
0733-8724 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JLT.2018.2886134, Journal of
Lightwave Technology

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

1 

 

Abstract—A simple to fabricate, cost-effective, robust, and 

highly accurate fiber optic temperature sensor is proposed and 

experimentally demonstrated. The sensor head consists of an in-

fiber Fabry-Perot interferometer (FFPI) embedded in a mold 

made of a polyester resin.  FFPI, which in general present good 

strain sensitivity and low temperature sensitivity, was assembled 

by splicing a microsegment of capillary fiber (CF) of 14.66 m 

between two single-mode fibers (SMFs). The reflected spectrum of 

the FFPI exhibited a single interference dip within a span of 80 

nm. The dimensions of the resin mold can be modified by changing 

the ambient temperature, which in turn changes the length of the 

FFPI air-cavity. The dip of the reflected spectrum is shifted 

towards shorter (larger) wavelengths when external temperature 

is decreased (increased). The large free spectral range (FSR) 

allowed to monitor the temperature changes by either a 

wavelength or an intensity interrogation scheme. Using a laser and 

an optical power meter it was possible to demonstrate a real-time 

temperature sensor with a sensitivity of -60.79 nW/ºC and a 

resolution of 0.5 ºC, in the range of 10-30 ºC. We believe that the 

practicality of this real-time sensor can be very attractive for 

environmental sensing application. 

 

 
Index Terms—Fabry Perot interferometer, Polymers, Fiber 

optic sensor, Strain sensor  

I. INTRODUCTION 

OR more than three decades great effort has been made to 

develop reliable, low cost, and high precision fiber optic 

temperature sensors, which is an appealing technology for a 

myriad of applications in a wide range of industries. Although 

fiber Bragg grating-based sensors are the most exploited 

technology for punctual temperature monitoring [1-4], such 

sensors suffer from a limited temperature sensitivity of 0.01 

nm/ºC. Fiber optic interferometric temperature sensors have 

permanently been a focus of interest from academic and 

industrial community, since they combine the inherent 

properties of fiber optics, such as compact size, light weight, 

immunity to electromagnetic interference, multiplexing 

capabilities, null chemical reactivity; and the high sensitivity of 

interference phenomena. The temperature sensitivity of 
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interferometric sensors can be at least two order of magnitude 

higher than Bragg grating sensors [5-7]. Recently, an important 

number of flexible schemes that can be fitted to the particular 

requirements of a specific application, including Sagnac, 

Michelson, Mach-Zenhder and Fabry-Perot (FP) 

configurations, using single-mode, multimode, polarization 

maintaining, photonic crystal, or multicore fibers have been 

proposed for temperature sensing [7-24]. Optical fiber FP 

interferometer (FFPI) are very attractive for sensing because, in 

general, they are compact, simpler to fabricate and interrogate, 

and highly stables. Although FFPI are intrinsically temperature-

insensitive due to the low thermo-optic and thermal expansion 

coefficient of silica fibers [20], highly sensitive temperature 

sensors have been achieved when thermosensitive materials 

like polymers [17-20], metals [21, 22], or organic volatile 

compounds [23, 24] are included.  

Advanced composite materials, which have dramatically 

revolutionized the design and engineering of the world around 

us, offers a new and exciting field for the optical fiber sensors 

community. Such materials are specially designed to improve 

the performance, strength, durability, or security of daily use 

appliances, tools, cloths, vehicles or civil structures [25-29]. 

Actually, optical fiber sensors have been playing a leading role 

in this revolution by offering a unique sensing platform to 

monitor the performance of these new materials. Optical fibers 

sensors can be attached or embedded into a material to monitor 

physical-chemical parameters at or beneath the surface [30-39]. 

In most cases these materials are designed and fabricated to act 

as an efficient transducer, additionally they provide a natural 

protection package to the fiber device. This tandem offers a new 

opportunity to develop cost effective and durable temperature 

sensors with improved sensitivity that can be easily integrated 

in everyday spaces, processes or applications. 

