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Résumé — La croissance rapide des besoins en communications optiques a conduit à l’exploration du multiplexage par division spatiale 
(SDM) utilisant des fibres multi-cœurs (MCF) afin d’augmenter significativement la capacité de transmission. Parmi les principaux défis 
liés au déploiement des MCF, la diaphonie inter-cœurs (ICXT) demeure un facteur limitant majeur pour l’intégrité du signal. Cette étude 
examine la diaphonie inter-cœurs dans les fibres optiques à double cœur, en analysant son origine physique, sa dépendance spectrale ainsi 
que sa sensibilité à la géométrie des cœurs et aux profils d’indice de réfraction, tout en évaluant des techniques de réduction de ce 
phénomène. À l’aide de simulations basées sur la théorie des modes couplés (CMT), le comportement de la diaphonie est quantifié de 
manière systématique sur une longueur de fibre de 10 km. Les résultats montrent que la diaphonie dépend fortement de la longueur 
d’onde, avec des valeurs de –32 dB à 1550 nm pour un pas de cœur de 50 µm et de –38 dB à 1310 nm, mettant en évidence un recouvrement 
modal plus important aux grandes longueurs d’onde. La réduction du pas de cœur de 50 µm à 40 µm entraîne une augmentation de la 
diaphonie jusqu’à –28 dB, démontrant l’influence critique de l’espacement entre les cœurs sur l’intensité du couplage. L’introduction de 
cœurs assistés par tranchée, caractérisés par une région annulaire à faible indice entourant chaque cœur, permet de réduire efficacement 
la diaphonie inter-cœurs d’environ 10 dB, atteignant –42 dB à 1550 nm pour le même pas. Par ailleurs, les conceptions de cœurs 
hétérogènes exploitant des constantes de propagation différentes contribuent à supprimer davantage l’accumulation cohérente de la 
diaphonie. De plus, la courbure de la fibre modifie légèrement les niveaux de diaphonie, soulignant l’importance de la stabilité mécanique 
dans les déploiements pratiques. Ces résultats établissent une relation claire entre les paramètres de conception des cœurs, la longueur 
d’onde et la diaphonie inter-cœurs, fournissant des lignes directrices exploitables pour les ingénieurs en fibres optiques. L’étude confirme 
qu’une combinaison de structures assistées par tranchée, d’un espacement optimisé des cœurs et d’un ajustement approprié des indices 
de réfraction permet d’obtenir des fibres à double cœur à faible diaphonie, adaptées aux systèmes SDM à haute capacité. Globalement, 
ce travail apporte une compréhension approfondie des mécanismes d’interférence inter-cœurs et met en évidence des stratégies efficaces 
de réduction de la diaphonie, soutenant la conception de réseaux optiques de nouvelle génération offrant une efficacité spectrale et une 
fiabilité accrue. L’analyse quantitative présentée constitue une base solide pour de futures validations expérimentales et ouvre la voie au 
développement de fibres multi-cœurs à faible diaphonie optimisées pour les liaisons optiques métropolitaines et longue distance. 

Mots-clés : Diaphonie inter-cœurs, Fibre à double cœur, Multiplexage par division spatiale, Fibre assistée par tranchée, Réduction de la 
diaphonie 

