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Abstract—Cyclic transparent optical polymer (CYTOP) fiber, used mainly in strain detection and refractive index char-
acterization of liquids, can be polished for the detection of ultraviolet (UV) light radiation. The study investigates the
transmission spectra of CYTOP fiber exposed to different intensities of UV light, demonstrating a linear relationship. A
simplified system using a single wavelength, i.e., 395 nm, shows real-time performance of the sensor in a range from
1 to 15 mW. The results reveal the potential of CYTOP fiber as a UV sensor with a sensitivity of 0.65%/mW and a limit
of detection of 0.3 mW, offering implications for monitoring UV radiation exposure and related health risks. In addition,
the effect of the UV light was also observed at longer wavelengths with a lower intensity variation, which suggests that
CYTORP fiber could be used for transmitting the UV radiation detection in telecommunications bands.

Index Terms—Sensor integration, Optical sensors, cyclic transparent optical polymer (CYTOP) optical fiber, intensity sensor, side

polishing, ultraviolet (UV) light.

I. INTRODUCTION

Plastic optical fibers have attracted much interest during the last
decades in sensors domain due to their high elastic strain limits, high
fracture toughness, high flexibility in bending, high sensitivity to strain,
and potential negative thermo-optic coefficients [ 1]. More specifically,
fluorinated polymers have gained prominence due to their remarkable
properties, such as high transparency, thermal stability, and infrared
transmission [2], [3], [4], [5].

Within fluorinated optical fibers, cyclic transparent optical polymer
(CYTOP) fiber has been widely used, mainly for Bragg gratings-based
measurements [6], [7]. In addition, CYTOP fiber, thanks to the low
refractive index it presents, i.e., 1.34—1.35 [8], very close to water,
allows a high evanescent field to be obtained when tapered. Hence, a
high sensitivity to the surrounding medium refractive index is obtained
[9]. This idea is something common in many optical fiber sensors:
When the refractive index of the substrate is very similar to the
surrounding medium [10], it increases drastically and this is why
CYTORP fiber is very adequate for applications where molecules in
liquid must be detected, because liquids typically show a refractive
index very similar to water.

Another way to potentiate the sensitivity of CYTOP fiber is by lateral
polishing and a further deposition of a gold thin film [11], which
permits the achievement of a sensitivity higher than 20 000 nm per
refractive index unit in a refractive index close to water.

Here, we aim to explore the effect of ultraviolet (UV) light on the
transmission of light through CYTOP fiber. Building upon previous
findings that showcased spectral variations in the fiber when exposed
to gamma radiation [12], [13], our focus now shifts toward compre-
hending the effects of UV light. With the utmost significance placed
on human wellbeing, the accurate monitoring of UV radiation expo-
sure from both natural sunlight and artificial light sources becomes
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imperative. The potential consequences of excessive UV exposure
are far reaching, extending beyond mere sunburns to include an in-
creased risk of developing skin cancer [14]. Hence, our exploration
of UV light’s influence on light transmission through a side polished
CYTORP fiber serves to deepen our understanding of the mechanisms
behind UV-related health risks. According to a study performed with
a PMA2100 radiometer in Coimbatore, India, UVB irradiance was
maximum between 12.00 noon—1.00 PM. (19.50—-40.2 W/cm?) and
UVA between 12 noon—1.15 P.M. (4.70-6.59 mW/cm?) [15], whereas
in [14], a sensor for real-time monitoring of UV in a range from 0.1 to
10 mW was developed. This indicates the range of values necessary
to detect.

II. EXPERIMENTAL SETUP

For the fabrication of the proposed UV sensor, a CYTOP plastic
optical fiber (GigaPOF120SR, Thorlabs) with a 120 um core and
490 pm cladding was utilized. To expose the evanescent field, it
was necessary to perform a side polishing on the CYTOP fiber. To
reduce the final roughness of the CYTOP fiber after polishing, side
polishing was performed using three different types of sandpaper.
Initially, silicon carbide sandpaper with a grit size of 2000 was used,
followed by sandpaper with a finer grit size of 5000. Finally, a 3-um
aluminum oxide polish film (Fiber Instrument Sales) was applied. The
outcome of this process is a D-shaped side polishing, with the most
polished section having a final thickness of 243 p«m (initially 490 ptm),
as depicted in Fig. 1(a).

