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Communication
Compact Dual-Polarized Cross-Slot Antenna With Colocated Feeding

Xu Qin and Yue Li

Abstract— In this communication, a dual-polarized cross-slot antenna
is proposed with a relative small dimension. Orthogonal polarizations
with high port isolation are provided by the cross-slot structure. A dual-
mode colocated feeding network is properly integrated with the cross
slot, without occupying extra area. Therefore, the overall dimension of
the proposed antenna is only 0.293λ0× 0.293λ0× 0.008λ0 (λ0 is the free
space wavelength at center frequency). A prototype is fabricated and
measured to prove the design strategy. In such a compact antenna volume,
the −10 dB impedance bandwidths for both orthogonal polarizations are
over 6%, with the port isolation better than 30 dB and radiation efficiency
over 68%, exhibiting potential applications in space-limited systems, such
as access points and portable base stations.

Index Terms— Antenna diversity, antenna feed, compact dimension,
cross slot, dual polarized antenna.

I. INTRODUCTION

With the rapid development of wireless communications, the dual-
polarization antenna is now widely applied in multiple-input multiple-
output (MIMO) and diversity systems with the merit of high spectrum
efficiency. Compact antenna dimension is usually required in small
base stations and portable devices. Therefore, designing a dual-
polarized antenna with both small dimension and high port isolation
is attractive but challenging.

Different kinds of dual-polarized antennas have been introduced
and validated in recent literatures. Cross dipoles [1]–[7], microstrip
antennas [8]–[13], and slot antennas [14]–[21] have been widely used
in dual-polarized antenna design. Cross dipoles usually have simple
structure, and microstrip antennas are adopted for their low profile,
while bidirectional radiation is usually achieved in slot antennas.
To increase the isolation between ports, several methods have been
presented. Antennas in [5]–[7] use differentially fed dipoles to realize
high isolation. Properly designed feeding structures, such as air
bridge [22]–[24] and aperture coupling [25], [26], are adopted to
achieve a satisfying isolation better than 30 dB. Generally, the isola-
tion between two ports decreases as the size of the antenna shrinks.
Antennas in [27] and [28] achieved a relatively small volume, but the
isolation is approximately 21.3 dB [27] and 23 dB [28]. Slot antennas
are feasible solutions in compacting dimensions while maintaining
high isolation. Rectangle slot [14]–[16], triangle slot [17], and circle
slot [18] perform satisfactorily in realizing two orthogonal polar-
izations with high port isolation. Cross slots also depict acceptable
characteristics in [19]–[21]. In those designs, the feeding structure
occupies extra space, increasing the overall area of the antenna.
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Fig. 1. Geometry and dimensions of the proposed antenna. (a) Back, (b) front,
and (c) perspective views.

In this communication, a compact dual-polarized cross-slot antenna
is proposed. The antenna is based on a single layer of substrate, and
employs a simple colocated feeding structure. The cross slot, as the
main radiating aperture, provides two orthogonal polarizations. The
antenna is excited by the coplanar waveguide (CPW) collocated with
the slot. Therefore, the feeding structure occupies no extra space in
this design, and the overall dimensions of the antenna are reduced.
By integrating the feeding network and radiating aperture, the size
of the antenna is compacted to 0.293λ0× 0.293λ0× 0.008λ0, with a
high port isolation of 30 dB.

II. ANTENNA DESIGN

Fig. 1 presents the general structure of the proposed dual-polarized
cross-slot antenna excited by the colocated CPW feeding network.
The antenna is fabricated on a FR4 substrate with a relative permit-
tivity of 4.0 and loss tangent of 0.02. The thickness of the substrate is
1 mm. Fig. 1(a) shows the structure of the L-shaped microstrip line on
the back side of the substrate. The metal on the front side serves as the
ground plane of the microstrip line. A small portion of the substrate
is cut for the convenience of soldering the connectors to excite the
microstrip line. As plotted in Fig. 1(b), the cross slot is positioned
on the front side of the substrate to operate as the radiating aperture.
The CPW is collocated with the vertical slot. The orthogonal slots
are with the same dimensions of w1 × L1, supporting the horizontal
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Fig. 2. (a)–(c) Evolution of the proposed dual-polarized antenna. (d) Per-
spective view of the air bridge.

and vertical polarizations, respectively. In this way, dual polarizations
are achieved within single layer of substrate without occupying extra
area to arrange the CPW feeding.

