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ABSTRACT ARTICLE INFO

Birefringence characterization has been carried out for single-mode Article history:
fiber (SMF) consisting of SMF-28, SMF-28¢, SMF-28e+, SMF-28e+LL,
and SMF-28ULL. The parameters that were varied were the refractive
index of the core and the cladding, while the radii of both were equal to
the wavelength of 1550 nm. Birefringence characterized by simulation
can determine the quality of SMF by knowing the changes in the light Keywords:
propagation constant caused by polarized light on optical fibers. The
simulation results show that in SMF-28ULL there is a propagation
constant or birefringence which has a large influence compared to other
types of SMF such as the magnitude of polarization and reducing power.
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1. INTRODUCTION

The use of copper cables as a transmission medium in communication systems is no longer
capable of transmitting long-distance data with large capacity and high speed because of a lot of noise
and small bandwidth [1-3]. Therefore, the use of copper cable as a transmission medium is replaced by
fiber optics with higher capabilities [4, 5].

Optical communication systems have been around since the 1700s, beginning with the
invention of the optical telegram by a French engineer named Claude Chappe [6-8]. Advances in
optical fiber to date have prompted Corning Incorporated to develop single-mode fiber (SMF) with
attenuation below 20 dB/km [9, 10]. SMF has the advantage of several criteria such as range,
functionality, sensitivity and accuracy [11-13]. SMF can be used as a coupler in an optical system that
functions as a link in combining and splitting optical signals as an optical switch [14, 15].

SMF has a large transmission bandwidth which can be applied in long-distance
communication [16-18]. This type of optical fiber has high data transfer capabilities due to the absence
of modal noise, low attenuation, compatibility with integrated optical technology and is durable [19,
20]. SMF devices usually use thin films in the manufacture of their components because they have a
high mass density and a good modulus of elasticity so they are not easily broken [21-23]. This
fabrication gives SMF properties as a light wave power transmission that is superior to other media. In
addition, SMF also has various characteristics based on the propagation constant or birefringence it
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produces [24, 25]. It is therefore important to review the birefringence characteristics to determine the
quality of the SMF from the effects of power reduction and polarization changes by imperfect
cylindrical fiber cores.

2. RESEARCH METHODS

The types of SMF used are SMF-28, SMF-28e, SMF-28e+, SMF-28e+LL, and SMF-28ULL.
The initial step in the birefringence characterization is to determine the SMF profile using the core and
cladding parameters with a diameter of 4.1 um and 62.5 pum, while the refractive index profile of each
type of SMF can be seen in Table 1.

Table 1. Refractive index of core and cladding of each type of SMF.

SMF type Core Cladding
SMF-28 1.45213 1.44692
SMF-28e 1.46770 1.46240
SMF-28e+ 1.45173 1.44602
SMF-28e+LL 1.45223 1.44702
SMF-28ULL 1.44525 1.44002

The birefringence characterization process is carried out in a simulation by determining the
SMF profile using a refractive index profile type with regions 0 and 1. The input parameter is the core
0 region while the output is the cladding region 1. The SMF constituent materials used are pure silica,
germanium as a positive dopant, and fluorine as a negative dopant. SMF birefringence simulation
using LP mode (matrix method) was carried out to generate the index and modal fiber field at certain
wavelengths. The cut-off navigator menu with LP mode aims to display the cut-off wavelength
parameters for the LPO1 and LP11 optical fiber modes. Fundamental mode property simulation is done
by determining the default parameter values for material, bending, and loss parameters. In the scan
section, the wavelength is adjusted to the default option, while in the parameter section values are
entered from 1.2 to 1.6 with 100 iterations. The birefringence simulation due to parameter disturbance
begins by determining the photoelastic fiber constant of 3.44 x 1011 m?kgW, Young's modulus of
775 x 107 kgW/mZ, and Poisson ratio. The flexural factor and extrinsic stress in SMF also affect the
birefringence simulation. The value used in SMF bending is 0.12 m with a circular fiber tensile force
of 0.5 N. At the output, the spectral range is set at 0.4 um with 51 iterations.

