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Titre : Fabrication et test de lentilles diélectriques à base de paraffine pour la caractérisation des métamatériaux utilisant la méthode en espace libre de 10 à 18 GHz Auteurs : Reza Amiri ; Behnam Zarghooni ; Javad Pourahmadazar ; Tayeb A. Denidni Résumé : Dans cette étude visant à démontrer que la lentille à base de paraffine peut traiter des hautes fréquences pour la caractérisation des métamatériaux, deux lentilles diélectriques sont fabriquées à l'aide d'un processus de moulage pour la plage de fréquences de 10 à 18 GHz. Les lentilles fabriquées garantissent un coût réduit et une facilité de mise en oeuvre par rapport aux autres méthodes d'usinage et de matériau. Pour vérifier les performances de la lentille proposée, deux lentilles en paraffine similaires sont utilisées pour mesurer les paramètres S d'une cellule unitaire de métamatériau SRR conventionnelle. Cette expérience confirme une bonne concordance entre les résultats de simulation et de mesure.

Mots-clés : Lentilles diélectriques à base de paraffine, Caractérisation des métamatériaux, Méthode en espace libre, Processus de moulage, Paramètres S, Cellule unitaire de métamatériau SRR conventionnelle, Résonateur en anneau fendu, Fréquence de 10 GHz à 18 GHz. INTRODUCTION Metamaterial structures have been extensively investigated during the past twenty years and lots of studies have been done on their properties and applications [1][2][3][4][5][6][7][8][9][10][11][12][13][14][15][16]. Recently metamaterial structures have been used for beam-tilting, beam forming and beam switching applications in microwave and millimeter-wave bands as a lens or single media [4,5]. In all of the previous reported works, the main part of the metamaterial medium design is the fabrication and test process to validate the simulation results for the unit-cell. To do that, the S-parameters resulting from a metamaterial cell or medium prototype should be measured. Various methods have been used to carry out this type of measurement including the free-space method [7], waveguide method [8] and a series of single-cell methods [9]. In this paper, we propose a low-cost and effective method to measure the Sparameters using the free-space method.

II. FABRICATION AND TEST PROCESS

The material that usually is used to fabricate a dielectric lens is polystyrene microwave plastic or Rexolite [12]. This material has some drawbacks compared to paraffin wax such as high cost of machining process for fabrication, and relatively high density (1.11 g/cm3), which makes the fabricated structure too costly specially for dimensions associated with the C-and S-band applications. In this study, the paraffin wax is used in a molding process as an alternative approach for the lens design and implementation. This material has the permittivity of 2.55, which is very close to Rexolite with better mechanical characteristics to ease fabrication and shaping, while its density is around 0.88 g/cm3 which makes the structure around 20% lighter compared to plastic base lenses. To fabricate the lens, we used the molding process, which is proved to be an effective method for the frequency range of 1-4 GHz [16]. The objective of this experience is to determine how much we can increase the frequency range. To make sure that the lens can handle higher frequencies, instead of big reflectors, we used much small reflectors with the 12-inch diameter for free space measurement set up. This makes the molding process much more accurate. Moreover, we can control make the surface of the lens smooth enough, which is necessary for
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III. MEASUREMENT AND DISCUSSION

In this experiment, we measured the S-parameters of three conventional SRR (Split-Ring Resonator) and line combinations with different dimensions. The unit-cells are printed on top and bottom of a Rogers 5880 substrate with the thickness of 1.575 mm (for low-frequency unit-cell) and 0.508mm (for middle and high frequency unit cells). As plotted in Figs 5-10, in the low and middle frequency bands there is a very good correlation between the simulations and measurements. However, when the frequency band increase, the difference between measurement and simulation becomes more significant. Nevertheless, we can infer from the results that the lens structure works very well up to 12 GHz and then from 12 GHz to 15 GHz the results are acceptable, but for anything higher than that, the results are not good enough. As a reasons for this difference we can point to large dimensions of the horn which causes the spill-over problem and also the inherent loss of the paraffin material for this application. Nevertheless we enhanced the frequency limit of our previous work [16] from 4 GHz to 15 GHz and it seems that it is the final limit for this type of measurement. If we wanted to go higher than this limit, the cost of the project would be too high to justify this method. IV. CONCLUSION Two paraffin-based lenses for metamaterial measurement were fabricated. We used smaller structures compared to our previous work (1-4 GHz) and the fabrication process was done much more accurately. The results are acceptable up to 15 GHz. However, when we go higher than that (up to 18 GHz which is the horn limit) the measurement results show a significant difference compared to the simulations.
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