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Abstract: To achieve stable separation and reduce cutting-induced damage, a double-pulse picosecond la-
sers and mechanical cleaving combined cutting process for SiC has been proposed. High-quality and stable

cutting of the material was achieved through a process route that integrates the machining of fracture-guid-
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ing grooves with stress-induced fracture. Meanwhile, the effects of double-pulse delay, scanning interval,
laser power, and scanning speed on the ablation behavior, cleaving stability, and cross-sectional quality
were systematically investigated. The double-pulse sequence markedly enhanced pulse synergy. The high-
est material removal was achieved at a 1 ps delay, where the single-pass groove depth increased by
81.34% relative to that of a single pulse. An interlayer scanning interval of 30 pm provided the best over-
all balance among cutting quality, efficiency, and cleaving controllability. The optimal laser power and
scanning speed were 18.6 W and 15 mm/s, respectively. Elemental analysis showed increased C and O
contents but decreased Si content in the sidewall with increasing ablation, indicating Si volatilization, C en-
richment, and oxidation induced by laser irradiation. The proposed technique enables the cutting and sepa-
ration of silicon carbide. Under optimized conditions, it generates more stable cleaving-guiding grooves
and internal cracks, which is beneficial for achieving low-damage and highly controllable SiC cutting. The

research findings provide a technical foundation for high-quality laser cutting of hard and brittle single-crys-

tal materials such as SiC.
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Tab.1 Material parameters of 4H-SiC wafers

Material parameters 4H-SiC
Diameter/mm 100
Thickness/pm 350+25

) ) Deflect 4. 0°+0. 5° toward
Walfer orientation
<11—20>
Surface roughness/nm  Si-side R,<<0. 2; C-side R,<<5
Resistivity/(Qecm) <0.1
Refractive index@
n,~2.58;n~<2.63
1 064 nm
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Tab.2 Main parameters of laser

Technical Parameters BGL-1064-50B

Wavelength/nm 1064
Pulse width/ps 15
Maximum repetition frequency/kHz 100
Maximum power/W 50
Maximum single pulse energy/pJ 500
Beam quality M 1.3
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