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Leaky Waves on Broadside-Coupled Microstrip

Lawrence Carin, Member, IEEE, and Nirod K. Das, Member, IEEE

Abstract—Broadside-coupled microstrip with and without
conducting side walls are studied using a full-wave spectral-
domain analysis. Special attention is directed towards possible
leakage to the parallel plate mode and its potential effects in
practical integrated circuits. It is asserted that for appropriate
geometrical parameters, broadside-coupled microstrip can be
leaky at all frequencies. Instructive comparisons between the
modes on broadside-coupled microstrip with and without side
walls are made by means of dispersion curves and field plots.
From the comparison, approaches for reducing the low-fre-
quency leakage are proposed.

I. INTRODUCTION

LEAKY mode associated with a printed transmission

line has electromagnetic fields which are not entirely
confined to the strip region. Depending on the particular
geometry, energy leakage can occur in the form of a sur-
face wave [1]-[5], parallel plate mode [3], [6], [7], and/
or a space-wave [1], [2], [6]. Leaky waves supported by
printed transmission lines are of importance for several
reasons. Leaked energy propagating throughout an inte-
grated circuit results in undesirable and possibly cata-
strophic cross-talk. The leakage can cause a loss of en-
ergy from the strip region which for some cases may be
far greater than that associated with conductor and dielec-
tric loss [5], [6]. Of importance for analysis, such leakage
and its associated cross-talk cannot be described using a
conventional quasi-static treatment of the transmission
line [8]; rather, a full-wave analysis with special consid-
erations for the non-spectral nature of leaky modes is es-
sential. Once the leakage effect is properly understood,
however, its undersirable effects may be minimized and
it can also be used to advantage in the design of novel
directional couplers (for example).

Previous work on leaky waves associated with inter-
connects in high-speed integrated circuits and antenna
feeds has focused on coplanar strips [1], [3], [5], [7], co-
planar waveguide [1], [3], conductor-backed slotline [3],
[6], and microstrip [2], [4]. With the exception of con-
ductor-backed slotline, the leakage associated with these
structures occurs at high frequencies for practical geo-
metrical parameters. However, there are more complex
structures, such as broadside-coupled microstrip [9]-[12],
for which leakage can occur at all frequencies. In broad-
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side-coupled microstrip, as in conductor-backed slotline,
the leakage is in the form of a parallel plate mode. Similar
leakage to a parallel plate mode in a stripline configura-
tion has been recognized [6] as a potential problem.

Broadside-coupled microstrip are commonly used as di-
rectional couplers in integrated circuits and have been
analyzed extensively from both the quasi-TEM [9]-[11]
and full-wave [12] points of view. The leakage effect as-
sociated with these structures, however, is reported here
for the first time. In the analysis of leaky waves on printed
transmission lines. one must assume substrates of infinite
lateral extent. In previous analyses of broadside-coupled
microstrip, however, the strips were assumed to exist in-
side a conducting box (rectangular waveguide) [9]-[12]
and therefore the possible leakage effects went unnoticed.
It is therefore of interest to compare the solutions found
for an unbounded structure (transversely) with those found
for a shielded structure. This comparison lends physical
insight into the leaky waves supported by broadside-cou-
pled microstrip and also suggests a means of avoiding or
suppressing them.

In Section II a brief review of the spectral domain tech-
nique is given for the analysis of printed strips on shielded
and transversely unbounded substrates. A new eflicient
means of calculating the associated fields for transversely
unbounded structures is also presented. In Section III, re-
sults for broadside-coupled microstrip with and without
side walls are presented and compared, with discussions
of several important aspects. Subtle relationships between
the shielded and transversely unbounded solutions are ad-
dressed in Section IV. Important conclusions with an em-
phasis on the practical significance of the leakage effect
are outlined in Section V.

II. ANALYSIS
A. Spectral Domain Formulation

The spectral domain technique [13] has been described
elsewhere for the analysis of leaky waves on printed
transmission lines [5]-[7]. It is briefly reviewed here for
completeness and because it will be needed in a new
method presented subsequently for the efficient calcula-
tion of field distributions on transversely unbounded
printed structures. The broadside-coupled microstrip of
interest in this paper (see Fig. 1) will be analyzed in the
spectral domain with an e’“'e ™ t- and z- dependence as-
sumed and suppressed throughout. The /-directed electric
field E;(x, y, «y) at any point (x, y) in the cross section can
be expressed in terms of the spectral surface current and
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Fig. 1. Broadside-coupled microstrip structure to be considered. The E, M notation defines the symmetry of the modes and is
discussed in the text.

