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Precision microdrilling of alumina ceramic substrates by femtosecond laser
ablation
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ABSTRACT

The characteristics of femtosecond laser ablation of ALO; for precision microfabrication are studied

experimentally. Specifically, the process time during femtosecond laser drilling of microholes with

sub-100 pum diameter are investigated for varying laser fluence, scan speed and beam path designs like

trepanning with continuously changed start points. The accumulation of sub-micrometer size particles

within the hole and the deterioration of edge clarity and roundness for decreasing hole diameter are

examined and through process optimization the microdrilling with good hole quality is achieved using a

femtosecond laser system (repetitionrate 1 kHz, wavelength 785 nm, pulse duration 185 fs).
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Fig. 1 Schematic diagram of the femtosecond laser
micromachining system.
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(a) Electron micrographs of the microholes in
alumina ceramic (thickness=200 pm) drilled at
the conditions of laser fluence =240.7 J/cm®
without changing the starting point. (b) schematic
diagram to improve hexagonal hole shape.
Improved circularity of the holes by continuously
varying the starting point of irradiation for
the laser fluence=(c) 268.6 J/em’, and (d)
178.1 Jem®. Scan speed=1 mmvs, for all the
holes and the diameters of the holes for (a),
(c) and (d) are approximately 58, 70, and 60 p
m, respectively.
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Fig. 3 Scanning electron microscope images of the (a)
entrance and. (b) exit sides (thickness=400 um)
drilled at the conditions of laser fluence=241.7
J/em?, scan speed=1 mm/s. The entrance and
exit diameters are approximately 175 and 130
um, respectively. The processing time was about
fifty seconds per hole.
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Fig. 4 Drilling time of alumina substrates with different
thickness. The process conditions are (a) laser
fluence=241.7 J/crnz, scan speed=1 mm/s, (b)
laser fluence=329 J/em®, scan speed=1 mmy/s, (c)
laser fluence=329 J/em’, scan speed=2 mm/s.The
solid and dashed lines represent the fits to
exponential functions.
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Fig. § Scanning electron microscope images of the (a)
entrance and (b) exit sides (thickness=200 pm)
drilled at the conditions of laser fluence=241.7
Jiem®, scan speed=1 mmys. The entrance and
exit diameters are approximately 70 and 50 p
m, respectively. The drilling time was about
twoseconds per a hole.
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