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Abstract— This work presents a theoretical–experimental study
of a refractive index (RI) sensor based on lossy mode resonances
(LMRs) generated with a side-polished low-index polymer optical
fiber. The theoretical part involves conducting simulations to
determine the optimal coating thickness for achieving the first
(1st) and second (2nd) LMR, as well as to determine their respec-
tive sensitivities. In the experimental part, a cyclic transparent
fluoropolymer optical fiber is used, which is first polished and
then coated with tin oxide (SnO2) thin film to obtain the LMR.
The simulated and experimental results exhibit a high level of
agreement. In the visible light spectrum region, the sensitivities
for the first LMR are, respectively, 11 300 nm/RI unit (RIU) and
15 973 nm/RIU within the RI range of 1.333–1.345. Similarly,
for the second LMR, the sensitivities are, respectively, 520 and
467 nm/RIU within the same RI range. Furthermore, experiments
conducted in the near-infrared light spectrum region show a
record sensitivity of 57 200 nm/RIU, while the second LMR
exhibits a sensitivity of over 5 000 nm/RIU within the RI range
of 1.340–1.345. These results underscore the potential of utilizing
cyclic transparent optical polymer (CYTOP) fiber in various
applications requiring the detection in liquid samples, such as
biosensors or chemical sensors.

Index Terms— Lossy mode resonance (LMR), low-index poly-
mer optical fiber, refractive index (RI) sensor, side-polished
optical fiber.

I. INTRODUCTION

THE measurement of fluid refractive index (RI) is a
topic of great interest in modern sensing technologies,
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as it allows the quantification and monitoring of various key
variables, such as pressure, temperature, bacteria, additives,
contaminants, antigens, and antibodies [1], [2]. Consequently,
RI-based sensors play a vital role across a wide array of appli-
cations in biology [3], diagnostics [4], petroleum engineer-
ing, environmental monitoring, and food quality assessments
[5], [6].

Numerous optical technologies have been proposed to effec-
tively monitor the RI of liquids. Among these, optical fiber
sensors have garnered significant attention owing to their
advantages over other technologies [2], [7], [8]. Optical fibers
offer several remarkable benefits, including intrinsic electrical
isolation, immunity to electromagnetic interference, and the
ability to monitor sensors remotely and the potential for
miniaturization, which is important in the field of diagnosis,
where very small liquid quantities must be used [9], [10].

Among RI sensors based on optical fiber, we can men-
tion several structures that have been studied in the last
decade: single-mode–multimode–single-mode (SMS) fibers
[11], Fabry-Perot and etched fiber Bragg grating (eFBG) [12],
tilted fiber Bragg gratings (TFBGs) [13], D-shaped polished
fibers [10], multimode fiber all core [14], and plastic opti-
cal fibers (POFs) [15]. In certain structures, it is possible
to measure the RI using both light power (intensity) and
wavelength shift. One such example is the all-core multimode
fiber, which can be polished to perform the measurement
based on the changes in light power or coated with a film
to enable sensing through resonance wavelength shifts. In the
case of the latter, metals, such as gold or silver, are commonly
employed to induce surface plasmon resonance (SPR) [16].
Meanwhile, metallic oxides are typically used to generate
lossy mode resonance (LMR) [17]. Unlike SPR, LMR is not
restricted by thickness, and its resonance can be easily tuned.
Furthermore, the use of almost any metal oxide to generate the
LMR increases the range of applications in which it can be
studied.

In recent years, there has been growing focus on studying
LMR resonances with the aim of enhancing their sensitivity
and establishing them as a cost-effective alternative to con-
ventional biosensors [4]. The sensitivity of the LMR depends
on several factors, primarily the film thickness, the central
wavelength of LMR, and the RI of the fiber core. Researchers
have reported that increasing the thickness of the film on
optical fiber results in a shift of the peak LMR toward the
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infrared range, which leads to an enhanced sensitivity of the
sensor.

