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Abstract: Temperature measurements are of great importance in many fields of human activities, 

including industry, technology, and science. For example, obtaining a certain temperature value or 

a sudden change in it can be the primary control marker of a chemical process. Fiber optic sensors 

have remarkable properties giving a broad range of applications. They enable continuous real-time 

temperature control in difficult-to-reach areas, in hazardous working environments (air pollution, 

chemical or ionizing contamination), and the presence of electromagnetic disturbances. The use of 

fiber optic temperature sensors in polymer technology can significantly reduce the cost of their pro-

duction. Moreover, the installation process and usage would be simplified. As a result, these types 

of sensors would becoming increasingly popular in industrial solutions. This review provides a crit-

ical overview of the latest development of fiber optic temperature sensors based on Fabry-Perot 

interferometer made with polymer technology. 

Keywords: temperature sensor; polymer fiber optic; fiber optic; Fabry-Perot interferometer; inter-
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1. Introduction 

Nowadays, automation, detection, and control systems are necessary, and their im-

portance will grow in many chemical processes in industry and research. There is high 

demand for new designs of sensors to monitor an increasing number of measured quan-

tities [1]. Optical sensors, particularly fiber optic sensors, deserve special attention among 

the various measurement methods [2]. The advancement of optical fiber technology and 

its increased availability have brought a new level of precision to traditional optical meas-

urements. The use of optics enables remote measurements in difficult-to-reach areas [3,4], 

measurements in chemically aggressive environments, and measurements of high voltage 

components [5,6]. The combination of fiber optic technology and optical interferometry, 

which remains the most accurate measurement method, enables precision measurements 

to be performed online, in real-time, and on-demand [7,8]. 

Temperature is one of the fundamental parameter that all-natural and artificial pro-

cesses are defined by. Its measurement, however, differs from that of other fundamental 

physical quantities such as space or time as it cannot be measured directly. Its value must 

be determined using measurements of connected quantities. Because many quantifiable 

physical properties change with changes in temperature, e.g.: the volume of liquids and 

gases It has become possible to take advantage of these changes to construct a temperature 

measuring instrument - a thermometer. Temperature measurement is a relatively new 

idea [9], which is easy to overlook. The ancients were able to precisely measure length, 

time, and mass, but the temperature is not mentioned, nor is there any attempt to measure 

it. Galileo invented the thermometer in 1592, which is a quite recent invention. His ther-

mometer was based on the phenomena of air expansion as temperature rises. A thermom-

eter based on the phenomena of liquid expansion under the effect of temperature was 

introduced soon after, and it has remained virtually unchanged to this day. 
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Temperature is the most basic and important parameter for analyzing and control-

ling a wide range of technical processes and natural phenomena. As a result, it is critical 

to define it explicitly [10]. However, in many cases, a direct contact measurement is im-

possible because the examined object is moving, it is located too far away, it is too hot and 

it is placed in a hazardous environment or within an electromagnetic field. Complex heat 

treatment procedures necessitate accurate and automated temperature determination, as 

well as fast correction and management of errors and deviations from process standards. 

Furthermore unfavorable conditions happening during heat treatment, such as electro-

magnetic or ionizing radiation, too high or too low pressure, chemically aggressive envi-

roment, etc., the presence of a human during temperature assessment is not possible. For 

these reasons, using fiber optic sensors as temperature meters may be the best option in 

many circumstances [11]. When compared to electronic temperature sensors of the same 

size, fiber-optic sensors have several advantages. They are insensitive to the electric and 

magnetic fields, as well as resistant to most chemical agents and ionizing radiation [12–

14]. They are the only solution for temperature control during representative medical di-

agnostic (such as an MRI procedure [15,16]) or treatment (e.g. radiotherapy) procedures 

[17]. One can use such a meter in the presence of gases or contaminants [18]. The meas-

urement time is usually shortened compared to the other conventional methods, which 

allows observing the dynamics of change during the technological process.  

It is worth noting that fiber optic sensors can be implemented with transducers of various 

physical quantities and are typically produced at a low cost. The possibility of combining 

fiber optic sensor with transmission fiber allows the construction of a remote sensor where 

the transmitter can be placed in the investigated place while sensitive electronic elements 

can be placed further away in a safe place [19,20]. When using spectrum analysis of the 

measured signal, when the information about the measured values is included in the fre-

quency components of the measuring signal spectrum, such a sensor is insensitive to 

changes in the intensity of the optical signal in the transmission system [21]. The small 

dimensions of such sensors (even less than hundreds of micrometers) allow for the avoid-

ance of disturbance of the measured environment, which is still an unsolved problem dur-

ing temperature measurement with the use of electronic, contact sensors. Polymer fiber 

sensors offer all of the benefits listed above, plus more, thanks to the adaption of the ben-

efits of polymer technology.  

In this review article, a critical overview of the latest development of fiber optic 

Fabry-Perot temperature sensors made with polymer technology, which were published 

in the literature from 2015 to 2022, is presented.  

