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Short Abstract

In this study, the mantle cloaking method is utilized to eliminate strong mutual coupling between two compact co-frequency patch antenna arrays with
orthogonal polarizations. The patches are reduced in size by 33% through the addition of two slots on the resonant edges, allowing a reduction in
distance between elements and enabling beam steering. To mitigate the destructive effects of mutual coupling between elements, a thin metasurface
cloak is placed on the top and bottom surfaces of the patches. The metasurface cloak exhibits capacitive reactance at the desired operating frequency
and eliminates the inductive reactance caused by induced currents from adjacent patches, making the elements of the two arrays invisible to each other.
Full-wave simulation is used to evaluate the performance of this cloak structure in terms of array radiation characteristics. Results show that adding the
cloak increased array efficiency by 35% compared to the uncloaked case, with isolation between elements improving by over 24 dB at the operating
frequency. Radiation patterns in the cloaked case demonstrate a 98.5% similarity to those of isolated arrays. The antenna gains in the cloaked case
slightly decreased by 0.1 dB and 0.2 dB for arrays | and Il, respectively, and the sidelobe levels increased by 0.5 dB and 0.2 dB compared to isolated
arrays. These findings confirm that this metasurface cloak design successfully restores radiation characteristics of tightly coupled arrays similar to those
of isolated arrays.
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1-  Short Introduction

Previous methods for achieving isolation between antenna elements have limitations such as large size, multilayer structure, complexity, and high
manufacturing cost. Furthermore, most of these techniques are only applicable to antennas operating at different frequencies. Our paper presents a novel
approach to isolating two co-frequency patch antenna arrays with orthogonal polarizations. We extended the idea of the mantle cloaking method to
eliminate the cross-coupling between two closely spaced small patch antennas with the capability of beam steering. The interleaved antenna arrays can
reduce the occupied space by 50% compared to two separate arrays, which is essential considering the growing demand to increase wireless
communications capacity.

2-  Proposed Work and Methodology

The aim of this study is to use a proposed cloak design for active devices, specifically antennas, to restore their radiation characteristics to those of the
isolated case. The performance of the cloaking structure is evaluated by comparing the uncloaked, cloaked, and isolated arrays in terms of radiation
characteristics and scattering parameters. The return loss, radiation patterns, gain, and efficiency of the cloaked antenna confirm the success of the
proposed method. The edge-to-edge spacing of 0.014%, between adjacent elements in the proposed configuration is much smaller than previously
published works. This spacing is used to prevent the patches from connecting to each other, taking into account the manufacturing constraints, but it
can theoretically be reduced to almost zero. The innovation of this research is the use of anisotropic cloaks to bypass the inherent limitations of passive
cloaks. Furthermore, the cloak design is extended to a one-dimensional interleaved patch array configuration, allowing for two different phased arrays
to be accommodated in the same array size.

3-  Conclusion

In this work, the concept of mantle cloaking using elliptical metasurfaces is proposed to isolate the polarization of two co-frequency interleaved linear
patch antenna arrays. The various simulation results presented in the paper demonstrate that the specifically designed metasurfaces effectively mitigate
the mutual coupling effect between closely spaced patches. The resulting cloaked antennas exhibit similar matching and radiation characteristics as
isolated arrays, making them suitable for dense phased antenna arrays in dual-polarization communication applications, particularly for polarization
diversity in 5G and 6G systems to prevent multipath fading. The utilization of two arrays operating at the same frequency and with orthogonal
polarization enables the implementation of full-duplex communication. This configuration effectively overcomes the challenges posed by multipath
fading. Furthermore, it facilitates the application of imaging sensors in the field of medicine and enables their usage in multiple input-multiple output
(MIMO) systems. In complex urban environments, these arrays enhance the channel capacity, thus providing improved communication capabilities.
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