Birefringence is defined as the difference between the propagation constants of the eigenmode
polarizations shown in the following equation [26-28]:

AB = By — By 1)
Birefringence caused by lateral stress is as follows:
Cpk 2
ABiaterai stress = —8 :do [1 - (g) H(V)] 2

The birefringence caused by bending is as follows:
2 2
Aﬁbending = - % (%) ECk, [1 - é (%) H(V)] (3

The birefringence caused by the voltage is as follows:
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U = anfk; — B2 (6)
W = ayB? — 3k} (7)
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3. RESULTS AND DISCUSSIONS

The original optical fiber does not have a perfect cylindrical core but there is a variation in
diameter that causes non-uniform stresses along the optical fiber so that the constant propagation of
the two polarizing components is different and the fiber becomes birefringence. Linearly polarized
light is fed to the SMF assuming that the two polarized components have the same amplitude and there
is no phase difference at the output end, but as the light propagates along the fiber, one mode is out of
phase in the other due to the difference in the phase propagation constant. So at any point along the
fiber (for random phase differences) the two components will produce elliptically polarized light. At
the m/2 phase difference, circularly polarized light will be generated. In this way the polarization
progresses from linear to elliptical to circular to elliptical and back to linear. This alternating
polarization continues along the fiber [26, 29].
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Figure 1. Birefringence results for (a) SMF-28, (b) SMF-28e, (c) SMF-28e+, (d) SMF-28e+LL, and () SMF-
28ULL.
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Birefringence can be caused by intrinsic and extrinsic factors, intrinsic interference occurs
accidentally in the manufacturing process and is a permanent feature of optical fibers. These include
noncircular cores and asymmetric stress fields in the fibers around the core region. Non-circular nuclei
give rise to geometric birefringence, whereas non-symmetrical stress fields create stress birefringence.
Birefringence can also be created in the fiber when subjected to an external force on the handle or
cable. Extrinsic factor birefringence is caused by lateral pressure, bending, and twisting. These three
mechanisms are usually present to some extent in fiber optic telecommunications [30-32].

Simulation of birefringence caused by extrinsic factors, namely bending force and stress were
kept constant in all types of SMF to see the effect of intrinsic factor. The birefringence that occurs in
SMF-28, SMF-28e, SMF-28e+, SMF-28e+LL, and SMF-28ULL is shown in Figure 1.

The birefringence increases with increasing wavelength due to the polarization difference of
the second phase, whereas the addition of the delay group (DGD) results in an increase in the
difference in wavelength. The magnitude of the birefringence at a wavelength of 1550 nm for the
optical fiber SMF-28 is -5.1753668 rad/m, SMF-28e is -5.17534 rad/m, SMF-28e+ is -5.17539 rad/m,
SMF-28e+LL is -5.14879 rad/m, and SMF-28eULL is -5.175397 rad/m. In SMF-28ULL the
birefringence value is greater than in other fibers which shows a large reduction in output power.
Polarized light in SMF is a magnetic field and an electric field.

The greater the Birefringence value or the difference in the wave propagation constant, the
more polarization occurs in the optical fiber. The phase difference between the magnetic field and the
electric field becomes larger with the optical fiber core not perfectly circular due to the bending and
stress forces when the fiber is coiled. In the simulation results with the same extrinsic birefringence
parameters used for all, the birefringence values are different because of the different modes of each
type of SMF and the refractive index of the core and cladding used.

4. CONCLUSION

Birefringence that occurs in optical fiber is influenced by external factors caused by bending
and stress forces. This factor makes the fiber optic core no longer circular but changes shape to an
ellipse. Light waves will undergo elliptical or circular polarization, resulting in two waves that have
different phases. In SMF-28ULL the large birefringence value indicates that there is a lot of
polarization and power reduction, while the SMF-28e+LL has birefringence with the smallest impact.
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