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ARTICLE INFO ABSTRACT

Received: 30 May 2025 This study examines how bianisotropic chirality, introduced through LiNbO3 material in the
core, affects mode propagation in an asymmetric optical fiber. Numerical solutions of the
dispersion equations using the Newton-Raphson method enabled accurate evaluation of
propagation behavior. The findings show that increasing the chirality parameter enhances the
propagation constants and slightly reduces cutoff frequencies. As a result, the fundamental mode
carries more transmitted power, improving field confinement. Chirality also reduces
attenuation, allowing longer transmission distances. Overall, the results indicate that
incorporating chirality can optimize fiber performance for telecommunications and sensing.
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1. INTRODUCTION

Chirality, or optical activity, has attracted extensive theoretical and experimental attention [1,7]. In the field of optics, this
phenomenon has various applications, including mode conversion [1,8], Fiber switching [5], and optical Fiber transmission [7].
Chirality, or optical activity, has attracted extensive theoretical and experimental attention [1,7]. In the field of optics, this
phenomenon has various applications, including mode conversion [1,8], Fiber switching [5], and optical Fiber transmission [7].

In this study, we explore the effects of Bianisotropic chirality in LiNbO3 materials on the propagation modes within asymmetrical
optical Fibers, aiming to bridge gaps in theoretical knowledge regarding chiral interactions in optical systems. Practically, our
findings support enhanced Fiber design for telecommunications by optimizing mode propagation characteristics, thus enabling
higher transmission efficiency and potential applications in advanced sensing technologies. The objective of this article is to
investigate the impact of anisotropic chirality in LiNbO3 core materials on the propagation constants, cutoff frequencies, and
overall mode behavior in asymmetrical optical Fibers. By analyzing how variations in chirality affect signal transmission and Fiber
performance, we aim to identify optimal conditions for maximizing data transmission rates and power handling capabilities,
ultimately contributing to advanced Fiber designs in telecommunications and sensing technologies.

2. ELECTROMAGNETIC ANALYSIS OF CHIRAL OPTICAL FIBERS
The modeled optical fiber structure is as follows:

« Core (silica doped with LiNbOs3): The core composition is modified by introducing a small amount of LiNbOs,
inducing anisotropy and chirality.

« Cladding (pure silica): The cladding remains pure silica to preserve a high refractive index contrast, as illustrated
in Figure 1.
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Figure 1. Fiber optic chiral core.

Using the following constitutive relatives [4]:
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(Eq. 1)
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And considering the dual anisotropy material parameters:
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Where: are the chirality tensor, permeability and permittivity. After developing the analytical equations of Maxwell,
we derived the transverse components of the electric and magnetic fields from the longitudinal components required
for establishing the differential equations, which were subsequently verified using the longitudinal components.

2.1 Calculation of transverse components of electric and magnetic fields based on longitudinal
components

Algebraic manipulations, led us to the two following differential equations for the electric field:

O’E, A aE
5E (Eq. 3)
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And the magnetic field we have:
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Equations (3-4) leading to the following wave equations:
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E1, H1: Constant relative amplitudes of the fields E and H.

2.2 Dispersion equation

After expressing the longitudinal components at the core and the cladding while considering the boundary conditions
imposed by the considered structure (Figure 1) we obtain the following equation:

JU) _, Ju0)
JO) " J,00)

U

)=0 (Eq.6)

Where the propagation constants in the core and the cladding are respectively:
U? =(u,e,(E7 + e )0’ — B)a’
(IL[O 0(§z ﬂz z) ﬂ ) (Eq.7)

W?=k*a’ =a’ (B’ —kin)) (Eq.8)

2.3 Cutoff frequencies

The cutoff frequencies are defined when the electromagnetic fields instead of propagating in the core, they are
radiated completely in the cladding, and that is: W = 0. The normalized frequency is given by:

Ve = ak (& + e —nl) (Eq. 9)

2.4 Chirality's impact on performance

In this section, we introduce small amounts of chiral material into the core of optical fibers composed of weak
magnetic dielectrics.
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Figure 2. effectives propagation constants of HE11 modes depending of the frequency (2a=3.45um, £1=5.12, pi=
1.48).
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Figure 3. effectives propagation constants of HE12 modes depending of the frequency (2a=3.45um, e1=5.12, pu1=

1.48).

