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Abstract: Creating microstructures on sapphire surfaces is key to altering their wettability. The laser-in-
duced plasma etching method offers distinct benefits for crafting these microstructures. This study exam-
ines how laser fluence, the distance between the target and sapphire, and scanning speed impact the micro-
grooves’ morphology and geometry on sapphire surfaces using the laser-induced plasma-assisted ablation
(LIPAA) technique, employing a controlled variable approach. Further, it explores how LIPAA's pro-
cessing parameters affect the sapphire’s surface contact angle through orthogonal testing. Results indicate
that laser scan line spacing most significantly influences the surface contact angle, followed by the target-
to-sapphire distance and laser fluence, with scanning speed having the minimal impact. At a laser fluence
of 6.3 J/cm?, scan line spacing of 200 um, target-to-sapphire distance of 150 pm, and scanning speed of
10 mm/s, the sapphire’s surface contact angle reached 136°, demonstrating superior hydrophobicity. Con-

versely, with a laser fluence of 7.4 J/cm?, scan line spacing of 50 pm, target-to-sapphire distance of 100
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pm, and scanning speed of 5 mm/s, the surface contact angle was 29°, indicating strong hydrophilicity,

which remained stable over time. SEM observations revealed numerous nanoparticles on the sapphire mi-

crostructures, which together influence the sapphire’s wettability.

Key words: laser-induced plasma-assisted ablation; sapphire; microstructures; processing parameter;

surface wettability
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Fig. 10 SEM images of morphologies of sapphire microgrooves at different scanning speeds
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Tab.3 Measurement results of sapphire contact angle based on orthogonal test
i PO O e ) g R/ ()
/(Jeem %) Y HE 8 /pm
1 4.9 50 200 1 1 70.5
2 4.9 100 150 5 2 102.0
3 4.9 150 100 10 3 108.0
4 4.9 200 50 20 4 100.0
5 6.3 50 150 10 4 108.0
6 6.3 100 200 20 3 120.5
7 6.3 150 50 1 2 103.5
8 6.3 200 100 5 1 110.0
9 7.4 50 100 20 2 44.5
10 7.4 100 50 10 1 96.0
11 7.4 150 200 5 4 103.5
12 7.4 200 150 1 3 134.0
13 8.0 50 50 5 3 66.0
14 8.0 100 100 1 4 121.5
15 8.0 150 150 20 1 126.0
16 8.0 200 200 10 2 126.5
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Fig. 13 Surface morphologies and the corresponding contact angles of sapphire microstructures
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Tab.4 Range analysis of the contact angle

A B C D
K, 380. 5 291 421 429.5
K, 442 440 470 383.5
K, 378 441 384 387
K, 440 470.5 433 391
ky 95.1 72.8 105.3  107.4
k, 110.5 110 117.5 95.9
k, 94.5 110.3 96 96. 8
k, 110 117.6  108.3 97.8
2 R 16 44.8 21.5 11.5
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Fig. 14 Surface contact angles and corresponding surface micro-morphology of optimal hydrophobic and hydrophilic struc-

tures of sapphire
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Fig. 15 EDS analysis of LIPAA-processed sapphire microstructures
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