Abstract– The rapid growth of optical communication demands has prompted the exploration of space-division multiplexing (SDM) using 
multi-core fibers (MCFs) to significantly increase transmission capacity. Among the challenges in MCF deployment, inter-core crosstalk 
(ICXT) remains a major limiting factor for signal integrity. This study investigates ICXT in dual-core optical fibers, analyzing its physical 
origin, dependence on wavelength, and sensitivity to core geometry and refractive index profiles, while also evaluating techniques for its 
mitigation. Using coupled mode theory (CMT) simulations, we systematically quantify crosstalk behavior over a 10 km fiber length. Our 
results indicate that crosstalk is strongly wavelength-dependent, with measured values of –32 dB at 1550 nm for a 50 µm core pitch and 
–38 dB at 1310 nm, highlighting the enhanced mode overlap at longer wavelengths. Reducing the core pitch from 50 µm to 40 µm increases 
the crosstalk to –28 dB, demonstrating the critical influence of core spacing on coupling strength. The introduction of trench-assisted 
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cores, characterized by a low-index annular region surrounding each core, effectively reduces ICXT by approximately 10 dB, achieving 
–42 dB at 1550 nm for the same pitch, while heterogeneous core designs exploiting different propagation constants further suppress 
coherent crosstalk accumulation. Additionally, fiber bending is shown to slightly modify crosstalk levels, emphasizing the need for 
mechanical stability in practical deployments. These findings establish a clear relationship between core design parameters, wavelength, 
and ICXT, providing actionable guidelines for fiber engineers. The study confirms that a combination of trench-assisted structures, 
optimized core spacing, and refractive index tailoring can achieve low-crosstalk dual-core fibers suitable for high-capacity SDM systems. 
Overall, this work contributes a comprehensive understanding of inter-core interference mechanisms and highlights effective strategies 
for mitigating crosstalk, supporting the design of next-generation optical networks with enhanced spectral efficiency and reliability. The 
quantitative analysis presented herein provides a basis for further experimental validation and paves the way for the development of low-
crosstalk MCFs optimized for long-haul and metropolitan optical links. 

Keywords: Inter-core crosstalk, Dual-core fiber, Space-division multiplexing, Trench-assisted fiber, Crosstalk mitigation 

 

 

I. INTRODUCTION 

The exponential growth of global data traffic has placed unprecedented demands on optical communication networks, prompting 
the development of high-capacity transmission technologies [1] [2] [11]. Traditional single-core single-mode fibers (SMFs) are 
approaching their fundamental capacity limits due to nonlinear effects and bandwidth restrictions, motivating the exploration of 
space-division multiplexing (SDM) as a promising solution [2] [5] [15]. SDM employs multiple spatial channels within a single 
fiber to multiply the transmission capacity, with multi-core fibers (MCFs) being one of the most attractive implementations [3] [6] 
[10]. Among MCFs, dual-core optical fibers represent a simple yet instructive configuration to study inter-core interactions and 
crosstalk phenomena [3] [4] [7]. Inter-core crosstalk (ICXT) arises from the unintended coupling of optical power between 
neighboring cores, which can degrade signal quality, reduce signal-to-noise ratio (SNR), and limit the effective transmission 
distance [1] [8] [12]. The magnitude of ICXT depends on multiple factors, including core spacing, refractive index contrast, core 
geometry, and the operational wavelength [2] [5] [12]. As the core pitch decreases or as the wavelength increases, the overlap 
between mode fields intensifies, leading to stronger crosstalk [3] [9] [14]. Understanding the physical mechanisms underlying ICXT 
is therefore crucial for designing fibers that maintain low inter-core interference while maximizing spatial channel density [2] [6] 
[15]. Several theoretical approaches have been employed to model ICXT, with coupled mode theory (CMT) being the most widely 
used [1] [8] [13]. CMT provides an analytical framework to quantify the power transfer between cores, taking into account modal 
propagation constants, phase mismatch, and fiber length [7] [10] [12]. Experimental studies complement these simulations by 
validating crosstalk levels and observing the effects of fiber bending, temperature variations, and mechanical perturbations [4] [11] 
[14]. Recent works have shown that even minor deviations in core alignment or refractive index profiles can significantly affect 
crosstalk, highlighting the sensitivity of MCFs to manufacturing tolerances [3] [9] [15]. 

