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Abstract: 6-core and 8-core trench-assisted heterogeneous fibres in standard cladding diameter
are designed using artificial intelligence-based techniques including a cut-off wavelength regressor.
The designs proposed here, for the first time, suppress crosstalk at 1550 nm of 8-core fibre
to as low as —55 dB/km covering the whole S+C+L band while keeping coating loss below
0.001 dB/km. We compare them to reveal the influence of the additional cores in the 125 yum
cladding diameter scenario. We report on the transmission characteristics and performance of the
MCEFs in terms of capacity and spatial spectral efficiency, including the influence of bandwidth,
effective mode area, distance and crosstalk, for a range of transmission distances. The artificial
intelligence-based method and insights given can be used to significantly speed up and tailor
designs for a variety of telecom and datacom applications.
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1. Introduction

Multi-core fibre (MCF) design is the first step of developing space division multiplexing (SDM).
Uncoupled MCFs in standard cladding diameter attracted plenty of interest recently because
they benefit from both low inter-core crosstalk (XT) and compatibility with existing standard
single-mode fibre (SSMF) and SMF-based equipment [1-3]. The existing uncoupled MCFs
in standard cladding diameter have 4 cores [1,2] to 8 cores [3—6]. In [3], the authors present
the only fabricated 8-core fibre supporting only O-band. As for other 8-core fibre designs
based only on simulation there are the fibres in [4] designed to support O-band and those in [5]
supporting wide-band (cut-off wavelength = 1300 nm) lack the critical analysis of the coating
loss - particularly relevant for high-index coating [7]. Based on our estimations, the coating loss
of the fibre cores reported range from 0.067 dB/km to 1.15 dB/km which makes them unsuitable.
Recently, [6] reported a 8-core fibre design optimised to keep coating loss smaller than 0.01
dB/km but covering only the C-band.

The artificial intelligence (Al)-based automatic method [8] was proposed to design 6-core
trench-assisted (TA) MCFs for improving the efficiency and exploring optimal MCEF structures
for different objectives. Here we further develop the Al-based method by including a cut-off
wavelength regressor and exploring TA MCF designs with higher spatial density.

Previous works [5,9,10] reporting the design of TA MCFs ignored the unique loss behaviour
of trench-assisted fibre core reported in [11]. Instead, they treated trench-assisted profiles the
same as step-index ones, which leads to significant cut-off wavelength miscalculation. To address
the shortcoming of the prior art, we used Lumerical to estimate the cut-off wavelength of 10,000
TA fibre core profiles by measuring the TA fibre core’s LP11 loss at straight conditions. The data
were used to train a machine learning regressor to speed up the design process by around 107x.
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On the other hand, we report the optimisation of 6-core and 8-core fibres cover C+L- and
S+C+L- bands under coating loss constraint — smaller than 0.001 dB/km while optimising the
inter-core XT or effective mode area (A.g). Inter-core XT is one of the key metrics in the design
of weakly-coupled MCF. When the spatial density is increased, the core pitch is reduced leading
to higher inter-core XT. However, for a given pitch, it has been shown that inter-core XT can
be reduced by making neighbour cores heterogeneous [12]. Therefore, the assumption of the
fibre is that there are two types of cores neighboring to each other for controlling XT level. On
the other hand, A.g influences the nonlinear interference (NIL) noise in transmission and it is a
performance metrics of MCF when compared to the SSMF.

Moreover, following the optimum fibre designs process, their capacity is evaluated. Transmis-
sion performance for distances between 50 km to 10000 km is obtained utilising a Gaussian noise
(GN) model. Given the ultra-wide-bandwidth of the designs proposed, the transmission model
includes inter-channel stimulated Raman scattering (ISRS) [13]. The relationships between
capacity and the optical properties (bandwidth, A and XT) of the MCFs are thoroughly analysed.
The influence brought by adding two more cores into the standard cladding diameter on the fibre
core structures and the optical properties are investigated. It can be noted that:

* The search area of the MCF designs can be reduced according to the optimised designs. In
particular, the total permutation number reduces by 991x for 6-core case and 3.6e5x for
8-core case.