After that, the optical fiber was included in the setup depicted in
Fig. 1(b), where one end was connected to a broadband source (an
ASBN-W—high power series white light source from Spectral Prod-
ucts Inc.) and the other end to an HR4000 spectrometer (OceanOptics
Inc., Largo, FL, USA). In addition to this, a fiber-coupled LED light
source emitting at 395 nm was oriented to the polished side of the fiber
UV light source so that UV light is coupled to the light transmitted
and detected by the spectrometer. In addition, in order to calibrate the
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Fig. 1. Photograph of the side polished CYTOP fiber and experimental
setup where UV light couples to the light transmitted by a broadband
source emitting in the visible range.
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Fig. 2. Variation of the transmittance at 395 nm when UV light from
a LED source emitting at 395 nm couples to the light transmitted by a
broadband source emitting in the visible and near infrared range.

signal detected by the spectrometer, a laser photodiode with a wide
spectral range (200-1100 nm), model PD300-UV P/N7Z02413 from
Ophir Photonic, was used. This permitted the monitoring of the optical
signal intensity in milliwatts.

lll. RESULTS

Fig. 2 shows the transmission spectra monitored by the spectrometer
in the range from 375 to 410 nm for different intensities of the UV LED
source ranging from O to 15 mW. Light from the UV LED source is
coupled to the CYTOP fiber in an apparent linear way. In Fig. 2, the
signal is not centered exactly at 395 nm due to the tolerance of the
central wavelength of the LED source (LZ1-00UB00), which is 5 nm
according to the manufacturer. In addition, there are other factors that
can affect, such as temperature.

In order to simplify the system, Fig. 3 shows the variation of the
transmittance monitored by the spectrometer at 395 nm. Although
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Fig. 3. Transmittance of the polished CYTOP at 395 nm when
exposed to UV light with a power of 20 mW.
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Fig. 4. Transmittance at 395 nm when UV light from an LED source
emitting at 395 nm couples to the light transmitted by a broadband
source emitting in the visible and near infrared range. The polished
CYTOP was exposed to UV light with a power ranging from 1 to 15
mW. The red line shows also the temperature.

the experimental setup in Fig. 1 is based on a broadband source and
a spectrometer, analyzing the performance for a single wavelength
certified the capability of the system to consist of an LED source and
a photodetector at the same time a real-time signal can be shown,
not discrete values as in Fig. 2. In Fig. 3, three measurements were
conducted with the UV light directed onto the polished side of the fiber
at a power level of 20 mW. The measurement was repeated three times
in order to demonstrate that the process is quite repeatable. Moreover,
the 15% variation in the transmittance agrees well with the linear fit
that will be shown in Fig. 6.

Fig. 4 goes one step forward and shows the real-time performance
of the sensing system for the same intensity values used for the spectral
analysis in Fig. 2. In Fig. 4, it was possible to discriminate the different
intensities with a drift that is due to the variation of the temperature
during the experiment. CYTOP fiber is sensitive to temperature, as
demonstrated in other works [16], [17]. This effect was not observed
in Fig. 3 where the temperature was quite stable (the laboratory where
the experiments were performed controls temperature with 1 °C error
so there are time slots with more or less variations).

Hence, the ambient temperature was monitored with a negative
temperature coefficient (NTC) thermistor during the experiment. This
way, the drifts induced by temperature are compensated by a minimum
error algorithm. First, as the sampling frequencies of the temperature
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Fig. 5. Transmittance at 395 nm when UV light from an LED source
emitting at 395 nm couples to the light transmitted by a broadband
source emitting in the visible and near infrared range. The blue line
shows the raw data and the red the corrected values after application
of a temperature compensation algorithm.
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Fig. 6. Calibration displayed together with the linear fit of the
experimental points. The proposed UV sensor achieved a sensitivity
of 0.65%/mW.

sensor and that of the spectrometer do not match, it is necessary to
resample, in this case, the one of higher frequency, so we do not
need to interpolate data. Then, a correction factor is calculated, which
corresponds to the ratio of the maximum increment of the spectra base
line, that is, not considering the detection peaks, by the maximum
increment of the temperature. Finally, at each increment, the spectrum
data are corrected by extracting from the experimental data the amount
corresponding to the difference of the temperature at that increment
minus the minimum temperature, and this difference multiplied by the
correction factor in order to translate the change in temperature to the
change in transmittance of the spectrum. Fig. 5 compares the signal
with and without temperature correction.