To mitigate ICXT, various fiber design strategies have been proposed. Trench-assisted fibers, which introduce a low-index annular 
region around each core, enhance mode confinement and reduce evanescent field penetration into adjacent cores [3] [9] [13]. 
Heterogeneous core designs exploit differences in propagation constants to reduce phase-matched coupling, while optimized core 
spacing and refractive index tailoring offer practical means to control crosstalk without compromising fiber density [2] [5] [12]. 
These techniques are particularly relevant for long-haul and high-capacity SDM systems, where cumulative crosstalk can severely 
limit system performance [1] [6] [15]. This study focuses on the mechanisms of inter-core crosstalk in dual-core fibers and the 
effectiveness of various mitigation strategies. Using numerical simulations based on CMT, we quantify crosstalk as a function of 
wavelength, core geometry, and refractive index profile [7] [10] [12]. Specific attention is given to the impact of trench-assisted 
designs and heterogeneous cores, providing a comprehensive analysis of practical approaches to minimize ICXT [3] [9] [13]. The 
findings presented here aim to inform the design of low-crosstalk fibers suitable for next-generation optical networks, where high 
spectral efficiency and signal integrity are paramount [1] [2] [11]. By systematically investigating the interplay between fiber design 
parameters and crosstalk behavior, this work contributes to a deeper understanding of inter-core interference mechanisms and 
establishes guidelines for the development of high-capacity, low-crosstalk dual-core fibers [4] [6] [15]. The results are relevant not 
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only for SDM research but also for industrial applications requiring dense spatial multiplexing, such as metropolitan area networks, 
data centers, and future ultra-high-capacity optical backbones [2] [5] [14]. 

II. MATHEMATICAL MODELING HYBRID RAY 

2.1 Mathematical Modeling of Inter-Core Crosstalk 

The inter-core crosstalk (ICXT) in dual-core optical fibers can be accurately described using Coupled Mode Theory (CMT), 
which models the exchange of optical power between neighboring cores due to evanescent field overlap. [1] [7] [8] Consider a dual-
core fiber with cores labeled 1 and 2, supporting single-mode propagation. The evolution of the complex amplitudes 𝐴ଵ(𝑧) and 
𝐴ଶ(𝑧) along the propagation direction 𝑧 is governed by the following coupled differential equations: 

 

𝑑𝐴ଵ(𝑧)

𝑑𝑧
= −𝑗𝛽ଵ𝐴ଵ(𝑧) − 𝑗𝜅𝐴ଶ(𝑧) 

 
𝑑𝐴ଶ(𝑧)

𝑑𝑧
= −𝑗𝛽ଶ𝐴ଶ(𝑧) − 𝑗𝜅𝐴ଵ(𝑧) 

(1) 

 

Where: 

 𝐴ଵ(𝑧), 𝐴ଶ(𝑧) are the modal amplitudes of cores 1 and 2, 

 𝛽ଵ, 𝛽ଶ are the propagation constants of the respective cores, 

 𝜅 is the coupling coefficient, representing the strength of evanescent coupling between the cores, 

 𝑗 = √−1 denotes the imaginary unit. [4] [10] [14] 

 

For identical cores (𝛽1 ≈ 𝛽2 = 𝛽) the solution to these equations yields the power transfer between cores: 

 

𝑃ଶ(𝑧) = |𝐴ଶ(𝑧)|ଶ = 𝑃଴𝑠𝑖𝑛ଶ(𝜅𝑧) 
𝑃ଵ(𝑧) = |𝐴ଵ(𝑧)|ଶ = 𝑃଴𝑐𝑜𝑠ଶ(𝜅𝑧) 

(2) 

 

Where: 𝑃଴ is the input power launched into core 1 at 𝑧 = 0.  

 

This result shows periodic power oscillation along the fiber length, with a coupling length 𝐿௖ =
గ

ଶ఑
, representing the distance 

over which complete power transfer occurs from one core to another. 

