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Abstracts: For deeply investigate the birefringence responding of side-hole fiber 
caused by temperature, the response performance are analyzed by finite element 
method and elastic-optic theory, especially the nonlinear changes. The simulation 
results showed that the response birefringence is linear with temperature no matter 
how the geometry changed, but the response sensitivity is nonlinear with geometry 
parameters. The hole radius and hole-core distance both have their limit value to get 
obvious temperature sensitivity. Large hole radius and small hole-core distance is 
good to get high response sensitivity. Furthermore some interesting results are 
discussed about the response sensitivity changed with the square value of hole-core 
separation angle. The sensitivity is nonlinear with the square of hole-core separation 
angle for temperature, which is different to pressure response sensitivity.  

1. Introduction 
The side-hole optic fiber was proposed as pressure sensor because of its special side-hole structure[1]. 
Two air tunnels are symmetrically surrounded with fiber core. The internal stress is anisotropic when 
the pressure is loaded on the fiber. That is favorable to pressure sensing because of large birefringence 
caused by stress anisotropy. In recent several decades[2-7], the side-hole optical fiber sensor is attractive, 
such as writing fiber gratings onto side-hole fiber[8-9] or filling some materials into side-hole[10-11]. 
Simultaneously, this birefringence optical fiber has good thermal stability and pressure-temperature 
crossing response. Although its pressure response sensitivity is higher than temperature response 
sensitivity, the temperature sensing performance also gave us great interest [12-13].  
The birefringence of side-hole fiber can be attributed to intrinsic birefringence and response 
birefringence. The intrinsic birefringence is got in optical fiber fabrication. The response birefringence 
is caused by temperature, pressure or some other parameters. Some analysis [12] has demonstrated that 
the response birefringence is linear with temperature. By the analysis in this paper, the temperature 
response performance is not linear with its geometry parameters. Some linear and nonlinear response 
birefringence performance curves are discussed in this paper, especially its nonlinear performance. 
The research results give some supplement to the temperature response birefringence theory of 
side-hole fiber. That is helpful to deeply understand the sensing performance of side-hole fiber. 

2. Simulation and Analysis  
The structure of side-hole fiber is showed in Figure 1. This kind of anisotropy structure caused the 
obvious birefringence. The radius of side hole is showed as r. And the hole-core distance is d. The 
hole-core separation angle, the angle between x axis and the tangent line of fiber core center point to 
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side-hole outer boundary, is showed as ψ. Because of this structure, the response birefringence is got 
by stress-optic effect caused some loaded stress. So the anisotropy refractive index distribution of 
side-hole fiber is got when the outer temperature changed, which caused the temperature response 
birefringence. According to the photoelastic theory, the birefringence value is got as followed formula 
showed.  

                                                                                                                             (1) 

(2) 

 
Where B is response birefringence, c is the piezo-photonic constant, Δσ is the stress difference 
between x and y direction(as figure1 showed) at fiber core, n is the effective refractive index of fiber, 
E is Young’s modulus of the fiber, υ is Poisson ratio, p11 , p12 are components of strain-optic tensor. 
For typical side-hole fiber, the Young’s modulus E is 7.83×1010，Poisson ratioνis 0.186，the 
components of strain-optic tensor P11=0.121,P12=0.27,the effective refractive index of fiber n=1.468. 
The intrinsic fiber birefringence caused by core ellipticity and fiber residual stresses is ignored in 
calculation. At the center of optic fiber core, the stress components are approximatively as average 
stress values in x and y direction of fiber core [14]. By ANSYS software, the finite element method is 
used in simulation, for calculating the stress distribution at different temperature. Then the 
birefringence value is got by stress calculation data. 

