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Abstract— An efficient methodology to simulate microstrip lines on lossy silicon substrate is presented. The methodology is based on Finite Integration Technique adapted to configurations in which the magnetic field is neglected along the propagation direction.  Several techniques are used to accelerate the process of p.u.l. parameter extraction, such as minimal virtual boundary, minimal mesh and minimal frequency samples set. 
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I. Introduction
The literature reflects much interest in the computation of frequency-dependent characteristics of on-chip interconnects and passive components [1]. The International Technology Roadmap for Semiconductors (ITRS, www.public.itrs.net) declared the high-frequency modeling (> 5 GHz) of interconnect and on-chip passives as a grand challenge that should be solved in order to continue the pace of progress that was witnessed in the last three decades. The goal of the present paper is to present techniques that speed-up the numerical electromagnetic simulation of interconnects in order to make it suitable for the CAD environments and currently Electronic Design Automation (EDA) frameworks. These techniques resulted from the research carried out within European project FP5/IST/Codestar (www.imec.be/codestar).

II. Finite Integration Technique Adapted to Transversal Magnetic Field

The approach we propose is based on the modified Finite Integration Technique (FIT) method, of which one of the first promoters was Weiland [3]. FIT uses global variables as degrees of freedom, two staggered grid: one electric on which electric quantities are defined and the other magnetic. The formulation of the problem uses the “electromagnetic circuit element” concept [4], which ensures a natural field-circuit coupling. Moreover, when the electromagnetic field can be considered as Transversal Magnetic (TM), the magnetic grid becomes a two dimensional one, and the electric grid may contain only one single layer of cells. The FIT simulation on this reduced grid allows the p.u.l. parameter extraction, which in turn, conduces to the computation of the frequency characteristic over a specified frequency range. Several techniques can also be used to accelerate the process of p.u.l. parameter extraction, such as minimal virtual boundary, minimal mesh and minimal frequency samples set. [5].
The paper will describe and comment in detail how the particularities of a TM field configuration can be exploited for the efficient simulation of interconnect lines.

The described procedure was validated by comparing simulation results with measured data for a series of 16 benchmarks developed within FP5/IST/CODESTAR European project. Test structures relevant for several technologies Al-SiO2, Cu-Lowk, with different geometries (several line lengths, widths, microstrip and coplanar configurations, etc.) were designed, fabricated and characterized. On wafer measurement up to 40 GHz were carried out and specific de-embedding procedures were applied, in order to eliminate the parasitic effects inherent at such frequencies.   

Fig. 1 shows the good agreement between measurement and simulation for the benchmark no.27 (coplanar line of Al on SiO2, 8200 μm length, 5 μm wide). Errors less than 5% between simulation and measurements are obtained for all the analyzed test structures.
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	Fig. 1 Comparison between measurements and simulation.
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