Among the most studied metallic oxides to generate the
LMR effect on optical fiber, we can mention AZO, IGZO,
ZnO, In2O, TiO2, SnO2, ITO, CuO, and ZrO2 [18], [19].
Experimentally, these materials deposited on a multimode opti-
cal fiber have generated sensitivity ranging from 880 nm/RI
unit (RIU) to 13 000 nm/RIU. In this context, Sanchez et al.
[20] conducted a study with the objective of determining
the sensitivity of each order of the LMR, ranging from the
first (1st) order to the seventh (7th) order. To achieve this,
they utilized a 200-µm multimode fiber coated with a SnO2
film. The results of the study demonstrated the stability of
SnO2 over time, revealing sensitivities ranging from 185 to
5390 nm/RIU. Notably, the lowest sensitivity was observed for
the 7th-order LMR, while the highest sensitivity was recorded
for the 1st order.

With the aim of enhancing the sensitivity of LMR-based
sensors, the utilization of materials with low RI has been pro-
posed [21]. Among these materials, fluorinated polymers have
emerged as remarkable due to their properties that make them
well-suited for sensor applications. These properties include
high transparency, thermal stability, and infrared transmission.
Among the fluorinated polymers studied in the literature, two
notable examples are tetrafluoroethylene perfluoro (PFA) and
cyclic transparent optical polymer (CYTOP) [11], [22], [23].
In this regard, in 2023, Dominguez et al. [24] reported the
fabrication of a refractometer utilizing a PFA substrate coated
with an ITO thin film in a planar waveguide configuration.
The results of this study confirm that by employing PFA
(a low RI material) deposited with the 1st-order LMR of
ITO, a sensitivity of up to 41 000 nm/RIU was achieved. In
contrast, the 2nd-order LMR exhibited an average sensitivity
of 1750 nm/RIU. Both LMRs were studied within the near
infrared (NIR) region.

In a similar vein to utilizing materials with a low RI, Cao
et al. [23] conducted a study on a refractometer by employing
SPR instead of LMRs. They used a side-polished CYTOP
optical fiber coated with a 55-nm gold thin film. Experimental
results indicated that when characterizing the sensor in the
NIR region, the proposed sensor achieved a sensitivity of
approximately 23 000 nm/RIU.

The results reported in the literature, utilizing PFA (flat sub-
strate) and CYTOP fiber, validate the rule that suggests that as
the RI of the substrate and the RI of the surrounding medium
approach each other, the sensitivity increases [21]. This idea
was further confirmed with analytical equations, which theo-
retically indicate that the sensitivity becomes infinitely high
when both RIs are equal [17].

Given the remarkable sensitivities achieved using materi-
als with low RI, this study proposes the development of a
refractometer based on a CYTOP optical fiber with LMR.
To accomplish this objective, the work was divided into two
parts: theoretical and experimental. In the theoretical part, sim-
ulations were conducted to determine the necessary thickness
of the metallic oxide film to obtain the 1st- and 2nd-order
LMRs. Furthermore, the simulations also provided insights
into the sensitivity of each LMR. In the experimental part, the

Fig. 1. (a) Illustrative drawing of the experimental setup used in this work
to assess the sensor’s performance, along with a micrograph (composite of
various sections of the polished fiber) showing the CYTOP in its polished
region. (b) Actual photograph of the experimental setup used to assess the
performance of the sensor based on polished CYTOP fiber and SnO2 thin
film.

1st- and 2nd-order LMRs were successfully generated by using
D-shaped CYTOP fiber deposited with a thin film, based on
the information obtained from the simulations. Subsequently,
experimental tests were performed to evaluate the sensitivity
of the refractometer both in the visible region (VIS) and in the
NIR region. The material of the thin film used to obtain the
LMR was SnO2, given the high sensitivity and the stability it
provides over time [20], [25].

II. MATERIALS AND METHODS

A. Materials

The refractometer presented in this study was constructed
using a CYTOP optical fiber (GigaPOF120SR, Thorlabs),
which underwent a polishing process and was subsequently
coated with a thin film. The CYTOP fiber with a core and
cladding of 120 and 490 µm, respectively, was side polishing
until it reached a thickness of 243 µm (having the core
exposed), as illustrated in Fig. 1(a).

