URSI AP-RASC 2019, New Delhi, India, 09 - 15 March 2019

<GRS>

Open-Stopband Suppression and Cross-Polarization Reduction of a Substrate Integrated
Waveguide Leaky-Wave Antenna

Debabrata K. Karmokar*, Shu-Lin Chen, Pei-Yuan Qin, and Y. Jay Guo
Global Big Data Technologies Centre (GBDTC), Faculty of Engineering and Information Technology
University of Technology Sydney, Ultimo, NSW 2007, Australia

Abstract

Most leaky-wave antennas (LWAs) suffer from
significant gain degradation when the main beam points
towards broadside. This is because an open stopband
(OSB) restricts broadside radiation. In this paper, a
method to suppress the OSB of a periodic substrate
integrated waveguide (SIW) LWA is discussed. By
simultaneously introducing a slot and a partially radiating
wall in each unit cell the impedance in the OSB region
has been matched and hence a continuous beam scan
through broadside is achieved. The developed LWA can
scan its main beam from —74° continuously to +40° when
the frequency varies from 7.45 to 10.55 GHz, with a
broadside gain and a level of cross-polarization for the
broadside beam of 10.8 dBi and —21.37 dB, respectively.

1. Introduction

Some exceptional features have made leaky-wave
antennas (LWAs) attractive, such as their low-profile
configuration and more importantly inherent beam-
scanning ability with frequency [1]-[6]. Inherent beam
scanning can greatly reduce the complexity of a system.
Moreover, LWAs can be integrated easily with circuits for
applications in the microwave and millimeter-wave
frequency ranges [7]. They can find a wide range of appli-
cations including radars, missiles, aircraft, etc. [8]-[10].

Although the main beam direction can be changed with
frequency, for most uniform LWAs the scanning range is
limited within the forward quadrant, i.e., a region between
the near broadside and near endfire. They are also gene-
rally unable to scan the radiation beam through the broad-
side because of the restriction from an open stopband
(OSB), and hence a gain degradation occurs [11], [12].

Several methods have been reported so far to suppress the
OSB and realize a continuous beam scan. One popular
method is designing an LWA using a composite right/left
handed (CRLH) structure, and this type of antenna is
called a CRLH LWA. A CRLH LWA can scan its beam
through the broadside when a balanced condition (when
Lg/L; = Cp/Cy, where, Lg, L;, Cr, and C; are the right-
handed (RH) inductance, left-handed (LH) inductance,
RH capacitance, and LH capacitance, respectively) is ach-
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Figure 1. Top view of a unit cell with a rectangular and
an inverted-V-shaped slot with partially radiating wall: (a)
detailed dimensions and (b) name of different parts of the
unit cell.

ieved [13], [14]. Another method is to excite the n = —1
spatial harmonic from a periodic structure [15], [16].
However, it is found that limited research is focused on
continuous beam scan from a periodic structure compared
to a CRLH structure.

In this paper, a periodic LWA on a SIW is presented that
realizes a continuous beam scan with low cross-
polarization. It utilizes a rectangular slot on the top patch
and simultaneously introduces a partially radiating via
wall to suppress the open stopband. To reduce the cross-
polarization level an additional inverted-V-shaped slot is
etched on the patch.

2. Suppression of Open Stopband

Fig. 1 shows the antenna unit cell, in which Fig. 1(a)
represents the detailed dimensions, and the names of the
different parts are highlighted in Fig. 1(b), designed on a
Rogers RT5870 substrate. The parameters of the substrate
are: dielectric constant (&) = 2.33, loss tangent (tan J) =
0.0012, and thickness = 1.575 mm. It is seen that the unit
cell consists of a rectangular transverse slot at the center
of the top metal together with an inverted-V-shaped slot.
A group of closely placed shorting vias (center-to-center
distance of S,) connects the upper edge of the top metal to
the ground plane. To enhance power leakage from the
structure the vias in the lower wall are placed to maintain
a large distance that is indeed equal to the length of the
unit cell (Pui). By changing the distance between the
lower edge vias the leakage can be controlled [17], [18].



Table 1. Dimensions of the unit cell and the antenna. All
the dimensions are in mm except 0, which is in degree.
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Figure 2. Dispersion diagrams for the unit cell in Fig. 1.
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Figure 3. Configuration of the proposed SIW based LWA
with a rectangular and an inverted-V-shaped slot in each
unit cell: (a) top view of the complete antenna structure,
and (b) a magnified section near the feed of the antenna
with detalied dimensions of the feed line.

For a periodic LWA, a continuous backward to forward
beam scan can be achieved by exciting the n = —1 space
harmonic, and the main beam direction of this radiation is
given by [12], [16]

Bn:—l(f)
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M

In (1), ko is the free-space wavenumber, and S, = -; is the
phase constant which is given by

2m

Bn=-1=Po — (2)

Pum’t

For a continuous beam scan through broadside,
simultaneous fulfilment of two conditions is required.