2.2 Coupling Coefficient (𝜿) Dependence 

The coupling coefficient 𝜅 is strongly influenced by: 

1. Core spacing (d): Smaller separation increases the evanescent field overlap. 

2. Mode field diameter (MFD): Larger modes extend further into the cladding, enhancing coupling. 

3. Refractive index contrast (Δ𝑛) between core and cladding: Higher contrast confines the mode, reducing 𝜅. 
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An approximate analytical expression for 𝜅 in weakly coupled fibers is: [2] [5] [12] 

κ ≈
𝜔

2

∫ Δఢ(𝑥, 𝑦)𝐸ଵ(𝑥, 𝑦). 𝐸ଶ
∗(𝑥, 𝑦)𝑑𝑥𝑑𝑦

ඥ∫|𝐸ଵ|ଶ𝑑𝑥𝑑𝑦 ∫|𝐸ଶ|ଶ𝑑𝑥𝑑𝑦
 

(3) 

 

where 𝐸ଵ and 𝐸ଶare the modal fields of cores 1 and 2, Δఢ is the difference in permittivity between cores and cladding, and 𝜔 is the 
angular frequency of the optical wave. 

2.3 Wavelength Dependence 

The coupling coefficient 𝜅 also depends on the operating wavelength (𝜆). As 𝜆 increases, the mode field expands, increasing the 
overlap and hence the crosstalk. For dual-core fibers with trench-assisted designs, 𝜅(𝜆) can be reduced by creating a low-index 
region surrounding each core, which limits the evanescent field penetration into neighboring cores. 

2.4 Numerical Simulations 

Using the above CMT framework, we simulate ICXT for a dual-core fiber of length 𝐿 = 10 𝑘𝑚: 

 Core pitch : 𝑑 = 50  

 Core radius : 𝑎 = 4.5 𝜇𝑚 

 Refractive index contrast : 𝛥𝑛 = 0.003 

 Wavelengths: 𝜆 = 1310𝑛𝑚 and 1550 𝑛𝑚 

The simulated crosstalk 𝑋஼் = 10𝑙𝑜𝑔 ቀ
௉మ

௉భ
ቁ yields: 

 𝑋஼் = −38𝑑𝐵 at 1310 𝑛𝑚 

 𝑋஼் = −32 𝑑𝐵 at 1550 𝑛𝑚 

This clearly illustrates the wavelength-dependent increase of ICXT. Further simulations show that reducing the core pitch to 
40 µm increases crosstalk to −28 𝑑𝐵, while trench-assisted designs reduce it by ~10 𝑑𝐵. [3] [9] [13] 

III. MATERIALS AND METHODS 

3.1 Fiber Design and Parameters 

The study focuses on dual-core optical fibers, which are widely used as a simplified model to investigate inter-core crosstalk 
(ICXT) in space-division multiplexing (SDM) systems. Two types of fibers are considered: 

 Conventional step-index dual-core fibers, with uniform core refractive index. 

 Trench-assisted dual-core fibers, featuring a low-index annular trench surrounding each core to reduce mode overlap and 
minimize crosstalk. 

The geometric and optical parameters of the fibers used in simulations are summarized in Table 1: [2] [5] [12] 
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Table 1: Summary of simulations parameters 

Parameter Value 

Core radius 𝒂 4.5 µm 

Core-to-core pitch 𝒅 50 µm / 40 µm (varied) 

Core refractive index 𝒏𝟏 1.450 

Cladding refractive index 𝒏𝟐 1.447 

Index contrast 𝜟𝒏 0.003 

Trench depth 0.001 

Fiber length 𝑳 10 km 

Operating wavelength 𝝀 1310 nm, 1550 nm 

These parameters are representative of realistic fibers used in SDM experiments, ensuring practical relevance of the results. 

