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 Abstract—Analysis is presented for an optical communication 
channel using seven core homogeneous Multicore Optical Fiber 
(MCF) considering the effect of coupling among the cores. The 
crosstalk due to inter-core coupling affects the performance of 
the channel in terms of Bit Error Rate (BER). Analysis is further 
extended to find the output of the MCF with given signal power 
taking into consideration the crosstalk with varying core to core 
distance (pitch), core radius and relative refractive index 
contrast at a given data rate in terms of Signal to Cross Talk plus 
Noise Ratio (SCNR). The outcome of this research work will be 
useful to design and implement optical communication systems 
using MCFs to enhance transmission channel capacity. 

 

 Index Terms—Multicore Optical Fiber (MCF), Crosstalk, Bit 
Error Rate (BER), Coupling Coefficient, Signal to Crosstalk plus 
Noise Ratio(SCNR) 

I. INTRODUCTION 
 

The extraordinary demand for the huge potential of 
applications of Multi-core Optical Fiber (MCF) in the fields of 
long-haul communication links, data centres and passive 
optical networks has drawn considerable attention of 
researchers in the recent pasts [1]-[3]. The most authentic 
transmission medium is optical fiber for expeditious out 
giving information. MCF is the latest surprise of technology in 
optical fiber communication [4]. In MCF transmission in 
between the adjacent cores, the mode coupling distorts the 
signal waveform and limits the transmission execution. 
Extensive research works have been done on MCFs for their 
use in optical communications and optical fiber sensors [4]-[5] 
etc. The most important issue peculiar to MCFs is to reduce 
the inter-core crosstalk. A coupled-mode theory (CMT) and a 
coupled-power theory (CPT) have been introduced to estimate 
the inter-core crosstalk in MCFs [1]. Two types of crosstalk 
are detected in MCF. They are: intra crosstalk and inter 
crosstalk. Intra core crosstalk is occurred due to the coupling 
between the fiber modes within each core caused by the fiber 
deficiency such as index swerving , bends, and twist and the 
inter core crosstalk is caused by the mode coupling between 
the adjacent cores[6]-[10].  
 
In this paper we have analyzed the coupling coefficient which 
measures the crosstalk caused by inter-core coupling in the 
homogeneous MCF. If all the cores have same pitch (core to 
core distance), same refractive index and same radii (core 
radius), it is called a Homogeneous MCF. The crosstalk power 
and performance deterioration in terms of Bit Error Rate 
(BER) in an optical communication link of homogenous seven 
core MCF have also been evaluated and presented in this 
paper. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1550 nm is divided into seven outputs and connected with 
TMC [10]. Avalanche Photo Diode (APD) is used as the 
receivers. The Amplifier (AMP), Equalizer (EQ) and Low 
Pass Filter (LPF)are used for its normal function at the 
receiving end. Here we used the homogenous MCF in which 
all cores have same radius of 4.5 micrometre and pitch is 
considered 38 micrometre and cladding index is 1.4573 unless 
some parameter is changed for analysis [8]. 
 
 

II. SYSTEM MODEL 
 

Fig.2 shows a multicore fiber communication link composed 
of seven core homogenous multi core fiber. Some Tapered 
Multicore Optical Fiber Connector (TMC) is used for 
coupling the cores. A stable laser source Distributed Feed 
Back Laser Diode (DFBLD) at 1550 nm is divided into seven 
outputs and connected with TMC [10]. Avalanche Photo 
Diode (APD) is used as the receivers. The Amplifier (AMP), 
Equalizer (EQ) and Low Pass Filter (LPF) are used for its 
normal function at the receiving end. Here we used the 
homogenous MCF in which all cores have same radius of 4.5 
micrometre and pitch is considered 38 micrometre and 
cladding index is 1.4573 unless some parameter is changed for 
analysis [8]. 
 

 

Fig. 1. Homogeneous 7-Core MCF Structure 
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Fig.2. Block diagram of a MCF Communication Link 

 

 
 

III. ANALYSIS OF COUPLING COEFFICIENTS AND 
CROSSTALK 

 
Considering a MCF which has n non-identical cores (labeled 
core 1, 2… n) arbitrarily attached near the center of the 
cladding. The pth core is identified by its radius and refractive 
index ap and n1p respectively while the cladding has a 
refractive index of n2.Considering that each core only supports 
the LP01 fundamental mode and we express the amplitude of 
the LP01 mode of the pth core as Ap(z). The synchronous 
mode coupling between all the cores of a MCF is conducted 
by a set of coupled mode equation which can be written in a 
matrix form as [1] 
 

 ( )
( )

z
d z

dz
= −CA

A
                                 (1) 

  

21, ( ) [ ... ( )]( ) ( ). T
nwhere z A A zz A z=A is a column vector 

and T denotes the transpose, z is the direction of propagation 
and C is a n × n matrix with elements Cpq  given by 
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0
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Where βp represents the propagation constant for the LP01 
mode of core p. The coupling Coefficient (Cpq) is a measure of 
the special overlapping of the mode fields of core p and q over 
the cross-sectional area of core q [1]. 
 