2. Polymer Fiber Optic Sensors 

The application of polymer fiber technology offers a broader advantage of the fiber 

sensors and gives the new possibility of applications. The polymer fiber optic ( POF) sen-

sor, also known as plastic fiber optic sensors can be produced as eco-friendly [22] and 

biodegradable [23] devices.  

Due to the advancements in 3D printing technology, it is now possible to produce 

polymer sensors in this manner [24,25]. Manufacturing sensors in polymer fiber technol-

ogy provides us with a unique opportunity to create sensors that are flexible, stretchable, 

waterproof, and wearable. 

The use of polymers fiber in the construction of sensors allows for the creation of any 

representative shape required[26–28], which is an unsolved problem with glass fiber. An-

other advantage of polymer fiber sensors is the ease with which they can be modified by 

imprinting polymer.  

Considering the advantages presented, polymer fiber sensors may be the most im-

portant solution for point-of-care healthcare. The ability to combine such a sensor with 

clothing allows for the possibility of offering such sensors to a group of people whose 

physiological parameters should be monitored throughout their daily activities [29]. 

When it comes to the material from which POFs can be made, we have several options. 
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Materials can be divided into two categories: plastic and natural materials. Poly(methyl 

methacrylate) (PMMA) [30], Cyclo Olefin Polymer (COP - ZeonexTM) [31,32], polycar-

bonate (PC)[23], amorphous fluoropolymer (CYTOPTM) [33], and PDMS (polydime-

thylsiloxane) are the most common materials in the first group for POFs. The fiber can be 

made from a single substance (as a non-core fiber) or a combination of polymer materials 

when cladding and core are made from different materials (e.g. single-mode polymer op-

tical fiber with a TOPAS core and ZEONEX cladding [34]). Figure 1. shows the record of 

research articles in the database Scopus.  Query “polymer fiber optic” and “the name of 

the polymer” was used. The analysed results were limited to years from 2015 to 2022. As 

can be noted, the most popular polymer for the fabrication of POF is PMMA. It is due to 

its good optical and mechanical properties, ease of access, and use. It is simple to shape 

this material into the required form, functionalize it with a biomolecule, and make a mul-

tilayer structure [35]. In my opinion, the enormous number of studies on the characteri-

zation of this material and its use in fiber production is another important element. 

 

Figure 1. The percentage of a given polymer in the total number of articles on POF published in 

2015-2022. 

POF can be produced as a single-mode [34,36] and multimode fiber [37,38], with a 

step [39] or gradient index refractive index profile [30]. Depending on the fiber, their core 

refractive index ranges from 1.34 for 1500 – 1600 nm to 1.58 for 800 – 900 nm [40]. Their 

POF diameter varies from 7 to even 490 µm [40], which opens up a wide range of appli-

cations because it is possible to work with POF whose geometrical parameters are the 

same as telecommunication fiber (7 µm) or choose the one with a diameter dedicated for 

biomedical optic fiber. The problem of connecting POF and silica fiber, could be easier 

when fibers are the same or similar diameters.  

Nowadays, the optical and mechanical properties of polymer fibers can be changed in a 

variety of ways. By the application of dyes, the absorption of the fiber can be changed, 

which can tune the sensitivity of the measurement [41,42]. The possibility of producing 

microstructured polymer fibers (MPOF) [43,44] (Figure 2) gives the usability to adjust the 

transmission properties of the fiber such as low attenuation [45] and dispersion [46]. On 

the other hand, POF optical and mechanical parameters can be tuned by annealing or 

doping e.g. by using carbon and producing carbon fiber-reinforced plastic [47] or by ap-

plying the multilayer of various types of polymer [48,49]. However, nanoparticle control 

remains an unsolved challenge because the simplest method, mixing nanoparticles with 

polymer, causes nanoparticle aggregation [50]. It can be solved by the layered structure of 

polymer with a different solution of nanoparticles [51]. However, it is a time-consuming 

process, which demands stable thermo-climatic conditions and precision. As a result, one 

of the most crucial challenges for the future expansion of POF must be resolved.  

Another method of tuning optical parameters of POF is the inscription, by using a 

fabrication of dedicated gratings. Recently there are a variety of gratings parameters that 

can be chosen to optimize the optical parameters of POF e.g., the length, and period of 
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refractive index changes. By using long [52] gratings it is possible to perform quasi dis-

tributed measurement [53]. On the other hand, short gratings can produce in-line fiber 

devices [40,45]. Until now, the inscription technology, which is based on photosensitive 

polymers and laser [54], allows for producing diffraction grating in undoped POF [51,55], 

POF with dopants [56,57], multicore POF [58],  and multimode or single mode POF 

(SMPOF) [59]. Many ways of tuning optical parameters give us the fabrication of mPOF 

[43,60] (Figure 2). The tuning can be done not only by the selection of the polymer material 

but also by fabrication fiber in a proper geometrical design.  One can tune the optical 

parameters of POF microstructure by changing the number of inside microstructures, 

their diameters, and the distance between them, what is presented in Figures 2 d and e.By 

the proper design, we can tune the cladding and core refractive index, which help to in-

fluence the transmission parameter of the structure. Moreover, the grating can be manu-

factured not only alongside the fiber but also at various angles around the fiber axis. [61]  

The value of many parameters can be tuned by fusing the POF, e.g., the attenuation can 

be lower when the sensitivity of the POF to temperature can be increased. This effect was 

initially discovered and described by Mizuno et al. [62] in 2014, and it has piqued the 

curiosity of several research groups since then. Surprisingly, in contrast to the parameters 

of silicon-based fibers, fusing the POF can improve their optical and mechanical proper-

ties, as well as thermo-optical properties. According to Leal-Junior et al. [63], the sensitiv-

ity to temperature change has increased from 0.0014/°C for non-fused POF to 0.0160/°C 

for fused POF. The fusion of POF has resulted in a tenfold increase in temperature sensi-

tivity. 

