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Modified Broadside-Coupled Microstrip Lines
Suitable for MIC and MMIC Applications and a
New Class of Broadside-Coupled Band-Pass Filters

Michael Tran and Cam Nguyen, Senior Member, IEEE

Abstract— Modified broadside-coupled microstrip lines, suit-
able for microwave and millimeter-wave integrated and mono-
lithic integrated circuit (MIC and MMIC) applications requiring
wide bandwidths and tight couplings, are presented. Their
analysis, based on the quasi-static spectral domain technique,
is described. Using these broadside structures, a new class of
broadside-coupled band-pass filters has been developed at X-
band (8-12 GHz) with about 1-dB insertion loss. Fair agreement
between the measured and calculated results has been observed
even though a major approximation is used.

I. INTRODUCTION

HE broadside-coupled structure was first reported by
Dalley [1] using the stripline technique. It has an in-
herent broad-band characteristic, resulting form the strong
coupling produced by the two broadside-coupled strips. As
pointed out in [2], this structure also has several additional
desirable performances and properties not achievable by the
edge-coupled counterpart, such as multipole stop-band and
multizero pass-band response from a single filter section,
due to its large ratios between the even- and odd-mode
phase velocities. Variations of the original broadside-coupled
stripline have been proposed [2]-[6]. However, a review of the
literature reveals that none of the reported structures is suitable
for MMIC’s and, to some extent, MIC’s. For instance, the
substrate was assumed to be suspended in air in unsymmetrical
broadside structures with strips of equal [5] and unequal
widths [6], and identical dielectric layers above and below the
upper and lower strips, respectively, in symmetrical versions
were employed in [2]-[4]. These structures are stripline-type
transmission lines and, clearly, not applicable to MMIC’s.
We propose in this paper modified broadside-coupled mi-
crostrip lines, as shown in Fig. 1. The proposed transmission
lines are applicable to both symmetrical structure, where the
two conducting strips are located on top of each other, and
unsymmetrical structure, where there is an offset between the
strips. Both open [Fig. 1(b)] and shielded [Fig. 1(2)] versions
are suitable for MIC applications, while the open structure
would be an attractive candidate for MMIC’s. The quasi-
static spectral domain approach (SDA) [7] is employed to
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Cross sections of the modified broadside-coupled microstrip lines:
(a) shielded and (b) open.

Fig. 1.

evaluate the capacitances per unit length corresponding to
equal and opposite potential excitations, from which the ¢ and
7 propagating modes are derived. Various numerical results
for the mode characteristic impedances and effective dielectric
constants of the modified broadside-coupled microstrip lines
are presented and discussed. Full-wave analyses for similar
structures have been developed [8]—[10]. They, however, only
evaluate the reflection and transmission coefficients.

The microstrip and stripline half-wavelength coupled line
band-pass filters [11], [12] have perhaps been the most widely
used microwave band-pass filters in the past several decades.
Recently, a modified version, with improved stop-band rejec-
tion and response symmetry, has also been developed [13].
One shortcoming of this class of filters is the limited bandwidth
imposed by a weak coupling between the parallel transmission
lines. Various efforts have been made in broadening its oper-
ating bandwidth with limited success [14], [15] due to the use
of microstrip and stripline that have weak couplings. None of
the efforts so far has been reported to realize half-wavelength
coupled line band-pass filters using broadside-coupled lines in
spite of their inherent broad-band property.

In this paper, we report, for the first time, the development
of a new class of half-wavelength coupled line band-pass

0018~-9480/93$03.00 © 1993 IEEE
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Fig. 2. New broadside-coupled bandpass filters; top (—) and bottom (---).

filters, shown in Fig. 2, employing the proposed broadside-
coupled structures. In comparison to the conventional mi-
crostrip and stripline coupled line filters, the new filters
have wider bandwidths due to the inherently strong coupling
achieved between the resonators. Moreover, these filters are
very suitable for MIC’s as well as MMIC’s due to the
use of a supported dielectric layer underneath the lower
strip. Four three-section band-pass filters have been built and
tested in X-band (8-12 GHz) with around 1-dB insertion
loss. Reasonably fair agreement between the calculated and
experimental performances has also been achieved.

