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Abstract—We report the fabrication of a multimode interferom-
eter (MMI), based on a multimode polymer optical fiber (POF),
sandwiched between two single-mode silica fibers. The POF used
in this work is a step-index fiber with core and cladding composed
of a cycloolefin polymer (COP) and PMMA, respectively. The low
moisture absorption of the COP material and the benefit of having
an exposed core for refractive index measurements in MMI devices
lead us to perform an etching of the PMMA layer. Additionally, we
report the inscription of a Bragg grating in the COP core mate-
rial of an etched single-mode-multimode-single-mode (SMS) struc-
ture. The two fiber structures were simultaneously characterized to
strain, temperature, humidity, and refractive index. The ability to
detect refractive index by using a POF-based SMS structure is re-
ported for the first time in this paper. Additionally, the capability
for dual parameter measurement was discussed using both FBG
and SMS structures.

Index Terms—Etching, fiber Bragg grating (FBG), multimode
interference (MMI), optical fiber sensor, plastic optical fiber (POF).

1. INTRODUCTION

to detect physical, chemical, and biological parameters.
This has been done due to the qualities offered by fiber optic
sensors, such as the immunity to electromagnetic noise, light
weight, small size and in some cases the ability to multiplex
signals [1].

Commonly, silica fibers have been the preferred choice for
the production of fiber optic sensors. However, polymer optical
fibers (POFs) have been pointed as an alternative to silica fibers,
due to the special characteristics that polymers may offer. In fact,
when compared with silica, polymers have several advantages
such as: negative and much larger thermo-optic coefficient [2];
smaller Young modulus [1], allowing to withstand with high
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elongation regimes [3], [4]; flexibility in bending; non-brittle
nature and biological compatibility [5]. Additionally, polymers
are easier to process [2]. These advantages have led the scien-
tific community to develop different fiber optic sensors based on
POFs. Among the different polymer materials available, poly-
methylmethacrylate (PMMA) is the most commonly used for
the production of POF [2]. Since this material has the ability
to absorb water, POFs can be used as humidity sensors [6]-[8].
Nevertheless, other polymers with good transparency in the vis-
ible and near-infrared region have also been employed as the
core and cladding materials of multicore; step-index; and also
microstructured POFs (mPOFs). Examples of such polymers
are: polycarbonate (PC) [9], polystyrene, CYTOP (amorphous
fluoropolymer), TOPAS (a cycloolefin copolymer COC) [5],
[10] and ZEONEX (a cycloolefin polymer COP) [11], Their at-
tractiveness is related with the high glass transition temperature
(145 °C for the PC and, 138 °C for COC and COP [2]); low wa-
ter absorption (<0.01% per day) and high chemical resistance
for the COC, COP and CYTOP materials [2], [12]. Therefore,
POF sensors based on these materials have been reported to
withstand at high temperatures [9], [13], [14] and also to be
humidity insensitive [10], [13].

Among the different fiber optic sensors technologies, one
that is receiving attention in recent years is the fiber modal
interferometry, commonly known as MMI (multimode interfer-
ence). This device comprises a single-mode-multimode-single-
mode (SMYS) fiber structure and the inherent simple fabrication,
low production cost and the high sensitivity and compactness
that it can offer, allows the detection of a variety of parame-
ters, such as: strain [15], temperature [16], liquid level [17] and
refractive index [18]—[20]. In order to measure the refractive in-
dex, the core fiber must be exposed to the environment. This can
be done with a multimode fiber (MMF) composed of a single
material commonly known as no-core-fiber (NCF) [19], or by
simply etching the cladding of a MMF [18], [20].

The inherent advantages of POFs when compared with silica
fibers, lead also to the development of SMS structures based
on those fibers. Thus a POF device based on multimodal inter-
ference (MMI-POF) has already been proposed for large strain
measurement [3]. Additionally, the capability to detect strain
and temperature in the low loss region of perfluorinated [21]
and also partially chlorinated [22] graded index POFs was al-
ready subject of study.

Another fiber optic technology that is well known and
widely spread in different sensing areas is the fiber Bragg grat-
ing (FBG). This technology has already proven its feasibility to
detect a variety of parameters, such as strain [23], temperature,
curvature, refractive index [24], etc. Moreover, the inscription
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and characterization of FBGs in different POFs (POFBGs), in
the visible and near-infrared region is currently being subject
of study. The inscription has been performed essentially by the
phase mask technique, either by using a 325 nm continuous UV
radiation [7], [9], [13], [25], or by using a 248 nm pulsed UV
radiation, where the later has proven to inscribe Bragg gratings
in few seconds [26].

