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ABSTRACT

The fundamental properties of dominant leaky
modes that exist on stripline structures having a
small air gap above the conducting strip and uni-
axial anisotropic substrates are summarized. Dom-
inant leaky modes have a quasi-TEM strip cur-
rent, and are often strongly excited by conventional
stripline feeds. These leaky modes result in undesir-
able crosstalk and spurious stripline performance.
New physical effects introduced by the substrate
anisotropy are discussed.

1. INTRODUCTION

It was recently reported {1] that a dominant leaky
mode exists on a stripline transmission line when
a small air gap is present above the conducting
strip. This mode radiates into the fundamental
TMp mode of the background structure, result-
ing in a complex propagation constant. The leaky
mode has fields that are improper (increasing) in
the transverse directions away from the strip, and
hence excitation of this mode may result in unde-
sirable crosstalk and spurious performance. The
leaky mode is present in addition to the conven-
tional bound mode. Both modes have a similar cur-
rent distribution on the strip, resembling that of a
quasi-TEM mode (and hence the leaky mode is re-
ferred to as a dominant leaky mode, as opposed to a
higher-order leaky mode). However, the field distri-
butions of the two modes are very different for small
air gaps. The leaky mode has a field that closely
resembles that of the conventional TEM stripline
mode that exists when no air gap is present. In
contrast, the bound mode has a field that resem-
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Iigure 1: Geometry of a stripline with uniaxial-
anisotropic layers, having an air gap above the conduct-
ing strip.

bles the parallel-plate mode that exists on stripline
with no air gap. Hence, when an air gap is intro-
duced into stripline, the conventional TEM mode
becomes a leaky mode, and is strongly excited by
a conventional stripline feed. The bound mode, on
the other hand, is only weakly excited when the air
gap is small. This conclusion has important prac-
tical implications, since a small air gap is often in-
troduced inadvertently during manufacturing,.

In this presentation, the fundamental properties of
the leaky mode will be discussed for the more gen-
eral uniaxial anisotropic structure of Fig. 1, where
€, and ¢; denote the normal and transverse permit-
tivities. The properties of the leaky mode will first
be briefly reviewed for the case of an isotropic sub-
strate, with €, = ¢;. The effects of making the sub-
strate uniaxially anisotropic will then be discussed
in detail. It will be demonstrated that a negative
uniaxial substrate (v = ¢/, > 1) tends to sup-
press leakage, while a positive uniaxial substrate
(v = e&/€y < 1) tends to enhance leakage. Also,
some interesting differences in the dispersion char-
acteristics arise because of the anisotropy.
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2. FORMULATION

The propagation constant k,g = B — jo of the
bound and leaky modes are determined by standard
spectral-domain techniques [2],in which the current
is assumed to be z-directed and represented as

2 1

T(2) = (mv) V1-(Cz/w)? (1)
This simple current representation accurately de-
scribes the dominant bound and leaky modes over
the range of parameters of interest here (this has
been verified by using a more complete basis func-
tion expansion of the current). A transcendental
equation for the unknown propagation wavenumber
k.o is derived by enforcing the electric-field integral
equation using Galerkin’s method. The resulting
equation has the form

oo ~ .
/ T, (ko) Gs (ko ko) o (=ks) dbs = 0. (2)
The propagation wavenumber for the bound modes
is determined by performing the integration along
the real axis in the complex k, plane. For the leaky
modes, the path of integration is deformed around
the TMg poles of the spectral-domain Green’s func-
tion ézz, as shown by the path C; in Fig. 2.

3. RESULTS
3.1 Isotropic Stripline

Figure 3 shows the phase constant 3 for the bound
and leaky modes that exist on a stripline with an
isotropic substrate versus the thickness § of the air
gap above the conducting strip. Also shown for
convenience is the wavenumber frpr, of the TMg
background mode.