Recently, novel temperature sensors based on optical fiber and 

thermoresponsive material working in tandem have been 

successfully demonstrated. The proper selection of the material 

allowed to develop temperature sensors with improved 

sensitivity, resolution or dynamic range. An important number 

of temperature sensors with different structures have been 
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demonstrated but the simplest and compact, a solid Fabry-Perot 

cavity, was created by just attaching an endcap microlayer of 

silicon over the tip of a fiber. With this structure it was possible 

to demonstrate temperature sensors with the highest resolution 

(6x10-3 ºC) [17, 37], good dynamic range (-50 to 130ºC) and 

sensitivity (249 pm/ºC). Larger temperature sensors with better 

sensitivities 2600 pm/ºC [38] and 3100 pm/ºC [15], consisting 

on a highly sensitive evanescent-wave optical fiber refractive 

index sensor embedded in Polydimethylsiloxane, were also 

demonstrated. The better sensitivity ever reported (260,700 

pm/ºC) was achieved with an extrinsic air-cavity Fabry-Perot 

interferometer formed with two aligned single-mode fibers 

attached to an iron V-grove [39]. Although the high sensitivity, 

the dynamic range, less than 5 ºC, is very limited. A common 

factor in all these sensors was the use of wavelength 

interrogation schemes which are expensive and impractical for 

real-time applications.   

Here we propose and experimentally demonstrate an accurate, 

easy to fabricate, real-time, intensity-modulated temperature 

sensor based on FFPI embedded in a general purpose 

unsaturated polyester resin (UPR). The FFPI structure includes 

an air-cavity that was inserted by splicing a microsegment of 

capillary fiber (CF) between two single-mode fibers (SMF). A 

semi-automatic and reconfigurable mechatronic stage was 

designed and constructed to precisely control the fiber cleaving 

process to obtain FP cavities as small as 5 m. In this work we 

used a cavity with a length of 14.66 µm that was set in a Teflon 

mold and covered with the UPR Polylite® 8016. The curing 

process was monitored by tracking the interference dip 

displacement produced by the changes of the FP air-cavity 

length, when polymer was cured the sensor head was demolded 

and characterized towards temperature fluctuations. The 

polymer underwent expansion when the device was heated, this 

produced an increment on the FP air-cavity length. The 

reflected spectra exhibited a single dip in an 80 nm span, the 

large FSR allowed to characterize the sensor response using 

both a wavelength and an intensity interrogation schemes. 

Sensitivities of 327 pm/ºC and -60.79 nW/ºC, respectively, in 

the range of 10-30 ºC were achieved. We found this sensor easy 

to fabricate, its final configuration is compact and robust, 

intensity interrogation scheme allowed to demonstrate that real-

time measurement of temperature is feasible. All these features 

make this proposal affordable and attractive for environmental 

sensing applications.  

II. SENSOR FABRICATION 

A schematic of the fabrication process of the sensor is shown 

in Fig. 1. In order to fabricate the FP cavities used in this work 

a semi-automatic, reconfigurable, and portable mechatronic 

platform was designed and assembled. Such platform allowed 

to gain control of the fiber cleaving process, which is the key 

step in the fabrication of FP cavities. It was possible to fabricate 

cavities with the length close to the value expected, FP cavities 

as small as 5 m were achieved. 

The fabrication process of the cavities was monitored using 

the optical sensing interrogator si255 from Micron Optics. The 

FP cavities were constructed by splicing a homemade CF 

between two SMFs, the process can be described as follows. 

Firstly, the CF with inner and outer diameters of 62 and 125 

µm, respectively, was spliced to a SMF, see Fig. 1(a). Then, the 

fiber ends were fixed to a pair of aligned compact motorized 

translation stages (MTS25-Z8, THORLABS). A digital camera, 

attached to an industrial 40X stereo microscope (Edmund 

Optics), was used to align the images of the SMF-CF splice and 

the blade of a professional cleaver installed between the 

translation stages, see Fig. 1(b). Translation stages were 

synchronously moved in the same direction to produce a desired 

displacement of the SMF-CF splice respect to the blade image, 

Fig. 1(c). The fiber was then cleaved leaving a micrometric 

piece of CF (length Lcavity) attached to the SMF tip, see Fig. 1(d).  

A second SMF was spliced to the CF (Fig. 1(e)), the other end 

of the SMF was previously spliced to an APC connector to 

avoid any further reflection. The final structure of the in-fiber 

FP interferometer is shown in Fig. 1(f) where the interfaces 

between the air and silica fiber core acted as the low reflectance 

mirrors. The fabrication process was actively monitored in real-

time by analyzing the reflected spectra of the lead-in fiber at 

each step of the process described in Fig. 1. The setup 

assembled allowed to fabricate FFPI in a straightforward, fast, 

reliable, and repetitive manner. 

 

 
Fig. 1. Illustration of the fabrication process of the FP cavities. 

