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a  b  s  t  r a  c t

A  surface plasmon resonance-based  fiber-optic sensor  for  simultaneous measurement  of refractive index
and temperature  of liquid samples is  proposed  and experimentally demonstrated.  The sensor consists
of a gold-coated  MM-SM-MM optical fiber structure,  whose  sensitive  section  was partially covered  with
polydimethylsiloxane  (PDMS) to generate  two  independent  SPR  resonance dips in the  fiber  transmission
spectrum.  One  of the  dips is generated by  the  bare  gold-coated  fiber section  whose  wavelength  resonance
is  tuned  by  the  refractive index  and  temperature  of the  surrounding  medium.  The other  dip  that  is
exclusively used  to  monitor  the  temperature  variations  of  the  liquid  sample,  whose  central  wavelength
at  900  nm  corresponds to PDMS refractive  index  at 20 ◦C,  is produced  by  the  polymerized gold-coated  fiber
section.  The high  refractive index and  temperature  sensitivity achieved,  2323.4  nm/RIU  and −2.850  nm/◦C
respectively,  the  small size,  the  ease fabrication process,  and  the  bio-compatibility  of  the  proposed device
are appealing characteristics  that  makes it  ideal for  practical bio-sensing  applications.

© 2016  Elsevier  B.V.  All rights  reserved.

1. Introduction

Optical fiber refractive index sensors (OFRIS) have been exten-
sively studied during the last four decades. Owing to the intrinsic
characteristics of the optical fiber, these sensors are in  general
simple to fabricate, compact, robust, immune to electromagnetic
radiation, chemical and biological inert, and can be integrated in
complex networks for real-time multiparameter sensing. In recent
years the important advances achieved in  the fiber optic sens-
ing technology; in terms of sensitivity, resolution, dynamic range,
response time, signal to  noise ratio and fabrication techniques,
have promoted the development of optical fiber chemical sensors
and biosensors [1–6].  On the other hand, it is well known that
performance of high-resolution OFRIS is  greatly affected by envi-
ronmental temperature perturbations due to the strong influence
of temperature in  the refractive index. To reduce the refractive
index measurement uncertainty due to temperature perturbation,
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the common approach involves the simultaneous measurement
of both parameters. In the simplest scheme the sensing head is
composed by a pair of cascaded [7–15] or embedded [16–21] opti-
cal fiber devices, with good sensitivity to these two parameters.
The performance is quite similar, but the former approach is not
suitable to fabricate compact sensors since the total length of the
devices is around tens of millimeters. Sensors in which devices are
superimposed or embedded are compact but the fabrication pro-
cess is in general complicated and requires specialized equipment.
In an ideal scenario, each device should respond to  exclusively one
single parameter, however, in practice this rarely occurs. In practi-
cally all the methods proposed so far, at least one of the devices is
sensitive to  refractive index as well as temperature.

OFRIS based on surface plasmon resonance phenomenon offers
a unique platform for development of modern biosensors due to the
ultra-high sensitivity and resolution capabilities exhibited, the fast
response and the possibility for real time detection [22–27]. Con-
ventional single-signal SPR-based fiber-optic sensors are unable to
compensate the effects of environmental perturbations. External
temperature fluctuations generate a  significant change in  the SPR
signal that could lead to  incorrect refractive index measurements.
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Fig. 1. (a)  MM-SM-MM structured fiber composed by  a single mode fiber section of length L inserted into a  multimode fiber. Cross-section of a fiber fabricated and the
geometry  of the gold thin film deposited over the fiber with (b) single, (c)  two and (d) three evaporations.

