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Surface of Nanosecond Laser Polished Single-Crystal Silicon

Improved by Two-Step Laser Irradiation
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Changchun , Jilin 130033, China;
? University of Chinese Academy of Sciences, Beijing 100049, China

Abstract  Single-crystal silicon is an important semiconductor material. Generally, the surface of single-crystal
silicon after ingot slicing is prone to deep surface defects, such as grooves , pits, and cracks, etc. To solve this
problem, a two-step laser irradiation method is proposed, which can repair surface defects and decrease surface
roughness at the same time. First, the repairable defect depth is forecasted by finite element method (FEM)
simulation under different laser parameters. Then, surface defects with various depths can be repaired by using the
deeper surface layer melting at a higher energy density of 0.50 J/cm?. However, the thermal capillary flow caused
by high energy density can easily lead to the residual high-frequency features on the surface, which will lead to the
increase of surface roughness. Subsequently, the residual high frequency features can be effectively eliminated by re-
radiating the same surface with a low energy density of 0.20 J/cm?. Finally, the surface with the original surface
roughness of 1. 057 pm is irradiated by the two-step laser to obtain a defect-free smooth surface with a surface
roughness of 26 nm.
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Fig. 1 Three-dimensional surface topography of original surface and cross-sectional profile curve ; (a ) Three-dimensional

surface topography of original surface ; (b) cross-sectional profile curve along line A direction in Fig. 1(a)
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Table 1 Laser irradiation conditions

Process parameter Value
Wavelength /nm 532
Pulse width /ns 52
Spot diameter /pm 80
Repetition frequency /kHz 150
Laser average power /W 5—18
Scanning velocity /(mm * s~ ') 50
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laser irradiation model
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single-crystal silicon varying with temperature
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Fig. 4 Temperature distribution simulated by FEM during monopulse irradiation under different energy densities.

(a)0.27 J/em?; (b)0.42 J/em?; (¢)0.50 J/em?; (d)0.58 J/cm?®
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Fig.

Temperature changes at different depths from surface under different energy densities.

(a)0.27 J/em?; (b)0.42 J/em?; (¢)0.50 J/em?; (d)0.58 J/em?
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Fig. 6 Two-dimensional surface topographies of single-crystal silicon during single-line scanning under different energy

densities. (a ) Original surface; (b)0.16 J/em?; (¢)0.27 J/em?; (d) 0.42 J/em?; (e)0.50 J/em?; (£)0.58 J/cm?
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Fig. 8 Two-dimensional surface topographies of single-crystal silicon under different beam overlap ratios when laser

energy density is 0.50 J/cm?.
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Fig. 9 Surface roughness of irradiated single-crystal
silicon under different beam overlap ratios when

laser energy density is 0.50 J/cm?
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Fig. 10 Two-dimensional surface morphologies after second irradiation under different laser energy densities when beam

overlap ratio is 75.0%. (a)0.12 J/cm®;

(b)0.20 J/ecm?; (¢)0.28 J/ecm?; (d)0.36 J/cm?
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different laser energy densities when beam
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Fig. 12 Original zone and irradiated zone and their cross-sectional profile curves. (a ) Original zone and irradiated zone ;

(b) cross-sectional profile curve along line B direction in Fig. 12(a)
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