* The 8-core fibres offer 32% more (approaching the theoretical 33.3%) capacity than the
6-core fibre at 50 km transmission while covering the CL band or SCL band. At 10000
km, the 8-core fibres still offer higher capacity than 6-core fibres but only by 7% due to
higher XT.

* The XT-induced capacity penalty increases super-linearly with XT. Meanwhile, the capacity
penalty curve becomes sharper for longer transmission length.

* A.f increase brings similar benefits to the capacity of 6-core and 8-core fibres.

2. Design methodology

This work assumes that there are two types of cores alternated in a ring — the effective index
difference between neighbor cores reduces the inter-core XT. The schematic diagram of the
8-core TA fibre design optimised here is illustrated in Fig. 1. Core pitch of 32.5 um for 6-core
fibres and 24.87 um for 8-core fibres respectively, outer cladding thickness (OCT) of 30 um
(for reducing coating loss) [14] and cladding diameter of 125 um are set in the fibre design.
Assuming the outer and inner cladding as pure silica, each core has 5 refractive-index profile
parameters which can be optimised. Hence, for each fibre, there are 10 variables to be optimised
in total (5 per core type). The parameters are limited to the manufacturing precision shown in
Table 1. a;, w¢ and wy denote core radius, inner cladding width and trench width, respectively.
Aj and A; are the relative refractive-index difference between core and cladding, trench and
cladding, respectively.

In the PSO algorithm [15], each particle contains these 10 variables which represent a MCF
structure. The particles search the optimal fibre structure according to their corresponding fitness
values. In the fitness value calculation, the overlap condition and the coating loss condition are
checked as the first step for all the optimisations:

* Overlap condition: the distance between the adjacent trench edges must be > 2 ym for
preventing superposition;

* Coating loss condition: the coating loss must be < 0.001 dB/km.
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Fig. 1. Hete-TA-MCF layout; (OCT: outer cladding thickness.)

Table 1. Index parameters.

Parameters Range Step Choices
ay [pum] 4~6 0.1 21
Wer [um] 25~175 0.1 51
Wy [um] 25~75 0.1 51

Ay 0.3% ~ 0.6% 0.01% 31
Ay —0.7% ~ —0.35% | 0.01% 36

If and only if both conditions are satisfied, the fitness values are calculated based on two
different objectives: maximise-A.g (Agp-optimization) or minimise-XT while constraining A
(XT-optimization). Exploring two objectives is key to the whole design process as the performance
of meta-heuristics and in turn the generated fibre structure significantly relies on the analytical
formulation of the objective functions. The two types of cores have different A.g since MCF is
heterogeneous. Herein we explore the maximum of the average A.g of the two types of cores.

2.1. Cut-off wavelength regression

The TA fibre core has different loss mechanism comparing to the step-index cores [11]. Since TA
fibre core is insensitive to bending, its bending loss is not significant around cut-off wavelength.
Instead the leakage loss of LP11 mode determines the cut-off wavelength. Thus, in this work a
regressor of cut-off wavelength is trained based the loss of the LP11 mode when the fibre is in
straight condition. The five parameters in Table 1 are the inputs of the regressor. The data is
collected with Finite Difference Eigenmode (FDE) solver in Lumerical. A dataset of 10k core
profiles and their associated cut-off wavelengths is utilised in the regressor training as shown in
Fig. 10(a) in Appendix A. In data pre-processing, it is found that there is high correlation between
each input (each and every parameter of a core profile) and output (cut-off wavelength). Hence,
one multivariate linear regressor is trained for presenting the linear relationships among inputs
and output. Then, the other multivariate linear regressor is trained for the linear relationships
between any of the multiplications of feature pairs and the first-order residual. At the end, the
second-order residuals of the data is used to train a XGBoost regressor. The workflows used to
create cut-off wavelength regressors and to predict the cut-off wavelength are illustrated in Fig. 10
in Appendix A. After the hyper-parameter optimisation, the regressors are proven to predict the
cut-off wavelength with an absolute error of 14.93 nm to be the 99% cumulative density function
(cdf) in Fig. 2. Therefore, in the MCF optimisation, the cut-off wavelength criterion is set to be
(1530 — 14.93) nm for CL-band fibre and (1460 — 14.93) nm for SCL-band fibre. The regressors
inference time on Nvidia A100 GPU is 2.45 us for single calculation. The regressors are 10’
times faster compared to estimation time using Lumerical FDE solver,.
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Fig. 2. Cumulative density function of cut-off wavelength regressors increases with absolute
erTor range.