3.2 Numerical Modeling 

The inter-core crosstalk was analyzed using Coupled Mode Theory (CMT), which describes the power exchange between 
neighboring cores. The governing equations for the modal amplitudes 𝑨𝟏(𝒛) and 𝑨𝟐(𝒛) are: 

𝒅𝑨𝟏

𝒅𝒛
= −𝒋𝜷𝟏𝑨𝟏 − 𝒋𝜿𝑨𝟐 

𝒅𝑨𝟐

𝒅𝒛
= −𝒋𝜷𝟐𝑨𝟐 − 𝒋𝜿𝑨𝟏 

(4) 

Where:  

- 𝜿 is the coupling coefficient 

- 𝛃𝟏,𝟐 are the propagation constants.  

Simulations were performed for varying core pitches, wavelengths, and trench-assisted designs, to quantify the effects on ICXT. 
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The crosstalk level was computed as: 

𝑿𝑪𝑻(𝒛) = 𝟏𝟎𝒍𝒐𝒈𝟏𝟎

𝑷𝟐(𝒛)

𝑷𝟏(𝟎)
 

Where: 𝑷𝟏(𝟎) is the input power in core 1 and 𝑷𝟐(𝒛) is the power transferred to core 2 at distance 𝒛. [4] [7] [10] 

3.3 Simulation Tools and Procedure 

 Numerical simulations were performed using MATLAB and custom CMT-based scripts. 

 Mesh size and step resolution along the fiber were optimized to ensure convergence of results. 

 Both homogeneous (step-index) and heterogeneous (trench-assisted) cores were modeled. 

 The effect of fiber length and wavelength was systematically investigated: 𝝀 =  𝟏𝟑𝟏𝟎 𝒏𝒎 and 1550 nm, fiber lengths up 
to 10 km. 

 Core spacing was varied between 40 µm and 50 µm to evaluate the impact of geometric design on crosstalk. [3] [9] [13] 

3.4 Data Analysis 

 Crosstalk was analyzed as a function of fiber length, wavelength, and core pitch. 

 Comparisons between step-index and trench-assisted fibers were performed to quantify mitigation efficiency. 

 Results were plotted as crosstalk vs. fiber length and crosstalk vs. wavelength, allowing clear visualization of trends. 

 Numerical results were validated against analytical expressions from CMT to ensure accuracy. [2] [5] [12] 

IV. RESULTS 

4.1 Crosstalk Dependence on Wavelength 

The simulations reveal a clear wavelength-dependent increase in inter-core crosstalk (ICXT) for dual-core fibers. For a step-index 
fiber with a 50 µm core pitch over 10 km, the crosstalk levels were found to be: 

𝝀 = 1310 𝒏𝒎: 𝑿𝑪𝑻 = −𝟑𝟖 𝒅𝑩 

𝝀 = 1550 𝒏𝒎: 𝑿𝑪𝑻 = −𝟑𝟐 𝒅𝑩 

This increase is attributed to the expansion of mode field diameter at longer wavelengths, resulting in stronger evanescent 
coupling between neighboring cores. 

For trench-assisted fibers, the same configuration shows significantly lower crosstalk: 

 𝝀 =  𝟏𝟑𝟏𝟎 𝒏𝒎: 𝑿𝑪𝑻 = −𝟒𝟖 𝒅𝑩 

 𝝀 =  𝟏𝟓𝟓𝟎 𝒏𝒎: 𝑿𝑪𝑻 = −𝟒𝟐 𝒅𝑩 

The results demonstrate that trench-assisted designs reduce ICXT by approximately 10 dB, confirming the effectiveness of 
this mitigation technique. 
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The influence of core-to-core spacing (pitch) on ICXT was also investigated. For step-index fibers: 

Table 2: Effect of Core Pitch 

Core Pitch (µm) Crosstalk at 1550 nm (dB) 

50 –32 

45 –30 

40 –28 

Reducing the core pitch increases the coupling coefficient 𝜿 due to enhanced mode overlap, resulting in higher crosstalk. 
Trench-assisted fibers mitigate this effect, maintaining lower crosstalk even at smaller pitches. 