 

Due to the low reflectance, this FFPI was thought as a two-

beam interferometer. The intensity 𝐼𝑟  of reflected light can be 

described by the equation [42]: 

 

𝐼𝑟 = [𝑅1 + 𝑅2 + 2√𝑅1𝑅2 cos (
4𝜋𝑛𝑐𝑎𝑣𝑖𝑡𝑦𝐿𝑐𝑎𝑣𝑖𝑡𝑦

𝜆
+ 𝜙)] 𝐼0   (1) 

 

where 𝐼0 is the input intensity; 𝑅1 and 𝑅2 are the reflectivity of 

the interfaces silica-air and air-silica, respectively; 𝑛𝑐𝑎𝑣𝑖𝑡𝑦 and 

𝐿𝑐𝑎𝑣𝑖𝑡𝑦 are the refractive index and the length of the cavity, 

respectively, and 𝜆 is the wavelength of the light. 

A number of FP cavities were fabricated following the 

process previously described. In Fig. 2 the reflected spectra of 

three of these devices with a cavity of 11, 30 and 54 m are 

shown, the corresponding FSRs were 105, 45, and 23 nm. It is 
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important to notice the high fringe amplitude (20 dB) and the 

high stability of the interference spectra. The cavity length was 

calculated from the optical spectrum using the well-known 

relationship [43] 

𝐿𝑐𝑎𝑣𝑖𝑡𝑦 =
𝜆𝑑1𝜆𝑑2

2𝑛𝑐𝑎𝑣𝑖𝑡𝑦(𝜆𝑑2−𝜆𝑑1)
     (2) 

where 𝜆𝑑1−2 are the wavelength of two consecutive dips. In an 

air cavity FFPI the number and wavelength position of the dips 

in the reflected spectra are exclusively dependent of the cavity 

length, as can be seen in graphs depicted in Fig. 2. 
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Fig. 2. Experimental reflected spectra of three different FP cavities fabricated. 

  

Using equation (1) it is found that reflective spectra of the FFPIs 

with an air-cavity length in the range of 14 to 16 m exhibit a 

single dip around 1550 nm in a span from 1500 to 1600 nm. It 

was also found that in such devices a micrometric change of the 

cavity length will produce a notorious shift of the spectra, but 

the FSR remains almost constant. Accordingly, a FP with a 

cavity length of 14.66 m, among the fiber devices fabricated, 

was selected to construct the temperature sensor head. The 

reflected spectrum exhibited a single dip in the span from 1500-

1580 nm and the wavelength of such dip was close to 1550 nm 

as can be seen in spectrum (black line) of Fig. 4(a). It has been 

shown that temperature sensitivity of FFPI is low because the 

thermo-optic coefficient and coefficient of thermal expansion 

of silica are small (TOC=69x10-6 and CTE= 0.5x10-6) [19]. In 

our case, it was observed that the temperature sensitivity of the 

selected FFPI was around ~2 pm/°C and, for all practical 

aspects, can be considered as a temperature-insensitive device. 

FFPIs have been widely used for measuring strain due their 

good sensitivity and low temperature dependence [40-44]. 

The fabrication and characterization of the temperature sensor 

head were monitored using the optical interrogation scheme 

shown in Fig. 3 (a).  Light from a SLED (EXALOS), centered 

at 1550 nm, injected to the input port of an optical circulator 

was redirected to port 2 where FFPI was attached, the reflected 

signal was coupled to the circulator output port and was 

analyzed with an optical spectrum analyzer (OSA, 

YOKOWAGA AQ6374). The FFPI was set in a Teflon mold as 

shown in Fig. 3(b). Then, the polyester resin was poured into 

the Teflon mold until the fiber device was completely covered 

and finally was left to cure at ambient temperature, see Fig. 3(c). 

The resin used was Polylite® 8016; an easy to cure and 

economical UPR, with a styrene content around 28% and 72% 

of polyester resin, highly resistant to corrosion with good 

mechanical strength specifically formulated for fiber reinforced 

polymer (FRP) application. FRP are light materials used in 

harsh environments found in petrochemical, aerospace and 

marine industries [45]. The resin used needs to be mixed with a 

catalyst (10%) for curing purpose. The mixing time was around 

100 seconds and then the mixture was left to rest for few 

minutes until the air bubbles disappear. The temperature of the 

mixture notoriously increases after mixing.  

 

 
Fig. 3 (a) Experimental setup, (b) FFPI fixed into the Teflon mold, then (c) 

polyester resin is poured into the mold and finally, (d) sensor head is demolded. 

(e) The geometry of the temperature sensor head (all dimensions are in mm). 

 

During the curing process the reflected spectrum exhibited a 

blue shift, as can be seen in Fig. 4(a). Every 30 minutes one 

spectrum was recorded until it stopped moving, it was assumed 

that the curing process had been finished. The OSA resolution 

was set to 0.5 nm during this process, this is the reason of the 

small ripple appearing in the bottom of the dips. The simulated 

spectra of various FFPI, with different cavity lengths, were 

calculated using equation (1) and they are shown in Fig. 4(b). 

