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Abstract—This communication proposes a dual-polarized slot antenna
array, which is able to expand two-dimensionally (2-D), using only one
layer of substrate board. Two identical coplanar waveguide (CPW) series-fed slot arrays are positioned orthogonally, providing dual polarization with high port isolation. The overall array is arranged on both sides
of a single substrate, achieving low cost in fabrication. To validate the
design concept, a model of the proposed array is built for the 2.4-GHz
wireless local area network (WLAN) application. We have measured
S parameters, radiation patterns and gain, and compared them with the
simulation results.
Index Terms—Antenna arrays, antenna array feeds, antenna diversity,
slot antenna.

I. INTRODUCTION
For modern wireless communication, dual-polarization antenna systems are widely developed for their merits of increasing channel capacity and mitigating multi-path fading. For dual-polarized operations,
orthogonal modes are provided by patches [1], cross dipoles [2], slots
[3], [4] and loops [5]. The port isolation and the feeding structure are
two important considerations. Moreover, in order to compensate for
the path loss during long distance communication, a dual-polarized
array with high gain is preferred. In recent literatures, different types of
dual-polarized arrays with high port isolation are reported [6]–[10]. In
[6], a dual polarized patch array is proposed for adaptive beam steering.
Similar designs are also presented in [7]–[10] with different orthogonal
feeding structures. In these designs, the overall array needs multiple
substrate layers for the radiating apertures and the feeding structure.
The feeding lines are distributed around the radiating apertures, making
it difficult to design a larger-scaled array with more elements.
In this communication, a 2-D scalable dual-polarized series fed
slot array is proposed. Two identical single polarized CPW-fed slot
arrays are arranged orthogonally on both sides of a single substrate,
by employing CPW-based crossovers. For this dual-polarized array
topology, high port isolation and low cross-polarization are achieved.
We have built such an array at 2.4-GHz WLAN band to prove the
design strategy. The measured results are also discussed, including S
parameters, radiation patterns and gain.
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Fig. 1. Geometry the proposed array.

Fig. 2. Detailed view of element connection and CPW-based crossover.

II. DUAL-POLARIZED SLOT ARRAY DESIGN
Fig. 1 shows the geometry of the proposed CPW-based series-fed
dual-polarized array, which is supported by a 1 mm thick layer of Teflon
. The proposed array consists of
substrate
two identical single-polarized arrays. The vertical polarized array is
arranged in the front (red color area), and another identical array providing horizontal polarization is arranged at the back (blue color area).
For the vertical polarized array, each column of elements along z-axis
is series-fed by CPW, and all the z-direction columns are fed by the
power divider. The elements of the horizontal polarized array are arranged in the space between the vertical polarized elements, and fed by
the same method. As shown in Fig. 2, the overlapping parts at the front
and back are connected by a series of vias. As a result, the overall array,
including the radiating apertures and the feeding network, is connected
together, using a single substrate. A detailed view of the cross-part is
also shown in Fig. 2, and we call it the CPW-based crossover. Thus,
the proposed antenna array is composed of slot elements, CPW feeds
and CPW-based crossovers. The proposed antenna array operates with
bi-directional radiation pattern, which are employed in the base station
and relay networks [11], [12]. By adding a reflector, the unidirectional
radiation pattern can be achieved [13], [14]. The performance of the
proposed array is illustrated in the following section.
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Fig. 5. Geometry of the CPW-based series-fed slot array.

Fig. 3. Geometry and dimension of CPW-fed slot element.

Fig. 6. Geometry and dimensions of the CPW-fed crossover.

Fig. 4. Simulated S parameters of the CPW-fed slot element.
TABLE I
DETAILED DIMENSIONS OF ELEMENTS (UNIT: mm)

A. CPW-Fed Slot Element Design
In this part, we will examine the performance of the CPW-fed slot
element. The slot is cut on the outer conductor of the CPW transmission line. In order to excite a series-fed slot array, the traveling wave is
required on the CPW transmission line. As shown in Fig. 3, the length
is 61.5 mm, approximately half the wavelength
of
on the substrate at 2.4 GHz. Therefore, a virtual short boundary condition appears at the position of the slot. However, due to space limitation, the H-shaped slot is used and folded at the end. The proposed
H-shaped slot element is fed through Port 1. The values of each parameter are optimized by using the Ansoft High-Frequency Structure
Simulator (HFSS) software. The detailed values are listed in Table I.
The size of the ground has little effect on the performance of the slot.
For a large scaled series-fed array design, the radiated energy of each
element must be controlled according to the gain specification. For this
design, the simulated optimized S parameters of the slot element are
shown in Fig. 4. In the WLAN band of 2.4–2.48 GHz, the reflection
dB to
dB and the S21
coefficient (S11) fluctuates from
dB to
dB.
fluctuates from
B. Series-Fed CPW-Based Slot Array
Based on the CPW-based slot element, we have built a series-fed
array, as shown in Fig. 5. The distance between two adjacent slot element centers is 92 mm, which is one guided wavelength of CPW at 2.4
GHz on the substrate, also 0.736 wavelengths in the free space. The