In order to isolate the SPR fiber optic refractive index sensor from
external perturbations a  common scheme, successfully exploited in
prism-based SPR sensors [28,29],  consists on the use of two  inde-
pendent metal coated fiber sections in  series, one of them covered
with a dielectric layer acts as a reference, to produce a  double-
channel SPR [30–32]. Other interesting structures, for example, a
SPR refractive index sensor in  cascade with a  Fabry-Perot interfer-
ometer for temperature sensing has been proposed to  demonstrate
that it is possible to reduce the external temperature perturbation
effects on the response of a  SPR  biosensor [33].  However, there
are two aspects that could seriously limit the exploitation of these
proposals; the first is  relating with the fact that the outer diam-
eter of the employed optical fiber is larger than the fiber used in
standard communication networks, and the second is  regarding
the total length of the sensor, which is  too long (several cen-
timeters). Recently, a  novel SPR sensor for simultaneous sensing
of temperature and refractive index based on standard SMF  with
two orthogonal polished section covered with gold and silver, was
proposed and demonstrated [34].  This device is  compact but the
fabrication process is  complicated.

The high sensitivity of OFRIS based on SPR made them especially
vulnerable to  the undesirable effects of temperature fluctua-
tions, the simultaneous measurement of these two parameters
is a feasible alternative to face this problem. Here, we  pro-
pose and demonstrate a  simple-to-construct and highly sensitive
dual-channel SPR-based fiber optic sensor for simultaneous mea-
surement of refractive index and temperature. The sensor consists
of MM-SM-MM  structured fiber formed when a single-mode fiber
(SMF) section of length L is inserted between two multimode fibers
(MMF). Due to  the core diameter mismatch, part of the light coupled
to the SMF propagates as cladding modes where the evanescent
wave interacts with external medium. The SMF  section was  coated
with a  5 nm thin film of chromium to  facilitate the adherence of a
30 nm thin film of gold. In order to generate a  dual SPR signal in
the same gold-coated fiber section, half length of the gold-coated
SMF was covered with PDMS, which has a high negative thermo-
optic coefficient (TOC). After curing, a  single resonance dip around
920 nm appeared in  the transmission spectrum. When fiber sensor
is immersed in water-glycerol solutions another peak in the wave-
length range from 600 to 750 nm appeared. The optical fiber sensor
was immersed in  these solutions and then the temperature was
increased from 20 to 60 ◦C. The resonance dip produced by the bare
gold-coated fiber section exhibited a sensitivity of 2323.4 nm/RIU
and −280 pm/◦C to  refractive index and temperature, respectively.
While the resonance dip of the polymer-covered fiber section only
exhibited a  measurable displacement when temperature changes,
with a sensitivity of −2.850 nm/◦C. The characteristic equation to

determine the refractive index and temperature changes by  ana-
lyzing the resonance dips displacements is  also described.

2. SPR-based optical fiber sensor: fabrication and
characterization

The multimode-single-mode-multimode (MM-SM-MM)  opti-
cal fiber structure used in  this study is  represented in Fig. 1(a),
it consists of two  graded-index multimode fibers (62.5/125 �m)
spliced to  the ends of a conventional step-index single-mode fiber
(9/125 �m) piece of length L. The process to fabricate the struc-
ture is  simple since it is  accomplished following the well-stablished
optical fiber splicing procedure; moreover, it only takes few min-
utes. The rigorous analysis of the MM-SM-MM  structure is  an
arduous problem, out of the scope of this work, discussed in detail
somewhere else [35,36]. But  the working mechanism can be briefly
described as follows: in  this structured waveguide the local discon-
tinuity will lead to coupling mode phenomenon between incident
and transmitted modes at each splice [36].  Core modes of  the
lead-in multimode fiber will couple to  core and cladding modes
at the single-mode fiber section. Cladding modes interact with the
external medium through the evanescent field, which induce a
significant light transmission loss when external refractive index
approach to  that of the cladding [37].  However, its sensitivity is
virtually null to  refractive indexes of biological interest, close to
that of the water [37]. Coating the sensitive section of  MM-SM-MM
fiber with a  gold thin film, in  order to  generate surface plasmon res-
onance, is a  simple and viable alternative to enhance the evanescent
wave interaction with external medium and this increases the RI
sensitivity of the fiber. Experimental demonstration of SPR in MM-
SM-MM  fiber coated with gold and silver has been demonstrated
[38,39].  Although gold adherence to silica fiber is poorer than sil-
ver, it is more resistant to organic solvents traditionally used to
clean and remove residues adhered to the fiber during refractive
index measurements. The adherence issue was traditionally solved
by using a  bond intermediate material, like chromium [40,41], but
other methods like increasing the optical fiber surface roughness
by chemical vapor etching [42], or  silanizing the surface of the
optical fiber by chemical process [25],  have demonstrated to be
a good alternative. Cylindrical geometry of the fiber imposes some
challenges regarding the fiber coating process. In order to obtain
a uniform layer thickness around the whole circumference of the
fiber, some authors have proposed to introduce a  rotatory system
into the evaporation chamber [5,44–46].  In addition, since SPR is
a polarization-dependent phenomenon [40–44], by  depositing a
homogenous symmetric layer over the perimeter of  a  fiber section
such dependence can be eliminated [44].  However, this technique
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Fig. 2. Schematic representation of the set-up used to  characterize samples.