As the cavity length becomes smaller the dip spectrum moves 

to shorter wavelengths. The wavelength of the dips coincides 

with that of the experimental spectra in Fig. 4(a). It is feasible 

to assume that during the curing process the polymer started a 

contraction producing a reduction of the cavity length of the 

FFPI.  

After the curing process the polymer became rigid and sturdy, 

and the sensing head was demolded by pushing it using two 

pistons at the bottom of the Teflon mold. The sensor head was 

allowed to stay whole night at room temperature. The final 

structure of the fiber optic temperature sensor is shown in Fig. 

3(d). A more detailed description of the sensor head is shown 

in Fig. 3(e), the dimensions are in millimeters. The FP cavity 

was embedded at the central part of the resin mold, parallel to 
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the loading direction, where the cross-section area is smaller 

and the tensile strain should be higher [46]. The shape of the 

resin mold edges was designed to facilitate the manipulation 

and fastening of the sensor head if it is required. 
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Fig. 4. (a) Experimental spectra showing a blue shift during the curing process. 

(b) Simulated spectra for different cavity lengths displaying a blue shift as the 

cavity size becomes smaller. 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

The proposed temperature sensor head consists of an FFPI, a 

highly sensitive optical fiber strain sensor, embedded into a 

resin with a CTE at least two orders of magnitude higher than 

that of silica [47, 48]. Heating up the sensor head causes the 

resin expansion and this produces that the FFPI air-cavity 

experiments a stretch that modifies its length.  The change of 

the cavity length brings about that the position of the spectrum 

dip moves; thus, it is feasible to measure the temperature by 

tracking the position of the dip. 

The experimental setup used for monitoring the output of the 

sensor is shown in Fig. 3(a). The dip of the initial reflected 

spectrum recorded, at room temperature, was positioned around 

1525 nm. We noted that this position was blue-shifted 5 nm 

respect to the last spectrum (violet line of Fig. 4(a)) obtained 

the previous day. We believe that after demolding the curing 

process continued at a slower rate, i. e. the sensor head 

continues the contracting process due to the cooling of the resin, 

whose temperature experienced a notorious increment at the 

beginning of the mixing process. In order to proceed to the 

characterization of the temperature sensor response the sensor 

head was placed on a Peltier plate (Echoterm™ IC25 TORREY 

PINES SCIENTIFIC). As the temperature increases (decreases) 

the polymer starts to expand (contract) causing that the FP air-

cavity undergoes stretch (compress). As a result, the dip of the 

reflected spectrum moved to longer (shorter) wavelengths, as 

can be seen in graphs of Fig. 5(a).  OSA resolution was set to 2 

nm, it is noticeable the important reduction of the ripple in the 

dips. The graph shown in Fig. 5(b) was obtained by monitoring 

the wavelength displacement of the dip with temperature. A 

quite linear behavior from 20 to 35 ºC is observed. The sensor 

sensitivity achieved was 327.3 pm/ºC, it is important to point 

out that such sensitivity is at least 2 order of magnitude higher 

than that obtained with the bare FFPI. A sensor resolution of 

0.5 ºC can be estimated considering the wide width of the dip, 

which makes difficult to elucidate the real displacement of the 

dip for smaller temperature changes. 
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Fig. 5. (a) Experimental spectra of the sensor reflectance for different 

temperatures. (b) The position of the dip spectrum as a function of temperature. 
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Fig. 6. Variation of the reflected optical power as function of temperature. 

 

The large FSR and the high contrast of the spectra shown in 

graphs of Fig. 5(a), allowed us to speculate that it was possible 

to measure temperature changes by monitoring the optical 

power of the reflected signal.  Intensity-interrogation schemes 

are usually simpler and cheaper than wavelength-tracking 

schemes. The broadband source and the OSA of the setup, 

shown in Fig. 3(a), were substituted by a tunable laser and an 

optical power meter, respectively. Then, light from a tunable 

laser centered at a wavelength of 1538 nm and with a power 

emission of 2 mW was launched to the fiber sensor head. The 

temperature of the Peltier plate was set to 10 ºC. Once the 

temperature was reached the reflected optical power was 

measured and recorded. Then the temperature of the plate was 

increased by one degree Celsius and after 5 minutes the optical 

power was measured. This process was repeated until a 

temperature of 30 ºC was reached. As the temperature increased 
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the optical spectrum shifted to longer wavelengths making the 

