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Abstract—In the present paper, a ring-core four-clad 

optical fiber of silica glass has been proposed. The fiber 

has been designed in such a way that a certain difference 

in refractive indices between consecutive layers can exist. 

The impact of changes in effective refractive index and 

difference in refractive index on the dispersion of the 

propagating signal, and phase constant is also 

investigated using the COMSOL 5.3a and Matlab 2018b 

software. It is discovered that this kind of structure 

provides a very less amount of multimodal loss. 

Index Terms—Ring core fiber, Mode coupling, 

dispersion, refractive index. 

I. INTRODUCTION 

Multimode fibers are used for high bit rates as these 

fibers can support multiple modes through a single 

core. Mode coupling is the process of energy transfer 

between neighboring modes during their propagation 

[1]. The transmission of light along the micro 

structured optical fibers is influenced by differential 

mode coupling, and modal attenuation [2]. Mode 

coupling is mostly induced by intrinsic random 

perturbations of the fiber, such as refractive index 

variations, micro bends, and stresses [3]-[5]. Mutual 

coupling between spatial modes is discovered to be a 

significant issue that severely restricts the 

performance of Mode Division Multiplexing (MDM) 

transmission, although the mixed and scrambled 

signals that arise can be retrieved by using multiple 

input multiple output (MIMO) based signal processing 

[6]. Few-mode optical fiber can suppress coupling 

between modes and eliminate the need for MIMO 

signal processing by having considerable variances in 

effective refractive indices between two neighboring 

modes[6]. It has been discovered that ring-core optical 

fiber can increase bandwidth while minimizing 

dispersion [7]. 

It has been observed from the present study that the 

confinement loss and its subsequent effects would be 

minimized due to changes in effective refractive indices 

and phase constants in different modes present in the 

ring core and cladding layers of the ring core four clad 

fiber. 

II. OPTICAL FIBER DESIGN 

A four-clad, ring-core multimode fiber has been 

created. Here, the first, second, third, and fourth 

layers, as well as the center and ring core, have 

refractive indices of n0 to n5 respectively. Here, the 

first, second, third, and fourth layers’ respective radii 

are r0 to r5, respectively. 

According to the Sellmeier equation [8], the refractive 

indices of the layers are n0=1 (air), n1=1.505, 

n2=1.465, n3=1.445, n4=1.425, and n5=1.405 for a free 

space wavelength of =1.55 m. Each layer's radius is 

listed below as follows: r0=2 m, r1=25 m, r2=30 m, 

r3=35 m, r4=40 m, and r5=45 m. 

III. THE PRINCIPLE PARAMETERS OF THE 

FIBER 

The normalized transverse propagation constants in 

a fiber vary with effective refractive index (neff) for a 

given frequency along the propagation direction z and 

the governing equations are as follow [9]: 

 

wx =ko r1√(neff
2 – nx

2)                         neff>nx        (1) 

 

ux =ko r1√(nx
2 – neff

2)                          neff<nx 

In fiber ux and wxare the normalized transverse 

propagation constants of optical fiber. 

Variation of effective refractive index neff between two 

adjacent modes for a changing wavelength (λ) is 

shown below. 
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Sl. No. λ( μm) neff 

1 1 1.504469 

2 1.1 1.504361 

3 1.2 1.504244 

4 1.3 1.504117 

5 1.4 1.503981 

6 1.5 1.503836 

7 1.6 1.503682 

8 1.7 1.50352 

Table1: Variation of effective refractive index neff 

between two adjacent modes for a changing 

wavelength (λ). 

Table 1 shows the variation of effective refractive 

index neff  modes of fiber for the core radius r1=25 μm 

with wavelength. It is seen from the graph that the 

value of neff modes decreases with an increase in the 

wavelength ofthe fiber. 

The propagation constant (β) of a mode in a fiber 

determines how the amplitude and phase of that light 

signal varies with a given frequency along the 

propagation direction z and the governing equations 

are as follow [9]: 

 

           β2=(k0nx)2-(ux/r1)2neff<nx, 

β2=(wx/r1)2+(k0nx)2neff>nx,                (2) 

Variation of Propagation constant with refractive 

index of fiber is shown below. 

 

Fig.1. Variation of propagation constant (β) with 

refractive index (nx) of LP01, LP02, LP03, and LP04 

mode. 

Figure 1 shows variation of propagation constant (β) 

with refractive index (nx) of core and cladding layers.  