In this work we have used a step-index multimode POF,
composed of a ZEONEX 480R core and PMMA cladding,
to produce an SMS structure and a POFBG capable of mea-
sure strain, temperature and refractive index. In order to al-
low the interaction of the core guided modes with the exter-
nal environment for the refractive index characterization, the
PMMA cladding of the POF was firstly etched. Additionally,
the low water absorption characteristic of COP core material
permits the development of a humidity insensitive POF sensor.
After the etching process, a POFBG was written for the first
time in the unclad multimode POF. Additionally, the capability
to measure refractive index, using an SMS structure based on
POF, is demonstrated for the first time, revealing sensitivities
similar to the ones reported for silica SMS structures. Further-
more, the refractive index experimental results of the SMS struc-
ture were also compared with the ones obtained theoretically,
showing good agreement. Moreover, the sensitivities obtained
for the two fiber structures, can be used for simultaneous mea-
surement of two parameters.

II. OPERATING PRINCIPLE AND SENSOR FABRICATION
A. Operating Principle

The theoretical concept underlying the MMI can be explained
by the self-imaging phenomenon. This occurs when the output
light field of a single mode fiber (SMF) enters into a MMF
section, exciting higher order modes within the MMF. Interfer-
ence between these modes will accumulate, giving rise to the
formation of replicas in both amplitude and phase of the leading
SMF output signal at periodic intervals along the axis of the
MMEF. The length in which the self-images are formed can be
obtained from the restricted symmetric interference condition,
given at [27], [28]:

2
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(H
where, nyiyr and Dy are respectively the effective refrac-
tive index and diameter of the MME, 4 is the free space wave-
length and p the self-image number. If the MMF is cleaved at
a distance where one of the self-images is being formed, then
a well-defined peak will occur at the wavelength A, being this
sensitive to the external conditions, such as strain [15], temper-
ature [16], liquid level [17] and refractive index [18]—[20].

B. Multimode POF Etching Process

The MMF used in this work was fabricated at Universi-
dade Estadual de Campinas being a step-index POF composed
of ZEONEX 480R and PMMA materials with diameters of
73.5 pm and 446 pm, respectively for the core and cladding.
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Fig. 1. Evolution of the PMMA etching process, necessary to expose the COP
core material.

It is known that PMMA based POFs can be used to sense
liquid refractive index [29], however, the sensing mechanism
is intrinsically related to the amount of water absorbed by the
PMMA. This leads to the swelling of the fiber and to a change in
the material refractive index [29]. Moreover, the PMMA water
uptake can be a time consumption process which can take several
tens of minutes, depending on the diameter of the POF [6]-[8].
On the other hand, COP material has low water absorption as
well as excellent chemical resistance (e.g. alcohol, acetone [2]).
Nevertheless, the mechanism behind the detection of external
refractive index in silica optical fiber sensors relies on the in-
teraction between guided mode(s) end external environment.
In fiber based MMIs, this is usually done by using either a
solid core fiber [19], or by etching the cladding layer of an
MMF [18].

To produce a POF based SMS structure capable of measuring
external refractive index, the fiber cladding needs to be removed.
Thus, acetone was used to etch the PMMA cladding layer. Nev-
ertheless, the COP core material is known to have chemical
resistance to acetone [30], but our preliminary tests showed that
long exposure times to acetone gives rise to formation of sur-
face cracks, which inherently affects the guiding properties of
the POF. Therefore, the etching rate was monitored during time.
The optical fiber overall diameter evolution can be seen in Fig. 1.

From the inset pictures presented in Fig. 1, it is clearly visible
that the PMMA cladding surrounding the COP core material
reduces its diameter with etching time. The etching rate was
estimated through a linear fit to be 5.18 pm/min. Thus, to com-
pletely remove the PMMA cladding layer a period of about
70 minutes is needed.

