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Temperature sensitivity of polymer optical fiber: a study of
PMMA, PVDF, and Pl in fiber to the home network

Wrazliwo$¢ na temperature Swiattowodu polimerowego:
badanie PMMA, PVDF i Pl w $wiattowodzie do sieci domowej

Abstract: This study investigates the use of Polymer Fiber Bragg Grating (P-FBG) sensors for environmental temperature detection, focusing on the
temperature-effective index effect in various polymers specifically polymethyl methacrylate (PMMA), polyvinylidene fluoride (PVDF), and polyimide
(PI). Through simulations conducted in Fiber to the Home network using Optisystem 21.0 software, each polymer's reflected power response to
temperature variations is tabulated and evaluated. The findings reveal that PMMA exhibits a stronger and linearly proportional thermo-optic response
to temperature changes, compared to the nonlinear responses of PVDF and PI. This characteristic makes PMMA the most effective material for
temperature-sensitive P-FBG applications, offering enhanced sensitivity and accuracy in temperature detection due to its predictable thermo-optic
behavior. Consequently, PMMA stands out as the preferred polymer for P-FBG sensors within FTTH networks.

Streszczenie: W tym badaniu zbadano zastosowanie czujnikéw z siatkg Bragga z wtékna polimerowego (P-FBG) do wykrywania temperatury
otoczenia, koncentrujgc sie na efekcie wspotczynnika zatamania $wiatta w réznych polimerach, w szczegdlnosci w polimetakrylanie metylu (PMMA),
polifluorku winylidenu (PVDF) i poliimidzie (Pl). Poprzez symulacje przeprowadzone w sieci Fibre to the Home przy uzyciu oprogramowania
Optisystem 21.0, zestawiono i oceniono reakcje mocy odbitej kazdego polimeru na zmiany temperatury. Odkrycia pokazujg, ze PMMA wykazuje
silniejszg i liniowo proporcjonalng reakcje termooptyczng na zmiany temperatury w poréwnaniu z nieliniowymi reakcjami PVDF i Pl. Ta cecha
sprawia, ze PMMA jest najskuteczniejszym materiatem do zastosowan P-FBG wrazliwych na temperature, oferujgcym zwigekszong czuto$c i
dokfadnos$¢ wykrywania temperatury dzieki przewidywalnemu zachowaniu termooptycznemu. W zwigzku z tym PMMA wyréznia sie jako

preferowany polimer do czujnikéw P-FBG w sieciach FTTH.
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Introduction

In the rapidly advancing field of optical communications,
the integration of environmental sensing capabilities into
Fiber to the Home (FTTH) networks offers significant
potential for enhancing system performance and reliability.
This study focuses on evaluating the temperature sensing
characteristics of three polymer materials namely
Polymethyl-Methacrylate (PMMA), Polyvinylidene Fluoride
(PVDF) and Polyimide (Pl) by simulating their application
within an FTTH network. The primary aim is to identify
which polymer exhibits the most promising sensitivity for
environmental temperature monitoring and showing linearly
proportional response. By analyzing the relationship
between temperature and effective index for each polymer
and analyzing the reflected spectrum of the Fiber Bragg
Grating (FBG), this research provides valuable insights into
the suitability of these materials for integrating temperature
sensors into FTTH networks. The findings from this study
are expected to guide the selection of optimal polymer
materials, thereby enhancing the effectiveness of
environmental sensing in future implementations.

a. Polymer Optical Fiber (POF)

Polymer Optical Fibers (POF) have been investigated as
a feasible replacement to silica-based fibers. POF consists
of plastic, generally in the form of polymer. POF possesses
a greater core diameter and a reduced effective index
compared to traditional silica optical fibers[1l]. One
advantage of POF is its flexibility, allowing it can be bent
without fracturing, thus making it more appropriate for
applications requiring routing through confined places or
around edges and corners[2]. This renders it ideal for
distant locations, mountainous areas, and severe
environmental conditions. The growing interest in Polymer
Fiber Bragg gratings (P-FBG) emerges from the diverse
material properties and sensing capabilities that polymers