It is known that there are orthogonal modes supported in CPW [14].
The mode with symmetric electric field distribution is noted as the
even mode, while the odd mode has asymmetric electric field distrib-
ution. The two modes have orthogonal electric field distributions with
high isolation. Fig. 2 illustrates the design evolution of the proposed
dual-polarized antenna fed by the collocated CPW feeding structure.
First, in Fig. 2(a), the single horizontal slot is excited by the CPW.
The CPW operates at its normal even mode, and transmits energy to
the horizontal slot to excite the vertical polarization. Then, as shown
in Fig. 2(b), the vertical slot is adopted to support the horizontal
polarization. The microstrip line on the back side couples the energy
to the CPW and excites the odd mode, which excites the horizontal
polarization in the vertical slot. The field distributions of vertical
polarization and horizontal polarization are depicted in Fig. 3(a) and
(b). The odd mode in the CPW is with an identical electric field
distribution similiar to the one inside the vertical slot, and the inner
conductor of the CPW is an equipotential body that has no influence
on the slot mode. Therefore, the CPW also serves as a portion of
radiating aperture supporting the horizontal polarization. Because
of the orthogonality of the dual modes inside the CPW, the two
polarizations are with high isolation. As shown in Fig. 3(c) and (d),
the two polarizations excited by orthogonal modes of the CPW also
have orthogonal electric field distributions in the CPW, and therefore,
have little influence on each other. Finally, air bridges are introduced
in Fig. 2(c). Due to the presence of CPW, the vertical slot has an
open end at the bottom. For this reason, the air bridges connecting
the outer conductor of the CPW are utilized to “close” the vertical
slot, as shown in Fig. 2(d). When CPW is at the even mode, the air
bridges are with no influence because the outer conductor on both
side of the CPW has the same electric potential. When the odd mode
of the CPW is excited, the air bridges can provide shorting boundary
for the vertical slot. As mentioned above, the CPW is used as the
feeding structure of the dual polarizations and the radiating aperture

Fig. 3. Vector electric field distributions of the two orthogonal polarizations.
(a) Vertical polarization in the slot. (b) Horizontal polarization in the slot.
(c) Vertical polarization in the CPW. (d) Horizontal polarization in the CPW.

Fig. 4. Current distributions of the two polarizations at 2.5 GHz, excited by
(a) Port1. (b) Port2.

simultaneously. By adopting the collocated CPW feeding structure,
the antenna can be integrated in a compact area.

The proposed design is optimized using the finite element method
solver of Ansoft high-frequency structure simulator (HFSS). The
length of the horizontal slot L1 determines the resonant frequency of
the vertical polarization, while L2 and the position of the air bridges
determine the resonant frequency of the horizontal polarization.
By adjusting the position of the air bridges, the two slots have the
same length and work in the same frequency. It is seen in Fig. 4
that the cross slot is working with the orthogonal polarizations at
2.5 GHz. The microstrip line on the back side and the CPW on the
front side have characteristic impedance of 50 �. The parameters L7
and L8 are tuned for impedance matching of Port2, and the length
of L3 has significant impact on the matching performance of Port1,
as shown in Fig. 5. Detailed parameters are listed in Table I.

III. EXPERIMENTAL RESULTS

A prototype of the proposed antenna was fabricated by the standard
printed circuits board (PCB) technique. And the prototype is also
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Fig. 5. Simulated S11 with different values of L3.

