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355 nm All-Solid-State Ultraviolet Laser Direct Writing and Etching of
Micro-Channels in Borosilicate Glass
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Abstract An experiment of 355 nm all-solid-state ultraviolet laser direct writing and etching of borosilicate glass is
conducted to investigate the effects of laser energy density, repetition frequency, scanning speed, scanning distance
and number of scanning on the etching results based on the single variable method. The research results show that,
serious collapse phenomena occur in glass if laser energy density is too large. The plasma shielding effect increases
and the etching depth decreases with the increase of laser energy density. With the decrease of repetition frequency,
the channel edge fragmentation gradually reduces and the etching depth increases. The reduction of scanning
distance can effectively improve the channel bottom surface flatness. The etching depth increases with the increase
of number of scanning and simultaneously the channel taper increases. Under the optimal processing parameters,
the direct writing and etching of L-shaped micro-channel with a width of 84.8 pm, an etching depth of 178 pm, a
flat bottom surface and a channel verticality of 89.580° is realized.

Key words laser technique; laser manufacturing; all-solid-state ultraviolet laser; borosilicate glass; micro-channel
etching
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Fig. 1 Schematic of direct writing and etching of BF33 glass based on ultraviolet micromachining system
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Fig. 2 Physical map of experimental device. (a) All-solid-state ultraviolet laser;

(b) processing platform; (c) FPS ultraviolet micromachining system
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Fig. 3 Surface morphologies and depths of micro-channels in borosilicate glass by ultraviolet laser etching under
different energy densities. (a) 25.28 Jecm 25 (b) 34.55 Jeem %; (¢) 43.70 Jeem %5 (d) 53.23 Jeem %

(e) 68.84 Jeecm *; (f) micro-channel depth versus laser energy density
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Fig. 4 Surface morphologies and depths of micro-channels in borosilicate glass by ultraviolet laser etching under different

repetition frequencies. (a) 40 kHz; (b) 30 kHz; (c¢) 25 kHz; (d) micro-channel depth versus laser repetition frequency
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Fig. 5 Surface morphologies and depths of micro-channels in borosilicate glass by ultraviolet laser etching under different

scanning speeds. (a) 1.0 mmes '; (b) 0.5 mmes '; (¢) 0.2 mm+s '; (d) micro-channel depth versus laser scanning speed
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Fig. 6 Bottom morphologies of micro-channels in borosilicate glass by ultraviolet laser etching under

different scanning distances. (a) 25 pm; (b) 15 pm; (c¢) 10 pm
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Fig. 7 Cross-sectional SEM images and depths/tapers of micro-channels in borosilicate glass by ultraviolet laser

etching under different number of scanning. (a) 1 time; (b) 2 times; (c¢) 3 times; (d) 4 times; (e) micro-channel depth

versus number of laser scanning; (f) micro-channel taper versus number of laser scanning
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Table 1 Correspondence between laser pulse width and repetition frequency
Repetition frequency /kHz 25 30 40 50 60 70 80 90
Pulse width /ns 10.1 11.5 13.4 15.5 17.7 19.8 21.0 23.2
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etched under optimal processing parameters
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