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In this contribution, two semi-analytical methods are compared for computing the radiation characteristics of a Fabry-Perot cavity excited by an internal current line source. One method uses the leaky wave theory and the other method uses a ray analysis. Compared to the conventional ray method, the first method offers more accurate results without increasing computing time. A full wave method is used as a reference.

Introduction

For the analysis of directive antennas based on a Fabry-Perot cavity, the ray method has been used [START_REF] Trentini | Partially reflecting sheet arrays[END_REF][START_REF] Temelkuran | Resonant cavity enhanced detectors embedded in photonic crystal[END_REF][START_REF] Boutayeb | Directivity of an antenna embedded inside a Fabry-Perot cavity: Analysis and Design[END_REF]. For instance, a cavity composed of a ground plane and a Partially Reflecting Surface (PRS) has been considered in [START_REF] Trentini | Partially reflecting sheet arrays[END_REF]. In [START_REF] Temelkuran | Resonant cavity enhanced detectors embedded in photonic crystal[END_REF], a detector has been embedded inside a crystal, and in [START_REF] Boutayeb | Directivity of an antenna embedded inside a Fabry-Perot cavity: Analysis and Design[END_REF], the directivity of a Fabry-Perot cavity antenna has been analysed for different frequencies. The proposed semi-analytical method gives rapid results and allows interesting analysis [START_REF] Boutayeb | Directivity of an antenna embedded inside a Fabry-Perot cavity: Analysis and Design[END_REF]. In this letter, we compare this method to a another semi-analytical method based on leaky wave theory, in order to obtain the radiation patterns of a Fabry-Perot cavity excited by a line source. The leaky wave based method gives more accurate results than those obtained by the ray method without increasing processing time.

Fabry-Perot type cavity Structure

In this work, the structure shown in Figure 1 is considered. It is composed of a line source and a PRS at each side of the source. The PRS surface is composed of infinite long metallic wires, and it is characterized by the following parameters: the wire diameter a , the transversal period , and the length . The surface characteristics are represented in terms of the reflection and transmission coefficients r and t , which are calculated at the normal direction and for an infinite long surface using FDTD method.
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Ray method

In this method, it is assumed that the source is sending infinite number of rays in all directions . The complex transmission coefficient, defined by the amplitude of the wave outside the cavity and normalized by the amplitude of the incident wave, is obtained by adding the successive reflected and transmitted rays. Neglecting the angular dependency of and , this coefficient can be written as [START_REF] Boutayeb | Directivity of an antenna embedded inside a Fabry-Perot cavity: Analysis and Design[END_REF]:
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where is the wave number. From this equation, it can be noted that the coefficient T can describe the behaviour of the structure as a function of frequency and angle. 

Leaky wave method

The leaky wave radiation of a Fabry-Perot type antenna has been studied in [START_REF] Collin | Analytical solution for a leaky-wave antenna[END_REF], and its radiation pattern is expressed as:
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where is the wave number at the resonance frequency and shown in Figure 2, the coefficient is the normalized impedance that models one PRS, and it can be written as a function of :
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. Referring to Figure 2, Z and represent the impedance seen at each side of the doted line. The leaky wave transverse resonance condition imposes [START_REF] Collin | Analytical solution for a leaky-wave antenna[END_REF], which can be written for the present structure as 
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This relation is used in Eq. ( 2) to obtain the radiation pattern of the structure.

Numerical results and discussion

To demonstrate the validity of the proposed approach, numerical simulations were carried out for calculating the PRS characteristics and the radiation pattern of the structure illustrated in . For the first case, Figure 4 shows the radiation patterns calculated by the FDTD method, the hybrid FDTD-ray method (using Eq. ( 1) with '
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) and the hybrid FDTD-leaky wave method (using Eqs. ( 2) and ( 4)). For the second case, Figure 5 gives the radiation patterns at the resonance frequency obtained with different methods. From these patterns, it can be concluded that the hybrid FDTD-leaky wave method is more close to the FDTD method than the hybrid FDTD-ray method. As a result, the accuracy of the hybrid FDTD-ray method decreases when the transversal period enhance.

Conclusion

In this letter, two semi-analytical methods for analysing the radiation patterns of Fabry-Perot cavities internally excited have been compared. The leaky wave based method produces more accurate results compared to the ray method without increasing processing time. 
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  is the x component of the propagation constant. It is shown now that the coefficient x γ can be evaluated as a function of the PRS reflection coefficient. Considering the transmission line model of the structure,
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