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ABSTRACT 

The multi core fibre can be successfully applied not only the long-haul ultra-high capacity transmission but 

also in data interconnects and integrated distribution networks. In this paper, the proposed application areas are 

reviewed. 
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1. INTRODUCTION 

Data traffic is increasing driven by the growth of the user base and growth of applications requiring high speed 

connections. Ever growing data traffic must be carried by the transmission systems and networks ranging from a 

few meter distances (data interconnects) to transcontinental distances. Therefore, new technologies are needed to 

serve the ever growing traffic transmission in the most economical way. That is particularly important for the 

transmission infrastructure operators, which revenues and profits are not growing in line with the traffic growth. 

For a last few years we observe growing interest in speciality fibres like the nonlinear fibres, the multi-core 

fibres (MCF) or a few mode fibres (FMF). MCFs are known for over 35 years, e.g. [1], the recent activities are 

caused by necessity to combat the fibre capacity crunch [2]. MCF and FMF offer enormous transmission 

capacity and remarkable transmission records have been established, e.g. 10.6 Peta bit/s transmission over 13 km 

MCF/FMF [3] or 172 Tbit/s transmission over 2040 km of FMF [4], including 255 Tbit/s transmission over 1 km 

fibre link [5] recognized also by the Guinness World Records [6]. However, despite significant research effort 

the MCF based solutions are not available to be deployed in the field. Further many question arise, e.g. handling 

and operability including splicing, cost advantage over legacy technology, failure resistance and consequences 

etc. Nevertheless, the are other applications areas, where MCF can be successfully applied omitting some of the 

mentioned issues. Two most promising application areas are the data interconnects as well as the integrated next 

generation distribution networks.  

2. DATA INTERCONNECTS 

The data interconnects are transmission systems covering distances up to a few hundred meters and data rates of 

a few dozen Gbit/s. The development of data interconnects is driven by the boom of their application area 

namely hardware infrastructure for data storage and processing centres.  Data interconnect provide connectivity 

ranging from sub-meter distances, e.g. intra-rack communication to a few hundred meters as the internal data 

centre connections. The dominating data interconnect technology is based on the vertical cavity emitting lasers 

(VCSELs) [7] operating in the 850 nm window and the multi-mode fibre (MMF). The decisive advantages of 

that solutions are high speed operation, low energy consumption, small foot print and low capital and operational 

cost [8]. One of the current key challenges in the data interconnect field is limited bandwidth of VCSELs and 

photoreceivers, which is currently limited to about 25-30 GHz. Further increase of the data rate, e.g. 100 Gbit/s 

and more requires application of the advanced modulation formats, e.g. [9] with the resulting undesirable 

increased systems complexity, energy consumption and higher latency, since they require significant signal 

processing [10]. The solution here could be application of the multiplexing of parallel channels in the 

wavelength or the space domain. In such a way, high capacity transmission can be formed by the sum of separate 

data streams transmitted at lower data rates. The wavelength multiplexing has disadvantage of introducing 

additional losses and therefore limiting the available power budget as well as put new requirements to the fibre 

and VCSEL performance since the four channel band covers about 100 nm. A viable option here is the space 

multiplexing, through the separate fibre lanes, e.g. ribbon fibre, with disadvantage of handling and space. The 

most promising solution here is based on multi-core fibre, which except MCF requires VCSEL and 

photoreceiver arrays [11], [12], [13]. 



Fig. 1 shows pictures of the developed 6-core fibres [14]. The difference between two presented fibres are the 

wholes that due to the pattern structure allow easier fibre adjustment and limit the inter-core crosstalk. The core 

diameter was 5.16 um, the core-to-core distance 39.5 um, the outer diameter 175 um, the numerical aperture 0.13 

and the cut-off wavelength of 780 nm. Such fibre can be used for transmitting the optical signals at 850 nm. 

 

 

Figure 1. 6-core fibre for data interconnect application. 

Fig. 2 shows the picture and 3D drawing of the developed 6 VCSEL array [15] as well as exemplary light-

current-voltage characteristics (LIV). The chip dimensions are 750 um x 500 um. The VCSELs are uniformly 

distributed to match the MCF fibre. Each VCSEL has separate ground-signal-ground contacts. As it can be seen 

with the current of 4 mA, optical power of 3 dBm can be generated. The developed VCSELs are single mode [7] 

with the side mode suppression ratio of 30 dB. The dynamic operation was verified with the non-return-to-zero 

modulation and without equalization at the data rate of 50 Gbit/s, see inset Fig.2. 
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Figure 2. 6-VCSEL array and exemplary LIV characteristics with the 50G NRZ eye diagram inset. 