Here we assume for a seven core homogenous MCF with     
Δp = Δ for all p that is same relative index contrast for each 
core of the seven core MCF. The coupled mode equations are 
given by equation (1) with the matrix [1]. 
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Where the off-diagonal zeros correspond to pairs of cores 
assumed to have negligible coupling due to large inter-core 
distances [1], [3]. 
And the couple mode equations are given below, 
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1K W a U a Wp p q q p
−+                 (3)      

Where J1, I1 and K1 are the Bessel function of the first kind 
and the modified Bessel functions of the first and second 
kinds of order one respectively and dpq is the distance pitch 
between the centers of core p and q.  
When light is launched into core1 which is center core, i.e. A1 
(0) = 1and Ap (0) = 0 for P≠1, analytical solution for the mode 
amplitude at distance z are obtained as [1] 
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This is the signal which is found at the end of the multicore 
fiber. 
The transmitted signal is given by [6] 
 

( ),0
jw tcE E e

p o
t =

      ;    when z=0               (6) 
 
The signal at a distance z is given by [6] 
 

( ),

p

jw t j zc pE t z E e ep o
β−=

                (7) 
 
Due to crosstalk, signal of pth core will also enter the other 
remaining cores. So the signal in qth core is given by  
 

( ), ;qc
q o

j zjw tE t z E q pe e β−= ≠   (8) 
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The total crosstalk signal is formed by the signal passing 
through all qth cores except pth core. 
 

( ) ( )
1

, , ;
M

qC T
q

E t z E t z q p
=

= ≠   (9) 

 
Now signal at 1st core at z distance is given by [4].  
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So, when input light signal is given to core 1, i.e. A1 (0) = 1 
and Ap (0), p ≠ 1, then from equation (10) signal power (Pr) 
and crosstalk power (PCT) for core 1 can be obtained as under  
 

  ( ) ( ) ( )2 2 2
1 1 10 cos sinrP E z zβ β= +  

Or, ( ) 2
1 0rP E=      (11)  

and 

CTP = ( ) ( ) ( ) ( )2 21 3 310 cos 0 cos ...E C z E C z+ + +  
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              ( ) ( ) ( ) ( )3 31 7 710 sin ... 0 sinE C z E C z+ +  (12)                               

  
Where, 21 31 71, ........C C C  are the coupling coefficients 
between cores. 
 
So from equation (11) and (12) signal to crosstalk ratio can be 
calculated. 
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Eventually signal current is obtained and that is given by 

( ) 2

r d qI t R E=                                        (14) 

 
 
Where, Rd is the responsivity of the photodiode. 
And the crosstalk current can be found as following, 
 

( ) 2
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2
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the received optical signal with crosstalk at the input of the 
photo detector at a given distance z from the transmitter is 
given by [4] 

 

( ) ( ) ( ) ( ), 2 2r r CT
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j w t zjw te t z GP z P ze e
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Where, G is the gain of the optical pre-amplifier. 
 
 
 
The photo current at the output of the photo detector can be 
expressed as: [4] 
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Where, PASE is the spontaneous emission power 
the pre-amplifier is followed by photo detector and the 
Current at the output of pre amplifier is given by 
 

( ) ( ) ( ) ( ) ( ) ( ).o sig CT ASE shot thI t I z G I t I t I t I t= + + + +                          
 
Where, Ith(t) is the thermal noise due to preamplifier. 
The variance of the noise components can be expressed as [4]  
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where σshot, σCT, σth are the shot noise, crosstalk noise, and 
thermal noises respectively. Rd, nsp, h, Ƴ are the receiver 
responsibility, spontaneous emission factor, planks constant 
and frequency of light wave respectively. B is the bandwidth 
of optical amplifier and B is the electrical bandwidth of the 
receiver. Then the electrical signal to crosstalk plus noise ratio 
at the output of low pass filter is given by 

2 2

2 2 2 2

.sig

shot CT ASE th

I G
SCNR

σ σ σ σ
=

+ + +        (18) 

 
, . & .CT d CT sig d sigwhere I R P I R P= = .Now, for the direct 

detection system the BER can be evaluated from 
 

0.5
2 2
SCNR

BER erfc=                                                (19) 

 
Where, erfc  is complimentary error function. 
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IV. RESULT AND DISCUSSION 
 

