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Abstract—An original leaky-wave antenna (LWA), conceived
from a microstrip line which is laterally shielded by parallel plates,
is presented in this paper. This structure shows, for the first time,
that the leakage rate of a microstrip leaky-mode can be easily
controlled while negligibly affecting the pointing direction. The
antenna is based on the radiation from the second higher order
mode of the microstrip line, which is perturbed by the addition
of the two conductor walls to control the level of the leakage
rate. The parallel-plates also serve as a mechanism to obtain a
single main beam in the azimuthal plane, therefore improving the
radiation pattern compared to common dual-beam second-higher
order mode microstrip LWAs. The proposed antenna is analyzed
by obtaining the corresponding leaky-mode complex propagation
constant, which is calculated by a specific method of moments
approach. The modal results obtained from the leaky-mode
dispersion curves are validated with analysis performed on a
three-dimensional structure using commercial finite element
method solver. Also, a prototype is fabricated to experimentally
confirm the advantages of this novel leaky-wave line source.
Index Terms—Laterally-shielded microstrip
leakage-rate control, leaky-wave antennas (LWAs).

technology,

I. INTRODUCTION
ICROSTRIP lines have been used to conceive planar
leaky-wave antennas (LWAs), after it was experimentally demonstrated in 1979 the ability of higher order modes
to radiate close to the cutoff regime [1]. These results created
much interest to study the radiation properties of higher order
modes in printed lines, in order to synthesize planar leaky-wave
line sources [2], [3]. The complex propagation constant of the
leaky-modes must be obtained to identify the radiation region
and to design the microstrip line dimensions to operate in a
certain frequency band [3]–[6]. Most of microstrip leaky-wave
antennas (MLWAs) are based on the radiation of the first higher
order mode ([1]–[12]). Different feeding networks have been
proposed for this antenna [8]–[11]. Moreover, this MLWA has
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also been applied to conceive planar active integrated antennas
[12]. The second higher order mode of the microstrip line has
also been proposed to design another type of MLWA [13].
Different works have been done to efficiently excite this mode
[14]–[16].
In any case, all the previously studied MLWAs have a very
important design disadvantage: the leakage rate of the corresponding leaky-mode cannot be freely controlled [10]–[15]. As
it is well known, one needs to independently control the phase
and the leakage rate of a leaky-mode in order to freely design
the radiation properties of a LWA [17]. Particularly, the phase
constant allows to choose the pointing direction of the main radiated beam, while the control on the leakage rate allows to select the radiation efficiency and beamwidth, and to design a tapered radiation pattern with a given sidelobes distribution [17].
In this paper, we propose for the first time an original mechanism to control the leakage constant of the second higher order
mode of the MLWA by introducing parallel plates in both sides
of the microstrip line. This mechanism also allows to obtain a
single main beam in the azimuthal plane, therefore avoiding the
dual-beam radiation pattern associated to second-higher order
MLWAs [13]–[16]. In Section II, the proposed structure is introduced, and the basic theoretical concepts to understand the radiation mechanism are explained in detail. Using the leaky-mode
dispersion curves, the advantages of this novel LWA are shown
in a practical design operating at 6 GHz. Finite element method
(FEM) analysis of the structure are used to validate the theory.
Finally, a prototype is fabricated and measured in Section III to
experimentally check the electrical advantages of the new antenna.
II. THE LATERALLY-SHIELDED MICROSTRIP LINE
Fig. 1 shows the cross section of the structure studied in this
, printed on a subpaper. It is a microstrip line of width
and relative permittivity , and laterally
strate of height
, separated at a disshielded by parallel-plates of height
tance [see dimensions in Fig. 1(a)]. The transverse electric
field lines of different types of modes of this structure are shown
in Fig. 1. Fig. 1(a) represents the fundamental mode of the microstrip line, which is always bound for the proposed structure.
In Fig. 1(b), the first higher order mode is illustrated. This mode
has a leaky-wave regime, which has been extensively studied
to conceive MLWAs [1]–[11]. As it is illustrated in Fig. 1(b),
the field lines radiate out from the microstrip line, with little
influence of the lateral metallic walls. Finally, Fig. 1(c) and

Fig. 1. Electric field lines of different modes in the laterally-shielded microstrip line.

