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This work highlights a setup based on a femtosecond laser system operating at 400 nm
and using a phase mask technique to inscribe FBGs in CYTOP fibers without over-clad.
The gratings are inscribed in a few seconds with a writing laser power as low as 80 uW.
With this setup, 2 mm-long gratings with reflectivity up to 92 % were obtained in less than
10s. Moreover, a 29.7 pm/°C temperature sensitivity of these FBGs is found, which is in
agreement with results published elsewhere.

Introduction

To date, polymer optical fibers (POFs) have attracted more and more attention in the
fields of communication and sensing due to their advantages such as high flexibility,
low Young’s modulus, biomedical compatibility and safety [1-4]. Nevertheless, polymer
fibers present a high attenuation that is the main drawback for their wide deployment.
The most widespread POFs are based on poly (methyl methacrylate) (PMMA) material
and demonstrate an attenuation, caused by high absorption losses of the C—H bonds, of
the order of 100dB/km to 300 dB/km at wavelengths around 600 nm. This attenuation
is also rapidly increasing with the wavelength shift towards the two standard telecom
transparency windows around 1300 nm and 1550 nm [2]. The problem of high losses of
PMMA has been significantly overcome with perfluorinated POFs, where hydrogen atoms
are replaced by heavy fluorine atoms. These fibers are known as CYTOP fibers, and are
available as graded-index multimode fibers with standard 50.0, 62.5 as well as 120.0 pm
core diameters [2]. Actually, their theoretical attenuation limit is as low as 0.3 dB/km, but
practical numbers now reach 20 dB/km at 1300 nm [2]. Such low losses made CYTOP
fibers outstanding candidate for short-distance communication links and fiber sensing.
Due to low insertion loss, low polarization sensitivity, and an extremely concise design,
it makes polymer gratings very attractive candidates for applications of complex filtering
or precise chromatic dispersion compensation in telecommunications [5]. However, FBG
inscription in CYTOP fibers is still a challenging task. Despite the early reports on CY-
TOP material photosensitivity achieved with frequency tripled Nd:YAG laser (355 nm)
and Ar ion laser (457.9, 488.0 and 515.5 nm) [6,7], to date, there is a very limited number
of reported techniques for successful FBG inscription in CYTOP fibers.

The first one, a phase mask technique, has been applied with KrF excimer laser (248 nm)
for gratings inscription in CYTOP without over-clad [8—10]. However, either low reflec-
tivity, or long exposure times (~ 1 hour) are the issues appearing with this FBG inscrip-
tion method in CYTOP fibers. The second method consists in direct FBG inscription
by femtosecond (fs) laser. The fs inscription was firstly realized by point-by-point and
line-by-line techniques using a 517 nm fs laser providing reflectivity up to 70 % [11].
However, this technique requires an accurate control of the beam spot position in the core
of the optical fiber through high precision three-dimension translation stages, which is
both expensive and generally time-consuming, especially for the setup alignment.



In this work, we combine a phase mask technique with a femtosecond laser system oper-
ating at 400 nm to inscribe FBGs in CYTOP fibers. The inscription parameters, such as
laser beam energy, exposition time, and grating length are investigated. In this inscription
method, 2 mm-long gratings with reflectivity up to 92 % were obtained in less than 10s.

POF Pretreatment

We used the commercially available (GigaPOF-50SR from Chromis) graded-index mul-
timode perfluorinated POF, with an over-clad diameter, a core diameter and a numerical
aperture of 490 um, 50 um and 0.185, respectively [12]. The over-clad of the CYTOP
fiber is removed in this set-up to (1) position the phase mask closer to the fiber, and (2) to
avoid its degradation by the laser beam.

Because the over-clad is made of polycarbonate material, it is removed by dichloromethane
CH,Cl, solution [13—15] for a few minutes; then the fiber is carefully cleaned to remove
all residues that would distort the inscription pattern, and therefore lead to huge distortions
of the grating spectrum.
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Figure 1 - Experimental setup to inscribe FBG in CYTOP.

