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Abstract—Analysis of crosstalk in multicore fiber using trench assisted technique. To reduce the crosstalk between the 

cores in the fiber the coupled mode theory and coupled power theory are adopted for crosstalk estimation and considering 

different design parameters such as core pitch, bending radius and wavelength to optimize the crosstalk performance. The 

homogeneous fiber which works under single mode operation has been considered. The study of performance by varying 

the trench width is also analysed. Crosstalk variation in outer cores and center core of the fiber is studied. And the study 

of variation of crosstalk with 5 different core radius has been done. The numerical simulation results of crosstalk behavior 

over bending radius, wavelength and trench width is obtained. 

Keywords—Trench Assisted technique, Multicore fiber, Coupled power theory, Coupled mode theory. 
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I. INTRODUCTION 
 

In a single mode fiber with single core, the transmission capacity is restricted to nearly hundred Tbit/s. Then the introduction of 

Multi-core fiber came into existence to meet the current capacity crunch with multiple number of cores[1,2]. The increment in the 

number of cores provides it available to travel more modes, that enhances the transmission capacity, but alternatively creates 

interference of modes with one other. The availability of  more number of core in a one cladding region can create sight of 

crosstalk between cores called intercore crosstalk (IC-XT). The intercore Crosstalk is analyzed using the two analytical approach 

called as coupled mode theory(CMT) and coupled power theory(CPT) [3]. The low interference is achieved by considering some 

modifications in the design parameters. Trench assisted technique is a method of deploying trench around the core which has 

lower refractive index than that of core and clad. The trench here is co-doped fluorine with silica[4]. Trench assisted technique is a 

better way to decrease the coupling between the adjacent cores in  multi core fiber. As the trench around the core will reflect back 

the light signal into core avoiding the interference with the signal in adjacent core.  The fiber with 9-cores is considered for the 

design with trench with 7µm. To obtain crosstalk value less than value in contrast with the previously given intercore crosstalk 

value with trench width 4.5µm and 6µm [5,6]. The study of Crosstalk impact on change in bending radius, core pitch,trench 

width, wavelength and different core sizes are obtained[14]. For reducing the electric field interference between the cores, several 

high-confinement of core designs and structures have been produced in Multicore fiber studies. Such as a small diameter and 

high-index  small core structure is one of the option available. Air holes or Refractive index trench is other available method. 

Depressed cladding structure. Among them, the trench assisted core configuration have been mostly utilized for the Multicore 

fiber design, because of its better optical characteristics and fiber fabrication and splicing ease. The mismatch of phase between 



the cores can reduce or lower the crosstalk between the cores. Although, because of the flexibility and length of the optical fiber 

with multiple core in single cladding, we should take note of numerous longitudinal perturbations [7-10]. Particularly, the twists 

and bends of the Multicore fiber has huge effect on the propagation constants of the Multicore fiber cores [11-13]. The CMT and 

CPT has been applied to evaluate in terms of average crosstalk. The fiber works under single mode condition with homogeneous 

structure for the application of long-haul communication [14-16]. 

 

II. PROPOSED DESIGN 
 

The fiber has 9-cores in the design with eight Cores in the outer ring arrangement and one core at the middle. By considering the 

long-haul communication the fiber is a homogeneous fiber which works under the single mode operation. Firstly the Core 

diameter and cladding diameter are opted as 9µm and 125µm. With 4.5µm as core radius. After which the study is done with 

different core sizes varying from 6µm to 10µm. The core refractive index, Cladding refractive index, and Trench refractive index 

of trench assisted fiber is denoted as n0, n1 and n2. Whereas the core-clad relative refractive index and clad-trench relative refractive 

index are denoted as ∆1 and ∆2,  a1 is core radius and a2 is separation from core center to trench inner edge and a3 is the separation 

from core center to trench outer edge. ‘ᴧ’ is the Core pitch which is the distance between two adjacent Cores. For purpose of study 

of interference or crosstalk between Cores, the fiber length is assumed to be hundred kilometer (L) and 1550nm as propagation 

wavelength (λ). Trench Width (Wt) is considered equal to radius of the core at first and then compared with increasing the trench 

width to 7µm. d1 is the separation between middle core to any core at the outer ring arrangement and d2 is separation between any 

two neighboring cores in outer ring.  

