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Method of Suppressing the Side Lobe of
a Tapered Short Leaky Wave Antenna
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Abstract—This letter demonstrates a method for suppressing the
side lobe of a tapered short leaky wave antenna (LWA). The pro-
posed LWA contains a tapered microstrip radiator with a shorting
pin and two rectangular slots. This design of the two slots and the
shorting pin can interfere with the current distribution of tapered
LWAs to suppress the radiation of the side lobe. A matching stub is
added along the feeding line to achieve impedance matching. Ac-
cording to the measured results, the proposed design improves the
side lobe level (SLL) from 0 dB for the tapered short LWA (about
� � � at 4.5 GHz) to 6.13 dB for the proposed LWA at 6.4 GHz.
The 7-dB impedance bandwidth is about 1.6 GHz, and the scan-
ning range is about 43 .

Index Terms—Beam scanning, leaky wave antenna (LWA), side
lobe, tapered antenna.

I. INTRODUCTION

I N 1979, Menzel presented the leaky wave antenna (LWA),
which used an asymmetric feed line to excite the first higher

order mode [1]. Because the LWA is operated in the first higher
order mode [2], it possesses the advantages of having a fre-
quency scanning capability, narrow beamwidth, and high gain.
However, the width of the LWA, the thickness of the substrate,
and the dielectric constant control the radiation bandwidth. To
improve the radiation bandwidth, some researchers proposed
the tapered structure LWA, as in [3] and [4]. A tapered LWA
works by using sections with different widths and lengths to ex-
cite different operating frequency bands. The tapered LWA then
combines these to increase the impedance bandwidth. Although
broad impedance bandwidth can thus be achieved, the problem
with tapered LWAs is that there is a spurious side lobe generated
by the backward radiation.

This side lobe often occurs in the LWA, and especially the
short LWA. Therefore, several researchers have tried to solve
this problem [5]–[8]. In [5], the LWA array method reduced
the reflected wave power and increased the power gain. In [6],
Shih added an active feedback synthesizer and a closed loop
to greatly decrease the side lobe level (SLL). A LWA with an
aperture-fed antenna offered another radiated path for the re-
flected wave from the open end of the LWA to suppress the side
lobe [7]. In 2008, Li proposed a parasitic topology utilizing two
microstrip patches with short-circuit edges [8]. This topology
coupled the radiation power of the LWA to the ground plane to
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Fig. 1. Structure of the proposed short LWA.

suppress the back lobe. All these topologies achieved good re-
sults in suppressing the side lobe.

This letter presents a novel method to solve the spurious side
lobe problem of a tapered short LWA (approximately only
at 4.5 GHz). The proposed LWA is composed of two rectangular
slots and a shorting pin on the tapered short LWA. The mea-
sured results show that this design suppresses the side lobe over
5 dB at higher frequency bands (6.0 6.4 GHz), achieves a main
lobe scanning angle of about 43 (from 14 to 57 between 4.6
to 6.4 GHz), and yields a 7-dB impedance bandwidth of about
1.6 GHz from 4.58 to 6.18 GHz. Sections II and III give details
of the antenna design and results.

II. ANTENNA DESIGN

Fig. 1 shows the structure of the proposed short-length LWA.
The antenna is printed on a 1.6-mm-thick FR4 substrate. The
dielectric constant and the loss tangent are 4.1 and 0.02, respec-
tively. It is fed by a microstrip feed line with a matching stub. A
tapered microstrip radiator with a shorting pin and two rectan-
gular slots (Slots 1 and 2) make up the antenna. The total length

of the antenna is 10.0 cm (about at 4.5 GHz,
is the free-space wavelength). The length of each section of the
tapered LWA is 10.0 mm. Table I lists the width of each section.
The sizes of (Slot 1) and (Slot 2)
are mm and mm , respectively. This sec-
tion utilizes an Ansoft High Frequency Structure Simulator to
simulate the proposed antenna.

Hong uses the tapered leaky wave antenna to increase
impedance bandwidth [4]. However, the tapered short LWA
excites serious side lobes, even replacing the main lobe with
a side one at higher frequencies. Fig. 2 displays the measured
normalized radiation patterns of the conventional tapered short
LWA. As can be seen from Fig. 2, the gain of the side lobe
greatly increases as the frequency increases, and the side lobe
is equal to the main one at 6.4 GHz.

In order to suppress the side lobe, this study proposes the
method of using two slots (Slots 1 and 2) and a shorting pin.
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Fig. 2. Measured normalized radiation patterns of the conventional tapered
short LWA.

TABLE I
DIMENSIONS OF THE PROPOSED TAPERED SHORT LWA

Slot 1 suppresses the excitation of the dominant mode. Slot 2
affects the reflected wave and perturbs the current distribution
at the end of the tapered short LWA, suppressing the radiation
of the side lobe. To reduce the side lobe further, the shorting pin
near Slot 2 guides the power at the end of LWA to the ground.
Furthermore, a matching stub is added along the feeding line to
achieve impedance matching.