Green's function [1_3]
El(xa Yy, 'Y) = SC jk(kx: y/’ 'Y) G~lk(kx7 Y, v y/)e—jkxx dkx

M

The spectral current J,(k,, v/, ) is the Fourier transform
(in x") of the k-directed surface current J k(x y/, y) at (x

¥'); and the spectral Green’s function Gy(k,, y, v; y') is
the Fourier transform (in x) of the /-directed electric field
due to a k-directed 6(x’) surface current source located at
y = y'. For strips residing parallel to the x-z plane, the
variables [, k can each represent either x or z. The contour
of integration in (1) can be along the real k, axis for fields
bounded transversely (non-leaky). For leaky wave solu-
tions, however, the fields grow exponentially for increas-
ing transverse distance (x) from the strip and one must
appropriately deform the integral path in (1) into the com-
plex plane [5]-[7] to account for such non-spectral modes.
How this deformation must be performed can be found by
cons1der1ng that Gy can be expressed as

o falks ¥, v, )
Dp( — Y)Doy(k: — 7%

where Dye(I"?) = 0 and D3y(I'®) = 0 constitute transcen-
dental equations for the TE and TM modes (to y), respec-
tively, supported in the source-free layered dielectric
structure. For structures bounded on top and bottom by
conducting plates, as in Fig. 1, these are the transcenden-
tal equations for parallel plate modes; whereas for un-
bounded structures (on top and/or bottom), these are the
transcendental equations for surface waves. For the re-
mainder of this paper, the discussion will be restricted
only to structurés bounded on top and bottom by con-
ducting plates. If the dielectric between the plates is lay-
ered (the interest of this paper), it can be shown that all
poles of Gu(k., v, v; y') are due to the zeroes of
Drg(2 — 4%) and Dpy(k2 — v%). The transcendental
equations D:(T'®) = 0 and Dy(I'*) = 0 have an infinite
number of roots at T',; representing parallel plate modes
with propagatlon constant I',;, and correspondingly Gk,
Y, vy 'y has an 1nﬁn1te number of poles at k; = +

Gutke, v, 73 ¥') = )

Im Kx

P2
P1

Fig. 2. Real axis integration can be expressed as an infinite- number of
residues which represent parallel plate modes. The poles exist exclusively -
on the imaginary axis for non-leaky modes. The path shown is for x > 0,
the deformation would enclose the top half of the complex-plane for x <
0.

vy? + T. For a lossless non-leaky structure, vy = j 3 and
B% > T? for all i [2]. Therefore, all poles exist exclu-
sively on the imaginary k, axis. By using residue calculus,
the real axis integral in (1) can be expressed alternatively

~ in terms of an infinite sum of residues (see Fig. 2): for x

>0

Ey(x, y,7) = 2j 2 Res (kx,)e—nkx,-;x, ®
. H

where Res (k,;) denotes the residue of Jy(k,, y', v)Gu(k,,
y,v;y') atk, = k. From (3) the fields can be visualized
as a superposition of an infinite' number of evanescent par-
allel plate modes that satisfy the phase match condition at
the strip. Note in Fig. 2 it has been assumed implicitly
that no branch cuts exist in the complex k, plane. This is
always true for structures bounded on top and bottom by
conducting plates [14].

Assume now that leakage occurs only to the dominant
parallel plate mode with propagation constant I',,, result-
ing in a complex y = o + jB with 8 < T',, [2]. Due to
phase match considerations, one expects the fields to grow
exponentially in the +x directions in the form of the par-
allel plate mode with propagation constant I,,,. The fields
due to all other parallel plate modes must decay trans-
versely under these conditions. It can easily be shown that
under the assumption of a lossless dielectric and conduc-
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Fig. 3. Integral path required for leaky waves. The integral path is de-
formed around the poles which correspond to the parallel plate modes to
which the broadside-coupled microstrip leak. In this figure, it is assumed
that leakage is to a single parallel plate mode with corresponding poles at
P,and —

tor, all poles of G, now exist in the first and third quad-
rants of the complex k, plane. To satisfy the aforemen-
tioned conditions, and using similar residue calculus
considerations discussed above, the integral path needs to
be deformed as shown in Fig. 3. Note that for x > 0, if
the integral along the path shown in Fig. 3 is evaluated
by enclosing poles below the contour (in a manner similar
to that in Fig. 2), the integral is represented alternatively
as an infinite sum of decaying (transversely) parallel plate
modes plus one exponentially increasing parallel plate
mode. The one parallel plate mode which corresponds to
exponential growth is the mode to which leakage occurs.
The procedure can be extended to the case of leakage to
more than one parallel plate mode, similarly.