100

offer in comparison to silica[3]. Polymer fibers exhibit almost
double the temperature sensitivity of silica fibers and
enhanced strain sensitivity[4]. Polymer fibers provide
greater elasticity, resulting in an expanded operational
range for physical flexibility. Their organic characteristics
facilitate various chemical processes for the development of
biochemical sensors, with the implications of fiber breakage
in situ being less detrimental than those associated with
silica. Regarding expenses, P-FBG may have a comparable
manufacturing cost to glass optical fibers, nevertheless,
they could be more economical in terms of handling and
maintenance[5]. The growing interest in P-FBG emerges
from the diverse material properties and sensing
capabilities that polymers offer in comparison to silica.
Polymer fibers exhibit almost double the temperature
sensitivity of silica fibers and enhanced strain sensitivity[6].
Polymer fibers provide greater elasticity, resulting in an
expanded operational range for physical flexibility
equations.

b. PMMA, PVDF and PI

Polymethylmethacrylate (PMMA) is a synthetic polymer
composed of methyl methacrylate monomers containing
carbon, hydrogen, and oxygen atoms in strong covalent
bonds, imparting PMMA with transparency, rigidity, and UV
resistance. Its optical clarity, lightweight, and thermal
stability make PMMA ideal for optical and sensing
applications, particularly in temperature monitoring. It can
withstand temperatures from -40°C to 85°C without
significant degradation[7], due to its glass transition
temperature (Tg) of around 105°C[5]-[6], below which
PMMA retains clarity and structural integrity.

Polyvinylidene fluoride (PVDF) is a semi-crystalline
polymer of vinylidene fluoride monomers, known for its
thermal, mechanical, and electroactive properties, which
suit it for temperature sensing in fiber optic sensors. PVDF
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remains stable from -40°C to 150°C and has a Tg of -35°C,
where it maintains flexibility, and a melting point of
177°C[10]-[11]. PVDF can be integrated with Fiber Bragg
Gratings (FBG) to enhance temperature detection through
wavelength shifts.

Polyimide (PI) is a high-performance polymer of imide
monomers, characterized by thermal stability, chemical
resistance, and mechanical strength. Pl's thermo-optic
coefficient enhances fiber optic sensors’ temperature
sensitivity. Pl-coated FBG sensors operate across -200°C
to 400°C due to their Tg around 360°C[12]-[13], maintaining
flexibility and stability even in extreme environments.
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Fig. 1. The chemical structure of PMMA, PVDF and PI

Methodology
a. Integrating P-FBG into FTTH network

Simulating the incorporation of polymers into fiber-to-
the-home (FTTH) networks facilitates an in-depth
examination of the thermal response characteristics of
polymers like PMMA, PVDF and PI under various

temperature. The reflected spectra of Fiber Bragg Gratings
(FBG) integrated with PMMA, PVDF, and Pl can be
systematically examined and compared. This comparative
analysis will yield significant insights into the most optimal
polymer-FBG combination for enhancing temperature
sensitivity and precision in actual applications.

b. Effective Index Vs Temperature Variations

The variations in the effective index of PMMA, PVDF,
and PI with temperature establish a key mechanism for the
development of fiber optic temperature sensors. Utilizing
the consistent correlation between temperature and
effective index, these sensors provide accurate,
dependable, and continuous temperature monitoring. The
response profiles of PMMA, PVDF, and Pl against
temperature variations were obtained from published
studies that used experimental settings for all three
polymers. These data are critical for the simulation since it
requires real-world data on the effective index of polymers
at temperatures ranging from 30 to 200 degrees Celsius.
The effective index value can be utilized to integrate the
FBG parameters into the simulation, yielding the true FBG
spectrum for the specified temperature. Figure 1, Figure 2
and Figure 2 shows the relationship between the effective
index of all three polymers PMMA, PVDF and PI against
temperatures while Table 1 tabulated the polymer effective
index data extracted from graphs in the Figure 2.
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Fig.2. Effective index of three polymers (PMMA, PVDF and PI) versus Temperature from 30°C to 200°C

Table 1. Polymer effective index with temperature variations

Temperature Effective Index
(°C) PMMA) PVDF PI
30 1.486 1.418 1.697
50 1.478 1.414 1.691
70 1.470 1.410 1.685
90 1.462 1.406 1.679
110 1.454 1.402 1.673
130 1.446 1.398 1.667
150 1.438 1.394 1.661
170 1.430 1.390 1.655
190 1.422 1.386 1.649
200 1.418 1.384 1.646

The data in Table 1 shows effective index data at
temperatures ranging from 30°C to 200°C with 20°C
increments. This data is critical for simulating P-FBG in
Optisystem 21.0 software during tests at all temperatures
(30°C to 200°C).

