Excerpt from the Proceedings of the COMSOL Conference 2008 Boston

Finite Element Analysis of Multiconductor Interconnects in

Multilayered Dielectric Media

S. M. Musa and M. N. O. Sadiku

Corresponding author: Prairie View A&M University Networking Academy (PVNA),

Prairie View, TX 77446, smmusa,mnsadiku@pvamu.edu

Abstract: Due to complexity of electromagnetic
modeling, researchers and scientists always look
for development of accurate and fast methods to
extract the parameters of electronic interconnects
and package structures. In this paper, we
illustrate modeling of  multiconductor
interconnects in multilayered dielectric media
using finite element method. We specifically
determine the capacitance per unit length of four
transmission lines in two-layered dielectric and
three thin striplines embedded in a three-layered
dielectric  between two ground planes.
Comparison of our results with other available
methods is demonstrated with good agreements.
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1. Introduction

In recent years, we have observed a
magnificent application and development in the
complexity, density, and speed of operations of
integrated circuits (ICs), multichip modules
(MCMs), and printed circuit-board (PCB). For
examples, MCMs are extensively used to reduce
interconnection delay and crosstalk effects in
complex electronic systems. Multiconductor
transmission lines embedded in multilayered
dielectric media are known as the basic
interconnection units in ICs and MCMs, and
have been characterized with the distributed
circuit parameters such as capacitance C,
inductance L, and characteristic impedance Z
matrices under quasi-TEM conditions. Also,
these distributed circuit parameters are very
important factor in the electrical behavior and
performance of other microwave integrated
circuits (MIC) and very large scale integration
(VLSI) chips. To optimize electrical properties
of IC interconnects such as minimization of the
length of the interconnection lines, an adequate
attenuation must be given to the geometrical size
of their transverse cross sections; the estimation

of the transmission line parameters requires
being accurate for system design.

Multiconductor multilayered structures are
essential for ICs, MCMs, and PCB systems, due
to its important effects on the transmission
characteristics of high-speed signals. Therefore,
in this work, we apply the finite element method
(FEM) for parameter extraction for two-
dimensional (2-D) interconnects embedded in
planar multilayered dielectric media.

Many researchers have presented various
kinds of methods for solving the problem. These
include equivalent source and measured equation
of invariance method [1], method of moment [2],
variational technique with spectral domain
approach [3], boundary element method [4],
multipole accelerated technique [5], finite
difference  method [6], Green’s function
approach [7-8], method of lines [9-10], complex
image method [11], and integrated equation
method [12].

We illustrate that our method using FEM is
suitable and effective as other methods for
modeling of inhomogeneous  quasistatic
multiconductor interconnects in multilayered
dielectric media.

In this work, we design four transmission
lines in two-layered dielectric and three thin
striplines embedded in a three-layered dielectric
between two ground planes using FEM with
COMSOL focusing on the calculation of the
capacitance per unit length matrix of the
multiconductor interconnects in multilayered
dielectric media and then compare the results of
our modeling with some previous works.

2. Discussion and Results

In any electromagnetic field analysis the
placement of far-field boundary is an important
concern, especially when dealing with open
solution regions. It is necessary to take into
account that the natural boundary of a line at
infinity and the presence of remote objects and
their potential influence on the field shape [13].
In all our simulations, the coplanar structures is



surrounded by a W X h shield, where W is the

width and h is the thickness of the shield. The
models are designed in 2D using electrostatic
environment in order to compare our results with
the other available methods. In the boundary
condition of the model’s design, we use ground
boundary which is zero potential ( V =0) for
the shield. We use port condition for the
conductors to force the potential or current to
one or zero depending on the setting.

We use FEM with COMSOL, a multiphysics
software, in our computations because it is
suitable for the computation of electric and
electromagnetic fields in strongly
inhomogeneous media and it has high
computation accuracy and fast computation
speed.

In the following subsections, we demonstrate
our work on modeling four transmission lines in
two-layered dielectric and three thin striplines
embedded in a three-layered dielectric between
two ground planes. Our computation is focused
on calculating the capacitance per unit length
matrix of the multiconductor interconnects in
multilayered dielectric media.

