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Abstract

A method is presented for determining the characteristics of unsymmetrical broadside-coupled strips imbedded
in an inhomogeneous dielectric medium enclosed by a rectangular shield. The characteristics of the coupled lines
have been obtained in terms of even- and odd-mode velocities, coupling coefficients, and even- and odd-mode
admittances. Numerical results are given for a variety of configurations.

INTRODUCTION

The purpose of this paper is to evaluate the
characteristics of unsymmetrical broadside-coupled
strips imbedded in an inhomogeneous dielectric medium.
The determination of the properties of the coupled line
is necessary for the design of microwave components
such as filters, directional couplers, impedance trans-
formers, phase shifters, and hybrid junctions. The
parameters needed to characterize the coupled lines are
the coupling coefficients, even- and odd-mode charac-
teristic admittances, and the mode phase velocities.

The even- and odd-mode capacitance parameters for
coupled symmetrical microstrip lines in an inhomogeneous
medium have been studied in detail by Smith [1]. Several
authors [2-5] have calculated the characteristics of a
pair of broadside-coupled lines on a suspended substrate
but only the case for symmetrical coupled lines has been
presented. In this paper, a general method is given for
the analysis of the unsymmetrical coupled strips on a
suspended substrate enclosed by a rectangular shield.
The basic configuration is shown in Fig. l(a). It can
be seen that the dielectric substrate between the
coupled lines provides more loading effect for the odd-
mode of wave propagation than for the even-mode and
results in unequal even- and odd-mode phase velocities.
The method for determining the properties of the coupled
lines is first to derive a suitable Green’s function for
the structure. Once the function is obtained, then the
self and mutual capacitances of the coupled lines are
calculated numerically. Finally, the even-and odd-mode
velocities of the coupled lines are determined based on
the results derived from the coupled mode theory [6-8].
In this paper, a computer-aided numerical method has
been developed to calculate mode velocities and admit-
tances of the coupled lines. The computer program gen-
erated can be used as a design tool to obtain circuit
configuration for any given even- and odd-mode admit-
tances.

Computed even- and odd-mode velocity and admittance
data versus the stripwidth are presented for two sample
configurations of a pair of unsymmetrical broadside-
coupled lines.

FORMULATIONOF THE METHOD

The cross-sectional structure of the coupled lines
considered in this paper is shown in Fig. l(a). Assuming
the transverse dimensions of the configuration are rela-
tively small compared to the wavelength, an approximate
analysis in terms of a quasi-TEM mode is possible. When
a unit potential is applied to the ith strip and the
potential is zero on the other strip, the elements of
the capacitance matrix of the coupled lines may be
written in terms of the unknown charge distribution of
the two strips [9-10]. Therefore,the potential $(x,y)
resulting from the charge density ui(x’$y’) on both
strips can be expressed, based on the superposition
principle, as

$(x,y) = z [i G(X,Y;X’ ,Y’) a:(x’,y ’)dx’ (1)

The Green’s function G(x,y;x’,y’) for the geometry
of Fig. l(a) is derived by considering a unit line charge
located at a point (x’,y’) in the layer of the dielectric
E2 region. This function, when b = 1, is then given by
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If the stripwidth is divided into M subintervals,
then the charge density function T.(x) along the ith
strip is assumed to be piecewise l]near with M + 1 free
p~~ameters. The potential $ at the point (x,y) of the
i strip may then be written as

2 M+l
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where Djk is a potential at a point (X,y) due tO a

uniform charge density of magnitude unity on an interval
Axjk.

The charge density fUnCtiOn T.k can be found by
solving a set of equations, each o# the equations in
the form given by (4). The elements of the capacitance
matrix are then given by
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It should be noted here that the capacitances Cll
and C12 are found by setting $1 = 1 and 42 = O. Like-
wise, the capacitances CZ1 and CZZ are found by setting
$l=Oand$2=l. Fig. l(b) shows various line capa-
citances of the unsymmetrical coupled lines. Since the
circuit configuration is composed of two unidentical
coupled lines embedded in an inhomoqeneous medium, the
basic definition of even- and odd-mode capacitances is
defined with two identical voltages of equal or oppo-
site phase being applied to the lines. However, the
currents in the lines may be of different magnitudes.
When the inductive parameters of the coupled lines as
shown in Fig. 2 are computed, the dielectric inhomo-
genuity has been disregarded because the dielectric
medium is nonmagnetic. Under the condition of two
different current magnitudes in the lines, the self
and mutual inductances of the coupled lines are found
to be

a+$)La =; (Le
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where

C~’b(l) = even-mode capacitance of lines a
and b with the dielectric layer
removed

C~’b(l) = odd-mode capacitance of lines a
and b with the dielectric layer
removed

Note that the results given in (6) agree with those
given by Krage and Haddad [6] for the case of two
identical coupled lines.