 

                                                      
 

Figure 1: Step-index refractive index profile.                                 Figure 2: Trench assisted refractive index profile. 
 
 

 
                                

Figure 3: Cross-section view of MCF with 9-cores 
                             
  



III. ANALYSIS OF CROSSTALK 
 

Crosstalk between two nearby cores in multicore fiber is a major issue because of the incorporation of many cores in single 

cladding of the Fiber. Crosstalk between two adjacent core is given in terms optical signal power, as optical power passing through 

one of the core is coupled or interfered with power in adjacent core at the time of transmission. IC-XT between neighboring cores is 

given as[1][2], 

                                                      𝑋𝑇(𝑑𝐵) = 10 𝑙𝑜𝑔 -./. 0        (1) 

Here 𝑃2 & 𝑃 are optical power outputs from input core 𝑞 and adjacent core 𝑝. We have to consider various longitudinal 

perturbations due to flexibility and the length of the fiber. In the multicore fiber especially the twists and bends have large impact 

propagation constants of the core. The CMT and CPT have been applied to evaluate the average Crosstalk[2][10]. 

To estimate Crosstalk of a step index structure, the calculation of mode Coupling Coefficient has been done, 

𝑘672 = 89:
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-V number decides the modes propagating in the fiber.  

-β is called propagation constant.  

-K denotes wave number.  

-Wavelength of light in vaccum is denoted as ‘λ’.  

-𝐾L(𝑊L)& (𝑊N) modified bessel function of 2nd kind with 1st order and 2nd order.  

-‘ᴧ’ separation between two core i,e Core pitch. 

 

For trench assisted fiber it can be evaluated similarly. The size of the 1st cladding and trench not much larger, Coupling-coefficient 

of mode can be determined by the following approach, 

𝑘6[22 = √]√9L
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Now that we have an approach to estimate the MCC (Mode Coupling Co-efficient) between two neighboring Cores. The expression 

or formula for mean crosstalk between the cores can be estimated by, 

                                            𝑋𝑇n = NAo7> pq
rE ⋅ 𝐿            (4) 

 

𝑋𝑇𝜇	is the average crosstalk. 𝑘6[ is the coupling coefficient. 𝑅v is the bending radius. 𝛬 is core pitch. L is the fiber length. 

 

 

IV. DESIGN PARAMETERS 
   



PARAMETER VALUE UNIT 

Core radius (𝑎L) 4.5 [later 3 to 5µm] µm 

Clad Diameter (CD) 125 µm 

Core Refractive index (𝑛L) 1.4551 - 

Clad refractive index (𝑛S) 1.45 - 

Trench refractive index (𝑛N) 1.43743 - 

Relative refractive index of core-clad (𝛥L) 0.35 % 

Relative refractive index of clad-trench (ΔN) -0.35, -0.70, -1.40 % 

Fiber length (L) 100 Km 

Wavelength (λ) 1550 Nm 

Pitch (ᴧ) 40 µm 

Trench width (𝑤z) 4.5,7 µm 

 
 
 

V. SIMULATION RESULTS 
 

Considering the design parameters, the numerical simulation has been carried out using the MATLAB software. The crosstalk 

variation has been analyzed for different value of fiber bending radius and different for different wavelengths has been studied for 

trench width 4.5µm and compared for fiber with trench of 7µm. The figure 4 and figure 5 gives the variation of crosstalk to 

change in bending radius at outer cores and inner core with trench width 4.5µm. The figure 6 and 7 shows the variation of 

crosstalk to change in wavelength with trench width 4.5µm. The figure 8 and 9 gives the variation of crosstalk to change in 

bending radius at outer cores and center core with trench width 7 µm. Similarly, the figure 10 and 11 shows the comparison of 

variation in crosstalk to change in bending radius with trench width 7µm. 

