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Abstract—An effective development of a dual composite right/left-
handed (D-CRLH) leaky-wave (LW) structure for dual-polarized
antenna application is presented. The dual-polarized antenna consists
of a two-section 3-dB rat-race hybrid and two symmetrical substrate
integrated waveguide lines. Each of the waveguide lines is periodically
loaded with 15 transverse slots and 15 longitudinal slots. The dual-
polarization capability and D-CRLH LW property of the antenna are
analyzed and discussed. The S-parameters and gain patterns are
presented for the antenna. Measured results are consistent with the
simulated ones. The proposed LW antenna shows some desirable
merits, such as the simplicity in design, low-cost fabrication, multi-
band operation, flexible radiation directions and dual-polarization
capability.

1. INTRODUCTION

Composite right/left-handed (CRLH) transmission line (TL) metama-
terials are understood as artificially engineered and structured media
that exhibit some unique electromagnetic properties. They have re-
ceived significant attention and have enabled numerous applications
over the past decade [1-4], especially for the radiated-wave devices.
Various CRLH leaky-wave (LW) antennas have already been studied
and developed based on different techniques [5-9]. They all possess a
full-space beam-steering capability by varying the frequency. Recently,
the novel concept of dual composite right/left-handed (D-CRLH) TL
is introduced by C. Caloz [10]. Compared with CRLH TL, the D-
CRLH TL has more advantages at multi-band application due to its
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characteristic that dispersion curve has three branches in half period-
icity [11,12].

Polarization is an important parameter for antennas. Dual-
polarized antennas are able to change their polarization state
dynamically depending on the requirement [13-15]. They can be used
to mitigate the multipath fading effect encountered in the wireless
communication systems and increase the channel capacity.

In this paper, a novel D-CRLH LW structure is developed for
the dual-polarized antenna application. The proposed antenna can
be mounted on board or other different vehicles providing flexible
radiation directions and polarization states. The D-CRLH feature is
achieved by periodically loading the interdigital slots on the substrate
integrated waveguide surface. The dual-polarization functionality is
obtained by symmetrically aligning two leaky TLs excited by different
inputs. Besides the CRLH LW property, the proposed antenna has a
lower band that can provide the forward LW radiation.

2. PROPOSED STRUCTURE AND WORKING
PRINCIPLE

2.1. Geometrical Layout

The geometric configuration of the proposed LW structure is shown
in Figure 1, where the layout of the unit-cell elements [Figures 1(a)
and (b)] and the prototype of the entire LW structure with its
orientations in the coordinate system [Figure 1(c)] are displayed. As
shown, the unit-cell is surrounded by vias on the two sides which
are connected to a solid metallic ground. The interdigital transverse
slots (X-directed) and longitudinal slots (Y-directed) are etched on
the waveguide surface. Two symmetrical leaky TLs are side by side
arranged as depicted in Figures 1(b) and (c). Each of them carries
15 transverse slots and 15 longitudinal slots which are periodically
etched on the broad wall. These slots behave as radiators providing
two orthogonal linearly polarized radiations. Besides, the two kinds of
slots act like capacitances, which, along with the waveguide inherent
shunt inductance provided by the vias, create the necessary condition
to support the D-CRLH operation. A piece of 50-2 microstrip line
along with a transformer line for impedance matching is placed at
the end of each waveguide to facilitate the outside connection. This
LW structure is fabricated on a substrate of PABM-2 with a thickness
of Imm and a relative permittivity of 2.2. The metallic via holes
are chosen to have a diameter of 0.8 mm and a center-to-center pitch
around 1.5 mm.
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Figure 1. Configurations of the proposed structures. (a) Single
D-CRLH radiating element. (b) Two-element unit-cell of the whole
structure. (c) Overall LW antenna prototype.

Py

2.2. Dual-polarization Capability

The polarization of an electromagnetic wave is defined as the
orientation of the electric-field vector. As shown in Figure 1, the
transverse slot radiates the Y-polarized wave, and the longitudinal
slot provides the X-polarized wave. When the port 1 and port 4 are
illuminated by two equal and in-phase signals simultaneously, the X-
polarized (horizontal direction) wave will be produced for the proposed
LW antenna. Similarly, Y-polarized (vertical direction) wave can be
obtained with two inputs of the same magnitude and 180° out of phase.

2.3. D-CRLH Property

Figure 2 presents the equivalent circuit model for the single D-CRLH
radiating element. The surface and the ground can be modeled
as a two-wire TL with distributed inductance Lr and distributed
capacitance Cr. The vias provide the shunt inductance Lj. The
transverse and longitudinal slots achieve shunt capacitance C; and
series capacitance C9, respectively. Figure 3 shows the dispersion
curve for the single D-CRLH radiating element. The extraction of
the curve is based on the S-parameters from the fast driven-mode
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Figure 2. The equivalent circuit Figure 3. The dispersion dia-
model of the single D-CRLH gram for the single D-CRLH ra-
radiating element. diating element.

