
Embedded Self Organizing Systems (Vol 9. No 3. 2022) (pp. 8-11) 
 

8 
 

 
Special Issue Topic: “International Symposium on Computer Science and Educational Technology “ 

 
Application of Micro Structured Fiber Sensor in the Field of Temperature 

Detection 
Tianyu Yang a, Tao Shen* a,b,c，Yue Fenga,b，Xin Liub,c 

aHeilongjiang Province Key Laboratory of Laser Spectroscopy Technology and Application, Harbin University of Science 
and Technology, Harbin 150080, China.  

bKey Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Harbin University of Science and 
Technology, Harbin, 150080, China. 

cHeilongjiang Provincial Key Laboratory of Quantum Control, Harbin University of Science and Technology, Harbin 
150080, China.  

*corresponding author 
e-mail: taoshenchina@163.com

Abstract—A fiber temperature sensor based on no core fiber-
few mode fiber-no core fiber (NCF-FMF-NCF) is proposed. It 
consists of two segments of NCF and a segment of FMF, with the 
NCF fused at both ends of the FMF. Meanwhile, the lengths of 
the NCF and FMF were optimized by simulation simulations 
and experimental validation. The results show that the sensor 
has a high sensitivity to the external refractive index (RI) 
changes, and enables a wide range of ambient temperature 
measurement. A sensitivity of 0.09445nm/℃ was obtained in a 
temperature range of 25-70℃. The sensor has the advantages of 
high stability, good linear fit and simple structure. 
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I. INTRODUCTION  
Fiber optic temperature sensor has been widely used in the 

field of temperature measurement due to its good flexibility, 
resistance to electromagnetic interference and high sensitivity 
[1-3]. There are many kinds of optical fiber temperature 
sensors, and their sensing mechanism is not the same. The 
common optical fiber temperature sensors mainly include 
interference type, grating type and surface plasma resonance 
(SPR) type of optical fiber temperature sensors [4-6]. The 
sensing principles of these three types of optical fiber 
temperature sensors are quite different, and the temperature 
measurement performance and the use environment are also 
quite different. Temperature sensors based on interferometric, 
grating, and SPR types have been proposed. Lei et al. have 
proposed a high-temperature optical fiber sensor with a 
multimode fiber-fine core fiber-multimode fiber structure 
based on the principle of MZI interference. The measured 
temperature sensitivity was 0.150nm/℃ . However, multi-
mode optical fibers produce many high-mode modes, which 
are very sensitive to the external environment, and do not use 
spectral control and stability [7]. Subsequently, Luo et al. 
proposed a D-type fiber temperature sensor based on graphene 

(Gr) and polydiD-methyl siloxane (PDMS) materials [8]. The 
effect of graphene with different layers on sensor sensitivity 
was explored and showed that the best graphene layers were 
4, with a sensitivity of 1.56nm/℃. However, the preparation 
process of this sensor has a high cost and complexity. Zhao et 
al. have developed an optical fiber temperature sensor based 
on a 45◦ inclined fiber optic polarator (TFBG-PIF-TS) based 
on the principle of fiber optic grating [9]. The measurement 
accuracy reached ± 0.1℃. However, the cost of TFBG is very 
high, and it cannot be widely used. Therefore, these sensors 
generally have problems such as low sensitivity, very high 
production cost and more complex production process. 

To improve the sensitivity and reduce the manufacturing 
difficulty, we propose an optical fiber temperature sensor 
based on the NCF-FMF-NCF structure. The structure has the 
advantages of high sensitivity, simple manufacture and low 
cost. Moreover, its properties have been validated in 
experiments and simulations. The sensitivity has reached 
0.09445nm/℃ in the temperature range of 25-70℃. 

II. STRUCTURE DESIGN AND PRINCIPLE  

A. Sensor Preparation  
As shown in Fig. 1, the structure of the sensor is easy to 

implement, with low production cost and simple structure. 
First, the first step is to use the optical fiber fusion machine 
splicing. Second, the second step will splice the FMF with 
NCF1. Finally, the third step has fused the previously spliced 
parts with the NCF2 and SMF to form the SMF-NCF1-FMF-
NCF2-SMF structure. The lengths of its NCF1, NCF2, and 
FMF have been discussed in the simulation analysis below, 
resulting in an optimal length with an NCF of 15mm and an 
FMF of 20mm.  
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Fig. 1. Structure of SMF-NCF1-FMF-NCF2-SMF sensor 

unit. 