 

Figure 2. (a), (b), (c) Microscope images of the fiber cross-section of mPOF with different diameters. 

Reproduced with permission: (a) and (b) from ref. [64] ; (c) from ref. [65] MDPI Copyright 2022. (d) 

and (e) images of the possible construction of mPOF design. 

The main parameters of commercially available POF are large core diameter (from 

500 to 1000 µm), the high value of numerical aperture (from 0.19 to 0.5), and high attenu-

ation (from 0.19 to 0.25 dB/m for the wavelength of 650 nm)[66] comparing to 8.2 µm, 0.14 

and 0.02 dB/km for 1525-1575 nm [67] for conventional silica glass optical fiber. It must be 

noted that even though the POF have acceptable attenuation in the visible range it is im-

possible to use them as a transmission medium in the telecommunication wavelength be-

cause of the very high attenuation of light [68] reaching 1000 dB/km for 1000 nm in case 

of PMMA POF (Figure 3). however, the new materials allow for the production of POF 

with loss as low as 0.11 dB/cm at 840 nm [36]. 
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Figure 3. Spectral attenuation of the graded-index POF. Reproduced with permission ref. [69] MDPI 

Copyright 2022. 

Comparing those parameters, it is easily seen that POF allows us to use bigger and 

cheaper optoelectronic elements such as source and detector, as well as make it possible 

to connect such fiber as easily and cheaply. On the other hand, the extremely huge value 

of attenuation makes it impossible to use a transmission medium for long distances. De-

spite this disadvantage, POFs made from plastic materials have been used to produce 

cheap sensors.  

Recently, the most important development appears to be the new role of natural fi-

bers such as silk, collagen, or paper [70], with the use of polysaccharides such as cellulose 

[71,72], agarose [72], and chitosan [74, 75] also looking promising. They combine the ben-

efits of POFs with environmental friendliness and biodegradability. However, even not 

natural-based POF as poly (D, L-lactic acid) (PDLLA), can be biodegradable and biocom-

patible fibers, which showed Gierej et al. in their work. [74] From a technical standpoint, 

the fundamental reason for POF's appeal is because coupling light in and out of POF (par-

ticularly large diameter POF) is easier and less expensive than coupling light in and out 

of glass fibers. This is because cleaving and producing connectors do not involve expen-

sive and specialized equipment or service by highly qualified personnel [75]. 

3. POF Temperature sensing principles  

The basic setup of the fiber optic sensor consists of the light source (with driver), 

detector, and sensing element, which can be the fiber or dedicated attenuator connected 

to the fiber link and data analysis device (Figure 4). A narrowband source, such as a laser 

or a laser diode, or a broadband source, such as a light-emitting diode, a superluminescent 

diode, or an enhanced emitting (ASE) source, are examples of light sources. The light from 

the source is directed to the sensor interferometer through an optical fiber (single-mode 

or multi-mode), where variations in the value of the tested quantity produce modulation 

in the optical signal due to temperature changes. The temporal or spectral domains can 

be used to analyze the measurement signal. A photodiode and an oscilloscope can be used 

as the detection system in the first example, while an optical spectrum analyzer or a spec-

trometer can be utilized in the second. [76] 
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Figure 4. The basic set-up of the fiber optic sensor. 

With POF sensors it is possible to perform distributed [68] and pointwise measure-

ments. However, due to the high attenuation of the POF sensors based on that technology 

are dedicated mainly to pointwise measurement. Temperature sensing by the POF sensor 

can be divided into two major groups from an optical standpoint. The first group repre-

sents sensors, in which the measurement value is encoded in the change in light intensity. 

The analysis of measured spectra in the second group can provide information about the 

temperature value. The operation of the fiber optic sensor can be based on the use of var-

ious types of external factors influencing the sensor element. In particular, the following 

impacts can be distinguished physicomechanicalical (e.g., displacement, force, pressure), 

thermal (e.g., temperature, heat emission), electric (e.g., voltage, current, resistance), mag-

netic (e.g., magnetic field strength and induction), radiation (e.g., electromagnetic, optical, 

and nuclear radiation), biochemical (e.g., particle concentration and type). These interac-

tions can cause changes in the intensity (amplitude), frequency, phase, and polarization 

of the transmitted light. In the case of the POF temperature sensors, the basic of the oper-

ation usually lies in the intensity, frequency, and phase change.  