4.3 Effect of Fiber Design 

Figure 1 illustrates the crosstalk evolution along fiber length (𝟎 − 𝟏𝟎 𝒌𝒎) for both step-index and trench-assisted fibers at 𝝀 =

 𝟏𝟓𝟓𝟎 𝒏𝒎 and core pitch 𝟓𝟎 µ𝒎. 

Observations : 

 Step-index fibers exhibit periodic oscillations due to coherent power exchange between cores. 

 Trench-assisted fibers significantly suppress power transfer, reducing amplitude of oscillations and lowering average crosstalk. 

 Heterogeneous core designs further suppress coherent accumulation of ICXT. 

4.4 Combined Effects of Wavelength, Pitch, and Design 

By combining all factors, the simulations show: 

 High wavelength (𝟏𝟓𝟓𝟎 𝒏𝒎) + small pitch (𝟒𝟎 µ𝒎) + step-index fiber: ICXT reaches −𝟐𝟖 𝒅𝑩. 

 High wavelength (𝟏𝟓𝟓𝟎 𝒏𝒎) + small pitch (𝟒𝟎 µ𝒎) + trench-assisted fiber: ICXT reduced to −𝟑𝟖 𝒅𝑩, a 𝟏𝟎 𝒅𝑩 improvement. 

 Trench-assisted fiber at 1310 nm: ICXT as low as −𝟒𝟖 𝒅𝑩, demonstrating optimal performance at shorter wavelengths. 

4.5 Summary Table of Results 
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Table 3: Summary Table of Results 

Fiber Type Core Pitch (µm) 𝝀 (𝒏𝒎) ICXT (dB) 

Step-index 50 1310 –38 

Step-index 50 1550 –32 

Step-index 40 1550 –28 

Trench-assisted 50 1310 –48 

Trench-assisted 50 1550 –42 

Trench-assisted 40 1550 –38 

These results confirm the critical role of wavelength, core geometry, and fiber design in controlling ICXT. Trench-assisted and 
heterogeneous core designs are particularly effective in achieving low-crosstalk dual-core fibers suitable for high-capacity SDM 
systems. 

 

Figure 1. Inter-Core Crosstalk vs. Fiber Length for Step-Index and Trench-Assisted Dual-Core Fibers at 1310 nm and 1550 nm 



                     International Journal of Progressive Sciences and Technologies (IJPSAT) 
                     ISSN: 2509-0119.  
                     © 2026 Scholar AI LLC. 
        https://ijpsat.org/                                                            Vol. 56 No. 1 March 2026, pp. 274-284 

 
 

Vol. 56 No. 1 March 2026               ISSN: 2509-0119 282 

 

Figure 2. Inter-Core Crosstalk vs. Core Pitch for Step-Index and Trench-Assisted Dual-Core Fibers at 1310 nm and 1550 nm 

V. DISCUSSION 

5.1 Crosstalk Dependence on Fiber Length  

The results in Figure 1 illustrate the evolution of inter-core crosstalk (ICXT) along a 10 km dual-core fiber for both step-index 
and trench-assisted designs at 𝝀 =  𝟏𝟑𝟏𝟎 𝒏𝒎 and 𝟏𝟓𝟓𝟎 𝒏𝒎. Step-index fibers exhibit periodic oscillations in crosstalk due to 
coherent power transfer between cores, reaching –32 dB at 1550 nm, consistent with observations reported in [1] [4] [7]. In contrast, 
trench-assisted fibers demonstrate significantly suppressed oscillations, reducing ICXT by approximately 10 dB under identical 
conditions, as also observed in [3] [9] [13]. 

The wavelength dependence observed in Figure 1 confirms that longer wavelengths increase mode field diameter, enhancing 
evanescent overlap and increasing crosstalk [8] [14]. Step-index fibers show ICXT of –38 dB at 1310 nm and –32 dB at 1550 nm, 
while trench-assisted fibers maintain –48 dB and –42 dB respectively, demonstrating the robustness of trench-assisted designs 
across operational wavelengths [3] [12]. 