B. Sensing principle 
Since SMF and NCF are unbiased fused. When light is 

transmitted to NCF1 through SMF, only the higher-order 
eigenesis mode LP0m is excited in NCF because the input field 
has angular symmetry and the fiber has a central symmetric 
structure. After passing through the FMF, the excited higher-
order mode is transmitted simultaneously in the cladding layer 
and in the fiber core base mode. The presence of a phase 
difference recoupled to the inner SMF core when different 
modes of light propagate to the melting junction of the NCF2 
and the SMF causes interference in different modes of light. 
The intensity of the interference light can be expressed as [10]: 

 
𝐼𝐼 = 𝐼𝐼1 + 𝐼𝐼2 + 2�𝐼𝐼1𝐼𝐼2 cos𝜑𝜑0 

 
I1 is the optical intensity of the fiber core base mode, and 

I2 is the optical intensity of the higher-order mode of the 
envelope. Furthermore, the phase difference φ0 is expressed as 
follows: 

 

𝜑𝜑0 =
2𝜋𝜋Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝐿𝐿

𝜆𝜆
=

2𝜋𝜋(𝑛𝑛𝑐𝑐𝑜𝑜𝑜𝑜𝑒𝑒 − 𝑛𝑛𝑐𝑐𝑐𝑐)𝐿𝐿
𝜆𝜆

 
  
 Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒is the difference between the effective incidence of 

the fiber core mode and the effective refractive index of the 
envelope,  𝑛𝑛𝑐𝑐𝑜𝑜𝑜𝑜𝑒𝑒is the effective refractive index of the fiber 
core mode,  𝑛𝑛𝑐𝑐𝑐𝑐is the effective refractive index of the envelope 
mode, and L is the interference length. Furthermore, when  
𝜑𝜑0=(2m+1), m is an integer, then the resonance wavelength   
of the m-order interference stripe is specifically expressed as: 

 

𝜆𝜆𝑚𝑚 =
2𝜋𝜋Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝐿𝐿
(2𝑚𝑚 + 1)𝜋𝜋

=
2Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝐿𝐿
(2𝑚𝑚 + 1) 

 
As can be seen from the equation, the resonance 

wavelength  drift is affected by Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒  and L. When L is 
fixed, the drift of the resonance wavelength varies with Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒 . 
Therefore, the refractive index change of the external 
environment is measured by detecting the drift amount of the 
resonance wavelength. The FSR (free spectral range) can be 
expressed as: 

 

𝐹𝐹𝐹𝐹𝐹𝐹 ≈
𝜆𝜆2

Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝐿𝐿
=

𝜆𝜆2

Δ𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒(𝐿𝐿1+𝐿𝐿2+𝐿𝐿3)
 

 

Where, L1, L2, and L3 are the interference lengths of NCF1, 
FMF, and NCF2, respectively. The FSR is obtained as 
inversely proportional to the length of the sensing structure. 
Let the light field input from the SMF be E(r, 0), and the m-
order mode in the NCF be Fm (r), at the input SMF and NCF1 
connection[11]: 

𝐸𝐸(𝑟𝑟, 0) = � 𝑐𝑐𝑚𝑚𝐹𝐹𝑚𝑚

𝑁𝑁

𝑚𝑚=1

(𝑟𝑟) 

 
In the equation: N is the total number of modes present in 

the NCF, and cm is the light field excitation coefficient of the 
m-order mode. The cm can be expressed as: 

 

𝐶𝐶𝑚𝑚 =
∫ 𝐸𝐸(𝑟𝑟, 0)𝐹𝐹𝑚𝑚(𝑟𝑟)𝑟𝑟𝑟𝑟𝑟𝑟∞
0

∫ 𝐹𝐹𝑚𝑚(𝑟𝑟)𝐹𝐹𝑚𝑚
∞
0 (𝑟𝑟)𝑟𝑟𝑟𝑟𝑟𝑟

 

 
When the light travels a Z distance, the light field of the 

NCF core portion can be expressed as: 
 

𝐸𝐸(𝑟𝑟, 𝑧𝑧) = � 𝑐𝑐𝑚𝑚𝐹𝐹𝑚𝑚(𝑟𝑟)exp (𝑖𝑖𝛽𝛽𝑚𝑚𝑧𝑧)
𝑀𝑀

𝑚𝑚=1

 

 
The βm is the longitudinal propagation constant of the m-

order pattern. At the melting point of NCF1 and FMF, when 
the light of some m-order mode enters the fiber core of the 
FMF and coupled to the envelope of the FMF, then the 
coupling coefficient dn of its n-order envelope mode can be 
expressed as: 

 