3.1. Intensity modulation POF temperature sensor  

Sensors with light intensity modulation are the simplest physical solutions from 

those listed above. Most often, they do not require a complicated detection system, and 

the modulation of the light intensity is the result of the impact of the tested physical vari-

able directly on the structure of the optical fiber. Because the optical and mechanical prop-

erties of the polymer fiber change as the temperature changes, the most basic POF tem-

perature can be composed of source, detector, and POF. It happens when light is modu-

lated and transmitted through POF, which acts as an attenuator [77]. The sensitivity of 

POF for temperature changes can be increased by doping POF with different dopants such 

as CdSe quantum dot [78], nanocrystals [79], or rare-earth ions [80], which enables to fab-

rication of fluorescent POF temperature sensor. The intensity of modulation caused by 

temperature changes can be controlled in a variety of ways. There are constructions of 

POF temperature sensors in that category of POF sensors, which are created in such a way 

that any temperature changes affect the modification of the light intensity value. The most 

commonly used constructions are those that are based on POF evanescent field fluctua-

tions due to temperature variations. Such sensors can be obtained by creating conditions 

that disrupt the correct propagation of light in the fiber. This can be accomplished by the 

POF bending (e.g. U-shape [81] or knot [82]) or un-cladding the POF fragment [83] or 

fabrication of a D-shaped [84] region of the POF. The evanescent field can occur in the 

hybrid structure, such as side-polished silica fiber optic, in which cladding is made by 

polymer sensitive to temperature change [85].  

The main disadvantage of the intensity modulation POF sensor is the uncertainty 

about the quality of measurement. The user is not able to determine whether the change 

in the signal intensity was the result of changes in the value of the measured quantity, 

changes in the attenuation in the optical link, or fluctuations in the signal intensity of the 

source. 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 June 2022                   doi:10.20944/preprints202206.0164.v1

https://doi.org/10.20944/preprints202206.0164.v1


 

 

3.2. Phase modulation POF temperature sensor  

Because direct measurement of phase changes is currently impossible, phase modu-

lation must be tracked using interferometry. Optical interferometry is a measurement 

technique based on the phenomenon of light wave interference. The intensity of the inter-

ference signal depends on the phase difference of the interfering waves, which is depend-

ent on the optical path difference. Consequently, a change in the difference of optical paths 

causes a change in the intensity of the interference signal. In the case of two-beam inter-

ference, which is performed by two-beam interferometers the output signal can be de-

scribed as shown in equation 1: 

���� = 〈 ��∗ 〉, �����: � = �� + ��    (1)

��, ��  - amplitudes of interfering waves; 〈 〉 - time averages; �∗ - the complex conjugate 

of �. 

The output signal of an interferometer with signal processing in the spectral domain 

can be defined by equation 2 and in the time domain by equation 3 as follow: 

����(�) = �(�)[� + � ��� (∆�)], �����      ∆� =  
��

�
 �� �� (2)

���� = �� + �� + ������ ���(∆�)] , �����         ∆� =  
��

�
 �� �� (3)

�(�) – the spectral distribution of the light source; V – visibility of measured signal: ∆φ – 

the phase difference between interfering beams: λ – the central wavelength of the light 

source; Δx – the difference in geometrical ways between reference and measurement arm; 

Δn – the difference in the refractive indices of between reference and measurement arm; 

��, ��– the intensity of the light in the reference and measuring arm of the interferometer. 

An interferometer can be used as a thermometer because the phase difference be-

tween interfering light beams depends on temperature changes. Temperature can influ-

ence the interferometer in two ways: through affecting changes in geometrical length and 

refractive index of the interferometer measurements arm and consequently the phase dif-

ference between interfering beams can be presented as: 

∆� =  
��

�
 � �

��

��
 +  �

��

��
 � �� (4)

ΔT – temperature difference.  

Temperature variations cause a change in the phase difference between interfering 

beams, which is recorded in the measurement signal. When any temperature change oc-

curs it is possible to observe that in the modulation of measured spectra or changes in the 

measured interferogram.  

Measurement systems based on the classic interference of light waves from a high-

coherent source offer high resolution, accuracy, and high measurement dynamics. The 

basic problem related to the use of classical interferometry in metrology is the difficulty 

of determining the initial operating point of the system, which results from the properties 

of the interferogram obtained with the use of a classical interferometer. All the interfer-

ence fringes have the same amplitude value of the optical signal intensity, which makes it 

impossible to determine the position of the null fringe of the order corresponding to the 

zero difference in optical paths of both interferometer arms. For this reason, these inter-

ferometers cannot be used to measure absolute values, but only to study changes in meas-

ured values. This problem can be solved by the use of low-coherence interferometry, using 

broadband sources. The main advantage of stimulating the rapid development of low-

coherence interferometry is the ability to measure the absolute values of the measured 

quantities. This is all the more important as this problem has not been fully resolved in 
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the case of conventional interferometry using highly coherent light sources. It should be 

noted, however, that both of these techniques enable to obtain comparable values of sen-

sitivity and measurement resolution. Modern fiber-optic temperature sensors are usually 

based on low coherence interferometry because in many applications it is critical to know 

the absolute value of the measured quantity, and only this type of interference allows to 

perform such measurements [76]. The literature on the subject contains many examples of 

interferometric temperature sensors made in polymer technology, however, the Fabry-

Perot construction seems to be the most promising for metrological application.  

