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Abstract - For wideband modeling of large and complicated
three-dimensional interconnects, this paper proposes an
efficiency improvement in solving electric field integral equation
with cylindrical conduction mode basis functions. Based on the
multifunction method, the improved method reduces
computational cost by using smaller number of higher-order
basis functions for computing mutual inductances between far­
separated conductors. From the modeling examples of through­
hole vias and bonding wires in stacked Ie's, the proposed method
is verified for application to real three-dimensional interconnects.

Index Terms - 3-D interconnect, cylindrical conduction mode
basis function, electric field integral equation, multifunction
method, proximity effect, skin effect, through hole vias, bonding
wires.

I. INTRODUCTION

The trend of integrating subsystems in a three-dimensional
(3-D) packaging such as system-in-package (SiP) requires
accurate and efficient electrical design of the 3-D
interconnects in the packaging. A technical challenge of
electrical design arises in the generation of the entire coupling
model of over a thousand interconnects such as bond wires
and through-hole vias (THV) since they are complicatedly
coupled in vertical as well as in parallel, as shown in Figure 1.
The other design challenge is in the construction of wideband
interconnect model for the design of system packaging, which
includes analog, radio-frequency (RF), and digital sub systems.

For these modeling issues, a trade off between modeling
time and accuracy should be considered in existing methods.

Figure 1. An example of 3-D bonding wire integration. (Photo
courtesy of Amkor Technology, Inc.)
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For example, equation-based methods provide parasitic values
of interconnects with little computational effort [1-2], but they
are not available for modeling of high-frequency effects such
as skin and proximity effects. In contrast, various numerical
methods can capture the high-frequency effects, but their
application to the large and complicated 3-D interconnect
problem requires much simulation time and memory.

To improve speed with maintaining accuracy in the 3-D
interconnect modeling, we have proposed using the electric
field integral equation (EFIE) combined with globally defined
cylindrical conduction mode basis functions (CMBF) in [3-4].
The proposed method was found to be efficient for capturing
high-frequency effects, compared with the conventional
partial element equivalent circuit (PEEC) method [5] and the
EFIE with CMBF's on the rectangular coordinate [6].

In addition to the previous research, this paper presents the
acceleration of generating partial impedances by using the
multifunction method (MFM), which uses various
approximations in computing integrals for obtaining mutual
inductances. MFM reduces computational burden for solving
a system of large number of conductors because of the
decrease in time for computing matrix elements and the sparse
property of the higher-order mode sub matrix. For application
examples, we simulated more practical structures such as
THV array and vertically- and horizontally-coupled bonding
WIres.

II. OVERVIEW OF EFIE WITH CYLINDRICAL CMBF

The electrical modeling of interconnects is to find an
equivalent circuit model that accurately describes frequency­
dependent conduction losses and electromagnetic couplings.
For this purpose, the classical PEEC method [5] and its
variations are preferred since they extract the equivalent
circuit model directly from the solution of the following
volume EFIE.

lei,m) + jm£ fG(r,r')l(r',m)dV'= -V<I>(r,m) , (1)
u 47£ v'

where (j is conductivity, OJ is angular frequency, p is
permittivity, and G(r,r') = I/lr - r'l, which is Green's function
with the retardation term neglected. For the approximation of
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