The polishing process involved two types of sandpaper with
grit sizes of 2000 and 5000 for the initial and intermediate
polishing stages, respectively. Final polishing was completed
using a 3-µm polishing film (Fiber Instrument Sales) to
achieve a smoother surface finish. During polishing, the light
loss in CYTOP was monitored to ensure repeatability in the
process. In the initial stage, the light loss amounted to 10%
(almost exposing the core), in the intermediate stage, the light
loss was 50% (core exposed), and in the final stage, the focus
was on reducing the roughness of the polished region.

To generate the LMR, an oxygen depleted black tin oxide
target from Plasmaterials, referred to as SnO2−x , was used.
Nevertheless, for greater understanding, it is referenced in the
work as SnO2. The diameter of the target was 2 in and it was
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placed inside a dc-sputtering machine. The CYTOP fiber was
positioned 10 cm away from the target to mitigate the effects of
plasma-induced heating. In the deposition process, the vacuum
pressure was initially reduced to 5 × 10−3 mbar (without
argon). Subsequently, a constant flow of argon was introduced
into the chamber until the vacuum pressure reached 2 × 10−2

mbar. A current of 140 mA and a voltage of 220 V were used
for starting deposition. The deposition process time varied
based on the desired thickness of the SnO2 film to obtain
the 1st and 2nd LMR. These values were determined from
the simulation results. Similar to the polishing process, the
CTYOP spectrum was continuously monitored during the thin
film deposition to ensure process repeatability.

To assess the performance of the LMRs, the experimental
setup depicted in Fig. 1(b) was employed. In this configuration,
a white light source (HL-2000, Ocean Insight) was connected
to one end of the CYTOP fiber, while a spectrometer (HR4000,
VIS region–Nirquest, NIR region) was connected to the other
end. In addition, a 3-D-printed piece was employed to fix the
fiber and leave the deposited region within the structure. The
piece was designed with two cavities, allowing for the intro-
duction and removal of the liquid used in the refractometer’s
characterization process. The experiments were conducted at
room temperature (26 ◦C).

B. Simulation

A modified theoretical model based on SPR was utilized to
simulate the LMRs in CYTOP fiber [26], [27]. In this adapted
model, the ATR technique was employed using a Kretschmann
configuration to obtain the transmitted optical power. This
power is dependent on both the wavelength and the incident
angle, denoted as R (θ , λ ). One factor to consider in the
simulation is the number of reflections N (θ), which depends
on the film length, fiber core diameter, and angle of incidence.

Considering the aforementioned information, the transmit-
ted power is calculated by solving the following equation:

T (λ ) =

∫ 90◦

θc
p(θ)RN (θ)(θ, λ )dθ∫ 90◦

θc
p(θ)

(1)

where RN (θ)(θ, λ ) denotes the reflected light, which comprises
the combined reflection from both TE and TM mode polar-
izations, while θc stands for the critical angle [27].

The visualization of TE and TM polarization modes depends
on several factors, including the RI of the SnO2, the RI of the
CYTOP fiber core, the RI of the SM, and the wavelength. The
real part of the RI of SnO2, ranging from 1.942 to 1.845 in
the 400–1000-nm wavelength range, was determined using
an ellipsometer (UVISEL 2, Horiba). The ellipsometer had a
spectral range of 0.6–6.5 eV (190–2100 nm), an angle of inci-
dence set at 70◦, a 1-mm spot size, and utilized DeltaPsi2TM
software (Horiba Scientific Thin Film Division) for data anal-
ysis. The ellipsometer also indicated a null imaginary part in
the RI. However, as stated in a previous publication [28], the
ellipsometer’s angle of incidence was 70◦. This choice was
based on the pursuit of greater accuracy, as results tend to be
more precise when the angle approaches the Brewster angle.

Fig. 2. Simulation results of a CTYOP fiber coated with SnO2, with the thick-
ness of the coating varying from 0 to 1100 nm. A video illustrating the changes
in the optical spectrum as the deposition process takes place on the CYTOP
can be seen in Visualization 1 in the Supplementary Material.

Moreover, this specific angle of incidence is recommended
by the manufacturer (Horiba) for the material utilized in our
experimental setup. Conversely, in the planar configuration,
light is guided at a grazing incidence (90◦) concerning the
thin film, resulting in increased light scattering. Consequently,
it is necessary to consider a higher imaginary part. For this
purpose and considering that the imaginary part of the RI of
the thin film is a parameter closely related to the LMR depth
[17], [21], the simulated depth of the LMR was compared with
the experimental depth for different values of the imaginary
part. The value that best fits the experimental results was 0.03.

