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Abstract: We present a quasi-optical component for the simultaneous de-multiplexing of
multiple channels by the transformation of OAM into transverse momentum. A communica-
tions link comprising 4 independent channels is demonstrated achieving a data rate of 8 Gbit/s.
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The implementation of spatial multiplexing has become an area of great interest for free space communications
links. Electro-magnetic waves carrying Orbital Angular Momentum (OAM) have emerged as a potential property
that could be utilised as a multiplexing technique [1]. The work by Allen et al. in 1992 showed that beams with an
transverse amplitude profile of A(r)exp(i`φ) carry an orbital angular momentum of ` per photon [2]. An example are
Laguerre-Gaussian (LG) beams that have a helical phase structure, with r and φ as the radial and angular coordinates
respectively. The integer ` is unbounded, giving a large state space in which to simultaneously encode information [1].
Free-space optical link using OAM for multiplexing have been demonstrated to perform up to 100 Tbit/s [3]. Out with
the optical regime Tamburini et. al. demonstrated encoding of two OAM channels on the same radio frequency [4].
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Fig. 1. (a) Conversion of OAM states into transverse momentum states by use of two refractive
quasi-optical components. A lens can then separate the resulting transverse momentum states into
specified lateral positions [6]. (b) Two dual polarisation antennas are used to generate a millimetre
wavelength beam, which is passed through a spiral phase plate in encode a specific OAM on to each
the two beams. This yields a link comprising 4 independent channels.

The millimeter wavelength regime presents an interesting region of the electro-magnetic spectrum in which to en-
code information, as they provide a much larger available bandwidth than microwaves, while being more robust to
weather and environmental impact than free-space optical links. From an implementation point of view these wave-
lengths are also short enough that quasi-optical components can be manufactured [5]. A key issues is the development
of tools for the encoding and decoding of information carried as OAM states.

In this paper we develop a system comprising two custom quasi-optical elements that transform OAM states into
transverse momentum states, allowing the simultaneous demultiplexing of multiple OAM channels at millimeter wave-
lengths Fig. 1. Such a transformation was recently demonstrated in the optical regime [6,7]. For waves in the mm-wave
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Fig. 2. (a) A cross section of the spatial variation in power at the detector plane for a range of
different input beams. Each profile is normalised to the total power measured over the cross-section.
(b) Constellation of OAM channel of charge number l=-1 when SNR is 8 dB. (c) BER measurement
of 1Gbaud/s QPSK signal on single OAM channel (no XT), 4 OAM channels of single polarization
(with XT single pol) and 8 OAM channels of two polarizations (with XT X-pol , with XT Y-pol).

regime the elements have the same form as those for the optical wavelength, however are produced through the use
of CNC milling techniques to construct these elements from high density polyethylene with a refractive index of
n = 1.5172 for a carrier frequency of 28 GHz. To determine the spatial intensity profile after the final lens, a antenna is
placed on a motorised translation stage allowing the power to be measured at discrete spatial positions, with a spacing
between these positions of 1 cm. Four different OAM modes were tested, ` = ±1,±3, where the cross sections of
the spatial variation in power for each mode was measured. It can be seen in that for a change in input OAM mode
there is a lateral shift in the peak position, Fig. 2 . We further demonstrate the use of this transformation a tool for
demultiplexing 4 independent data channels through the encoding of a 1Gbaud/s QPSK signal on two OAM modes,
` = ±1, and the two corresponding polarisation states. Constellation plots, indicating cross talk and Bit Error Rate
(BER) results are presented in Fig. 2 (a) and (b) respectively. The combined data rate of this 4-channel implementation
is 8 Gbit/s.

In conclusion, we have demonstrated the application of geometrical transformations of millimeter-waves with the
aim of decoding information carried as OAM modes. We have presented preliminary results demonstrating simulations
demultiplexing of a 4-channel link achieving a data rate of 8 Gbit/s. These results indicate the potential use of such a
technique as a tool for the decoding of information multiplexed in OAM at millimeter wavelengths.
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