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Analysis of Phase Velocity Matching in Coupled
Microstrip Lines with Dieleciric Overlay

Yong K. Lee, Seung Y. Rhee, Nam Kim, and Han K. Park

Abstract

This paper describes a concrete method for computing characteristic impedances and effective dielectric constants of the
microstrip coupled lines without and with a dielectric overlay. The frequency-independent spectral domain method is used for
the analysis of these lines. This method is.a powerful, arcurate, and numerically efficient approach for planar transmission line

structure.

For designing the optimal directional coupler, the velocities of even and odd mode must be equal but velocities of these
two modes are different in the conventional coupled line which is inhomogeneous. The results show that these two velocities
can be almost same according to variations of structural and material parameters in terms of the overlay(superstrate).

[. Introduction

The coupled line circuits are used for many applications
including filters, couplers, and impedance matching networks.
A "coupled line” consists of two transmission lines placed
parallel to each other and in close proximity. In such a case,
there is a continuous coupling between the electromagnetic

' fields induced by two lines.

Coupled lines can support two different propagation modes
and these modes have different characteristic impedances.
The velocity of propagation. of these two modes is equal
when the lines are imbedded in a homogeneous dielectric
medium. However, for transmission lines such as coupled
microstrip lines, the dielectric medium is not in general
homogeneous, so the velocity of propagation of these two
modes are not equal. When the even- and odd-mode
propagation constants are equal, the isolation of a directional
coupler is theoretically infinite. However, this condition is
not always satisfied in an inhomogeneous structure such as
a microstrip[1].

This coupled line structure can be designed by the

impedance, admittance, chain and matrix parameters
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characterizing the coupled line four port network. And these

parameters can be obtained in terms of impedances or
admittances of the coupled line. As a matter of fact, many
publications have analyzed structures of the inhomogeneous
coupled line to overcome this limit. Especially the paper
published in reference, of [2] suggested that a dielectric
overlay is one way to improve the isolation of a microstrip
coupler, by which the difference in even- and odd-phase
velocities can be greatly reduced and even equalized. In that
paper, a full wave analysis that includes frequency dependent
behavior of coupled microstrip lines with overlay is
formulated based on the spectral-domain method. But this
method is very complex and requires a lot of the computing
time(3,4,5].

Therefore in this paper, the coupled mode approach and
frequency-independent spectral domain method(quasi-static
approximation in spectral domain)[6,7] can be applied to
evaluate the characteristics of coupled microstrip lines with

- or without overlay. The results show that the characteristics

of coupled microstrip lines with overlay is less dependent on
frequency than without overlay. It is- seen that there exists
particular structures for which even- and odd-mode phase
velocities are almost equal.

1. Formulation

Figure 1 shows the cross section of the coupled lines with
dielectric overlay, which is to be analyzed in this paper. Note
that they have symmetric structure because the widths are
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same(wl=w2). The structure is enclosed in a perfect
conductor for the discrete Fourier transform analysis and
assumed to be uniform and infinite in the z-direction. We
also assume that the ground planes and coupled strips are
perfectly conducting and infinitesimally thin, and the
dielectric substrates are lossless. This symmetric parallel
coupled line supports two propagation modes, namely, the
even-mode and odd-mode. We will apply quasistatic SDA[2]
to obtain the capacitances per unit length for the even- and
odd-symmetric excitations for symmetric coupled lines shown
in Fig. 1, both with and without overlay.

Fig. 1. Cross section of the coupled lines (a) without
overlay (b) with overlay

We begin the analysis by defining the Fourier transform
[4] with respect to x as

2 .
j(a,,,y)=—%— J; Ax,y)sina,x dx

where the tilde(~) specifies the Fourier-transformed quantity,
and e,=na/L,n=1,2,3 - is the Fourier-transform variable.
The unknown potentials are the solutions of the
Fourier-transformed Laplace equation. Imposing the boundary
conditions then yields the following system of coupled linear
algebraic equations according to whether there exists an
overlay ar not:

(A) without overlay

W B+ Ba(m) ) = Py+ S+ 3, o

where

Gln)y =

1
£,,( cotha t+e,cotha k)

and  3,(»), 5,(w) are the unknown transformed charge
distributions on strip 1 and strip 2, 3, &, are the
transformed quantities of the given strip potentials, and 3,
is the unknown transformed potential in the respective
interface.

