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A Multi-scale Technique for the Electromagnetic Modeling of Active Antennas E. PERRET*, H. AUBERT Laboratoire d’Electronique de l’ENSEEIHT, 2 rue Camichel, 31071 Toulouse Cedex, FRANCE ABSTRACT In this paper, a scaling approach has been used for the electromagnetic modeling of an active element integrated with a radiating structure. From the small size of the active element to the large planar radiating surface, many scale levels are present in an active antenna. We propose a new technique for taking into account the multi-scale nature of such structure in electromagnetic simulations. A N-port is first computed in order to model the active antenna at a given scale level. Then the cascade of these N-ports allows the electromagnetic modeling of the overall antenna. The computation of the driving-point impedance and the current distribution on an active antenna are presented and compared with classical simulation techniques. Accurate numerical results are obtained with a substantial reduction in computer time and memory compared to direct full-wave electromagnetic analysis. I. INTRODUCTION Modified microstrip patch radiator has been an important subject in active antenna design and can find applications in power combining that demand high power generation at microwave frequencies. Many designs of such antennas incorporating diodes [1] or transistors [2] have been reported, and a variety of feeding techniques have been presented in order to achieve good matching [1]. Direct full-wave methods could be applied in order to perform the electromagnetic modeling of the active antenna. But these methods are often based on the spatial discretization of the whole structure and consequently, require a large computer storage capability and are time-consuming. Moreover the wide diversity of scale levels in the active antenna may generate ill-conditioned matrices in the computation of the boundary value problem. At a given scale, we propose to characterise the active antenna by a N-port. The direct chaining of N-ports allows the electromagnetic modeling of the overall antenna. We show here that this multi-scale technique is very accurate and allows a substantial reduction in computer time and memory. II. THEORY Active antennas under consideration are presented in Fig. 1, the active device is integrated with radiating elements to form compact radiating structures. The active antenna is cut into domains, sub-domains following it multi-scale character. So two different scales have to be taken into account: (1) the radiating element which can be considered as the large distributed part of the circuit, and (2) the active circuit. Scale to scale transfer will be assured by the Ω-domain (Fig. 2).
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Fig. 1. Two active antennas configuration, (a) Bonefacic type [2], (b) Nadarassin type [3]. The following technique is used: first, we consider the outside environment of the active circuit (see the top of Fig. 2.a). In this way, a multi-modal excitation port replaces the Ω-domain. From that point, an equivalent N-port and it admittance matrix [YOUT] using Integral Equation Technique and entire domain trial functions [4] can be determine (see the bottom of Fig. 2.a). Secondly, the active circuit is isolated from the rest of the circuit by an enclosing magnetic and electric walls (see the top of Fig. 2.b). The multi-port formulation leads to an (N+1)-port (see the bottom of Fig. 2.b), i.e. the source e0 and the N-port in relation with the outside environment, we obtain a second admittance matrix noted [YCIRCUIT]. Third, the active antenna is totally described by cascading these two multi-ports.
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Fig. 2. (a) the large distributed part of the circuit (top) and its equivalent N-port network (bottom) ; and (b) the active circuit (top) and its equivalent (N+1)-port network (bottom). A one-port admittance matrix that relates the current and voltage of the access source is deduced, this admittance corresponds to the driving-point admittance of the whole circuit.



III. NUMERICAL RESULTS Simulations have been performed for both structures shown in Fig. 1. Numerical results obtained from IE3D electromagnetic simulation software (based on the Method of Methods) are given for comparisons. This comparison is carried out for the two sets of dimensions used in Fig. 1 of [2] and Fig. 3 of [3]. In Fig. 3, the driving-point impedance of the active antenna is displayed over a frequency band 8.7-10.5GHz. Simulations are realized from three active circuit places (x0=[2.75 1.6 0.45] mm). For the first value, the active circuit is located in the center of the patch. By the way we can estimate the interaction between the small active circuit and the rest of the structure. The closer the small circuit is to patch edge, the higher the resonant frequency is. Numerical results are in very good agreement with those obtained from IE3D software. A switch in frequency of 0.5% is observed.
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Fig. 3. The driving-point impedance versus frequency for various active circuit localization for the Nadarassin Patch ( x0=[2.75 1.6 0.45] mm ): (——) N-port network ; and (. . .) IE3D electromagnetic simulation.
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Fig. 4. Current distribution J (A/m) on the modified Bonefacic Patch, (a) in magnitude (b) in vectors.



This technique using building brick principle allows decrease in computer time compared to direct full-wave analysis. It is actually faster because, for each place, we do not need to calculate both matrixes, only the matrix [YOUT] has to be derived. The current distribution on the modified patch at resonance is shown in Fig. 4. The calculated current distribution confirms the continuity of this greatness between the Ω-domain and the radiating element. IV. CONCLUSION In this paper we have introduced a multi-scale technique that allows accurate electromagnetic simulation of active antennas. The simulations have been found to be in very good agreement with direct full-wave electromagnetic analysis. Adjusting the number of ports controls the accuracy of numerical result. The computational time cost and memory are dramatically reduced compared to many direct full-wave methods.
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