C. Fiber Bragg Grating Inscription

Fiber Bragg Gratings are very attractive due to the easy inte-
gration in optical components. When recorded in POFs, several
advantages can be obtained when compared to their silica coun-
terparts. Additionally, combining FBGs with other fiber optic
technologies brings the opportunity to simultaneously detect dif-
ferent parameters. Therefore, we decide to inscribe a POFBG in
the etched-POF. Prior to the inscription process, the fiber was an-
nealed at 80 °C during 24 hours in order to remove any residual
stresses created during the fabrication process. The POFBG was
written at 1550 nm region with a KrF excimer laser through the
methodology described before [26], [31], which demonstrated



OLIVEIRA et al.: MULTIPARAMETER POF SENSING BASED ON MULTIMODE INTERFERENCE AND FIBER BRAGG GRATING 5

Power [dBm]

1560

1565 1570
Wavelength [nm]

1575

Fig. 2. POFBG spectra collected for an etched multimode POF with a phase
mask pitch of 1033 nm. The inset on the left shows the measurement scheme
used (reflection), where the inset on the right shows the peak power evolution
during the inscription process.

to be the fastest method to inscribe high quality POFBGs. The
laser repetition rate was set to 5 Hz and the energy set to its
minimum (3 mJ). After the beam exit, an attenuator is used to
decrease the energy to 0.5 mJ, avoiding ablative process on the
polymer surface. The UV beam is then passed through a cylin-
drical lens and a slit with 4.5 mm in width shapes the beam onto
the phase mask (A = 1033 nm) that is prior to the etched-POF.
The grating growth was monitored in reflection through a silica
pigtail fiber, cleaved at an APC angle and butt coupled to the
etched-POF. The peak growing was seen by an interrogation
system (1 pm in resolution), allowing to know when the satu-
ration time is achieved, in order to switch the laser off. After
15 seconds, the POFBG starts to grow and after 80 seconds the
POFBG has reached its maximum with a peak to noise level of
25 dB (see Fig. 2).

As can be seen from Fig. 2, the spectrum presents several
peaks at around 1565 nm, which are inherently due to the mul-
timode nature of the etched-POF.

D. Numerical Simulations

In order to know the length of the etched-POF needed to
produce a peak centered at 1550 nm region, we have employed a
two dimensional beam propagation method (BPM). For that, an
input silica-SMF with diameter of 8.2 and 125 pum and refractive
index at 1550 nm of 1.44615 and 1.43950, respectively for the
core and cladding was considered. Regarding the etched-POF,
the diameter was 73.5 um and the refractive index at 1550 nm
was 1.51 (extrapolated from the data taken in reference [2]).
The simulation area was set to 130 pm in height and 13 mm in
length, where the content surrounding the fibers was filled with
the refractive index of air (n = 1).

The correspondent light field distribution is shown on
Fig. 3(a), where a periodical evolution of the light field is
observed along the etched-POF’s length. The correspondent nor-
malized field amplitude at 1550 nm is also presented (Fig. 3(b)).
The first image is located approximately at 5.11 mm from the
input fiber tip, being the position of the other images an inte-
ger multiple of the first image. Regarding that, the etched-POF
should be cleaved at one of these maxima. Hence, in order to
have enough length for the splicing process and for the pos-
terior strain characterization test, we choose the 20th image,
which corresponds to a length of 10.22 cm.
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Fig. 3. (a) The light field injected at the left by a silica SMF evolves period-
ically as it propagates along the fiber core. (b) Power normalized to the input
power, along the optical axis of the etched-POF.

E. SMS Structure Assembly

The length of the etched-POF containing the FBG was mea-
sured with a digital caliper and the fiber tips were cleaved per-
pendicularly to the length at both ends with a sharp razor blade
with a length of 10 £ 1 mm. Two silica-SMF pigtails were
cleaved with PC and APC terminals and were used to splice each
terminal of the prepared etched-POF. The APC silica pigtail fiber
was used to monitor the reflection signal from the POFBG, al-
lowing thus, the reduction of the background noise. The fibers’
alignment (through their centers) was performed through 3D
mechanical positioners with the help of two cameras positioned
in each orthogonal axis. After that, a drop of an UV curing
optical adhesive (Loctite 3525) is carefully placed in each fiber
terminal, following up longitudinal alignment and the UV curing
process. This particular glue was chosen to give enough strength
for the manipulation during the characterization tests (shore
hardness D 60), allowing also refractive index matching be-
tween the fibers (Ngiue, curea(589 nm) = 1.51). Additionally,
the glue can withstand at high temperature range (i.e. —40 to
140 °C), presenting also toughness, durability to moisture ex-
posure and good resistance to alcohols [32]. The whole process,
together with the final SMS structure based on the etched-POF
can be seen on Fig. 4.

After final assembly of the SMS structure, the fiber was kept
straight and the transmission spectrum was taken (see Fig. 5).

