM images of the two outer lines in the DLIP pattern produced at Φp = 0.5 J/cm2 (peak, for Gaussian equivalent
without interference), f = 200 kHz, op = 99.0 % and (a,c) TS = 21 ◦C and (b,d) TS = 250 ◦C. The outer line features of the
pattern experience the lowest fluence since the intensity profile of the interference pattern decreases over distance similarly to
its input intensity distributions (in this case Gaussian intensity distributions). Consequently, HSFL occur in the edge regions of
the intensity profile, which are also to be expected in the scan direction due to the symmetry of the profile. In the case of
increased temperature, only HSFL are observed, which appear more regular than in the case of TS = 21◦C. Furthermore, some
LSFL-I already occur at this temperature.
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Grain dependence clustered occurrence of LSFL-II
To clarify the cluster-wise LSFL-II appearance, an unprocessed specimen was etched to reveal the grain formation. The grains
are compared in Fig. S3 with the dark areas of the SEM images, which result from the transition from LSFL to LSFL-II. As
Fig. S3 a) shows, the geometry and size of the areas with different SEM gray values correspond to the dimensions of the grains
visible in Fig. S3 b). The change in gray values is associated with a change from LSFL-I to LSFL-II as shown in Fig. ??. The
etching process increased the contrast of the grain boundaries, which appear as dark outlines. The geometry and dimensions of
the grains match well with the darker areas in the SEM images.
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Figure S3. a) SEM image of a surface processed using the DLIP technique (Φp = 0.5 J/cm2 (peak, for Gaussian equivalent
without interference), TS = 250 ◦C, op = 99.0 %, f = 200 kHz). The dark areas exhibit LSFL-II, as shown in Fig. 2 in the main
text. In b) light microscope image of an etched, unprocessed sample are shown.
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