increases the complexity, time, duration and costs of the fabrica-
tion process, since every fiber needs to  be coated individually. In
order to simplify this stage, MM-SM-MM  fibers were coated fol-
lowing three different, though simple and stationary, procedures to
yield three metal layer geometries, which are represented in  Fig. 1,
(b) an asymmetric [47,48],  (c) two diametrically opposed [44], and
(d) quasi-symmetric gold layer [49].  These three structures depend
on polarization but its influence decreases as the number of lay-
ers increase since much extension of the fiber perimeter is  covered
[44]. In reference [50] is  described the coating procedure that we
followed to  obtain these kind of non-symmetric geometries, the
procedure allow us to fabricate several samples simultaneously
with good reproducibility. The effect of the no-symmetric gold
layer, deposited around the SMF  section, along with the effect of
SMF sensing length in the SPR signal are analyzed.

MM-SM-MM fibers samples with SMF  lengths of 1, 5 and 10 mm
were fabricated and then coated with a  5 nm layer of chromium
followed by a 30 nm layer of gold using a  conventional thermal
evaporation process. Gold pellets of 99.9% purity were used. After
coating, the response of the gold-coated MM-SM-MM  structured
fibers to external refractive index changes were characterized by
measuring the spectral shift of the SPR wavelength resonance dip.
The experimental set-up used is  very simple and consists of a white
light source and an optical spectrum analyzer, a  schematic repre-
sentation is  shown in  Fig. 2. Although, surface plasmon resonance
phenomenon is  strongly dependent on the polarization of electric
field, this dependence can be reduced or even eliminated when
the symmetry of the metal layer around the surface of the opti-
cal fiber increases [44].  In our scheme the elements to control the
polarization of the light were eliminated in  order to simplify the
experimental set-up. The transmitted spectra, when fibers were
immersed in calibrated refractive index Cargille oils (1.365-1.395
in steps of 0.005), were recorded and analyzed. The transmitted
spectra of a  device with SMF  section of 1 mm,  coated with an (a)
single asymmetric layer, (b) two diametrically opposed layers and
(c) quasi-symmetric gold layer, when it was immersed in oils with
refractive index of 1.365 (black line), 1.375 (red line) and 1.385
(blue line) are shown in  Fig. 3.  These spectra were normalized to
that of the air. The homogeneity of the gold layer around the fiber is
improved as the number of evaporations is increased, reducing the
polarization dependence [44],  and this produces an enhancement
of the interaction of the evanescent wave with the gold layer. As
a consequence, the depth of the resonance dip increases. Although
all the evaporations were the same, a  red-shift in the resonance dip
of the spectra is observed as the number of evaporations increases,
this behavior can be explained by the fact that the gold layer thick-
ness around the fiber augments as the number of evaporations is
increased. The devices with an asymmetric layer, where a  polar-
ization control is required [41,44,47],  were discarded from the rest