Figures 2 and 3 illustrate the effect of core chirality on the propagation modes in detail. We observe that an increase
in core chirality results in higher propagation constants for the HE12 modes, along with a decrease in their cutoff
frequencies. This behavior suggests that the chiral nature of the core enhances the coupling strength for the HE12
modes, enabling them to propagate more effectively at lower frequencies. Conversely, for the HE11 modes, while the
propagation constants also increase with core chirality, there is no significant effect on their cutoff frequencies. This
indicates that the HE11 modes are less sensitive to changes in chirality when compared to the HE12 modes, suggesting
a potential decoupling between mode propagation characteristics and core structure for certain modes. These
observations underscore the complex influence of chirality on wave propagation, potentially impacting the design
and optimization of chiral waveguides for specific applications in optical communications.

Figure 4. Electric and magnetic field distributions, along with optical power propagation in the Fiber.
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Figure 4 illustrates the intensity distributions of the electric and magnetic fields, along with the optical power
propagation within the core and cladding of the optical Fiber. In the first plot, the electric field distribution is shown.
The field amplitude reaches its maximum at the center of the core and gradually decreases toward the edges. In the
cladding (substrate), the intensity drops rapidly, indicating a slight leakage of the optical signal outside the core.

The second plot presents the magnetic field distribution. As expected, the magnetic field is coupled with the electric
field and exhibits a similar spatial pattern. It is strongly confined within the core and significantly reduced in the
cladding, confirming efficient light guidance.

The third plot displays the optical power distribution. The majority of the power is concentrated in the core, ensuring
effective signal transmission. A small portion of the power, however, leaks into the cladding, resulting in minimal
optical losses. This leakage is characterized by an exponential decay of the power intensity outside the core.
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Figure 7. Optical Attenuation in Classic and Chiral Fibers: Comparison over Distance and Wavelength.

Figures 5 through 7 highlight the impact of chirality on the optical performance of Fibers, particularly in terms of
power confinement and attenuation characteristics.

Figure 5 presents a pie chart that illustrates the optical power distribution between the core and cladding in a chiral-
doped Fiber. The incorporation of chirality in the Fiber core leads to a significant increase in power confinement,
with approximately 94% of the total optical power confined within the core. This enhanced confinement results from
the modified effective refractive index profile introduced by the chiral doping, which improves the guiding efficiency
and minimizes power leakage into the cladding.
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Figure 6 compares the attenuation behavior as a function of propagation distance between a conventional (non-
chiral) Fiber and a chiral-doped Fiber. The results clearly show that the chiral Fiber exhibits reduced attenuation,
enabling the light to travel longer distances with less loss. This demonstrates the effectiveness of chirality in reducing
propagation losses, thereby enhancing the transmission range.

Figure 7 shows the spectral attenuation curve a()) across a typical wavelength range used in optical communication.
A notable minimum in attenuation is observed near 1.55 um, which corresponds to the optimal transmission window
in silica Fibers. The chiral Fiber’s attenuation curve lies consistently below that of the conventional Fiber across the
entire wavelength range, further confirming the improved transmission efficiency and broader bandwidth
performance provided by the chiral modification.

Overall, these results demonstrate that chirality in the Fiber core not only improves power confinement but also
significantly reduces attenuation, both with respect to distance and wavelength. This makes chiral-doped Fibers
promising candidates for high-performance and long-distance optical communication systems.

3. CONCLUSION

This study explored the influence of bianisotropic chirality in LiNbOs-doped cores on the performance of
asymmetrical optical Fibers. The results clearly demonstrate that introducing chirality to the core material
significantly improves optical confinement and reduces attenuation, enhancing the overall performance of the Fiber.
By increasing the anisotropic chirality of the core, the effective refractive index is modified, leading to improved signal
transmission efficiency. A substantial portion of the optical power is confined within the core, ensuring effective
guidance with minimal leakage into the cladding. Moreover, chirality plays a crucial role in reducing propagation
losses, allowing light to travel longer distances with less attenuation. The reduction in cutoff frequencies for higher-
order modes facilitates the potential for exciting additional modes, which could enhance the fiber's overall capacity.
However, this also necessitates careful management of modal dispersion to avoid any negative impact on signal
integrity. The findings suggest that adjusting the core chirality can lead to substantial improvements in both the
power transmission efficiency and the propagation distance of optical signals. These enhancements position chiral-
doped optical Fibers as promising candidates for advanced communication systems and optical sensing applications.
Future research could investigate the impact of external factors, such as temperature variations and mechanical
stress, on the performance of chiral Fibers. Additionally, exploring alternative chiral materials and Fiber geometries
may provide further avenues to optimize performance for a wide range of applications.
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