B. Moment Method Solution

The unknown surface currents on the strips Jy(x', y’,
v) at different y = y’ planes are expanded in a known set
of basis functions with unknown coefficients. The bound-
ary condition that the tangential electric fields must vanish
on a perfect electric conductor (conductor loss is ne-
glected in this discussion) is enforced using a Galerkin
testing procedure. This leads to a matrix equation from
which the propagation constant «y and basis function coef-
ficients can be found. Each component of the matrix in-
volves a spectral integral which is performed along the
real axis for non-leaky modes and along a deformed con-
tour in the complex plane (around appropriate poles) for
leaky solutions, as discussed.

C. Field Computations

The fields are computed (after finding -y and the surface
currents) by evaluating spectral integrals of the form in
[1]. As |x| increases, this integral becomes increasingly
oscillatory and a standard Gaussian-type numerical inte-
gration is therefore CPU intensive. This is particularly
important for this study since the fields of leaky waves are
not confined to the strip region and therefore fields must
be computed relatively large distances from the strip re-
gion. The integral is evalvated in this work (for x # 0)

by using the alternative representation as in (3) in terms
of a superposition of residues corresponding to parallel
plate modes. These residues can be evaluated in closed
form. This approach for computing the fields is much
more efficient than computing the contour integral in (1)
since (as demonstrated subsequently) usually only a small
number of residues (parallel plate modes) are required to
obtain convergence. As will be discusssed below, field
plots are important for mode identification and for gaining
physical insight into the leakage mechanism.

D. Shielded Structures

The preceding analysis assumed printed strips on di-
electric layers of infinite width. As discussed previously,
this paper will also involve the study of shielded (by a
conducting box) broadside-coupled microstrip. For such
structures the Fourier integral in (1) is inappropriate and
one must use a Fourier series representation [15]. Ac-
cordingly, the technique discussed above for the field
computations is of course not valid for a shielded struc-
ture. However, for such geometries the fields can be ef-
ficiently computed using the fast Fourier transform algo-
rithm.

III. REsULTS
A. Unbounded Transversely

Recall that for an N conductor system, there are N — 1
zero-cutoff-frequency modes [16], [17]. The five modes
suppotted by the six-conductor system in Fig. 1 are iden-
tified by two letters, which indicate the mode’s symmetry
in the vertical and horizontal directions (see Fig. 1). The
first letter (E = electric wall or M = magnetic wall) iden-
tifies the symmetry about the horizontal dashed line in
Fig. 1 while the second letter indicates the symmetry
about the dashed vertical line. The modes with horizontal
electric wall symmetry can be analyzed by dividing the
original structure in two identical halves by placing an
electric conductor along the horizontal dashed line. The
new equivalent structure that has four electrical conduc-
tors can be viewed as shielded (on top and bottom) co-
planar strips. There are therefore three modes with hori-
zontal electric wall symmetry. By further breaking the
equivalent shielded coplanar strips by placing an electric
wall along the vertical dashed line, two identical wave-
guides are obtained with semi-infinite transverse extent,
each consisting of only two electric conductors. Accord-
ingly, there is only one mode with EE symmetry, which
implies there are two modes with EM symmetry (denoted
EM1 and EM2). Using similar considerations, it is read-
ily deduced that the remaining two modes have ME and
MM symmetry. The existence of two EM modes in the
above transversely unbounded structure should be con-
trasted with shielded (by conducting side walls) broad-
side-coupled microstrip. In shielded broadside-coupled
microstrip there are only four modes, one for each of the
four symmetries discussed above [9]-[12]. The existence
of an extra EM mode in the transversely unbounded struc-
ture will be important for the discussion to follow.
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Fig. 4. Dispersion curves for the five zero-cutoff-frequency modes sup-
ported in the structure in Fig. 1 with ¢, = 10. The dashed line is the dis-
persion curve for the parallel plate mode in this structure. Shown are (a)
the real part, 3, and (b) the imaginary part, «, of the propagation constant.

