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Abstract: This study employs a novel ultrasonic-assisted femtosecond laser ablation method based on
a focusing lens. By controlling the high-frequency vibration of the focusing lens, dynamic modulation of the
energy density is achieved. The effects of laser power and ultrasonic power on the three-dimensional abla-
tion morphology of silicon carbide ceramics are systematically investigated. Experimental results indicate
that ultrasonic assistance can periodically alter the spot diameter and energy density distribution, thereby ef-
fectively suppressing the plasma shielding effect. At a low laser power (=<5 W), high ultrasonic power lev-
els (50%-70% ) reduce the energy deposition rate, leading to a decrease in ablation depth. In contrast, at
a high laser power (=13 W), the ablation depth reaches 129. 46 pm under 70% ultrasonic power, repre-
senting a 54% increase compared to the condition without ultrasonic assistance. Furthermore, the oxygen
content in the heat-affected zone is significantly reduced under ultrasonic assistance. This work provides
theoretical and technical support for ultrasonic-assisted femtosecond laser machining and offers new insights
into achieving high-efficiency and high-quality laser processing of silicon carbide ceramics.
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Fig.1 Schematic diagram of ultrasonic-assisted femtosecond laser machining system
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Fig.2 Ablation surface morphology under different combinations of laser power and ultrasonic power
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Fig.3 The ablation morphologies under different laser powers
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Fig.4 The ablation morphologies and cross-sectional profiles corresponding to different ultrasonic powers (P=15 W)
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Fig.9 EDS elemental distribution of C, O and Si under
different ultrasonic power percentages( P=15 W)
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Fig.10 Variation of EDS O element content under

different ultrasonic power percentages( P—15 W)
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