 

A. simulation of crosstalk versus bending radius 

 

 



Figure 4: The relation between crosstalk and bending radius at outer cores. 

The variation of crosstalk over different trench values has been noted. With the increase in bending radius the XT increases 

however the simulated results for fiber with trench width 4.5µm shows the behaviour of fiber with variation in bending radius. 

The crosstalk varies for without trench from 10 to 17dB, for trench with ΔN{-0.35%the crosstalk varies from -39 to -34dB, for 

trench  with  ΔN =-0.70%, crosstalk varies from -52 to -48dB and for trench with ΔN =-1.40% crosstalk varies -62 to -58 dB. 

 

 

 

B. crosstalk versus bending radius at inner core 

 

 

Figure 5:  The relation between crosstalk and bending radius at inner core. 

The variation of crosstalk over different trench values has been noted. With the increase in bending radius the XT increases 

however the simulated results for fiber with trench width 4.5µm shows the behaviour of fiber with variation in bending radius. 

The crosstalk varies for without trench from -15 to -10dB, for trench with ΔN − 0.35% the crosstalk varies from -56 to -51dB, for 

trench  with  ΔN =-0.70%, crosstalk varies from -65 to -61dB and for trench with ΔN =-1.40% crosstalk varies -72 to -66dB. 

C. crosstalk versus wavelength at outer core 



 

             Figure 6:  The relation between wavelength in µm and crosstalk in cores at outer ring of the fiber. 

The variation of crosstalk over different trench values has been noted. With the increase in wavelength the XT increases, the 

simulated results for fiber with trench width 4.5µm shows the behaviour of fiber with variation in wavelength. The crosstalk 

varies for without trench from 21.74 to 25dB, for trench with ΔN − 0.35% the crosstalk varies from 1.19 to -0.9dB, for trench  

with  ΔN =-0.70% crosstalk varies from -12 to -10dB and for trench with ΔN =-1.40% crosstalk varies -34.07 to -32 dB. 

D. crosstalk versus wavelength at inner core 

 

Figure 7: The relation between wavelength in µm and crosstalk at inner core, with core pitch. 

The variation of crosstalk over different trench values has been noted. With the increase in wavelength the XT increases, the 

simulated results for fiber with trench width 4.5µm shows the behaviour of fiber with variation in wavelength. The crosstalk 



varies for without trench from 2.45 to -1.9dB, for trench with ΔN − 0.35% the crosstalk varies from -22.8 to -20dB, for trench  

with  ΔN =-0.70% crosstalk varies from -36.8 to -34dB and for trench with ΔN =-1.40% crosstalk varies -58 to -55 dB. 

E. Crosstalk versus bending radius at outer cores with trench width 7µm 

 

Figure 8: The relation between XT and bending radius at outer cores for Wt=7µm. 

The variation of crosstalk over different trench values has been noted. With the increase in bending radius the XT increases 

however the simulated results for fiber with trench width 7µm shows the behaviour of fiber with variation in bending radius. The 

crosstalk varies for without trench from 10 to 14dB, for trench with ΔN − 0.35% the crosstalk varies from -51.4 to -46.9dB, for 

trench  with  ΔN =-0.70%, crosstalk varies from -63.1 to -58.2dB and for trench with ΔN =-1.40% crosstalk varies -79.8 to -

74.6dB.The crosstalk has been improved from 10dB to -79.8dB at outer cores with trench width 7µm. 

F. Crosstalk versus bending radius at inner core with trench width 7µm. 

 

Figure 9: The relation between XT and bending radius at center core for Wt=7µm. 



