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Antenne orientable à faisceau haute gain en bande millimétrique pour les réseaux sans fil 5G

Une nouvelle antenne orientable à faisceau haute gain est présentée pour faire tourner le diagramme de rayonnement en continu autour de l'axe de face principale dans la bande de fréquence de 60 GHz. Une antenne patch à diagramme de face principale annulé est conçue avec un guide d'ondes à rainure en crête (RGW). Une métasurface à gradient de phase (PGM) est mise en oeuvre sur le dessus de l'antenne, et en faisant tourner mécaniquement la surface de la PGM autour de son centre, le diagramme de rayonnement peut être tourné en continu. La surface PGM proposée se comporte comme une surface souple et est constituée de cellules unitaires de forme carrée placées sur le substrat hôte avec une permittivité relative de 3.

Mots-clés : Antenne orientable à faisceau haute gain en bande millimétrique, Réseaux sans fil 5G, Diagramme de rayonnement, Axe de face principale, Antenne patch à diagramme de face principale annulé, Guide d'ondes à rainure en crête, Métasurface à gradient de phase, Surface PGM, Surface souple, Cellules unitaires de forme carrée, Substrat hôte, Permittivité relative, Fréquence 60,0 GHz.

PGM surface around its center, the radiation pattern can be rotated continuously.

II. PROPOSED BEAM STEERABLE ANTENNA

To steer the main beam of the proposed ridge gap patch antenna, the designed PGM surface is placed on one side of the antenna as shown in Fig. 1. The proposed PGM surface is integrated on the semicircle host substrate of the RO3003 with relative permittivity of 3, radius of 7.3mm and thickness of 0.13mm. Fig. 1 shows the geometry of the PGM surface. The PGM surface comprises a periodic structure of square patch unit cells placed on a perfect electric conductor. The surface waves propagate along the radial axis with an e (-α P GM -jβ P GM )r propagation factor. To analyze the surface waves propagation along the radial axis, the boundary condition between the PGM surface and air should be considered, Abstract-A novel high-gain beam steerable antenna is presented to rotate the radiation pattern continuously around the broadside axis at 60 GHz frequency band. A broadside nulled pattern patch antenna is designed with ridge gap waveguide (RGW). A phase gradient metasurface (PGM) is implemented on top of the antenna which by mechanically rotating the PGM surface around its center, the radiation pattern can be rotated continuously. The proposed PGM surface behaves like a soft surface, and consists of square-shaped unit cells placed on the host substrate with a relative permittivity of 3.

Index Terms-ridge gap waveguide, antenna, mmWave, beamtilted, high-gain, beam steerable antenna

I. INTRODUCTION

The WiFi technology at mm-wave also known as Wireless Gigabit (WiGig) mainly uses the 60 GHz frequency band to develop connections with various devices with higher speed but offers a shorter covering range due to high amount of propagation losses [1]- [4]. Moreover, the 60 GHz electromagnetic wave suffers from severe penetration rate through walls and objects. In [2], it has been shown that channel loss would increase 30 dB in line-of-sight (LOS) links by increasing the distance between the transmitter and receiver from 1 to 50 meter; however, in non-line-of-sight (NLOS) links, the signalto-noise ratio (SNR) degrades up to 65 dB by increasing the distance from 1 to 50 meter. To overcome the high amount of propagation losses and reduce the NLOS SNR degradation at 60 GHz, a network with beam steerable antennas can be a good candidate to align communication links where the transmitter and receiver antennas are not in LOS.

In [4]- [8], the presented beam-steering techniques provide only two or four fixed beams by exciting the different ports of the antennas. In fact, they are beam-tilted antennas which have application in base station to tilt the beam toward the adjacent base station antenna; however, they cannot significantly improve the link performance in the communication links with mobile devices.

In this paper, a high-gain beam steerable antenna using PGM surface is presented. The proposed PGM surface is attached on the top of a broadside nulled pattern patch antenna fed with ridge gap waveguide. By mechanically rotating the then solve Maxwell's equations. As a result, the PGM surface reinforces the surface waves and creates another phase center for the antenna with different phase and magnitude, respect to the other semicircle section of the patch. This phenomena can deviate the antenna radiation pattern from the broadside axis (z-axis). Meanwhile, by rotating the PGM surface around its axis, the radiation pattern will continuously sweep the space. Moreover, due to the fact that using this technique the radiating aperture of the antenna is increased, the gain of the antenna increased to about 15.2 dBi compared to the antenna without PGM surface, which is about 7dBi.

The ridge gap patch antenna is integrated on the host substrate of the RO3003 with thickness of 0.5mm that is fed by the underneath ridge gap waveguide. The slot at the center of the patch will excite the fundamental mode. In the ridge gap waveguide, electric and magnetic fields are captured between two PEC walls on the upper and lower sides and two open sides. A band-gap along x and y-directions is obtained by embedding some structure like a bed of mushroom ridge along the two open sides, and only the Q-TEM mode will propagate at this band-gap.

The proposed beam steerable antenna was simulated in Ansys HFSS with and without PGM surface. Simulation results show that the gain is increased about 8 dBi compared to the antenna without PGM surface. A peak gain of 15.2 dBi with a HPBW of 20 • is achieved for the antenna with the PGM surface. The proposed antenna covered the frequency-band of 57-64 GHz. The radiation pattern and scattering parameters of the beam steerable antenna for three different rotating angles of the PGM surface are shown in Fig. 2 and Fig. 3, respectively. 

Fig. 1 .

 1 Fig. 1. Assembly schematic of the proposed beam steerable antenna. The dimensions are Rp = 2, Ls = 1.35, Ws = 0.2, Lm = 0.4, gm = 0.1, and all in millimeter.

Fig. 2 .

 2 Fig. 2. Radiation pattern of the beam steerable antenna for three different rotating angles of the PGM surface. (a) β=0 • . (b) β=90 • . (c) β=180 • . (d) xz-plane radiation pattern at β=0 • .

Fig. 3 .

 3 Fig. 3. Scattering parameters of the beam steerable antenna for three different rotating angles of the PGM surface.