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Abstract—A novel dual-polarized patch antenna for ultra-wide-
band (UWB) applications is presented. The antenna consists of a
square patch and four capacitively coupled feeds to enhance the
impedance bandwidth. Each feed is formed by a vertical isosceles
trapezoidal patch and a horizontal isosceles triangular patch. The
four feeds are connected to the microstrip lines that are printed
on the bottom layer of the grounded FR4 substrate. Two tapered
baluns are utilized to excite the antenna to achieve high isolation
between the ports and reduce the cross-polarization levels. In order
to increase the antenna gain and reduce the backward radiation,
a compact surface mounted cavity is integrated with the antenna.
The antenna prototype has achieved an impedance bandwidth of
112% at (|S11| < —10 dB) whereas the coupling between the
two ports is below —28 dB across the operating frequency range.
The measured antenna gain varies from 3.91 to 10.2 dBi for port 1
and from 3.38 to 9.21 dBi for port 2, with a 3-dB gain bandwidth
of 107%.

Index Terms—Capacitively coupled feed, dual-polarized an-
tenna, patch antenna, surface mounted cavity, UWB antenna.

I. INTRODUCTION

WB communication system has attracted increasing
attention due to its advantages of high speed data rate and
low spectral power density, since the Federal Communications
Commission (FCC) first approved the frequency range from
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3.1 to 10.6 GHz for commercial UWB applications in 2002
[1]. This has increased the demands on the UWB systems
and subsequently to stimulate the research activities in var-
ious UWB antenna designs [2], [3]. Moreover, dual-polarized
UWB antennas are more attractive compared with linearly
polarized antennas, as the channel capacity is significantly
enhanced due to the polarization diversity technique. The
performance of imaging/radar systems can also be improved
by employing dual-polarized UWB antennas [4], [5]. Chal-
lenges of dual-polarized UWB antenna designs include wide
impedance matching, high isolation between two polarization
ports, low cross-polarization, stable radiation performance
across the wide bandwidth, and low-cost.

Microstrip patch antennas have been widely applied in
wireless communication systems mainly owing to their charac-
teristics of low-profile, low-cost and easy fabrication. However,
a single-layer patch antenna usually operates over a limited
frequency range only which can't satisfy the bandwidth require-
ments for UWB applications. Consequently, several techniques
have been proposed in the literature to extend the bandwidth
of dual-polarized patch antennas. For example, one typical
technique is the use of various probe-fed mechanisms, such
as printed I'-shaped probe [6], L-shaped probe [7], [8], me-
andered-line probe [9] and hook-shaped probe [10]. Another
approach is to employ stacked patches with capacitive-probe
feed [11], proximity feed [12] and aperture-coupled feed
[13]-[17]. Alternatively, the bandwidth can be increased by em-
bedding slots in the patch [18]—[20]. Other techniques include
the hybrid feed technique such as L-shaped probe & aper-
ture-coupled feed [21], gap-coupled feed & aperture-coupled
feed [22], and meandered strip & aperture-coupled feed [23],
and employing electromagnetic-fed method [24]. Recently,
broadband dual-polarized magneto-electric dipole antennas
with differential-feed have been proposed in [25], [26].

Initially, compared with probe-fed patch antennas [6]-[12],
aperture-coupled stacked-patch antennas [13]-[17] can be
easily integrated with active RF circuits and to achieve high
polarization purity but high backward radiation. To increase
the front-to-back ratio and reduce the backward radiation, a
reflector patch can be employed below the feed to enhance the
desired performance [15]-[17]. Hybrid feed patch antennas can
achieve high isolation and low cross-polarization while two
ports may have different radiation characteristics. In contrast
to hybrid feed method, differential-feed technique has been
utilized in dual-polarized patch antennas as it can enhance the
port isolation and reduce cross-polarization levels as shown in
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[7], [10], [19], [25]. To summarize and compare some of the
state-of-the-art work in wideband dual-polarized patch antenna
designs, Table I lists the performances in terms of operational
bandwidth (BW) and port isolation among the previously
mentioned designs. As can be observed in Table I, a few
dual-polarized patch antennas can achieve over 50% bandwidth
[16], [25] but they are unable to cover the whole UWB band
(3.1-10.6 GHz). Thus, the objective of this work is to design a
low-cost dual-polarized patch antenna which can operate over
3.1-10.6 GHz with high isolation, low cross-polarization levels
and stable radiation patterns.

