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V-band Printed Ridge Gap Waveguide Phased Array Antenna with ±40 • Scanning Angular Sector and ETSI Class II Radiation Pattern

We present a multilayer printed ridge gap waveguide (PRGW) phased array antenna based on Rotman Lens (RL) beam forming network for V-band sensing applications. It employs PRGW Rotman Lens as a beam switching network to design multi-beam antenna. Both phase shift network (PSN) and BFN will be made in printed circuit board in multi-layer platform based on PRGW technology. A prototype phased-array system is designed with eleven beam ports and sixteen array ports. The simulated results validated PGW design, and ±40 • scanning angular sector capability. The beam ports radiation patterns for both E-and H-planes satisfy intended ETSI class II standard side lobe envelope with side lobe levels lower than -12dB and wide impedance bandwidth over operating band.

Titre : Antenne en réseau à formation de faisceaux V-band à guides d'ondes imprimés en ondulation de crête avec secteur angulaire de balayage de ±40° et motif de rayonnement de classe II ETSI Auteurs : Javad Pourahmadazar ; Tayeb Denidni Résumé : Nous présentons une antenne en réseau à formation de faisceaux à guides d'ondes imprimés en ondulation de crête (PRGW) multicouche basée sur une lentille Rotman (RL) pour les applications de détection en bande V. Elle utilise la lentille Rotman PRGW comme réseau de commutation de faisceaux pour concevoir une antenne à faisceaux multiples. À la fois le réseau de déphasage (PSN) et le réseau de formation de faisceaux (BFN) seront réalisés sur circuit imprimé en plateforme multicouche basée sur la technologie PRGW. Un système en réseau à formation de faisceaux prototype est conçu avec onze ports de faisceau et seize ports de réseau. Les résultats simulés valident la conception PRGW et la capacité de secteur angulaire de balayage (±40°). Les diagrammes de rayonnement des ports de faisceau pour les plans E et H satisfont l'enveloppe de lobes secondaires de classe II ETSI prévue avec des niveaux de lobes secondaires inférieurs à -12 dB et une large bande passante d'impédance sur la bande de fonctionnement.

Mots-clés : Diagramme de rayonnement des antennes, Direction de propagation, Antennes dipôles à ondes millimétriques, Réduction du couplage mutuel, Surface ondulée à ondes millimétriques, Lentille micro-onde plane, Système d'antennes en réseau à formation de faisceaux, Antenne en réseau Yagi-Uda alimentée par guide d'ondes intégré au substrat, Antenne Bowtie alimentée par SIW non coplanaire, Structure de guide d'ondes intégrée, Réseau de formation de faisceaux, BFN, Antenne linéaire en réseau Bowtie alimentée par SIW. forming networks, such as butler matrices, and microwave lenses, they have a great potential to realize with low loss platforms using PRGW platform [1]. This paper presents an innovative printed ridge gap waveguide phased array antenna for millimeter-wave applications. It employs printed AMC to realize air-gap transmission to design air filled Lens as a beam-forming network (BFN) for multi-beam antenna design [2]- [5]. The proposed phased array antennas composed of 16×16 longitudinal rectangular slot elements and E-and Hplane radiations satisfy intended ETSI class II standard SLL envelope, which is suitable for millimeter-wave applications.

