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ABSTRACT

FBG in polymer optical fibers (POFs) is a promising technology for a wide range of sensing applications due to a lower
Young’s modulus and a large range of applying strain. Furthermore, POFs have several properties which make them
attractive for biosensing applications such as non-brittle nature, flexibility in bending and biocompatibility. Chirped Fiber
Bragg gratings (CFBGs), which are characterized by a non-uniform modulation of the refractive index show a broad
reflection spectrum, enabling short-length distributed sensing. The combining benefits of POF and CFBGs is attractive for
biomedical applications. Here, we present a novel method to obtain CFBG in POF with a post-process uniform POF FBG
by using resin.
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1. INTRODUCTION

Fiber Bragg grating sensors are emerging as a promising technology among the broad field of fiber optics sensors [1].
Since the first demonstration of the photo-induced modulation of the refractive index in the 90s [2], and theoretical work
that analyzes grating structures in fiber employing layer peeling [3] and coupled-mode theory [4], FBG sensors have
attracted huge interest due to its inherent advantages, such as lightweight, immunity to electromagnetic fields, fast response,
suitability for the harsh environment, etc [5].

FBG sensors show emerging applications in healthcare and medical devices [6], structural engineering [7], oil and gas
monitoring applications [8-10]. Uniform FBGs are based on the periodical modulation of the refractive index of the fiber
core, and they are the most popular grating-based device. Non-uniform grating has enriched the type of FBG, which
depends on the type of refractive index modulation and fiber characteristics. By modulating the refractive index amplitude,
it is possible to generate apodized gratings, which has a higher rejection of spectral side lobes. Recently, tilted FBGs with
tilting grating profile to excite cladding modes also attracted attention for biomedical applications with high precision [11-
12].

All these types of gratings have a spatially uniform periodicity. By varying the period of the refractive index modulation
along the grating, it is possible to obtain a chirped FBG (CFBG) [13]. In a CFBG, the Bragg wavelength varies along the
grating, because each portion of the grating reflects a specific wavelength according to the Bragg’s condition. As a result,
the CFBG has a reflection spectrum which is much broader than uniform FBGs, with a range from a few nanometers to
tens of nanometers in 3 dB bandwidth.

CFBG has been widely studied and employed in optical communications, as they could provide compensation for the
group delay due to long haul optical transmission [14]. Recently, CFBG also gained interest from the sensing community
thanks to the key features and the inherent grating structure [15]. The most significantly key characteristic of the CFBG is
the fact that all spectrum depends not only on the temperature or strain applied on the whole grating length but on the

Micro-Structured and Specialty Optical Fibres VI, edited by Kyriacos Kalli, Pavel Peterka,
Christian-Alexander Bunge, Proc. of SPIE Vol. 11355, 1135510 - © 2020 SPIE
CCC code: 0277-786X/20/$21 - doi: 10.1117/12.2555432

Proc. of SPIE Vol. 11355 1135510-1

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 04 May 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



information recorded in each section of the gratings. From this point, the use of a CFBG sensor can potentially detect rates
of spatial changes of strain or temperature.

Polymer optical fiber (POF) has several advantages over silica fiber, such as a larger elongation before breakage, a
lower Young's modulus, and a higher thermo-optic coefficient. These advantages will provide a broad tuning range by
either heating or straining the fiber. Apart from these, biocompatibility is an important feature for bio-medical applications.
The fabrication technology of grating devices in silica fiber is mature. However, the fabrication technology for grating
devices in POF is still under research [16-20], with the first CFBG in polymer optical fiber obtained by Marques et al with
the phase mask method in 2017 [21]. Then, tapering, gradient annealing and femtosecond direct writing method [22-24]
were investigated to obtain CFBG in POF for different application scenarios [25-28]. In this paper, to the best of our
knowledge, we report a novel method to fabricate CFBG in POF with adhesive resin.

2. CFBG WORKING PRINCIPLE

The working principle of a CFBG extends from the uniform grating structure as is shown in Fig. 1. For a uniform
FBG, the Bragg wavelength is equal to [4]:
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Fig. 1. Uniform grating structure.

where A the period of the refractive index modulation, nesr is the effective refractive index of the fiber core and L is the
length of the grating. Moreover, for a chirped FBG, the periodicity of the modulation is not constant as shown in Fig. 2. It
changes along the propagation axis z; the function A(z) defines the chirp pattern. This implies that each section of the
grating reflects a different Bragg wavelength, and the total spectrum of the FBG consists on the sum of the reflected
wavelengths from each section of the grating.
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Fig. 2. Chirped Bragg grating structure.

