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Crack-Free Silica Glass Surface Micro-Grooves Etched by 248 nm Excimer Lasers

Yang Guishuan, Chen Tao, Chen Hong

Institute of Laser Engineering , Beijing University of Technology, Beijing 100124, China

Abstract With the method of mask projection and direct-writing etching on the front surface of silica glass by a 248
nm nanosecond excimer laser, the influence laws of laser pulse energy density, repetition frequency, scanning times
on micro-groove cracks are studied, and the mechanisms of laser etching and cracking of silica glass are analyzed.
The results show that the mechanism of silica glass etched by a 248 nm nanosecond pulse excimer laser is the joint
effects of photoionization and thermal ablation. The laser energy density threshold range for the crack-free etching of
JGSI silica glass is 16-30 J+cm ™ ? and the etching rate can be up to 500 nm per pulse. With the increase of laser
repetition frequency and scanning times, the micro-grooves are easily cracked because of the heat accumulation and
plasma micro-explosion shocking. Based on the optimized laser processing parameters, when the width of micro-
grooves is less than 100 um, the processing of crack-free linear-type (the depth is less than or equal to 50 um) and
circular-arc-type (the depth is less than or equal to 28.5 pm) micro-grooves can be achieved.
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Fig. 2 Main experimental setups. (a) Excimer laser; (b) processing platform
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Fig. 3 (a)-(d) Optical microscope photographs of silicon glass etched under different laser energy densities;

(e) laser etching rate for silica glass versus laser energy density
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Fig. 4 Changing trends of bottom morphology of statically etched micro-groove in X and Y directions
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Fig. 5 Optical microscope photographs of etched silica glass. (a) Morphology of sediment surrounding statically

etched groove; (b) morphology of sediment of direct-writing etched micro-groove
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Fig. 6 Local SEM photos for sediment of etched silica glass. (a) Scattered particles; (b) fused attachments
i SEM X7 35 3 58 1) 56 I8 W) Jot K 220 ke I 2 T B B )2 0 5 AT RE B 0 AL S5 2R LR 1L R A T
R A A T I X A7 S R I e BT B, el R 1 T, 2Pl AR R B R O\ Si LU C BB i, 3R
WO 20 il B p bR R AR T OB B, 2 e AR O A R I RO R AR R RO AT T T 2 YR
JE 5
1 AP 2 RIS A A o i R HO 4 00

Table 1  Chemical compositions of silica glass before and after etching (atomic fraction, %)

Position O Si Au C
Substrate 59.56 39.19 1.24 1.52
Attachments at micro-groove edge 63.59 34.75 1.66 1.83
Attachments at micro-groove bottom 64.27 33.99 1.74 1.89
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Fig. 7 Bottom morphologies of micro-grooves under different numbers of laser pulses.
(a) 20 pulses; (b) 40 pulses; (¢) 80 pulses; (d) 120 pulses
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Fig. 8 Crack conditions of silica glass surface with defect. (a) Original surface;

(b) crack condition 1 after etching; (c¢) crack condition 2 after etching
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Fig. 9 Morphologies of silicon glass micro-grooves under different laser repetition frequencies.
(a) 6 Hz; (b) 10 Hz; (c¢) 20 Hz; (d) 50 Hz
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Fig. 10 (a)-(c¢) Optical microscope photos of micro-grooves under different scanning times at repetition

frequency of 20 Hz; (d) micro-groove depth versus scanning times
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Fig. 11 Optical microscope photos of circular micro-grooves when scanning times is (a) 1 and (b) 2 at repetition frequency

of 50 Hz; (c) optical microscope photo of circular micro-groove when scanning times is 3 at repetition frequency of 30 Hz
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Fig. 12 Optical microscope photos of crack-free silica glass micro-grooves when laser energy density is 23.5 Jecm ?

1

and scanning speed is 6 mmemin '. (a) Overall structure; (b) circular arc section

(laser repetition frequency is 50 Hz); (c) straight line section (laser repetition frequency is 40 Hz)
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