Fig. 2. Normalized phase and attenuation constant for the first four modes in a laterally-shielded microstrip line with lateral walls of infinite height.

Fig. 1(d) represent the second higher order mode of the laterally-shielded microstrip line. In opposition to what happens to
the first higher order mode, the radiation of the second-higher
order mode strongly depends on the conductor lateral walls. As
it will be demonstrated, the mode will not radiate if the sidewalls
are high enough [see Fig. 1(c)], since the electromagnetic energy cannot reach the top aperture. On the contrary, if the lateral
walls are shortened [see Fig. 1(d)], the fields can reach the top
of the structure, and the mode will have a leaky-wave regime. If
the lateral plates are completely removed, we have the case of
the common microstrip line operated in its second higher order
mode, used in previous works to conceive dual-beam MLWAs
[13]–[16].
To understand this difference between the behavior of the
first and the second higher order modes of the shielded microstrip line, we can use the expansion of the total fields as a
sum of parallel-plate harmonics (PPHs) [18]. The fields of any
permitted mode in the laterally-shielded microstrip line can be
decomposed as a sum of infinite PPHs. This is the basis of the
Greens functions developed in [18] and [19] to analyze this type
of structures using the method of moments (MoM). The propagation constant in the transverse z-direction of the parallel-plate
region [see Fig. 1(a)] for any PPH of order “ ” can be expressed
as [18]

(1)

Fig. 3. Comparisons between unshielded and shielded microstrip line.

where is the phase constant of the studied leaky-mode in the
longitudinal direction of the microstrip structure [y-axis, see
Fig. 1(a)]. The first higher order mode of the laterally-shielded
, due to
microstrip line strongly excites the PPH of order
its odd symmetry [see Fig. 1(b)]. This space-harmonic of order
can propagate along the parallel-plates, from the microstrip line to the top aperture, since its transverse propaga) is real in the fast-wave region
tion constant ( with
of the microstrip mode (when
). Therefore, the first
higher order mode of the microstrip line can radiate, no matter
the height of the parallel-plates, as it was illustrated in Fig. 1(b).
On the contrary, the second higher order mode of the microstrip

Fig. 4. Dispersion curves for the microstrip second higher order mode in the proposed structure: (a) normalized phase and attenuation constants and (b) elevation
pointing direction.

Fig. 5. Influence of the strip width

W on the leaky-mode frequency-dispersion curves

does not excite the PPH of order
due to its even symmetry [see Fig. 1(c)]. This second higher order mode can there. The parfore be decomposed as a sum of PPH with
allel-plates act as a filtering mechanism that does not allow these
PPH to freely propagate in the z-transverse direction, preventing
the radiation if the distance between the microstrip and the top
aperture ( , in Fig. 1) is high enough. To assure this evanescent
nature for all higher order PPH
, their transverse propagation constant in the parallel-plate region (1) must be imaginary (so that these PPHs are below cutoff in the parallel-plate
region). It can be easily demonstrated that this condition is assured if the distance between the parallel-plates “ ” is shorter
[20]
than half free-space wavelength,

W

Fig. 6. Control of the pointing direction for a fixed frequency (6 GHz) by modifying the strip width , and its effect on the leaky-mode attenuation rate.