The variation of crosstalk over different trench values has been noted. With the increase in bending radius the XT increases 

however the simulated results for fiber with trench width 7µm shows the behaviour of fiber with variation in bending radius. The 

crosstalk varies for without trench from -15 to -10dB, for trench with ΔN − 0.35% the crosstalk varies from -72.1 to -66.9dB, for 

trench  with  ΔN =-0.70%, crosstalk varies from -80 to -75dB and for trench with ΔN =-1.40% crosstalk varies -99.3 to -

94.5dB.The crosstalk has been improved from -15dB to -99.3dB at center core with trench width 7µm. 

G. Comparison of Crosstalk vs bending radius at outer core with trench width 4.5 and 7µm. 

 

Figure 10: Shows the comparison of behavior of XT with variation in bending radius for Wt=4.5 and 7µm at outer cores. 

The graph shows the comparison of crosstalk in TA-MCF with two different trench width values such as Wt=4.5µm and 7µm at 

outer cores in the structure. Where the fiber with trench width 7µm shows the lower crosstalk performance compared to fiber with 

trench width 4.5µm. The maximum of -79.8dB is achieved with 7µm whereas it is -62dB for 4.5µm at outer cores. 

 

H. Comparison of Crosstalk versus bending radius at center core with trench width 4.5 and 7µm 

 

Figure 11: Shows the comparison of behavior of XT with variation in bending radius for Wt=4.5 and 7µm at inner core. 



The graph shows the comparison of crosstalk in TA-MCF with two different trench width values such as Wt=4.5µm and 7µm at 

inner core in the structure. Where the fiber with trench width 7µm shows the lower crosstalk performance compared to fiber with 

trench width 4.5µm. The maximum of -99.3dB is achieved with 7µm whereas it is -72dB for 4.5µm at center core. 

The different core sizes has been considered namely C1,C2,C3,C5 and C5. To study the performance of crosstalk by considering 

different core radius and find the best core size for trench assisted technique. Therefore C1=5µm, C2=4.5µm, C3=4µm, 

C4=3.5µm and C5=3µm. And the study has been done with respect to bending radius, wavelength and trench width. 

I.simulation of crosstalk versus bending radius for different core sizes at -0.70% trench depth 

 

Fig 13: The crosstalk increases with increase in bending radius at trench depth -0.70%. 

 

 The above graph shows the comparison of crosstalk of different core sizes with bending radius at -0.70% relative refractive 

index for C1, C2, C3, C4 and C5. The maximum of  -53dB for C1 and minimum of -110dB for C5 has been obtained. 

  J.simulation of crosstalk versus bending radius for different core sizes at -1.40% trench depth 

 

Fig 14: The crosstalk increases with increase in bending radius at trench depth -1.40%. 

 



The above graph shows the comparison of crosstalk of different core sizes with bending radius at -1.40% relative refractive 

index for C1, C2, C3, C4 and C5. The maximum of  -79dB for C1 and minimum of -140dB for C5 has been obtained.  

 

K.simulation of crosstalk versus wavelength for different core sizes at -0.70% trench depth 

 

 

Fig 15: The crosstalk increases with increase in wavelength at trench depth -0.70%. 

 

The above graph shows the comparison of crosstalk of different core sizes with wavelength at -0.70% relative refractive index 

for C1, C2, C3, C4 and C5. The maximum of  -50dB for C1 and minimum of -115dB for C5 has been obtained.  

 

L.simulation of crosstalk versus wavelength for different core sizes at -1.40% trench depth 

 

Fig 16: The crosstalk increases with increase in wavelength at trench depth -1.40% 



The above graph shows the comparison of crosstalk of different core sizes with wavelength at -1.40% relative refractive index for 

C1, C2, C3, C4 and C5. The maximum of  -75dB for C1 and minimum of -138dB for C5 has been obtained.  