As can be seen, the transmission spectrum shown in Fig. 5
presents several peaks and valleys, contrary to the expected (one
peak centered at 1550 nm). This result could have three main
contributions: the etched-POF could be cleaved with a length
different from the predicted by BPM simulation; a possible
mismatch between the fibers on the positioning process; and
spreading of glue onto the etched-POF tip, which inherently
affects the refractive index of the external environment on that
region. The peaks/valleys, however, can still be used to measure
the external stimuli (ex. peak marked with red dot). In Fig. 5, a
small valley around 1565 nm is also observed (next to the peak
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Fig. 4. (a) and (b) Axial alignment between the silica SMF and the etched-
POF. (c) Insertion of Loctite 3525 glue at each fiber terminal. (d) Final alignment
and curing process by the use of a UV lamp.
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Fig. 5. Transmission power spectrum after the SMS structure based on an
etched-POF. The inset shows the measurement scheme used for the signal
detection (transmission).

marked with a red dot). This peak is due to the filtering produced
by the POFBG. Since it does not present enough peak to noise
level, we decide not to use it for the characterizations - instead
we have used the reflection signal from the POFBG (Fig. 2).

III. EXPERIMENTAL SETUP

A. Strain, Temperature, Humidity and Refractive Index
Characterization

For the strain characterization, the fiber splices were fixed
with glue to a static and to a linear stage. The distance between
the stages where the glue was inserted was 10 cm and the SMS
structure was kept straight to avoid curvature effects on the SMS
structure. The strain was made in steps of 1 me, in a total exten-
sion of 15 me (1.5%). The characterization was implemented in
a climatic chamber (Angelantoni CH340), keeping the temper-
ature at 25.0 £ 0.3 °C and the relative humidity at 80 + 3%.

Regarding the temperature characterization, the fiber was kept
straight and the relative humidity was set to 80%. Since the
maximum operation temperature of ZEONEX 480R is between
100 to 110 °C [30], we decide to run the temperature test from
25 to a maximum of 105 °C. The temperature was swept in
steps of 5 °C, giving 30 minutes of stabilization before signal
acquisition.

The low water absorption provided by the COP material of-
fers advantages regarding the development of POF sensors in-
sensitive to humidity. In order to know the POFBG and SMS
wavelength stability due the water absorption, a humidity test
was performed with the fiber straight and with a constant tem-
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perature of 25 °C. The relative humidity was swept from 30%
to 90% in steps of 10%, giving 3 hours for each step, allowing
enough time for the uptake of water by the COP polymer.

Concerning the refractive index test, the fiber was left straight
and the temperature was kept at 25 °C. In this test, a “U” shape
liquid container was inserted below the etched-POF and be-
tween the mechanical stages used for the strain test. This con-
tainer was glued at the edges, preventing leakage of the liquid
solutions. Five different solutions of water/isopropyl alcohol
were prepared and the refractive index was measured at 589 nm
and 25 °C, using an Abbemat 200 refractometer with resolution
of 1 x 1076,

In order to observe both POFBG and SMS spectral responses,
an interrogator system (Micron Optics 125-500) was used to
measure the reflection signal from the FBG as well as the trans-
mission signal from the SMS structure. For that, one of the
interrogator channels works as input/output, injecting light into
the sensor and detecting the FBG reflection signal. The light
that passes through the SMS structure goes to a fiber isolator
and it is detected at the second interrogator channel. Here, the
isolator allows the second channel to function only as an input.
It is known that the spectral position of the MMI peaks can
be dependent on the polarization state of light [33]. Thus, in
order to avoid inherent errors associated with that, we did not
change the polarization state of light during the measurement
experiments.

IV. RESULTS AND DISCUSSION

The strain tests (at constant temperature) can be observed
in Fig. 6(a) (POFBG signal in reflection) and Fig. 6(b) (SMS
structure signal in transmission). When the strain is increased,
the wavelength peak (marked with a red diamond) revealed
positive and negative shifts for the POFBG and SMS structure
respectively. These results are summarized in Fig. 7(a). From
that, a linear evolution of the wavelength shifts for the load and
unload cases is observed, showing no hysteresis for both fiber
structures. By adjusting linear fits to the data points, a POFBG
sensitivity of 1.51 +0.01 pm/ e for both loading and unloading
cases, with R-square values of 0.999 is found. The sensitivities
are similar to the ones found for step-index and microstructured
POFs [8], [13], [25]. Regarding the SMS wavelength shifts, the
applied linear regression model has produced sensitivities of
—3.03 £ 0.01 pm/pue and —2.99 £ 0.01 pm/pe respectively
for the loading and unloading cases, with R-square values of
0.999. When compared with literature for SMS structures based
on POF, it can be seen that the absolute value is quite similar to
the ones presented for PMMA [3] and partially chlorinated [22]
based POFs. Nevertheless, the value is still lower than the one
obtained for a perfluorinated based POF (111.8 pm/pue) [21].