(2)
As an example, Fig. 2 shows the normalized phase and atand
, respectively) as a functenuation constants (
tion of frequency, for the first four modes in a laterally shielded
microstrip line with infinite sidewalls studied in [6]. Our results are obtained with the MoM approach developed in [18],
[19], and are compared with the results obtained in [6] with a
mode matching technique. Excellent agreement is observed between the two techniques. Since the parallel-plates of the ana, the second higher
lyzed structure have infinite height
order mode (Mode 3 in Fig. 2) does not radiate, therefore not
in its fast-wave region
having leakage constant

. On the contrary, the first-higher order mode (Mode
2 in Fig. 2) does radiate even with the presence of infinite parallel-plates due to its odd symmetry, as it happens for the third
higher order mode (Mode 4 in Fig. 2).
Another illustrative numerical example is shown in Fig. 3,
where the frequency dispersion curves for the second higher
order mode of a microstrip line studied in [15] are plotted. The
results of [15] were obtained for an unshielded microstrip line
using a Spectral Domain technique, and are plotted with circles.
Our results are plotted with continuous line, and are for the same
, sepastructure, but with parallel-plates of height
. In this case, the second higher
rated a distance

Fig. 7. Influence of the parallel-plates height L on the leaky-mode frequency-dispersion curves.

order mode of the microstrip line can radiate in its fast-wave re, below 17 GHz), since the parallel-plates are
gion (
short enough. We will call this radiating structure a laterallyshielded microstrip leaky-wave antenna (LSMLWA). Moreover,
in Fig. 3 we can see the influence of the sidewalls, if we compare
our results with those obtained for the unshielded microstrip line
in [15]. As it can be seen, the two structures behave similarly,
but a lower leakage rate is observed in the laterally-shielded antenna due the effect of the walls. We can also observe a shift to
higher frequencies in the phase constant curve.
From the results shown in Fig. 2 and Fig. 3, we can conclude
that the leakage rate of the second higher order mode of a microstrip line can be eliminated if parallel-plates of enough height
are located at a distance
. A last condition must
be satisfied for a proper operation. We must take into account
that the second higher order mode of the microstrip line must
be above cutoff to propagate along the microstrip axis. For this
purpose, this mode must resonate in the cross-section of the microstrip of width , having the following wavenumber in the
x-direction (see axes in Fig. 1)

(3)
From the wavenumber condition in the dielectric slab we
can obtain the approximate minimum strip width to allow this
second higher order mode to propagate

(4)
(5)
Since the parallel-plates separation must be greater than the
strip width , and combining the conditions of (2) and (5), we
finally obtain

(6)

This condition establishes a minimum relative permittivity
for the dielectric used in this type of LSMLWA. With this condition, it will be demonstrated that the parallel-plates can control
the leakage rate of the second higher order mode microstrip line,
while negligibly affecting its phase constant. Moreover, it will
be shown the ability to obtain a single main radiated beam in the
azimuthal plane.
A. Control of Complex Propagation Constant
The proposed mechanism to control the leakage rate will be
checked by designing a LSMLWA operating in its second higher
order mode. A commercial dielectric substrate (Rogers TMM
,
,
will be
10) with
used to support the microstrip line. This substrate satisfies the
condition imposed in (6). The width of the strip is chosen to be
in order to operate with a fast-wave second-higher
order microstrip mode around 6 GHz. According to (2), the
maximum distance between the parallel-plates at this frequency
, in order to generate evanescent
must be
fields in the dielectric-parallel-plate interface. At is has been explained, this condition is necessary to control the leakage rate of
the leaky-wave. For this reason, sidewalls separated at a distance
will be used in the proposed LSMLWA.
Fig. 4(a) shows the dispersion curves obtained with the leakymode MoM approach. As it can be seen, the leaky-wave band
is between 5.7 and 6.5 GHz. In Fig. 4(b), the elevation pointing
is extracted
angle measured from the broadside direction
from the leaky-mode phase constant
, and it is
compared with the results obtained from finite element method
(FEM) simulations using a commercial solver. Good agreement
is observed between the leaky-mode technique and the analysis
of the three dimensional structure (FEM) for the frequency scanning response. We can see that the leaky-mode radiates around
for the design frequency of 6 GHz.
Apart from the frequency-beam-scanning capability of this
LWA [shown in Fig. 4(b)], it is interesting to control the pointing
direction for the desired frequency. As it is well-known [3], [4],
for the case of MLWAs this can be done by adjusting the strip
width , as it is shown in Fig. 5. In this figure, the elevation
pointing direction and the leakage rate are represented as a function of frequency, for four different strip widths around the ref. As it can be seen in Fig. 5, the
erence value of
cutoff frequency of the microstrip second-higher order-mode

