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Molecular dynamics simulations of the mechanical process in the chemical
mechanical polishing of cubic silicon carbide

ZHAI Wenjie, YANG Dezhong

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; For better understanding of the material removal mechanisms at the atomic level in chemical mechanical
polishing (CMP) process of cubic silicon carbide (SiC), molecular dynamics (MD) method was employed to
establish an atomic model of SiC scratching by diamond abrasive. The effects of abrasive size, scratching depths and
scratching velocities on the scratched surface profile, crystal structure, friction force and the atomic removal rate of
silicon carbide were investigated by MD simulations. The simulation results are comparatively analyzed with those of
the mechanical scratching of the amorphous silicon dioxide film formed during CMP. Simulation results indicate that
amorphization will occur in the local area of processed surface during the mechanical scratching process. A higher
cutting depth results in a larger cutting force, a higher cutting temperature, and a higher atomic removal rate. The
change in the scratching velocity will affect the temperature and the atomic removal rate but exerts little role on the
cutting force. The increase in abrasive radius leads to higher cutting force and temperature but has no obvious effect
on the atomic removal rate at the same cutting depth. Silica film formed on SiC surface can greatly decrease the
cutting force. Because of its pore structure, mechanical scratching only results in significant densification of the
silica film without the formation of wear chips.
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Fig.1 Molecular dynamics model of silicon carbide in the

process of CMP
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Fig.2 The process of abrasive pressing in and scratching the
workpiece: (a) initial stage; (b) pressing 1.5 nm;
() scratching 2.0 nm; (d) scratching 4.0 nm; (e)
scratching 6.0 nm; (f) scratching 8.0 nm
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Fig.4 Morphology of silicon carbide after pressing and scratching for some distance: (a) pressing 1.5 nm; (b) scratching

4.0 nm; (c) scratching 6.0 nm; (d) scratching 8.0 nm
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Fig.6  Effect of scratching depth on cutting force
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Table 1  The effect of scratching depth on the number of
atoms removed
Z R /nm FERIET N
1.0 1335
1.5 2742
2.0 5143

3.2 ERK/NERER R

AL 3 PR RLBIRL AR 4y H N 2.5.3.0,
3.5 nm, ZIRREE N 1.5 nm, ZIRIEE 4 100 m/s,
HR EFILI ) AR A 7.8 . 2 KR
R e Db AU N NPE (EN iR =2 a7l ] B
(IBER , BSR4 ) B fal i B K, VI B2
HR.
—o—R=2.5 nm

——R=3.0 nm
—+—R=3.5 nm

1 1 1
0 30 60 90

12|0 I 1§o
ammsip AN E AT
B 7 BERK/NTEERSE

Fig.7 Effect of the abrasive size on temperature
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Fig.8 Effect of the abrasive size on cutting force
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Table 2  The effect of the abrasive size on the number of

atoms removed
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Fig.9 Effect of scratching speed on temperature
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Fig.10  Effect of scratching speed on cutting force
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The effect of scratching speed on the number of

Table 3

atoms removed
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Fig.11  Morphology of the amorphous silicon dioxide film
during the process of scratching: (a) pressing

1.5 nm; (b)scratching 8.0 nm
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Fig.12  Abrasive forces during scratching of the oxide film
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