2.2. Constrains combinations

The design process starts with the most challenging widest bandwidth requirement using the
maximise-A.g objective. The process to go through the constrain combinations of 8-core fibres
are illustrated in Fig. 3 as example. The PSO cannot find solutions satisfying all the constrains
for the first two cases—OESCL band and ESCL band. That means that an 8-core fibre cannot be
designed to support OESCL or ESCL bands. The design process moves to SCL band bandwidth
requirement. The maximum average A.g is found to be 60.28 um?. Following this, the design
process carries on with the second objective function that aims to the minimise-XT while
constraining the A.g of the two types of cores within [60 70] range. Again, it is impossible to
find solution in which the A.g is above 60 for both types of cores simultaneously. Then, the
Acq constraint is reduced to [55 65] and [S0 60]. The design process is repeated under the CL
bandwidth constraint.
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Fig. 3. Optimisation process to go through combinations of constraints taking 8-core
fibre as example. The green marks are for A, g-optimisation and the blue marks are for
XT-optimisation. The circle marks represent the SCL band fibres and the diamond marks
stand for the CL band fibres. The representation of mark color and shape to the optical band
are valid for all the following figures.
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In 6-core fibre case, the maximum average A.g is found to be 64.41 ,um2 for SCL band and
73.65 um? for CL band. Fibres are designed in XT-optimisation for SCL band for A.g from [70
80] to [50 60] and for CL band for A.g of [60 70] and [55 65]. The details about designing the
objective functions including all the constraints is shown in [15].

Particles optimise the MCF structure based on the fitness value. For each design point, there
are only up to 10° evaluations to converge which is nine orders of magnitude less than the brute
force method (~ 10'3). Then, the optimised MCF structure is extracted for each constraints
combination. The flowchart, Fig. 13 in Appendix D, shows the PSO process.

3. Fibre design analysis

After going through all the combinations of cut-off wavelength and A.g constrains, 9 designs
of 6-core fibres and 8 designs of 8-core fibres are obtained. Solid and half marks are used to
represent 6-core fibres and 8-core fibres respectively.

The optimised fibres are compared to MCFs previously presented in the literature [1,15-18],
with standard cladding diameter, in terms of XT and relative core multiplicity factor (RCMF)
[15]. RCMF is most useful to understand how the A.g of cores in the MCF is against a SSMF
and to make comparison among MCFs with different core numbers.

6-core fibres in XT-optimisation have ultra-low XT less than —80 dB/km while the two designs
in Acg-optimisation have XT around —60 dB/km which is more than 20 dB/km higher. That
is due to both their higher RCMFs and the homogeneous structures. Our 6-core fibres have
RCMF from 4.23 to 5.52. Compared to the reference fibres shown as black square marks, the
Acg-optimisation 6-core fibres have up to 1.25 higher RCMF than the 4- and 5- core fibres [1,18]
while more than 5 dB lower XT than the 6-core fibre [16].