In this paper, a dual-polarized patch antenna capacitively cou-
pled through four feeds is proposed. Compared with other dual-
polarized patch antennas reported, the bandwidth of the pro-
posed antenna is significantly increased and an impedance band-
width of over 110% is obtained by applying such feeding mech-
anism. In order to realize a differential feed, the dual-polarized
patch antenna is excited by two tapered baluns, thus achieving
a high isolation (better than 28 dB) and the cross-polarization
levels are reduced. Relatively stable radiation patterns and con-
sistent gain performance have been achieved when employing a
surface mounted cavity. After including the cavity, the obtained
3-dB gain bandwidth is as large as 107%. The structure of this
paper will be divided into three sections after the introduction. In
Section II, the proposed antenna structure and step-by-step de-
sign procedures and concepts will be elucidated. Section III is
devoted to describe the simulated and measured results of the
proposed antennas while Section IV is used to draw a conclu-
sion on the findings of this work.

II. ANTENNA GEOMETRY AND DESIGN CONCEPTS

The antenna design procedure starts by designing a single-po-
larized UWB antenna. Fig. 1 presents the configuration of the
proposed single-polarized UWB antenna. The square radiating
patch with a side length of W is supported by a Rohacell foam
of relative permittivity £; = 1.03 and thickness H; = 3 mm,
and capacitively excited by two identical feeds which are sym-
metrically located with respect to the center of the antenna. Each
feed consists of two portions, i.e., the vertical part is an isosceles
trapezoidal patch and the horizontal part is an isosceles trian-
gular patch. The horizontal and vertical patches share the same
length I;. The square ground plane with a size of 60 mm X
60 mm, is printed on the top layer of an FR4 substrate (5 =
4.55, hs = 0.8 mm) and two identical microstrip lines with a
length of [ and a width of w are on the other side. The character-
istic impedance of the microstrip line is designed to be 50 2. A
Rohacell foam with thickness of A1 = 1 mm is inserted between
the ground plane and the bottom side of the capacitively coupled
feed. It will have little effect after removing the foam layer. The
outer ends of the two microstrip lines are connected to the ca-
pacitively coupled feeds by two vias through via holes which
are embedded in the ground plane. Good impedance matching
across a wide frequency range can be obtained by selecting
proper dimensions of the capacitively coupled feeds. To realize
a differential feed which can lead to low cross-polarization and
high isolation, a simple tapered balun [27] which could operate
from 3 to 10 GHz, is utilized to excite the antenna. To achieve
good impedance matching, the characteristic impedance of the
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TABLE I
PERFORMANCE OF DIFFERENT DUAL-POLARIZED PATCH ANTENNAS
BW | Isolatio BW | Isolatio BW | Isolatio
Ref | o) | n@B) | R | o) | nd) | R | @) | n@)
[6] 249 29 [13] | 209 36 [20] 31 35
[7] 23.8 30 [14] | 244 30 [21] 27 25

8] | 29 30 [15] | 39 35 [22] | 14 40
9] | 26 25 [16] | 52 39 23] | 14 40

[10] | 37 40 [17] | 33 16 [24] [ 387 | 40
[11] | 30 | NaN | [18] | 19 28 [25] | 65.9 36
2] | 17 15 [19] | 465 38 [26] | 68 36
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Fig. 1. Configuration of the proposed single-polarized UWB antenna with
capacitively coupled feed (a) Configuration of the proposed. (b) Front view.
(c) Side view. (d) Bottom layer of the grounded FR4 substrate. (e) Tapered
balun [27].
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twin line is set to 100 2. As shown in Fig. 1(e), the balun is
printed on a 1.6 mm thick FR4 substrate and perpendicularly
placed to the surface of the grounded FR4 substrate. The top
sides of the balun are connected to the inner ends of two mi-
crostrip lines while the bottom side is soldered to a 50 2 SMA
connector. It is worth mentioning that the gap between the inner
ends of the two microstrip lines is the same as the thickness of
the FR4 substrate for the balun.

