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Supershaped Metamaterial Unit-cells Using the Gielis Formula

In this paper, the superformula introduced by Gielis is used as a generator of various shapes for metamaterial unitcells. This formula has already been used to describe the complicated shapes found in nature. Some of these designs are simulated and it is shown that they are capable of providing resonances in their frequency response. The superformula has a lot of potential for creative shape designs such as multiband and compact unit-cells that can be used for advance antenna and microwave applications.

I.

Titre : Unités cellulaires de métamatériaux superformés utilisant la formule de Gielis Auteurs : Behnam Zarghooni; Abdolmehdi Dadgarpour; Javad Pourahmadazar; Tayeb A. Denidni Résumé : Dans cet article, la superformule introduite par Gielis est utilisée comme générateur de différentes formes pour les unités cellulaires de métamatériaux. Cette formule a déjà été utilisée pour décrire les formes complexes que l'on trouve dans la nature. Certains de ces designs sont simulés et il est montré qu'ils sont capables de fournir des résonances dans leur réponse en fréquence. La superformule a beaucoup de potentiel pour des conceptions de formes créatives telles que des unités cellulaires multibandes et compactes qui peuvent être utilisées pour des applications avancées d'antennes et de micro-ondes.

Mots-clés : algorithme génétique, antenne monopôle à microbande UWB, FEM, HFSS, optimisation, antenne monopôle à patch cardioïde à microbande, méthode des éléments finis, antenne monopôle à bande ultralarge, fréquence de 2,5 GHz à 11 GHz. INTRODUCTION Since the beginning of the introduction of the metamaterial concept, several different geometries have been proposed for unit-cells of these structures including the basic SRRs [1], spiral resonators [2], SIR based unit-cells [3] and fractal designs [4]. However, as the metamaterial theory progresses towards the more complicated concepts such as the chiral media, we need more creative designs to use as the building blocks of these artificial structures. One of the most interesting methods to generate a variety of supershapes is the formula proposed by Johan Gielis [5]. Following the work of the Danish mathematician, P. Hein, Johan Gielis introduced his superformula for describing the complex curves and geometries found in the nature. This formula has been used in several antenna applications such as the work described in [6] and [7]. Using the Gielis superformula for metamaterial unit-cells, we can unlock a variety of different geometries that have much potential such as multi-band or miniaturized behavior, or even chiral geometries. In the following sections, we introduce the superformula and apply some of the generated geometries for creating super shapes for metamaterial unit-cells.

II. THE GIELIS SUPERFORMULA

The Gielis general formula which is in fact a more general form of a superellipse is shown below (1) Setting a=b=1, each shape produced by this formula can be identified with a four-digit number of mn 1 n 2 n 3 . Some of these shapes are shown in Fig. 1. The parameters of the shapes shown in Fig. 1 are listed in Table 1 as below. It is important to mention that there is an infinite number of possibilities using the superformula but not all of them can produce a metamaterial response, for example if we set all the parameters equal to 2, the resulting shape will be a circle and cannot produce a proper resonance. The structures of Fig. 1 are chosen because the ease of fabrication and also their interesting resonance behavior in the frequency range of 4-8 GHz.

III. METAMATERIAL APPLICATION

Using the Gielis formula, a variety of new shapes for metamaterial unit-cells are designed and it is evident that some of them can show interesting properties such as multiband or dual-polarized, or miniaturized behavior. To show the potential of these shapes, we have simulated the geometries shown in Fig. 1 using the CST Microwave Studio software. Each shape has been printed on a Rogers Duroid RT/3010 with the dielectric constant of 10.2 and the dimensions of 8×8×1.575 mm 3 . The unit-cell boundary conditions have been used along the YZ and XZ walls and two waveguide ports have been placed in the Z direction and the parameters S 11 and S 12 are calculated. The results are plotted versus frequency in Fig. 2. According to Fig. 2, in the frequency band of 4-8 GHz we can see a resonance in the S 12 response of the unit-cells (a) to (c), and two resonances in the frequency response of the unitcell (d). Each of these resonances shows that we can expect the structure to show metamaterial behavior around the resonance frequency. To demonstrate these effects, the constitutive parameters of each unit-cell is extracted from the S-parameters using the algorithm described in [8] and the results are plotted in Fig. 3. According to Fig. 3, for the shapes (a), (b) and (c), we can see a near-zero behavior in the permeability at the beginning of the frequency range while at the second half of the frequency range, we can see a near-zero behavior for the epsilon of the structure. The only difference in the behavior of these structures is the negative values of epsilon, and also the resonance frequency which is the lowest in Fig. 3 (c) and the highest in Fig. 3 (b). Therefore, one can see a miniaturization factor among these shapes. On the other hand, in Fig. 3 (d), a multi-band behavior is observed where we have different resonances and at each resonance frequency the value of epsilon goes from positive to negative while the permeability is always positive.

IV. CONCLUSION

The Gielis superformula which is a modified form of the superellipse has been used as an interesting geometry generator for shaping new metamaterial unit-cells. These designs can show multi-band behavior or miniaturization effect depending on the geometrical parameters. Using the superformula unlocks a variety of possibilities for creative shapes that can be used as novel metamaterial unit-cells for future antenna and microwave applications.
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 1 Some of the interesting shapes generated by the Gielis formula.

Fig. 2 .

 2 Fig. 2. The simulated S-parameters of the geometries generated by the Gielis superformula.
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 3 Fig. 3. The extracted constitutive parameters for the proposed unit-cells.

Table . 1. The structural parameters of the unit-cells.
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	Shape	m	n1	n 2	n 3
	(a)	19	9	14	11
	(b)	7	3	4	17
	(c)	7	3	6	6
	(d)	4	1	7	8