The 8-core fibres have higher core density, which generally leads to higher XT. Most of them
are between —45 dB/km and —60 dB/km except for the two results of A¢g-optimisation and the
[65 75] case for CL band. The two in A.g-optimisation are heterogeneous but their high RCMFs
result in high XT. As for the latter one, it has similar RCMF to that of the A.g-optimisation but
homogeneous structure. Thus, it holds the highest XT. Compared to the 6-core [16] and 7-core
[17] fibres in Fig. 4, it can be seen that most of our 8-core fibre designs have similar XT, even
smaller XT. Meanwhile, the new 8-core fibres have comparable RCMFs to that of the 6-core
and 7-core fibres — between 5.42 and 6.50. As for 8-core fibre in [6], its Acg is 80 um? (the
corresponding RCMF is 8), however, it has a higher XT than —30 dB/km, which is not suitable
for long-haul transmission. Compared to it, our 8-core fibres have up to 35 dB lower XT.

To explore the fibre structures’ difference between two core numbers, the refractive-index
profile parameters’ range in the final designs are illustrated in Fig. 5. The search area is reduced
apparently. The total permutation number reduces by 991x for 6-core case and 3.6e5x for 8-core
case. The permutation number is reduced more for 8-core fibres because the compact fibre
structure limits the fibre structure.

a; and A play the role of meeting the constraints of cut-off wavelength and A.g. In both cases,
the range of them can be reduced to half width. In the 6-core fibre designs, wy, converges to a
very narrow region close to the widest while w lays at the narrow side. In the 8-core fibres,
although the trench is the deepest, the wy, operates within a broader range because of the smaller
core pitch and the overlap condition. w converges to the narrowest layer width. Compared to
the 6-core fibres, A| of the 8-core fibres is slightly higher. With the narrower wy, fibre cores need
higher index difference to compensate the light confinement for preventing exceeding coating
loss constraint. The key conclusion here is that the trench can be fixed to be deep While having
the small wj. Should there be ample space/core-pitch, the trench can also be fixed to the widest.
This can simplify and speed-up the MCF design by just optimising the a; and A;. This can be
particularly valuable when designing MCFs with large core number across larger cross-sectional
area.
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4. Transmission performance

We explore the capacity of the MCFs from 50 km to 10000 km transmission length and analyse
the effects of the optical properties on the capacity in this section. The capacity of MCF is
calculated using the ISRS GN model [13] considering XT as part of the noise [19]:

SNR = (SNR,"' + XT)™!, (1)

The calculation assumes Gaussian modulation, uniform launch power —2 dBm/channel,
bandwidth 49.5 GHz/channel with 50 GHz channel spacing and 50 km per span. The assumptions
on the fibre attenuation and the noise figure (NF) across the spectrum used in the capacity
calculation are in Appendix B. The full-band capacity is calculated while considering all the
optical bands the MCFs can cover as shown in Fig. 6. We pick the 6-core and 8-core fibre with
best capacity for CL- and SCL-band respectively. The properties of these four fibres are shown
in Table 2 in Appendix C. Different from the case of the 6-core fibres—the fibres with highest
capacity are close to the larger A g side, the fibre with the lower XT offers the optimum capacity
among the 8-core fibres. The influence of A.g and XT on capacity will be elaborated respectively
later.
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Fig. 6. Capacity of the MCFs for from 50 km to 10000 km transmission

The SCL-band 8-core fibre provides a highest capacity at 50 km (1157.97 Tbit/s) while the
SCL-band 6-core fibre delivers 879.71 Tbit/s. The 8-core fibre holds 31.63% higher capacity
than the 6-core fibre while in the CL-band case, the 8-core fibre has 31.96% higher capacity.
Both are very close to the 33.33% spatial density increase. At 50 km, the influence brought by
XT is negligible. The small margin to the ideal case is due to the smaller A.g of the 8-core fibre
compared to the 6-core fibre.