In Fig. 4 are shown dispersion curves for the five dom-
inant (zero-cutoff-frequency) modes for the geometry in
Fig. 1 with ¢, = 10. Note that the EM1 mode is leaky at
all frequencies while all other zero-cutoff-frequency
modes are non-leaky. The leakage rate for the EM1 mode
is very high, with a peak value of loss in excess of 20 dB
per wavelength. In Fig. 5 are shown dispersion curves for
the same structure, but now with ¢, = 4. For this case,
unlike that of Fig. 4, both the EM1 and EE modes are
leaky at all frequencies. The other three zero-cutoff-fre-
quencies modes (EM2, ME, and MM) of Fig. 5, like in
Fig. 4, are non-leaky for all values of w/\, studied.

It is interesting to note that the EE mode considered in
Fig. 4 (¢, = 10) is non-leaky, while the EE mode in Fig.
5 (¢, = 4) is leaky. One can readily derive a quasi-static
expression for the parallel plate propagation constant,
T = k, e, in the partially filled structure of Fig. 1:

e (1 + 24)
‘o T T ¥ 24 @
where A in general is the ratio of the dielectric thickness
to air gap (A = 2 in Fig. 1). As can be seen from (4), ¢,
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Fig. 5. Dispersion curves as in Fig. 4 with e, = 4.

increases from unity for ¢, = 1.0 to a saturation value of
1 + 2A for large ¢,. On the other hand, all other param-
eters remaining fixed, the EE mode effective dielectric
constant, ¢, usually increases without saturation for in-
creasing ¢,. Hence a transition effect from the leaky (e,
< €,) to non-leaky (e, > e,,) state should generally be
expected with increasing €,, which occurs in the present
case between ¢, = 4 and ¢, = 10.

As seen from Fig. 5, the leakage rate of the EE mode
for €, = 4 is extremely low for small values of w/\,. This
is because the parallel plate mode is excited by the left
and right strips, and for EE symmetry the strip currents
on a given layer are equal in magnitude but opposite in
direction. Therefore for small w/\, the effects of the two
strips nearly cancel, resulting in a very small leakage rate.
For small w/\,, the EE mode in Fig. 5 is nearly a bound
mode like its counterpart in Fig. 4. At larger w/\,, how-
ever, the leakage associated with the EE mode in Fig. 5
is appreciable.

It has been noted in the literature that numerical diffi-
culties often occur when computing dispersion curves for
leaky waves on printed transmission lines [6]. This was
the case for the EM1 mode in Fig. 5 for small w/\,. The
actual computed data points are displayed in Fig. 5 for
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Fig. 6. Truncated power density plots for the right side of Fig. 1 with dielectric constant 10. (a) and (b) are for the leaky EM1
mode and (c) is for the non-leaky EM2 mode. In (a) the power density is shown for 0 < x < 5 mm. To emphasize the exponential
transverse growth in the leaky wave, (b) shows the power density over 1 < x < 5 mm (away from strip edge singularities).
Physical parameters: w = 0.4 mm and f = 20 GHz (w/\, = 0.027).

this mode in addition to a best-fit curve. Numerical diffi-
culties were not found in the computations for larger val-
ues of w/\, for the EM1 mode in Fig. 5, nor for any other
mode in Figs. 4 or 5.

It is interesting to note that the dispersion curves for
the leaky waves in Figs. 4 and 5 are very similar to those
reported previously for leakage in conductor-backed slot-
line [3], [6]. As in conductor-backed slotline, the real part
of the propagation constants for these leaky modes de-
crease in amplitude as the leakage rate increases. As will
be discussed below, there are further similarities between
leakage in broadside-coupled microstrip and leakage in
conductor-backed slotline.

It is useful to consider field plots associated with the
various modes investigated above. Plotted in Fig. 6 are
power density plots (E X H*) over the cross section for
the EM1 and EM2 modes considered in Fig. 4 (for w/\,
= 0.027). Power density plots for the modes in Fig. 5 are
similar to those shown in Fig. 6. Note, as expected, that
the EM2 mode has power confined about the conducting
strips (non-leaky). The field singularities at the strip edges

are quite evident in these figures. Also as expected, the
fields of the leaky EM1 mode grow as the transverse dis-
tance away from the strips (x) increases. The residue cal-
culus method discussed above was used in the computa-
tions of these figures for all x > 0.05\, (10 parallel plate
modes were used to guarantee convergence).

