Development of laser microfabrication process machine

1. Abstract

Laser machining is being tried in a variety of fields for application since it
can be widely applied not only to metals, but also to brittle and other
nonmetal materials on the condition that an appropriate source of light is
selected for the material to be machined. In particular, in the recent
situation of growing demand for high-accuracy and high-grade micro
drilling, conventional laser drilling could no longer meet quality
requirements such as for hole diameter accuracy and surface integrity due
to its significant thermal effects on the material, but the use of picosecond
and other short pulses has enabled ablation (evaporation/sublimation)
processing-based, high-accuracy and high-grade machining.

So, we developed the short pulsed-laser process machine "ABLASER"
which united the technology of a laser optics system, and the technology
of a precision drive and precision positioning. And we achieved less

thermally-affected high-grade micro drilling. (Figure 1) Figure 1 External appearance of “ABLASER”
2. Description of the technology

Short-pulsed
I /laser beam

Figures 2 and 3 outline different laser machining methods indicates

their characteristics. Percussion machining is a method to drill holes by Sl
aser rotating
locus

irradiating a pulsed laser beam in a fixed place without allowing the beam
to move or rotate (Figure 2). At present, it is used as a method of micro
drilling, but since the expanse due to light concentration by a lens is
transcribed, the cut surface always assumes a tapered shape. On the other
hand, helical drilling for machining irradiates a pulsed laser beam while
allowing the beam to rotate at a high speed after being adjusted to the
desired hole diameter (Figure 3). We have adopted the helical drilling
system.

The spindle which has the high precision bearing is used for prism
rotator which we developed originally, and it is taken as the system which
can adjust the irradiation position and angle of a laser beam precisely.

Figure 4 shows an example of ¢0.12mm-hole drilling on a SUS420
plate (t0.3mm). Smooth machined inner surfaces and sharp edge sections
indicate that there was little thermal effect on the drilling due to ablation.
Figure 5 show an example of ¢0.15mm-hole drilling on a silicon wafer
(t0.5mm). Like SUS420, silicon as a brittle material could be machined
with little thermal effect. Straight hole Reverse-tapered hole | Drum-shaped hole

A straight, a reverse-tapered, and a drum-shaped hole with the
narrowest part of @0.lmm were machined on a tempered SCM420
material (t0.8mm) and Figure 6 shows an SEM observation photo of each
machined section and roughness measurement results. If the beam’s angle
of incidence is controlled, the desired tapered shape can be machined and
the machined surface roughness is Ra0.1um or les in all cases. In straight
and reverse-tapered holes, adhesion of foreign matter was observed, but

Figure 4 Microdrilling on SUS420 Figure 5 Micro drilling on silicon wafer

this occurred only after machining, and by devising a cleaning method,
etc., drum (-shaped) hole machining achieved a smooth machined surface |
free from any adhesion. Figure 7 shows an SEM observation photo of Roughness; 0.09um 0.08um 0.074m
different hole machining. Not only confined to drilling, the process can
also be used for cutting the material into any desired shape with few

Figure 6 Example of different hole shape machining

thermal effects on the cut surface.

3. Conclusion

We developed the “ABLASER” short pulsed-laser machine, in which a
helical drilling method was employed, and achieved ultrafine
hole-drilling. And we will strive to continue technical development in the
future so that we will be able to offer optimal solutions to satisfy the need
for finer micromachining with higher quality in various industrial fields.

Figure 7 Example of different-hole machining
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