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 This paper presents the design and characterization for metal plate 
temperature sensor based on Fiber Bragg Grating (FBG). Five types of FBGs 
were used such as Acrylate FBG, Bare FBG, Bimetallic Acrylate FBG, 

Bimetallic Bare FBG and Ceramic FBG to determine the sensitivity on four 
different plates at 23℃ to 70℃, experimentally. The four different plates are 
Aluminium, Aluminium Coating, Zinc and Zinc Coating has been used 
because of their excellent thermal conductivity. Two metals which are 
Copper and Zinc have been chosen to design the Bimetallic Strips FBG due 
to the Coefficient Thermal Expansion (CTE) to improve their sensitivity.  
The results show that Ceramic FBG has been chosen as the best temperature 
sensor because it has the highest sensitivity compared to other FBGs with 

sensitivity value of 50.4 and 59.7 pm(℃)−1 when in contact with Aluminium 

and Zinc plates, respectively. In addition, Aluminium and Zinc plates has 
been chosen as the most reliable metal plates where it can transfer heat 
efficiently due to high thermal conductive which is 237 W/mK and 116 
W/mK thus it gives the highest sensitivity when measured using Bimetallic 

Acrylate, Bimetallic Bare and Ceramic FBG. 
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1. INTRODUCTION  

Fiber Bragg Grating (FBG) is a unique fiber-optical passive tool that grows most rapidly. Due to the 
presence of FBG in fiber field and countless other related fields, there will be a new practical revolution [1]. 

Simple manufacture, low attenuation, temperature measurements, strains and strong reflected signal are the 

main characteristics of FBG [2]. FBG are formed by a periodic modulation of the refraction index fiber core 

along the longitudinal direction. Due to Fresnel reflection, light that travels along the fiber core will be 

weakly reflected by each grating plane. All the reflected light will combine in backward direction [3]. 

Meanwhile, the characteristics of FBG temperature sensor are thin, strong, heat resistance, low attenuation 

signals, light and transmitting together [4-5]. The working principle of FBG is shown in Figure 1. The broad 

spectrum of light is transmitted to the FBG and the FBG segments will reflect constructive interference at 

Bragg wavelength [6]. It also can be recognized as a potential application in space vehicle for the fuel level 

measurement and to monitor the operational strength of the vehicle. Space vehicle functions are measuring 

the fuel level that is kept at a very low temperature and the sensitivity temperature of FBG is around 13pm/℃ 

at the wavelength of 1550nm [7]. 
Basically, optical temperature sensors are used to measure physical parameters such as strain, 

temperature and sensor [8]. These can be achieved when these parameters modulate the propagation 

properties such as intensity, phase, wavelength, and polarization [9]. Recently, numerous FBG sensors have 
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continuously been industrialized thus their functions have extended swiftly into the related areas as the 

measurement of gas traces, strain, angle of torsion, electric current, displacement, and torque [10]. FBG also 

allows many gratings to be printed in one strip of fiber, and at the same times, their addresses are structured 

using multi-channel technology [11]. From all the capabilities of FBG that has been explained, it approves 

that FBG can be a sensing system that are capable in a distributed detection, and a multi-channel distributed 

sensor system [12]. The applications of FBG have become extreme interest to researchers due to high 

electromagnetic that are generated by natural sources [13].  

Different physical quantities such as motion, temperature, strain, bending and pressure has become 

an extension research of FBG sensors in the area of Optical Fiber Sensors [14]. The most common 

parameters in industries for monitoring different procedures are temperature. Several techniques can be used 
to raise the temperature sensitivity of FBG. For example, dissimilar kind of metal materials are used as 

driving element and to coat the FBG whose coefficient of thermal expansion is expected to be larger 

compared to silica [15]. Furthermore, a lot of methods for improving thermal sensitivity of FBGs have been 

introduced by the researchers such as packaging, coating, cascading and bimetallic strips [16-18]. 

