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Application of the High-Gain Substrate-Superstrate
Configuration to Dielectric Leaky-Wave Antennas

José Luis Gomez-Tornero, Fernando Quesada-Pereira, and Alejandro Alvarez-Melcén.

Abstract—The high-gain substrate-superstrate configuration,
which was proposed to increase the gain in printed circuit an-
tennas, is applied to dielectric leaky-wave antennas (LWAs) to
improve its frequency response. Analysis of a slitted suspended
dielectric rectangular waveguide is carried out using a full-wave
method. It is proved that the minimum values of the leakage
constant of the leaky-wave mode for the suspended configuration
are related to the high-gain resonance conditions. Moreover, it is
found that the suspended LWA exhibits very small beamwidth
variations in a large frequency bandwidth. It is well-known that
inhomogeneous filled LWAs suffer from variation of beamwidth
as the angle of maximum radiation is scanned with frequency.
The proposed topology can be adjusted so that a flat response of
the beamwidth can be obtained in a large frequency band, while
maintaining the frequency-scanning behavior of the LWA.

Index Terms—Leaky-wave antennas (LWAs), millimeter-wave
antennas.

I. INTRODUCTION

EAKY-WAVE antennas (LWA) are a type of traveling-
wave antennas based on the excitation of a leaky-wave
mode in an open waveguide. Many interesting features make
this type of antenna useful in the millimeter waveband range,
as the introduction of low-losses, very large bandwidths, simple
fabrication and easy interconnection with standard waveguide
and printed technologies [1]. Besides, the radiated beamwidth
can be made very small, obtaining high gains while the beam
direction can be scanned with the frequency from near broad-
side to endfire. LWA can be completely hollow or contain a
dielectric guide. Air-filled LWA present lower losses than di-
electric-filled LWA, but the scanning capability is reduced, not
being able to reach the endfire direction. On the contrary, dielec-
tric-filled LWA can scan up to endfire, but have an important
disadvantage when compared to air-filled LWA: the beamwidth
varies as the beam is scanned with the frequency [1]. This phe-
nomenon can be a disadvantage for many applications, where
the same beamwidth is required for different pointing directions.
This letter presents a novel and simple suspended topology,
which is applied to a slitted dielectric rectangular waveguide
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Fig. 1. Suspended dielectric LWA.

(Fig. 1), previously studied in [2], to improve the frequency re-
sponse of the leaky-wave mode. It is shown that the new struc-
ture synthesizes a flat response for the beamwidth in a large fre-
quency band. This phenomenon can be related to the high-gain
substrate-superstrate configuration presented in [3], devoted to
improve the gain in printed circuit antennas [3]-[5]. LWA do not
suffer from low gains, but this resonant high-gain configuration
allows minimizing the variation of the beamwidth for inhomo-
geneous filled LWA, as it will be demonstrated.

II. THEORY AND RESULTS

A full-wave, accurate method of moment (MoM) technique
[6], [7] is used to analyze the effect of the suspended config-
uration in the slitted dielectric rectangular guide LWA shown
in Fig. 1. In the standard configuration [2], the rectangular di-
electric guide, of height D and width a, is not suspended from
the bottom plane (H =0). The rectangular dielectric guide di-
mensions (a, D), determine the propagation characteristics of
the leaky-wave mode which must be responsible for the radia-
tion of this antenna. This leaky-wave mode is basically the TE
mode of the dielectric rectangular waveguide (the index “1” cor-
responds to dimension “a”), but perturbed by the slot located at
the top wall in order to make it radiate, and also to control the
radiated beamwidth. The leaky-wave mode has a complex prop-
agation constant in the longitudinal direction of the open wave-
guide

ky = B — ja. (1

Fig. 2 shows the variation with frequency of the phase () and
attenuation (/) constants for the leaky-wave mode of the non-
suspended LWA (H = 0 mm). From the plot of /3, it can be seen
that the leaky-wave mode is a perturbation of the TE;, mode of
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Fig. 2. Phase and attenuation constant for the nonsuspended LWA.
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Fig. 3. Modification of 3 and « with the suspended configuration.

the dielectric guide; results from [2] are also plotted for compar-
ison purposes (note that in [2] L is assumed to be infinite). The
attenuation constant « decreases as the frequency increased,
from large values of o below the cut-off region (45 GHz) to
zero for the surface-wave regimen (above 60 GHz).

From (3 and «, the beam direction (f,,) and the 3-dB
beamwidth (A#f) of the antenna can be approximately com-
puted with the next known formulas [1] (where the antenna
length is assumed so that 90% of the injected power is radiated)

sinf,, = k% 2)
e ko 3
0.189 - cos 0,,, )

When the suspended configuration is applied (H # 0 mm),
the leaky-wave mode is perturbed, showing the behavior plotted
in Fig. 3. It can be seen some minimums of « at some given
values of H.