TABLE I

DETAILED DIMENSIONS (UNIT: mm)

Fig. 6. (a) Front and (b) back views of the fabricated prototype.

measured to verify the design based on the optimized dimensions
in Table I. Fig. 6 shows the front and the back views of the
prototype. Two 50 � coaxial cables were used to excite the proposed
dual-polarized antenna. The S-parameters and the radiation patterns
were measured by a vector network analyzer (Agilent E5071B) and
the far-field anechoic chamber (ETS-LindgrenAMS8500), respec-
tively. Fig. 7 shows the simulated and measured S-parameters of
the prototype, the measured and simulated results agree with each
other fairly well. The simulated −10 dB impedance bandwidths are
2.44–2.60 GHz for Port1 and 2.44–2.59 GHz for Port2. While in
the experiment, the measured −10 dB impedance bandwidths are
2.44–2.59 GHz for Port1 and 2.44–2.60 GHz[bad break] for Port2.
The simulated isolation between the two feeding ports is better than
27 dB, and the measured result is better than 30 dB. The slight differ-
ence between the simulated and measured results could come from

Fig. 7. Simulated and measured S-parameters of the proposed dual-polarized
antenna and the fabricated prototype.

Fig. 8. Simulated and measured realized gain of the two feeding ports of
the prototype.

Fig. 9. Simulated and measured radiation efficiency of the two feeding ports
of the prototype.

the measurement error, manufacturing discrepancy or fluctuations in
the permittivity of the substrate.

The radiation patterns of the two ports were measured, respectively,
with the other port matching with a 50 � load. Figs. 8 and 9
present the realized gains and the efficiencies of the proposed antenna.
It can be seen from Fig. 8 that the measured realized gains are
higher than 2.41 dBi, and the simulated realized gains are over
2.36 dBi. In Fig. 9, the measured radiation efficiencies are above
68%, while the simulated results are higher than 75%. The simulated
and measured normalized radiation patterns at 2.5 GHz are presented
in Fig. 10. Fig. 10(a) and (b) shows the radiation patterns in E-plane
and H-plane for Port1, and Fig. 10(c) and (d) depicts the ones for
Port2. The measured and simulated copolarization patterns agree
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Fig. 10. Simulated and measured normalized radiation pattern of the proposed
antenna fed by (a) Port1 in E-plane, (b) Port1 in H-plane, (c) Port2 in E-plane,
and (d) Port2 in H-plane at 2.5 GHz.

TABLE II

COMPARISON BETWEEN THE PROPOSED ANTENNA

AND PREVIOUS WORKS

with each other well for both Port1 and Port2. The simulated cross-
polarization levels are below −26 dB in both E-plane and H-plane
compared with the copolarization, and the measured results achieve
the cross-polarization levels of lower than −20 dB in the main
radiation direction. The total integration of the two patterns is near
zero, implying uncorrelation between the two polarizations.

Table II demonstrates the comparison between the proposed
antenna and previous dual-polarization antenna designs based on
single layer substrate. The items of the comparison include total
antenna size, bandwidth, and isolation between two ports. As the
table shows, even though the bandwidth of the proposed design is not
as wide as the previous designs, the total dimension of the proposed

antenna is much smaller. As we can see, this proposed antenna has
an advantage in size.

It needs to be clarified that the proposed design is different from the
design in [14], in which the feeding structure and the radiating aper-
ture are apart from each other. Therefore, some area is occupied by
the feeding structure. In the proposed antenna, the feeding structure
is integrated with the radiating aperture by proper design, without
occupying extra area or deteriorating in isolation. And the total
dimension is reduced by applying the colocated feeding structure.

IV. CONCLUSION

This communication presents a compact dual-polarized antenna
based on a single-layer substrate. The colocated feeding structure
is applied to compact the total dimensions of the antenna. Two
orthogonal polarizations provided by the cross slot are excited by two
orthogonal modes in the CPW, respectively. The feeding network is
integrated with the dual-polarized cross slot and the ports isolation
remains high. Due to the proper design of the feeding structure, high
isolation is realized without occupying extra area. Finally, impedance
bandwidth of 6% and ports isolation of 30 dB can be achieved
with a small size of 0.293λ0× 0.293λ0× 0.008λ0. The proposed
antenna with compact size and simple structure is with potential in
space-limited devices for wireless communication applications such
as WiFi.
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