 

 

 
 

Figure 1. Working principle of FBG [3] 

 

 

In this paper, different types of FBG such as Acrylate FBG, Bare FBG, Bimetallic Acrylate FBG, 
Bimetallic Bare FBG and Ceramic FBG were chose to determine the sensitivity for every type of FBG on the 

four different plates at different temperatures. The four different plates are Aluminium, Aluminium Coating, 

Zinc and Zinc Coating. Those plates have been used because of their excellent thermal conductivity at the 

range of temperature 23℃ to 70℃. Thermal conductivity defined as ability of a metal to conduct heat.  

The thermal conductivity of Aluminium, Zinc and Copper are 237 W/mK, 116 W/mK and 385 W/mK 

respectively. Two metals which are Copper and Zinc have been chosen to design the Bimetallic Strips FBG 

due to the Coefficient Thermal Expansion (CTE). CTE is defined as fractional increase in length per unit rise 

in temperature. CTE for Copper (Cu) and Zinc (Zn) are 16-16.7℃−1and 30-35℃−1 respectively where they 

have larger CTE compared to silica. 

The enhancement FBG temperature sensitivity sensor with dissimilar forms of materials which are 

covered on the FBGs with thermal expansion coefficient higher as compared to silica is presented in [19]. 

The first thing that need to consider in coating of FBG are the thermal expansion coefficient materials must 
higher than silica. So, the chosen of five materials to be covered on FBG with a thickness of 20µm are Lead, 

Indium, Aluminium, Copper and Polymethyl Methacrylate (PMMA). Based on result analysis, the total shift 

Bragg Wavelength shows PMMA FBG is found to be 23.5nm and the basic FBG is 0.4nm while copper, 

Aluminium, lead and indium are 6.4nm, 8.9nm, 10.8nm, and 12.7nm respectively. Other than that, PMMA 

showed the highest sensitivity of 94.0 pm/K while the other materials of copper, Aluminium, lead and indium 

have 25.6 pm/K, 35.6 pm/K, 43.2 pm/K and 50.8 pm/K respectively. From the analysis, PMMA and Indium 

has improved the sensitivity of temperature while PMMA enhanced the highest percentage improvement and 

the best coating material. Unfortunately, this paper does not show the solutions guided to produce PMMA 

and no schematic experimental setup on the coating of FBG with different materials.  

The next research that will be reviewed is the study of FBG temperature response with two 

dissimilar coating thicknesses and to determine the Bragg wavelength change between 77K to 303K. Using 
the phase mask technique, two detached uniform FBG’s were decorated in photosensitive fiber SM1500 for 

coating the FBG [20]. With the main purpose to get different coating thickness, a simple dip coating has been 
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chosen where FBG’s were immersed into two dissimilar concentration of PMMA solutions thus it will lift 

from two solutions at uniform speed which resulted 10.02µm and 20.97 µm coated. Result analysis shows the 

PMMA coated FBG of 20.97 µm thickness has temperature sensitivity 5.6 times better than bare FBG and 

the temperature response curve are nonlinear. Meanwhile, the total shift in Bragg Wavelength for bare FBG, 

10.02µm and 20.97 µm thickness coated are 1.62nm, 3.95nm and 8.97nm respectively. Other than that, loss 

of Bragg wavelength reflection power for bare FBG, 10.02µm and 20.97 µm thickness coated are 43.52nW, 

122.69nW and 146.87nW, respectively. So, it has been concluded that the greater thickness of PMMA 

coated, having large coefficient of thermal expansion for the sensor operated from 70K to 303K. 
Unfortunately, this paper does not show the solutions guided to produce PMMA. A research that used 

bimetallic strips method has been done by P. S. Reddy et al [21]. The objective of this research is to design 

high sensitivity FBG sensor. An FBG sensor design is proposed whereas the bare FBG is inserted between 

surfaces of ceramic block and bimetallic strip (Design 1) and another design is bare FBG glued between two 

bimetallic strips (Design 2). The analysis for this study presents the temperature response of the bare FBG, 

Design 1 and Design 2 are (𝜹𝜆𝐵/dT = 11 pm/°C), (𝜹𝜆𝐵/dT = 32 pm/°C), and (𝜹𝜆𝐵/dT = 64 pm/°C) 

respectively. The sensitivity also enhanced by 3 times and 6 times more than bare FBG for Design 1 and 

Design 2. The conclusion for this paper is the temperature sensitivity for the proposed FBG that can be 

highly improved and controlled together with good stability, linearity, and repeatability via the  

bimetallic strips.  

