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Abstract— A macromodelling technique allowing global circuit simulation of coupled field-circuit problems is presented. In a first step the combination of a 3D edge finite element method with a Padé rational approximation procedure allows a fast characterization of the distributed parts of the structure over the wide frequency band. In a second step PSPICE equivalent circuits are derived from rational approximation of the impedances. The methodology simplifies the coupling between an electromagnetic disturbance and a whole complex device since a segmentation approach can be used. A global circuit time domain simulation of the electromagnetic coupling  is available.
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I. Intoduction
   Advances in electrical and electromagnetic performance assessment of integrated and high speed electronic circuits and systems require the synthesis of reduced-order models to approximately describe their behaviour with sufficient engineering accuracy [1].
In complex electronic equipments involving interconnects a complete understanding requires a global analysis studying both electromagnetic modelling (for distributed parts) and circuit simulation (for lumped components). For a reliable simulation at the sub-system or system level efficient techniques are needed to address a hybrid field-circuit analysis. For a time domain analysis a strong coupling between a field solver in the time domain and a circuit simulator leads to a heavy process updating at each time step both the field quantities and the circuit values [2,3].
In this work a fast and global time domain coupled field-circuit simulation is presented. In a first step the distributed parts of the whole device are characterized over the whole studied frequency band. In particular, the impedance is determined very efficiently using the combination of a 3D finite element model and a Padé approximation. In a second step a rational decomposition of this impedance allows to obtain an equivalent circuit of the structure which could be incorporated into a circuit simulator like PSPICE. The methodology is tested through the analysis of a microwave rectenna (rectifying antenna) devoted to energy transfer [4]. A global time domain macromodel taking into account both electromagnetic modelling (for distributed parts) and circuit simulation (for non-linear lumped components) is then available. 
II. Macromodel of a microwave rectenna
The studied rectenna allowing RF to DC conversion is show on fig.1. It consists of a receiving loop antenna and a rectifier circuit feeding a passive load. The 3D electromagnetic analysis of the loop antenna is performed with vector edge elements over the band 
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GHz. Figure 2 shows the computed impedance of the antenna. The studied band is divided in several intervals : over each one a Padé approximation based on second order polynomials is determined to fit the curve. An equivalent circuit of the impedance is deduced allowing the global simulation of the whole rectenna with PSPICE. Results will be shown at the conference.
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Fig. 1.   Rectenna with RF-to-DC circuit
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Fig. 2.  PSPICE equivalent circuit of the whole device
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