3. NEXT GENRATION OPTICAL DISTRIBUTION NETWORKS 

To materialize 5G promises like up to 10 Gbit/s transmission, higher and higher radio frequencies must be used, 

which implies increased antenna density due to the limited coverage. The antenna sites (remote radio heads -

RRH) require high capacity connections to the central office (CO), where the signal and data processing takes 

place realizing the centralized radio access network (CRAN). The network connecting CO and RRHs is called 

fronthaul network. Digital-radio-over-fibre (DRoF) or analog-radio-over-fibre (ARoF) can be employed to 

provide CO-RRHs connectivity. In DRoF the radio signals are transmitted in the digitized form and require 

digital-to-analogue converters are RRHs [16]. Depending on the digitization scheme, streams of a few dozen 

Gbit/s can be generated to a single antenna element, resulting in a Tbit/s capacity for the antenna node. In ARoF, 

the transmitted signal are ready to be radio transmitted just after optical-to-electrical conversion and no 

additional signal processing is required at the RRH. ARoF and DRoF require high capacity fibre network 

connecting RRHs and COs, called fronthaul network. Further, such network can be integrated with the access 

networks, like fibre-to-the-home (FTTH) to achieve cost benefits. The blueSPACE project [17] proposes 

utilization of MCF or SMF bundles to realize high capacity optical distribution networks based on space division 

multiplexing (SDM) [18].   
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Figure 3. Optical distribution network with MCF. 



Fig. 3 presents the architecture of the optical distribution network envisaged in the blueSPACE project. The 

MCF and SMF are used to connect CO and the end nodes like the antenna sites or FTTH customers. In the given 

schematic, the MCF with high number of cores, e.g. 19 is connected to the multiple MCF with lower number of 

cores, e.g. 7. This functionality is achieved with a fan-in-fan-out (FIFO) component, which can be realized as the 

laser scribed 3D glass waveguides [19]. Such devices show losses <3dB therefore not affecting significantly the 

available power budget, i.e. being in the range of other devices like arrayed waveguide gratings (AWGs). Such 

multicore fibre can be connected to the antenna site, where after the next FIFO stage it can feed ARoF or DRoF 

equipment. Further, the FIFO stage output can be connected to the transmission SMF, e.g. to realize FTTH 

connections. In this case an integrated mobile fronthaul and FTHH optical distribution network is formed. 

Further, the distribution network can enhanced with the cable, power and wavelength split as show in Fig. 4. The 

cable split divides one high fibre count cable into a number of lower fibre count cables, e.g. 144 to 272. The 

core split can be realized with FIFO. The power split with the passive power splitter, e.g. 116 and the 

wavelength split with AWGs. 
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 Figure 4. Split stages in distribution networks 

Application of the MCF in distribution networks lies not only in the increased capacity, but also that the 

cores can form dedicated transmission lines from CO to end element and as such allow utilization of cost-

effective transmission technologies like the uncoloured (unspecified wavelength) transmission. Due to the 

relaxed requirement on the lasing element and lack of the wavelength multiplexing and demultiplexing stages, 

such transmission can be realized at lower cost. Further, that allows cost-effective realization of the coherent 

optical beam forming [18],[20]. In the given application, the ARoF signals on the same wavelength are 

transmitted through different cores, then converted to electrical domain and feed the antenna array elements, Fig. 

5. The time delay between the ARoF signals results in the directivity of the formed beam. One of the key issues 

associated with the presented ARoF beam forming technique is necessity to control inter-ARoF signal delay. As 

has been shown, the inter-core delay varies and changes with temperature [21].  That implies necessity for the 

active delay compensation or to keep the transmission distance within the signal tolerance limits to the inter-core 

skew delay. 

O
/E

O
/E

O
/E

1

1

1

t1

t2

t3

 

Figure 4. Schematic of the ARoF coherent beam forming 

4. CONCLUSIONS 

The very promising areas for applications of multicore fibres are data interconnects and distribution networks. In 

such application areas, the MCF does not ultimate capacity, as in the long haul transmission systems, but other 

key advantages like separate transmission channels lowering the system cost. As such MCF cane inevitable 

element of the future mobile fronthaul networks as well as data centre infrastructure.  



ACKNOWLEDGEMENTS 

Presented research was supported by NCBiR, Poland, SenWiEnBe and MWE, Germany within OVERSCAN 

project as well as the European Union’s Horizon2020 Research and Innovation Programme under grant 

agreement No 762055 blueSPACE. 

REFERENCES 

[1] S. Inao, T. Sato, S. Sentsui, T. Kuroha, and Y. Nishimura, Multicore optical fiber, Optical Fiber 

Communication (OFC) 1979, pp. WB1, March 1979. 

[2] A.D. Ellis, N. Mac Suibhne, D. Saad and D.N. Payne, Communication networks beyond the capacity 

crunch, Philosophical transactions. Series A, Mathematical, physical, and engineering sciences, vol. 374, 

pp.20150191, March 2016.  

[3] G. Rademacher, B. J. Puttnam, R.S. Luís, J. Sakaguchi, W. Klaus, T. A. Eriksson, Y. Awaji, T. Hayashi, T. 

Nagashima, T. Nakanishi, T. Taru, T. Takahata, T. Kobayashi, H. Furukawa, and N. Wada: 10.66 Peta-

Bit/s transmission over a 38-core-three-mode fiber, Optical Fiber Communication Conference (OFC) 

2020,  pp. Th3H.1, March 2020. 

[4] G. Rademacher, R. S. Luís, B. J. Puttnam, R. Ryf, S. van der Heide, T. A. Eriksson, N. K. Fontaine, H. 

