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It is well-known that a single photon’s polarization, amplitude, frequency, and phase can be encoded with data for modulation 
and/or multiplexing. In order to break through the capacity bottleneck imposed by the WDM grid, another degree of freedom, i.e., 
spatial modes, has attracted increasing research attention. Orbital angular momentum (OAM), discovered in 1992 [1], is a “new” 
kind of spatial mode, characterized by the azimuthal phase dependence of electric field. In general, OAM modes are described by 
a helical phase front and “donut-like” intensity profile (see Fig. 1).  

The mutual orthogonality of OAM eigenmodes enables high-spectrally 
efficient free-space optical (FSO) transmission.  However, FSO channel 
is sensitive to atmospheric propagation effects, such as atmospheric 
turbulence, leading to absorption,  scattering, and refractive-index 
fluctuations. These detrimental effects cause azimuthal phase distortions 
and scintillations of the transmitted OAM beams. As a consequence, the 
orthogonality among OAM modes will not be preserved, and mode 
crosstalk will take place. Strong atmospheric turbulence is the limiting 
factor in long-distance FSO links, similar to nonlinearities in fiber-optics 
links. Despite the presence of turbulence, OAM based FSO transmission 
system is still feasible and reliable thanks to adaptive optics (AO), multi-
input multi-output (MIMO) signal processing, and channel coding such 
as low-density parity-check (LDPC) coding [2].   

In this invited talk, we will present the flexible generation and detection 
of OAM modes by phase-only spatial light modulators (SLMs); describe 
the strong atmospheric turbulence emulator based on Andrews’ 
azimuthal phase spectrum; and demonstrate the reliable OAM based 
FSO transmission system enabled by wavefront sensorless AO system 
and LDPC coding in the presence of strong atmospheric turbulence effects. In addition, we will also introduce the polarization 
insensitive turbulence emulator based on the polarization sensitive SLMs. We will demonstrate that beyond Tera-bit/s FSO 
transmission can be achieved over strong atmospheric turbulence channels by employing WDM, PDM, OAM multiplexing, and 
advanced modulation formats (Fig. 2) in tandem with wavefront sensorless AO and LDPC coding.  
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Fig. 2 Conceptual diagram for FSO system based on WDM, PDM, OAM multiplexing, and advanced modulation formats. 
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Fig. 1 Generated OAM beams: (a1)-(a4) intensity 
profiles, (b1)-(b4) phase profiles of OAM states 1, 
-1, 4, -4, respectively. (c1)-(c4) Numerical results 
corresponding to (b1)-(b4), respectively. 


