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Abstract 
 
The effect of fusion and coupling parameters to the form of birefringence of coupling region 

directional fiber coupler is reported. Vector of polarization was determined by using perturbation 

method that describes the propagation of electric field in single mode fiber coupling induced by stress 

which is caused by fusion and coupling parameters during fabrication. It is found that the radius of 

coupling cross section, refractive index different, normalized frequency, and twisting angle 

significantly affect the polarization and birefringence. But, the change of temperature during fusion in 

range of 27-1350 °C gives small increment in birefringence directional fiber coupler. By knowing 

these parameters, the polarization and birefringence are possible to maintain and optimize the fiber 

coupler.  
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1. Introduction 

 
A directional fiber coupler is a key element in optical communication. It is used to split, combine, 

filter, and to switch an optical signal. Due to wide range application, this field becomes still 

important to be studied. The directional fiber coupler is fabricated by heating and pulling the 

coupling region until the pre-set coupling ratio is reached. Since the optical communication 

system requires devices with low lost and higher efficiency, the polarization may take more 

intention to be understood. The polarization is one of the main sources of pulse distortion that 

contributes to the system bit-error rate [1]. It is significantly caused by the fusion and change of 

coupling parameters during fabrication directional fiber couplers. 

 

In conventional super mode analysis, the electric fields are constructed by symmetric and anti-

symmetric superposition of unperturbed fields of each fiber in isolation from other fibers. This 

leads to obtain propagation constants of super mode by perturbation technique or variation 

methods [1-2]. The polarization was analyzed based on the distance different of coupling power. 

The modified Bessel function was used to describe the behavior of decreasing cladding field 

terms with azimuthal order [3]. 
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The polarization characteristics of directional fiber coupler also were studied by [4]. It 

investigated how the output power varies by applying State of Polarization (SOP) to the input 

power. The modeling was focused to the degree of fusion using Mueller matrix method. It was 

found that the Polarization Dependent Loss (PDL) much increases as the degree of fusion is 

weaker [4-5]. In recent years, the dependent of wavelength to the polarization in directional fiber 

coupler was also studied [6]. It stated that the wavelength dependences increase if the fibers 

become closer. At the same time, it was found that the light signal more polarized to x-direction 

than y-direction caused by elliptical geometry of fiber’s core. However, for weakly coupling 

which means the fibers just touching only, the wavelength and the polarization dependences 

increase significantly if the distance between the fibers’ core is longer [7].  

In this study, the analysis of polarization and form of birefringence are focused on the fusion 

region. The vector of polarization is determined as function of wavelength, refractive index 

different, and temperature. This effect leads to change the form of birefringence at coupling 

region. By knowing these parameters effects gives improvement of and better performance fiber 

coupling.  

 

2. Birefringence of Fiber Coupler Induced by Coupling Parameters 

The interaction of electric field E in dielectric media, fiber optics, is always polarized in to x, y 

direction. It significantly depends on the permeability of the medium interaction . This can be 

mathematically expressed as follows. 

  P E  (1) 

Since the permeability of dielectric medium is described by the refractive index profile of its 

material, it can be written, 

 2

0( )n   (2) 

Deformation of coupling region during heating and pulling process leads the polarization 

phenomenon in fiber coupler. An optical signal passes through and split at the junction much 

affected by the geometrical coupling region. As in previous description, It has been shown the 

cross section varies as in form of taper and it is not perfectly symmetry anymore. This external 

stress causes light wave polarized to x and y direction. In other hand, the electric field propagates 

in fibers is broken becoming two unidentical component that travel with different velocity. This 

property is called birefringence. 

The birefringence and polarization mode dispersion (PMD) as function of temperature shows that 

the birefringence increases exponentially versus V-parameters. It may be useful to determine 

form of birefringence if the fibers are joined as fiber coupler. It also was studied on the 

birefringence of two identical step index cores based on weakly coupling. Form birefringence is 

analyzed using perturbation method. From point of view, it is focused on the strength of coupling 

to x and y polarized component, so that this method is no longer use for analyzing form 

birefringence induced by thermal and geometrical stress.  
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In this study the birefringence is analyzed due to internal and external stress such as wavelength, 

temperature, geometry, and pressure. Basically, the fabrication of directional fiber coupler based 

on fusion and elongation methods operates with twisting, then heating the coupling region until 

1350 °C by injecting Hydrogen gas at pressure 1 Bar. Now, let write the general form of 

birefringence as follows. 

 ( , , , ) twist bendr T P
B BB B B

B r T P
r r r T P




          

         
         

 (3) 

Where rB

r




is the partial birefringence due to geometrical changed. twistB

r




and 

bendingB

r




is partial 

birefringence due to twisting and bending effect respectively. TB

T




and PB

P




are partial of 

birefringence due to thermal and pressure effects. 

 

Firstly, let solve the geometrical contribution the form of birefringence of directional fiber 

coupler. Since the cross section of coupling region is varied exponentially, and has the smallest 

cross section at the center, and the initial coupling region diameters is 02r , the diameter profile of 

tapered region can be expressed as follows. 