Concerning the temperature tests, when the temperature is
increased a blue-shift of the POFBG reflection spectra and a
red-shift of the SMS transmission spectra occurs — see blue dots
in Fig 6(a) and (c). The measurement of the peak wavelength
shift of both POFBG reflection and SMS transmission spec-
tra, for the increasing and decreasing temperature, can be seen
in Fig. 7(a). The results reveal linear tendency, however, some
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Fig.6. (a) POFBG reflection spectra collected for the strain in the loading case.
(b) and (c), SMS transmission spectra collected when the strain and temperature
are increased, respectively.

hysteresis can be seen for both structure characterizations be-
tween 45 and 80 °C. The reason for such deviation could be
related to the annealing process, where higher temperature or
longer exposure time may be needed. By applying linear regres-
sion model to the POFBG wavelength shits, an R-square value
of 0.998 is obtained for both temperature tests, where the sensi-
tivities found are —64.6 + 0.2 pm/°C and —64.3 £ 0.2 pm/°C
for the increasing and decreasing temperature, respectively. The
values are quite similar to the ones obtained for FBGs written
in POFs [8], [10]. A linear regression model applied to the data
points obtained for the SMS structure has produced sensitivities
0f 102.2+0.3 pm/°Cand 103.6 + 0.3 pm /°C for the increasing
and decreasing temperature, respectively, with R-square values

25" 151400 1pmk ,
E‘ 15l SFBG(T o 1.51_0.01pm/8
&
& 51. w @ StBG (be) ~ 1.5120.01pm/pe
< 50 A, O POFBG (T )|l
e A, e POFBG (Y ¢)
B-15 AAA A SMS (Te)
5 254t A, | * SMS (4 €)
o) A
2-35] Aa
= S =-3.03£0.01pm/us 2 4
45 Ssms(te o T IPM/UE A |
SSMS e ‘-2.99 +0.01pm/pe
0 5000 10000 15000
Strain [pe]
(a)
10 —
— 8 SSMS =102.2+ 0.3pm/°C i X
an_ 0 X
g Shis | 1) = 103.620.3pm/°C 4 x
s 5 ;adt
o— * A
= x a4 o POFBG (T T)
v 2 x A |
= i K e POFBG (¥ T)
0 a X A sMS(1'T)
S-1f " 9%a * SMS(T
@ I+ g [C))
[} Yy vy
84| v,
= S G (1 1y = -64:6 £ 0.2pm/°C L.
T 0
7 SFBG(iI)_'§3'3#0'2pm/ C

20 30 40 50 60 70 80 90 100
Temperature [°C]

(b)

Fig. 7. (a) Wavelength shifts produced by the POFBG and SMS peak power
for the strain (a) and temperature tests (b).

of 0.998 for both tests. The obtained values are three times
higher than the ones found for silica fibers (i.e. [19]), but much
smaller than the ones found for SMS structures based on perflu-
orinated [21] and partially chlorinated POFs [22]. On the other
hand, our results have shown for the first time, the operation
of an SMS structure based on an etched-POF in a temperature
extended range, which is much higher than the ones presented
in [21], [22].

It is worthy to mention that the sensitivities obtained by SMS
structures are dependent on the core diameter, as well as the
material (e.g. dopant) of a MMF [15].

The results concerning the effect of humidity on the wave-
length stability of both POFBG and SMS structures, can be seen
on Fig. 8.

The wavelength shifts observed for the POFBG and SMS
structure, when the humidity was changed from 30% to 90%,
are of about 70 pm and 300 pm, respectively. These wavelength
shifts, although small, are higher than the expected for POF sen-
sors based on similar polymer materials [10], [13]. Nevertheless,
there are two important considerations to take into account in this
test. First, the temperature errors from the climatic chamber (i.e.
0.3 °C) will impose, through the temperature sensitivities found
in Fig. 7(b), errors of about 20 and 30 pm for the POFBG
and SMS structure, respectively. Secondly, the climatic cham-
ber has no water condenser, and therefore, small drops of water
adhere to the surface of the etched-POF. This adhesion of water
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changes the external refractive index of the etched core fiber and
thus, the wavelength shift of both POFBG and SMS structure.
These measurements were realized using a box around the POF-
based sensor in order to minimize such detrimental effect. When
removing such protection box, the wavelength shifts were as
high as 350 pm for the POFBG and 1000 pm for the SMS
structure. Consequently, we cannot conclude that the observed
wavelength shifts are due to the humidity change, since it can be
simply due to the temperature errors, or due to the water conden-
sation on the surface of the etched-POF that are not completely
avoided with the protection box around the device.