Fig. 8. Control of the leakage-rate for a fixed frequency (6 GHz) by modifying
the parallel-plates height L, and its effect on the leaky-mode pointing direction.

decreases as
is increased. In this way, the pointing direction
of the MLWA can be increased for a fixed frequency when
the strip is made wider, as it is illustrated in Fig. 6 for a design
has also
frequency of 6 GHz. However, the modification of
a strong influence on the leakage-rate, as it can be seen by the
attenuation-rate frequency dispersion curves shown in Fig. 5(b).
involves a
This is again due to the fact that a modification of
change in the cutoff frequency of the leaky-mode, and therefore
a strong change in the whole complex propagation constant. As
and
dispersion curves are
it can be seen in Fig. 5, both
shifted together to lower frequencies as
is increased.
allows to
As a result, we can conclude that the strip width
tune the pointing direction of the LWA, with the drawback that
the associated leakage-rate will also be strongly modified, as it
is shown in Fig. 6. This is a general situation for all MLWAs, in
which the designer cannot independently select the pointing direction and the leakage-rate for a given substrate and frequency
of operation.
As it has been previously commented, once the pointing direction has been chosen, it is necessary to find a way to modify
the leakage rate in order to synthesize a desired radiation pattern (with a given radiation efficiency and main beam width),
while negligibly affecting the selected pointing direction [17].
For this purpose, the parallel-plates height can be modified,
as it is illustrated in Fig. 7. In this figure, the frequency dispersion curves for both the pointing direction and the leakage
rate of the leaky-mode are represented, for three different values
of . As it was explained in the introduction section, the parallel-plates act as a filtering circuit which make the fields of the
second-higher order mode of the microstrip line to be evanescent in the air-dielectric interface, provided that (2) and (6) are
satisfied. In this way, we are able to reduce the radiation as the
height is increased, as it can be seen in the leakage-rate curves
shown in Fig. 7(b). Moreover, it is important to notice that the
leaky-mode pointing angle dispersion curves [shown in the inset
of Fig. 7(a)] barely change when altering the parallel-plates
height . This is due to the fact that the cutoff frequency of the
microstrip leaky-mode does not strongly depend on , in opposition to what happened when the strip width
was modified
(see Fig. 5). As it is shown in Fig. 7, good agreement is again observed between leaky-mode analysis and results obtained with
FEM analysis of the three-dimensional leaky-wave structure.

Fig. 9. Control of the radiation efficiency by modifying the parallel-plates
height L.

Fig. 10. Normalized radiation patterns in the elevation plane at 6 GHz, for different heights of the parallel-plates.

Fig. 11. Main dimensions and references axis used in the novel LSMLWA.

Therefore, we can use the parallel-plates height to control
the leakage rate, once the pointing direction has been chosen for
for
a fixed frequency by properly designing the strip width
a given substrate. Fig. 8 shows the leakage-rate design curves

Fig. 12. Effect of the parallel-plates in the radiation diagram of a MLWA. (a) No parallel-plates and (b) parallel-plates with L = 10 mm.