2.1 Four Transmission Lines in Two-layered
Dielectric

In this section, we illustrate the modeling of
four transmission lines in two-layered dielectric
by focusing only on the calculation of the
capacitance per unit length. Figure 1 shows the
geometry of the model. The four conductors
have same dimension as following: Their
thickness is equal to 0.2mm and their width is
0.4mm; the gap between either conductor 1 and
conductor 2, or conductor 3 and conductor 4 is
0.4mm; the thickness of the dielectric layers is
equal to 0.4mm. The geometry is enclosed by a 5
X 5 mm shield. The shielded is not included in
Fig. 1 but it is included in Fig. 2. Figure 2 shows
the mesh for the four transmission lines in two-
layered dielectric with zero conductivity. Figure
3 shows potential distribution in contour plot,
while Figure 4 shows potential distribution from
(0,0) to (5,5) mm.
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Figure 1. Cross-section of four transmission lines in
two-layered dielectric.
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Figure 2. Mesh of four transmission lines in two-
layered dielectric.
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Figure 3. Contour plot of four transmission lines in
two-layered dielectric with conductor 1 as input port.
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Figure 4. Potential distribution of four transmission

lines in two-layered dielectric from (x,y) = (0,0) to
(x,y) = (5mm,5mm).

Table 1 shows the FEM results for the
capacitance matrix of the structure compared
with the equivalent source and measured
equation of invariance method [1] and method of
moment [2]. They are agreeable with those
calculated by other methods.

Table 1: Values of capacitance matrix (in pF/m)
coefficients for the four transmission lines in two-
layered dielectric

Capacitance mateix (Cy=Cg) and Gy

Reference

1]

Reference

2]

Cur Wotk

1186782

118.8939

121.42140

1186782

118.8939

121.31480

-14.12380

-12.40722

1280115

-47. 36560

-46.31373

-47 B0 46

-3.287813

-3.463763

3347192

-3.287813

-3.463763

-3.347454

-47. 56560

-46.51373

-47 87691

TL34205

6580765

7142175

TL34205

6580765

71 40666

-8.583216

9186853

-B.980377

2.2 Three Thin Striplines Embedded in a
between Two

Three- layered
Ground Planes

Dielectric

In this section, we demonstrate the modeling
of three thin striplines embedded in a three-
layered dielectric between two ground planes by
focusing only on the calculation of the
capacitance per unit length. Figure 5 shows the
geometry of the model with the parameters
values. The geometry is enclosed by a5 X 1 mm
shield. The shielded is not included in Fig. 5 but

it is included in Fig. 6. Figure 6 shows the mesh
for the three thin striplines embedded in a three-
layered dielectric between two ground planes
with zero conductivity. Figure 7 shows potential
distribution in contour plot, while Figure 8
shows potential distribution from (0,0) to (5,1)
mm.
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Figure 5. Cross-section of three thin striplines
embedded in a three-layered dielectric between two
ground planes.

Figure 6. Mesh of three thin striplines embedded in a
three-layered dielectric between two ground planes.

Figure 7. Contour plot of three thin striplines
embedded in a three-layered dielectric between two
ground planes referring to conductor 1.
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Figure 8. Potential distribution of three thin striplines
embedded in a three-layered dielectric between two

ground planes from (x,y) = (0,0) to (x,y) = (5,1)mm.



Tables 2 and 3 show the FEM results for the
capacitance matrix of the structure of the model
with dielectric constants as in Fig. 4 and when all
dielectric constants are set equal to one,
respectively. The results are compared with the
pervious work and found to be in good
agreement.

Table 2: Values of capacitance matrix (in F/m)
coefficients for the three thin striplines embedded in a
three- layered dielectric between two ground planes

Capacitance mateiz (Cv = Cﬁ) and Gy Reference [2] | Reference [3] Our Wk

049002 107 051152107 056112107

Ke!

1

D37 10T | 03029« 10T | 572« 10T

Kyl

06457 10T | 06972 10T | 07330 107

52

024592107 | 02572x 107 0.2863 x 109

BQ

061383 10T | 06639« 10T | 07181 % 107

tﬁq

0286352107 | 0377 107 03081 2 109

]

Table 3: Values of capacitance matrix (in F/m)
coefficients when all dielectric constants are equal to
one for the three thin striplines embedded in a three-
layered dielectric between two ground planes

Capaitance matriz (Cav - Caji) and Reference [3] Reference [4] Our Wotk

o

Co 077732 100 [ 0310x 100 | 03924 x 10T
[ 01036 x 10T | 01075 % 10T | 01045 % 10T

Cn D7193x 10T | 07812x 10T | 08284 1010

T 052122 10T | 03485 x (0T | 03504 % 1010

T DOmEE R 10T | 01065 107 | 01141 £ 10T
o

o) 03876 % 10T | 0.4040x 10 | 04181 x 1070
ke

3. Conclusions

In this paper, we have presented modeling of
four transmission lines in two-layered dielectric
and three thin striplines embedded in a three-
layered dielectric media between two ground
planes. We computed the capacitance matrix of
the multiconductor interconnects in multilayered
dielectric media and identified their potential
distribution.  The results obtained efficiently
using finite element method (FEM) for the
electrical parameters (C) agree well with those
methods found in the literature.
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