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Study on Self-Forming Behavior and Mechanism of Silicon Microholes
by Picosecond Laser Scanning
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Abstract Scanning silicon surface with a picosecond laser with pulse width of 10 ps, frequency of 200 kHz and
wavelength of 1064 nm will self-form microhole structure. By changing pulse energy density, scanning speed and
scanning times, the evolution law of microhole is studied experimentally. The results show that the influence of
different parameters on microholes can be summarized as pulse energy density and effective pulse number per unit
area. With the increase of pulse energy density, the microholes gradually move to both sides of the groove, from the
initial random arrangement to the one-dimensional linear uniform arrangement. With the increase of effective pulse
number per unit area, the number of microholes on both sides of the edge changes from less to more, and the size
changes from small to large, and finally microholes disappear. By simulating the temperature field, the change of
phase transition and surface tension of materials at different temperatures was analyzed. It was found that liquid
silicon solidified under the drive of surface tension to form protrusions, which led to uneven deposition of laser
energy and finally formed microholes. This indicates that the physical mechanism of microhole self-forming is the
combined action of laser-induced material phase transformation and Marangoni effect.
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Table 1 Comparison table of laser power and energy density

Power P /W 0.7 1.3 1.7

2.0 4.0 6.0 8.0 12.0 16.0

Energy density J /(J-cm ™) 0.28 0.52 0.68

0.79 1.59 2.39 3.18 4.77 6.37

B2 [l ik o g B2 R AL IS L 50 /% . (a) 0. 28 J/em®; (b) 0.52 J/em®; (¢) 0. 68 J/em®;(d) 0.79 J/em®; (e) 1.59 J/em’;
(1) 2.397J/cm*;(g) 3.18J/cm’;(h) 4.77 J/em*; (i) 6. 37 J/cm’
Fig. 2 Microhole images of different pulse energy densities, X 50. (a) 0. 28 J/cm?; (b) 0.52 J/cm?; (c) 0. 68 J/cm?; (d) 0.79 J/cm’;
(e)1.59 J/cm?% (f) 2. 39 J/cm*; (g) 3.18 J/em?®; (h) 4. 77 J/em?®; (i) 6. 37 J/cm®
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Fig. 3 Experimental results. (a) SEM of grooves; (b) a partial enlargement of Fig. (a); (¢) SEM of microholes; (d) a partial

enlargement of Fig. (c)
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Fig.4 Microhole images of different repeat scan times, X 50. (a) 1 time; (b) 5 times; (c) 10 times; (d) 15 times; (e) 20 times;
() 30 times; (g) 40 times; (h) 50 times; (i) 60 times
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R 5 S[R3 B B AL 4%, 10047 . (a) 1400 mm/s; (b) 1200 mm/s;(¢) 1000 mm/s;(d) 800 mm/s
Fig.5 Unilateral microhole images at different scanning speeds, > 100. (a) 1400 mm/s; (b) 1200 mm/s; (¢) 1000 mm/s; (d) 800 mm/s
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Fig. 7 Simulation of temperature field in a pulse cycle. (a) 80 ps; (b) 81 ps; (c) 83 ps; (d) 84 ps
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