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Abstract: The good light permeability and hardness of glass allow it to be used in various fields. Non-conventional
machining methods have been used for glass machining because of its brittle properties. As one non-contact machining
method, a laser has advantages that include a high machining speed and the fact that no tool making is required.
However, glass has light permeability. Thus, the use of a laser to machine glass has limitations. A nanosecond pulse
laser can be used at low power for laser-induced backside wet etching, which is an indirect method. In previous studies,
a short-wave laser that had good light absorption but a high price was used. In this study, a near-infrared laser was used
to test the possibility of glass micro-machining. In particular, when deeper machining was conducted on a glass
structure, more problems could result. To solve these problems, microstructure manufacturing was conducted using
ultrasonic vibration.
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Table 1 Conditions of each energy per pulse

Fre Scan Energy
Number (kchl) speed per pulse | Loop
(mm/sec) (mlJ])
(a) 25 150 0.8 1429
(b) 30 180 0.66 1715
() 40 240 0.5 2287
(d) 50 300 0.4 2858
(e) 60 360 0.33 3430
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Fig. 3 Laser milling according to the energy conditions;
(a) 0.8mJ, (b) 0.66mJ, (c) 0.5mJ, (d) 0.4mlJ, (e)
0.33mJ
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O : Overlapping rate
S : Scan speed
D : Diameter of spot
F : Frequency
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Table 2 Conditions of each overlapping rate

Freq. | Scan speed | Overlapping
Number (kHz) | (mm/sec) rate (%) Loop
(a) 50 100 97 953
(b) 50 210 93 2000
(0 50 300 90 2858
(d) 50 400 86 3811
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Fig. 4 Laser milling according to overlapping rate
conditions; (a) 97%, (b) 93%, (c) 90%, (d)
86%
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Fig. 5 Advanced laser milling; (a) during machining,
(b) machined result, (¢) SEM picture
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Fig. 6 Process of Laser-induced backside wet etching
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Fig. 7 LIBWE milling with ultrasonic vibration (Depth
250pm); (a) tool microscope, (b) SEM picture,
(c) tilted image
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Fig. 8 Advanced structure laser milling; (a) square
pillar, (b) multi-layered structure
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