N

N

Antenna-Filter-Antenna based Frequency Selective
Surfaces for Quasi-Optical Applications in Q-Band

Hamza Kaouach, Amar Kabashi

» To cite this version:

Hamza Kaouach, Amar Kabashi. Antenna-Filter-Antenna based Frequency Selective Surfaces for
Quasi-Optical Applications in Q-Band. EuCAP 2015, Apr 2015, Lisbon, Portugal. pp.15, 2015.
hal-01150380v2

HAL Id: hal-01150380
https://hal.science/hal-01150380v2
Submitted on 15 May 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01150380v2
https://hal.archives-ouvertes.fr

* X4

HG:

231*5 Antenna-Filter-Antenna based Frequency Selective

Surfaces for Quasi-Optical Applications in Q-Band W‘

H. KAOUACH, Member, IEEE, and A. KABASHI, Member, IEEE
ECE Department, CEL, Umm Al-Qura University, Makkah Al-Mukarama, KSA
hamza.kaouach@amail.com. amarkabashi@hotmail.com

N

Abstract: A 3-layer antenna-filter-antenna (AFA) elementary cell is proposed for frequency selective surfaces (FSS) in quasi-optical applications, where wideband and
low loss characteristics are crucial. The elementary cell is composed of a CPW resonator sandwiched between patch antennas. Finite element method is used for the design
and verification of the proposed AFA elementary cell while a free space Gaussian optics measurement system is utilized for S-parameter characterization. The measurement
results show a 27.6 % 3-dB (18.5 % 10-dB) bandwidth and a maximum in-band insertion loss of <0.2 dB for 40.5 GHz.
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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
structured in non-uniform arrays to realize Transmit-array antennas (TA) or alternatively structured in uniform arrays
to realize frequency selective surfaces (FSS). The FSS can be viewed as filters with radiatives ports, which are
generally realized using planar periodic structures. Depending on the geometry, a single-layer FSS can represent a
band-pass or band-stop response around its resonant frequency.

In general, these elements are 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 band-pass transfer function, whose band-pass characteristics are desirable e, ‘F e
kfor radar, satellite, and power combining applications. AFA element based on patch antennas and slot
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AFA Design: The elementary cell consists of a single ground plane, two substrate layers (Rogers RT/duroid 5880,
g = 2.2, tand = 0.0009, thickness 315um) 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 (e.g. Satellites communications).

The patch and cell sizes equal 1.95x1.95 mm?2 and 3.6x3.6 mm? (A/2x)o/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 wavelength in the . .

Receive Bandpass Transmit
Antenna  Structure Antenna

substrate Ag. The line slot size equal 1.7x0.16 mm?2.

This elementary cell is a single polarization design. An incident wave with the appropriate polarization is received
by the first patch antenna in the input side, passes through the CPW resonator, and reradiates from the second patch

 antenna with the same polarization. ) L  Toplayer  Middle layer Bottom layer |
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AFA Characterization: The elementary cell was designed with Ansys-HFSS electromagnetic simulation software These results reflect a very good agreement
using Floquet ports and periodic boundary conditions. between simulations and experiments
Enc .
=5 The measurement results show a 27.6 % 3-dB

bandwidth for 40.5 GHz (18.5 % 10-dB).
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Top Patch Bnnom Patch MATCHING PERFORMANCE OF THE ELEMENTARY CELL AT 42 GHz
Distance between the slots .
(W of the CPW line) -3dB bs.nd.mdth In-band insertion loss
CPW Resonator mm % dB
. . 2065 309 0.8
Circuit model of the AFA element zzmo 56 06
2x0.72 276 02
2x0.75 259 017
. . . . . 2x0.80 232 0.1
The elementary cell has been characterized by using the Gaussian quasi-optical measurement systems.
This measurement setup consists of two hard horn antennas, forming two parallel TEM ports that are separated by
an air gap, and a vector analyzer. S-parameters of the AFA element
The sample under test is placed in the middle of two ports. Due to their high directivity, the hard-horns are expected Measurements versus Simulation
to generate a good approximation of the plane wave in the near-field, as is required for the FSS/TA measurements. As _op
the sample can be freely reoriented in the air gap, the quasi-guided system proves convenient for performing S 5
measurements at arbitrary angles of the incidence. However, the oblique incidence measurement generally requires o 0
larger samples and a wider air gap. 8 15
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Conclusion: High-efficiency wideband antenna-filter-antenna element has been designed using patch antennas and CPW resonator. A uniform array of these elements
features 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.
Detuned versions of the proposed element can also be used to form lens-arrays or other types of beam-formers. Two other cells are currently under investigation by the
authors to design novel reconfigurable discrete lens antennas for high-speed wireless communication.
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