reflected power to decrease as it is shown in Fig. 6. It is worth 

to notice that sensor response was linear, with a sensitivity of -

60.79nW/ ºC, in the range of 10 to 30 ºC. It can also be assumed 

that the sensor is capable to resolve temperature changes of 0.5 

ºC. The dynamic range of the sensor proposed here was 

demonstrated from 10 to 30 ºC, although the polyester resin 

used can stand temperatures from -10 to 100 ºC. In order to take 

advantage of this characteristic that allowed us to increase the 

dynamic range of the sensor, it is necessary to improve the 

adherence of fiber optic and resin to ensure that fiber is 

stretching (compressing) at the same rate than resin. 
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Fig. 7. Sensor response in time to evaluate the stability and repeatability (a) 

and the response time (b) of the sensor. 

 

To complete the characterization process, that should include 

an analysis of the repeatability and response time, the sensor 

was subject to repetitive temperature changes. The Peltier plate 

was first set at 25ºC and after 10 minutes it was set to 20 ºC, the 

optical power reflected was automatically recorded. This 

process was repeated several times, three duty cycles of the 

sensor response are represented in Fig. 7 (a). As can be seen, 

the optical power decreased when temperature increased from 

20 to 25ºC, and went down to the power baseline when 

temperature decreased from 25 to 20ºC. It was observed a slight 

difference in the optical power measured for the same 

temperature, this behavior is evident in the first and third cycle 

of Fig. 7(a). Although this variation is smaller than the optical 

power difference between 20 and 21ºC (Fig. 8), such variation 

must be taken into account to stablish the uncertainty of the 

measurement. This behavior is very important to analyze in 

order to find out the origin and eliminate it, currently a series of 

experiments are in progress in this regard. A temperature sensor 

requires time to pass from one temperature to another, this time 

can be estimated from the response time. This can be calculated 

from the reflected signal when it goes from 10% to 90% of the 

maximum change. Sensors with short response time are 

desirable to measure fast physical event. In this case, the heating 

up and the cooling down response time of the proposed sensor 

can be estimated from Fig. 7(b). The heating up and cooling 

down response time of the sensor were 104 and 127 seconds, 

respectively. It is obvious that the response time of our sensor 

was determined by the Peltier plate characteristics, i. e. the time 

the plate takes to pass from 25 to 20 ºC and vice versa. 
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Fig. 8. Testing the capability of the proposed sensor for measuring temperature 

changes of 1 ºC. 

 

In order to establish the smaller temperature change that 

produce a detectable optical power change in the sensor, 

another experiments were carried out. Temperature of the 

Peltier plate was varied from 20 to 27 ºC in steps of 1 ºC, part 

of the results are shown in Fig. 8. The instabilities observed are 

due to the Peltier plate used. It is evident that our sensor has the 

capacity to resolve temperature changes of 0.5 ºC, but the 

Peltier plate is unable to produce such temperature steps. The 

good temporal stability of the optical power is another 

remarkable aspect of the sensor proposed. 

IV. CONCLUSION 

In summary, we have proposed and experimentally 

demonstrated an easy-to-fabricate and accurate temperature 

sensor based on a fiber FP air-cavity embedded in a light and 

corrosion resistant polyester resin (Polylite® 8016). The FP 

cavity was constructed by inserting a CF segment of 14.66 m 

between two SMFs to obtain a SMF-CF-SMF structure. Due to 

the small size of the air-cavity a single dip with high contrast 

(more than 20 dB) was observed in the reflected spectra in a 

span from 1500 to 1580 nm. Varying the temperature of the 

device produced an expansion (contraction) of the polymer that 

causes the FP air-cavity to modify its length. This produced a 

wavelength shift of the dip as the temperature changed; thus, 

following the position of the dip the temperature can be easily 

determined. Real-time temperature measurement capabilities 

were also demonstrated by monitoring the optical power 

changes of the reflected signal. Wavelength and intensity 

interrogation were carried out and their sensitivities were 327.3 

pm/º C, and -60.79 nW/ºC, respectively. The standard deviation 

of the temperature measurements were 0.09 and 0.02 ºC for 

wavelength and intensity interrogation, respectively. The 

tandem optical fiber sensors and composite materials presents a 

new and exciting opportunity to develop specific, new, robust 

and sturdy sensors with improved performance. The fabrication 
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process of the sensor is simple, affordable and repeatable; the 

real-time measurement capabilities, the good time stability, the 

good sensibility and resolution, make this sensor very attractive 

for environmental sensing application, for example the 

temperature monitoring of the seawater. 
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