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1. 2 OAM x 10 WDM 20 GB/s 16-QAM channels in 1.1 km of OAM fiber (2013) (Total capacity: 1.6 Tb/s)

2. 2 OAM 1GB/s QPSK channels up to 50 km of few mode fiber (2015) (0.002Tb/s)

3. 12 OAM x 60 WDM 10GB/s QPSK channels in 1.2km of OAM fiber (2017) (7.2 Tb/s)

4. 8 OAM x 10 WDM 20 GB/s QPSK channels in 10 km of OAM fiber (2017) (1.6 Tb/s) in collaboration with

ROAM

1. Y. Yue et al., "1.6-Tbit/s Muxing, Transmission and Demuxing through 1.1-
km of Vortex Fiber Carrying 2 OAM Beams Each with 10 Wavelength Channels" OFC 2013, OTh4G.2.

2. A. Wang et al., “Characterization of LDPC-coded orbital angular momentum modes transmission and multiplexing overa
50-km fiber”, Optics Express, Vol. 24, No. 11, 11716-11726, May 2016. (Ma è a 1 Gbaud, non 10).
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We targeted 10 OAM x 16 WDM 28 GB/s 16 QAM  channels
in1 km of OAM fiber

Total capacity: 17.9 Tb/s



In particular we targeted:

 Development of new OAM fibers

 Nonlinear effect investigation

 Transmission experiments
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OAM has been exploited for 2x2 optical switching of 50-Gbaud QPSK channels by A.E. 
Willner group, exploiting discrete elements 

We targeted an interconnection network solution based on a 
combination of two layer  10 OAM x16 WDM optical switches realized 

through integrated photonic circuits
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1. 3 OAM not-tunable mux/demux with 20 Gb/s QPSK data (2012)

2. 9 OAM not-tunable mux/demux without data (2012)

3. Tunable OAM emitter (2012) ROAM consortium

We targeted OAM mux/demux integrated devices tunable over 10 
OAM modes



 Ω-shaped waveguides avoid 
double-core layer structure.

 Non-resonant structure: higher 
bandwidth.

 Angle must be small to have 
high mode purity.
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Switching time < 1µs (target: 100ns)

Mode crosstalk: <4.5dB (OSNR penalty)

Insertion loss <6 dB

Wavelength range: C-band

Switching time: not applicable
(all chs instantaneously available) 

Mode cross-talk >10dB

Insertion loss<3dB

Wavelength range: C-band

Tested up to 10 OAM modes

Dimensions: 2x2x0.5 cm

Power consumption: < 2mW/Gb/s 

Tested with up to 32 OAM modes.

Dimensions: 10x2x2 cm (expected

3x2x2)

No power consumption (passive)
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 Ports addressed by wavelength, cards by OAM order.

 For each input port, an OAM modulator converts the signal onto an OAM mode of 
order l among a set of N OAM modes depending on the targeted output card. 



OAM

Cards use Gaussian beams
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 OAM demod separates all the OAM modes of different l and the OAM demux
convert them to Gaussian.

 Number of OAM mod integrated on the OAM mux = Number of ports.
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 OAM demod separates all the OAM modes of different l and the OAM demux convert 
them to Gaussian.

 Number of OAM mod integrated on the OAM mux = Number of ports.
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> 128 ports can be obtained

Number of devices

Number of generated OAM channels/device

Power budget 

Crosstalk
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Crosstalk measurements: 
• 3 consecutive OAM modes generated at the 

same wavelength (worst case) by 3 
concentric OAM emitters

• Modulation: OOK and 16-QAM at 30Gbaud

Crosstalk induced penalty <1dB. 
Not significant impact on power and 

OSNR budget analysis.
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• Performance independent of the switching configuration (for 16QAM and OOK signals)

• Switch total power consumption/Gb/s <0.6mW for the tuning of the whole OAM 
multiplexer

Each QAM ch is modulated at different 
OAM modes

All the QAM chs are modulated at the 
same OAM mode

20 GBps 16-QAM chs



Card software interface in two different 
OAM switch configurations

Commercial network card 

The system recovers all the errors, 
demonstrating the operability with real-
traffic equipment after OAM switching
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4 OAM x 1 WDM chs 4 OAM x 16 WDM chs

Received 4-QAM 28GBaud channels

Transmission over Ring Core Fiber (1Km) 

Preliminary experiments with 16-QAM data 
have been also carried out



ROAM is pioneering OAM-based technologies and systems for: 

 Fiber transmission: ≈ 18 Tb/s  over 1km of OAM fiber
 Switching net: 10 OAM x 16 WDM switch with ≈ 18 Tb/s input 

traffic 

Developing new OAM integrated devices for 10 OAM x 16 WDM 
channels

 OAM fiber transmission and switching demos based on real 
data-center traffic
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