The value of propagation constant (β) is found to 

remain constant for a linearly polarized mode, with the 

increase of refractive index of the fiber.  

Variation of Birefringence for a changing wavelength 

(λ) is shown below. 

Sl. No. λ ( μm) Birefringence 

1 1 1.65x 10-08 

2 1.1 3.68 x 10-08  

3 1.2 6.12 x 10-08  

4 1.3 1.21 x 10-08  

5 1.4 9.61 x 10-08  

6 1.5 7.14 x 10-08  

7 1.6 1.12 x 10-07 

8 1.7 1.15 x 10-07 

Table2: Variation of Birefringence for a changing 

wavelength (λ). 

The value of Birefringence is very low in the given 

fiber for a changing  wavelength (λ) is shown in table 

2. 

Dispersion is of a wave depends on its frequency and 

the mathematical formulation of dispersion can be 

given by [10]-[12]: 

     D(λ) = - (λ/c ) (d2n/dλ2)                    (7) 

Where c is the speed of lightand D(λ) is the 

waveguide dispersion of light in the fiber. 

Sl. No. λ 

( μm) 

Dispersion(ps/nm-km) 

1 1 -3.079x1011 

2 1.1 -3.430 x1011  

3 1.2 -3.782 x1011  

4 1.3 -4.140 x1011  

5 1.4 -4.511 x1011  

6 1.5 -4.876 x1011  

7 1.6 -5.257 x1011 

8 1.7 -640 x1011 

Table 3: Variation of Dispersion for a changing 

wavelength (λ). 

Table 3 depicts the dispersion D change with 

wavelength for various air hole diameters of 0.5, 1, and 
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https://en.wikipedia.org/wiki/Speed_of_light
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2 m. The graph shows that the dispersion initially 

drops relatively slowly as the wavelength increases, 

but after around 1.3 m, the dispersion rapidly 

decreases as the wavelength increases. For high speed 

fiber optic connection, it is desirable. 

Sl. No. λ 

( μm) 

Confinement 

Loss(dB/km) 

1 1.1 -2.82671x10-08 

2 1.2 4.56228x10-09 

3 1.3 -5.08602x10-09 

4 1.4 3.37392x10-09 

5 1.5 5.10477x10-10 

6 1.6 -6.9851x10-10 

7 1.7 -4.69281x10-09 

Table 4: Variation of Confinement Loss with a 

changing wavelength (λ). 

Confinement Loss of fiber varies with a changing 

wavelength (λ) is shown in Table 4. From the above 

table it can be interpreted that the value of confinement 

loss very less in the given structure. 

The mode coupling coefficient between mode m and 

m ́ is given by [13,14,15] the following formula: 

ij = R() |Kij
|2                                              (8) 

 
 With,  

R() = C mdl
  {1+( Lc)2p }                     (9) 

 
         C=[∫-∞+∞{1/(1+(ΔβLc)2p}dΔβ ]-1           (10) 
 

Kij=  (e/2j )∫0
∞ (∂n0/∂r)Ai Ajr ∂r            (11)  

 

Fig.2: Variation of Mode coupling co-efficient in m-1 

with Wavelength (λ) 

It can be seen from the above figure that with a 

changing value of neff=0.0002, 0.0004, 0.0006, 0.0008 

and 0.0012 the mode coupling co-efficient mm 

increases with the increase in wavelength. 

 

Fig. 3: Variation of Mode coupling co-efficientin m-1 

with propagation constant difference Δβ between two 

modes.  

Sl. No. λ 

( μm) 

Confinement 

Loss(dB/km) 

1 1.1 -2.82671x10-08 

2 1.2 4.56228x10-09 

3 1.3 -5.08602x10-09 

4 1.4 3.37392x10-09 

5 1.5 5.10477x10-10 

6 1.6 -6.9851x10-10 

7 1.7 -4.69281x10-09 

Table 4: Variation of Confinement Loss with a 

changing wavelength (λ). 

IV.RESULT AND DISCUSSION 

The variation of the mode coupling coefficient with 

respect to the propagation constant difference between 

adjacent two modes, for various values of the mode-

dependent dispersion loss function's standard 

deviation, mdl=.2,.4,.6,.8, and 1 is depicted in Figure 

3. The graph shows that the mode coupling coefficient 

will decrease as the difference in propagation constant 

between modes grows. 

Confinement Loss of fiber varies with a changing 

wavelength (λ) is shown in Table 4. From the above 
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table it can be interpreted that the value of confinement 

loss is very less in the given structure. This low 

amount of multimodal loss and confinement loss in the 

proposed study will result into lower value of fiber loss 

in fiber optic communication network. 