As the transmission length increases, the capacity drops because of the accumulated noise.
The capacity of 8-core fibres keeps above that of 6-core fibres. The capacity of the 8-core fibre
keeps reducing at faster pace than the 6-core fibre since the 8-core fibre has higher XT (27.04 dB
for CL-band and 9.1 dB for SCL-band) and smaller A.g (13.87 um? for CL-band and 7.58 yum?>
for SCL-band). At 10000 km, the total capacity of the SCL-band 8-core fibre is 6.82% more
compared to the SCL-band 6-core fibre. Meanwhile, the total capacity of the CL-band 8-core
fibre is 7.97% more than that of the CL-band 6-core fibre.

In the following discussion, we analyse the influence of the bandwidth, A.g and XT on
the transmission performance. Firstly, in order to further investigate the MCF transmission
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performance dependence on the bandwidth, the metric of spatial spectral efficiency is used here
in Fig. 7. Spatial spectral efficiency (SSE) is defined as the spectral efficiency per cladding
area of the SSMF [20]. Herein since the MCFs are designed in the standard cladding diameter,
SSE equals to the spectral efficiency per fibre which is easily compared with the SSMF. There
are several factors leading to the spectral efficiency degradation on ultra-wideband optical fibre
transmission system:

* The ISRS-induced penalty increases with an increase in the channel number;
* The attenuation is higher out of the C band, especially at short wavelengths;

* The A.g is smaller at the short wavelengths, which brings more non-linearity into the
wide-band capacity;

* In the MCF case, the XT increases with longer wavelength;

* The optical components have different performances across the entire bandwidth. For
example, the NF in S band is higher than in C band.
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Fig. 7. Spatial spectral efficiency for different bands (C, CL, SCL from left to right) at 1000
km and at 10000 km.

We report on the SSE versus bandwidth per core in Fig. 7 from C band to full band in two
transmission lengths, 1000 km and 10000 km. First of all, the SSE keeps almost the same when
the operation changes from C band only to CL band. That means that expanding the transmission
into CL band would benefit from the wider bandwidth without apparent SSE degradation. At
1000 km, the 8-core fibre has 42.38 bit/s/Hz SSE while operating only in C-band, about 8.36
bit/s/Hz higher than the 6-core fibres. When it comes to 10000 km, the SSE of the 8-core fibre
falls by around 34.98 bit/s/Hz while that of the 6-core fibres decreases by about 18.22 bit/s/Hz.
Thus, the SSE of 8-core fibre at 10000 km is similar to that of the 6-core fibre.

The SSE of the 8-core fibre decreases faster than that of the 6-core fibres when the bandwidth
is increased from CL band to SCL band. The relatively high XT, high attenuation and small
Acg of the 8-core fibre lead to this fast drop. This drop makes the SSE of SCL-band 8-core and
6-core fibre more closer, resulting the smaller capacity increase in SCL-band case compared to
CL-band case in the total capacity at 10000 km.

Furthermore, the capacity sensitivity on A.g and XT are analysed. Higher A corresponds to
lower nonlinear effects, which leads to higher capacity. The capacity increase brought by A.g
increase is the rate of capacity increment compared to the 6-core or 8-core fibre that has the
smallest A¢g. Here the capacity is calculated with SNRq for eliminating the XT influence.
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As for 6-core fibres, the A.g increases up to 30.54% for CL-band fibre and 12.51% for
SCL-band fibre illustrated in Fig. 8(a). It leads to up to 6.10% capacity increase for 1000 km and
up to 23.14% increase for 10000 km. The A.g increase has about four times benefit for 10000 km
compared to 1000 km case. Meanwhile, the SCL-band fibre benefits the same as the CL-band
fibre with half the A g increase. In 8-core case in Fig. 8(b), the highest A.¢ increase is 8.33%
smaller than that in 6-core case. The corresponding capacity increase is 4.81% and 16.60% for
1000 km and 10000 km respectively. The ratio between capacity increase and A.g increase are
similar in both cases.
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Fig. 8. Capacity increases with A.g increase:(a) 6-core fibres; (b) 8-core fibres.