other dimensions of the slots use the values of Table I. When the antenna array operates at the frequency near 2.4 GHz, all the slot elements
are fed with equal amplitude and equal phase, which can be treated
as a standing-wave array. Broadside radiation pattern is achieved at
this frequency. In the theory of periodic leaky-wave antennas, operating at this frequency corresponds to operating at the “open stopband”
point, where the attenuation constant is zero. For an infinitely long
structure, this would also correspond to operating at a point where the
input impedance becomes purely reactive, and hence no power can be
fed into the structure. However, for a finite-length structure, operating
at this frequency corresponds to practical broadside radiation, and an
input match is easily achievable at this frequency for this structure, just
as it is with other types of standing-wave arrays such as waveguide-fed
slot arrays. As the frequency is changed from the broadside frequency
the beam will begin to scan, and the antenna will then operate as a
leaky-wave antenna. The input match will change rapidly as the frequency is scanned through broadside however, as is typical with most
periodic leaky-wave antennas (unless the leaky-wave antenna has been
specifically designed to allow for smooth scanning through broadside,
by using metamaterial concepts or other methods). A leaky-wave antenna typically requires a load at the end to absorb the remaining (nonradiated) power, while a standing-wave array requires no load at the
end. Although the structure here could easily be designed to operate as
a leaky-wave antenna radiating at some arbitrary specified beam angle
by including a load at the end and changing the frequency, this is not
the subject of the present investigation. The focus here is on broadside
radiation, with the structure operating as a standing-wave array.
C. CPW-Based Crossover Design
The leaky slot elements are connected by the CPW-based crossover,
which is shown in Fig. 6. The red and blue areas are the front and back
of the substrate board, with an overlap area, and connected by four lines
is 4 mm. The diameter of the
of vias. The width of the overlap part
is 1 mm and pitch
between vias is 2 mm. The value of
vias
is 25 mm. The simulated S parameters are shown in Fig. 7. In the
band of 2.4–2.48 GHz, the reflection coefficient (S11) is lower than
dB. The transmission coefficient (S21) is higher than
dB.
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Fig. 7. Simulated S parameters of the CPW-based crossover.

Fig. 10. Measured and simulated S11 and S21 of the proposed array.

Fig. 8. Simulated S parameters of the CPW-based crossover without vias.

Fig. 11. Simulated and measured ports isolation, Port 1 with (a) Port 3, 4, 5;
(b) Port 6, 7, 8.
Fig. 9. Photograph of the proposed array.

III. EXPERIMENTAL RESULTS
For the ports isolation, S31 and S41 are both lower than
dB. From
the results, we can see that good performance is achieved by using the
proposed CPW-based crossover.
For slot antenna array, each piece of ground should be connected
by vias to provide equal electric potential for each slot. We also examine the CPW-based crossover without using the vias. The simulated S parameters are shown in Fig. 8. Comparing with the results in
Fig. 9, the reflection coefficient increases and the transmission coefficient decreases.

To validate the design concept, a prototype of the proposed dual-polarized array is built and measured. Fig. 9 shows a 12-element array
with a 3 2-element for each polarization. The dimensions of each
element use the values listed in Table I. The distance between two adjacent element centers is 92 mm, for both z and y directions. This value
is one wavelength of CPW at 2.4 GHz on the substrate. Therefore, all
elements are excited in-phase by the CPW transmission line.
The measured S parameters are shown in Figs. 10 and 11, which
agree well with the simulated results. The antenna array is fed though
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Fig. 12. Simulated and measured normalized radiation pattern of the proposed
array at 2.4 GHz, (a) xy-plane, (b) xz-plane.

port 1 and loaded at other ports. As shown in Fig. 10, in the band of
dB and the
2.4–2.48 GHz, the reflection coefficient is lower than
dB to
dB. For the port isotransmission coefficient is from
dB in the WLAN
lation, as illustrated in Fig. 11, all are lower than
band.
For this prototype, a 1-to-2 power divider (shown in Fig. 11) is
employed to feed the array through Port 1 and Port 3 in the radiation
pattern measurement. In the band of 2.4–2.48 GHz, the transmission
dB and the recoefficient of the power divider is better than
dB. The measured normalized
flection coefficient is lower than
radiation patterns in xy-plane and xz-plane at 2.4 GHz are shown
in Fig. 12(a) and (b). Bidirectional patterns are achieved with the
sidelobe level lower than 10 dB. In xy-plane, the 3-dB beam width is
and
directions. In xz-plane, the 3-dB beam width is
40 along
and
directions. The cross-polarization level is 16 dB
20 along
lower than the co-polarization one. The measured results agree well
with the simulated ones.
At 2.4 GHz, the simulated directivity, gain and realized gain of the
3 2-element array for each polarization are 11.54 dBi, 11.44 dBi,
and 6.35 dBi, respectively. The radiation efficiency is only 30.3% accounting for the input mismatch. This could be improved by using
a matching network, but this was not done here. This is due to the
open-stop band effect of the series-fed array. The radiation efficiency
that does not include the mismatch (and only accounts for the dielectric
and conductor loss) is 97.7%. The measured realized gain at 2.4 GHz
is 6.05 dBi, which agrees well with the simulated one.
IV. CONCLUSION
In this communication, we have presented a 2-D scalable dual-polarized series-fed slot array. This structure is similar to a leaky-wave
antenna, but it operates as a standing-wave array so that broadside radiation is easily achievable and there is no need for a load at the end of
structure. Compared with previous dual-polarized array design, there
are three advantages obtained from the proposed array simultaneously.
The first is that the proposed array can expand along two orthogonal directions, without introducing any complexity of the dual-polarization
feed. The second is that only one layer of substrate board is used for
radiating apertures and feeding network, making the overall dual-polarized array low cost. The third is that the horizontal polarized array
is properly arranged in the space of the vertical polarized array by
employing CPW-based crossovers, making the overall dual-polarized
array compact with good port isolation.
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