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Miniature Fabry-Perot interferometric sensor for tem-
perature measurement based on photonic crystal fiber∗ 
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A novel miniature Fabry-Perot interferometric (FPI) temperature sensor is proposed and demonstrated experimentally. 

The modal interferometer is fabricated by just splicing a section of photonic crystal fiber (PCF) with a single-mode fi-

ber (SMF). The air holes of the PCF are fully collapsed by the discharge arc during the splicing procedure to enhance 

the reflection coefficient of the splicing point. The transmission spectra with different temperatures are measured, and 

the experimental results show that the linear response of 11.12 pm/°C in the range of 30–80 °C is obtained. This sensor 

has potential applications in temperature measurement field. 
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Fiber optic sensors have advantages of small size, fast 

response, high sensitivity and anti-electromagnetic in-

terference compared with conventional sensors[1-3]. They 

have been employed in various fields of aerospace ap-

plications[4], chemical detection[5], geological survey[6] 

and many other fields[7,8]. Over the years, several fiber 

sensors for temperature measurement with different 

structures or principles have been widely researched, 

such as Brillouin scattering[9], fiber grating[10-12], Michelson 

interferometer[13] and other micro-structures[14-16]. Fiber 

Bragg gratings (FBGs) have a very sharp reflection peak, 

but they always cost a lot. Long period fiber gratings 

(LPFGs) have high temperature sensitivity, but they will 

degrade in high temperature environment. Other sensors 

mentioned above mostly have a complicated fabrication 

process. The applications of these sensors are greatly 

limited by these disadvantages. Therefore, a further re-

search that aims to find a special structure without com-

plexity and high cost is necessary. 

In this paper, a miniature Fabry-Perot interferometric 

(FPI) fiber sensor based on photonic crystal fiber (PCF) 

is demonstrated. It is fabricated by just splicing a section 

of PCF with a single-mode fiber (SMF). After the theo-

retical analysis, an experiment is performed to analyze 

its temperature sensing properties. Experimental results 

show that the reflection spectrum shifts to longer wave-

length with the increase of temperature. Linear response 

of 11.12 pm/°C in the temperature range of 30–80 °C is 

obtained, which indicates that it has both better per-

formance and lower cost compared with the FBGs. Thus, 

it can be used in different fields of temperature sensing. 

The schematic diagram of the proposed FPI sensor is 

shown in Fig.1(a). During the fabrication process, an 

end-cleaved PCF is firstly put into the fusion splicer 

(FITEL S178) and then spliced to an SMF (Corning, 

SMF-28e). The discharge current and discharge time of 

the fusion splicer are set to be 84 mA and 500 ms, re-

spectively, so that the air holes in PCF collapse com-

pletely to enhance the reflection coefficient. Finally, get 

out the PCF from the fusion splicer and cleave it to get 

the desired length. Considering the fringe contrast of the 

sensor, the length of the sensor should not be too large. 

The experiment data indicate that the length of 16 mm is 

the most appropriate. Based on Fresnel reflection, the 

splicing point and the end of the PCF contacting with the 

air form reflector 1 (R1) and reflector 2 (R2) of the 

Fabry-Perot (F-P) cavity, respectively, and their micro-

scope images are shown in Fig.1(b). 

As can be seen from Fig.1(a), beam 1 from the light 

source propagates through the SMF, when it arrives at 

R1, a part of it (beam 3) is reflected back to the SMF, 

while the other part (beam 2) transmits into the F-P cav-

ity. Similarly, Fresnel reflection occurs at the moment 

that beam 2 reaches R2, and then beam 4 and even more 
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can be stimulated. Finally, reflected light from R1 and 

R2 interferes with each other in the SMF, and a reflec-

tion spectrum with many interference dips can be ob-

tained by utilizing an optical circulator. 

 

 
(a)                           (b) 

Fig.1 (a) Schematic diagram of the FPI sensor; (b) Mi-

croscope images of the two reflection surfaces 

 

In order to explain the reflection spectrum more spe-

cifically, the energy of each beam should be considered. 

According to the Fresnel reflection theory, the reflectiv-

ity of R2 is given as[17] 
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where the refractive index (RI) of the pure solid-silica 

core n is 1.458, and nAIR=1 is the RI of the external air. 

The reflectivity of R2 can be simply calculated, and the 

reflected energy is less than 4% of that of beam 1. Thus, 

the energy of beam 10 is far less than 0.16% of that of 

beam 6. Compared with beams 3 and 6, the total energy 

of the high-order reflections is very small, which usually 

can be neglected[18]. Therefore, it can be analyzed just by 

the simplified two-beam interference model. The optical 

path difference (OPD) L and reflection intensity I of the 

FPI sensor can be represented as  
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where l is the distance between R1 and R2, I1 and I2 are 

the reflected light intensities of the two reflectors respec-

tively, λ is the spatial wavelength, and φ0 is the initial 

phase difference of the two reflected light beams. Ac-

cording to Eq.(3), the wavelength dip satisfies the equa-

tion of 
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which shows the relationship between the wavelength of 

the mth order dip and the OPD under the condition of the 

initial phase difference of φ0. When the FPI sensor is 

applied to temperature sensing, the OPD will change 

because the temperature variations make the RI and the 

length of the sensor changed due to the thermal expan-

sion effect and thermo-optic effect. Thus, the variation of 

the OPD can be calculated by 

( )2 2 2 +L n l n l nl Tξ αΔ = Δ ⋅ + ⋅ Δ = Δ ,           (5) 

where Δn is the variation of the RI of the core, Δl is the 

variation of the distance between R1 and R2, and ξ and α 

are the thermal-optic coefficient and thermal expansion 

coefficient of the fiber, respectively. Finally, combining 

Eqs.(4) and (5), the variation of the wavelength dip is 

given by 
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From Eq.(6), we can see that the wavelength dip shift is 

directly proportional to the increase of the temperature 

ΔT. Therefore, the temperature of outer environment can 

be easily detected by observing the change of the trans-

mission spectrum. 