Fig. 3 shows the simulated radiation patterns in the YZ-plane
at 6.0 GHz. These methods successfully suppress the SLL, as
shown in Fig. 3. Fig. 4 plots the simulated surface current distri-
butions of the tapered short LWA at 6.0 GHz with Slot 1 and with
Slots 1 and 2. Fig. 4(a) shows that the strong power of the cur-
rent distribution at the end of the tapered short LWA generates
a significant side lobe. When Slot 1 is embedded on the LWA,
although the current distribution in Fig. 4(b) can be changed,
the power at the end of the LWA still radiates a large side lobe.
However, Fig. 4(c) shows that with Slots 1 and 2 embedded, the
path and the direction of the current at the end of the LWA are
varied, and the side lobe of the LWA with Slot 1 alone is sepa-
rated into two weak side lobes, as shown in Fig. 3. The shorting
pin, located near Slot 2, reduces the power at the end of the LWA
with Slots 1 and 2. Because the shorting pin guides the power
at the end of LWA to the ground, the pin reduces the side lobe,
as shown in Fig. 4(d). This method successfully suppresses the
side lobe of the conventional tapered short LWA.

Fig. 3. Simulated radiation patterns in the YZ-plane at 6.0 GHz.

Fig. 4. Simulated surface current distributions at 6.0 GHz: (a) tapered short
LWA; (b) LWA with Slot 1; (c) LWA with Slots 1 and 2; (d) proposed LWA.

Figs. 5 and 6 show the effects of the distance between Slots 1
and 2 on the radiation pattern in the YZ-plane and on the
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Fig. 5. Simulated radiation patterns of different positions of Slot 2 in YZ-plane
at 6.0 GHz.

Fig. 6. Simulated surface current distribution when varying the distance be-
tween Slots 1 and Slot 2 at 6.0 GHz: (a) ����� ; (b) ����� .

current distribution at 6.0 GHz, as the position of Slot 1 was
fixed. At a distance of , where is the wavelength
at 6.0 GHz, the power at the end of the LWA is larger in
Fig. 6(a), thus increasing the SLL. However, when the distance
is longer than , the power and the direction of the current
at the end of the LWA varies, as shown in Figs. 4(c) and 6(b),
reducing the SLL, as shown in Fig. 5. Based on these simulated
results, when the distance is shorter than , the intensity of
the current distribution decreases between Slots 1 and 2 and
increases at the antenna end, enhancing the SLL. At a distance
longer than , the power and the direction of current at the
end of the LWA suppress the SLL. Therefore, the seat of Slot
2 can interfere with the power and direction of the current at
the end to vary the SLL.

Fig. 7 shows the simulated radiation patterns for various
placements of the shorting pin. When the shorting pin is set in
Seat-A, the SLL is improved. This is because the power of the

Fig. 7. Simulated radiation patterns of different seats of shorting pin in
YZ-plane at 6.0 GHz.

Fig. 8. Measured normalized radiation patterns of the proposed LWA.

current distribution near Seat-A, shown in Fig. 4(c), is greater
than other placements, and the power of the side lobe is guided
to the ground, suppressing the SLL when the shorting pin is set
in this position.

III. RESULTS

Fig. 8 shows the measured normalized radiation patterns of
the proposed LWA at 5.9, 6.2, and 6.4 GHz. Comparing the
measured radiation pattern of Fig. 2 with that of Fig. 8 reveals
that the tapered short LWA and the proposed LWA have similar
radiation angles and 3-dB radiation beamwidths at 6.2 GHz.
However, the SLL of the proposed LWA significantly improves,
from 0 to 6.13 dB at 6.4 GHz. The main lobe scanning
angle of the proposed LWA is from 14 to 57 between 4.6
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Fig. 9. Comparison of the measured SLL of tapered LWA and proposed LWA.

Fig. 10. Comparison of measured maximum gains of the tapered LWA and the
proposed LWA.

to 6.4 GHz. Fig. 9 exhibits the measured SLL of the proposed
LWA, which is less than 5 dB, and the variation of the SLL is
independent of the frequency. Fig. 10 illustrates the measured
maximum measured gains of the tapered and the proposed
LWA. The proposed method slightly affects the variation in
maximum gain of the LWA, and the gains are larger than 4 dBi
from 4.6 to 6.4 GHz. Using these methods not only improves
the SLL, but also keeps the radiated power of the main lobe.
Fig. 11 plots the simulated and measured return losses. The
7-dB impedance bandwidth of the measured results is about
1.6 GHz from 4.58 to 6.18 GHz. Although the bandwidth of the
proposed LWA is narrower than that of the conventional tapered
LWA (see Fig. 3), the proposed LWA can largely suppress side
lobes, preventing them from replacing the main lobe at higher
frequencies.

Fig. 11. Simulated and measured return losses of the proposed LWA.

IV. CONCLUSION

This letter proposed a method to suppress the significant side
lobes excited by the conventional tapered short LWA. By em-
bedding two slots and a shorting pin, the method can change the
current distribution at the end of the tapered short LWA at higher
frequencies to reduce the radiation of a side lobe. Based on the
measured results, the SLL of the proposed LWA remains less
than 5 dB from 6.0 to 6.4 GHz. The scanning range covers 43
from 14 to 57 , and the impedance bandwidth is about 30% at
the center frequency of 5.38 GHz. Compared to the conventional
tapered short LWA, the proposed LWA not only suppresses the
side lobe, but also retains a wide impedance bandwidth. Further-
more, this method does not use any parasitic element or circuit,
avoiding a larger antenna size.
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