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Abstract

We use multipole method to perform numerical simulation of phase and group birefringence of microstruc-
tured optical fiber (MOF). The dependence of group birefringence on wavelength obtained numerically is in a good
agreement with the data of our experiments. We also obtain that phase and group birefringence have the opposite
signs.

1. Introduction

In recent years the research interest in microstructured optical fibers (MOFs) has rapidly increased. In part the
interest is connected with the possibility to yield unique polarization properties of these fibers, e.g. high birefringence
and dichroism [1], high stability of polarization properties to mechanical and thermal stresses. Due to a number
of variable parameters such as hole diameter, hole arrangement and different refractive indices which can easily be
changed during fabrication, we can vary fiber characteristics over a wide range.

The MOF drawing process is very complex and time-consuming. Thus an accurate method that allows us
to predict properties of these fibers is required. In this paper we use multipole method to numerically simulate the
birefringent properties of MOF of a certain structure and then compare the simulation results with the results obtained
in our experiments.

2. Numerical Simulation and Experimental Study

2.1 Numerical Simulation

In our study we simulate a light propagation in the nonsymmetrical structure of MOF represented in figure a.
The structure consists of a silica matrix with the refractive index ne = 1.44 and N = 6 air holes. Though in fact the
channels are of irregular shape we approximate them with cylinders. Since the intensity of light of the fundamental
modes decays outside the core region, the geometry nearby the border of the core region is the most significant.
Therefore the radii of cylinders are chosen to approximate curvature radii of the channels in the points near the border
of the core region. The diameters of holes 1-4 are regarded to be equal to 5.4µm, and the diameters of holes 5-6 are
regarded to be equal to 4.8µm. The effective core of this structure can be considered as an ellipse with semimajor axis
a = 6.1µm and semiminor axis b = 2.8µm.

To study this structure we use multipole method [2]. In this method we represent electric field in the vicinity of
each cylinder as:
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Figure 1: (a) - the structure in study; (b) - longitudinal Poynting vector distribution; (c), (d) - longitudinal electric field
distribution for two modes; (e), (f) - transversal electric field vector diagrams

and for the components of magnetic field. Jm terms represent the regular incident part of field for cylinder l. Hm

terms represent the outgoing wave part. Other expression for the field in the whole region is:
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It means that a field in a region can be written as a superposition of outgoing waves from all source bodies in the region.
To obtain β and coefficients A, B we should enforce consistency of eqs. (1), (2) in the vicinity of cylinders and then
use the boundary conditions. Note that eq. (1) involves local coordinates and eq. (2) involves global coordinates. In
order to change the basis we use Graf’s addition theorem [3]. The final equation is

[
I−R

(
H̃+ J B0R̃0J 0B

)]
B = MB = 0 (3)

where I is unity matrix, R and R̃0 are reflection matrices derived from boundary conditions, J B0 and J 0B are
transition matrices.

The series in eqs. (1) and (2) consist of infinite number of terms but in numerical consideration we truncate
them to have m running from M to M . In our study we choose M = 7. If we take a greater value of M , e.g. M = 14,
the value of real part of the effective refractive index varies less than 2 · 10−5.

It allows us to obtain propagation constants β of the fundamental modes (x and y polarization components) for
a given wavelength λ. To ensure that obtained solution corresponds to the fundamental mode we build a mode field
profile. The typical field distribution E(x, y) and the values of longitudinal component of Poynting vector is shown in
the figures b - f. The longitudinal component of Poynting vector has one central maximum and decays outside the core
as we mentioned above. We also can see from the vector diagrams of the transversal component of E(x, y) (figures e,
e) that the modes under consideration possess a linear polarization.

The effective refractive index of the waveguide can be derived from the value of propagation constant using the
expression:

neff =
βλ

2π



The phase birefringence can be found as the difference between effective refractive indices of the two modes. Once
we obtain how the phase birefringence depends on the wavelength, the group birefringence can be found as ∆ng =
∆nph − λ

∂∆nph

∂λ . The results of numerical simulation are presented in the figure 2. Note that the values of the phase
birefringence and the group birefringence have opposite signs. Earlier the existence of MOFs with this property was
reported in [4].

Figure 2: Dependence of phase and group birefringence on wavelength

2.2 Experimental Study

The experimental method is similar to that used in [5]. The scheme of the experimental setup is shown in
the figure 3. We study the fiber made in Fryazino Department of the Institute Radioengineering and Electronics of
Russian Academy of Sciences. In order to obtain an interference pattern with maximal visibility we orient polarization
controllers 2, 4 at 45 degrees to principal optical axis of the studied waveguide 3. Before propagation in the studied
waveguide, amplitudes of both polarization modes are equal to each other. After propagation, difference of phases
appears. Then both modes are projected onto axis of analyzer and interfere with each other. The group birefringence
can be found as ∆ng = λ2

L∆λ where L is a length of studied waveguide, ∆λ is a period of the interference pattern. In
our study we used the waveguide of length L = 1m. The measurements were performed at the range of wavelengths
of between 1000nm and 1650nm. The results of measurements are shown in figure 2.

Figure 3: Experimental setup. 1 - light source; 2 - input polarization controller; 3 - studied waveguide; 4 - output
polarization controller; 5 - lens; 6 - spectrum analyzer

3. Conclusion

The results of numerical simulation are in a good agreement with experimental results (see figure 2). Actually,
the relative difference between numerical and experimental values of birefringence is less than 7%. We suppose this
difference may be explained by an inaccuracy in the approximation the channels with cylinders. Thus the multipole
method is rather good for numerical simulation of birefringence properties in MOFs.
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