This paper presents the design and characterization of metal plate temperature sensor based on Fiber 
Bragg Grating (FBG). Five types of FBGs were employed such as Acrylate FBG, Bare FBG, Bimetallic 

Acrylate FBG, Bimetallic Bare FBG and Ceramic FBG to determine the sensitivity on four different plates at 

23℃ to 70℃, experimentally. The four different plates are attached to the FBGs for characterization.  

The four plates are Aluminium, Aluminium Coating, Zinc and Zinc Coating and they are used because of 

excellent thermal conductivity. Two metals which are Copper and Zinc have been chosen to design the 

Bimetallic Strips FBG due to the Coefficient Thermal Expansion (CTE) to improve their sensitivity. 

 

 

2. RESEARCH METHODOLOGY  

The Bragg wavelength, 𝜆𝐵 of FBG is a function of the periodicity of grating, Λ and the effective 

refractive index of fiber,𝑛𝑒𝑓𝑓. The equation of Bragg reflection wavelength is given below [22]: 

 

λB= 2neffΛ (1) 

 

The temperature effect of Bragg wavelength with constant strain is conquered almost 95% by 

thermo-optic effect. The wavelength modification due to temperature change on FBG is shown below where 

α is the CTE of fiber material for example silica [23]: 

 
δλB

λB
=  α +  

1

n
 
dn

dT
  (2) 

 

FBG is attached to a bimetal thus when heated, the product of strain effect, ∆ε and temperature 

variation, ∆T is equal to wavelength shift. The equation is shown below [24]:  

 

 
∆λB

λB
 = Kε∆ε + KT∆T (3) 

 

where 𝐾𝜀 are strain sensitivity and 𝐾𝑇are temperature sensitivity of FBG. A bimetallic strip consists of two 

metals with dissimilar CTE. Therefore, there are two temperature variations, ∆𝑇𝑏𝑖𝑚𝑒𝑡𝑎𝑙 and ∆𝑇𝐹𝐵𝐺because of 

transfer loss between bimetallic sheet and FBG. They have different in values even though heat is produced 

from the similar source. The relationship between wavelength shift and temperature is linear. The FBG 
wavelength shift is bonded to bimetal rewritten as below [25]:  

 
∆λB

λB
 = Kε∆α∆Tbimetal + KT∆TFBG (4) 

 
For the experimental setup, different types of FBG such as Acrylate FBG, Bare FBG, Bimetallic 

Acrylate FBG, Bimetallic Bare FBG and Ceramic FBG were used to determine the sensitivity for every type 

of FBG on four different plates at different temperatures. Two metals which are Copper and Zinc had been 

chosen to design the Bimetallic Strips FBG based on the Coefficient Thermal Expansion (CTE). The Bare 
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FBG was bonded onto Zinc surface which has higher CTE than Copper. Then, it follows by Acrylate FBG 

also bonded onto Zinc surface to form Bimetallic Acrylate and Bare FBG.  

The four different plates are Aluminium, Aluminium Coating, Zinc and Zinc Coating. Those plates 

were chosen because of their excellent thermal conductivity at the range of temperature between 23℃ to 

70℃ which can vary by using hot plate. The metals were coated with DPI Anchor Spray Paint. Digital 

thermometer was used to monitor the medium and it has been used as reference for collecting the data 

observed on the desired temperature. 11 readings for each type of FBGs on the plates were taken with 

increment of 5℃ for temperature from 23℃ to 70℃.  

Firstly, Acrylate FBG was placed on the Zinc plate and hotplate. C-Band ASE Broadband Source 

and OSA were connected to each end of the FBG respectively. Next, the temperature of the hotplate was 
increased for 5℃ gradually from 23℃ to 70℃ resulted in 11 readings of reflected wavelength from the 

OSA. The steps were repeated with 4 different FBGs on the 4 different plates at the same temperature range. 

The schematic of the setup is shown below in Figure. 2.  