Since the XT is included in the SNR calculation as noise in Eq. (1) , by comparing the capacity
calculated with SNRy and SNR, the capacity penalty induced by the XT noise can be calculated.

N. N
C(SNR) = > " By - loga(1 + SNRy), 2)
Jj i

_ C(SNRy) — C(SNR)
- C(SNRy) ’
in which N, is the number of cores in the MCF, N is the total number of wavelength channels in
each core and B, is the bandwidth of each channel.

As illustrated in Fig. 9, the XT-induced penalty increases super-linearly with the XT. For
6-core fibres of which the XT is below —80 dB/km, the capacity penalty is ultra-low and close to
zeros in both 1000 km and 10000 km transmission. The marks with darker color are the results
at 10000 km. Those 6-core fibres obtained in A.g-optimisation have XT close to —60 dB/km
and the influence due to XT starts to show up but stays below 10%. The CL-band fibres suffers
more penalty than the SCL-band fibres because the XT is smaller at short wavelength. At S band,
with the shorter wavelength, the XT becomes smaller. Thus, it brings less penalty than in the CL
bands. When the transmission length increases from 1000 km to 10000 km, XT would be 10 dB
higher which leads to double capacity penalty.

Since we are checking the capacity at 1000 km and 10000 km, the MCFs which have XT
higher than —30 dB/km and —40 dB/km are not suitable. Thus, in Fig. 9(b), only part of the
8-core fibres are illustrated. 8-core fibres have higher XT and therefore the penalty is up to
14.15% for 1000 km while it is up to 23.01% for 10000 km. Here it can be seen that the penalty
increase due to the longer transmission length becomes higher with increasing XT.

Among the 6-core fibres, the penalty induced by XT is much lower than the benefit from the
A.f increase. Thus, large-A.g 6-core fibre has better transmission performance. On the other

Penalty (3
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Fig. 9. The XT-induced capacity penalty as a function of the XT at 1550 nm: (a) 6-core
fibres; (b) 8-core fibres.

hand, for 8-core fibres, the XT-induced capacity penalty is slightly higher than the capacity
increase brought by the A.g increase. Therefore, the 8-core fibres with smaller XT have better
capacity.

5. Conclusions

6-core and 8-core fibres covering CL- and SCL-band are designed by the Al-based automated
method with a cut-off wavelength regressor for trench-assisted fibre core. The MCF designs
benefit nine orders of magnitude reduction of the permutation evaluation compared to the brute
force method. 6-core fibres’ inter-core crosstalk at 1550 nm is ultra-low between —91.16 and
—57.41 dB/km. The XT of 8-core fibres is optimised to —58.43 dB/km for CL band and —54.98
dB/km for SCL band. Following the core profiles generated by our Al-based method, we can
conclude that the range width of most of the fibre index profile parameters can be reduced so that
the total permutation number can be reduced by 991x for 6-core case and 3.6e5x for 8-core case.
This can largely reduce the MCF design time.

In terms of transmission, the capacity of the proposed 8-core fibre is higher than the 6-core
fibre covering the same bands from 50 km until 10000 km. The AlI-design method delivers
a 8-core fibre design that can offer notable capacity improvement, around 32% (approaching
the theoretical 33.3%) for 50 km transmission. However, the 8-core fibre has a higher capacity
degradation rate over distance leading to similar performance at 10000 km.

Thorough exploration of the effects of bandwidth, XT and A.g is conducted. Increasing the
core density from 6 cores to § cores in standard cladding diameter reduces bandwidth achieved
per core, reduces the A.g and increases the XT. By investigating the spectral spatial efficiency
(SSE) of MCFs, it can be noted that 8-core ultra-wide-band fibres experience slightly sharper
SSE degradation compared to 6-core ones. The capacity reduction brought by the smaller A.g is
similar for both the 6-core and 8-core fibres. However, the change of XT leads to a significantly
different performance behaviour over distance. The 6-core fibres have ultra-low XT, that leads
to a marginal influence. Minimizing XT in 8-core fibres is more important than offering high
A as it compensates the capacity penalty imposed by unavoidable A.g reduction within a fixed
cross sectional area.
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Fig. 10. (a) workflow to create cut-off wavelength dataset; (b) workflow to train cut-off
wavelength regressors; (c) workflow to predict cut-off wavelength for one fibre structure.