Fig. 3. Transmission spectra of the MM-SM-MM fibers with a SMF  length of 1 mm
and coated with an  (a)  asymmetric, (b) diametrically opposed and (c) quasi-
symmetric gold layer. Optical fibers were immersed in Cargille oils with nominal
refractive index of 1.365 (black line), 1.375 (red line) and 1.385 (blue line). (For
interpretation of the references to colour in this figure legend, the reader is referred
to  the  web version of this article.)

of the study since they exhibited the smallest dip and the highest
losses. An important aspect to notice is the symmetry of  the trans-
mitted spectra of the fiber coated with a  double gold layer (Fig. 3(b))
respect to the other two samples. The same symmetry is observed
in the spectra of fiber samples with SMF  length of (a)  1, (b) 5 and
(c) 10 mm  coated with a  double-sided gold layer shown in Fig. 4.
Since the gold layer thickness is  the same for these three samples,
the wavelength of the resonance dip is  the same when the fibers
are immersed in the same Cargille oil. The width of the dip also
increases as the length of the SMF  section increases. In Figs. 3 and 4,
the resonance dip shifts towards longer wavelengths as the refrac-
tive index of the external medium increases. The refractive index
sensitivity of the samples tested were very similar, so any of  them
can be  used to  fabricate the sensor to measure temperature and
refractive index. But  the fiber sample with the SMF length of 5 mm
coated with a  double-sided gold layer, whose dip exhibited the bet-
ter shape characteristics, was  selected. The calculated sensitivity of
this device was around 3030 nm/RIU in the range of  1.365-1.395.

In order to quantify its temperature sensitivity, this fiber was
immersed in distilled water and then heated from 20 to 60 ◦C.  In
Fig. 5 the spectral change of the SPR signal is  shown. A blue-shift of
the resonance dip is observed and a  sensitivity of  −360 pm/◦C was
estimated using the linear regression shown in the graph (squares)
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Fig. 4. Transmission spectra of the MM-SM-MM  fibers coated with two diametri-
cally opposed gold layers and with a  SMF length of (a) 1, (b) 5 and (c) 10 mm.  Optical
fibers  were immersed in Cargille oils with nominal refractive index of 1.365 (black
line),  1.375 (red line) and 1.385 (blue line). (For interpretation of the references to
colour in this figure legend, the reader is referred to  the web  version of this  article.)

Fig. 5. Transmission spectra of the MM-SM-MM  fiber with a SMF  length of 5 mm
and coated with a  two diametrically opposed gold layers immersed in distilled water
at  20 (red line), 40 (blue line) and 60 ◦C (purple line). In the inset is shown the SPR
measured net resonance dip wavelength shifts, shift from the RI  change of water
and  the difference between two (due to  the inherit temperature sensitivity of the
sensor itself). (For interpretation of the references to colour in this figure legend,
the reader is  referred to the web version of this article.)

of the inset of Fig. 5.  This wavelength shift is  mainly due to  the
contribution of the water refractive index change with tempera-
ture (triangles), calculated following the procedure described in
ref [51]. Subtracting the refractive index change (triangles) of the
water from the sensor sensitivity (squares) it is possible to esti-
mate the intrinsic temperature sensitivity of the gold-coated fiber
(stars), that has a linear fit  with slope of 52 pm/◦C.

3. Dual signal SPR-based optical fiber

When a SPR-based fiber optic refractive index sensor is
immersed in  a  liquid with high TOC, for example ethanol [52],  the
resonance dip can be  tuned by temperature. A simple temperature
sensor can be achieved by  covering the gold-coated fiber with PDMS