4. Polymer fiber optic sensors based on Fabry-Pérot configuration 

The Fabry-Pérot Interferometer (FPI) is made of two distinct, parallel-arranged mir-

rors or one plate with two reflecting surfaces in its most basic version. The interference 

between the beams reflected several times from the reflecting surfaces occurs in this inter-

ferometer. The FPI can be employed in two modes of operation. If the detector is located 

on the same side as the light source, FPI works in the reflection mode and downstream of 

the interferometer in the transmission mode [86]. The fiber optic FPI is characterized by a 

relatively simple structure while ensuring satisfactory metrological parameters. The small 

size of the interferometer allows for avoiding disturbances of the tested field, enabling the 

realization of almost point measurements. The classic FPI is a multibeam interferometer. 

However, if the reflectance coefficients of both mirrors are low, the transfer function of 

the FPI can be assumed to be the same as for a double-beam interferometer [87]. A two-

beam FPI is often used for metrology applications due to simplification of the data analy-

sis and an increase in the visibility of the measured signal. Such a sensor can be designed 

by the proper construction of the reflection coefficient of the two mirrors. It is necessary 

to obtain a low-finesse Fabry-Pérot resonator to achieve two-beam FPI. The manufacture 

of two parallel mirrors is one of the most difficult aspects of the POF FPI process. In the 

event of an anomaly, the device will not function as an FPI and could not be analyzed as 

one. For metrological applications, FPI can be applied as an extrinsic or intrinsic device 

(Figure 6). The FPI cavity is fabricated to the end of the fiber link in the first example. FPI 

is developed as an optic link in-line device in the second situation.  

4.1. Extrinsic POF FPI for temperature sensing 

The most basic configuration of extrinsic FPI for temperature control set-up is made 

as a hybrid silicon/polymer construction. The sensing actuator in this design is con-

structed of polymer, but the optical link that transmits light is composed of traditional 

SiO2 fibers (Figure 5). There is an interference between two beams in such a structure. The 

first beam is reflected in the silicon optic fiber and polymer interface. Meanwhile, the sec-

ond one comes from the polymer and silicon boundary. The sensor system works in the 

reflection mode. Changes in the temperature of the environment surrounding the sensor 

affect the modification of its parameters. The variations in phase difference between in-

terfering beams can be observed because the optical and mechanical characteristics of the 

polymer change as the temperature changes, according to equation 4. Mainly, the effect 

of temperature influence can be seen in the change of the refractive index of the material, 

which fills the resonance cavity. This is the transformation of the reflectance values of the 

interferometer mirrors and the change of the phase difference between the signals re-

flected from them, which can be recorded in the measurement signals. To that effect, the 

transformation of the reflectance values of the interferometer mirrors and the change of 

the phase difference between the signals reflected from them, which can be recorded in 

the measurement signal. 
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Figure 5. Extrinsic POF FPI for temperature sensing. 

Sun et al. proposed such a hybrid construction for simultaneous measurement of the 

temperature [88]. The sensor is built from the silicon single-mode fiber (SMF) optic which 

is capped with polymer (Figure 5). The application of the SMF makes it possible to per-

form measurements on the telecommunication wavelengths 1310 and 1560 nm. The au-

thors analyzed how the curvature, and the cavity length, as well as the source wavelength, 

influence the sensitivity of the measurement. The sensor obtained a sensitivity of 260 

pm/°C for 1560 nm wavelength and a measurement range of 40°C to 90°C. 

The same construction for temperature measurement in the range of 20°C to 50°C 

was proposed by Ma et al. [89] and Lee et al. [90] The authors named the interferometer 

Fizeau interferometer but based on provided explanation it is a two-beam FPI, according 

to Born and Wolf's book "Principled of Optics. [91] 

Hybrid construction of FPI based on the SMF and polymer microbubble has been 

described in the literature as well. Tan et al. [92] presented two-beam FPI based on the 

SMF and polymer microbubble for temperature measurement (Figure 7b). This sensor 

works in the range of 25°C to 50°C with the highest sensitivity of 5.99°/°C [phase de-

gree/Celsius degree]. Due to the use of a telecommunication fiber, this thermometer works 

at the 1550 nm wavelength.  

The authors obtained three mirrors by using SU-8 photoresists (GM1070) and PDMS 

at the end of the face of SMF: SMF/SU-8, SU-8/PDMS, and PDMS/air, respectively [93]. 