In order to investigate the temperature sensing proper-

ties of this sensor, a corresponding experiment is con-

ducted. The experimental setup is shown in Fig.2. An 

amplified spontaneous emission (ASE) optical source 

ranging from 1 520 nm to 1 610 nm, a three-port C&L 

band optical circulator and an optical spectrum analyzer 

(OSA, YOKOGAWA AQ-6317C) are used to record the 

reflection spectrum. Temperature controlled cabinet 

(WHL-30B) is used to adjust temperature. The length of 

the FPI sensor is 16 mm. The PCF used here is SM-10 

solid core PCF, which was fabricated by Yangtze Opti-

cal Fiber and Cable Joint Stock Limited Company. As 

shown in the inset of Fig.2, it has a pure-silica core and 

air holes with micro-structured three-layer hexagonal 

concentric rings in silica. The core and outer diameters 

of the PCF are 9.5 μm and 125 μm, respectively. The 

diameter of the air holes and the spacing distance of the 

adjacent holes are 2.73 μm and 3.35 μm, respectively. Its 

thermal expansion coefficient α and thermo-optic coeffi-

cient ξ are 5.5×10-7 /°C and 6.45×10-6 /°C, respectively. 

 

 

Fig.2 Schematic diagram of experimental setup for 

temperature measurement (The inset shows the sec-

tional view of the PCF.) 

 

During the whole experiment, the FPI sensor is put on 

a glass slide with glue to avoid the impacts of fiber 

bending and strain on temperature measurement result. 

The reflection spectra are investigated experimentally in 

the temperature range from 30 °C to 80 °C with an in-

terval of about 10 °C. The temperature is maintained for 

more than 10 min at each step before the reflection spec-
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trum is recorded. The reflection spectra of the FPI sensor 

with different temperatures are depicted in Fig.3. 

 

 

Fig.3 Reflection spectra of the FPI sensor at different 

temperatures of 30.5 °C, 40.6 °C, 49.2 °C, 59.3 °C, 

69.0 °C, 79.8 °C 

 

In order to illustrate the difference of the reflection 

spectra at different temperatures more directly, four 

wavelength dips in the spectra are selected as the obser-

vation points, which are shown in Fig.4. With the in-

crease of temperature, the wavelengths of the observa-

tion points shift toward longer wavelength. Due to the 

thermal-optic effect and the thermal expansion effect of 

the fiber, both the RI of the core and the distance be-

tween the two reflectors increase as the increase of tem-

perature. According to the analyses above, these two 

parameters can lead to the variation of the OPD and fi-

nally affect the reflection spectrum. Through Eqs.(4) and 

(6), the wavelengths of the dips with different orders also 

have direct relationship with the OPD. Therefore, the 

larger the wavelength of the dip, the higher the tempera-

ture sensitivity. 

 

   
(a)                            (b) 

   
(c)                            (d) 

Fig.4 Wavelength shifts at observation points near (a) 

1 541 nm, (b) 1 549 nm, (c) 1 566 nm and (d) 1 589 nm 

with the increase of temperature  

 

Fig.5 shows the relationship between temperature and 

wavelength for the observation points near 1 541 nm, 

1 549 nm, 1 566 nm and 1 589 nm. As shown in Fig.5, 

there is a good linear relationship between wavelengths 

of the observation points and temperature, and the tem-

perature sensitivities of the four observation points are 

10.78 pm/°C, 10.84 pm/°C, 10.96 pm/°C and 11.12 

pm/°C, respectively. Obviously, the temperature sensi-

tivities of the observation points are different, and they 

are increased with the increase of wavelength dip in the 

temperature range of 30–80 °C. Moreover, according to 

Eq.(6), the temperature sensitivity range of the FPI sen-

sor can be calculated, which is 10.64–11.27 pm/°C in the 

range of 1 520–1 610 nm, and it is close to that of the 

FBGs[19]. It can be seen that these experimental results 

agree perfectly with the theoretical data.  

 

   
(a)                            (b) 

   
(c)                            (d) 

Fig.5 Relationships between temperature and wave-

lengths of the observation points near (a) 1 541 nm, (b) 

1 549 nm, (c) 1 566 nm and (d) 1 589 nm 

 

A novel miniature FPI temperature fiber sensor based 

on PCF is presented. The sensing mechanism is analyzed 

accurately, and then its temperature characteristics are 

experimentally demonstrated. Experimental results indi-

cate that the 16 mm-long sensor can be operated with 

temperature sensitivity close to that of FBGs within the 

range of 30–80 °C, and it also has the features of small 

size, high sensitivity, high stability, simple structure and 

low cost. Therefore, it is expected to be applied in tem-

perature sensing field. 
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