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Fig. S1 illustrates the principle and method of measuring water film thickness using a laser displacement
sensor. Due to the transparency of water, the laser beam not only reflects off the water surface but also
penetrates the water film, generating multiple reflections at other interfaces, which leads to fluctuations in the
measured signal (denoted as /). To address this issue, black dye was uniformly injected into the water film
to render it opaque, ensuring that the laser beam reflects solely off the water surface and yields a stable distance
reading, /5. Assuming the distance from the sensor to the workpiece surface in the absence of the water film
is &y, the water film thickness at the corresponding location is calculated as 43 — /;. Using this method, the

water film thickness in the DWFALM process was measured to be approximately 41.4 pm.
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Fig. S1. Measurement method of moving water film.
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Fig. S2. Image of the contact angle on a smooth surface after fluorination treatment.
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Fig. S3. Variation trend of RA with scanning spacing.