 
02 exp( / )coupling

region

D r l l   (4) 

Where l  is coupling length, and l is heating zone. Since light is polarized to x  and y direction, 

the birefringence due to geometrical change can be expressed as difference of the coupling 

component. 

 
2

3/2
( )r

coupling x y
region

B V
r

r
 


 

 
 (5) 

Where V is normalized frequency, and  is percentage of refractive index different. The different 

of coupling coefficients due to stress in to x and y direction is 

5/2 2 2 1/2 2

2

3/2 7/2

2

2 ( ( ))
( ) co c

x y

co

n n T U

n a V
 




 

[7]. By using this relation, and using Eq. (4) for determining radius of coupling region, Eq. (5) 

can be written as follows. 
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It can be simplified yields 

 

3/2 2 2 1/2 2

2

3/2 3/2 3/2

2
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coupling
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co

D
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r V a n 



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 (7) 

Where U=2.405, and a  is fibers diameter at critical coupling region. Fig. 1 shows the linear 

increment of birefringence at varies radius of coupling cross section. At refractive index different 

n-diff= 0.26, by varying radius in range of 2 – 4 micron yields change in birefringence about 

0.9x10
-6

/ m .  
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Based on Eq. (7), it can be seen that birefringence is affected by normalized frequency, or V-

number. The variation of coupling radius gives more significant change in birefringence at lower 

n-different with higher V-number as shown by Fig. 1. The higher degree of fusion causes the 

fiber’s core and cladding reaches to make a compound. The more uniform the coupling region, 

the small different between the refractive index. Fig. 2 shows that the birefringence is 

exponentially increases with increasing the normalized frequency which is function of 

wavelength. It depicts how the fusion affects the core’s radius and refractive index so that V-

number is changes. As given by Eq. (7), modeling of temperature effect to the birefringence 

shown by Fig. 3 shows that there small change in birefringence in long range of fusion 

temperature. It is reasonable since the temperature of fusion does not change the properties of 

silica fiber. For n-different=0.26, increasing the temperature from 27 – 1350 
0
C, changes the 

birefringence from 7.42 to 7.502 x 10
6
/ m . It can also be seen at constant temperature, the 

birefringence is lower for lower n-different value. 

Beside the geometrical change due to heating and elongation effect, the stress of birefringence is 

also caused by bending and twisting. But, in this case, fiber coupler is placed on the pulling 

stages with controlled parameters, so that bending along the coupling region can be ignored. 

However, by twisting the coupling region, which is done before fusion, may take place in the 

calculation. The birefringence is proportional with the radius of coupling region, angle of 

twisting rotation, tr and torsion t . It can be expressed mathematically, 

 twist

tr t

B
r

r
 





 (8) 

By knowing the ratio of /tr t  such as given by reference /tr t  =0.074 [8]. Now Eq. (8) can be 

rearranged as follows. 

 twist tr

t

t

B
r

r






 
  

  
 (9) 

Figure 1. Change in birefringence due to change in 

radius of coupling region 

 

Figure 2. Birefringence of directional versus V-

parameters 
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Fig. 4 shows the linear relationship between the changes of birefringence with twisting angle. It 

can be seen that by increasing the twisting angle very significantly affect the birefringence. 

Twisting effect contributes high birefringence in order 510 / m . It can be also seen that for 

higher ratio of /tr t  , the birefringence more increases as depicted by blue line in Fig. 4.  

 

Let us move on to the pressure effect to the form of birefringence. Birefringence occurs when 

there is external force such as pressure disturbing transversely the coupling region. If pressure P

is applied to the coupled region having radius r , the form of birefringence at certain wavelength 

can be written as follow [9-10]. 

 8
pP

CB P

P r

  
  

  
 (10) 

Where 1195 J/Kg.KPC   is specific heat [10]. Since the fabrication of directional fiber coupler is 

carried out in atmospheric pressure, it could not change the form of birefringence. Now, by 

substituting Eq. (10), (9), and (7), in to Eq. (1), the birefringence characteristics of coupled region 

fused directional fiber coupler can be summarized as follow. 
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 (11) 

From the description above, it can be concluded that the form of birefringence is affected by the 

coupling and fusion parameter function. It have shown that the twisting angle of coupling region 

give significant change in birefringence compare with the radius of coupling cross section and the 

fusion temperature. 
 

 

tr

t





Figure 3. Effect of temperature to the change of 

birefringence 

 

Figure 4. Form of birefringence due to twist angle 
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3. Conclusion 

Birefringence analysis at coupling region very much depends on the geometrical change by 

fusion and elongation process. It is found that a significant change of birefringence contributed 

by the twisting angle, refractive index different, and the radius of coupling cross section. But, 

temperature of fusion only gives small changes in birefringence. However, power transmission of 

directional fiber coupler is exponentially decreases with increasing the angle of polarization 

vector. 
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