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This paper presents the recent activities carried out at ONERA in the field of antenna arrays using PCB technologies. These activities cover principally wideband applications with strong integration constraints, which require very low profile antennas. Two examples of antenna array developed at ONERA are presented in the paper.

I. INTRODUCTION

The DEMR (ElectroMagnetism and Radar Department) combines all ONERA's skills in electromagnetism and its applications for future radar and communication systems: ground or on-board radar, communications (space, aeronautical, terrestrial), radio navigation, electronic warfare (listening-in ELINT (electronic intelligence) or jamming). In this context, one mission of the DEMR is to conduct research studies and developments of antennas in the frame of internal projects and through national and European projects in collaboration with industry and research institutes. Its fields of activity cover the development of antennas for radar, communications, Satcom and EW applications [START_REF] Jouade | Massively Parallel Implementation of FETI-2LM Methods for the Simulation of the Sparse Receiving Array Evolution of the GRAVES Radar System for Space Surveillance and Tracking[END_REF][START_REF] Barka | Circularly polarized Kaband radiating element unit-cell for SatCom wide-angle electronically steered phased arrays[END_REF][3]. These activities are based on the use of proprietary and commercial modeling tools, antenna measurement facilities (VHF to Q frequency bands) and a set of material characterization benches (2-60 GHz frequency band).

In this paper, we present two antenna arrays developed at ONERA. The first deals with an ultrawideband antenna array solution dedicated to multifunctional RF systems. The second is an antenna array for SAR (Synthetic Aperture Radar) application in Ku-Band. Those designs are based on the use of PCB technologies in order to be compliant with integration requirements onboard operational platforms. Moreover, operating frequencies up to the Ku band, possibly with a scanning capability, implies antenna designs compliant with a small sized unit cell. The two examples given in this paper meet these requirements. Others examples of recent antenna array developments will be also given during the presentation.

II. ULTRAWIDEBAND ANTENNA ARRAY FOR

MULTIFONCTIONAL RF SYSTEMS UWB (Ultra Wide Band) antenna arrays are needed for multifunctional RF systems, which have to support electronic warfare, communications, and radar applications. In addition to their large bandwidths, these arrays must also exhibit wide scanning capability, polarization diversity, and they have to be compliant with strong size constraints onboard the platform.

Starting from the Current Sheet Array (CSA) concept with high coupling between elements introduced by Munk [START_REF] Munk | Finite Antenna Arrays and FSS[END_REF], ONERA has developed new concepts and optimization procedures for the design of single and dual-polarized UWB multilayered arrays with high scan capabilities and very low-profiles. Such designs are based on an iterative optimization process of the dielectric layers and the radiating element of a unit cell in an infinite array. The radiating element shape is optimized using a genetic algorithm while the dielectric arrangement (permittivity and thickness of each superstrate and substrate in the unit cell) is optimized using an equivalent circuit model of the resulting element shape.

Moreover, a specific transition is required to perform the impedance matching between the radiating element and the feed source (typically a 50 ohms coaxial cable) and the balanced to unbalanced transition between the feed and the radiating element. The resulting transition has also to be compliant with the integration within the unit cell. This constraint may be severe specifically for high frequency RF systems as the unit cell size depends on the maximum operating frequency and the highest desired scanning angle. For example, a 10 mm by 10 mm unit cell allows a maximal operating frequency at 16 GHz with no grating lobes for scanning angles up to 60° in all planes. Moreover, the array thickness has to be limited since very low-profile devices are expected.

ONERA has first developed and manufactured a singlepolarized array based on the CSA concept (tightly coupled dipoles) [START_REF] Jeuland | Ultrawideband Multilayer Printed Antenna Arrays With Wide Scanning Capability[END_REF]. Next researches were carried out to increase the array performances by modifying the radiating element shape. It is well known that the bandwidth of a dipole antenna may be improved by inserting slots and notches. Starting from this statement, we have optimized simultaneously the radiating element shape and the dielectric arrangement.

Figure 1 shows the resulting unit cell of a single-polarized UWB multilayered array and the simulated active VSWR (voltage standing wave ratio) for E-plane scanning (infinite array configuration). The unit cell thickness, including the wideband impedance matching transition, is 7.6 mm (~λhigh/2) and the active VSWR is below 2 over a 5-18 GHz frequency band with scanning angles up to 60°. Figure 2 shows the manufactured 16x16 element array using the optimized cell and the comparison between measured and simulated active VSWR. Figure 3 shows the unit cell resulting from the optimization process for a dual-polarized printed array considering an infinite array condition. One challenge in designing such a dual-polarized printed array is to integrate a dual-polarized radiating element (H-Pol and V-Pol) with two impedance matching transitions into a very small unit cell (whose size depends on maximum operating frequency and scanning angle). Unit cell dimensions including the impedance matching transition are 7 mm by 7 mm with a 10mm-thickness (~λhigh/2). The active VSWR less than 2 over a 3.25-18 GHz band with scanning angles up to 50° in all planes (active VSWR < 2.5, up to 60°). The optimization procedure has been applied later for the design of a wideband printed antenna array for a SAR application in the Ku-band (see next section).