Figure 1.The diagram of side-hole fiber 
 

2.1 Linear Response Curves 
The simulations focused on the influence to response birefringence with different geometry parameters. 
For simulation, the typical hole-core distance and hole radius value are set as 26.6μm, 15.6μm, 
respectively. In ANSYS software calculations, free meshing method is used to get FEM grid. And the 
unit size is set as 2μm to get FEM meshing. Then the stress distribution is calculated by ANSYS 
software after setting the loaded temperature.  Fig.2 shows the relationship between birefringence and 
temperature with different hole radius, when hole-core distance value is 26.6μm. The hole radius 
varied from 11.9μm to 19μm. Fig.3 is the curves of response birefringence versus temperature with 
different hole-core distance, when the hole radius value is 15.6μm. The hole-core distance varied from 
20μm to 40μm. For two figures, the temperature varied from 20℃ to 200℃. 
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Figure 2. The temperature response curves with different hole-core distance 

Figure 3. The temperature response curves with different hole radius 

As the above figures showed, the response birefringence is always linear with temperature no 
matter how the geometry changed. But the interesting thing is that it looks that the slope variation of 
curves is nonlinear with the changing of hole radius and hole-core distance. That means the changing 
of response sensitivity value is not linear with the fiber geometry parameters.  

2.2 Nonlinear Performance Curves 
For deeper investigating the response performance, the response sensitivity is also calculated. The 
temperature response sensitivity is defined as: 

T
BKT ∆

∆
=                                     (3) 

In calculation, the chosen hole-core distance values are 20μm, 26.6μm, 30μm, 35μm, 40μm, 
respectively. The hole radius value is set as 3μm, 7μm, 11.9μm, 15.6μm, 19μm, respectively. More 
than ten values are given to simulate response sensitivity curve to each geometry parameters. The 
temperature response sensitivity curves are showed in Fig.4 and Fig.5. The geometries choosing must 
be accordant with the actual structure. That means the hole-core distance value must be more than hole 
radius value. And the radius value cannot be too small to let the software run well. 
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Figure 4.The temperature response sensitivity versus hole radius with different hole-core distance 

   Figure 5.The temperature response sensitivity versus hole-core distance with different hole radius 
 

 Obviously the temperature response sensitivity curves are all nonlinear as two figures showed, 
which is similar to pressure response sensitivity curves at reference [15]. The response sensitivity 
increased with bigger hole radius or smaller hole-core distance. So large hole radius and small 
hole-core distance are good to temperature sensing, because of more stronger anisotropy accordingly. 
Furthermore, the response sensitivity is greatly influenced by hole-core distance when the hole radius 
value is big. And the sensitivity varied obviously with hole radius value when the hole-core distance 
value is small. As Fig.4 and Fig.5 showed, the responding is obvious when the hole radius value is 
more than 7μm, and the hole-core distance value is less than 35μm. That means the hole radius and 
hole-core distance both have their limit value to get obvious temperature sensitivity. 

Some analysis [2, 15] was reported that the pressure response sensitivity is depended lineally on the 
geometry parameter φ2, where φ is hole-core separation angle as Fig.1 showed. However, the 
interesting point is that the temperature response sensitivity changing situation is different by 
simulations. For deeply investigating this responding performance, the sensitivity curves are simulated 
with different value of φ2. For discussing the changing situation, in two simulations, the typical 
hole-core distance values are uniformly set as 26.6μm, 30μm, 35μm, respectively.  
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Figure 6. The temperature response sensitivity versus φ2 with different hole-core distance 
 

As Fig.6 showed, the curves presented the relationship of the temperature sensitivity with φ2. 
Obviously the temperature response sensitivity is nonlinear with φ2. However, according to the results 
in reference [2], the pressure response sensitivity is linear with φ2. This interesting difference should 
be caused by the different influence between the thermal expansion and pressure-induced stress to this 
special fiber structure. 

3. Conclusion 

We analyzed the linear and nonlinear temperature response birefringence performance of side-hole 
fiber in this paper. According to the theoretical analysis, the response birefringence is linearly 
dependent on external temperature even if with different hole radius and hole-core distance. But the 
response sensitivity are nonlinear with varied hole radius and hole-core distance. Large hole radius and 
small hole-core distance are good to improve temperature response sensitivity. And the hole radius and 
hole-core distance both have their limit value to get obvious temperature sensitivity. Furthermore, 
different with pressure response sensitivity curves, the temperature response sensitivity is nonlinear 
with the square of hole-core separation angle. The analysis results are helpful to deeply understand the 
sensing performance of side-hole fiber, especially the pressure-temperature crossing response 
performance. 
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