whose TOC (−4.66 ×  10−4) is similar to that of ethanol. Polymer-
covered fiber are easy to manipulate, a number of  designs can be
fabricated, but the upmost advantage is the simplicity in the fabri-
cation process. In this regard, a step forward can be made by just
covering the half-length of the gold-coated SMF section with PDMS.
A representation of the proposed device is shown in Fig. 6(a) and
(b), in which the half-length of the gold-coated fiber section was
covered with PDMS, this section is permanently immersed in a
temperature dependent refractive index (nPDMS(T)) medium. The
bare gold-coated fiber section is  still sensitive to external medium
refractive index changes. This is a  very simple technique to  create a
dual-channel SPR optical fiber sensor with two independent sens-
ing regions in  the same SMF  section, which can be used to measure
temperature and refractive index simultaneously. The conditions
and characteristics of the dual-channel SPR  optical fiber sensor just
described were theoretically simulated following the procedure
described in [54,55]. When the device is  immersed in a  90%water-
10%glycerol solution with refractive index of 1.346 at 20 ◦C, the
transmission spectra, black line in Fig. 7(a), exhibits two dips that
we have labeled as �bare and �PDMS. When temperature is  raised the
refractive index of the water solution as well as the PDMS decreases,
the TOC of these materials is negative. Both resonance dips shift
toward shorter wavelengths but the displacement of the �PDMS is
ten times larger than the �bare. When refractive index of external
medium increases, keeping the temperature fixed to 20 ◦C, the plas-
mon conditions of the bare gold-coated fiber section changes and
the resonance dip is  red-shifted. The thickness of the PDMS layer
is assumed to  be larger than 1 mm so the external refractive index
has not effect on the plasmon conditions in the polymerized fiber
section. The effect of refractive index change in the transmitted
spectra of the dual-signal SPR sensor is shown in Fig. 7(b). These
theoretical curves predict that it is  possible to measure the refrac-
tive index and temperature simultaneously using a dual-channel
SPR-based optical fiber sensor. The refractive index of the SMF core
and cladding as well as the water and PDMS were calculated using
the Sellmeier coefficients reported in  [54,55].  The theoretical model
only considers meridional rays whose incident angle is larger than
the critical angle in  a multimode fiber. This and other assumptions
are responsible of the differences in  the wavelength and width of
the resonant dip (�bare)  in  the theoretical spectra of Fig. 7(a)  and (b)
respect to  the experimental transmission spectra of Figs. 3 and 4.

The MM-SM-MM  structured fiber with a  SMF length of 5 mm
and coated with two diametrically opposed gold layers was selected
since the resonance dip is  relatively symmetric and narrow. Addi-
tionally, the device has a sensitive section long enough to facilitate
the fabrication process and at the same time it can be considered as
a compact sensor. The process that was  used to fabricate the sensor
can be described briefly as follows: the PDMS polymer was mixed
with the curing agency and this mixture was allowed to stand until
all air bubbles got out from it.  Meanwhile, an acrylic piece was
put over a Peltier plate and the gold-coated fiber was  suspended
over, in such way that a  half section of the SMF is set one mil-
limeter above the acrylic. Finally the PDMS was  poured over the
acrylic slice covering the half length of the gold-coated fiber section
see Fig. 6(a). Due to surface tension the PDMS did not spill down
from the acrylic. Finally, PDMS was cured by  heating the sample
at 80 ◦C for 6 h and this process produced that the half section of
the gold-coated SMF  was embedded in a PDMS film and this device
was ready for simultaneous monitoring the RI and the temperature.
During the PDMS coating and curing process the fiber transmission
was monitored. At the moment that polymer was poured over the
fiber a resonance dip appeared in the transmitted spectrum around
900 nm.  After curing a small displacement of  the resonance dip was
observed, then the device was  removed from the mount. In Fig. 6(b)
a representation of the device fabricated is show, the rectangular
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Fig. 6. Representation of: (a)  the fabrication process of the sensor, (b)  Dual-channel SPR optical fiber sensor proposed and (c) Experimental set-up to characterize the response
of  the sensor to refractive index and temperature variations.

shape of the polymer layer of our sensor is  easier to manipulate but
a number of different PDMS shapes can be obtained, according to
the requirements of the application. It is  important to mention that
this sensor is highly sensitive to bending so the device have to keep
fixed during the test.

