Abstract:

The paper introduces new wideband Antenna-Filter-Antenna (AFA) uniform arrays that can be utilized as frequency selective surfaces (FSS) with low loss and sharp roll-off response, which are highly desirable characteristics in Q-Band. The design adopts a simple 3-layer single polarization structure consisting of two patch antennas and a resonator. Both simulations and measurements are used to characterize the performances of the proposed design. Overall results show 18.5 % 10-dB bandwidth. For the targeted band the insertion loss is less than 0.2 dB. Possible applications include quasioptical amps, grid mixers and radomes for aircraft radar antennas.

Introduction: Antenna-Filter-Antenna (AFA) element is composed of a receive antenna, a non radiating resonant structure, and a transmit antenna operating between the input and output radiation ports. These elements can be used for the transmit-arrays (TA) by non-uniform arrays or for frequency selective surfaces (FSS) by uniform arrays. Depending on the geometry, s single-layer FSS can present a bandpass or band-stop response around its resonant frequency. These elements are generally formed as three layer metallic structures: two resonant type planar antennas in the top and bottom layers, and one or more planar transmission line or slot resonators in the middle layer. Using AFA elements in the transmit-arrays results in a bandpass transfer function, whose band-pass characteristics are desirable for radar, satellite and power combining applications AFA elementary cell design: The elementary cell consists of a single ground plane, two substrate layers (Rogers RT/duroid 5880, r = 2.2, tanδ = 0.0009, thickness 315µm) and two patch antennas coupled by a CPW line (2 slots) in the ground plane. This cell can be used in uniform array for FSS applications (Q-Band), and can also be used in non-uniform array for TA applications (Satellites). The patch and cell sizes equal 1.951.95 mm² and 3.63.6 mm² (λ0/2λ0/2), respectively. The size of the linear line slot in the ground plane is designed for a good matching for 42 GHz which corresponds to wave length in the substrate λg. The line slot size equal 1.70.16 mm². This elementary cell is a single polarization design. The built-in resonators of the receive/transmit antennas can then be combined with the CPW resonant structure to form a bandpasss filter between the radiative ends. For a given filter order, this reduces the required number of the CPW resonators. As opposed to the conventional stacked FSS design, a higher order response can be obtained simply by adding resonators in the CPW layer, instead of increasing the number of layer.

AFA Elementary Cell and Array Structure:

Measurement System: Uses free space Gaussian quasi-optical system based on Agilent 8510c vector network analyzer and a modified hard-horns setup where the hradhorns form two parallel TEM ports that are separated by an air gap and the sample under test (FSS) is placed in the middle of two ports. The hard horns are used as transitions between coaxial input/output and planar wave fronts. 

Conclusion:

High-efficiency wideband antenna-filter-antenna element has been designed using patch antennas and CPW resonator. A uniform array of these elements exhibits a low loss and sharp roll-off frequency response, which makes it an excellent candidate for filtering application in quasi-optical amplifier arrays and grid mixers. This AFA element has been adequately characterized in non-anechoic environments by using the Gaussian optics measurement system. The designed unit cell is the first step of a future unit cell design for lens-arrays and beam-steering for high-speed wireless communication.
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AFA Characterization :

 : The measurement results show a 27.6 % 3-dB bandwidth for 40.5 GHz (18.5 % 10-dB). The maximum in-band insertion loss for this design is <0.2 dB. Simulations based on Floquet ports and periodic boundary conditions show good agreement with the measurements.Power through the AFA element S-parameters of the AFA element AFA element based on patch antennas and slot resonator.