𝑟𝑟𝑛𝑛 =
∫ ∑ 𝑐𝑐𝑚𝑚𝐹𝐹𝑚𝑚(𝑟𝑟)exp (𝑖𝑖𝛽𝛽𝑚𝑚𝐿𝐿𝑁𝑁)𝑓𝑓𝑛𝑛(𝑜𝑜)𝑜𝑜𝑟𝑟𝑜𝑜

𝑀𝑀
𝑚𝑚=1

∞
0

∫ 𝑓𝑓𝑛𝑛(𝑟𝑟)𝑓𝑓𝑛𝑛(𝑟𝑟)∞
0 𝑟𝑟𝑟𝑟𝑟𝑟

 

 
LN is the NCF length, E(r, LN) is the field distribution of 

the transmission LN distance, and fn(r) is the field distribution 
of the FMF. It is concluded that the excitation of the n-order 
mode in the FMF depends on the phase of the m-order mode 
conduction in the NCF. Thus, the field distribution in the FMF 
is affected by the NCF1 length modulation. And at NCF2, 
there is mode interference between the base mode of the FMF 
and the higher order mode. 

As shown in Fig. 2 (a), the light field distribution in the 
NCF simulates the X axis represents the radius direction of the 
fiber, and the Z axis represents the fiber longitudinal direction, 
that is, the optical propagation distance. With the different 
transmission length of the light signal in the NCF, the light 
field distribution will appear periodically reproduced 
phenomenon, which is the image effect. Moreover, the energy 
of the light field at the self-image is the same as the incident 
light field, so the light field here is the most intense, and the 
greater the light energy coupled to the output SMF will be. 
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Fig. 2. (a) Plot of the light field distribution in the NCF; (b) 

Interference spectrum of the sensor at FMF=10mm; (c) Interference 
spectrum of the sensor at FMF=20mm; (d) Interference spectrum of 
the sensor at FMF=30mm. 

 
To explore the optimal transmission spectrum of the 

NCF1-FMF-NCF2 fiber structure, we first determine the 
optimal length of the NCF by the simulation analysis above, 
with the autoenographic points at 15mm, 30mm, 45mm. 
Considering the integration of the fiber structure and the FSR 
effect, an NCF of length 15mm was selected for the study. As 
shown in Fig. 2 (b-d), the influence of FMF of different 
lengths on the transmission spectrum of the sensor was 
explored. The FMF lengths were 10 mm, 20 mm and 30 mm, 
respectively, which showed that the FMF interference effect 
of 10 mm was optimal 

C. Experimental equipment 
An experimental setup for temperature sensing, as shown 

in Fig. 3. It includes an ASE light source, a temperature 
sensor, and a spectrum analyzer (OSA: AQ6370D). The 
central wavelength of the ASE source is 1550 nm, with a 
wavelength range ranging from 1523 nm to 1573 nm. The 
OSA has a resolution of 0.02 nm and a detection range ranging 
from 600 nm to 1700 nm. The temperature sensor consists of 
the designed NCF1-FMF-NCF2 fiber structure. Place the 
sensor in the temperature control box for the temperature 
range of 25-70℃, and change the ambient temperature inside 
the temperature box. During the measurement process, the 
optical fiber sensor is necessary to be fixed to the glass slide 
to ensure that the structure remains stable during the 
measurement process. 

 
Fig. 3. Diagram of temperature sensing experiment 

device. 

D. Experiments and Results analysis 
Fig. 4(a) shows the interference spectrum of NCF1-FMF-

NCF2. Temperature range is 25-75℃, step length is 5℃, each 
increase of 5℃ wait for 3min, when the interference spectrum 
stability data recording. 

 

 
Fig.4 (a) The linear dependence of the interference 

spectrum with temperature; (b) Linear fit of the interference 
spectral shift to the temperature change. 

 
As shown in Fig. 4(b), when the temperature increases 

from 25℃ to 70℃, the interference spectrum is shifted 
(redshift) toward the long wavelength, Dip1 is 0.09445nm/℃, 
Dip2 is 0.09328nm/℃, and the linear fitting coefficient 
reaches 0.99916 and 0.99792, respectively. 

III. CONCLUSIONS  
An optical fiber temperature sensor based on the NCF-

FMF-NCF structure is presented. The NCF-FMF-NCF 
sensing unit is prepared by fusion method, combining mode 
interference principle and evanescent field theory for high 
sensitivity detection under evanescent field theory. The 
experimental results show that the highest sensor sensitivity 
reached 0.09445nm/℃ and the linearity reached 0.99916 in 
the temperature variation range of 25-70℃. The sensor has 
good stability, high sensitivity, good linearity, low cost, and 
simple manufacturing process. It has a good application 
prospect in the field of temperature monitoring. 
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