In a linear CFBG, as displayed in Fig. 2, the chirp rate coefficient is constant and defines the rate of spatial change
of the Bragg wavelength within the grating structure. The parameters of the refractive index modulation (effective
refractive index of the fiber core, ncsr, amplitude about modulation of the refractive index, 6n.fr, coupling coefficient, k)
are assumed to be constant over the whole grating length. The reference value for the Bragg wavelength has a linear
dependence upon the grating length.
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Fig. 3. Special CFBG structure.
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For a special Bragg grating as presented in Fig. 3, the grating consists of one uniform grating with a narrow period, one
linear CFBG and a uniform grating with broad period grating. The reflect spectrum also shows chirp performance which
could be calculated with the coupled-mode theory [4]. Actually, in silica fiber there is no signature requirement to achieve
such kind of grating due to the fabrication process and the limited applications. However, in POF, which has a better elastic
performance, it is possible to obtain such structure by post-processing an uniform FBG in POF, by stretching the fiber and
gluing part of the grating. We will demonstrate this procedure in the next section of this work.

3. POF CFBG FABRICATION

The fiber samples used in this work were undoped 2-ring PMMA microstructured POF (mPOF) with an average hole
diameter and a pitch in the fiber of 1.70 um and 3.95 um, respectively (fabricated in DTU Fotonik [29]). The samples were
pre-annealed at 70°C for 12 hours to remove any residual stresses created during the drawing process. Then, the fiber
samples were cleaved with a homemade portable polymer optical fiber cleaver [30] and connected with typical ferrule to
simplify the interrogation of the reflected optical signal. Fig. 4 shows the cross-section of the fiber.

Fig. 4. Cross-section of the 2-ring PMMA mPOF.

In our fabrication setup, a pulsed Q-switched Nd:YAG laser system (LOTIS TII LS-2137U ) lasing at the fourth harmonic
operating at 266 nm wavelength was employed for the uniform FBG inscription with a pump lamp repetition rate of 5 Hz
as is displayed in Fig. 5. The laser beam profile is circular, the diameter is about 8 mm and the divergence is < 1.0 mrad.
The laser beam is focused onto the fiber core using a plano-convex cylindrical lens. The effective spot size of the beam on
the fiber surface is 8 mm in width and about 30 pm in height. The phase mask is 10 mm length with a period of Apm =
567.8 nm, which is designed to operate at 248 nm wavelength.
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Fig. 5. Schematic of the laser irradiation system.
The FBG reflected optical power was monitored during irradiation by employing a superluminescent diode (Superlum
SLD-371-HP1) and an optical spectrum analyzer (Yokogawa AQ6373B) with 0.02 nm resolution. We observed a Bragg
grating device with 28 dB of reflectivity using 5 Hz of frequency during 180 seconds after spectrum stabilization as shown

in Fig. 6.
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Fig. 6. Reflected spectral power of the FBG.

Norland optical adhesive, a solvent-free material which could be fully cured in few minutes by ultraviolet light exposure,
was used to glue half part of the grating (4 mm of the grating, since the total of grating length was 8 mm). It was applied
strain (~1%) in the Bragg grating and then the curing process started with the Norland 86 coating on half of the grating
length. As expected, the reflected power spectrum became broader during UV exposure as shown in Fig. 7, which indicates
a stretch performance appears due to the coated half of the grating under UV exposure. After releasing the fiber, due to the
combined performance of resin and release, all spectrum blue shifted, and became narrower than the previous one. Both
chirped reflected power spectra show some apodized performance due to liquid coating during the UV curing process,
which makes it difficult to obtain an uniform coating on the fiber. The interface between the coated and uncoated parts of
the grating show some slope on the coating thickness, which implies a non-uniform strain performance.
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Fig.7. Grating reflected spectra before (blue) and after (red) applying resin under 1% strain, and spectrum of the grating after released
and stabilized.

Once the curing process was finished, the fiber was released and stabilized for several days. The measured reflected power
spectrum shows a bandwidth reduction down to ~3 nm, as shown in Fig. 7.

4. CONCLUSION

As conclusion, we present the working principle of a novel CFBG production technique in POF, by obtaining this kind of
device for the first time, which is a simple post-process method to achieve CFBG, based on the large elastic performance
of POF. Future research will focus on the characterization of the device and applications in biomedical field.
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