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Function embedding to silica glass optical fibers using femtosecond laser processing
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The aim of this thesis is to explore the potential of femtosecond laser microstructuring in a silica glass optical fiber in order to produce
functionalized sensor element. In the first step of this work, femtosecond laser irradiation to optical fibers is experimentally demonstrated
to obtain the processing condition in terms of irradiation parameters and focal conditions, for two methods of internal modification and
laser drilling. Using the condition with the parameters, the fabrication of microstructures is performed to implant sensing function into
optical fibers. In the fabrication using internal processing, micro voids are asymmetrically arranged along the optical axis of optical fiber
by using a single shot of 210 fs pulse with a pulse energy of 4 pJ at a wavelength of 800 nm. The non-axisymmetric disposition of the
micro-void array allows bending direction to be detected by observing increases and decreases in the light intensity propagated in the
core. A 2 mm-long sensor element gives average sensitivities of -0.08 and +0.06 dB/mm over a 5 mm displacement range for two
bending directions. For the second experiment, femtosecond laser drilling is successfully applied to fabricate a through-hole array in a
multi-mode optical fiber for fiber optic in-line spectroscopic measurement, using the irradiation parameters adjusted in a pulse train of 1
kHz during 1.2 s, with a pulse width of 350 fs and a pulse energy of 15 pJ per pulse irradiation at a wavelength of 400 nm. Fabricated
through holes penetrate the fiber core and work to be a sample cell for a spectroscopic measurement. The spectroscopic measurement
will be shown for several liquids including dye of rhodamine 6G (R6G). Even with a single cell volume of approximately 20 pL, the
absorption spectrum is appeared in the visible range centered at 530 nm which corresponds to the peak absorption wavelength of R6G.
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Intensity change Intensity change
in bending direction A in bending direction B
Sensing length Insertion loss Decrease Average sensitivity Increase Average sensitivity
(mm) (dB) (dB at 5 mm) (dB/mm) (dB at 5 mm) (dB/mm)
0.5 0.51 -0.14 -0.03 +0.04 +0.01
1 1.05 -0.20 -0.04 +0.13 +0.03
2 2.01 -0.41 -0.08 +0.27 +0.06
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