This behavior is due to the high-gain resonance phenomenon,
described in [3], and more recently related in [8] to the excitation
of weakly attenuated leaky-waves. It was demonstrated in [3]
that a narrow beam can be obtained at any desired angle 6,,

using a two layered topology, if the next resonance conditions
are satisfied
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Fig. 4. Resonance Conditions for the suspended LWA.

being m and p positive integers, and obtaining a narrower beam
(higher gains) at #,, as €, > 1. In our case, the proposed
suspended configuration uses €,; = 1 and €¢,0 = ¢, = 2.56
(see Fig. 1). In [8], a leaky-wave analysis was used to explain
this narrow-beam phenomenon. There, it was demonstrated that
the resonance gain was attributable to the excitation of weakly
attenuated leaky waves on the structure, which were responsible
for the radiation, therefore leading to a narrow radiated beam.
To check that the minimums of « shown in Fig. 3 are related to
the resonance conditions, (4) and (5) are rewritten using (2)

H 2
FI ) = 1 1 - (%) _m ©)
2
FII([%,D):\/?T/\% 1 ) R

In order to plot the values of H for which these resonance
equations are satisfied, it is easier to use the next functions,
which are equal to zero at the resonance conditions

®I(8,H) = mod (FI,0.5) =0
®11(3,D) = mod (FII +0.25,0.5) = 0.

®)
©)

Using the variation of 8 and H shown in Fig. 3, (8) and (9) can
be computed and plotted, obtaining the results shown in Fig. 4.

It can be seen that the minimums of « in Fig. 3 correspond
to values of H at which the resonance condition ®1 is fulfilled,
which is the most important condition for the high-gain effect
[3]. Therefore, it is verified that the simple suspended configura-
tion allows to obtain the high-gain resonance phenomenon. As
commented, there are other ways to obtain high gains in LWA
(by weakly attenuating the leaky-wave mode), which are sim-
pler than the proposed suspended configuration [1]. However,
the suspended configuration in the high-gain condition can be
used to achieve a completely novel and very interesting feature.

Fig. 5 shows the frequency response of 6,, and Af for
the leaky-wave mode for three different values of H and D.
The original, nonsuspended configuration (H = 0 mm, D =
1.59 mm, solid line) is compared with the results obtained for
the suspended LWA with a value of H = 3 mm corresponding
to the first resonance condition shown in Figs. 3 and 4 (H =
3 mm, D = 1.59 mm, dotted line). It can be seen from the plot
of 6,,, that the response of the antenna has shifted to higher
frequencies. The dielectric guide thickness can be readjusted to
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Fig.5. Frequency response of the LWA for different values of H and D (mm).
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Fig. 6. Optimization of the beamwidth response by varying H (D =
2.58 mm).

center the leaky-wave mode response at 50 GHz (H = 3 mm,
D = 2.58 mm, dashed line).

Of much interest is the frequency behavior of the beamwidth
Af, seen in Fig. 5. It can be seen that the standard frequency
decreasing curve of Af for the nonsuspended LWA changes to
a quasioscillatory shape for the high-gain configuration. This is
due to the resonant nature of this arrangement, showing a valley
at a given frequency, which is followed by a peak. For lower
frequencies (f < 45 GHz), o suddenly increases due to the
cut-off typical response, leading to high values for Af, which
have no physical meaning since the mode can neither propagate
nor radiate. Also, in the surface-wave region Afl becomes zero
since there is no radiation. The radiation region of the LWA is
located between these two limits (from 45 GHz to 60 GHz).

The idea is to use the resonant behavior of the high-gain con-
figuration to obtain a flat response of A# in the radiation region
of the LWA. Fig. 6 shows that this can be done by adjusting the
value of H to an optimum suspension height, which in our case
is H = 2.2 mm. Validation results from HFSS 3D simulations
are also plotted with circles in Fig. 6, showing good agreement
with the results obtained with the two-dimensional (2-D) MoM

technique used in this letter. A flat beamwidth response is ob-
tained from 48 GHz to 53 GHz, with a nearly constant value
of Af =~ 14°, while maintaining unchanged the original LWA
scan angle ability for different values of H (6,,, varies from 10°
at 48 GHz to 43° at 53 GHz). Below and above the optimum
value of H, the response of Af is either too oscillatory or it
decreases linearly with a too step slope, respectively. It can be
seen that a second-order effect occurs when varying H; this is
that the cut-off frequency of the leaky-wave mode is lowered as
H is increased. This can be corrected by modifying D to center
the response back to the desired frequency band, as previously
done.

III. CONCLUSION

In this letter, it has been shown that the beamwidth-frequency
response of a dielectric LWA can be strongly modified by using
a simple suspended configuration. This arrangement can make
the leaky-wave mode work in a high-gain resonance condition,
obtaining an oscillatory response for its beamwidth as the fre-
quency is varied. By adjusting the thickness of the dielectric
guide and the height of the suspension region, the beamwidth
variation can be minimized in a certain frequency band, ob-
taining a constant beamwidth for a wide range of scanning an-
gles. This is an important new feature for dielectric-filled LWAsS,
since it is desirable in many applications to maintain the same
beamwidth for different beam scan-angles.
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