at 6 GHz obtained for a strip of width
, which
for the selected
gives raise to a pointing angle around
substrate (as it was shown in Fig. 6). As it corresponds to reactive fields, exponential decrease of is obtained when is
increased. The variation of the pointing angle with has also
is
been studied, and it is plotted in Fig. 8. We observe that
slightly affected when is modified. Good agreement between
leaky-mode analysis and FEM results is observed for these dispersion curves, confirming the theory to control the leakage rate
with small influence on the pointing direction.
An important practical application of this control of the
leakage rate is that one can freely choose the radiation efficiency of the LWA for a given antenna length (which determines
the main beam width) [17]. Alternatively, one can also modify
the beamwidth by selecting the antenna length and the appropriate leakage rate, so that the radiation efficiency is maximized
(normally to 90%, [17]). In any case, it is necessary to keep
the desired main beam pointing direction while choosing
the appropriate leakage-rate. The following results, obtained
from FEM analysis of the proposed LSMLWA, illustrate the
advantage of this novel LWA (compared to previous MLWA
in which the leakage rate could not be chosen independently
of the pointing direction). The antenna length is chosen to be
(which is
at 6 GHz), and the dimensions of
the cross section of the laterally-shielded microstrip line are
,
,
the same than in previous graphs (
,
). From the FEM analysis of the
3D LWA, the S parameters are obtained, and the radiation
efficiency can be extracted assuming a lossless scenario
(7)
Fig. 9 show the S parameters and the extracted radiation efficiency of the studied LWA structure, by modifying the height
of the parallel-plates. Only the
parameter is shown, since

perfect matching is assumed by using a waveport to excite the
second-higher order-mode of the microstrip-line.
decreases as the parallel-plates
As it can be seen in Fig. 9,
are shortened, due to the increase in the leakage-rate. In this
way, for the design frequency of 6 GHz, the radiation efficiency
) to 95% (for
can be modified from 22% (for
). Finally, Fig. 10 shows the FEM simulated normalized radiation pattern of the LSMLWA in the elevation plane (
is the elevation angle measured with respect to the broadside direction, see Fig. 11), for different values of . As it can be seen,
is barely perturbed
the designed pointing angle
when the parallel-plate height is modified.
B. Radiation Pattern in the Azimuthal Plane
Another important advantage of the novel LSMLWA involves
its radiation pattern in the azimuthal plane (for a definition of
references planes, see Fig. 11). As it is well-known, MLWAs
based on the second-higher order-mode of the microstrip line
present a dual-beam in the azimuthal plane ([13]–[16]). The
three-dimensional radiation pattern for a conventional (without
parallel-plates) second-higher order-mode MLWA is shown in
Fig. 12(a). This result was obtained with FEM for the same LWA
studied in previous sections, but removing the parallel-plates.
This dual-beam can be an undesired effect, since a relative minimum of radiation occurs in the y-axis of the antenna, as it
is shown in Fig. 12(a). The novel LSMLWA presents a single
radiated beam in the orthogonal plane, as it is illustrated in
Fig. 12(b), where the same LWA but now with parallel-plates
of height
has been analyzed with FEM code.
This strong difference between the laterally-shielded and
the unshielded MLWA azimuthal radiation patterns can be
explained by inspecting the near fields of the novel LSMLWA,
which are shown in Fig. 13.
Fig. 13(a) illustrates the transverse electric field in the cross
section of the proposed LSMLWA (Z-X plane, see Fig. 1),

Fig. 13. Near electric field plot for the novel LSMLWA: (a) field distribution in the cross-section and (b) field intensity along x-direction for different height z
above the microstrip line.

Fig. 14. (a) Normalized azimuthal radiation pattern showing the effect of the parallel-plates and (b) evolution of parallel-plate higher order-modes along the
z-direction.

obtained with MoM leaky-wave analysis. In Fig. 13(b), one-dimensional cuts of the field intensity along the x-direction are
represented for different heights above the microstrip line.
Close to the microstrip line, the electric field pattern is described
by the second-higher order harmonic of the microstrip line,
which presents two maxima at the strip edges, as it is illustrated
. If this second-higher order fields could
in Fig. 13(b) for
directly radiate into free space, a dual-beam radiation pattern in
the azimuthal plane would be created, as it happens in conventional second-higher order mode MLWAs. However, the effect
of the parallel-plates is to filter this higher order variation of the
fields as we move along the parallel-plates height (z-direction),
to the parallel-plates
from the microstrip interface
. As it can be seen in Fig. 13, the near field
aperture
distribution tends to present one single maximum (located
in the middle of the two parallel-plates) for higher values of
. In this way, only this first-harmonic variation of the fields
reach the top radiating aperture, located at a height from the
microstrip line. These fields create a single radiated beam in
the azimuthal plane, in opposition to the dual-beam created by
the higher order harmonics close to the microstrip line. This
is checked in Fig. 14(a), where the radiation pattern has been
obtained by taking the Fourier transform of the near fields
(computed with the MoM leaky-mode analysis technique) for
), and
two cases: presence of parallel-plates (with
absence of parallel-plates. The results are compared with FEM

