Fiber Bragg Grating using femtosecond laser direct writing
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Abstract: Fiber Bragg Grating is an optical structure with a great importance because of the its various applications. The process
of inscribing FBG using femtosecond laser direct writing allows a three-dimensional structure with very high precision. In this
experiment, it was studied this technique, and it was possible to obtain a reasonable fiber Bragg grating. Due to instabilities
in the setup and uncertainties in the certain conditions, the gratings were not perfect and the spectrum obtained was not the
expected, but the Bragg reflections were still visible. Since this technique is under development, there are various possibilities

to improve it.
I. INTRODUCTION

Femtosecond laser micromachining was first demonstrated
in 1994, when a femtosecond laser was used to ablate
micrometre-sized features on silica and silver surfaces. Since
then, microfabrication in transparent materials using fem-
tosecond laser pulses has been receiving a lot of attention.

(2]
Fiber Bragg grating (FBG) was discovered in a laser setup by
Kenneth Hill in 1978 and it’s a very important structure. [If

For this reason, FGB can be used in
sensors, such as temperature or strain. [3][4]
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II. INSCRIPTION OF FIBER GRATING USING FEMTOSECOND
LASER PULSES

A. Femtosecond laser pulses and direct writing
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for example, a refractive-index change to the order of 1072 to
1074

There are two types of direct writing: Sideswritingiandiparalle]
WEting! In side writing, the sample is translated perpendicu-
larly to the laser beam wheres in parallel writing the sample
is translated parallel to the propagation axis of the laser pulses
(Figure 1).

Translation

(a)
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(b)
Figure 1. Types of direct writing: (a) side-writing and (b) parallel writing.[2]

For the purposes of this experiment, it was used de side
writing, where the direction of the laser beam is antiparallel
to the y-axis and the translation is parallel to the z-axis.

B. Fiber Bragg Grating

ByNtheNfibericoremits central wavelength is given by
A= 2ncppA (0

in which A is the grating period (figure 2) and n.ys is the
effective refractive index of the fiber mode.
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Figure 2. Schematic of the ultrashort-pulse laser-based inscription by direct
writing.

n order to have

the total reflection of a small part of the spectrum in the begin
of the fiber, the reflected waves must be in phase, JfidNthg

Figure 3 represents the spectrum before and after the FBG.
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Figure 3. Working principle of the fiber Bragg grating.[5]

There are two types of FBG: nanogratings and microexplo-
sions. The formation of nanogratings is characterized by the
use of intensities above 8 x 10'*W/cm?, turning the glass
birefringent, and both isotropic and anisotropic index changes

are of the order of up to An = 1073, Microexplosions
occur at intensities higher than 30 x 103W/em?, resulting in
microvoids, that can provide very strong index contrast of the
order of An = 107!, To inscribe the FBG using femtosecond
laser direct writing, the pulse energy is chosen high enough to
cause a microexplosion with a single shot that leaves a high
refractive index contrast microvoid behind.

Fiber Bragg Gratings can be inscribed in almost any fiber
material without affecting the surrounding region, being pos-
sible to operate at temperatures up to 1000 °C. Grating
designs benefit from new structuring possibilities since the
modifications can be highly localized within the core or can
extend far into the fiber cladding. It can be used as sensing
devices, fiber lasers and all optical switches. [3]

III. EXPERIMENTAL

In order to do the inscription of fiber grating it was used the
setup represented in figure 4.
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Figure 4. Experimental setup for the inscription of fiber grating

To observe the spectrum of the light that comes out of the fiber
during the fabrication of the gratings, the fiber is connected
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Figure 5. Spectrum of the light after the grating.

The gratings are characterized by the absence of specific
wavelengths in the spectrum.






Since the core of the fiber is extremely narrow, compared with
its cladding, it’s difficult to center the fiber in order to focus
the laser beam in the center of the core, to do the grating.
The final result of the FBG is visible in figure 6.

Figure 6. Microscope image of the Fiber Bragg Grating.

V. CONCLUSIONS

Despite being a technique difficult to master, it has various
advantages and the results are promising. Studying more the
conditions of the inscription, it’s possible to improve a final
result and to have a perfect FBG, and even industrialize the
process.
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