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Réseau d'antennes à fente effilée multi-faisceaux utilisant une lentille

I. INTRODUCTION

In last decades, various techniques and technologies have been developed to design innovative multi-beam array antennas. The Blass [1], Nolen [2] and Butler matrices [3], R-KR [4] and Rotman lenses [5], [6] are some of these beamforming networks (BFN). Between all of these structures to provide desired a far-field radiation pattern over the operating bands, the BFN of the proposed antennas should provide the required phase gradient and amplitude to each radiator elements for multibeam performance. Generally, R-KR-, and Rotman-lens prototypes due to the lower number of switching elements needed, compared to other techniques have been attracted much attention in fulfillment of RF beamformer requirements. In last years, various lenses with combination of new technologies have already been developed [1]- [21]. In these works, different kinds of synthesized waveguides in dielectric substrate, such as post-wall waveguides, laminated waveguides and substrate integrated waveguides (SIWs) have been introduced. Due to some advantages, such as mass producibility, low cost and loss, and easily integration with other planar structures, substrate integrated waveguide (SIW) technology can be an attractive candidate for microwave applications. In this work, a new planar prototype of SIW Rotman lens with TSA array is proposed to generate multiple beams. The proposed Rotman lens based multi-beam antenna is an effective solution for surveillance and communication systems operating over X-band electromagnetic band. The simulated results around the 10-GHz demonstrate the validity of the proposed multi-beam antenna with scanning capability - over ±24 ° degree. This multi-beam antenna design starting points will be the antennas proposed in [1], [5]- [6], [20], [21]. A prototype lens is designed with 7 beam ports and 9 array ports. 

II. ROTMAN LENS

III. SIW MULTIBEAM ANTENNA

The proposed multi-beam TSA antenna array is realized on Rogers RO5880 substrate. Seven beam ports are implemented in the proposed lens to generate seven beams at 0 °, ±8 °, ±16 °and ±24 °, respectively. As shown in Fig. 1, the array and beam ports are placed in symmetrical position with respect to the longitudinal direction of B4 port. The simulation results indicate that the amplitude variation and the phase slope are linear over the operating band (X-band; 8 to 12 GHz). As shown in Fig. 2, the transmitted power amplitude from 𝐵 1 and 𝐵 4 port to all the array ports (𝐴 1 -𝐴 8 ) ranges from -10 to -20 𝑑𝐵. The proposed SIW lens can offer 0 °, ±40 °, ±80 °, ±120 ° phase differences with acceptable rate of errors. It is noted that using phase shifter will limit the operation bandwidth. However, from the simulated results as shown in Figs. 2 and3, the influence on the proposed lens is small. Due to insertion of additional feed taper for beam ports much better return losses than -15 dB for 𝐵 2 -𝐵 6 ports are achieved. The 2-D patterns for B 2 (+16 °beam port), B 4 ( 0 ° beam port), B 5 (-8 ° beam port) beam ports are calculated at 10 GHz from -100 ° to 100 ° theta angles for each input ports and are shown in Fig. 4 and computed surface current at 10 GHz belonged to B 4 (0 ° beam port), B 5 (-8 ° beam port) ports for the proposed antenna are shown in Fig. 5. 

IV. CONCLUSION

In this paper, a novel multibeam antenna array has been proposed at 10 GHz for x-band applications. This lens can be used as a beam forming network for multi-beam antenna with seven beam ports. This multi-beam antenna with seven beam ports is cascaded with nine exponential tapered slot array antennas. This layout is constructed by a standard PCB process. Unlike conventional Rotman lens Vivaldi multi-beam antennas, the proposed design only represents a planar structure operating at 8 to 12 GHz, but also achieves a high gain, and low loss.

Fig. 1 .

 1 Fig. 1. Geometry of the realized SIW Rotman lens (units: mm).

Fig. 1

 1 Fig. 1 shows the proffered SIW Rotman lens, which is comprised of seven beam ports, nine array ports and eight dummy ports, was designed to operate at the center frequency of 10-𝐺𝐻𝑧. The design parameters of the proposed design are as follow: 22 deg Focal angle, 24 deg Scanning angle, 0.508 mm Roger 5880 substrate thickness and exponentially tapered slot antennas (ETSA).
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 2 Fig. 2. Relative amplitude distribution across the array ports excited by 𝐵 1 beam port ( 24 ° beam port) of the SIW Rotman lens at 8.75, 9, 10, 11, 11.5 and 12 GHz, respectively.

Fig. 3 .

 3 Fig. 3. Relative phase distribution across the array ports excited by 𝐵 1 beam port ( 24 ° 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. 2-D spectrum of proposed antenna array patterns corresponding to 𝐵 2 (+16 ° beam port), 𝐵 4 ( 0 ° beam port), 𝐵 5 (-8 ° beam port) beam ports at 10 GHz.The calculated normalized E-plane patterns at 9.5, 10 and 10.5 GHz are shown in Fig.6at B1, B2, B3 and B4, respectively. These results reveal that the beam directions are 0 °, 15.5 °, and 27.6 °, respectively and the 3-dB beam widths are 13.4 , 13.2 , 12.8 , 13.5, and 13.0.
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 56 Fig. 5. Computed surface current plots at 10 GHz corresponding to (a) 𝐵 4 (0 ° beam port), (b) 𝐵 5 (-8 ° beam port) ports