analysis, confirming that the parallel-plates are responsible for
the appearance of one single beam in the azimuthal radiation
pattern.
The filtering response of the parallel-plates can easily be explained in terms of the parallel-plates harmonics (PPHs) which
are excited in the parallel-plate region [18]. Using the MoM
technique, we can obtain the PPHs excited by the second-higher
order leaky-mode of the microstrip line. The third-order PPH
[
in (1)] is the more excited PPH, followed by the firstin (1)], as it is illustrated in Fig. 14(b). In
order PPH [
this figure, the evolution of the amplitude of these PPH along
the parallel-plates transverse z-direction is represented (
corresponds to the microstrip-air interface). As described in the
for
introduction of this work, the transverse wavenumber
each PPH can be calculated using (1). For
and
, we
the computed longitudinal wavenumber
showed in the inset of Fig. 14(b) for
obtain the values of
these two main PPHs. As expected, the third-order PPH is much
more evanescent than the first-order PPH, therefore presenting a
higher attenuation constant in the z-direction. Due to the higher
reactive nature of the third-order PPH, the first-order PPH becomes predominant as we move far from the microstrip line.
We can see in Fig. 14(b) how most of the energy is carried
. In this way, only
only by the first-order PPH for
,
the first-order PPH reach the top radiating aperture
avoiding the dual-bam azimuthal radiation pattern associated

Fig. 16. Photograph of fabricated LSMLWA prototype.

Fig. 15. (a) Photograph of fabricated second-higher order microstrip LWA.
(b)–(d) Detail of aperture-coupled excitation circuit.

to the third-order PPH, and creating a single main beam as
shown in Fig. 14(a). Moreover, the exponential decay of the
fields shown in Fig. 14(b) suggests the control of the leakagerate by modifying the parallel-plates height . As it can be seen
,
in Fig. 14(b), no radiation should be obtained over
since the fields amplitude is negligible for this height. As we reduce the parallel-plates heights, increasing radiation should be
obtained. This statement is in perfect accordance with the results
shown in Fig. 8 for the dependence of the leakage-rate with .
III. FABRICATION AND MEASUREMENTS
A prototype of the proposed LSMLWA has been fabricated
using Rogers substrate TMM 10 (
,
,
), and a microstrip line of width
and length
, as it is shown in Fig. 15(a). The second
higher order mode of the microstrip line is excited using the
aperture-coupled technique described in [16], also illustrated in
Fig. 15. The dimensions of the feeding circuit, according to the
,
,
scheme of Fig. 15(d) are:
,
,
,
,
, and
. A robust and modular structure
has been fabricated, so that parallel-plates of different height
can be added to the microstrip antenna, in order to conceive the
proposed LSMLWA. The distance between the parallel-plates is
. A photograph of the LSMLWA prototype
fixed to
is shown in Fig. 16.
The measured S-parameters of the constructed prototype as
a function of frequency are shown in Fig. 17 for different parallel-plates heights . As it can be seen, good matching is observed for the designed frequency and for any value of . From

Fig. 17. Measured S-parameters for constructed prototype as a function of the
parallel-plates height.