Similarly, Cao et al. [23] presented the dispersion curve of
the CYTOP fiber RI in relation to the wavelength, and this
information was incorporated into our simulation.

III. RESULTS AND DISCUSSION

A. Simulation Results

To simulate LMRs in CYTOP fiber, the following data were
used to obtain the results presented in Figs. 2 and 3: the RI of
SnO2 [28], the dispersion curve of the CYTOP RI fiber with
respect to wavelength [23], and the RI dispersion data of water
and glycerin [29], [30]. Fig. 2 illustrates the changes in the
optical spectrum as the thickness of the simulated coating on
the CYTOP fiber varies over time. In this simulation, an air
medium was used as the surrounding RI, with a fiber core
diameter of 100 µm. This value was used because the diameter
of the CYTOP fiber is 120 µm and the fiber is side polished
up to the center of the core approximately. Therefore, 100 µm
is approximately an average value between these two extreme
cases. It is important to note that in the simulation, if the
core is either 90 or 100 µm, there will be no difference in
sensitivity, but there would be variations in the full-width at
half-maximum (FWHM) and the attenuation caused by the
LMR. Since the simulation’s primary goal is to determine
sensitivity, we have opted for a polished core with a 100 µm
diameter.
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Fig. 3. Simulation results for the 1st and 2nd LMR. (a) Calculation of the
sensitivity of the 1st LMR. (b) Calculation of the sensitivity of the 2nd LMR.

In addition, the thickness of the coating varied from 0 to
1100 nm and the results were analyzed within the wavelength
range of 400–1000 nm, as depicted in Fig. 2. The color bar
on the right of the figure represents the light intensity in
percentage, with 100% indicating the maximum intensity.

The results indicate that the TE and TM components of the
1st LMR can be observed in the range from 400 to 1000 nm for
small thickness values (the TE starts to be observed for 30 nm
and the TM for 60 nm) and become visible between 400 and
800 nm. Furthermore, it was observed that the 1st LMR
experiences a significant redshift with increasing thickness.
In contrast, the 2nd LMR exhibits a slower redshift, which
means less sensitivity but capability to monitor a parameter in
a wider range as well as a more precise tuning of the LMR
position. The 2nd LMR is visible in both the TE and TM
components, nearly overlapping, at a thickness of 180 nm.
Furthermore, Fig. 2 shows the presence of other LMR modes
that are visible in the range from 400 to 1000 nm when the
thickness exceeds 300 nm. These simulation results contrast
with those reported in the literature, as the 2nd LMR appears in
our simulations with a film deposition approximately six times
larger than that required for the 1st LMR. This is in contrast
to a multimode optical fiber of silica, where a little more than
twice the deposition is needed to facilitate the transition from
the 1st to the 2nd LMR [20].

In the simulation, the surrounding medium is initially con-
sidered as air (RI = 1.000), and once the required thickness
of the thin film to achieve the first LMR is determined,
the surrounding medium is then changed to 1.333, which

corresponds to the RI of water. However, considering the
anticipated high sensitivity of the sensor due to the low RI
of the fiber core, it became necessary to reduce the thickness
of the film. The results indicate that the spectrum of the 1st
LMR emerges at approximately 500 nm when the thickness
is 10 nm, as depicted in Fig. 3(a). To assess the sensitivity of
the 1st LMR, the RI was varied from 1.3330 to 1.3450, and
the corresponding results are presented in Fig. 3(a). Based on
Fig. 3(a), it can be observed that the LMR sensitivity was
11 300 nm/RIU for RI values between 1.3330 and 1.3450.

To achieve the spectrum of the 2nd LMR close to the wave-
length of 500 nm, a coating of 210 nm of SnO2 was simulated.
Given that the 2nd LMR tends to be less sensitive than the
1st LMR, a wider range of RIs was used to characterize it:
1.305–1.350. The simulation results are depicted in Fig. 3(b).
As depicted in Fig. 3(b), the 2nd LMR exhibits a significantly
smaller wavelength shift compared to the 1st LMR due to its
lower sensitivity, which is up to 20 times lower. The sensitivity
of the 2nd LMR was 514 nm/RIU within the RI range of
1.305–1.350.

