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Titre : Système de réseau d'antennes à formation de faisceaux basé sur une lentille micro-onde plane utilisant une antenne Bowtie alimentée par SIW non coplanaire Auteurs : Javad Pourahmadazar ; Reza Karimian ; Mohammadmahdi Farahani ; Tayeb Denidni Résumé : Un nouveau système de réseau d'antennes à formation de faisceaux utilisant une antenne en réseau Yagi-Uda alimentée par guide d'ondes intégré au substrat (SIW) est présenté. Cette antenne en réseau à phase utilise une lentille à structure de guide d'ondes intégrée comme réseau de formation de faisceaux (BFN). Un système de réseau à formation de faisceaux prototype est conçu avec 7 ports de faisceau, 9 ports de réseau et 8 ports fictifs. Une antenne en réseau linéaire Bow-tie alimentée par SIW à 10 GHz est proposée avec une structure non plane permettant un balayage sur (-24°, +24°) avec une lentille SIW.
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I. INTRODUCTION

In recent years, Beam Forming Networks (BFNs) techniques, such as Blass, Nolen and Butler matrices [1], Luneburg, R-KR and Rotman lenses [1][2][3][4][5][6][7][8][9], using substrate integrated waveguides for providing desired far field radiation pattern and pointing direction over the application bands have been developed to produce phased array antennas [1][2][3][4][5][6]. This paper presents a novel steerable Bow-tie array antenna using substrate integrated waveguide (SIW) technology [6]. It employs an integrated waveguide structure microwave lens as a beam-forming network (BFN) [2][3][4][5].

II. PHASED ARRAY ANTENNA DESIGN

The proposed microwave lens is Rotman type integrated lens in substrate with substrate integrated waveguide technology. A prototype lens is designed with 7 beam ports, 9 array ports, and 8 dummy ports. A 10 GHz SIW-fed Yagi-Uda antenna has been proposed with nonplanar director element as radiating elements [2][3][4][5]. The simulated results around the center frequency for X-band application validate the proposed design and scanning capability over [3][4][5]. The full design process of the proposed phase array antenna is integrated with SIW technology. A 10-GHz Rotman lens with SIW technology is proposed to feed nine non-planar bow-tie antenna to generate multiple beams. The proffered steerable array antenna, which is comprised of seven beam ports, eight dummy ports and nine array ports, was designed to operate at 

III. ROTMAN LENS THEORY AND DESIGN

Fig. 1 shows the geometry of a conventional Rotman-type lens, which consists of a circular focal arc (also called feed contour), an inner lens contour (also called inner receiver contour) and an outer lens counter. is the inner lens contour and defined by the set of points. As indicated in Fig. 2, is the axial focal point and located on the central axis and off-axis focal points ( , ) are symmetrically located on a circular focal arc. The outer lens contour (specified by red line in Fig. 2) is a straight line and defines the place of the antenna elements. Generally, to determine the lens configuration uniquely in each design, four self-sufficient and important parameters are imposed on the system as follows:

The axial focal point ( ), a straight front face and two offaxis focal points ( , ). During the lens design process, these ideal focal points effect on outgoing beams at the angles of , and is considered. In the first step of lens design formulation, a set of design parameters are normalized relative to the focal length , and defined as follows: and

(1) Also,

where is the focal angle, is the scanning angle, is the ratio of the off -axis and central focal lengths, and is the relative permittivity of the lens substrate. Therefore, according to the design methodology in [START_REF] Rezaeieh | Design of a compact broadband circularly-polarized slot antenna for wireless applications[END_REF], the lens configuration can be calculated from the modified equations of (3) (5 ).

(

) (4) 3 
In which the parameters of , and can be calculated from the following equations:

(6) (7) (8) 
Here is the length of the delay lines and by using fixed set of design parameters , and , , it can be calculated as a function of from equation ( 5). Finally, by using ( 1)-( 8) equations the Rotman lens geometrical layout is calculated.

IV. RESULTS AND DISSCUTIONS

The proposed Rotman lens based steerable array antenna is designed for a nine linear Bow-tie radiation elements [3][4][5].

Seven beam ports were implemented in the proposed design to steer seven radiating beams at , , and , respectively. In all previous lenses, the transverse electromagnetic (TEM) propagation incorporated in the design. One of possible solution, for that is to adopt the principle of a non-TEM parallel-plate propagation mode. Due to utilizing a non-TEM parallel-plate mode, it is anticipated that impedance bandwidth will decrease but throughout its structure incorporating rectangular waveguide or dielectric slab feeds around the lens periphery will be possible. Respect to the longitudinal direction of B4 port the array and beam ports are placed in symmetrical position as shown in Fig. 1 [3][4][5]. Fig. 1 shows the geometry of the proposed phased array system. Compared to other reported Bowtie antennas, the proposed array antenna is not a single structure on similar plan. The directors divided into two separate parts on the upper and lower surfaces of the substrate, which could improve the maximum gain of antenna. Fig. 3 and Fig. 4 show the transmitted power amplitude and phase distribution from and port to all the array ports ( ranges from to . The designed microwave lens can offer , , , phase differences with acceptable rate of error. It is noted that using phase shifters will limit the operation bandwidth. The 2-D patterns for ( beam port), ( beam port), ( beam port) beam port are calculated at 10 GHz from to theta angles for each input port, and they are shown in Figs. 5 and6. The calculated E-plane radiation patterns at 9.5, 10 and 10.5 GHz are shown in Fig. 5 at B1-B4 ports, respectively. These results reveal that the beam directions are , , and , and the 3-dB beamwidths are , , , , and . The S-parameters of the proposed antenna are given in Table . I. Simulated return loss for all beam ports shows good impedance matching all over the X-band frequencies with return loss results lower than -20 dB at center frequency.

V. CONCLUSION

In this paper, a novel 10-GHz beam-forming phased antenna array system using a SIW-fed Bowtie antenna has been presented. This steerable antenna with seven beam ports is cascaded with nine Bowtie array antennas. This planar layout can be constructed by a standard PCB process. The proposed steerable design presents a full planar structure operating at 10 GHz, with high gain, and low loss. This structure can de designed for retro directive and mono-pulse applications with full planar structures.
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 2 Fig. 2. Geometry of the proposed steerable Rotman lens Bowtie array antenna

Fig. 2 .

 2 Fig. 2. Geometry of a conventional Rotman lens.
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 3 Fig. 3. Relative amplitude distribution across the array ports excited by beam port ( beam port) of the SIW Rotman lens at 8.75, 9, 10, 11, 11.5 and 12 GHz, respectively.
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 4 Fig. 4. Relative phase distribution across the array ports excited by beam port ( beam port) of the SIW Rotman lens at 8.75, 9, 10, 11, 11.5 and 12 GHz, respectively.
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 5 Fig. 5. Simulated 2-D gain patterns spectrum corresponding to ( beam port), ( beam port), ( beam port), ( beam port), ( beam port), ( beam port) and ( beam port), beam ports at 10 G