Chirped polymer optical fiber Bragg grating sensors
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ABSTRACT

We report chirped fiber Bragg gratings (CFBGs) photo-inscribed in undoped PMMA polymer optical fibre (POF) for the
first time. The chirped polymer optical fiber Bragg gratings (CPOFBGs) were inscribed using an UV KrF excimer laser
operating at 248 nm. The rectangular gauss laser beam was expanded to 25 mm in horizontal direction along the fiber
core by a cylindrical lens, giving a total of 25 mm grating length. A 25 mm long chirped phase mask chosen for 1550 nm
grating inscription was used. The laser frequency was 1 Hz with an energy of 5 mJ per exposure, exposing few pulses for
each grating inscription. The reflection amplitude spectrum evolution of a CPOFBG is investigated as a function of the
applied strain and temperature. Also, some results regarding to group delay are collected and discussed. These results
pave the way to further developments in different fields, where POFs could present some advantages preferably
replacing their silica counterparts.
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1. INTRODUCTION

FBGs in POF (POFBGs) are claimed to offer an interesting alternative to silica FBGs for sensing applications [1—4].
There are a several distinct types of FBG structures such as: the uniform Bragg grating characterized by a constant
grating pitch (spacing between grating planes), the tilted FBG (TFBG) which has the grating planes tilted with respect to
the fiber axis, and the chirped Bragg grating (CFBG) that has a non-periodic pitch, displaying a linear variation in the
grating pitch, called a chirp [5,6]. CFBGs or also called aperiodic Bragg gratings are known in the literature for gratings
with chirp and generally refer to gratings in which the resonance condition varies along its length. If the variation of the
periodicity is small, it can be considered locally uniform. Because of this, each part of the grating will reflect different
wavelengths without affecting each other [7]. The most common aperiodic FBGs are gratings with variable period along
its longitudinal extension. The sensing element behaves as a layer of FBGs, in which different Bragg wavelengths are
encoded along the fiber axis 2z [6]. The modulation period A(z) follows a linear profile

A(z) = A, +kz), for 0 <z <L, where L is the grating length; k is the chirp coefficient, which defines the increase of

refractive index period per unit of length. Of course, the period of an aperiodic FBG can be expressed by a polynomial of
N degree given as A(z) = A0 + Alz + ... + aN zN, which is important for optical communications field. The aperiodicity
has effect in two properties of Bragg gratings: the bandwidth and group delay. The group delay characteristics of the
grating are different from conventional gratings. Since different wavelengths are reflected in different positions on the
fiber, it causes a group delay dependent on the wavelength. This kind of FBGs and analysis are used in optical
communications to compensate the dispersion in different situations or others applications [14,15]. For sensing
applications, there are many works using silica CFBGs for refractive index and strain measurements, biomedical, splits
and transverse cracks in structural health monitoring (SHM) by local pressure analysis, or liquid level monitoring
[10,11]. For the aforementioned applications, POFs bring additional benefits, such as robustness, cost-effectiveness, ease
of installation and improved biocompatibility. Also, photo-inscription in POFs has matured to such a degree that it now
becomes feasible to investigate CPOFBGs fabrication, which requires more efficiency than uniform FBGs.
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