Appendix B. Attenuation and noise figure modelling

Optical fibre attenuation has several attributions: Rayleigh scattering, absorption due to the
OH™ ion, waveguide imperfection, infrared absorption and ultra-violate absorption. In [21], the
attenuation of SMF is modelled. Among them the Rayleigh scattering is the most weighted. To
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model the Rayleigh scattering of our silica-based trench-assisted fibre core, we take the dopant
concentration and optical power distribution into consideration [22] and calculate the Rayleigh
scattering coefficient. Since Rayleigh scattering is proportional to 1/1%, we can model it over the
whole bandwidth of the fibre core. The absorption due to the OH™ ion is ignored because we
assume that the fibre is dry. Waveguide imperfections lead to losses with a constant value shown
as the Eq. (3) in [21]. As for the infrared and ultra-violate absorption, the fitting function Eq. (5)
and Eq. (6) in [21] of the SSMF are used.

The attenuation curves of the SSMF and MCFs are illustrated in Fig. 11. The MCFs’ attenuation
is higher than that of the SSMF because of the higher core index as shown in Fig. 5. Similarly,
the 6-cpre fibres have slightly higher attenuation than the 8-core fibres.

0.26
—SMF

—6-core Fibres
0.24 —8-core Fibres

N

5 S C L

Attenuation [dB/km]
Noise Figure [dB]

038460 1530 565 1620 1,460 T.530 565 620
Wavelength [nm)] Wavelength [nm]

(a) b)

Fig. 11. The assumption of attenuation (a) and noise figure (b).

Appendix C. SNR

In each design case, we pick the fibre which provides the best transmission performance. The
fibre properties of the fibres—neg, Aeg and chromatic dispersion—are shown in Table 2.

Table 2. The n.g, A and chromatic dispersion (CD) at 1550 nm for 8-core fibre
design shown in Fig. 6

Neff Aeft CD
Case [um?] [ps/km/nm]
name Constrains corel/core2 corel/core2 | corel/core2
6core-CL | XT-optimisation [70 80] | 1.44695/1.44782 | 71.12/70.07 | 23.84/23.52
6¢core-SCL Acg-optimisation 1.44707/1.44707 | 64.41/64.41 | 23.51/23.51
8core-CL | XT-optimisation [55 65] | 1.44738/1.44888 | 57.26/56.42 | 23.05/23.16
8core-SCL | XT-optimisation [55 65] 1.44726/1.44838 | 57.69/55.96 | 23.07/23.00

There are several factors influencing the SNR performance. Here we show them separately in
Fig. 12. The transceiver noise (TRX) is assumed to be 23 dB. The XT, amplified spontaneous
emission (ASE) and nonlinear interference (NLI) increase with the transmission length. The
XT is worse for the longer wavelength and thus, the gap between the SNR without XT and SNR
becomes wider with the increasing wavelength.
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Fig. 12. SNR and its contributions including XT, transceiver (TRX), amplified spontaneous

emission (ASE) and nonlinear interference (NLI) of two types of cores in SCL-band 6-core
fibre.

Appendix D. PSO workflow

The workflow of the PSO-based fibre design process is illustrated in Fig. 13. Based on the
fitness values, the global best particle (gbest) and the personal best particle (pbest) can be
picked for each generation of particles. They are included in the velocity update and then the
velocity determines the particles moving path. After a certain number of generations, when the
convergence condition is met, the optimisation is finished. If all the constraints are satisfied, the
transmission performance of the MCF will be evaluated.
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