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Transmission lines structures at chip, multichip, package, board and subsystem level 
constitute one of the most critical parts for the signal integrity of all electronic systems. 
Nonetheless, their accurate and efficient transient analysis is still a challenging task even in 
the most advanced circuit solvers. It is well known that accurate interconnect models must 
take into account metal (skin effect) and dielectric losses, which lead to possibly large 
attenuation at increasing frequency. The underlying physics is best captured using a 
frequency-domain approach, leading to constitutive parameters with a complex dependence 
on frequency. A robust approximation is therefore required for the conversion to time domain 
of the constitutive line equations and the subsequent generation of a line macromodel to be 
employed in a transient simulation [1]. 

A particular line macromodeling strategy working in the general framework of the well-
known Method of Characteristics (MoC) was developed, implemented and validated. This 
technique draws its origin from the Branin’s method first introduced for lossless transmission 
lines. Here we employ a generalized version that allows to deal with multiconductor lines 
whose per-unit-length parameter matrices have a possibly complex dependence on frequency. 
In such case, both the characteristic admittance and the propagation operators of the line are 
frequency-dependent. A line macromodel is obtained via the following steps. First, the line 
equations are projected onto their high-frequency asymptotic modes. This leads to a particular 
form of the propagation operator that allows an easy extraction of the line modal delays. A 
second step is the generation of a rational approximation of characteristic admittance and 
delayless propagation operators in the Laplace domain. The last step is the translation of the 
rational expressions into equivalent circuits that can be implemented into a standard circuit 
solver. The resulting macromodel, named TOPLine [2], has been applied for the transient 
analysis of complex transmission line structures for high-speed digital signaling at package 
and board level. We considered structures with a large number conductors (plus reference) 
with excellent accuracy and efficiency.  

As an application example, we present a lossy board coupled line with loading networks 
including three lossless (ideal) lines as is shown in the figure. All the RLCG line parameters 
are frequency-dependent in order to include metal (skin) and dielectric losses. The input 
signal is a saturated ramp with rise time tr = 0.035 ns. For this particular structure we have 
linear termination networks. Therefore, a full validation is possible by using a standard 
frequency-domain solution and inverse FFT for the computation of the transient responses 
[3]. The results for some of these responses on a 20cm line segment are depicted in Fig. 1. 
The transient solution employing the proposed macromodel was computed in a fraction of a 
second on a Pentium IV-based PC (1.8 GHz) using IBM PowerSPICE circuit solver. The 
results are not distinguishable on this scale from the reference solution. Therefore, we can 
conclude that the accuracy of the proposed macromodeling algorithm is very good. 



 

 

Fig. 1. Coupled transmission line on a 
board. 

 

Fig. 2. Transient voltages at near and far 
terminations of active line (top panel) and victim 
line (bottom panel) of Fig. 1. 
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