Since the light from the source is reflected from the three mirrors, a multimode FPI can be 

built. Those interfering reflected beams produce a measurement signal whose spectra 

modulate as the temperature changes. This FPI has a sensitivity of 689.68 pm/°C and op-

erates in a temperature range of 20°C –75 °C. Whereas Cao et al. proposed similar con-

struction to build a multi-mode FPI [94] by taking advantage of the air microbubble inside 

the polymer and creating three mirrors SMF/air, air/polymer, and polymer/air. The sensor 

used a broadband source (1200 – 1700 nm) and offers a measurement range of 20°C to 

55°C and a sensitivity of 5.013 nm/°C. A slightly modified version of that same construc-

tion was used by Chen et al. [95] The main difference lies in the shape of the PDMS cap. 

In the article authored by Chen et al., PDMS is formed into a cylinder with a length of 282 

µm and a diameter of 50 µm inside the hollow core fiber (HCF) which was attached to the 

SMF. That multi-beam POF FPI works in the range of 51.2°C to 70.5 °C with a sensitivity 

of 2.7035 nm/°C [95]. The construction with a polymer cap combined with four-core-silica 

fiber is proposed by Wang et al. for multipoint sensing [96]. By using the Fast Fourier 

Transform, the measured spectra and applied precise control of the geometrical length of 

each cavity was possible to perform simultaneous multipoint sensing. The temperature 

was measured in the range of 15°C to 40 °C with a sensitivity up to −0.115 rad/°C. 

This structure was approached in an entirely different way by Pawar et al. [97] The 

authors created POF FP using SMF and polymer, but the micro-cavity was generated in 

the glass fiber and filled with polymer in that design. The HF acid was responsible for 

creating the cavity. 

Because the fiber was chosen in such a way that the core was highly Ge doped in 

comparison to the cladding, the time it took to etch the core was shorter than the time it 

took to etch the cladding, which was employed to create the cavity (Figure 6). The sensor 
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operates between 27°C and 80°C, with a sensitivity of up to 59.44 pm/°C depending on 

cavity length. 

 

Figure 6. FPI-based PDMS-filled micro-cavity for temperature sensing. Inset shows micrographs of 

micro-cavity lengths of i) 130 µm, ii) 160 µm, iii) 240 µm and iv) 260 µm respectively. Reproduced 

with permission from Ref.  [97],  Optica Publishing Group Copyright 2022. 

A construction with the polymer elliptical cap is the subject of the interest of many 

research groups as a fundamental FOP FPI construction that may be modified in a variety 

of ways using various methodologies. Li et al. coated SMF with an elliptical cap made of 

polymer and in the next step by taking advantage of the two-photon polymerization tech-

nique fabricate inside the cap Π-shape, with 20 µm length and 7 µm thickness [99]. Be-

cause of this, the authors obtained a multi-beam POF FPI temperature sensor with a very 

good mechanical stability of the sensor head, which can measure temperature in the range 

of 25°C to 45 °C with a sensitivity of 451 pm/ °C. 

Li et al. [100] showed another modification of the POF FPI based on the cap attached 

to the end of the fiber. The authors created an in-line Michelson interferometer out of SMF 

and two-core fiber that was tapered to form a coupler. The polymer was applied to the 

ends of the two core fibers (NOA75). This sensor works at temperatures ranging from 

20°C to 60°C, with a sensitivity of 385.8 pm/°C for heating and 382.0 pm/°C for cooling. 

Another type of hybrid FPI is described by Gao et al. in their work [101]. SMF was 

spliced with HCF that was filled with polymer, which creates the Fabry-Perot cavity in 

that study. The authors fabricated FPI with a typical length of spliced HCF and filled it 

with various polymers to evaluate the effect of geometrical length and refractive index of 

the cavity on the observed signal. The sensor uses a broadband source (1530 to 1610 nm) 

and has a sensitivity of 1226.64 pm/°C, allowing it to measure temperatures in the range 

of 39°C to 54°C. 

Garcia et al. present same similar construction, however, they filled the HCF with 

PDMS as well as PMMA. They measured temperatures in the range of 25°C to 50 °C, with 

a sensitivity of 2.2 nm/°C (PDMS), and 0.42 nm/°C (PMMA) [102]. A simplified version of 

that construction is described by Pan et al. The POF FPI temperature sensor has been built 

with SMF fiber and a tube filled with PDMS [103]. The proposed sensor works in the tem-

perature range from 40°C to 50°C with a sensitivity of 10.29 nm/°C.  

Hernández-Romano et al. fabricated a hybrid structure from SMF, a thin film of tita-

nium dioxide (TiO2), and Poly(dimethylsiloxane) (PDMS). The interferometric cavity is 

made by PDMS and due to its thermo-optical properties, any temperature change can be 

seen in phase differences of interfering beams. This sensor works from 22°C to 60°C. In 

this solution authors measure the changes in the visibility of the interference signal define 

as the difference between the maxima and minima of the interference patterns which is 

calculated in the decibels therefore, the sensitivity is calculated as 0.13 dB/°C [104]. 

The extensive usage of PDMS polymer in the construction of temperature sensors, 

owing to their excellent thermo-optical (the negative thermo-optic coefficient (TOC) of 

−4.66 × 10−4 /°C) and thermo-mechanical (the high thermal expansion coefficient (TEC) of 

9.6 × 10−4 /°C) parameters, characterized with a temperature reaction at the range of −55 

÷ 220 °C [95], which enables the use of PDMS as a very sensitive to temperature changes 
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actuator. Furthermore, it has a refractive index of light of 1.41 [103], allowing for the cre-

ation of low reflecting index mirrors built of boundary SMF/PDMS and high reflectivity 

mirrors constructed of boundary PDMS/air, which allows for producing low-finesse two-

beam POF FPI.  

