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Fabrication of three—dimensional optical devices
by using a femtosecond laser
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In recent years, using infrared fs lasers to induce a change in refractive index by the
multi-photon absorption process in transparent materials has been widely investigated. The application
of the fs laser provides a new technique for making three-dimensional integrated photonic structure in
various glasses. This technique has been applied to fabricate photonic structures, such as passive
optical waveguides in a variety of glasses [1], gratings [2-3], and coupler [4-5]). Here we report the
fabrication of the waveguides and optical device by use of a Ti:Sapphire laser.

Using 1-kHz pulse trains of 100-fs laser pulses focused by a 0.42-NA microscope objective, the
waveguides were written inside a slab of transparent material about 300-ym beneath the surface of
the sample with different laser power of 300, 400, and 500 nJ as shown in Fig. 1(a). We translate
the sample at a speed of 10 ym/s in a direction perpendicular to the axis of the fs laser beam and
then resolidifies after being moved away from the laser focus. It can be observed that the diameter
of the cross section increases with the in-creasing pulse energy of the fs laser beam and is
independent of the moving speed of the sample. A schematic diagram of the 1x2 optical splitter is
presented in Fig. 1(b). The length of the splitter is 5 mm, and the separation of the two branches is
0.25 mm. The optical splitter was fabricated by fs laser pulses inside fused silica glass with a pulse
energy of 400 nJ and scan speed of 10 um/s. The laser beam was guided into a micro-scope and

_ (a) | (b)
1% 1. Fig. 1 Optical micrograph of (a) waveguides and (b) optical splitter written inside fused silica glass
using a 1 kHz, and 100 fs pulse train focused with a 0.42 NA microscope objective.
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(a) (b)
Fig. 2 Microscope image of a 2-ym period line and dot gratings directly written inside fused silica
with 320 nJ pulse energy. Line width and dot diameter are 0.5 and 0.7 pm, respectively.

focused by a 20x objective (NA, 0.42) into the core. To examine the guiding properties of the optical
splitter, we coupled a 1550 nm laser beam into input channel of the optical splitter and imaged the
output onto a CCD camera. The splitting ratio of the optical splitter with length of § mm is
approximately 1:1. Figure 2 show the microscope image of 2-um period line and dot gratings directly
written inside fused silica with 320 nJ pulse energy and a 50x microscope objective as the focusing
lens. Line width and dot diameter are 0.5 and 0.7 pym, respectively. Each line and dot represents the
optical modification inside the glass in the region of the focus of laser pulses. Only a single scan
was performed for each grating line.

In conclusion, the fs micromachining technique is a novel means of fabricating silica PLC
devices; it is simple and produces accurate passive alignment. It will also investigate to fabricate
photonic structures, such as three-dimensional optical storage and photonic crystals.
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