B. Experimental Results

After the polishing process, the CYTOP fiber underwent
characterization using a confocal microscope (Zeiss, LSM
900) to assess the depth of polishing and verify if a portion
of the core extended beyond the cladding, as observed in
Fig. 1(a). This analysis aimed to ensure the desired dimensions
and geometry of the fiber were achieved. The polishing process
was replicated on five CYTOP fibers to ensure the consistency
and repeatability of the results. Experimental findings have
indicated that a polishing level exceeding that illustrated in
Fig. 1(a) results in excessive attenuation, preventing trans-
mittance in the NIR range. Therefore, a suitable polishing
process is achieved when the polished region has a diameter
of 243 µm.

After the microscopic characterization, the CYTOP fiber
was positioned on a 3-D-printed support [as shown in
Fig. 1(b)] for testing with aqueous solutions of different
RIs. For these tests, seven aqueous solutions were prepared
by mixing double deionized water with sucrose at different
percentages. The results of the characterization with aqueous
solutions can be seen in Fig. 4. The results demonstrated that
the polished CYTOP fiber exhibited a sensitivity exceeding
6600%/RIU within the range of 1.333–1.345, the highest
attained with intensity-based sensors according to the review
published by Urrutia et al. [1]. These findings suggest that
the CYTOP fiber has the potential to be utilized as a sensor
by leveraging changes in light power (light losses) as a
detection mechanism. While the primary objective of this
work is to study the LMR, evaluating the sensitivity of
CYTOP (intensity-based) provides valuable insights that aid
in standardizing the polishing process.

Table I presents the sensitivities of various POFs reported in
the literature, which employ the light loss principle to measure
the RI changes in aqueous media. The sensitivities of these
POFs are compared with the polished CYTOP fiber, and the
results demonstrate that CYTOP exhibits a sensitivity almost
four times greater than the best one. Although the RI ranges
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Fig. 4. (a) Transmittance spectrum obtained by immersing the polished
CYTOP fiber in aqueous solutions with RI ranging from 1.333 to 1.345.
(b) Calculation of CYTOP sensitivity was performed using the transmittance
value at 700 nm.

TABLE I
SENSITIVITY OF THE POF REPORTED IN THE LITERATURE COMPARED

WITH THE SENSITIVITY OF THE POLISHED CYTOP FIBER

tested were different, it is important to mention that, for some
biosensors, the ideal is that the highest sensitivity is achieved
at an RI close to water (1.3330) because this way it is possible
to detect analytes in low concentrations. A notable example
is water contaminated with Escherichia coli or Salmonella
[31], [32].

After polishing, the CYTOP was placed inside the
dc-sputtering machine to perform SnO2 coating on the pol-
ished region of the fiber. Before depositing the 1st- and
2nd-order LMR, one of the polished fibers was coated for
160 min to determine the deposition rate of SnO2 and to
establish a correlation between the deposition time and the
previously simulated thickness (Fig. 2). Considering that a

Fig. 5. Results of SnO2 deposition onto polished CTYOP fiber using a
dc-sputtering machine. The fiber was deposited continuously for 160 min to
determine the times when the LMRs appeared.

thickness of 1100 nm was simulated for the same color map,
the deposition rate is 6.875 nm/min.

As shown in Fig. 5, the emergence of the 1st LMR at both
TE and TM was observed within 5 and 10 min, respectively.
According to the estimated deposition rate, these values indi-
cate 34.37 and 68.75 nm, values that agree well the 30 and
60 nm estimated with the simulations in Fig. 2. This indicates
a good linearity in the deposition.

During the deposition process, the polished CYTOP fiber
was monitored using a white light source [depicted in
Fig. 1(b)] and the HR4000 spectrometer, enabling moni-
toring in the VIS region. Modifications were made to the
dc-sputtering system to incorporate two optical fibers inside,
facilitating communication between the light source and
the spectrometer, which were located outside the sputtering
chamber.