B. Bounded Transversely

Now consider the broadside-coupled microstrip struc-
tures studied in Section III-A bounded transversely by
conducting side walls. The two conductors on top and
bottom are now electrically connected by the side walls,
effectively resulting in only one conductor. Hence, there
are only 4 zero-cutoff-frequency modes of the new five-
conductor geometry. The side walls were extended suffi-
ciently far apart such that the low-frequency results (dis-
persion curves) were close to those computed for the open
structures studied in Section III-A (the box width was 125
w). For the shielded geometry with ¢, = 10, it was found
that the zero-cutoff-frequency MM, ME, EM, and EE
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Fig. 6. (Continued).

modes had dispersion curves nearly identical to those for
the MM, ME, EM2, and EE modes, respectively, in the
corresponding transversely unbounded structure (Fig. 4).
The EM1 mode in the unbounded structure was found to
have no corresponding zero-cutoff-frequency mode in the
shielded structure. For the shielded geometry with ¢, =
4, it was found that the zero-cutoff-frequency MM, ME
and EM modes had dispersion curves nearly identical to
those for the MM, ME, and EM2 modes, respectively, in
the corresponding unbounded structure (Fig. 5) for ali
w/N,. For small w/\, (low frequencies), the zero-cutoff-
frequency EE mode in the shielded structure was found to
have a dispersion curve nearly identical to that computed
for the real part (8) of the propagation constant for the
corresponding leaky EE mode in the transversely un-
bounded structure (Fig. 5). As for the geometry with e,
= 10, the EM1 mode in the transversely unbounded ge-
ometry had no corresponding mode in the shielded struc-
ture. From these results, it can therefore be deduced that
the EM1 mode requires the top and bottom conductors to
be at different potentials (from the quasi-static point of

view) and hence this mode is suppressed by the conduct-
ing side walls (which electrically connect the top and bot-
tom conductors).

Of practical importance, the EM1 mode leaks at all fre-
quencies for both structures studied in Section III-A. The
results of this section indicate that if one excites the
broadside-coupled microstrip in a symmetric fashion, such
that the top and bottom conductors are at the same poten-
tial, the leaky EM1 mode will not be excited. Addition-
ally, if one uses shorting screws (for example) to electri-
cally connect the top and bottom conductors throughout a
circuit, the dominant EM1 leaky mode should be largely
suppressed. The EM1 mode for broadside-coupled mi-
crostrip has properties analogous to those found for the
dominant zero-cutoff-frequency conductor-backed slot-
line mode [3], [6]. As for the EM1 mode, the dominant
conductor-backed slotline mode is leaky at all frequen-
cies. Also, if the top and bottom conductors of the parallel
plate region of conductor-backed slotline are electrically
connected, like the EM1 mode, the zero-cutoff-frequency
conductor-backed slotline mode will not exist.
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Fig. 7. Comparison between the EE mode in Fig. 5 and the corresponding
EE mode in a shielded structure with box width 125 w. Also shown are
box modes which interact with the EE mode in a mode-coupling-fashion.
The dashed curve corresponds to the real part of the propagation constant
for the EE mode in Fig. 5.

The EE mode in the shielded structure with € = 4 is
now studied in greater detail since the corresponding EE
mode in the open structure can be leaky. Dispersion curves
for this mode are shown in Fig. 7. The real part of the

propagation constant for the EE mode in the correspond-
ing open structure is also shown in the plot for compari-
son. For small w/\,, the dispersion curve for the EE
mode in the shielded structure agrees very closely with
that for the real part of the propagation constant associ-
ated with the EE mode in the open structure. For larger
values of w/\,, however, the dispersion curve of the
shielded mode differs markedly from that of the leaky
mode. One notes that at larger values of w/\,, the dis-
persion curves of the shielded EE mode interacts with the
box modes in a mode-coupling-like fashion [18]. It has
been demonstrated previously that such mode coupling
behavior in a shielded structure can be related to leakage
in an unbounded structure [19].