II. ANTENNA DESCRIPTION

The configuration of the presented PRGW phased array antenna with slot array radiation elements. The phased array antenna consists of four distinct parts such as printed gap waveguide, Rotman lens as a beam forming network, phase shift networks, and 16×16 longitudinal rectangular slot elements. The proposed EBG stopband characteristic is produced by the mushroom-like cells to suppress undesired radiation direction and analyzed with dispersion diagram. The Recently, millimeter-wave wireless systems have attracted much attention due to emerging high data rate communication in V-and E-band point-to-point links. This communication demand antennas with high gain, and high efficiency to overcome high atmospheric attenuation for emerging this purpose. Due to some advantages compared to conventional methods which they suffer from dielectric losses, gap waveguide is up-andcoming candidate especially at millimeter-wave frequencies with new characteristics such as low loss, low manufacturing cost, flexibility, and compactness. The concept of electromagnetic band gap (EBG) structures with mushrooms like cells has enabled designers to take advantage of low-loss transmission with parallel waveguide theory within the printed circuit board implementation as a printed gap waveguide technology. Indeed, this guiding waveguide can control the propagation of waves within parallel plates in a required direction based on hard/soft surfaces boundary conditions and parallel PEC/PMC waveguide cutoff frequencies. These EBG surfaces can be characterized by mushroom structures to provide required stop band to form an Artificial M agnetic C onductor (AMC) medium. This AMC structure replaces the walls in rectangular waveguides (RW), which can help parallel plates to realize a TEM transmission line with no electric contact. Also, the loss of the dielectric-filled m aterials i s a voided i n t his technology by using air as the propagation medium. In this case, beam radiating layer consists of new slot array elements distribution with separated feeding network to solve previous distribution methods drawbacks which are given good isolation and Xpolarization level. Stubs feed the longitudinal slots unlike cavity fed slots array to increase impedance bandwidth and reduce X-polarization. In the lower layer, a printed gap waveguide Rotman based BFN is used to supply PSN via the coupling apertures. Fig. 1 shows the illustration of the dispersion diagram for the proposed PRG waveguide and structure configuration. The lens network is consists of eleven beam ports, sixteen array ports, eight dummy ports, and slot coupled phase shifter network. Each output of the array fed with the distinct phase and amplitude to realize multi-beam prototype using lens structure. An MS to PGW transition is designed to match the gap waveguide to an End launch SMA connector at 60 GHz with Southwest Microwave products. The performances of the proposed integrated antenna for all parts have been investigated using commercial Ansoft HFSS software separately. To prepare the gap waveguide stop band configuration, four parameters are analyzed as follows: the gap height (g), the height (H -h) and radius of the plated pins (r), the pins physical distance from the center of circular patches, and the diameter of the circular disk (D).

III. RESULTS AND DISCUSSION

The proposed phased array antenna is created for a sixteen radiation elements based on printed gap waveguide technology Fig. 2. Eleven beam ports were implemented in this design to scan 0 • ,±7.5 • , ±15 • , ±23 • , ±32 • , and ±40 • angular sector. We can explain the proposed phased array antenna mode of operation as follows: the incident wave is launched by one of the eleven beam ports which are connected to MS-PGW transition on the focal arc of the lens in the first layer. This wave is guided by parallel waveguide base Rotman lens which is achieved with PGW platform. In array ports contour of the lens, the traveling waves are coupled to next layer with rectangular slots. In this layer, the coupled waves phase is tailored by PGW delay lines before to be coupled to the microstrip-fed slotted array. All layers are realized with RO 3003 substrates with the same thickness equal to 0.508mm. Gradient phase distribution between slot array radiating elements achieve a ±40 • beam scanning ability in E-plane. The designed beamforming network can offer 0 • to ±150 • phase differences. The simulated return loss for the B 1 and B 8 are better than -27dB return loss. This prototype compares to previous works cover more angles, low loss, and compact design. Fig. 3 shows the simulated radiation patterns of the proposed phased array antenna for B 6 ports at 60GHz [6].

IV. CONCLUSION We presented a new 60-GHz multi-layer phased array antenna with PRGW technology. The two layers of phased array are realized with printed ridge gap waveguide technique and slot coupled transitions. Conventional PCB fabrication method has been used in antenna manufacturing. The antenna scanning angular sector range is around ±40 • with ETSI class II radiations and low SLL. 
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 1 Fig. 1. Illustration of the dispersion diagram of different modes for the periodic printed mushroom like ridge with cell dimensions: D = 0.25, r = 0.38, L = 1, H = 0.5, h = 0.25 (All in: mm).

Fig. 2 .

 2 Fig.2. The proposed integrated system phased array antenna.
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 3 Fig. 3. Simulated radiation patterns of the proposed phased array antenna for B 6 ports at 60GHz. (a) E-plane (gray black-line). (b) H-plane (black line).