Figure 1 represents the setup used to write the fiber Bragg gratings in CYTOP fibers. It
consists of a femtosecond laser (Spitfire Pro amplifier from Spectra Physics company)
producing 120 fs light pulses at 800 nm with a repetition rate of 1 kHz and an energy of
4 mlJ. The laser is followed by a variable attenuator and a frequency doubler to have pulses
at 400 nm. The laser beam is then reduced by a diaphragm to 2 mm, and focused onto the
core of the CYTOP fiber through the phase mask by a plano-convex cylindrical lens with
a focal length of 100 mm.

The phase mask technique is used to produce the grating as shown in the inset of Fig. 1.
The phase mask has a period of 1158 nm, and a powermeter is inserted between the lens
and the diaphragm to measure the power before focusing. An FBG interrogator (FS2200
from FiberSensing) with a spectral resolution of 1 pm and a spectral range from 1500 nm
to 1600 nm is used to monitor FBG spectrum evolution. A butt coupling joint between a
standard single-mode silica optical fiber pigtail (SMF-28) and the CYTOP fiber is used



as a link towards the interrogator. Moreover, a small drop of refractive index matching
gel (n =1.4646 at 589.3nm) is used between the two optical fibers to reduce Fresnel
reflections from the end face of the SMF.

Figure 2 (a) shows spectra for a 2 mm-long grating inscribed in 10 s with a beam power as
low as 80 uW. From the transmission spectrum, the reflectivity of the fundamental mode
of the grating is computed to be 92 %.
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Figure 2 - (a) Transmission and reflection spectra for grating in CYTOP (inscription parameters:
grating length 2 mm, laser power 80 uW, and inscription time 10s); (b) Temperature response of
the fundamental peak of the FBG in CYTOP fiber.

By comparing several FBGs spectra with the same grating length and different beam
powers, such as 60 uW, 80 uW, 100 uW and 120 uW, it is shown that: (1) there are no
FBG resonance peaks in the spectrum when the beam power is lower than 80 uW; (2)
the reflectivity of the main resonance peak (fundamental mode group) decreases with the
increase of the beam power; and (3) more and more subpeaks appear when the beam
power is increased.

We have also produced gratings of different lengths with same beam power by adjusting
the diameter of the diaphragm in Fig. 1, i.e., 2mm, 3 mm, 4 mm and 5 mm. The main
conclusions are: (1) the reflectivity of the main resonance peak increases with the increase
of the grating length; and (2) all the spectra exhibit significant subpeaks.

Temperature Measurements

It is well-known that temperature affects the Bragg wavelength, so the gratings were tested
against temperature. A climate chamber (Weiss SB 22) is used to control the tempera-
ture and humidity with a temperature range of —40 °C to 180 °C and a relative humidity
range of 10 % to 98 %. Considering the maximum temperature tolerance of CYTOP fiber
(<70°C), we use a range of temperatures from 10 °C to 60 °C, and the humidity is kept
approximately constant around 80 %.

In this test, we cycle the temperatures from 10 °C to 60 °C with steps of 5 °C for 10 min
per step. Fig. 2 (b) displays the main peak evolution, and by a linear fit a temperature
sensitivity of 29.7 pm/°C (coefficient of determination R? = 0.99) is obtained .



Conclusions

In this work, we combine a phase mask technique with a femtosecond laser system op-
erating at 400 nm to inscribe CYTOP FBGs with reflectivity up to 92 % in less than 10s
exposure time. The main advantages of the proposed method is the fast and repeatable
inscription of highly reflective CYTOP FBGs utilizing standard precision mechanical
equipment. To characterize the properties of the inscribed gratings in CYTOP fibers,
we investigate their temperature sensitivities in the fundamental mode group of the FBG
spectra. It is found that the temperature sensitivity of the fundamental mode group of a
FBG in CYTOP without over-clad is approximately 29.7 pm/°C.
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