M. Simulation of crosstalk with respect to trench width 

 

 

Fig 17: With the increase in trench width the crosstalk decreases 

The above graph shows the comparison of crosstalk of different core sizes with trench width for C1, C2, C3, C4 and C5. The 

maximum of  -14dB for C1 and minimum of -85dB for C5 has been obtained 

COMPARISON OF RESULTS 

PARAMETERS 

 

C1 (5µm) 

 

C2(4.5µm) 

 

C3(4µm) 

 

C4(3.5µm) 

 

C5(3µm) 

 

Bending Radius(Rb) 
at -0.70% 

 

-53 to -41 dB 

 

-65 to -59 dB 

 

-79 to -69 dB 

 

-91 to -82 dB 

 

-110 to -99 dB 

 

Bending Radius(Rb) 
at -1.40% 

 

79 to -69 dB -91 to -82 dB 

 

-101 to -93 dB 

 

-119 to -109 dB 

 

-140 to -130 dB 

 

Wavelength(λ) at -
0.70% 

 

-50 to -41 dB 

 

-63 to -56 dB 

 

-72 to -63 dB 

 

-95 to -83 dB 

 

-115 to 106 dB 

 

Wavelength(λ) at -
1.40% 

 

-75 to -62 dB 

 

-82 to -79 dB 

 

-97 to -85 dB 

 

-117 to -106 dB 

 

-138 to -127 dB 

 

Trench width (Wt) 

 

-14 to -44 dB 

 

-24 to -50 dB 

 

-35 to -54 dB 

 

-60 to -80 dB 

 

-85 to -128 dB 

 

 

 



VI. CONCLUSION 

The design of multicore fiber with trench assisted technique has been proposed. The simulation is done through MATLAB 

software. The simulation results exhibits the variation in crosstalk with respect to variation in bending-radius and wavelength for 

the trench width 4.5µm and 7µm. The behavior of crosstalk is to be studied with variation in core pitch and trench width. And 

then the different core sizes are taken. The results exhibits the variation in crosstalk with respect to variation in bending-radius, 

wavelength and trench width. The ultralow crosstalk (less than –100 dB per 100 km) can be realized through the proposed core 

structures C4 and C5 mainly due to the suitable selection of ∆1 and core radius which can be used for short reach communication 

whereas the C3 core will be more suitable suitable long haul communication with less crosstalk. To analyze the relatively low 

crosstalk the trench assisted method has been showing better performance compared to other techniques such as depressed 

cladding and standard single mode fiber. And the fiber shows improved performance with trench width 7µm compared to previous 

study of trench width with 4.5µm and 6µm[2].The fiber can be used in the applications of long-distance communication, medical 

applications, etc. 
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Figures

Figure 1

Step-index refractive index pro�le.

Figure 2

Trench assisted refractive index pro�le.



Figure 3

Cross-section view of MCF with 9-cores

Figure 4

The relation between crosstalk and bending radius at outer cores.



Figure 5

The relation between crosstalk and bending radius at inner core.

Figure 6



The relation between wavelength in µm and crosstalk in cores at outer ring of the �ber.

Figure 7

The relation between wavelength in µm and crosstalk at inner core, with core pitch.



Figure 8

The relation between XT and bending radius at outer cores for Wt=7µm.



Figure 9

The relation between XT and bending radius at center core for Wt=7µm.



Figure 10

Shows the comparison of behavior of XT with variation in bending radius for Wt=4.5 and 7µm at outer
cores.

Figure 11

Shows the comparison of behavior of XT with variation in bending radius for Wt=4.5 and 7µm at inner
core.



Figure 12

The crosstalk increases with increase in bending radius at trench depth -0.70%.



Figure 13

The crosstalk increases with increase in bending radius at trench depth -1.40%.

Figure 14

The crosstalk increases with increase in wavelength at trench depth -0.70%.



Figure 15

The crosstalk increases with increase in wavelength at trench depth -1.40%



Figure 16

With the increase in trench width the crosstalk decreases