Figure 4. The photo of the fabricated hybrid. (Port 1 is excited for
180° out-of-phase operation. Port 4 is the input port for the in-phase
case.).

simulation in HFSS [16]. It is observed that the single D-CRLH
radiating element has three passbands (a left-handed passband and two
right-handed passbands). Therefore, our LW antenna has a frequency
band can provide backward radiation and two frequency bands can
exhibit forward radiations.

3. DUAL-POLARIZED D-CRLH LW ANTENNA

3.1. Design of the Rat-race Hybrid for Excitation

In order to realize the input excitations depicted in Section 2,
a broadband two-section 3-dB rat-race hybrid is designed and
fabricated [17]. The hybrid is fabricated on the Rogers 5880 substrate
with a thickness of 0.254mm and a relative permittivity of 2.2. Its
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Figure 5. Measured performance for the two-section 3-dB rat-race
hybrid. (a) Measured S-parameters for the out-of-phase case. (b)
Measured S-parameters for the in-phase case. (c) Measured phase
performance.

photo is shown in Figure 4. It consists of three vertical A\y/2 and
four horizontal \;/4 lines whose impedances are optimized to have
good wideband matching from 9.7 to 16.1 GHz. Specifically, they are
Zp = 5290, Zy = 74.1Q, Zs = 30.8Q, Z4 = 56.7Q), Z5 = 66.19,
and Zy = 509. Figure 5 shows the measured results for the hybrid,
including magnitude and phase responses for the out-of-phase and
in-phase cases. Over the frequency band from 9.7 to 16.1 GHz,
small reflection (below —10dB), good amplitude imbalance (less than
0.5dB), small phase variation (less than £5°), and large isolation
(better than 26 dB) are achieved.

3.2. Simulated Results

The simulated results of the proposed dual-polarized D-CRLH LW
antenna are exhibited in this Section. To avoid handling large
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structures using HFSS, the hybrid here is not included in the
simulation. For the X-polarization case, two identical signals are
directly applied at port 1 and port 4 [Figure 1(c)], respectively. And
for the Y-polarization case, two signals with 180° out of phase are
directly applied at these two ports, respectively. Figure 6 shows the
several simulated S-parameters. In the frequency bands from 10.08 to
11.73 GHz and from 13.54 to 17.18 GHz, small reflection is achieved.
The simulated gain patterns at three different frequencies in the FE-
plane for the X-polarization case and in the H-plane for the Y-
polarization case are shown in Figures 7 and 8, respectively. The
antenna provides forward radiations at 10.1 GHz, 15.9 GHz, 16.4 GHz,
backward radiations at 13.9 GHz, 14.4 GHz, broadside radiation at
14.9 GHz, which is consistent with the analysis in Section 2.

S-Parameters (dB)
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Frequency (GHz)

Figure 6. Several simulated S-parameters of the dual-polarized D-
CRLH LW antenna.
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Figure 7. Simulated gain pat- Figure 8. Simulated gain pat-
terns in the xz-z plane (scan- terns in the z-z plane (scanning
ning plane) for the X-polarization  plane) for the Y-polarization case.
case.
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Figure 9. The prototype of the dual-polarized D-CRLH LW antenna
(cascading the rat-race hybrid and the two-element LW structure).
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Figure 10. Measured S- Figure 11. Measured S-

parameters of the dual-polarized parameters of the dual-polarized
D-CRLH LW antenna for the X- D-CRLH LW antenna for the Y-
polarization case. polarization case.

3.3. Measured Results

To measure the proposed dual-polarized D-CRLH LW antenna
performance, we cascaded the fabricated rat-race hybrid and the two-
element LW structure as the prototype shown in Figure 9. When the
whole structure is fed at port 4, the antenna radiates X-polarized wave.
Similarly, the Y-polarized wave can be obtained by feeding at port 1.
The measured S-parameters for the X-polarization case and for the
Y-polarization case are shown in Figures 10 and 11, respectively. In
the interested frequency bands, small reflection and large isolation are
achieved. The measured gain patterns for these two polarization cases
are exhibited in Figures 12 and 13, respectively. A new forward LW
radiation is obtained at a lower frequency (10.1 GHz) besides the CRLH
scanning capability (backward LW radiations at 13.9 GHz, 14.4 GHz,
forward LW radiations at 15.9 GHz, 16.4 GHz, broadside LW radiation
at 14.9 GHz), which is consistent with the simulation.
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Figure 12. Measured gain
patterns in the E-plane for the X-
polarization case.
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Figure 13. Measured gain
patterns in the H-plane for the Y-
polarization case.

4. CONCLUSION

In this paper, we have implemented a D-CRLH leaky TL structure
used for dual-polarized antenna application. It is a low-loss passive
component which can be realized on a planar substrate by a low-cost
printed-circuit board process. Depending on the input excitation, it
can support horizontal polarization and vertical polarization states.
Besides the CRLH LW property, the proposed antenna has a lower
band can provide the forward LW radiation.
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