Finally, the experimental results relative to the refractive in-
dex tests for the POFBG and SMS structure are shown on Fig. 9.
The predicted SMS wavelength shift curve obtained from BPM
simulations is also presented.

In this test, the reflection and transmission spectra were col-
lected when the liquid solutions with refractive index from 1.333
to 1.368 fully cover the etched-POF. The wavelength shifts pre-
sented by the POFBG and SMS structure were inherently due to
the change of the external refractive index, since there is a strong
interaction of the guided modes with the external environment,
contrary to what happens for step-index POF sensors based on
PMMA [29], where the wavelength shift is due to the swelling
and refractive index change of the PMMA material. The POFBG
and SMS wavelength shifts observed for the range in study
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were 0.3 and 11.2 nm, revealing that the SMS structure is
much more influenced by the change of the external refractive
index than the POFBG. The reason is probably due to the sens-
ing length, since the POFBG has only 4.5 mm in length, when
compared with the 10 cm length of the SMS structure. On what
concerns the sensitivities, a linear regression model was adjusted
to the regions between [1.333—1.354] and [1.354—1.368]. The
values found for the lower refractive index region were —4.49
+0.01 and 193.9 + 0.01 nm/RIU, with R-square values of 0.999
and 0.994, respectively for the POFBG and SMS structure. For
the higher refractive index region, sensitivity values of —13.79
+0.01 and 515.29 + 0.04 nm/RIU and R-square values of 0.998
and 0.996, were obtained respectively for the POFBG and SMS
structure. The presented values are intrinsically related with the
diameter of the fiber used [18] and due to the refractive index of
the fiber material. Nevertheless, the values found for the SMS
structure in the lower refractive index region are in good agree-
ment with the ones found in literature for unclad silica based
SMS structures [18], [19].

In order to corroborate the refractive index experimental re-
sults obtained for the SMS structure, we have implemented the
BPM simulation found on the numerical simulations. For that,
the region around the fibers, which was previously filled with
a refractive index of air (n = 1), was now replaced by the re-
fractive index of different solutions. The length where the 4th
self-image is formed was taken for each solution and inserted
in (1). The correspondent theoretical wavelength shifts are thus
presented by the blue curve on Fig. 9, revealing good agreement
with the experimental data.

Finally, it is worthy to mention that the sensor can be used
for the simultaneous measurement of two parameters (i.e. strain
and temperature or refractive index and temperature). For that,
the following matrix may be applied:

-1
Sy FBG ST‘FBG‘|

Sz SMS

JAVSETE
JAVESVE

T
T

2

St.sMs

where x refers to the calculated strain or refractive index de-
pending on the configuration being implemented. T defines the
calculated temperature and S, rpg and S, sus are the sensi-
tivities of the FBG and SMS structure respectively, where the
subscript “x” defines strain or refractive index (depending on
the configuration). Regarding St rpg and St sms, they de-
scribe the temperature sensitivities of the FBG and SMS struc-
ture respectively. Finally, AAppq is the wavelength shift of the
FBG, and AAgys is the wavelength shift of the SMS structure.
Based on the above description, and considering a detection sys-
tem with a wavelength resolution of 10 pm, the measurement
errors (following reference [34]) will be 40.3 pe and 1.1 °C
for the strain and temperature configuration, where values of
1 x 107% RIU and 0.2 °C will be found for the refractive in-
dex and temperature configuration (for both refractive index
regions).

V. CONCLUSION

In this work a new fiber optic sensor based on a POFBG and
an SMS structure is presented. The multimode fiber is based
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on an etched-POF whose core is made by COP material. The
results have shown the capability to measure strain and temper-
ature with limits of 1.5% and 105 °C, respectively. Additionally,
the ability to detect refractive index with the POF based SMS
structure is shown for the first time. The obtained sensitivi-
ties are validated theoretically and similar to the ones shown
in literature. Nevertheless, the low water absorption charac-
teristics offered by the COP material reveal that the sensor is
weakly influenced by the external humidity. Moreover, the use of
both fiber structures (POFBG and SMS), can be employed on a
multiparameter scheme.
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