4. Simultaneous measurement of refractive index and
temperature: results and discussion

Once the fabrication process was completed, the sensitivity to
temperature and RI of the devices were characterized using a trans-
mission set-up similar to that represented in Fig. 6(b). Firstly, the
device was put over a  Peltier plate and then heated from 20 to 60 ◦C
in order to determine the device response to temperature changes.
It is well-known that the refractive index of the PDMS decreases
(increases) as the temperature increases (decrease), so when the
sensor was heated the refractive index of the PDMS layer, in close
contact with the gold thin film, decreases. The experimental trans-
mitted spectra of the fiber sensor at 25, 35, 45 and 55 ◦C are  shown
in Fig. 8(a). It  is important to mention that the spectra exhibit a sin-
gle dip at a  wavelength (�PDMS)  since the bare gold-coated fiber
section is  surrounding by  air. As the temperature increases, the
PDMS refractive index decreases and this produce a blue-shift in
the wavelength of the resonance dip. The characteristic curve of
temperature vs wavelength resonance dip shift (��PDMS) is  shown
in Fig. 8(b). The temperature sensitivity of the SPR-based optical
fiber when is covered with PDMS is  −2.861 nm/◦C.

When the device was immersed in water-glycerol solutions
a second dip �bare,  at shorter wavelength than that of �PMDS,
appeared. The wavelength position of both dips is  dependent on
the refractive index and temperature of the solutions. The trans-
mitted spectra obtained when the fiber is  immersed in  solutions
with refractive index of 1.346 (black line), 1.365 (red line) and 1.388
(blue line) at 20 ◦C are shown in Fig. 9(a). The refractive index of the
water-glycerol solutions was measured with an Abbe refractome-
ter. As the refractive index of the solution increases, �bare shifts

toward longer wavelengths, reducing the separation between dips
and affecting seriously the shape of the dips, which become less
defined as in  the case the solution with a  RI of 1.388. This RI can
be stablished as the superior limit of the dynamic range. The ini-
tial separation between the �bare and �PDMS can be increased by
coating the bare gold-coated fiber section with a  proper metal or
dielectric layer [24,26,27,30–34,56,57]. The shift of the resonance
dips due to refractive index changes are shown in Fig. 9(b), it is
important to notice that the polymerized fiber section is insensi-
tive to  the refractive index change. The sensitivity of the bare and
polymerized gold-coated fiber section to refractive index changes
were 2323.4 and 0 nm/RIU, respectively.

While the fiber sensor was immersed in  these solutions the
temperature was  increased from 20 to 60 ◦C. The transmitted spec-
tra when the fiber sensor was  immersed in  90%water-10%glycerol
solution, with a  refractive index of 1.346, while the temperature
was 25 (black line), 35 (red line), 45 (blue line) and 55 ◦C (pink
line) are shown in  Fig. 10(a). Both resonance dips exhibited a  blue-
shift but the displacement of �PMDS is ten times larger than that
of the �bare.  The response of the device to  temperature changes is
summarized in the graphs of Fig. 10(b). The temperature sensitivity
of the first and second peak, for a  90%water/10%glycerol solution,
were −0.28 and −2.85 nm/◦C, respectively. The temperature sen-
sitivity of the dual-signal SPR sensor calculated is very similar to
that obtained in  the previous section when the device was tested
in ambient air.

Changes in  temperature (�T) and refractive index (�n) produce
changes in wavelength of the resonance dips (��bare and ��PDMS),
this relation can be mathematically expressed by the following set
of equations:

[
��bare

��PDMS

]
=

[
−0.280 2323.4

−2.85 0

] [
�T

�n

]
(1)
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Fig. 7. (a) Theoretical transmission spectra of the sensor when it is  immersed in
solution with refractive index of 1.346 at four temperatures: 25 (black line), 35
(red  line), 45 (blue line) and 55 ◦C  (pink line) and (b) Immersed in solutions with
refractive index of 1.346 (black line), 1.365 (red line) and 1.388 (blue line); at a  fixed
temperature of 20 ◦C. (For interpretation of the references to  colour in this figure
legend, the reader is  referred to the web version of this article.)