 

 

 
 

Figure 2. The schematic experimental setup 

 

 

For the experiment, five types of FBGs on four different plates at temperature ranges between 23℃ 

to 70℃ have been conducted using Optical Spectrum Analyzer (OSA), and C-Band ASE Broadband Source. 

C-Band ASE was functioning as a monitoring source. This source will be transmitted to FBG thus the 

transmission spectrum of FBG will be monitor by using OSA. Lastly, the data from the OSA was collected 

and analyzed. The experimental setup is shown in Figure 3.  
 

 

 
 

Figure 3. Experimental setup for temperature sensor 

 

 

3. RESULTS AND ANALYSIS  

Figure. 4 to 8 show temperature response of FBGs with four types of metal plates which results in 

the sensitivity of temperature sensor. Five FBGs are used such as Acrylate, Bare, Bimetallic Acrylate, 

Bimetallic Bare and Ceramic. The metal plates employed are Aluminium, Aluminium Coating, Zinc and Zinc 

Coating. Aluminium and Zinc Coating plates were painted with aerosol.  

 

Optical Spectrum 
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C-Band ASE 

Broadband 

Source 

Hotplate 
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It can be observed that there is linear relation between Bragg Wavelength Shift, ∆λ and temperature. 

As temperature increases, Bragg Wavelength Shift, ∆λ also increases. This is because of thermal expansion 

of gratings that cause changes of FBGs refractive index. Inconsistency of the wavelength shift for this FBG is 

due to thermal conductive of metal plates. Thus, it is found that Ceramic FBG has the highest sensitivity to 

measure temperature metal plate such as Aluminium, and Zinc with sensitivity of 50.4 and 59.7 pm(℃)−1. 

This is due to the fast response and high stability of Ceramic FBG while Acrylate FBG suitable to measure 

temperature of Aluminium Coating plate and Bare FBG is the most suitable to measure the temperature of 

Zinc Coating plate with sensitivity of 34.9 and 17.8 pm(℃)−1 respectively. 
Figure 6 and 7 show the result for Bimetallic FBG. Two metals which are Copper and Zinc have 

been chosen to design the Bimetallic Strips FBG due to the Coefficient Thermal Expansion (CTE). It is 

designed to increase the sensitivity of the temperature sensor. It can be perceived that Bimetallic bare FBG 

has higher sensitivity as compared to Bare FBG in determining the temperature of metal plates without 

coating. This is due to excellent thermal expansion of Bimetallic itself when in contact with metal plates. 

Meanwhile, both Bimetallic FBGs also have higher sensitivity as compared to Ceramic FBG when in contact 

with Aluminium Coating and Zinc Coating. This is because of some heat trapped in the layer of coating 

plates which will maintain the conduciveness between the metal coating plates and Bimetallic FBGs. It can 

also be observed that this technique is able to measure different temperature of various metal plates with and 

without coating. 

 

 

  
 

Figure 4. Bragg wavelength shift of Acrylate FBG 

versus temperature response for various metal plates 

 

 

 

Figure 5. Bragg wavelength shift of Bare FBG versus 

temperature response for various metal plates 

 

 

  
 

Figure 6. Bragg wavelength shift of bimetallic 

acrylate FBG versus temperature response for 

various metal plates 

 

Figure 7. Bragg wavelength shift of bimetallic bare 

FBG versus temperature response for various  

metal plates 
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Figure. 8. Bragg wavelength shift of ceramic FBG versus temperature response for various metal plates 

 

 

Table 1 shows the sensitivity for five types of FBGs which are Acrylate FBG, Bare FBG, Bimetallic 

Acrylate FBG, Bimetallic Bare FBG and Ceramic FBG with Aluminium, Aluminium Coating, Zinc and Zinc 

Coating plates at temperature ranges 20-70℃.  

