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Strong FEM Calculation of the Influence of the
Conductor’s Position on Quasi-Static Parameters of the
Shielded Stripline With Anisotropic Dielectric

Zaklina J.Mangié! Viadimir V. Petrovié?

Abstract — Strong formulation of the Finite Element Method is
applied for calculation of effective permittivity and characteristic
impedance of asymmetric shielded stripline filled with
anisotropic dielectric. The influence of the position of the strip
conductor is studied for two typical anisotropic substrates —
sapphire and boron nitride. Rectangular elements of the third
degree are applied.
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|. INTRODUCTION

TEM transmission lines with anisotropic dielectric cannot
be easily analyzed by the Method of Moments, even when
dielectric is homogeneous and linear. In these cases Finite
Element Method (FEM) [1, 2] is a very good choice. It was
shown that strong FEM formulation of the Galerkin type [3,4]
can be successfully applied to 2-D closed electrostatic
problems for both isotropic [4, 5] and anisotropic [6, 7]
dielectrics.

In this paper strong FEM formulation is applied for
calculation of quasi-static parameters of the shielded
asymmetric stripline with homogeneous anisotropic dielectric.

Il. BAsic FEM METHODOLOGY FOR
ANISOTROPIC MEDIA

Consider a 2-D calculation domain, as shown in Fig.1.
Starting for differential equation for electrostatic potential,

divg (ggradg V) =0, (1)
where divg is a surface divergence, gradg is a surface
gradient and &
g =diag[e

is a diagonal 2x2 permittivity tensor,

« €yy]. Calculation domain is divided into M

subdomains (elements) and approximate solution for V(x, y)
presented as a linear combination of basis functions,

N
V=~ f=3%a;f;, where a; are unknown coefficients. In this
j=1

analysis rectangular elements are applied. Every basis
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function is nonzero on the surface of one element (for singlet
functions) or on several neighboring elements (for doublet and
quadruplet functions) [4, 6, 7]. According to Galerkin’s
procedure [1, 2], a system of linear algebraic equations is
formed,

[K;1la;1=[Gi],
Ki =[(gradf,)(Egrad f;)dS, G = [ fiDydl, (3)

S C,
where D,, is the given normal component of vector Don

i,j=1...,N, @)

contour C,, i and j are global indices of basis functions, S

M
is the surface of the calculation domain, S =JS®, and S° is
e=1

the surface of the e-th element. By solving (2), unknown
coefficients a; are obtained, and, thus, the approximate

distribution of potential V.

Fig. 1. Two-dimensional calculation domain
divided into elements.

I11. STRONG FEM BASIS FUNCTIONS

In [3] strong FEM formulation for 1-D electromagnetic
(EM) problems is introduced by the use of special, C!
continuous, basis functions (strong basis functions). In
corresponding formulation for 2-D electrostatic problems [4,
5] strong 2-D basis functions automatically satisfy continuity

of potential V (C° continuity) and continuity of D,

(generalized C* continuity) on interelement boundaries (Cint

in Fig.1). Complete set of strong basis functions for 2-D
problems in homogeneous (isotropic or anisotropic) media
consists of four types of quadruplets (Fig.2), two types of
doublets (Fig.3) and various singlets (Fig.4).
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Fig. 2. Quadruplets for the strong FEM formulation. They provide
continuity of (a) V , (b) Dy, (c) Dy, and

(d) both Dy, and Dy, .

Fig. 3. Doublets for the strong FEM formulation.

Fig. 4. Typical singlet for the strong FEM formulation.

IVV. NUMERICAL RESULTS

Two geometries, depicted in Fig.5 and Fig.11, are
considered. Although formally the same, the two geometries
differ in orientation (horizontal and vertical) of the strip. Two
typical anisotropic substrates for planar transmission lines are
considered. The first is sapphire (&, =9.4, ¢, =11.6), and

the second is boron nitride, (&, =5.12, €., = 3.4). Effective

relative permittivity, e,, and characteristic impedance, Z_,
were calculated by standard formulas for non-magnetic

-1
dielectrics, ¢, =C'/Cy and Z, :(co,/C'C{)) , Where C' is

the capacitance per unit length of the analyzed line, C; is its
capacitance per unit length when dielectric is replaced by
vacuum, and c, is the speed of light in free-space.

Capacitances per unit length were calculated by the use of
energy formula,

W’:%C'UZ =Y [ wds =%z [E-DdS, E=-gradVv

e g® e g®
We used N =512 elements of the third order in both x- and y-
directions (n, =n, =3). The third-order elements represent

the lowest-order
formulation [4].

approximation for the strong FEM

IV.A. Example 1

For the stripline whose cross-section is given in Fig.5, the
strip is parallel to the wider side of the rectangular shield.
Relative dimensions of the line are chosen as: a/b=3,
w/b=1,t/b=0.1,while h/b and s/b are variable.