These are: a linear variation of the phase constant (i.e., no
bandgap), and the leakage from the structure should not
change abruptly [12], [19]. To investigate the properties
of the antenna, the dispersion diagram of the unit cell is
obtained first, since from the dispersion diagram the
characteristics of the antenna structure can be determined
easily and effectively.
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Figure 4. Simulated S-parameters of the LWA in Fig. 3.

Fig. 2 shows the dispersion diagram for the unit cell in
Fig. 1 obtained from the S-parameters by simulating the
unit using two ports, one at each side. As can be seen,
there is a smooth transition between the forward and
backward leaky regions, i.e. no bandgap. The normalized
attenuation constant curve is also very flat without any
null or bump. It is concluded that an LWA using this unit
cell would enable a continuous beam scan through
broadside without significant gain loss. The next section
discusses the performance of a complete antenna made
out using this unit cell.

3. Antenna Configuration

The configuration of the SIW LWA is presented in Fig. 3.
A total of 14 unit cells are used in the antenna design. Fig.
3(a) shows the top view of the complete antenna structure,
and a close view of the feed section is shown in Fig. 3(b).
The antenna is fed by a tapered microstrip matching line
from the left end, and another matching line with the same
dimensions is located at the other end (right) as shown in
Fig. 3(a) for terminating in a matched load to avoid
unwanted reflected waves. The dimensions of the unit cell
are already given in Table 1 and the dimensions of the
matching tapered line together with the length (L =
7.83)0at 9.41 GHz) of the antenna in millimeters are also
listed there.

4. Results and Discussion

The scattering parameters are shown in Fig. 4, obtained
from a full-wave simulation of the antenna. The partial
radiating wall and slot-loaded LWA has a —10 dB
reflection-coefficient bandwidth of 7.66 - 10.1 GHz. The
reflection coefficient is higher than —10 dB but remains
below — 8 dB for frequencies up to 10.55 GHz, and below



—8.6 dB for frequencies down to 7.45 GHz. The |Sy| at
7.45 GHz is <—6.2 dB and decreases with frequency, e.g.
—18.87 dB at 9 GHz, indicating the good radiation
performance of the antenna.

0

'
[4)]

Normalized pattern (dB)
5 3

2 ] H Rl
-%O -60 -30 0 30 60 90
0 (degree)

Figure 5. Simulated radiation patterns (normalized) of the
LWA in Fig. 3.

Figure 6. 3-D radiation (gain) pattern of the LWA in Fig.
3 when the main beam points at the broadside.
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Figure 7. Simulated directivity, gain and cross-
polarization level of the LWA in Fig. 3.

The simulated normalized radiation (gain) patterns of the
antenna in Fig. 3 are shown in Fig. 5 to represent the
continuous beam scanning performance of the antenna.
Six beam directions are shown here for six different
frequency points, from a lower value (7.45 GHz) to a
higher value (10.55 GHz). As predicted from the

dispersion diagram the beam direction 6 is negative, i.e.,
the main beam points at the backward direction, at lower
frequencies until the beam points at the broadside. Once
the beam points at the broadside, with an increase of
frequency the 6 values become positive, i.e., the beam
scans in the forward direction. The beam direction () for
these six frequencies, i.e., 7.45, 8, 8.75, 9.41, 10, and
10.55 GHz, are —74°, —50°, —23°, 0°, +20°, and +40°,
respectively. A 3-D radiation pattern for the broadside
beam is also presented in Fig. 6. As the antenna is 1-D it
produces a fan-shaped beam in which the beam is wide in
the y-z-plane and narrow in the x-z-plane. The shape of
the radiating beam can be easily seen from Fig. 6.

Finally, the directivity and gain of the antenna for these
six frequency points are shown in Fig. 7 together with the
cross-polarization level as a function of frequency. The
directivity of the antenna varies between 11.1 and 13.91
dBi within the frequency range between 7.45 and 10.55
GHz and the gain varies between 10.05 and 13.45 dBi.
Note that leakages from slots and the partially radiating
wall contribute to the far-field radiation, while the one
from the partially radiating wall increases the cross-
polarization. The inverted-V-shaped slot in each unit cell
reduces the cross-polarization of the antenna, which
varies between —21.48 and —11.52 dB within the beam
scan range and is lower than 17.93 dB between 7.45 and
10 GHz.

5. Conclusion

This paper discusses a method to suppress the open
stopband of an LWA is discussed here by etching a slot
on the patch and making one of the SIW walls partially
radiating. In this manner, the open stopband is suppressed
completely. A full LWA was then designed, simulated
and optimized. The final antenna can scan its main beam
continuously from —74° to +40° with a gain of over 10
dBi when the source frequency varies from 7.45 to 10.55
GHz. Due to page limitations, inclusion of more results is
not possible. Measured results will be presented in the
conference as a further validation. Because of the
structural simplicity this type of LWA can be a potential
candidate for various beam-scanning applications.
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