In addition, in Fig. 6, it is possible to contrast the variation of the
transmittance in Fig. 5, observed for the seven different UV intensities,
with a linear fit-based calibration curve (the correlation coefficient
R? was 0.9959). The limit of detection was estimated following the
method explained in [18], where the limit of detection was calculated
as the blank mean value plus three times the standard deviation of the
blank. With this method, a limit of detection of 0.3 mW was obtained,
which indicates that intensities lower than 1 mW can be detected,
with a sensitivity of 0.65%/mW. Furthermore, no filtering process of
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Fig. 7. Transmittance at 700 nm when UV light from an LED source
emitting at 395 nm couples to the light transmitted by a broadband
source emitting in the visible and near infrared range.

the signal was performed, which suggests that a much lower limit of
detection can be achieved.

Finally, Fig. 7 shows the signal obtained when monitoring the
variation of the transmittance under the same setup where a broadband
source is emitting light and an LED source emitting at 395 nm is placed
in front of the polished side of the optical fiber. The particularity here
is that the transmittance is monitored at 700 nm, which demonstrates
the capability of the system to monitor the UV light radiation at
wavelengths different from the UV radiation.

InFig. 7, the two values that were monitored are 30 and 100 mW, and
itis evident that the variation of the signal is lower than at 395 nm, at the
same time it was necessary to apply an algorithm to reduce the noise.
This lower signal response confirms the idea that in terms of selectivity
itis better to monitor the UV wavelengths, where more signal variation
is attained. On the other hand, the detection at longer wavelengths
opens the path to distributed sensing in a similar way to fiber Bragg
gratings (FBGs) when applied at different points of a fiber in structural
health monitoring, for instance. Polishing the fiber at different points
of a fiber would permit to monitor de UV radiation in an extended area.
Obviously, the challenge is to multiplex the signal, because the setup
presented here is an intensity based and not a wavelength resonance-
based one. However, this could be solved by using FBGs in CYTOP
fiber, since each FBG would lead to a resonance band centered at a
specific wavelength, avoiding an overlap of the signals corresponding
to each side polished region of the fiber.

IV. CONCLUSION

This study investigated the influence of UV light on light trans-
mission through CYTOP fiber, revealing its potential as a UV sen-
sor for monitoring UV radiation exposure and understanding related
health risks. The experimental setup involved side polishing of the
CYTOP fiber and coupling UV light using a fiber-coupled LED source.
Spectrometer analysis showed a linear relationship between UV light
intensity and transmittance, with slight temperature-related drifts
compensated using an algorithm. The UV sensor was calibrated, ex-
hibiting high sensitivity (0.65%/mW) and a detection limit of 0.3 mW.
These findings highlight CYTOP fiber as a reliable and sensitive UV
Sensor.
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The implications of this research are significant for human well
being, as accurate and real-time monitoring of UV radiation is
crucial for mitigating health risks, including skin cancer. CYTOP
fiber presents a promising solution in this regard. Furthermore, the
study revealed the detection of variations at 700 nm wavelength. The
variations of the signal are reduced at this wavelength (only 30 and
100 mW radiation could be discriminated), but this opens the path for
detecting UV light and coupling this signal to the signal transmitted
in telecommunications network.

Overall, this study deepens our understanding of UV light’s effects
on CYTOP fiber’s light transmission and provides a viable approach
for developing high-sensitivity UV sensors. Further research can focus
on refining the sensor design, the stability of the sensitivity after
exposure to UV power or the reproducibility of the experiments (the
polishing degree is critical in terms of acceptance of coupling UV
light, and it must be controlled very precisely) optimizing the signal
processing techniques, and exploring potential applications in areas
such as environmental monitoring, industrial safety, and personal UV
exposure tracking. By harnessing the capabilities of CYTOP fiber, we
can better protect individuals from the harmful effects of UV radiation
and promote healthier living environments.
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