In the frame of the European CROWN project [START_REF] Gil Heras | CROWN Project, towards a European Multifunction AESA system[END_REF], ONERA is involved with THALES and ELETTRONICA in the design of array radiating panels with a wide frequency band, i.e. a ratio of 5 between the maximum and minimum frequencies of operation, a large scan sector with scan angles as high as 60°, a dual linear polarization capability. More specifically, ONERA is designing a radiating panel considering a sub-band of operation from Y to 18 GHz where the lower frequency Y should be as low as possible.

III. WIDEBAND ANTENNA ARRAY FOR KU BAND SAR

The design of airborne antennas can be a challenging task, especially due to the limited space available on-board most aircrafts. Recently, ONERA was involved in the development of two reception array antennas for SAR (Surface Aperture Radar) and GMTI (Ground Moving Target Identification) applications in Ku band [13.5 -17.5 GHz].

The required radiation pattern of the antenna is a fixed main beam at broadside. No scanning capabilities are required. The integration of the antenna into the pod imposes some physical constraints. With the current pod, the antenna aperture size must be limited to 400 mm × 200 mm. This specification is valid for an antenna integration providing either a lateral or a frontal field of view with respect to the aircraft. Moreover, to provide sufficient moving amplitude inside the pod to the beam pointing mechanism, the antenna thickness must be as small as possible with a maximum acceptable value of 50 mm.

The size of the array unit cell has been set to 9.4 mm, which is well below the minimal size, for which grating lobes appears in the visible region at the maximum frequency of 17.5 GHz with a beam at broadside. A first antenna solution, referred in this paper as the antenna with one sub array, has been developed in a multilayered PCB technology. The multilayer PCB is comprised of an array of 64 closely coupled radiating dipoles in the shape of a bowtie and a 1 to 64 beamforming network (Fig. 4). The overall thickness of the multilayer PCB is 5.45 mm. Similarly to [START_REF] Munk | Finite Antenna Arrays and FSS[END_REF] and [START_REF] Jeuland | Ultrawideband Multilayer Printed Antenna Arrays With Wide Scanning Capability[END_REF], an inter-digitated capacitance is used at the end of the dipole arms. The antenna is connectorized with a single SMPM connector. The overall antenna thickness including the multilayer PCB and the metallic ground plane is 10 mm. Antenna measurements were performed in ONERA's anechoic chamber. Measurement results show good performances for both array antennas. The reflection coefficient of the antenna with one sub array is below -10 dB in the band of interest (Fig. 6). Good agreement between simulation and measurement can be observed, especially at the lowest frequencies. 
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 1 Fig. 1. Unit cell of a single-polarized array with optimized radiating element (left) and active VSWR in the E-plane (right)
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 2 Fig. 2. 16x16 element array manufacturing with 50 ohm coaxial cables (left) and measured active VSWR (central element, beam at broadside) (right)
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 3 Fig. 3. Unit cell of the dual-polarized array (left) and active VSWR in several typical planes for the H-/ V-polarization (right)

Fig. 4 .

 4 Fig. 4. Front (left) and rear (right) views of the sub array A second antenna comprising eight sub arrays has been developed in a 4×2 configuration. It is referred in this paper as the antenna with eight sub arrays. Except for the number of sub arrays, identical elements and multilayer PCB stack have been used to design the antenna. Eight SMPM connectors are used to feed the antenna (one connector per sub array). The antenna with eight sub arrays provides the possibility to consider MIMO (Multiple Input Multiple Output) approaches while post processing the received signals. Figure 2 presents photos of the manufactured array antennas.
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 5 Fig. 5. Photo of the manufactured array antennas with their mechanical support. Antenna sizes: 142 mm × 142 mm × 10 mm for the antenna with one sub array (left), 400 mm × 200 mm × 10 mm for the antenna with eight sub arrays (right)

Fig. 6 .

 6 Fig. 6. Reflection coefficient of the antenna with one sub array Figure 7 presents the measured radiation pattern of the antenna with one sub array at 15.5 GHz in E and H planes. The measured gain of the antennas is comprised between 19.3 dB and 20 dB in the range [13.5 GHz -17 GHz].
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 7 Fig. 7. Measured radiation pattern of the antenna with one sub array at 15.5 GHz IV. CONCLUSION This paper presented two antenna arrays developed at ONERA: an ultrawideband antenna array dedicated to multifunctional RF systems and an antenna array for SAR. Both designs are based on the CSA concept with high coupling between radiating elements thanks to interdigital capacitors. Measurements results show a good agreement with simulations. Others examples of recent antenna array developments at ONERA will be given during the presentation.