Based on the information extracted from Fig. 5, along with
the simulation results shown in Fig. 2, it was determined that
to achieve the 1st LMR in the VIS region in a solution with
an RI of 1.333, the deposition time must be approximately
1.5 min. This corresponds to one-third of the time required
to obtain the 1st LMR in air (RI = 1.000). Furthermore, by
analyzing the results from Fig. 5, it was observed that the 2nd
LMR in the VIS region appeared after 25 min. Its red shift
occurred slowly, enabling more precise tuning. Additionally,
due to its sensitivity to the RI being 20 times lower than that of
the 1st LMR, it was determined that when transitioning from
air to an aqueous solution, the LMR would experience a shift
of 200 nm.

Fig. 6(a) displays the results obtained from the deposition
and characterization of the 1st LMR in the VIS region. The 1st
LMR was achieved by depositing a 10-nm SnO2 film, corre-
sponding to a deposition time of 1.5 min using the conditions
described in the “Experimental Section.” After depositing the
1st LMR, the fiber was positioned in the experimental setup
depicted in Fig. 1(b) to characterize it with aqueous solutions,
with the RI varying from 1.3330 to 1.3450.

The experimental results demonstrated that the CYTOP-
fiber-based refractometer exhibited an exponential increase
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Fig. 6. Experimental results of characterization of sensors when submerged in liquids with RI from 1.3330 to 1.3450. (a) Characterization of the 1st LMR
in the VIS region and (b) characterization of the 1st LMR in the NIR region.

in sensitivity, reaching high sensitivities exceeding
15 000 nm/RIU in the VIS region for RIs ranging from
1.3330 to 1.3450. Notably, in the range from 1.3405 to
1.3450, the sensitivity surpasses 26 000 RIU. This result
aligns with the simulation findings, indicating that the
proposed sensor exhibits high sensitivity even when tested in
the VIS region. The difference between the experimental and
theoretical sensitivities can be attributed to the information
provided in the CYTOP datasheet from the manufacturer
(Thorlabs). The datasheet specifies that the RI of the CYTOP
can vary from 1.342 to 1.356, but no information is given on
the specific values of RI at each wavelength. Therefore, in the
simulation we used the model published in Cao et al. [23],
which accounts for the dispersion but is less precise than
extracting the values experimentally from the fiber itself.
Consequently, due to the high sensitivity of the sensor, this
has an impact on the agreement between the theoretical
and experimental results. In any case, to the best of
our knowledge, refractometers based on optical fibers in
the VIS region typically demonstrate sensitivities up to
6000 nm/RIU.

To fine-tune the 1st LMR in the NIR region, the fiber
was subjected to an additional 1-min deposition, resulting
in a redshift that positions the LMR in a wavelength close
to 1000 nm, as depicted in Fig. 6(b). The fiber was once
again positioned in the experimental configuration depicted
in Fig. 1(b) to characterize it with aqueous solutions. The
results demonstrated that the refractometer exhibited a high
sensitivity, surpassing 38 000 nm/RIU within the RI range of
1.3330–1.3450. Additionally, it achieved a sensitivity exceed-
ing 57 000 nm/RIU for RIs greater than 1.340.

Table II shows a comparison of the sensitivities of sensors
reported in the literature with the sensor proposed in this study.
The results indicate that the sensor proposed in this work ranks
as one of the most sensitive sensors among optical fiber-based
refractometers in a range close to water (RI = 1.333), being
four times more sensitive than the LMR-based refractometer
with fiber optics. In comparison to the CYTOP fiber coated
with a gold film (utilizing SPR), the proposed refractome-
ter demonstrated a sensitivity that exceeded it by a factor

of 2.4 [23]. Furthermore, according to the review on optical
fiber refractometers by Urrutia et al. [1], the sensitivity attained
is the highest in the water region (only a few sensors operating
in the silica RI region, typically more sensitive, exceed the
57 000 nm/RIU sensitivity obtained here). It is important to
mention that the achieved record falls within the RI range of
phosphate-buffered saline (PBS, RI = 1.34). PBS is commonly
used as a matrix in bioassays, as many biological analytes are
diluted in it. Moreover, its maximum sensitivity can also be
leveraged for detecting contaminants in water, given that the
RI of water is 1.33. In other words, in a biosensor application,
the proposed sensor based on CYTOP and LMR would operate
in the region of maximum sensitivity.