What should be mentioned, the optical properties of the polymers which can be used 

to produce optical fibers can be changed by doping nanoparticles [105]. Furthermore, it is 

easy to fabricate a hybrid PDMS and glass fiber set-up, which provides the advantages of 

silicon optic fiber but it is more sensitive to temperature change [106] [107] compared to 

sensors based on silicon dioxide conventional elements. It is really important to note that 

this substance is simple to form or utilize as fill and that it clings to the fibers with UV 

adhesive. PDMS is the most frequent polymer utilized in POF sensors, but other types of 

polymers are also used in the sensing application. 

4.2. In-line POF FPI for temperature sensing  

In-line POF FPIs are not as popular as extrinsic FPIs. This is due to high POF attenu-

ations, which are employed in bigger parts in in-line versions than in extrinsic versions. 

In-line POF FPIs, on the other side, offers unique attributes that make them suitable for 

use as sensors. Gratings can be fabricated directly into POF. FPI has a lower finesse of 

interference signal than the extrinsic version, however extrinsic FPI has larger coupling 

loss and is more difficult to precise alignment with the in-line version. The in-line version 

can be produced by the use of internal mirrors, and internal boundaries, such as splicing 

or internal gratings. Such a construction is presented by Stankiewicz et al. [108] They con-

structed a POF with a core made of a copolymer consisting of two polymers composed of 

polystyrene (PS) and polymethylmethacrylate (PMMA) and cladding made of PMMA. 

The image, which presents the idea of a fabricated in-line POF FPI sensor based on two 

gratings is shown in Figure 8. There are inscribed two gratings with the gap between, 

which enables to form in-line POF FPI. These sensors measure temperature from 20°C to 

70°C with a sensitivity of −25.1 pm/°C. The great advantage of that construct is the sensors 

made inside the fiber without any additional micromechanical or optical elements. The 

lack of splicing and different kind of fiber in the construction of the thermometer makes 

easier the online investigation of sensors’ conditions.  

 

Figure 7. The In-line POF PFI is based on the use of two gratings. 

In another sensor, an FPI was constructed by creating a small gap between two align-

ment optical fibers of the SMF type. The authors constructed the Fabry-Perot resonator in 

the sensor by introducing a section of capillary fibers and splicing it with SMFs. In that 

sensors there is interference between two beams which are reflected by mirrors created by 

the material boundaries: SMF/air and air/SMF. In the next step, the FPI was inserted into 

the poured polymer, which was sensitive to temperature changes, and left till the polymer 

was cured. [109] This sensor works with a sensitivity of −60.79 nW/°C in the range of 10°C 

÷ 30°C. Authors claim that this construction gives the “exciting opportunity to develop 
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…sensors”, however, the process of production of this construction is very time-consum-

ing and the need of preparation needs of precise and expensive micromechanical equip-

ment to control the gap and to produce the mold for polymer. Furthermore, the work with 

SMF fiber attached to the sensing head with a diameter of 32 mm x 16 mm, which is much 

bigger than fibers, can make it difficult to keep the stability of the measurement process.  

 

Figure 8. The POF FPI temperature sensor based on the air gap. 

The slightly different variant of the construction is presented by Li et al. [110] Authors 

aligned SMF and microfiber inside the capillary filled with PDMS. As above they obtain 

in-line FPI due to the reflection of light by the boundaries SMF/PDMS and PDMS/micro-

fiber. This sensor works with a sensitivity of 6.386 nm/°C from 42°C to 54°C.  

Fu et al. [111] joined those two solutions to produce a few-mode in-line FPI for tempera-

ture sensing with the use of few-mode fiber. They create in-line two FP cavities. The first 

is created by the boundaries SMF/air and air/FMF, whereas the second by FMF/PDMS and 

PDMS/FMF. Despite so complicated construction the sensor’s relatively narrow range of 

15°C degrees from 40°C to 56°C with a sensitivity of 3.98nm/°C, which is less worse com-

pared to the sensitivity of many extrinsic POF FPI shown above.  

The comparison of basic parameters, such as type of construction, range, sensitivity, 

and ability to multi-parameter sensing of sensors are presented in Table 1. 

  

SMF              air gap            SMF   
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Table 1. Type of the POF temperature sensor. 