The P-FBG can be simulated by manipulating the
effective index based on the temperature values. This
process is depicted in Fig.3 where the effective index is
manipulated for all three FBG by inserting the data in FBG
parameter’s setting in Optisystem 21.0.
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Fig. 3. Manipulating parameter of P-FBG effective index

Integrating P-FBG into the FTTH Network Model

Integrating a polymer Fiber Bragg Grating into the
existing infrastructure is critical for emulating P-FBG in the
fiber-to-the-home (FTTH) network. Internet data is sent from
the ISP's office and monitored at the customer's Optical
Network Terminal (ONU). Three FBG are strategically
placed prior to the ONU. We may simulate the properties of
P-FBG at different temperatures by varying the refractive
indices of the individual FBGs and analyzing the resulting
reflected spectrum using the Optical Spectrum Analyzer
(OSA).
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Fig. 5. Measuring peak of PMMA, PVDF and PI by Optical
Spectrum Analyzer (OSA)

Result and Discussion

The outcome demonstrates the relationship between
FBG reflected spectrum and temperature for PMMA, PVDF,
and PI within the temperature range of 30°C to 200°C (Fig.
6). This graph indicates that the reactions of PVDF and PI
to temperature elevation are not proportional. The
maximum power value for PVDF is 5.44 dBm (at 70 °C),
whereas the peak power for Pl is 5.21 dBm (at 150°C).
PVDF and Pl exhibited power reductions at 110°C,
measuring 5.40 dBm and 5.15 dBm, respectively. This
indicates that the graph does not exhibit a linear
proportional relationship, as it fails to show a constant rate
of change with temperature. In the case of PMMA, the
reflected spectrum increases linearly with temperature. The
minimum power is 4.75 dBm (at 30°C), and the maximum
power is 4.85 dBm (at 200°C).
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Fig. 6. Summary of PMMA, PVDF and PI reflected power against
temperature

Table 2. The P-FBG reflected spectrum (dBm) at temperature 30°C
until 200°C

Reflected Power (FBG)
Poly-
Poly-methyl vinylidene
Temperature methacrylate fluoride Polyimide
(°C) (PMMA) (PVDF) (PD
30 4.75 5.35 5.12
50 4.77 5.43 5.16
70 4.78 5.44 5.20
90 4.78 5.43 5.20
110 4.78 5.40 5.15
130 4.80 5.41 5.19
150 4.81 5.42 5.21
170 4.81 5.42 5.20
190 4.83 5.43 5.20
200 4.85 5.43 5.20
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Fig. 7. The FBG reflected spectrum thru WDM Mux and monitored by OSA: (a) Spectrum at 30°C, (b) Spectrum at 70°C, (c) Spectrum at
110°C, (d) Spectrum at 150°C, (e) Spectrum at 190°C, (f) Spectrum at 200°C

Conclusion And Future Task investigations, and the investigation of hybrid sensor

Polymer integration into Fiber Bragg Grating sensors
requires careful consideration of a number of essential
parameters, including the polymer's thermal, mechanical,

designs for improved performance. Furthermore, long-term
durability studies and interdisciplinary collaboration will be
crucial in tackling the issues of polymer integration.

and optical properties, as well as its environmental stability
and cost-effectiveness[14]. This work has produced
significant results for polymer reactions when used as
sensing materials in FBG. The results indicate that PMMA
exhibits excellent and promising characteristics as an
effective temperature sensor in optical networks. Future
research efforts should focus on the development of
innovative polymer formulations, detailed characterization

REFERENCES

[1] C. A. F. Marques, D. J. Webb, and P. Andre, “Polymer optical fiber sensors in human life safety,” Opt. Fiber Technol., vol. 36, pp. 144—
154, 2017, doi: 10.1016/j.yofte.2017.03.010.