 

 

Table 1. Sensitivity of FBGs with Various Metal Plates at 20oC to 70oC 
Type of Plate FBG FBG Sensitivity pm (℃)−𝟏 

Aluminium Aluminium Coating Zinc Zinc Coating 

Acrylate 38.3 34.9 40.7 17.3 

Bare 19.0 29.5 26.6 17.8 

Bimetallic Acrylate 33.5 24.2 28.8 14.8 

Bimetallic Bare 31.9 24.4 28.0 14.0 

Ceramic 50.40 22.80 59.70 12.40 

 

 
From Table 1, Ceramic FBG shows the highest sensitivity that in contact with Aluminium plate 

which is 50.40 pm(℃)−1 followed by Acrylate FBG with 38.3 pm(℃)−1, Bimetallic Acrylate FBG, 

Bimetallic Bare FBG, and Bare FBG with sensitivity 33.5, 31.9 and 19.00 pm(℃)−1 respectively.  

Aluminium coating plate is an Aluminium plate painted with aerosol paint. It is found that this will 

result in different sensitivity as compared to Aluminium plate. For Aluminium Coating plates, Acrylate FBG 

shows the highest sensitivity with 34.9 pm(℃)−1. This is followed by Bare, Bimetallic Bare, Bimetallic 

Acrylate, and Ceramic FBG is 29.5, 24.4, 24.2 and 22.8 pm(℃)−1 respectively.  

Ceramic FBG that in contact with Zinc plate has the highest sensitivity which is 59.70 pm(℃)−1 as 

compared to other FBGs. Then, it is followed by Acrylate, Bimetallic Acrylate, Bimetallic Bare and Bare 

FBG with sensitivity for each are 40.7, 28.8, 28.0, 26.6 pm(℃)−1 respectively.  

Zinc coating plate is a Zinc plate painted with aerosol paint. It is found that this will result in 
different sensitivity as compared to Zinc plate. For Zinc Coating plate, the highest sensitivity is by using Bare 

FBG with 17.8 pm(℃)−1. Then it follows by Acrylate, Bimetallic Acrylate, Bimetallic Bare, and Ceramic 

FBG with sensitivity 17.3, 14.8, 14.0 and 12.4 pm(℃)−1 respectively.  

Based on Table 1, most of the FBGs have the best contact with Aluminium plate and Zinc plate 

because it has high thermal conductive which is 237 W/mK and 116 W/mK respectively. Since metal plates 

have high thermal conductivity, Bragg Wavelength of FBG shifted when temperature produces thermal 

expansion of fiber and changes the refractive index of fiber core efficiently. Other than that, it can be 

observed that most of FBGs except Bare FBG have the best contact with uncoated metal plates which is 

Aluminium and Zinc plates. This is due to heat resistance of the coatings that cause the minor temperature 

drop of metal coating plates thus it will affect the wavelength shift of fiber.  

In addition, by comparing all types of FBG with metal plates, Ceramic FBG is the most sensitive 

FBG when in contact with two metal plates such as Aluminium and Zinc because this FBG has dominate two 
out of four metal plates with sensitivity of 50.40 pm(℃)−1 and 59.70 pm(℃)−1, respectively. This happens 

due to Ceramic Coated FBG has high thermal expansion, fast response and has high stability compare to the 

other four FBGs thus leads to high sensitivity of FBG with temperature. Meanwhile, Acrylate FBG has the 

highest sensitivity with Aluminium Coating plate which is 34.90 pm(℃)−1 and Bare FBG has the highest 

sensitivity which is 17.8 pm(℃)−1 when in contact with Zinc Coating plate.  
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4. CONCLUSION  

In conclusion, there is linearity relationship between Bragg Wavelength Shift, ∆λ and temperature. 

As temperature increases, Bragg Wavelength Shift, ∆λ also increases. It is found that Ceramic FBG is the 

most sensitive FBG with sensitivity of 59.70 pm(℃)−1 when in contact with Zinc metal plates. This is 

because it has high thermal expansion of gratings which results in changes of FBGs refractive index. 

Different wavelength shift for this FBG is also due to thermal conductive of metal plates. Most of the FBGs 

such as Acrylate FBG, Bimetallic Acrylate FBG, Bimetallic Bare FBG and Ceramic FBG are compatible 

with Aluminium and Zinc metal plates compared to Aluminium Coating and Zinc Coating metal plates 

because it has high thermal conductive which is 237 W/mK 116 W/mK. Besides, it can be observed that all 
the types of FBG have the best contact with uncoated metal plates due to the heat resistance of metal  

coating plates. 
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