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Abstract

In order to explore the relationship between different machining parameters and the surface
quality of monocrystalline silicon cutting, numerical simulations of monocrystalline silicon cutting
were carried out under different machining parameters such as cutting depth, cutting speed, and
tool angle. Analyze the potential mechanisms of deformation, chip formation, and stress behavior
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of monocrystalline silicon materials under tool cutting, respectively; analyze the influence of cut-
ting parameters on the cutting process of monocrystalline silicon and reveal their patterns. The
results indicate that as the cutting depth increases, the tearing and residue of the material during
the removal process are clearly visible on the machined surface, and the machined surface deteri-
orates. When the cutting speed exceeds a certain critical value, the enhanced plastic deformation
leads to severe material flow, resulting in the formation and propagation of microcracks in the
material. As the negative rake angle of the tool changes, the squeezing effect of the tool increases
and the material tears severely. Choosing appropriate cutting depth, cutting speed, tool angle and
other processing parameters can significantly improve the quality and accuracy of the cutting
surface, providing important theoretical basis and reference for the optimization of monocrystal-
line silicon cutting process.
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Figure 1. Stress schematic diagram of single crystal silicon elements
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Figure 2. Schematic diagram of three-dimensional cutting model for mo-
nocrystalline silicon
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Figure 3. The chip morphology and machining surface state at different cutting depths: (al) and
(a2) are schematic diagrams of the cutting morphology at a cutting depth of 50 nm; (b1) and (b2)
are schematic diagrams of the cutting morphology at a cutting depth of 200 nm; and (c1) and (c2)
are schematic diagrams of the cutting morphology at a cutting depth of 150 nm
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Figure 4. Chip formation process during contact fracture between monocrystalline sil-
icon and cutting tools
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Figure 5. Simulated surface morphology of monocrystalline silicon cutting
at a cutting speed of 50 mm/s
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Figure 6. Simulated surface morphology of monocrystalline silicon cutting at
a cutting speed of 100 mm/s
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Figure 7. Simulated surface morphology of monocrystalline silicon cutting at
a cutting speed of 150 mm/s
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