II. BROADSIDE-COUPLED ANALYSIS

Fig. 1 shows the cross sections of the shielded and open
broadside-coupled microstrip lines which were considered.
The structures are assumed to be uniform and infinite in the z-
direction. Both the shiclded and conducting strips are assumed
to be perfectly conducting, and the dielectric substrates are
assumed to be lossless. In addition, infinitely thin strips are
assumed. Notice that the structures are asymmetric and thus
there is no even- or odd-mode existing in the structures.
Rather, there are two quasi-TEM propagation modes, referred
to as the c-mode and the w-mode corresponding to in-phase
and out-of-phase potential excitations, respectively, similar to
ones in the two asymmetric parallel coupled lines immersed
in an inhomogeneous medium [16]. Here, we only describe
the analysis for the shielded structure [Fig. 1(a)]. Results can
then be applied to the open version by letting ¢,.3 = 1,
and £ and a be equal to infinity. Furthermore, results are
also applicable to the single suspended substrate stripline or
microstrip line by setting the bottom strip width or the bottom
dielectric height to zero, respectively. We first utilize the quasi-
static SDA [7] to determine the per-unit-length capacitances
corresponding to equal and opposite potential excitations.
Finally, we evaluate the c- and w-mode capacitances per
unit length and then the corresponding mode characteristic
impedances and effective dielectric constants. One remark
appropriate here is that, although there exist two c¢- and
two w-mode characteristic impedances for the considered
coupled structures, one can choose their dimensions, Wi,
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Wa, S, and S’ (for a shielded structure), to produce equal
c-mode impedances and equal w-mode impedances. This fact
is exploited in the filter design to be discussed later.

A. Formulation

Detailed quasi-static SDA was presented in [7], so here we
only describe the essential steps. By imposing the boundary
conditions at the interfaces along the y-direction in the spectral
domain, obtained as the Fourier transforms of those in the
space domain, and applying Galerkin’s method along with
Parseval’s theorem, we can derive the following system of
linear equations:

éf{}g(k Yo+ ZK”( )b = P,

i= 1,2, K (1a)
K M
S K2 (b Jax+ 30 K22 (o )b = Qs
. =12 M (1b)
where

K (An) = i P1i (iﬂn)éll (An)ﬁlk (iﬂn) (2a)
n=1

K},%(An) = {Z ﬁlz(An>G12(An>p~2m (iﬁn) (2b)
n=1

Kf,i (An) = i P2 (kn) G (’%)ﬁm (IACn) (20)
n=1

K2 (i) = 35 s () G () (B)  20)
n—1

Gy = i(eﬂ + £y9 coth Boh - tanh & d) (3a)

élZ = é21 = %&2 (tt———_zzﬁ ;?Z) (<3b)

Gio = %(57-3 coth knt + eqocoth l%nh>tanh knd (3¢c)

A=c¢p [aﬁ, coth l%nt(erl + g,ocoth k,h - tanh /%nd)

+ &9 (erg tanh IAcnd + &1 coth I%nh)] (4a)
b = 5 (4b)
a

2 a

Pi = —‘/1/ pli(w) dx (Sa)
a 0

2 a

Q; = E%A p2;(z) dz (5b)

with p1, and po, being the known basis functions that, together
with the unknown constants a, and b;, describe the respective
charge distributions on the upper and lower strips. The tilde
(") indicates the Fourier-transformed quantity. V;, s = 1, 2,
denote the known potentials on the upper strip (s = 1) and
lower strip (s = 2).
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The above equations can be applied to the open structure
[Fig. 1(b)] by setting £,3 to 1, and ¢ and a infinity.

Now, by exciting the upper and lower strips with equal
(Vi = V5 = 1) and opposite (V; = —~V, = 1) potentials, we
can obtain the corresponding quasi-static capacitances per unit
length, C(¢) , and C() s, 8 = 1, 2, for the strips as follows:

K
a
CY(e or 0),1 = 5"‘}5 Z ak P (62)
1 k=1
a K
C(e or 0),2 = W Z b Qum - (6b)
k=1

The quasi-static per-unit-length capacitances Cj, , of the
strips for mode p, p = ¢, 7, can then be computed from [17]

Cp,l = 0(8)71 + 0.5(0(0),1 - C(e),l)(l — Rp) (7a)
Cp2 = Cley,2 +0.5(Co)2 — Cley2) (1 = RyY)  (Tb)

where R, are the ratios of the voltages on the strips for
modes ¢ and «, and can be evaluated from the even- and
odd-excitation capacitances per unit length of the strips [17].
Once C), s are found, ¢c- and m-mode characteristic impedances,
effective dielectric constants, and phase velocities can be
determined.

