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A low-mutual coupling MIMO antenna system is presented in this paper. A cavity backed SIW antenna is designed to work at the millimeter-wave frequency at first. Then two elements of the designed antenna were integrated to achieve an MIMO system. In order to reduce the free space radiation mutual coupling, an AMC wall was inserted between two antennas. In order to design an AMC wall, a unit cell was simulated with periodic boundary condition. Scattering parameters show that a better isolation of -30 dB is achieved by using the AMC wall. Good isolation, radiation efficiency, and gain make the proposed antenna a good candidate for 5G frequency band.

Titre : Réduction de couplage mutuel sans fil entre deux antennes SIW à fréquence millimétrique Auteurs : R. Karimian ; J. Pourahmadazar ; T. A. Denidni ; Mourad Nedil Résumé : Un système d'antenne MIMO à faible couplage mutuel est présenté dans cet article. Une antenne SIW à dos de cavité est conçue pour fonctionner dans la plage de fréquences millimétriques en premier lieu. Ensuite, deux éléments de l'antenne conçue sont intégrés pour obtenir un système MIMO. Afin de réduire le couplage mutuel de rayonnement dans l'espace libre, un mur AMC est inséré entre les deux antennes. Pour concevoir un mur AMC, une cellule unitaire a été simulée avec une condition limite périodique. Les paramètres de diffusion montrent qu'une meilleure isolation de -30 dB est obtenue en utilisant le mur AMC. Une bonne isolation, une efficacité de rayonnement et un gain font de l'antenne proposée un bon candidat pour la bande de fréquence 5G.
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I. INTRODUCTION

Increasing internet data traffic has driven the capacity demands for currently deployed 3G and 4G wireless technologies. Now, intensive research toward 5th generation wireless communication networks is progressing in many fronts. A promising way of achieving high data rate in wireless communications is using multiple antennas at both the transmitter and receiver, forming a Multiple-Input-Multiple-Output (MIMO) system [1]. MIMO has the potential for 5G as it is scalable technology at the node level and enables new deployments and architectures.

It is well-known that achieving high isolation and low envelope correlation coefficient (ECC) between closely spaced antennas is important in MIMO devices. The ECC can be calculated through scattering parameters under some assumptions [2]. As a matter of fact, the coupling between antenna elements in any MIMO array system is a crucial factor. The coupling between antenna elements can emanate from two sources, surface current, and free space radiation.

Several techniques have been proposed to reduce the mutual coupling from the surface current. To cancel out the original coupling between two elements a neutralization line h adopted in [3]. A low index meta-material has been used in [4] to reduce the surface current. Separating the common ground plane, by cutting slots between antenna elements in [5][6] has resulted in a good mutual coupling. Recently, electromagnetic band gap (EBG) structures, especially at millimeter-wave frequencies, are at the interest of surface current reduction due to frequency bandgap characteristics of EBGs [7]. However, there are a few papers which have focused on the free space radiation coupling. In this paper, an AMC wall is used as a wall between two slot SIW antennas to reduce the free space radiation coupling. The AMC unit cell is designed in a way to have a zero reflection phase at the center of the desired frequency band. A back-to-back AMC wall is inserted between two antennas which consequently omit the free radiation field path from one element to another.

II. ANTENNA DESIGN AND GEOMETRY

A. Single Antenna Design

An SIW cavity backed slot antenna is utilized in this paper. The geometry configuration is presented in Fig. 1. The SIW cavity is realized by row metalized with the condition of d/dp≥0.5, d/λ0≤0.1, where p d is the via's diameter and d is the center to center distance of the via's. The presented antenna is a modification of [8] with the differences in slot shapes, frequency bands, and the matching condition which consequently yield to desired bandwidth and frequency at mmwave. In this structure, the radiation is generated by TE120 resonance in SIW cavity. Full-wave simulation of the antenna is carried out by using Ansoft HFSS. The simulation reflected coefficient of the antenna is depicted in Fig. 1 (c).

B. AMC design

To design AMC structures, it is essential to define their operational frequency band, into which the phase of the reflection coefficient varies from -90 0 to 90 0 , in order to have constructive interference. To determine the reflection coefficient phase, a unit cell of the AMC structure is simulated with Ansoft HFSS. Fig. 2 (b) shows the simulation setup in HFSS. A new AMC unit cell working at the mm-wave frequency is designed in this paper. The substrate used is RO5880 with the permittivity and thickness of 2.2 and 0.127 mm, respectively. Note that a very thin substrate is used to achieve a back-to-back AMC wall. Clearly by increasing the substrate height, a better bandwidth in terms of reflection phase will be achieved. Fig. 2 (c) represents the simulation reflection phase versus frequency for the proposed AMC unit cell. As it can be seen from the figure, the unit cell has the zero reflection phase at the center of the SIW antenna's working frequency.

III. MIMO SYSTEM PERFORMANCE

The antenna element presented in Section I shows that it is suitable for mm-wave frequency. Two SIW cavity backed antennas are integrated together to have an MIMO antenna system. Note that the two elements are merged together which yielded a common via row. This technique simultaneously reduces the surface current and overall size of the MIMO structure.

To reduce the free space radiation interaction between two elements, a back-to-back AMC wall is inserted at the middle of the MIMO structure. Fig. 3 (a) and (b) show the antenna without and with AMC wall, respectively. Fig. 4 represents the simulation scattering parameters for the MIMO antenna with and without AMC wall. As it is clear from the figure, a good enhancement was achieved by using AMC wall. The difference between S11 for two cases is due to the imperfection of the AMC wall. The AMC does not have a zero reflection phase for the whole frequency bands and, therefore, a little discrepancy can be seen between two cases.

The simulated radiation pattern, of the proposed MIMO antenna with and without AMC wall are depicted in Fig. 5. As it can be seen from the figure for the case of XZ-plane, the radiation pattern is changed due to AMC wall. However, the pattern for the YZ plane is relatively constant. The simulation results claim that the antenna has an efficiency better than 96%.

IV. CONCLUSION

A SIW cavity backed antenna for the mm-wave frequency has been discussed in this paper. Two SIW cavity backed antennas are integrated together to have an MIMO antenna. A back-to-back AMC wall is inserted between two antennas to reduce the free space mutual coupling. Simulation results have shown that, good isolation were achieved indicating the antenna a good candidate for 5G wireless communication. 
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