For the unsymmetrical coupled-line system des-
cribed in this paper, it is found that the theory of
coupled transmission lines may be used to determine
phase velocities of the even- and odd-mode transmission
system where there is distributed coupling between
modes.

A computer program has been written utilizing the
relationships given above for determining the charac-
teristics of the unsymmetrical coupled strips. The
results for two sample configurations are given in
the following section.

NUMERICALRESULTS

The first sample coupled-line configuration that
was analyzed is shown in Fig. 3(a), where w/b = 5.0,
H/b = 0.2, and wl/b = 1.0. In the computer analysis
and results, all physical dimensions have been normal-
ized to the height b of the rectangular shield shown
in Fig. 3(a) by setting b = 1 in all computations and
with al 1 even- and odd-mode capacitances normal ized
to the dielectric constant of free space. Capacitance
data as functions of the stripwidth of line b for
E “= 1.0, 2.35, 8,1, and 9.9 resulting from this analy-
s~s are presented in Fig. 3(a). It is noted that all
capacitances except the even-mode capacitance of line
a are rapidly decreased when the stripwidth of line b
is reduced. It is also worth mentioning that the
capacitance values for w2/b = 1.0 and er = 1.0 have
excellent agreement with those given by Kammler [9] for
the case of a homogeneous medium. Figures 3(b) and (c)
show mode velocities, coupling coefficients, and mode
characteristic admittances as functions of the normal-
ized stripwidth of line b for various dielectric media.
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In this configuration the even- and odd-mode velocity
changes versus the normalized stripwidth of line b are
very small. The reason for this is simply because the
thickness of the dielectric layer is not sufficiently
small compared with the ground plane spacing, and
therefore a large percentage of the electromagnetic
energy concentrates between the two coupling lines.
Numerical results for the second sample structure shown
in Fig. 4(a), where w/b = 4.0, H/b = 0.1, and wl/b =0.4,
are also given in Figs. 4(a), (b), and (c). In this
configuration, when both values of w /b and w2/b are

A0.4, the normalized even- and odd-mo e velocities have

?5]. Comparing the even- and odd-mode impedances*
ood agreement with the data given by Al 1en and Estes

obtained here with the results given by Allen and Estes
[5] or Gish and Graham [4] shows that the values ob-
tained are higher by a factor of 2. Furthermore, using
the similar configuration for the homogeneous case, the
calculated values of mode impedance using the formulas
given here are the same as the calculated results utili-
zing Cohn’s formulas [11] for the case of the side walls
removed.t Both results are also higher by a factor of
2 compared with the calculated results using the for-
mulas given in [4] and [5] for the homogeneous case.
The cause of this discrepancy is believed to be due to
the statement given by Gish and Graham which reads,
“the capacitance of the line is just four times that of
the reduced 1ine .“ Actually, the capacitance of the
line should be two times that of the reduced line in
their case. The same erroneous statement also appears
in [5].

CONCLUSIONS

A method has been presented for determining the
characteristics of unsymmetrical broadside-coupled strips
embedded in an inhomogeneous dielectric medium. The
method can also be extended to calculate the character-
istics of multiple broadside-coupled strips and offset
coupled-strip transmission lines. The admittance para-
meters of the coupled lines were derived for an inhomo-
geneous dielectric medium. We believe Jhat the parameters
obtained here will be a useful tool in the design of
microwave components. Especially, it is believed that
the design of unsymmetrical broadside-coupled line
directional couplers in the suspended substrate geometry
can be worked out by combining the analysis described
herein with the analysis procedure given by Crystal [12].

Finally, it is worth mentioning that the method
presented has considered only two zero-thickness strips.
The effects of finite thickness on the coupled lines
can also be easily solved by modifying the Green’s
function to satisfy the boundary conditions due to
finite thickness strips and by utilizing a similar
procedure as given by Silvester [13] to solve an inte-
gral equation of the charge density distribution around
the thick strip surfaces.

*In this case, for symmetrical coupled lines the even-
and odd-mode impedances are simply the respective recip-
rocals of the even- and odd-mode admittances.

*As w/wl increases beyond a value of 5.0 for which
Cohn’s formulas are valid.
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Fig. l(b). Electrostatic Capacitive
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Fig. 1(a). Unsymmetrical Broadside
Coupled Strips in a Layered
Dielectric Medium
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Fig. 4(a). Normalized Even- and Odd-Mode
Capacitances as a Function of (“$)
for Various Dielectric Constants

Fig. 4(b). Normalfzad Odd. a“d Ev@n.Mode
Velocities and Coupling Coefficients

as a Function of (~)

m+

9

&

,

5

4

3

*
o

~, 1’ 1 l\N 1 1 I 1 1

10-$J 1 I I 1 1 I 1 1 1
0., 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0,9 1.0

“2A

Fig. 4(c). Odd- and Even-ModeAdmitta!,ces

as a Function of (w+)
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Fig. 3(c). Odd- and Even-ModeAdmittances

as a Function of ~~)
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