To understand the basic operating principle of the an-
tenna, Figs. 2(a)-2(d) show the detailed design evolution
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Fig. 2. (a)-(d) Evolution procedure from a monopole antenna to the proposed
UWB antenna (balun is not shown).

from a basic monopole to the proposed UWB antenna while
Figs. 3(a)-3(c) illustrate the corresponding reflection coeffi-
cient and input impedance of each antenna configuration. This
analysis starts by considering a basic monopole which is com-
posed of a trapezoidal patch and a triangular patch vertically
mounted above a ground plane as shown in Fig. 2(a). It is well
known that this antenna can operate over a wide frequency band
and the height of the antenna is about a quarter-wavelength at
the lowest operating frequency (fr,(a)) [28]

c

A% (5 + M) M

fr_20a) =

where ¢ and fr,,(,) are the speed of light in free space and the
lowest operating frequency, s = 13 mm and H, = 10 mm are
the heights of the triangular patch and trapezoidal patch, respec-
tively. The calculated f1,,(a) using (1) is 3.2 GHz which is close
to the simulated value of 3 GHz at |Sy;| better than —10 dB.
As illustrated in Fig. 3(a), the |S1;| of the basic monopole in
Fig. 2(a) is below —10 dB from 3 to 11 GHz. To physically re-
alize the operation of this antenna, the variations of the input
impedance plot are also given in Figs. 3(b) and 3(c). As can
be seen, the antenna exhibits three resonances at 3, 5.4 and 7
GHz with optimum 50 €2 impedance matching at 4.5, 6.2 and 8.7
GHz. By gathering these closely spaced resonant modes, the de-
sired broad bandwidth of this antenna can be attained [29]. Fur-
thermore, Fig. 4 presents the simulated co-polarized radiation
patterns of this antenna in yz plane at 3 and 9 GHz. At 3 GHz,
the maximum radiation of this monopole is along the ground
plane while the radiation is shifted above the ground plane at 9
GHz and the main lobe becomes narrower.

In order to achieve directional pattern and reduce the overall
height of the antenna, the vertical triangular patch is bent to
be parallel to the ground plane, as shown in Fig. 2(b). This
has shortened the height from 23 to 10 mm which corresponds
to a reduction of 56.5%. However, this modification impairs
the impedance matching at lower operating band and shifts the
lowest operating frequency to 4.4 GHz due to the coupling be-
tween the triangular patch and the ground plane, as observed in
Fig. 3(a). To further investigate this, Figs. 3(b) and 3(c) show
that, the change of the structure has slight effect on the imagi-
nary part of the input impedance while the real part in the band
from 3 to 4 GHz is significantly reduced, which deteriorates
the impedance matching. As expected, the folded monopole has
directional radiation though the maximum radiation at 3 GHz
is off boresight and pointed at —30°. The pattern can be re-
garded as the contribution of the vertical patch and the hori-
zontal patch, as the maximum radiation of the vertical patch is
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Fig. 3. Simulated (a) reflection coefficient and (b), (¢) input impedance of the
proposed antenna in the design evolution process from Figs. 2(a)-2(d).
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Fig.4. Simulated co-polarized radiation patterns in the yz plane at 3 and 9 GHz.

along the ground plane and the horizontal patch has broadside
radiation, as shown in Fig. 4.

In order to enhance the maximum radiation focus on the
broadside direction and reduce the cross-polarization level
through the differential feed technique, another identical an-
tenna element is added and mirrored into the antenna structure,
as illustrated in Fig. 2(c). As can be noticed in Fig. 3(a),
the lowest operating frequency of the differential-fed folded
monopole is shifted down to 3 GHz while the reflection co-
efficient in the low band is larger than —10 dB. The input
impedance in Figs. 3(b) and 3(c) show four series resonances
(3.25 GHz, 4.85 GHz, 7 GHz, 8.8 GHz) and four parallel reso-
nances (4 GHz, 5.9 GHz, 8 GHz, 10 GHz). As can be observed,
the real and imaginary parts have large fluctuations in the low
band, which indicates poor impedance matching. Scrutinizing
the pattern plot in Fig. 4 with this configuration, the main beam
of this antenna is along broadside at 3 GHz though the side lobe
levels are higher than the main beam at 9 GHz. This is caused
by various electrical lengths between the vertical patches at
different frequencies.

