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Abstract

Monocrystalline silicon is widely used in the electronics field. However, due to its hard and brittle
nature, it suffers from low processing efficiency, unstable machining quality, and requires further
improvement in processing technology. To investigate the material removal mechanism of mo-
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nocrystalline silicon at the microscopic level, this study established a molecular dynamics model
for monocrystalline silicon grinding. By simulating the machining process of monocrystalline sili-
con with diamond tools at nanoscale grinding depths, we analyzed the evolution patterns of surface
morphology, subsurface damage, and stress distribution. The results indicate that as grinding depth
increases, the material removal mechanism transitions from elastic deformation to brittle fracture
in monocrystalline silicon. Correspondingly, the surface morphology gradually changes from smooth
to rough, while both the thickness of the subsurface damage layer and the stress distribution range
significantly increase. Through molecular dynamics simulation of monocrystalline silicon grinding,
this research provides theoretical foundations for deeper understanding of microscopic grinding
mechanisms and optimization of machining processes.
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Figure 1. MD model of diamond grinding monocrystalline silicon
B 1. SRIGHESSE MD RE

RN FEIBER R, R e MR 8 B NI 5 Z s B 1l 5O R S s Bt 3R 4t
PSP AR R, RSO 2 A st dod K PR R B (AN S 00 PRI B 4%), B G e R ST Bl R Gt N, g ]
JR W B AR WEMRGER LI 1T R, R TiEs). . MEERSE, KRR FEE
NAEZ . SN BRI EAARE N 10nm; BT ERA TR K TRE, B AZERE oK S WIA BE R0 A NI
PR[8]: BERLS B AR R H Morse $5[91ok &1k #Edh Xo Z J7 el e BN A MATE L A %A, Y T
F) A H A TR, ARAMEL Y RST Pirads Fs FR 52

R BE TE AT B R T B SR AT BB R 520, 40 ) AR BB VR ()2 L nms 3 nm AT 5 nm = AN S5 A S 42 M1
B RO S B SR R B AR, BE RS A LW E Y 10 mis. i EEESHIE 1.

Table 1. MD simulation conditions
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Figure 2. Diamond grinding monocrystalline silicon particle accumulation
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Figure 3. The relationship between the tangential force
of the abrasive grain and the grinding distance
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Figure 4. The relationship between the normal force
of abrasive particles and the grinding distance
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Figure 5. Surface morphology of single crystal silicon with different grinding depth
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Figure 6. Monocrystalline silicon material removal model with different grinding depth
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Figure 7. The removal amount of single crystal silicon mate-
rial with different grinding depth
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Figure 8. Subsurface damage of monocrystalline silicon
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Figure 9. Depth of Subsurface damage
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Figure 10. Number of high-pressure phase transitions of mono-
crystalline silicon crystals
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Figure 11. High pressure phase change of monocrystalline silicon
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