Finally, the sensing matrix can be then expressed as:[
�T

�n

]
= 1

(2.85) (2323.4)

[
0 −2323.4

2.85 −0.280

][
��bare

��PDMS

]
(2)

where the units of ��bare and ��PDMS are in  nm,  while �T is  in
◦C and �n  in RIU. Temperature change �T can be determined by
measuring ��PDMS,  so the total refractive index change can be now
described by

�n  =  4.3 × 10−4 × ��bare +  1.2 × 10−4 × �T (3)

As was discussed previously the shift of �bare is  resulted from
the combined effect of the refractive index of the substance under
test and the substance refractive index change with temperature.
The second contribution is  responsible for the uncertainty on the
measurement of �n. The second term of equation 3 effectively
compensate the thermal perturbation on the substance refractive
index. As can be seen the coefficient of the second term is very close
to that of the first term, in  this case, �T is  larger than ��bare,  so the
contribution of the second term could be larger than that the first
term, for �T values as small as 5 ◦C. Therefore, in a  SPR biosensor

Fig. 8. (a)  Experimental transmission spectra of the sensor at  four temperatures: 25
(black line), 35 (red line), 45 (blue line) and 55 ◦C (pink line). (b) Experimental curve
of  the sensor response characterization to temperature changes.

the measurement or compensation of the thermal perturbations is
mandatory.

It is  worth to  notice that the experiments were carried out
with a  hot plate, isolated from environmental ambient temper-
ature, the minimum temperature change of this equipment was
1 grade centigrade. Our device was able to measure such change
since the sensitivity was  approximately 2.9  nm/◦C.  We can specu-
late that temperature detection limit, assuming the OSA  resolution
of 0.1 nm,  is around 0.05 ◦C. The same argument could be applied
to the refractive index detection limit of our device, we  calculate a
value around 5 × 10−5 RIU. Considering this refractive index detec-
tion limit, we estimate that if fiber sensor is  immersed in  water
the minimum temperature change that can produce a  detectable
refractive index change is 0.5 ◦C. It should be mentioned that the
PDMS polymer is  a  hydrophobic material which means that being in
contact with water solution does not affects its properties [58], nev-
ertheless; an experiment was  accomplished where the device was
immersed in water during 12 h and the spectrum was recorded each
hour. No change in the wavelength resonance dip was observed
during this experiment.
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Fig. 9. (a) Experimental transmission spectra of the fiber sensor immersed at  three
different water-glycerol solutions: 1.346 (black line), 1.365 (red line) and 1.388 (blue
line); at a fixed temperature of 20 ◦C. (b) Experimental characterization curve of the
sensor response to refractive index changes.

5. Conclusions

A dual-channel SPR-based optical fiber sensor for simultaneous
monitoring temperature and refractive index of a liquid sample
is proposed and demonstrated, for the first time to our  knowl-
edge. The sensor consists of a  MM-SM-MM  structured fiber with
a single-mode fiber section of 5 mm length coated with a  double-
sided gold layer of 30 nm.  Half of the gold-coated SMF  section
was covered with a  high TOC polymer (PDMS). The polymerized
fiber section give rise to a  plasmon resonance dip at a wavelength
(�PDMS) around 900 nm.  When fiber sensor is  immersed in a  liq-
uid sample a second resonance dip appears at a  wavelength (�bare)
determined by the refractive index of the sample. Changes in  the
liquid temperature produce a  wavelength shift of both dips, while
refractive index changes only affect the wavelength of the �bare
dip. The sensor proposed is compact, easy to  fabricate and manipu-
late, the sensitivity to temperature and refractive index is high. This
device can be  integrated in sensing networks or in  a microfluidic
chip for biosensing applications.

Fig. 10. (a) Experimental transmission spectra of the fiber sensor immersed in
90%water-10%glycerol at  four temperatures 25 (black line), 35 (red line), 45 (blue
line) and 55 ◦C (pink line). (b) Experimental characterization curve of the sensor
response to temperature changes.
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