The final stage of the design process is to introduce a para-
sitic patch to achieve good impedance matching over the UWB
band, as shown in Figs. 2(d) and 3. The proposed antenna is sim-
ilar as the L-shaped probe-fed patch antenna [7], [29] while the
L-probe is replaced by the L-shaped patch and the impedance
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bandwidth is significantly enhanced. The following formulas
[29] are employed to predict the lowest operating frequency
(fr,(ay) of the patch antenna in Fig. 2(d)

C

. ~~ 2
Trat) ™ S oaw) van 2)
(ger +0.3)(§- +0.264)
AW ~0.412 L —H, (3
(cer — 0.258)( + 0.813)
Hy=Hy+Hy+ Iy 4)

where €., is the effective dielectric constant and is selected as
unity in this design. AW is the resonance edge extension of the
patch and H; is the distance between the patch and the ground
plane. The initial values of the dimensions are: W = 27 mm,
Hy = 3mm, H, = 9mm and h; = 1 mm. The corresponding
predicted f,(q4) using (2)~(4) is 3.5 GHz. The discrepancy be-
tween the predicted value and the simulated value at 3 GHz
can be attributed to the coupling between the triangular patches
and the square radiating patch. As indicated in Fig. 3(a), the
proposed single-polarized antenna can operate over a wide fre-
quency band covering the frequency range from 3 to 11 GHz
for |S11] < —10 dB. Moreover, as noticed in Figs. 3(b) and
3(c¢), introducing the parasitic patch to the antenna structure does
not alter the resonant modes of the antenna in Fig. 2(c), how-
ever it provides a stable impedance response with less varia-
tion values of resistance (30 to 80 Ohm) and reactance (—20 to
30 Ohm) over the operating frequency band. To understand the
contribution of this structure into the radiation pattern, Fig. 4 de-
scribes the patterns at 3 and 9 GHz. As can be clearly seen, the
antenna has more directional pattern compared to the antenna
structure in Fig. 2(c) at 3 GHz. It should be noted that although
the proposed antenna and the designs in [7] and [30] have used
L-shaped feeds, the design processes are different. The antennas
in [7] and [30] are developed from traditional narrowband patch
antennas. The bandwidths of the antennas in [7] and [30] are
increased due to the use of the L-shaped feed while the initial
idea to use L-shaped feed in the proposed antenna is to achieve
directional radiation. Moreover, compared with antennas in [7]
and [30], the bandwidth of the proposed antenna is significantly
increased.

The performance of the tapered balun has been investigated
as it affects the overall performance of the differential-fed an-
tenna. It is found that the insertion loss of the tapered balun is
less than 2 dB and the reflection coefficient is less than —10 dB
over 3 to 11 GHz band; including the phase difference of the
balanced ports over the same band is almost +180° with rel-
ative phase errors around £5°. These results can confirm that
the tapered balun is appropriate for feeding the proposed UWB
antenna.

A. Dual-Polarized UWB Antenna Design

Based on the analysis of the single-polarized UWB antenna
in the previous section, a dual-polarized UWB antenna with
dual orthogonal linear polarization can be realized by adding
another pair of capacitively coupled feeds. The added feeds are
also connected to two identical L-shaped microstrip lines with a
length of 34.45 mm. As shown in Fig. 5(a), four identical capac-
itively coupled feeds are placed symmetrically with respect to
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Fig. 5. Configuration of the proposed dual-polarized UWB antenna (a) 3D
view (b) Bottom layer of the grounded FR4 substrate.

the center of the antenna and used to excite a single square radi-
ating patch. The four feeds are connected to four microstrip lines
by vias through via holes in the ground plane. The microstrip
lines have the same width and printed on the bottom layer of
the grounded FR4 substrate, as shown in Fig. 5(b). In order to
realize a differential feed, two baluns are soldered to the two pair
of microstrip lines respectively, with port 1 for achieving hori-
zontal polarization and port 2 for achieving vertical polarization.

