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MHz in regular corners and 36.7 ns in chaflanes. For NLoS, DS was
around 60 ns in both environments, ant it was greater than for LoS in
more than 15 ns for 450 MHz (50% increment), and 30 ns for 2400
MHz (100% increment).

Frequency correlation was higher in chaflanes than in regular street
corners. In the regular corner, for LoS and NLoS, correlation was (0.8
and 0.7, respectively, and in chaflanes, it was 0.9 and 0.75, respectively.
This meant that correlation was 10% higher in chaflanes for LoS, and
a 5% higher for NLoS. In general, correlation decreased when the dis-
tance in frequency was increased.

Tapped delay line models were obtained at the four frequencies in
regular corners and in chaflanes and for LoS and NLoS. For LoS, the
maximum delay was around 200 ns in regular corners and 190 ns in
chaflanes. And for NLoS, the maximum delay was around 330 ns in
regular corners and 350 ns in chaflanes.

Finally, coherence bandwidth was analyzed in the two environments.
For LoS, the coherence bandwidth was bigger in chaflanes than in reg-
ular corners. It was also observed that it grew as frequency increased,
and this increment was greater in chaflanes. For NLoS the bandwidth
remained steady around 4 MHz, and it decreased slightly with fre-
quency.
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Low-Cost Dual-Polarized Printed Array
With Broad Bandwidth

S. Gao and A. Sambell

Abstract—This paper presents a novel design of low-cost broad-band
dual-polarized microstrip arrays. The antenna uses the slot-coupled feed
for one polarization, while the microstrip line feed with slotted ground
plane is used for the other polarization. It can make good use of the space
on both sides of the ground plane, as the feed circuits for two orthogonal
polarizations are placed on each side of the ground plane, respectively.
The prototype four-element array designed at C band yields a bandwidth
of more than 14% at both ports, and isolation below —30 dB. Good
broadside radiation patterns are observed, and the cross-polar levels are
below —20 dB at both E- and H -planes.

Index Terms—Arrays, broad-band antenna, dual-polarized antennas,
microstrip antennas, printed antennas.

I. INTRODUCTION

The issue of designing broad-band dual-polarized microstrip an-
tennas has been of considerable interest, and a number of designs have
been reported. A dual-polarized antenna can be realized by feeding
the patch at two orthogonal edges, through edge-feed or probe feed
[1]. Dual-polarized slot-coupled microstrip antenna is first reported in
[2] which uses dual offset slots, and achieves isolation of 18 dB. The
slot-coupled structure is particularly interesting due to its important
advantage of easy integration with active circuits.

Two key concerns in broad-band dual-polarized microstrip antennas
designs include the isolation and the bandwidth. To achieve high iso-
lation between two input ports, the antenna in [3] uses dual narrow
rectangular slots arranged in “T" configuration and isolation of 34 dB
is reported. Dual U-shaped slots are used in [4], where it achieves a
bandwidth of 10% and 38 dB isolation. Dual H-shaped slots are ap-
plied in [5]-[7], while the modified H-slot is reported in [8] and high
isolation of 34 dB is achieved. The use of crossed slots is reported in
[9]1-[12], and multiple slots are used in [8], [13]-[15]. It is noted in
[8], [11], [13]-[15], a relatively complicated feed network is needed to
achieve high isolation. Other methods of improving isolation charac-
teristics include the use of hybrid feeds [16], [17], and the use of two
separate gridded patches [18].

To broaden the bandwidth of dual-polarized microstrip antenna, var-
ious techniques are also reported, which include the use of parasitic
patches arranged in stacked or co-planar configuration [1], [6], [7],
[12]-[14], [18], resonant or near-resonant slot [5], [8], L-probe feed
[16], capacitively coupled feed [17], and a combination of the above
methods. Broad-band proximity-coupled microstrip antennas using an
H-slot in the ground is reported in [19] recently,

In most of the previous designs, two feed network circuits for each
polarization are placed on the same layer. However, it is very difficult
to find enough space to accommodate two sets of feed networks on the
same layer, when dual-polarized arrays or polarization-switching ar-
rays are to be designed. Strong coupling between feed lines will occur
if there is not enough space between them. The problem of limited
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Fig. 1. Configuration of the dual-polarized array.

space will become even more serious if we wish to integrate active
(amplifiers, mixers, oscillators) and passive circuits (phase shifters, fil-
ters) into the feed network circuits for each polarization. To overcome
this problem, we may put the feed networks on different layers under
the ground plane [20]. However, this will lead to crossovers between
feed lines on each layer, and strong coupling between them may occur,
which lead to the deterioration of antenna performances.

In this paper, we propose a novel design of broad-band dual-polar-
ized microstrip array antennas. It uses the slot-coupled feed for one
polarization, while the microstrip line feed with slotted ground plane
is used for the other polarization. The array antenna can make good
use of the space on both sides of the ground plane, as the feed circuits
for two orthogonal polarizations are placed on each side of the ground
plane, respectively.

