OAM mode quality comparisons for discrete EM radiating sources
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Electromagnetic (EM) waves carrying the orbital angular momentum (OAM) are currently being considered for use in optical wireless communications, as well as wireless communications at terahertz and millimeter wave frequencies [1], [2]. The apertures radiating with their entire surfaces, often used in the optical domain, produce very high quality OAM EM waves. However, partial radiating apertures and discrete OAM wave sources, considered here, facilitate OAM source reconfiguration as well as multiplexing of different OAM modes through a single aperture. Moreover, at terahertz and millimeter wave frequencies, powering and phasing of discrete OAM EM wave sources often becomes increasingly more complex and costly, especially for a very large number of elements of radiating antenna arrays. Therefore, it is of interest to use low-cost, low-profile, efficiently powered and phased antenna arrays consisting of a limited number of elements, while optimizing the OAM mode quality.
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Figure 1. Uniform circular antenna arrays (UCA) are often used to produce the OAM EM waves at millimeter wave frequencies. Rectangular antenna arrays (RAA) could offer some additional flexibility to the designer; however, the calculation of the RAA element phase shifts is more complex, and additional optimization might be required to attain similar OAM mode quality in comparison with the UCA.
Utilization of uniform circular antenna arrays (UCA) as discrete OAM EM wave sources has been successful in the millimeter wave frequency band; phasing of the UCA is quite straightforward and symmetrical antenna arrangements are advantageous from the OAM mode quality viewpoint. However, the OAM EM wave sources for use in wireless communications have to be electrically large [2], [3], to allow the desired system performance. From that point of view, either uniform or non-uniform rectangular antenna arrays (RAA) provide additional flexibility to the designer and could benefit from the well-developed theory and implementation methods of conventional antenna arrays [4]. We compare the OAM mode quality of different antenna array arrangements at millimeter wave frequencies to define the prerequisites for the RAA for attaining high wireless data transfer performance.
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