[2] L. Bilro, N. Alberto, J. L. Pinto, and R. Nogueira, “Optical sensors based on plastic fibers,” Sensors (Switzerland), vol. 12, no. 9, pp.
12184-12207, 2012, doi: 10.3390/s120912184.

[3] P. Saxena and P. Shukla, “A comprehensive review on fundamental properties and applications of poly(vinylidene fluoride) (PVDF),”
Adv. Compos. Hybrid Mater., vol. 4, no. 1, pp. 8-26, 2021, doi: 10.1007/s42114-021-00217-0.

[4] M. Batumalay, A. Lokman, F. Ahmad, H. Arof, H. Ahmad, and S. W. Harun, “Tapered plastic optical fiber coated with HEC/PVDF for
measurement of relative humidity,” IEEE Sens. J., vol. 13, no. 12, pp. 4702-4705, 2013, doi: 10.1109/JSEN.2013.2272329.

[5] N. Cennamo and L. Zeni, “Polymer Optical Fibers for Sensing,” Macromol. Symp., vol. 389, no. 1, pp. 1-4, 2020, doi:
10.1002/masy.201900074.

[6] T. R. Wolinski et al., “Liquid crystals and polymer-based photonic crystal fibers,” Mol. Cryst. Lig. Cryst., vol. 594, no. 1, pp. 55-62, May
2014, doi: 10.1080/15421406.2014.917471.

[7] A. D. R. P. Rado et al., “Polymethyl methacrylate ( PMMA ) recycling for the production of optical fiber sensor systems,” vol. 25, no. 24,
pp. 71-80, 2017.

[8] K. Koike, F. Mike§, Y. Okamoto, and Y. Koike, “Design, synthesis, and characterization of a partially chlorinated acrylic copolymer for
low-loss and thermally stable graded index plastic optical fibers,” J. Polym. Sci. Part A Polym. Chem., vol. 47, no. 13, pp. 3352-3361,
Jul. 2009, doi: 10.1002/pola.23408.

[9] M. Atef, R. Swoboda, and H. Zimmermann, “Gigabit Transmission over PMMA Step-Index Plastic Optical Fiber Using an Optical
Receiver for Multilevel Communication,” pp. 19-21, 2010.

[10]L. Laiarinandrasana, J. Besson, M. Lafarge, and G. Hochstetter, “Temperature dependent mechanical behaviour of PVDF: Experiments
and numerical modelling,” Int. J. Plast., vol. 25, no. 7, pp. 1301-1324, 2009, doi: 10.1016/}.ijplas.2008.09.008.

[11]J. E. Marshall et al., “On the solubility and stability of polyvinylidene fluoride,” Polymers (Basel)., vol. 13, no. 9, pp. 1-31, 2021, doi:
10.3390/polym13091354.

[12]A. Sezer Hicyilmaz and A. Celik Bedeloglu, “Applications of polyimide coatings: a review,” SN Appl. Sci., vol. 3, no. 3, pp. 1-22, 2021,
doi: 10.1007/s42452-021-04362-5.

[13]J. A. Dobrzynska and M. A. M. Gijs, “Sensors and Actuators A : Physical Flexible polyimide-based force sensor,” Sensors Actuators A.
Phys., vol. 173, no. 1, pp. 127-135, 2012, doi: 10.1016/j.sna.2011.11.006.

[14]W. Zhang and D. J. Webb, “Factors influencing the temperature sensitivity of PMMA based optical fiber Bragg gratings,” Micro-
structured Spec. Opt. Fibres Ill, vol. 9128, p. 91280M, 2014, doi: 10.1117/12.2054210.

Authors: A. H. Ahmad Abas, Prof. Dr. Mohammad Syuhaimi Ab-
Rahman, M. Hazwan Wahab, Norhidayah Ahmad. National
University of Malaysia, 43600 Selangor, Malaysia. Quest
International University, 30250 Perak, Malaysia; Sohar University,
PC:311, Sohar, Oman. E-mail: anasp106856@gmail.com

PRZEGLAD ELEKTROTECHNICZNY, R. 101 NR 5/2025 103



