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7 fm X & H Microfabrication of glass by a short-pulse COz laser
with tunable laser parameters
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Microfabrication of glass is required for the efficient fabrication of various
components such as microfluidic devices, integrated photonic circuits, fiber Bragg
gratings and microelectromechanical (MEMS) sensor. In microfabrication of glass, a
CO: laser that emits light at mid-infrared wavelengths of 9.2 um to 11.4 pm (mainly 9.6
pum and 10.6 um) has become popular due to numerous benefits such as a simple
construction, a cost-effectiveness, and an efficient absorption of glass. In CO; laser
processing of glass, the processing scheme is thermal processing because commercial
CO> lasers have pulse widths of about ten nanoseconds at the shortest. CO> laser
processing of glass produces thermal damage such as HAZ, cracks and etc. The thermal
damage may be dependent on the laser pulse waveform, the fluence and the repetition
rate of laser parameters and the glass properties such as the thermal expansion
coefficient (CTE) and the melting point (MP). Moreover, common short-pulse CO:

lasers, had a gaussian-like beam that produced conical holes. This thesis presents a hole



drilling in a crown glass with a high CTE of 94 x 10”7 /K and a low MP of 724°C by a
short-pulse CO; laser with tunable laser parameters. Firstly, the objective was to find the
required laser parameters to produce a crack-free hole and to investigate the dependence
of the drilling characteristics on laser parameters. Secondly, the objective was to
produce a cylindrical hole with an easy approach by using a flat-top beam rather than
the complex set-up. Lastly, the objective was to investigate drilling characteristics in
two types of laser beam that is a central-peak-intensity beam and a flat-top beam.

Firstly, the required short-pulse CO» laser parameters that produced crack-free
holes in a crown glass without an extra treatment in the processing area and the
influence of the short-pulse CO> laser parameters on drilling characteristics was
investigated. The short-pulse CO» laser had a spike pulse with a pulse width of 250 ns, a
pulse tail length of 31.4 pus to 135 ps, an energy ratio of a spike pulse to a pulse tail of
1:7.1 to 1:92. The short laser pulses were irradiated at a repetition rate of 1 Hz to 400
Hz. The short laser pulses produced crack-free holes regardless of the energy of the
pulse tail at a repetition rate of 150 Hz to 400 Hz.

Secondly, cylindrical holes drilling was realized in a crown glass with a high CTE
of 94 x 107 /K and a low MP of 724°C using a short-pulse CO; laser with a flat-top
beam. The CO; laser had a short laser pulse with a spike pulse width of 276 ns, a pulse
tail length of 56.9 us, an energy ratio of a spike pulse to a pulse tail of 1:20 and a
flat-top beam with a diameter of 12.5 mm and a beam quality factor M? of 13.5 at a
repetition rate of 200 Hz. The flat-top beam was focused by the focusing lens with a
focal length of 12.7 mm on the glass surface at the focus offsets of -0.20 mm to +0.40
mm. Cylindrical holes were produced in the glass at the focus offsets of +0.20 mm to
+0.40 mm.

Lastly, a comparison of the drilling characteristics of a crown glass with a high
CTE of 94 x 107 /K and a low MP of 724°C by a short-pulse CO, laser with a
central-peak-intensity beam and a flat-top beam were investigated. The CO» laser had a
short laser pulse with a spike pulse width of 276 ns, a pulse tail length of 56.9 ps, an
energy ratio of a spike pulse to a pulse tail of 1:20 and a laser beam of a
central-peak-intensity beam or a flat-top beam at a repetition rate of 200 Hz. In the
central-peak-intensity beam and the flat-top beam, a beam quality factor M? was 7.6 and
13.5, respectively. The laser beam was focused by a focusing lens with a focal length of
12.7 mm on the glass surface at the focus offsets of -0.20 mm to +0.20 mm. The
central-peak-intensity beam produced conical holes at the focus offsets of -0.20 mm to

-0.10 mm and produced biconical holes with a wide waist diameter at the focus offsets



of 0.00 mm to +0.20 mm. The flat-top beam produced conical holes at the focus offsets
of -0.20 mm to +0.10 mm and produced a cylindrical hole at a focus offset of +0.20

mm.
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