B. Numerical Results

To obtain numerical results, we have employed Chebyshev
polynomials of the first kind, along with the Maxwellian
terms, for the basis functions [5], [6]. These functions describe
closely the charge distributions on the strips due to the
inclusion of the edge effect.

To verify the developed analysis, numerical results are
compared to [3] and [5]. Fig. 3 compares calculated results
of the even- and odd-mode characteristic impedances to those
reported in [3, Fig. 14] for an enclosed symmetrical structure.
In Fig. 4, a comparison between the computed mode char-
acteristic impedances and those in [5, Fig. 2] for a structure
having a form of odd symmetry is made. As a result, the
c-mode impedances are the same for both lines and can be
called Z,.. Similarly, the m-mode impedances are the same
and can be called Z,,,. It can be seen that our calculated results
match very well to the existing data.

Fig. 5 shows variations of the c- and m-mode characteristic
impedances and effective dielectric constants versus the lower
strip width for a shielded structure. The strips centers are
aligned at the center of the shield, and the middle substrate
has £,0 = 2.2 and the others have ¢,y = 1 and ¢,3 = 1.
One can see that as the lower strip width is increased, the
mode characteristic impedances corresponding to the lower
strip decrease, while those corresponding to the upper strip
increase and remain virtually the same for the c- and w-mode,
respectively.

Calculated values of the mode characteristic impedances and
effective dielectric constants of an open structure are plotted
as a function of the distance between the strip edges as shown
in Fig. 6. The relative dielectric constants are e,; = 2.2,
ero = 10.5, and €,3 = 1. The c¢- and 7m-mode characteristic
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Fig. 3. Even- and odd-mode characteristic impedances versus W/a for a
symmetric structure enclosed in metal. Z,. and Z,, are even- and odd-mode
characteristic impedances, respectively (b/a = 4, h/a = 0.1).
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Fig. 4. Even- and odd-mode characteristic impedances for an offset struc-
ture with equal strip widths as a function of S/W. (0.5 +d)/W = 1,
0.5/W = 0.2. Note that the structure still has symmetry.

impedances decrease and increase, respectively, as the distance
is increased. The trend of the curves shows that as the
distance between the strips is very large, the c- and w-mode
characteristic impedances should become equal for a given
strip, since no coupling will occur, and hence the upper
and lower lines are isolated. The w-mode effective dielectric
constant for strip 1 or 2 decreases significantly, whereas that of
the c-mode is virtually unchanged with increase in the strips’
distance.

III. FILTER DESIGN AND PERFORMANCE

New half-wavelength coupled line band-pass filters, em-
ploying the broadside-coupled microstrip lines, are shown
in Fig. 2. The filter design is based upon [12]. From given
band-pass filter specifications, a low-pass to band-pass trans-
formation is used to determine the number of resonators
required. The low-pass prototype filter’s element values are
then obtained, and the even- and odd-mode characteristic im-
pedances of the corresponding band-pass filter are computed.
These even- and odd-mode impedances correspond to our c-
and w-mode impedances, respectively. There are two even- and
two odd-mode impedances for each coupled section located at
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both ends, resulting from the filter synthesis [12]. The widths
of the broadside-coupled strips W; and W, the distance
between the strip edges S, and the spacing between the channel
wall and the first strip edge S’ (for a shielded structure) are
chosen to correspond to these synthesized even- and odd-mode
impedances. For the interior coupled sections, however, only
one even-mode and one odd-mode impedance are obtained
for each section, according to [12]. The dimensions of the
interior broadside-coupled strips, Wi, Wy, S, and S’, are
thus chosen so that there exists equal c-mode and equal
w-mode impedances, whose values are the same as those of
the synthesized even- and odd-mode impedances, respectively;
i.e., there are only one c- and one m-mode impedance in each
of the filter interior coupled-line sections. Next, the average of
the ¢- and w-mode phase velocities is used in determining the
length of each coupled section, as commonly done for filters
employing inhomogeneous media such as microstrip coupled-
line filters. Finally, the filter response is calculated by using
an equivalent-circuit model of the inhomogeneous coupled-
line section [16] that takes into account the different c- and
w-mode velocities. Note that the use of an average velocity to
obtain the lengths of coupled-line sections ignores the forward
coupling due to the sizable velocity differences, which can
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cause an undesired filter response. This problem, however,
can be solved by using an optimization routine to modify the
design so as to obtain the desired performance.