(B) with overlay

Gu(n) 51(") + Glz(n) ;’2(71) = 25.,,

. . @)
Caln) B1(n) + Gplm) B:(w $vt+ it B,

fi

where

€, tanhe,h

Cn(n):‘ C\z(ﬂ)‘: %" sinha,,h,

Gy ()= sz(n)=—§1- (e, cotha,hy + e,cotha,d) tanha,h

d=¢g, cotha,t (&, +&,cotha,h tanha,h) +¢,.(e, tanh e,k +e, cotha,h)

In order to solve the equations (1) and (2) using the
Galerkin’s method, the unknown charge distributions can be
expanded into series in terms of the known basis functions[4
1. The following basis functions which are defined only over
the strips are used.

5 cos{(m—)r x_uTs,_]
nlx) == 3
P { (B (s, e ©

cos[(m—1)r _"——(sll_ut”ﬁi’_s)_]

. @

\/(—’;l)2~[x~(s.+w,+s+%)]2

O2{x) = w0

In case of symmetrical coupled microstrip line, wl is equal
to w2.
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- 11, Numerical Results and Discussion

We first transform the charge distributions in (3) and (4),
substitute the series into (1) and (2) and take the inner
products of the resulting equations with the individual basis
functions. i

Data in Fig. 2 are obtained with frequency-dependent full
wave analysis in spectral domain for symmetrical coupled
microstrip lines with or without overlay. Figure 2 shows that
the impedances and effective dielectric constants of the
overlay structure are much less dependent on frequency than
in case of without overlay. Therefore the frequency-
independent analysis(quasi-static analysis) is available for
analyzing the coupled microstrip lines with overlay in order
to reduce the computing time and complexity. So the
following results are calculated using quasi-static method in
spectral domain.
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Fig. 2. Characteristic impedance and effective dielectric
constants as a function of frequency with
h=h1=1.27mm, W=1.27mm, s=0.635mm. For
coupled microstrip line with overlay, £l=¢
2=10.0. For coupled microstrip line without
overlay, £€1=10, €2=1. Note that the structure is

symmetric.

Figure 3 presents the even- and odd- mode characteristic
impedances and effective dielectric éonstants of the coupled
microstrip lines with overlay versus the normalized strip
width of the substrate. It turned out that the difference
between these two modes( g¢,,) with overlay is less than
without overlay. \ ‘
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Fig. 3. Characteristic impedance, effective dielectric
constants and difference between two modes as
a function of width of microstrip line with
h=h1=1.27mm. For coupled microstrip line with
overlay, £1=£2=10.0. For coupled microstrip
line without overlay, £1=10, g2=1.

Figure 4 shows variations of two mode characteristic
impedances and effective dielectric constants versus the
dielectric constant of the overlay for symmetric coupled lines
with overlay. The dielectric constant of a substrate is fixed
to be 10.0 and that of a overlay is made to vary from 1.0
to 15.0 in step of 2.0. The characteristic impedances turned
out to be essentially unchanged, whereas the even-mode
effective dielectric constant seems to increase significantly
comparing with the odd-mode effective dielectric constant as
the dielectric constant of the overlay increayses.

v
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Fig. 4. Characteristic impedance, effective dielectric
constants and difference between two modes as
a function of dielectric constant of overlay with
h=h1=1.27mm, W1=W2=0.635mm, £1=10.0.

Figure 5 shows variations of two mode characteristic
impedances and effective dielectric constants versus the
height of the dielectric overlay. The characteristic impedances
are slightly changed but both of two mode effective dielectric
constants increases significantly as the height of an overlay
increases.

From these two figures, we observe the following : (1) the
coupled line with a dielectric overlay has lower characteristic
impedance than without an overlay; (2) for symmetric
coupled microstrip lines, specifically, the difference of
characteristic impedance between even-mode and odd-mode
with overlay is larger than that without overlay, and hence it
turned out that the overlay increases the coupling between
two lines compared with lines without overlay; (3) the
effective dielectric constants with overlay is larger than that
without overlay; and finally (4) the difference of effective

dielectric constants between two modes with overlay
becomes smaller than that without overlay.
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& Fig. 5. Characteristic impedance, effective dielectric

‘ constants and difference between two modes as

a function of height of dielectric overlay with
h=1.27mm, W1=W2=0.635mm, £1=£2=10.0.
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In this paper, frequency-independent SDA(quasi-static
analysis) is used to compare its various characteristics of the
symmetric coupled microstrip lines with and without
dielectric overlay. And we obtain some concrete design

. parameters for the directional couplers and filters, according

to variations of the dielectric constant and the height of a
dielectric overlay. We believe that these two velocities can
be almost same according to variations of structural and
material parameters in terms of the overlay(superstrate) and
the overlay in general improves the characteristics of the
microstrip coupled lines from the results we obtained.
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