V. CONCLUSION 

The current work has demonstrated that increasing the 

propagation constant and effective refractive index 

differences between the adjacent modes will result in 

a reduction in multimodal loss and crosstalk in fiber. 

The fiber's multi-modal dispersion loss will be 

minimised by the lower power coupling between 

adjacent propagating modes. 

REFERENCE 

 

[1] Savović, Svetislav& Li, Linqing & Savović, 

Isidora & Djordjevich, Alexandar& Rui, Min. 

(2022). Treatment of Mode Coupling in Step-

Index Multimode Microstructured Polymer 

Optical Fibers by the Langevin Equation. 

Polymers.14.1243(7pp).10.3390/polym1406124

3. 

[2] Berganza, A.; Arrospide, E.; Amorebieta, J.; 

Zubia, J.; Durana, G. Fabrication Quality 

Assessment Based on the Coupling of a Dual-

Core Microstructured Polymer Optical Fiber. 

Sensors 2021, 21, 7435. 

 [3] Savovi´c, S.; Kovaˇcevi´c, M.S.; Drljaˇca, B.; 

Simovi´c, A.; Kuzmanovi´c, L.; Djordjevich, A. 

Power flow in multimode step-index plastic 

photonic crystal fibers. Optik 2021, 247, 167868.  

[4] Jiang, G.; Shi, R.F.; Garito, A.F. Mode coupling 

and equilibrium mode distribution conditions in 

plastic optical fibers. IEEE Photon. Technol. Lett. 

1997, 9, 1128–1130. 

[5]Garito, A.F.; Wang, J.; Gao, R. Effects of random 

perturbations in plastic optical fibers. Science 

1998, 281, 962–967; 

[6]  Richardson, D.J. &Fini, John & Nelson, Lynn. 

(2013). Space Division Multiplexing in Optical 

Fibres. Nature Photonics. 7. 354-362. 

10.1038/nphoton.2013.94.  

 [7]Mahmood Sifouri, Mohmmad Mehdi 

Karkhanehchi, SohranRohani, “Design of Multi-

Layer Optical Fiber with Ring Refractive  Index 

to Reduce Dispersion and Increase Bandwith in 

Broadband Optical Networks”, ETASR-

Engineering, Technology & Applied Science 

Research, Vol. 2, No. 3, 2012, 216-220. 

 [8]Brückner, Volkmar. (2014). To the use of 

Sellmeier formula.Elements of optical 

networking basics and  practice of optical 

communication Bruckner. V.2011,X,194P,217 

illus. ISBN: 978-3-8348-1302-2 

 [9]S. García and I. Gasulla, "Universal Characteristic 

Equation for Multi-Layer Optical Fibers," 

in IEEE Journal of Selected Topics in Quantum 

Electronics, vol. 26, no. 4, pp. 1-11, 2020, Art no. 

4300111, doi: 10.1109/JSTQE.2020.2996375 

 [10] Ghatak, Ajoy (2017), Optics (6th edition), ISBN 

978-93-392-2090-7. 

 [11] Geng Z, Wang N, Li K, Kang H, Xu X, Liu X, et 

al. (2020) A Photonic crystal fiber with large 

effective refractive index separation and low 

dispersion. PLoS ONE 15(5): e0232982. https:// 

doi.org/10. 1371 /journal.pone.0232982 

[12] Fahad Ahmad Al-Zahrani, Kawsar Ahmed, 

       Novel design of dual guided photonic crystal fiber 

for large capacity transmission in high-speed 

optics communications with supporting good 

quality OAM and LP modes,Alexandria 

Engineering Journal,Volume 59, Issue 

6,2020,Pages 4889-4899,ISSN 1110-0168 

[13] X. Jin et al., "Mode Coupling Effects in Ring-

Core Fibers for Space-Division Multiplexing 

Systems," in Journal of Lightwave Technology, 

vol. 34, no. 14, pp. 3365-3372, 15 July15, 2016, 

doi: 10.1109/JLT.2016.2564991 

[14] R. Olshansky, "Mode Coupling Effects in 

Graded-Index Optical Fibers," Appl. Opt.  14, 

935-945 (1975). 

[15] D. Marcuse, “Derivation of coupled power               

equations”, Bell Syst. Tech. J., vol. 51, no. 1, pp. 

229-237, January 1972 

 