Four different filters—one enclosed structure and three
open structures—were designed and tested. All filters have
0.1-dB pass-band ripple, three sections, and center frequencies
of 10 GHz. The open filter structures, whose physical layouts
are shown in Fig. 2, are of microstrip type having ground
planes only at the bottom, as illustrated in Fig. 1(b). Fig. 2(a),
with equal or unequal strip widths, has the same basic layout
as that of the conventional half-wavelength coupled line filter
[1], [12], whereas in Fig. 2(b), the strips are located directly
on top of each other about the centerline but with different
widths. The layout in Fig. 2(c) employs an asymmetrical
broadside structure with an offset between the upper and lower
strips. These filters were fabricated on Duroid substrates with
gr1 = 2.2 and hy = 31 mil, £, = 10.5 and he = 25 mil,
and £,3 = 1.0. The enclosed filter structure [see Fig. 1(a)]
has the same basic layout as in Fig. 2(c). It is of suspended
substrate stripline type with air on the top and bottom regions
and enclosure dimensions of a = 180 mil and b = 131 mil.
It was realized on a Duroid substrate with a relative dielectric
constant of 2.2 and a thickness of 31 mil.
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In order to calculate the filter responses, equivalent circuits
for the gaps and open ends [see Fig. 7(a)], encountered in the
filters (Fig. 2), need to be determined. Consider an actual gap
layout along with its equivalent circuit, as shown in Fig. 7,
that consists of an asymmetric (offset) gap on one side of the
substrate and a continuous transmission line on the other side.
The gap capacitances for the symmetric gap of line width
Wess and gap width G resemble those of a microstrip gap
configuration having a dielectric thickness of h. This enables
us to approximate Cy and Cp as [18]

Cg = Weff(cfo - Cfe)
Cp1 = WessCfe

(8a)
(8b)
where Cy. and Cy, are the respective even- and odd-symmetric

fringing capacitances per unit length. Cps and C,, may be
approximately calculated as

Cp2 = W Cs (9a)
Cy = WiCy (9b)

where C; represents the fringing capacitance to ground. The
open-end capacitance is obtained by using a large value for G.

Fig. 8 shows the experimental and theoretical results of the
enclosed filter structure [Fig. 2(c)]. As can be seen, they match
almost exactly. Figs. 9—11 are the performances of the open
structures. Notice that the agreement between the measured
and calculated results for the open structures [Fig. 2(c)] is
not as good as that of the enclosed structure. A downward
frequency shift of about 10% from the calculated performance
has occurred. Nevertheless, it is reasonably good considering
the approximations we have used in calculating the gap
capacitances. More accurate analysis for the gaps and open
ends (Fig. 7) needs to be derived and used in the filter design.
But this is beyond the scope of this work. All filters exhibit
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pass-band insertion losses of about 1 dB. It is also apparent
from Figs. 8—12 that the filters with gaps between resonator
ends on the same substrate sides [Fig. 2(b), (c)] possess wider
stop-bands with higher rejection near the upper stop-band edge
than that of the conventional layout filter (Fig. 2(a)]. This is
due to the fact that the former filters have additional poles of
attenuation produced by the extra couplings at the end gaps.
Furthermore, the filters in Fig. 2(b), (c) occupy significantly
less space than that of Fig. 2(a), and thus are very attractive
for applications requiring small circuit sizes or in MMIC’s
where GaAs real estate is too expensive. Photographs of the
enclosed filter and one open filter are given in Figs. 12 and
13, respectively.

IV. CONCLUSIONS

Modified broadside-coupled microstrip lines, suitable for
broad-band and tight-coupling MIC and MMIC applications,
have been proposed. The proposed transmission lines are
applicable to both symmetrical and asymmetrical structures.
Analysis of mode characteristics, based on the quasi-static
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