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A grapefruit microstructure fiber temperature sensor 
coated with liquid crystal based on waist-enlarged taper*  
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In this paper, a grapefruit microstructure fiber (GMF) temperature sensor coated with liquid crystal (LC) based on 
waist-enlarged taper is proposed and fabricated, and its temperature sensing characteristics are analyzed. The 
waist-enlarged taper is formed at the fusion point between single mode fiber (SMF) and GMF. The capillary glass tube 
is sleeved outside GMF, LC is filled into the capillary glass tube, and its two ends are finally sealed to form a sensor. 
The experimental results show that when the length of GMF is 2.5 cm, the temperature sensitivity of the sensor can 
reach up to 195.3 pm/°C in the range of 30—90 °C, and it has a good stability for reuse. Thereby, it can be used in 
biochemical, industrial production and other temperature detection areas. 
Document code: A Article ID: 1673-1905(2024)03-0142-5 
DOI  https://doi.org/10.1007/s11801-024-3003-y 
 
 

                                                              
*   This work has been supported by the Science and Technology Project of Hebei Education Department (No.ZD2022108), the Natural Science 

Foundation of Hebei Province (No.F2021203102), and the Post-graduate’s Innovation Fund Project of Hebei Province (No.CXZZSS2022118). 
**  E-mail: fuxinghu@ysu.edu.cn 

Compared with traditional temperature sensors, optical 
fiber temperature sensors have many advantages, such as 
small size[1], strong electromagnetic interference resis-
tance[2], high sensitivity[3], etc. In recent years, micro-
structure fibers have been used in high temperature[4], 
humidity[5] and torsion measurement[6]. Domestic and 
foreign scholars change the transmission mechanism of 
microstructure fibers by filling sensitive materials, and 
realize temperature sensors by combining the character-
istics of liquid crystal (LC)[7] that is sensitive to tem-
perature environments. For example, HUANG et al[8] 
proposed an LC filled side hole fiber temperature sensor, 
which has a temperature sensitivity of −1.36 nm/°C in 
the range of 22—27 °C. HU et al[9] proposed a fiber tip 
temperature sensor based on cholesteric LC. The tem-
perature sensitivity is 9.167 nm/°C in 23—29 °C. LIN et 
al[10] proposed an LC filled hollow core fiber temperature 
sensor. The temperature sensitivity can reach 
−1.041 nm/°C in 20—30 °C. It can be seen from the 
above that when the external temperature changes, the 
refractive index of LC will also change accordingly, and 
the temperature detection can be realized. Therefore, this 
paper proposes a grapefruit microstructure fiber (GMF) 
temperature sensor coated with LC based on 
waist-enlarged taper, and analyzes its temperature sens-
ing characteristics. During the preparation of the sensor, 
the waist-enlarged taper is formed between the fusion 

point of single mode fiber (SMF) and GMF. Then we 
sleeve the capillary glass tube outside the GMF, and fill 
the LC into the capillary glass tube, and finally seal its 
two ends with AB glue. The SMF has a core diameter of 
9 µm and a cladding diameter of 125 µm. There are six 
grapefruit air holes near the core in the GMF. The pro-
posed GMF sensor is shown in Fig.1. The parameters of 
GMF are shown in Tab.1. 
 

 

 
Fig.1 (a) Cross section of GMF; (b) Structure of the 
proposed GMF sensor
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Fig.4 Linear fitting results: (a) Dip 1; (b) Dip 2; (c) Dip 
3; (d) Dip 4   

It can be seen from Fig.4 that in the temperature range 
of 30—90 °C, the shifts of Dip 1, Dip 2, Dip 3 and Dip 4 
are 11.01 nm, 6.59 nm, 12.23 nm and 11.48 nm, respec-

tively. So it can be calculated that the temperature sensi-
tivity is 176.9 pm/°C, 113.8 pm/°C, 195.3 pm/°C and 
192.9 pm/°C, respectively. Therefore, the temperature 
sensitivity of this sensor can reach up to 195.3 pm/°C. 
According to the temperature characteristic of LC, the 
refractive index of LC increases with the increasing 
temperature. At the same time, GMF has a thermo opti-
cal effect, which makes Δn a positive value. Therefore, 
when the temperature rises from 30 °C to 90 °C, the 
transmission spectrum moves to the long wave direction.   

The finite element method is used to simulate the 
mode of GMF. The simulation results are shown in Fig.5 
and the effective refractive index corresponding to each 
mode is shown in Tab.2. 

 

 

Fig.5 Simulation of transmission modes for GMF: (a) 
LP01; (b) LP11; (c) LP21; (d) LP02; (e) LP12; (f) LP31; (g) 
LP41; (h) LP51 

 

Tab.2 Effective refractive index corresponding to each 
mode 

Mode Refractive index 

LP01 1.472 0 

LP11 1.470 6 

LP21 1.468 7 

LP02 1.468 0 

LP12 1.465 0 

LP31 1.462 3 

LP41 1.456 3 

LP51 1.456 0 

 
The difference of effective refractive index between 

core mode and cladding mode of GMF can be obtained 
by  

2
0

eff ,n
L

 
                              (5) 

where ξ is the peak x-coordinate in Fig.6, λ0 is the wave-
length of the incoming light and L is the length of the 
sensor. Based on the simulation results and Eq.(5), the 
transmission mode participating in the interference can 
be obtained. The fast Fourier transform (FFT) of trans-
mission spectrum is shown in Fig.6, and it can be seen 
that there are five high-order mode transmissions.
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Fig.6 FFT of transmission spectra 
 
In order to test the stability of the sensor, we repeated 

the experiment on the sensor one week later and compared 
it with the first experiment results, as shown in Fig.7. 

 

 
 

 
 

 

 
Fig.7 Comparison of repeated experiment results: (a) 
Dip 1; (b) Dip 2; (c) Dip 3; (d) Dip 4 

 
It can be seen from Fig.7 that the comparison results 

of two experiments have little difference, so the sensor 
has good stability. Three repetitive experiments are per-
formed, and the results are shown in Fig.8. 

 

 
 

 
 



·0146·                                                                          Optoelectron. Lett. Vol.20 No.3 

 

Fig.8 Repetitive experimental results: (a) Dip 1; (b) Dip 
2; (c) Dip 3; (d) Dip 4 

From Fig.8, it can be seen that the sensitivity and line-
arity of the sensor have not significantly changed, so the 
prepared sensor has good stability. The comparison be-
tween the sensitivity of the proposed sensor and other 
types of sensors is shown in Tab.3. We can see that the 
sensor presented in this paper has high temperature sen-
sitivity. 

Tab.3 Comparison of the performance for different 
sensors 

Sensor 
Temperature sensitivity 

(pm/°C) 
Range (°C)  

Ref.[12] 34.82 22—85 

Ref.[13] 80.2 20—80 

Ref.[14] 116 20—140 

Ref.[15] 19.457 0—60 

This paper 195.3 30—90 

 
This paper mainly studies the temperature sensing 

characteristics of the LC coated GMF temperature sensor 
based on waist-enlarged taper. In the range of 
30—90 °C, the temperature sensing characteristics of the 
sensor are studied. When the length of GMF is 2.5 cm, 
the temperature sensitivity can reach up to 195.3 pm/°C. 
The sensor can be used in biochemical, industrial pro-
duction and other temperature detection areas.  
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