II. ANTENNA DESIGN

Fig. I shows the configuration of the four-element array antenna. It
consists of three dielectric substrates (substrate 1, 2 and 3) and an air
gap layer with a thickness of hq. Four patches are etched on the back
of substrate 1, which serves as a radome for protection. At port 1, the
slot coupling is used and the feed circuits are below the ground plane.
At port 2, the patch is fed by the microstrip line through proximity
coupling. For enhancing the coupling between the patch and feed line,
a slot is cut in the ground plane below the feed line at port 2. As shown
in Fig. 1(b), four rectangular patches are arranged in a square array. For
achieving high isolation between two input ports, two H-shaped shots
are arranged in “T"" configuration under each patch element, as shown
in Fig. 1(b) and (c). The H slot is defined by the parameters lal, la2,
wal, and wa2, A corporate feed network is designed to divide the power

{below ground)
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Fig. 3. Measured results of return loss at two ports.

equally into each element in the array. Two orthogonal polarizations are
produced from port 1 and 2, respectively.

The antenna design is achieved by tuning the length of width of
the patch, the dimensions of slots, the thickness of air gap, and the
open stub length. The simulation results are obtained by using “En-
semble” from Ansoft Corporation, which is based on the method of
moment. The array designed at C band has the following parameters:
L =14mm W = 13mm, hg = 3.2 mm, d, = d, = 37 mm.
Port 1: lal = 8§ mm, [62 = 1 mm, wal = 1 mm, wa2 = 26 mm,
dsl = 2.5 mm; Port 2: lal = 6 mm, la2 = 1 mm, wal = 1 mm,
wa2 = 2.4mm.FR4PCB’s (s = 4.4, h = 1.6 mm) are used for sub-
strates 1, 2,and 3, which leads to a low cost. Plastic supporters having a
height of 3.2 mm are used to realize the air gap. Fig. 2 gives the photos
of the antenna viewed from the back and the front, respectively. Note
that in the feed network we used the Wilkinson power dividers instead
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Fig. 5. Radiation patterns at 5.8 GHz for port 1 of the array.

of simple microstrip T-junction, as the Wilkinson power dividers have

better impedance matching characteristics.

III. RESULTS AND DISCUSSIONS

Fig. 3, gives the results of measured return loss at two ports. As we
can see, the return loss is below —10 dB for port 1 within the frequency
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Fig. 6. Radiation patterns at 5.8 GHz for port 2 of the array.
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Fig. 7. Measured gain of the array versus frequency.

range between 5.13 and 6.12 GHz, corresponding to a bandwidth of
18%. At port 2, the return loss is below — 10 dB within the frequency
range between 5.45 and 6.28 GHz, which corresponds to a bandwidth
of 14%. The results of measured isolation between two ports are given
in Fig. 4. It is seen the isolation is below —30 dB within the frequency
range 5.1 GHz-6.3 GHz.
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Fig. 5 gives the measured radiation patterns of the array excited at
port 1 at 5.8 GHz, and the measured radiation patterns of the array ex-
cited at port 2 at 5.8 GHz are given in Fig. 6. Broadside radiation pat-
terns are observed at both E- and H -planes, and the cross-polar levels
are below —20 dB within the half space above the ground plane. The
backward radiation is below —14.5 dB. The array is also measured at
two ports at several other frequencies, and it is observed that radiation
patterns are stable across the frequency bandwidth 5.13-6.12 GHz for
portl, and the frequency bandwidth 5.45-6.28 GHz for port 2, respec-
tively.

Finally, the antenna gain is measured and the measured results are
shown in Fig. 7. As we can see, the maximum gain is 12.7 dBi at 5.9
GHz for port 1, and 13.0 dBi at 5.6 GHz for port 2, respectively. The
gain variation within the bandwidth is less than 2 dBi. The antenna
efficiency is about 76%.

IV. CONCLUSION

A novel design of low-cost broad-band dual-polarized microstrip
array antennas is presented. It uses the slot-coupled feed for one po-
larization, while the microstrip line feed with slotted ground plane is
used for the other polarization. The array antenna can make good use of
the space on both sides of the ground plane, as the feed circuits for two
orthogonal polarizations are placed on each side of the ground plane,
respectively. The prototype four-element array antenna designed at C
band yields a bandwidth over 14% at both ports, and isolation below
—30 dB is obtained. The cross-polar levels are below —20 dB at both
E-and H-panes. The array is simple in structure, easy to fabricate, and
low in lost. The findings are promising for RFID, mobile communica-
tion base station, and satellite communication applications.
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Modified Aperture Coupled Microstrip Antenna

Qinjiang Rao and Ronald H. Johnston

Abstract—This paper proposes a class of cavity-backed aperture coupled
microstrip antennas and relevant design procedures. In the proposed struc-
ture, the radiating patch and the microstrip feed line are both fabricated
on the top of a substrate, a coupling slot is etched on the bottom of the
substrate, and a back-cavity is employed to block back radiation from the
slot. The proposed antenna structures have potential for the implementa-
tion of lower profile and compact antenna size. Simulations and measure-
ments show that the proposed antennas can operate at multiple frequencies
with very good the ratio of front-back radiation and very low cross-polar-
ized radiation.

Index Terms—Aperture coupled microstrip antenna (ACMSA), cross
and co-polarized radiation, ratio of front-back radiation.

I. INTRODUCTION

A conventional aperture coupled microstrip antenna (ACMSA) con-
sists of two substrate layers separated by a ground plane. The radi-
ating patch on the top substrate is fed through the coupling slot cut in
the ground plane by a microstrip feed line lying on the bottom of the
lower substrate. The ACMSA has many attractive features [1]-[7], one
is more degrees of freedom for adjusting the antenna impedance and
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