Chen, R. Essiambre, Y. Awaji, H. Furukawa, and N. Wada: 172 Tb/s C+L band transmission over 2040 km 

strongly coupled 3-core fiber, Optical Fiber Communication Conference (OFC) 2020, pp. Th4C.5 PDP, 

March 2020. 

[5] R. van Uden, R. Correa, E. Lopez, F.M. Huijskens, C. Xia, G. Li, A. Schülzgen, H. de Waardt, A. M. J. 

Koonen and C.M. Okonkwo: Ultra-high-density spatial division multiplexing with a few-mode multicore 

fibre, Nature Photon, vol. 8, pp. 865–870, October 2014. 

[6] https://www.guinnessworldrecords.com/world-records/78355-fastest-multimode-optical-fibre-transmission 

[7] N. Ledentsov, V.A. Shchukin, V.P. Kalosha, N.N Ledentsov Jr., J.-R. Kropp J.-R., M. Agustin, Ł. 

Chorchos, G. Stępniak, J.P. Turkiewicz and J.-W. Shi: Anti-waveguiding vertical-cavity surface-emitting 

laser at 850 nm: from concept to advances in high-speed data transmission, Optics Express, vol. 26, pp. 

445-453, January 2018. 

[8] J.P. Turkiewicz,  J.-R. Kropp, N.N. Ledentsov, V.A. Shchukin and G. Schafer: High speed optical data 

transmission with compact 850nm TO-can assemblies, IEEE Journal of Quantum Electronics, vol.50, 

pp.281-286, April 2014. 

[9] M. Wieckowski, J. B. Jensen, I. Tafur Monroy, J. Siuzdak and J. P. Turkiewicz: 300 Mbps transmission 

with 4.6 bit/s/Hz spectral efficiency over 50 m PMMA POF link using RC-LED and multilevelc amplitude 

phase modulation, Optical Fiber Communication Conference (OFC) 2011, pp. NTuB8, March 2011. 

[10] R. Puerta Ramirez, M. Agustin, Ł. Chorchos, J. Toński, J.R. Kropp, N. Ledentsov Jr., V.A. Shchukin, N.N. 

Ledentsov, R. Henker, I. Tafur Monroy, J.J. Vegas Olmos and J.P. Turkiewicz: Effective 100 Gb/s IM/DD 

850 nm multi- and single-mode VCSEL transmission through OM4 MMF, IEEE Journal of Lightwave 

Technology, vol. 35, pp. 423 – 429, Feb. 2017. 

[11] Benjamin G. Lee, Daniel M. Kuchta, Fuad E. Doany, Clint L. Schow, Petar Pepeljugoski, Christian Baks, 

Thierry F. Taunay, Benyuan Zhu, Man F. Yan, George E. Oulundsen, Durgesh S. Vaidya, Wenlin Luo, and 

Neinyi Li, End-to-End multicore multimode fber optic link operating up to 120 Gb/s, IEEE J. Lightwave 

Technolology, vol. 30, pp. 886-892, March 2012. 

[12] P. Westbergh, J. S. Gustavsson and A. Larsson, VCSEL arrays for multicore fiber interconnects with an 

aggregate capacity of 240 Gb/s, IEEE Photonics Technology Letters, vol. 27, pp. 296-299, February 2015. 

[13] J. Yen, X. Chen, K. Chi, J. Chen and J. Shi, 850 nm Vertical-Cavity Surface-Emitting Laser Arrays With 

Enhanced High-Speed Transmission Performance Over a Standard Multimode Fiber, IEEE Journal of 

Lightwave Technology, vol. 35, pp. 3242-3249, August 2017. 

[14] www.inphotech.pl/ 

[15] www.v-i-systems.com 

[16] J. M. Fabrega et al., Digitized radio-over-fiber transceivers for SDM/WDM back-/front-haul, 21st 

International Conference on Transparent Optical Networks (ICTON) 2019, pp. 1-4, July 2019. 

[17] https://www.bluespace-5gppp.eu/ 

[18] S. Rommel and I. Tafur-Monroy, Space division multiplexing 5G fronthaul with analog and digital radio-

over-fiber and optical beamforming–the blueSPACE concept, DOI:10.5281/zenodo.1403140. 

[19] https://www.optoscribe.com/ 

[20] S. Rommel et al., Towards a scaleable 5G fronthaul: analog radio-over-fiber and space division 

multiplexing, IEEE Journal of Lightwave Technology, 2020. 

[21] F. Azendorf et al., Characterization of multi-core fiber group delay with correlation OTDR and modulation 

phase shift methods, Optical Fiber Communication Conference (OFC) 2020,  pp. M2C.5, March 2020. 

 

https://www.guinnessworldrecords.com/world-records/78355-fastest-multimode-optical-fibre-transmission
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Turkiewicz,%20J.P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kropp,%20J.-R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Ledentsov,%20N.N..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Vitaly%20A.%20Shchukin.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Vitaly%20A.%20Shchukin.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Schafer,%20G..QT.&newsearch=true
https://www.bluespace-5gppp.eu/
http://dx.doi.org/10.5281/zenodo.1403140
https://www.optoscribe.com/

