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This paper presents a novel substrate integrated waveguide (SIW) for X-band sensing applications. It employs a SIW Rotman Lens (RL) as a beam switching network. A prototype lens is designed with 7 beam ports and 9 array ports. The simulated results around the frequency of 10-GHz demonstrate the validity of the proposed design and scanning capability over °, ° . Throughout this paper, the design process of the proposed microwave lens for X-band sensing application is demonstrated in details.

the validity of the proposed design with scanning capability over 24 °, 24 ° . A prototype lens is designed with 7 beam ports and 9 array ports. This lens starting points will be the printed lens proposed in [5].

I.

ROTMAN LENS Fig. 1 shows the schematic 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. The design parameters of the proposed design are as follow: 10GHz Design Frequency, 22 deg Focal angle, 24deg Scanning angle, 0.508 mm Roger 5880 substrate thickness.

III. SIW LENS DESIGN

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

, on an RO5880 substrate with electric permittivity of 2.2 and thickness of 0.508 . The proposed SIW Rotman lens is designed for a nine linear array radiation elements.

I. INTRODUCTION In recent years,

various Beam Forming Network (BFN) techniques have been developed to produce phase array antennas such as Blass [1], Nolen [2] and Butler matrices [3], R-KR [4] and Rotman lenses [5], [6]. For providing desired far field radiation pattern and pointing direction over the application bands, the BFN of the proposed antennas should provide the required phase gradient and amplitude to each radiator elements. For this reason, different techniques are implemented. Generally, Rotman-and R-KR-, due to the lower number of switching elements needed, compared to other techniques have been found much attention in fulfillment of RF beamformer requirements. In last decades, various Rotman lenses have already been developed [1]- [6]. In these lenses, the transverse electromagnetic (TEM) propagation incorporated in the design. One possible solution 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. In this work, a new SIW Rotman lens is proposed to feed an array antenna to generate multiple beams. Since multiple beams are possible to be simultaneously obtained by reusing the antenna aperture, frequency and multiple functions can be incorporated in a single electronic system. The proposed lens is an effective solution for X-band sensing applications. The simulated results around the frequency of 10-GHz demonstrate Seven beam ports were implemented in the proposed lens to generate seven beams at 0 °, 8 °, 16 ° and 24 °, respectively. As shown in Fig. 2, the array and beam ports are placed in symmetrical position with respect to the longitudinal direction of B 4 port. The width W of the microstrip feed line for lens fed to achieve 50-Ω characteristic impedance is fixed at 1.52mm. As shown in Fig. 1, among the beam ports, port (Right hand) and (Left hand) are supposed to be dummy ports, which are always terminated in 50-ohm loads. Generally, due to the low power levels of beams at the dummy ports, these ports ( ) are not used to produce beams. As the longitudinal and transverse components of non-TEM and TE modes in the guide-wave structure vary with both space and frequency. This variety can cause the deviation of beam angle with frequency. However, this beam angle deviation is not very serious when the lens is excited in loworder TE modes. The performance of Rotman lens is dependent upon three important factors: (1) Power transmission between the beam and array ports, (2) Phase transmission between the beam and array ports and (3) Mutual coupling of the beam ports [4]- [5]. Figure 4 shows computed surface current plots at 10 GHz for B (0 ° beam port).

To study this performance, the simulated relative power and phase transmissions between the and beam array ports are plotted in Figs. 2 and The simulation result indicates that the amplitude variation and the phase slope are linear over the operating band (Xband; 8 to 12 GHz). As shown in Fig. 2, the transmitted power amplitude from and port to all the array ports ( ranges from 10 to 20

. 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. The SIW lens presented here is designed for 10 GHz with a 9 element linear antenna array, with focal angle of 22 °.

IV. CONCLUSION

In this paper, a novel SIW Rotman lens has been proposed at 10 GHz for x-band sensing applications. This lens can be used as a beam forming network for multi-beam antenna with seven beam ports.
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 1 Fig. 1. Geometry of the realized SIW Rotman lens (units: mm).

Fig. 2 .

 2 Fig. 2. Relative amplitude distribution across the array ports excited by 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 beam port ( 24 ° beam port) of the SIW Rotman lens at 8.75, 9, 10, 11, 11.5 and 12 GHz, respectively.

  3 for 8.75-, 9-, 10-, 11-, 11.5-and 12-GHz, respectively.
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 4 Fig. 4. Computed surface current plots at 10 GHz corresponding to (0 °beam