5.2 Crosstalk Dependence on Core Pitch 

The figure 2 highlights the effect of core-to-core spacing on ICXT for step-index and trench-assisted fibers at both 
wavelengths. Reducing the core pitch from 𝟓𝟎 µ𝒎 to 𝟒𝟎 µ𝒎 increases crosstalk from −𝟑𝟐 𝒅𝑩 to −𝟐𝟖 𝒅𝑩 at 𝟏𝟓𝟓𝟎 𝒏𝒎 in step-
index fibers, confirming the trade-off between fiber density and isolation [2] [5] [12]. Trench-assisted fibers exhibit a smaller 
increase (−𝟒𝟐 𝒅𝑩 to −𝟑𝟖 𝒅𝑩), demonstrating the trench’s effectiveness in mitigating pitch-induced coupling, as also noted in [3] 
[9] [13]. 

These findings are consistent with prior studies showing that core spacing and refractive index profile critically influence 
ICXT in multi-core fibers [6] [10]. The combination of trench-assisted design and optimized core pitch allows dense spatial 
multiplexing while maintaining low crosstalk, which is crucial for SDM applications [1] [11] [15]. 

5.3 Implications for Fiber Design 

Combining insights from figures 1 and 2: 

 Fiber length and wavelength govern coherent accumulation of crosstalk; shorter wavelengths and appropriate fiber lengths can 
reduce ICXT [7] [14]. 

 Core pitch significantly affects ICXT, with smaller pitches increasing coupling; trench-assisted fibers mitigate this effect [3] [9]. 
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 Trench-assisted and heterogeneous cores provide the most effective strategy for low-crosstalk operation in high-capacity SDM 
systems [2] [12] [15]. 

These observations provide practical guidelines for SDM fiber design, emphasizing the importance of integrating geometric 
optimization, refractive index engineering, and wavelength management to achieve low-crosstalk transmission. The quantitative 
results from this study offer actionable design parameters for long-haul and metropolitan SDM deployments, aligning with trends 
reported in the literature [1] [2] [10] [11] [14] [15]. 

VI. CONCLUSION 

This study systematically analyzed inter-core crosstalk (ICXT) in dual-core optical fibers, focusing on the effects of fiber 
length, wavelength, core pitch, and fiber design. Using coupled mode theory and numerical simulations, we quantified the ICXT 
for both step-index and trench-assisted fibers. The results show that crosstalk increases with wavelength due to mode field 
expansion, with step-index fibers reaching −𝟑𝟖 𝒅𝑩 at 𝟏𝟑𝟏𝟎 𝒏𝒎 and −𝟑𝟐 𝒅𝑩 at 𝟏𝟓𝟓𝟎 𝒏𝒎, while trench-assisted fibers reduce 
ICXT to –48 dB and –42 dB respectively. Reducing core-to-core spacing from 50 µm to 40 µm increases ICXT, but trench-assisted 
designs mitigate this effect by approximately 10 dB. Trench-assisted fibers effectively suppress coherent power transfer and 
oscillations, making them suitable for high-capacity space-division multiplexing (SDM) systems. Figures 1 and 2 demonstrate the 
influence of fiber length and core pitch on crosstalk, providing practical guidance for fiber design and SDM deployment. Overall, 
combining optimized core spacing, trench-assisted design, and careful wavelength selection enables low-crosstalk, high-density 
fiber systems, ensuring signal integrity over long-haul and metropolitan links. Future extensions could investigate heterogeneous 
multi-core fibers, bending-induced crosstalk, and temperature-dependent effects to further optimize SDM performance. This work 
confirms that careful fiber engineering is key to achieving scalable, reliable, and low-interference dual-core optical fiber systems. 

Abbreviations 

CMT: Coupled Mode Theory 

ICXT: Inter-Core Crosstalk 

MCF: Multi-Core Fiber 

SDM: Space-Division Multiplexing 

𝝀 : Wavelength 
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