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Space-division multiplexing overview

Space division multiplexing (SDM) is a promising technology to increase the per-
fiber capacity in optical fiber transmission systems.

[B. Puttnam et al., Optica, vol. 8, no. 9, pp. 1186–1203 (2021)]
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Coupled-core multi-core fiber

• In CC-MCFs, single-mode cores are arranged to maximize random core coupling.
• High spatial density;
• Reduced mode-dependent loss (MDL);
• Reduced delay spread;
• Required MIMO equalization.

• Recent trend to have SDM fibers with the same 125 μm cladding diameter as
standard single-mode fibers (SMFs).

• Compatibility with existing manufacturing, cabling and connectorization processes;
• Reduced vulnerability to mechanical failures.

Limitations to the number of spatial channels!
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19-Coupled-Core C+L transmission experiment

[G. Rademacher et al., Optica, OFC 2023, Th4A.4 (2023)]
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19-Coupled-Core C+L transmission experiment

• We evaluated the standard deviation of the impulse response for all 381 measured 
WDM channels. 

• High uniformity of the spatial mode dispersion was observed.

[G. Rademacher et al., Optica, OFC 2023, Th4A.4 (2023)]



19-Coupled-Core C+L transmission experiment

We transmitted 19x381x24.5 GBd PDM-64-QAM resulting in a decoded data rate of 1.7 
Pb/s, the highest reported data rate in any standard cladding diameter optical fiber.

[G. Rademacher et al., Optica, OFC 2023, Th4A.4 (2023)]



Multi-mode fiber

• MMFs can accommodate a large number of spatial channels within the standard 125 
μm cladding diameter (55 modes already demonstrated!).
• Very high spatial density; 
• Differential mode delay (DMD); 
• Large MDL.

• DMD can be mitigated by implementing mode permutation.

[G. Rademacher et al., ECOC 2022, Th3C.3 (2022)]
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Multi-mode fiber

• MMFs can accommodate a large number of spatial channels within the standard 125 
μm cladding diameter (55 modes already demonstrated!).
• Very high spatial density; 
• Differential mode delay (DMD); 
• Large MDL.

• DMD can be mitigated by implementing mode permutation.

[S. Arik et al., JLT, vol. 34, no. 11, pp. 2867-2880, (2016)]

[G. Rademacher et al., ECOC 2022, Th3C.3 (2022)]



15-Mode looping experiments

We.A.1.2 – 9:45-10:00, Wednesday, 4 October 2023, Lomond Auditorium



15-Mode looping experiments

[M. van den Hout et al., Optica, OFC 2023, Th4B.5 (2023)]
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Long-distance MMF data transmission

• We transmitted 15x184x24.5 GBd PDM-16-QAM resulting in a decoded data rate of 
273.6 Tb/s, the highest reported data rate in long-distance MMF transmission, and 
resulting in a record capacity-distance product for MMFs.

[M. van den Hout et al., Optica, OFC 2023, Th4B.5 (2023)]
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M.A.5.5 – 14:45-15:00, Monday, 2 October 2023, Dochart



L’Aquila Field-Deployed Testbed
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L’Aquila Field-Deployed Testbed

• University of L’Aquila owns the first field-deployed SDM fiber infrastructure 
worldwide.

• This infrastructure includes:
• Coupled-core 4-core fibers;
• Uncoupled-core 4-core fibers;
• Uncoupled-core 8-core fibers;
• 15-Mode fibers;
• Single-mode fibers.
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Multi-core fibers
 Coupled-core 4C-MCFs.
 Uncoupled-core 4C/8C-MCFs.

Underground tunnel (∼ 7 km)
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L’Aquila Field-Deployed Testbed - MCF

• Coupled-core 4-core fibers (12);
• Uncoupled-core 4-core fibers (4);
• Uncoupled-core 8-core fibers(2).



L’Aquila Field-Deployed Testbed – MM

125 μm

28.4 μm

[P. Sillard et al., JLT, vol. 34, pp. 425–430 (2016)]

• Large number of spatial modes within 125 μm cladding diameter.
• Low attenuation (<0.24 dB/km at 1550 nm) and low DMD (<100 ps/km).
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Field-deployed 15-mode fiber characterization

[G. Rademacher et al., ECOC 2022, Th3B.1 (2022)]
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Field-deployed 15-mode fiber characterization
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Field-deployed 15-mode fiber characterization

[G. Rademacher et al., ECOC
2022, Th3B.1 (2022)]



Spatial super channel switching SDM network node

[R. Luis et al., ECOC 2022, Th3C.5 (2022)]
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Spatial super channel switching SDM network node



Field-deployed UC-MCF characterization

Th.B.3.3 – 11:15-11:30, Thursday, 5 October 2023, Boisdale - Ground Floor



Field-deployed 15-mode fiber characterization

Th.B.3.5 – 11:45-12:00, Thursday, 5 October 2023, Boisdale - Ground Floor
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