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Scratch Evolution for Monocrystalline Silicon During Chemical-

Mechanical Polishing

Xia Jingjing, Yu Jun , Wang Zhanshan, Lu Siwen
Institute Precision Optical Engineering, School of Physics Science and Engineering, Tongji University,
Shanghai 200092, China

Abstract Chemical-mechanical polishing is a commonly adopted technique for the fabrication of super-smooth
monocrystalline silicon mirror. Rogue particles during chemical-mechanical polishing process always result in
scratches on mirror surface hence reduce surface quality. To systematically study the relationship between impurities
in polishing slurry and plastic scratches on monocrystalline silicon surface with different crystal orientations,
experiments on polishing Si(111), Si(110) and Si(100) surface by using diamond doped polishing slurries are
designed. Scratch morphologies under different crystal orientations and different doping concentrations are measured
by profilometer, and evaluated by calculating scratch width distribution, scratch depth distribution, roughness
degree, surface roughness and two-dimensional power spectral density after load normalization. Results show that
the size of rogue particles in the polishing slurry and the width of scratches on silicon surface obey the normal
distribution. With the increase of rogue particle concentration, the scratch morphology changes from non-periodic
characteristics to periodic fluctuations, and the roughness shows a jump point. In addition, in the case of the same diamond
doping concentration, Si(110) has better tolerance of rogue particles at the initial stage of scratch generation.
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Fig. 1 Schematic diagrams of experimental devices. (a) Experimental device for chemical-mechanical polishing;

(b) schematic diagram of adhesive silicon wafer and adapter obtained by asphalt
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Table 1 Gradient concentration of rogue particles and scratch number density of Si(111)

Rogue particle Rogue particle Scratch number Pressure NP %/
concentration /% number fraction density /mm~* P,/Pa (mm *+Pa %)
0.00002 6.67x10° 11 3704. 6 0.71
0. 00005 1.67X10° 33 3704.6 2.13
0. 00020 6.67x10"° 84 1898. 4 6.78
0. 00050 1.67Xx10 " 133 3704. 6 8. 60
0.00100 3.33x10 " 268 3704. 6 17. 30
0.00150 5.00x10* 484 3260.7 32.60
0.00200 6.67x10 " 679 1898. 4 54. 80
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Fig. 2 Measurement result and scratch extraction of Si(111) within 1 mm X1 mm region polished by polishing slurry with

doping concentration of 0. 00050% under 50 X profilometry. (a) Surface morphology before image filtering;

(b) scratch number density result obtained by manual identification after MATLAB image filtering; (c) scratch

number density result obtained by automatic recognition afer MATLAB image filtering and feature extraction
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Fig. 3 Normalized results of scratch depth distributions of Si(111), Si(110) and Si(100) within 1 mm X 1 mm region

polished by doping polishing slurry under 50 X profilometer. Scratch depth distributions for (a) Si (111),

(b) Si(110) and (¢) Si(100) under doping concentration of 0.00200% ; scratch depth distributions for (d) Si(111),

(e) Si(110) and (f) Si(100) under doping concentration of 0.00020% ; scratch depth distributions for Si(111) under
doping concentration of (g) 0.00002%, (h) 0.00050% and (i) 0.00100 %
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Fig. 5 Surface morphologies of monocrystalline silicon with different crystal directions polished by polishing slurry with

doping concentration of 0. 00200% under 50 X profilometer. (a) Si(111), height range is — 34. 5-12. 4 nm;
(b) Si(110), height range is —8.4-5.9 nm; (c¢) Si(100), height range is —18.3-6.5 nm
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Fig. 8 PSD results of Si(111) polished by polishing slurry with doping concentration of 0.00200% under 50 X profilometer.

(a) Two-dimensional PSD result for X-Y direction; (b) one-dimensional PSD result for X direction
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Fig. 9 PSD results of Si(111) polished by polishing slurry with doping concentration of 0.00020% under 50 X profilometer.

(a) Two-dimensional PSD result for X-Y direction; (b) one-dimensional PSD result for X direction
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