In order to perform a complete characterization, a thicker
film of SnO2 was deposited on the polished CYTOP fiber to
obtain the 2nd LMR. The film thickness was 206 nm (30-min
deposition) to tune the 2nd LMR at 560 nm in water (this value
agrees well with the 210 nm of the simulation shown in Fig. 3).
Once the 2nd LMR was deposited, the fiber was again placed
in the 3-D piece illustrated in Fig. 1(b) for characterization
with aqueous solutions.

Fig. 7 illustrates the results obtained from testing the
2nd LMR at different wavelengths. For this purpose, the
sensor was progressively deposited to finely tune the LMR
to the desired wavelength. Table III shows the sensitivity
results related to the spectral position of the LMR. Based
on the results, it is observed that the sensitivity of the
LMR increases proportionally with the wavelength position
of the LMR, which is consistent with the findings reported
in [17]. The sensitivities achieved, exceeding 3000 nm/RIU
for the 2nd LMR within the RI range of 1.3330–1.3405 [see
Fig. 7(d)] and 5083 nm/RIU for RIs greater than 1.3400, set
a new record for fiber optic-based refractometers utilizing the
2nd LMR.

In addition, a notable similarity was observed in the cal-
culated sensitivities after comparing the experimental results
[Fig. 7(a)] with the simulation results [Fig. 2(b)]. The sim-
ulation indicated a sensitivity of 520 nm/RIU in the VIS
region, while the experiments demonstrated a sensitivity of
467 nm/RIU within the same range of RIs.
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TABLE II
COMPARISON BETWEEN VARIOUS LMR-BASED (OR SPR-BASED) SENSORS

Fig. 7. Experimental results of the sensitivity of the 2nd LMR analyzed at the following wavelengths (a) 550, (b) 805, (c) 1030, and (d) 1415 nm.

The sensor proposed in this work has great potential
in the area of biosensors because its high sensitivity is tuned
to the RI region where the PBS commonly, used as a matrix in
bioassays, is located, or in the domain of detection of contam-
inants in water (the water RI is 1.33). Additionally, it offers
a cost-effective production process with good repeatability.

Another thing to highlight is that the polished CYTOP has an
easier polishing process when compared with the traditional
D-polished single-mode fiber. However, one of the limitations
of CYTOP fiber is its applicability in domains, where the
surrounding medium RI is higher than the RI of CYTOP, such
as the oil industry. This is due to the fact that oil typically has
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TABLE III
SENSITIVITY VARIATION BASED ON THE SPECTRAL POSITION

OF THE 2ND LMR WAVELENGTH

an RI greater than 1.44, which exceeds the RI of CYTOP,
making its use unfeasible.

IV. CONCLUSION

This work presented a refractometer based on a side-
polished low-index polymer optical fiber (the polymer used
was CYTOP), both with and without a coating. The refrac-
tometer without SnO2 coating had a high sensitivity of more
than 6600%/RIU, positioning it as the most sensitive intensity-
based RI sensor in the literature. Likewise, the refractometer
based on 1st and 2nd LMR (the nanocoating was SnO2) had
a high sensitivity of more than 57 000 nm/RIU and more than
5000 nm/RIU, for the 1st and 2nd LMR, respectively. The
remarkable sensitivity achieved with LMRs in this study high-
lights their potential as an alternative to SPRs in applications
that require low detection limits, particularly biosensors. More-
over, the progressive increase of the sensitivity as a function of
the wavelength position of the same LMR in the VIS and NIR
spectral region, easily attained by controlling the nanocoating
thickness, demonstrated the capability to tune the performance
of this structure in a broad spectrum, something that is not
possible with SPR-based sensors. In addition, the proposed
sensor presents a viable substitute for LMR sensors based
on D-shaped fiber. This research was supported by both
simulation and experimental results, which exhibited strong
correlation and yielded similar outcomes, and suggests that
CYTOP fibers could be used in applications, where very low
limit of detection is required, such as biosensors and chemical
sensors.
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