From equation (5), the wave shape of the mode power when 
light launched into core 1 of the homogeneous seven core 
MCF is shown in Fig.3 It is seen that the mode power in 
various cores are periodic in propagation distance, z. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The relationship between coupling coefficient (Cpq) and 
relative refractive index difference (Δ %) in a homogeneous 
seven-core MCF is determined and shown below in Fig.4 and 
Fig.5. These two figures show that the coupling coefficient 
decreases with the increase of the index contrast. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4 shows that the coupling coefficient is inversely 
proportional to the index contrast and when we increase the 
core radii , coupling coefficient (Cpq) increases at the same 
index contrast. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 also shows that the coupling coefficient is inversely 
proportional to the index contrast and when we increase the 
pitch, coupling coefficient (Cpq) decreases at the same index 
contrast. 

The relationship between coupling coefficient (Cpq) and Pitch 
(dpq) while varying the index contrast in a homogeneous 
seven-core MCF is determined and shown below in Fig.6 The 
figure shows that the coupling coefficient is inversely 
proportional to the Pitch as well as the index contrast. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Fig.6 shows that the coupling coefficient is inversely 
proportional to the Pitch as well as the index contrast and 
when we increase the index contrast, coupling coefficient (Cpq) 
decreases at the same pitch. 
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Fig.3. Propagation dynamics for a seven core MCF which 
refractive index contrast=0.39%, and a = 4.5 µm, dpq= 38 µm  
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Fig.4. Plot of Coupling Coefficient as a function of Relative Index 
difference (del) with varying core radii (ap) from 4µm to 5µm in a 
homogeneous seven-core MCF, where pitch,  dpq= 38 µm, cladding 
index n2 = 1.4573. 

Fig.5. Plot of Coupling Coefficient as a function of Relative Index 
difference (del) with varying pitch (dpq) from 36µm to 38µm in a 
homogeneous seven-core MCF, where core radii, ap = 4.5 µm, 
cladding index n2 = 1.4573. 
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Fig.6. Plot of Coupling Coefficient as a function of Pitch in a 
homogeneous seven-core MCF with varying index contrast, where pitch 
dpq= 38 µm, cladding index n2 = 1.4573 and the identical core radii apq = 
4.5 µm.    
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The Signal to Noise Ratio (SNR) and Signal to Crosstalk 
Noise Ratio (SCNR) curves with respect to various input 
signal power at various propagation distance in the seven-core 
homogeneous MCF are shown in Fig.7 and Fig.8 below 
respectively: 
 
 
 

 

 

 

 

 

 

 

 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparing  Fig.7 and Fig.8  we observed that the Signal to 
Noise Ratio decreases with adding the crosstalk power.  
 
The BER curves with respect to various input signal power at 
various propagation distance, with crosstalk power and 
without crosstalk power in the seven-core homogeneous MCF 
are shown in Fig.9 and Fig.10 respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above figure (Fig.9 and Fig.10) shows that BER increases 
after adding crosstalk power and more input power is required 
for longer distance to cover with same crosstalk power. 

 

   V .CONCLUSION 
In this paper an analytical derivation of crosstalk power due to 
coupling among the cores in a seven core homogeneous MCF 
has been done. In doing so, the coupling coefficients between 
cores due to varying geometry of core pitch, core radius and 
relative index contrast have been determined using an 
established mathematical model.  Analysis of performance of 
the MCF communication link due to crosstalk has also been 
carried out in terms of BER, and presented in this paper. It is 
noticed that significant amount crosstalk occurs due to 
coupling between cores for which system may suffer. So for 
Improving the performance of channel this lower coupling 
coefficient is better option for further work in optical network. 
The outcome of this research will find its application to find 
ways to design multicore fiber system to a great extent in 
optical communication and to enhance the capacity of 
channels. 

 

Fig. 7. SNR vs Input Power (varying propagation distance from 100 km to 
400 km) with diff index contrast for a seven-core homogeneous MCF dpq= 
38 µm, cladding index n2 = 1.4573 and the identical core radii apq = 4.5 µm 
( without considering crosstalk) power. 
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Fig. 8. SCNR vs Input Power (varying propagation distance from 100 
km to 400 km) with diff index contrast for a seven-core homogeneous 
MCF dpq= 38 µm, cladding index n2 = 1.4573 and the identical core 
radii apq = 4.5 µm ( considering crosstalk) power. 

Fig.10. BER vs Input Power (varying propagation distance from 100 km 
to 400 km) with diff index contrast for a seven-core homogeneous MCF 
with considering crosstalk power. 
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Fig.9. BER VS Input Power (varying propagation distance from 100 
km to 400 km) with diff index contrast for a seven-core 
homogeneous MCF without considering crosstalk power. 
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