)

e |

I a 1

Fig. 5. Geometry of the first analyzed structure.

In Figs.6 and 7 relative effective permittivity, &,, and
characteristic impedance, Z_, are presented for sapphire, and

in Figs. 8 and 9, the same parameters are presented for boron
nitride. In Fig.10, field lines for sapphire, h/b=0.45,
s/b=0.5 are depicted (by the use of the commercial
software [8]).

From those four diagrams it can be seen that ¢, and Z, are

changing rapidly when the strip is close to the shield. When
the strip is relatively far from the shield, these parameters are
changing slowly.
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Fig. 6. Effective relative permittivity of the shielded stripline
filled with sapphire, as a function of s/b.

From Figs.6 and 8 can be seen that when the strip
approaches the wall of the shield, ¢, tends to values closer to
€ - ThiS can be explained by the edge effect in which the x-

component of the field is dominant. When the strip moves
away from the wall towards the center of the structure, the y-
component of the field relatively increases (compared to the x-
component), and ¢, tends to values closer to ¢, . When the

strip is closer to the bottom of the structure, ¢, tends to
values closer to &, as the y-component of the field then
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increases even more. The sketch of electric field lines, shown

in Fig.10, can help for visual illustrations of these effects.
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Fig. 7. Characteristic impedance of the shielded stripline filled
with sapphire, as a function of s/b.
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Fig. 8. Effective relative permittivity of the shielded stripline filled
with boron nitride, as a function of s/b.

30 4 Boronnitride

a/b=3,w/b=1,t/b=0.1

28
h/b=0.5
26

24
N h/b=0.3
22

Zc[Q] 20

18
N h/b=0.2
16

144

AN

] h/b=0.15

10 T T T T T T T T T T
0,1 0,2 03 0,4 0,5 0,6 0,7 0,8 0,9 1,0

s/b
Fig. 9. Characteristic impedance of the shielded stripline filled with
boron nitride, as a function of s/b .

Fig. 10 Electric field lines for sapphire
(a/b=3,w/b=1,t/b=0.1, h/b=0.45,s/b=0.5).
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As for the characteristic impedance, in all cases it increases
with moving the strip away from the shield towards the center
of the structure. This is due to decrease of the capacitance per
unit length and is not directly associated with anisotropic
characteristics of the substrate.

IV.B. Example 2

For the stripline whose cross-section is given in Fig.11, the
strip is parallel to the narrower side of the rectangular shield.
Relative dimensions of the line are chosen as: a/b=3,
w/b=0.5, t/b=0.1, while h/b and s/b are variable.

Fig. 11. Geometry of the second analyzed structure.

In Figs.12 and 13 relative effective permittivity, ¢, , and
characteristic impedance, Z_, are presented for sapphire, and
in Figs. 14 and 15, the same parameters are presented for
boron nitride. In Fig.16, field lines for sapphire, h/b=0.45,

s/b=0.5 are depicted (by the use of the commercial
software [8]).

1094
1084

10,74 h/b=0.05
10,6
10,5 4
10,44

1037 Sapphire

\\

h/b=0.25

10,24
101 ] alb=3, Ub=0.1, w/b=0.5
10,04
9,91

9,8+

9.7 T T T T T T T T T 1
0,1 0,2 0,3 0,4S/b 05 0,6 0,7 08 09 1,0
Fig. 12. Effective relative permittivity of the shielded stripline
filled with sapphire, as a function of s/b.

Those diagrams practically illustrate the same effects as in
example 1.
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Fig. 13. Characteristic impedance of the shielded stripline filled
with sapphire, as a function of s/b .
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Fig. 14. Effective relative permittivity of the shielded stripline
filled with boron nitride, as a function of s/b .
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Fig. 15. Characteristic impedance of the shielded stripline filled with
boron nitride, as a function of s/b.

Fig. 16. Electric field lines for sapphire
(h/b=0.1,s/b=1,a/b=3,t/b=0.1, w/b=0.8).

V. CONCLUSION

Quasi-static parameters of asymmetric shielded stripline,
are obtained by the strong FEM formulation for various
positions of the strip. It was shown that effective relative
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permittivity of the stripline tends to values closer to €, when

the strip moves closer to the side wall, and to values closer to

€ry When the strip moves closer to the bottom wall. This

behavior can be explained by the edge effect.

Characteristic impedance increases with moving the strip
away from the shield towards the center of the structure,
which is due to general decrease of the capacitance per unit
length and is not directly associated with the anisotropy of the
substrate.
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