For a zero-thickness air gap the leaky mode and the
bound mode are both TEM modes, as is the TMg
parallel-plate mode (the bound mode becomes iden-
tical to the parallel-plate mode in this case). For
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Figuro 2. Integration path in the complex k; plane used
to determine the wavenumber of the leaky dominant-
mode solution.

small non-zero air gaps the leaky mode has a phase
constant that is below that of the TMy mode, cor-
responding to physical leakage. In this region the
field of the leaky mode has the form of a stripline-
like mode, while the field of the proper mode re-
sembles that of the parallel-plate TMy mode. As
the air gap increases, the phase constant of the
leaky mode increases beyond Brpg,, entering into
the “spectral-gap” region [3], where the mode be-
gins to lose physical meaning. For a sufficiently
large air gap the leaky mode splits into two im-
proper real modes (a = 0), which are nonphysical.
The attenuation constant «, shown in Fig. 4, in-
creases from zero to a maximum value as the air
gap increases, and decreases to zero at the split-
ting point. As the air-gap thickness increases from
zero, the field of the proper mode changes slowly
from that of the parallel-plate mode to that of the
stripline dominant mode.

3.2 Uniaxial Stripline
Figure 5 shows the phase constant for a substrate

that has a positive uniaxial anisotropy (sapphire).
As for the isotropic case, the field of the leaky mode
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Figure 3: Normalized phase constant 8/ko for the
proper and improper modes, and krag,/ko, versus the
air-gap thickness § for the stripline structure of Fig. 1
with an isotropic substrate, having €,y = ¢+ = 2.2 and
w=h=0.1 cm, at 3.0 GHz.
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Figure 4: Normalized leakage constant a/kq versus the
air-gap thickness § for the stripline structure of Fig. 3.
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Figure 5: Normalized phase constant A/ko for the
proper and improper modes, and kra,/ko, versus the
air-gap thickness § for the stripline structure of Fig.
1 with a positive uniaxial (sapphire) substrate, having
€y = 116> €,y = 9.4 and w = h = 0.1 cm, at 3.0 GHz.

is stripline-like, while the field of the proper mode
is parallel-plate-like. For a zero-thickness air gap
the proper mode and the TM, parallel-plate mode
again become coincident as a TEM mode, while the
phase constant of the leaky mode remains below
BrM,- For non-zero air-gap thicknesses this plot
is similar to that for the isotropic case (Fig. 3).
The corresponding attenuation plot (not shown) is
also similar to that for the isotropic stripline (Fig.
4) and shows no leakage for zero :ir-gap thickness.

Figure 6 shows a plot of the phase constant for
a substrate that is negative uniaxial (Epsilam-10).
The overall dispersion curve is very similar to that
for the isotropic case of Fig. 3 except for the be-
havior for small air gaps, so only that part of the
plot is shown in Fig. 6. For a sufficiently small
air-gap thickness there is a second splitting point,
below which two improper real solutions exist. In
this region there is no leakage. The field of the

improper mode corresponding to the upper curve
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Figure 6: A magnified plot showing the no: ualized
phase constant 3/kg for the proper and improper modes
versus the air-gap thickness § in the first spectral-gap
region (small air gaps) for the stripline structure of Fig,
1 with a negative uniaxial (Epsilam-10) substrate, hav-
ing €,y = 10.3 < ¢y = 13.0 and w = h = 0.1 cm, at 3.0
GHz.

is stripline-like, while the field for the lower curve
changes rapidly from a parallel-plate-like field to a
stripline-like field as § increases toward the lower
splitting point.

In Fig. 7 the normalized phase constant is shown
versus the anisotropy ratio v for a fixed air-gap
thickness and €.,. A negative uniaxial anisotropy
(v > 1) tends to suppress leakage by moving the so-
lution locus closer toward the spectral gap region,
until the solution splits into two nonphysical im-
proper real modes. A positive uniaxial anisotropy
(v < 1) tends to enhance leakage.
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Figure 7: Normalized phase constant B/ko for the
proper and improper modes, and kra,/ko, versus the
anisotropy ratio v = €,;/€,y for the stripline structure
of Fig. 1 with a uniaxial anisotropic substrate, having
€&y = 2.2 and w = h = 0.1 cm, at 3.0 GHz.
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