Type  
PO FFPI construction 

 

Multiparameter 

sensing 

Measurement  

range [°C] 

 

Sensitivity  Linearity Reference 

       

Exctrinicis 

POF FPI 

Two beam FPI based 

on microbubble 

Temperature 

and pressure 

25 ÷ 50  

 
5.99 degree/°C no data  [92]   

 
Multibeam FPI based 

on microbubble 

Temperature 

 

25 ÷ 50  

 
5.013 nm/°C 0.996 [94] 

 
SMF+HCF filled with 

polymer  

Temperature, re-

fractometer, and 

pressure  

25 ÷ 50  
1226.64 pm/°C 

2.2 nm/°C 

0.997 

no data  

[101] 

[102] 

 PDMS cavity 
Temperature 

 
22 ÷ 60  0.13 dB/°C no data [104] 

 

Multibeam FPI based 

on the polymer-coated 

NCF 

Temperature 

and saline  
15 ÷ 35 −3.784 nm/°C 0.9961 [112] 

 

 

Two beam FPI SMF 

PDMS 

Temperature 

and pressure 
40 ÷ 50  1.01 nm/°C 0.9992 [103] 

 
Multibeam FPI based 

on a two-layered cap 

Temperature, re-

fractive index  
20 ÷ 75 689.68 pm/°C no data [93] 

 

Multibeam FPI based 

on the cap within Π-

shape 

Temperature, re-

fractive index 
25 ÷ 45 451 pm/°C 0.996 [99] 

 

Multibeam FPI based 

on air bubble into 

PDMS cylinder  

 

Temperature 

 

 

 

51.2 ÷ 70.5 

 
2.7035 nm/℃ 0.9962 

[95] 

 

 

 

 

Multipoint FPI based 

on multi-core fiber and 

polymer cap 

Temperature 

and humidity 

15 ÷ 40  

 

 

−0.115 rad/°C no data  

[96] 

 

 

 

 

FPI based on the poly-

mer cap and 2-core-fi-

ber  

Temperature 

and humidity 
20 ÷ 60 385.8 pm/°C no data 

[100] 

 

Intrinsic  

POF FPI 

FPI based on Bragg  

 

FPI based on two SMF 

and air gap  

Temperature  

 

Temperature 

 

20 ÷ 70  

 

10 ÷ 30  

−25.1 pm/°C 

 

6.386 nm/°C 

3.98nm/°C 

no data 

 

0.9990 

0.99829 

[108] 

 

[110]  

[111] 

4.3. Metrological parameters of POF FPI for temperature sensing 

As can be noted from Table 1 the POF FPI does not offer to measure range and sen-

sitivity more attractive than glass-based fibers. Advantages of using POF sensors lie in 

their biocompatibility, and ease of connecting with cheaper optoelectronic devices com-

pared to SMF technology. However, it appears that the main reason for their popularity 

is their superior mechanical qualities, which allow them to be employed in a variety of 

applications like the possibility to attach such a sensor as a tattoo to patient skin, building 

it into clothes to help real-time monitoring of physiological parameters (e.g., in the uni-

form of firemen) or to join with wound dressing, which helps to control the process of 

healing. From that point of view, the metrological parameters of the presented POF FI 

temperature sensors are good enough to be employed for temperature control in real-life 

processes.  
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5. Summary and future perspective  

Aside from high accuracy and measurement resolution, one of the basic requirements 

for modern sensor designs used in industry and scientific laboratories is the availability 

of performing a real-time measurement, small size, high reliability, high resistance to in-

terference, and user-friendliness. 

Polymer fiber-optic sensors fit into current trends due to their unique properties: they 

are light in weight, have small geometric dimensions, and can work in harsh environmen-

tal conditions (e.g., high pressure, corrosive conditions, and hard-to-reach places). 

In the case of polymer-based fiber optic sensors, the sensor can be integrated with a 

measuring system composed of common, low-cost optoelectronic elements (i.e., source 

and detector of optical radiation). 

This allows for a significant reduction in costs [113] of implementation and subse-

quent measurement system operation. Sensors that allow temperature measurement of 

chemical and biochemical processes are required in both industrial production and labor-

atory research. 

Monitoring the temperature value allows for the determination of the stage of the 

process, its correctness, as well as potential irregularities. Interferometric fiber optic tem-

perature sensors provide high measurement accuracy and the ability to perform continu-

ous real-time measurements in a short time in a wide range of industrial and biomedical 

applications. 

The relatively narrow temperature range in which such sensors can work properly 

appears to be the main limitation (the operating range of the most commonly used PMMA 

POF is -55°C to 105°C [30]) of the more widespread use of cheap and effective polymer 

fiber technology in temperature measurements. Nevertheless, this technology allows the 

integration of POF sensors with flexible electronics which can lead to the production of a 

flexible sensor platform that can be easily attached to the investigated object [114]. On the 

other hand, polymer materials applied as a film or a layer are frequently used for fine-

tuning the metrological characteristics of silicon fiber optic sensors [115], leading to the 

concept of a hybrid setup combining POF, an optical fiber, and silicon electronics.  

It can be seen that the main driving force behind the development of POF sensors is 

the advancement of personalized medicine (point of care sensor) and robotics [116] (soft 

robotics) [117]. In these sectors, described sensors are often the only and best solution for 

the measurement and control of physical quantities. 

The advancement of technologies for the production of new polymer materials and 

polymer fiber nanostructures provides numerous opportunities for the modification and 

optimization of these types of sensors [118] shortly, which opens new possibilities for con-

structing more innovative measurement devices.  
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