, it is demonstrated that lower radithe results obtained for
, the
ation occurs for higher values of . Above
transmission coefficient reaches the maximum value, which is
due to losses in dielectric
lower than 0 dB
and conductors.
The leakage rate can be estimated from the measured S-parameters, considering that losses can be split in two terms, one
and the other due to ohmic
due to radiation leakage
losses
(8)

(9)
Fig. 18 shows the estimation of the leakage-rate obtained
from the measurements at 6 GHz (using (9) with a computed
), together with the theoretical
value of
simulations using MoM analysis technique. Good agreement is
observed, confirming the novel technique to control the leakage
rate in MLWAs.
Fig. 19 shows the measured normalized radiation pattern
in the elevation plane at 6 GHz, for different parallel-plates
heights. The observed pointing direction is in accordance with
. Moreover,
is kept barely
the simulations

Fig. 18. Comparison between measured and simulated leakage rate at 6 GHz
as a function of the parallel-plates height.

Fig. 20. Measured azimuthal radiation pattern at 6 GHz for different parallelplates heights.

need to mechanize the NRD guide profile along the antenna
length (as it was performed in [22]) therefore reducing the costs
associated to mechanization of the waveguide. Moreover, the
proposed LWA can be straightforwardly integrated with planar
circuits. The sidewalls also help to prevent radiation from any
unwanted surface-wave that could propagate in the dielectric
substrate [4], [5].
IV. CONCLUSION
Fig. 19. Measured elevation radiation pattern at 6 GHz for different parallelplates heights.

unchanged for different values of , confirming the ability to
control the leakage rate while barely affecting the designed
pointing direction of the LWA. An increase can be observed in
) as is increased. This
the reflected lobe (around
is caused by the leaky-wave reflected at the end of the antenna
length, which amplitude is larger as is increased due to the
lower leakage-rate. The polarization of the radiated fields is
vertical ( , according to Fig. 11), as it is common in MLWAs.
The measured cross-pol component ( , see Fig. 11) was found
to be at least 20 dB below the vertical component for any value
of . In Fig. 19, the measured horizontal radiation pattern is
. For higher values of , the cross-pol
shown for
level is even lower, due to the aforementioned filtering-effect
of the parallel-plates. The measured radiation efficiency of the
) is 4 dB for
, 10 dB
structure (with
and 20 dB for
. These results are
for
in accordance with the ability to control the amount of energy
which is radiated or guided depending on the parallel-plate
height , as shown in Figs. 17 and 18.
Fig. 20 shows the measured vertical radiation pattern in the
azimuthal plane, confirming the existence of a single main beam
for different values of , compared to the dual-beam that appears for conventional second-higher order mode MLWA.
To finish this paper, it must be mentioned that a similar
mechanism to control the leakage rate for nonradiative dielectric (NRD) guide technology [20], was proposed in [21], [22].
The proposed LSMLWA can be viewed as a printed-circuit
version of the NRD antenna studied in [21], [22]. Due to the
printed circuit technology proposed in this work, there is no

In this paper, it has been demonstrated for the first time
the ability to control the complex propagation constant of
a microstrip leaky-wave mode, in order to conceive a novel
MLWA with flexible control of both the pointing-direction and
the leakage-rate. The proposed structure is based on the second
higher order mode of the microstrip line and the addition of
conductor sidewalls. Under the appropriate dimensions of the
substrate and the separation of the parallel-plates, the fields of
this mode become evanescent in the parallel-plate region. In this
way, the leakage rate of the second higher order mode of the microstrip line can be controlled by modifying the parallel-plates
height, with little influence on the pointing direction of the
antenna. The proposed control mechanism has been illustrated
by obtaining the dispersion curves of the leaky-mode complex
propagation constant, using a MoMs approach. Moreover, it
has been explained how this novel structure allows to obtain a
single radiated beam in the azimuthal plane, in contrast to the
dual-beam obtained in conventional microstrip second-higher
order mode LWAs. Simulations of the three-dimensional structure and measurements of a fabricated prototype operating
at 6 GHz have been performed to confirm the advantages of
the proposed LWA, obtaining very good agreement between
theory and experiments. To the authors’ knowledge, this is the
first time that one can control the leakage rate of a microstrip
leaky-mode, without strongly affecting its radiation direction.
This is an essential characteristic to design practical LWAs with
versatile radiation patterns.
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