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Abstract

Microholes are extensively used as a common structure in various field
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s, including aviation, biology,

chemical industry, and new energy. The femtosecond laser pulse possesses unique advantages with respect to

drilling high-quality and high-aspect-ratio microholes owing to its ultrashort duration and ultrahigh peak intensity.

In this study, the research progress of femtosecond laser
applications in recent years,
based on electron dynamic control,
environment microhole drilling,

controlled microhole drilling, are reviewed. Furthermore,

methodologies of femtosecond laser microhole drilling on non-metallic materials
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back-surface liquid-assisted microhole drilling,

microhole drilling on non-metallic materials and its

including the temporally/spatially shaped femtosecond laser pulse microhole drilling

laser irradiation followed by chemical etching microhole drilling, vacuum

and environment-temperature-
the challenges associated with the mechanisms and

are analyzed.

laser technique; femtosecond laser; non-metallic microhole; shaped pulse; machining environment
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Fig. 1 Microholes drilled by femtosecond laser temporally shaped pulse. (a) Microholes drilled by unshaped pulse (up) and

double-pulse (down) with an interval of 500 fs assisted by water

B4 (b) microholes drilled in o«-SiO, by single

unshaped pulse and three-pulses with different interval® ; (c¢) microholes drilled in PMMA by 1000 unshaped pulses

(up) and double-pulses (down) with an interval of 600 fs when the energy is 20 p][m ; (d) microholes drilled by

unshaped pulse and temporal decreasing pulse trains
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Fig. 2 Bessel beam™ . (a) Schematic of focal spot of Bessel beam; (b) schematic of wave vector relationship of

Bessel beam; (c) focal spot intensity distribution of Bessel beam and Gaussian beam along propagation direction
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Fig. 3 Microholes drilled by femtosecond laser Bessel beam. (a) Microholes drilled in PMMA by single Bessel pulse (left)

and Gaussian pulse (right) when the energy is 20 ¢J®"; (b) microholes drilled in PMMA by three types of Bessel-

like beam with adjustable focusing length™’; (c¢) microholes array processed by Bessel pulse when the energy is

0.70 pJB®; (d) microholes processed by single Bessel pulse when the energy is 0.65 pJ and 0.85 pJ®"
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Fig. 4 Microholes drilled by FLICE using unshaped femtosecond laser. (a) Schematic of glass modified by femtosecond

[83] .

laser scanning®” ; (b) etching microholes in glass using transverse scanning

312 (¢) optimizing the cross section

shape of microhole by beam shaping™"” ; (d) etching microholes with uniform cross section obtained by scanning path

compensation
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Fig. 5 Microholes drilled by FLICE using shaped and unshaped femtosecond laser. (a) Microholes formed by FLICE using

unshaped pulse (up) and double-pulse with an interval of 500 {s (down)®”; (b) microhole morphologies vary with

[56] .

pulse number which formed by FLICE using Bessel pulse (up) and Bessel-double pulse (down) ; (¢) crater cross

section and morphologies formed by FLICE using unshaped pulse and decreasing pulse trains with different sub-pulse

intervals®" ; (d) zigzag microholes and arc microholes formed by FLICE using unshaped pulse and double-pulse

along the vertical and horizontal directions in polarization
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Fig. 6 Microholes drilled by femtosecond laser in different atmospheric pressure environments

S8l  (a) Variatin of

microholes depth drilled in air and vacuum with pulse number; (b) and (c¢) are the microholes processed in air and

vacuum, corresponding to the data in (a); (d) variation of microholes morphology drilled by 5000 pulses with

energy of 50 pJ with ambient pressure; (e) and (f) are the outlet of arrayed microholesd rilled in air and vacuum,
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Fig. 7 Microholes drilled by femtosecond laser assisted by liquid. (a) Schematic of microhole processing assisted by water

on the rear surface™” ; (b) helical microholes array processed in silica glass by femtosecond laser pulse assisted by

distilled water™” ;

surface®" ; (d) square-wave like channel processed in porous glass assisted by water
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