IV. Discussion

The two examples considered above represent special
cases of a general phenomenon that was found for all
broadside-coupled microstrip studied. Consider a sym-
metric structure (unbounded transversely) as in Fig. 1 with
dielectric substrates on top and bottom and air in between.
If the air region had a thickness less than twice that of
either dielectric (each with equal thickness), at least one
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zero-cutoff-frequency leaky wave mode should be ex-
pected for suitable dielectric constants [6]. Similarly,
zero-cutoff-frequency leaky waves were also found for
symmetric structures with dielectric in between and air
above and below. For such structures, at least one leaky
wave mode should be expected for suitable values of the
dielectric constant if the dielectric layer is greater than
twice that of either (symmetric) air region. However, as
discussed previously, care must be taken in evaluating the
significance of the zero-cutoff-frequency leaky waves. As
described above, by considering the zero-cutoff-fre-
quency modes in a shielded structure, one gains insight
into the excitation dependence of the leaky waves; and
with proper excitation, leakage can often be avoided.

During the course of this work, a direct relation be-
tween mode coupling and leakage was also found. Let M 1
be a zero-cutoff-frequency mode in an open (transversely)
broadside-coupled microstrip structure and let M2 be a
zero-cutoff-frequency mode in the corresponding shielded
structure. Assume further that M1 and M2 have low-fre-
quency dispersion curves that are nearly identical. Under
these conditions, it was found that at frequencies for which
M1 was leaky, M2 always displayed mode-coupling-like
behavior [18] with box modes. The frequencies at which
strong coupling-like behavior occurred in the dispersion
curve of M2 depended on the box width as well as on
when M1 was leaky. By making the box width smaller,
for example, one pushes the regions of strong mode cou-
pling to higher frequencies by cutting off box modes. By
making the box width large, the mode coupling occurred
at frequencies very close to those at which leakage oc-
curred in the corresponding open structure.

The leaky-wave-based (open transversely) and cou-
pled-mode-based (shielded) analyses of broadside-cou-
pled microstrip provide different but related descriptions
of how electromagnetic energy leaks away from the vi-
cinity (the strips) of a printed transmission line. Consider
semi-infinitely long broadside-coupled microstrip excited
at the point z = 0 and extending to z = . In a practical
structure of finite transverse extent, the leaked energy (in
the form of a surface wave or parallel plate mode) will
encounter the end of the substrate and reflect back to the
strip from which it was excited. The energy in the vicinity
of the strip will initially decay (after excitation at z = 0)
as energy leaks into the substrate, and will increase when
the energy comes back upon reflection at the substrate
edge. Such a situation, in which the fields in the cross-
section of the waveguide vary longitudinally by other than
just a simple phase term, must be described by more than
one mode. One must apply coupled mode theory to the
analysis of such a problem and the modes considered in
Fig. 7, which have dispersion curves displaying coupled-
mode-like behavior [18], appear to be excellent candi-
dates for such an analysis. Although the shielded structure
models a practical circuit accurately, the attendant phys-
ical effects are comouflaged since all modes have real
propagation constants. The open (transversely) structure,
although unrealistic, gives a clear picture of the dominant
physical effects using a single nonspectral mode (rather
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than coupled proper modes). The leaky wave description
clearly describes the key physical effect of energy loss (in
the form of surface waves or parallel plate modes) away
from the strips, but is unable to describe practical effects
due to realistic substrates of finite width.

V. CONCLUSION

It has been demonstrated that for appropriate geomet-
rical parameters, at least one zero-cutoff-frequency leaky-
wave mode can exist in a four strip broadside-coupled
microstrip geometry. However, by considering the broad-
side-coupled ricrostrip in a conducting box (rectangular
waveguide), it was determined that this mode can be sup-
pressed by two techniques. One should excite the struc-
ture symmetrically such that the top and bottom conduc-
tors are at (or approximately at) the same potential.
Additionally, shorting screws (for example) can be used
to electrically connect the top and bottom conductors.

It was found that a second mode on the four line broad-
side-coupled microstrip could also be leaky. The leakage
rate, however, for this leaky mode is negligibly small for
small values of w/\, and could be safely neglected. One
can conclude that with proper design, the low-frequency
leakage effects discussed in this paper can be largely elim-
inated. At higher frequencies, however, leakage can be a
significant problem, as has been found for several other
printed interconnects [1]-[7].

This paper has studied the leakage effect in a broadside-
coupled microstrip, choosing a restricted set of parame-
ters in order to demonstrate the possible leakage phenom-
enon. Specific behavior for different parameter sets could
also be interesting and warrants further study.
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