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Introduction

Quadrifilar helix antennas have very interesting characteristics. For instance, by selecting properly the height and number of turns of the helix, one can achieve a radiation pattern of so-called 'iso-flux' shape with high gain at low elevation. Such a pattern enables to improve the link budget for stratospheric balloons telemetry as the gain of the antenna compensate for the free space propagation losses. The French Space Agency (CNES) has been working on the topic for years and has patented a simple to manufacture and low-cost Printed Quadrifilar Helix (PQH) antenna with integrated feeding network [START_REF] Auriol | Helix-Type Antenna and its Manufacturing Process[END_REF], particularly adapted to short missions with no material reuse.

More recently, CNES has worked with Systems Analysis and Architecture Laboratory of the French Research Agency (LAAS-CNRS) on the axial length reduction of the PQH antenna with 'iso-flux' pattern since balloons payload improvements were asking for antenna improvements too. Various size-reduced helix antennas are presented in the literature, but they present mainly hemispherical patterns and the cross-polarization degradation induced by the sizereduction technique is usually not addressed [START_REF] Chew | Meander Line Technique for Size Reduction of Quadrifilar Helix Antenna[END_REF][START_REF] Letestu | A Size-Reduced Configuration of Printed Quadrifilar Helix Antenna[END_REF]. The authors previously proposed to use pre-fractal and quasi-sinusoidal curves which led to sizereductions between 33% and 38 % [START_REF] Hanane | Compact Printed Quadrifilar Helix Antennas for Stratospheric Balloons Telemetry[END_REF][START_REF] Hanane | Compact Printed Quadrifilar Helix Antenna with sinusoidal profile for Stratospheric Balloon Telemetry[END_REF], but the achieved co-polarization patterns have some non-conformities that needed to be improved.

In this communication, we propose two new designs based on sinusoidal profiles. Antenna height reduction ranges from 33 to 39 % with no significant degradation of the main performances. Cross-polarization level remains similar to the reference antenna performances and co-polarization pattern is now fully compatible with stratospheric balloons telemetry 'iso-flux' specifications.

Antennas design description

The PQH antenna is composed of 4 straight wires printed on a thin substrate that is then rolled to form the helix. The feeding network produces the same amplitude at each wire input and a phase progression of 90°. Such a configuration results in good circular polarization. The previously developed software [START_REF] Hanane | Compact Printed Quadrifilar Helix Antennas for Stratospheric Balloons Telemetry[END_REF][START_REF] Hanane | Compact Printed Quadrifilar Helix Antenna with sinusoidal profile for Stratospheric Balloon Telemetry[END_REF] has been adapted to include basic curves defined by the superposition of N sinusoidal functions according to the following formula:
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is the amplitude ratio for the k th sinusoidal function k σ 1 is the period ratio the k th sinusoidal function A basic curve is defined over one period of the so-called 'fundamental' sinusoidal function, characterized by the longer period. Depending on the period and amplitude ratios, various basic curves can be analyzed as illustrated in fig. 1. A radiating wire of the PQH antenna is then composed of the repetition of basic curves, the period being scaled so that the total length of the 'unfolded' wire is somewhat similar to the reference one. Mathematical transformations are then applied to the points defining the wires to incline them and produce the cylindrical shape. Basic curve repetition ranges typically from 1 to 20 and the number of combined sinusoidal functions remains lower than 2 or 3 to keep the number of points defining the radiating wires compatible with a parametric analysis process in terms of computation time.

Two profiles were finally selected for their interesting radiating patterns. They are referred to as SP-PQH 1 and 2 (Sinusoidal Profile PQH antenna). The planar layouts of the proposed SP-PQH antennas are compared to the reference one in fig. 2. SP-PQH1 is characterized by a single sinusoidal basic curve whereas SP-PQH2 is the combination of two sinusoidal functions with a period ratio of 2. The basic curve of each antenna is repeated 10 times. Further geometrical characteristics are given in table 

Simulation results and discussion

The proposed PQH antennas were analyzed using the Method of Moments based commercial tool ASERIS-EMC2000© (EADS CCR). The dielectric substrate supporting the printed wires was not considered since its thickness is small compared to the wavelength. The design frequency is 1775 MHz. Simulation results presented in fig. 3 reveal that the proposed SP-PQH antennas have wider bandwidth operation that conventional PQH antenna. For instance, with a specification of -10 dB, the bandwidth is respectively 2.3, 3.2 and 3.8 % for the reference PQH, the SP-PQH1 and the SP-PQH2 antennas. Simulated radiation patterns of the SP-PQH antennas are compared to the reference one in fig. 4. One can note that the maximum directivity is a bit lower than that of the reference antenna. As we reduce the height of the antenna the maximum directivity at low elevation always decreases and the main beams become wider. This behavior makes it particularly difficult to design compact helix antennas with 'iso-flux' patterns. Nevertheless, the co-polarization patterns are fully compatible with the 'iso-flux' specification. In the case of SP-PQH1, the cross-polarization level is even improved, as well as the rear radiation.

Manufacturing is now under process for the SP-PQH antennas. Good agreement was found comparing EMC2000© and measurements for the reference antenna. Hence, we can feel confident on the presented results.

Conclusion

Two sinusoidal profile compact printed Quadrifilar helix antennas have been presented. Particular care has been given to the co and cross-polarization patterns during the parametric design process to produce antennas with performances very similar to the conventional one in those aspects. A size reduction ranging from 30 to 40% is confirmed. Experimental validation will be presented at the conference. 
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 1234 Fig. 1 -The basic curve can be either (a) a single sinusoidal function or the superposition of two sinusoidal curves with (b) high period ratio or (c) low period ratio

  1. 

		Reference PQH	SP-PQH1	SP-PQH2
	Axial length	293 mm	196 mm	178 mm
	Wire length	329 mm	351 mm	329 mm
	Inclination angle	63°	54°	61°
	Size reduction	-	33,1%	39,3%

Table 1 -Geometrical characteristics of SP-PQH antennas compared to reference antenna
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