B. Cavity-Backed Dual-Polarized UWB Antenna

To further reduce the side lobe and increase the antenna gain,
a surface mounted cavity is employed in the antenna. As shown
in Fig. 6, the compact inverted pyramidal cavity with a square
cross section occupies a volume of C_t x C_t x C,, mm?3. It
has a height of C_h and the side lengths of its top and bottom
sections are C_t and C_b, respectively. It should be noted that
the cavity-backed dual-polarized UWB antenna has the same
antenna parameters (patch, capacitively coupled feed, ground
and balun) as the antenna proposed in the previous section. The
purpose of using a cavity is to increase the antenna gain at
higher frequencies while not deteriorating the wide impedance
matching. To determine the geometric parameters, the effects on
the impedance matching and the radiation patterns have been
studied. The study has found that the antenna gain can be in-
creased by increasing the height of the cavity and reducing the
size of cross section, while the increment of the height and re-
duction of the length will deteriorate the impedance matching.
The optimized values of the parameters for achieving high gain
while maintain good impedance matching are C_h = 23 mm,
Ct =90 mm and C_b = 40 mim.

[II. RESULTS AND DISCUSSION

To validate the design concept, the dual-polarized UWB
patch antennas without and with the cavity have been con-
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Fig. 6. Configuration of the cavity-backed dual-polarized UWB antenna.

(b)

Fig. 7. Photos of the fabricated dual-polarized UWB patch antennas.
(a) Without a cavity and (b) with a cavity.

structed and tested. The photos of the prototypes are shown in
Fig. 7. The simulated and measured results of reflection coef-
ficient and mutual coupling for the dual-polarized UWB patch
antenna without a cavity are shown in Fig. 8. It is observed that,
the simulated impedance bandwidths (|S;1| < —10 dB) are
121.4% (from 2.69 to 11 GHz) and 117% (from 2.88 to 11 GHz)
at port 1 and port 2 respectively, while the measured impedance
bandwidths (|S11] < —10 dB) are 116.1% (from 2.92 to 11
GHz) and 112.1% (from 3.1 to 11 GHz), respectively. These
discrepancies at lower frequencies are mainly attributed to two
aspects. The first is caused by the tapered balun which is not
strictly balanced and the other is the ground plane which has a
small electrical dimension at low frequencies. The overlapped
impedance bandwidths over port 1 and port 2 at the criterion
(|S11] < —10 dB) in simulation and measurement are 117%
(from 2.88 to 11 GHz) and 112.1% (from 3.1 to 11 GHz),
respectively. It is also found that the simulated and measured
mutual coupling is less than —30 dB over the whole operating
frequency band.

Fig. 9 presents the measured radiation patterns in two prin-
cipal planes for the antenna without cavity. As observed, port
1 and port 2 have almost similar radiation characteristics. The
slight asymmetry in the back lobe for port 2 is mainly owing
to the asymmetrical positions of the two baluns. The patterns in
the H-plane are stable and have similar beamwidths within the
whole frequency band. The levels of side lobes in the E-plane in-
crease and the beamwidth becomes narrower as the antenna op-
erates at higher frequencies. The cross-polarization levels in the
broadside direction are less than —15 dB. At 9 GHz, the slight
increment of cross-polarization level in the H-plane is observed.
The simulated and measured antenna gain versus frequency for
the antenna without a cavity is shown in Fig. 10. The peak gains
are 7.28 dBi at 3 GHz for port 1 and 6.42 dBi at 3.5 GHz for
port 2, respectively. It is noticed that the antenna gain varies
from 7.28 to 0.19 dBi at port 1 and from 6.42 to —0.56 dBi at
port 2. The electrical length between the vertical patches of the
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Fig. 8. Simulated and measured reflection coefficient and mutual coupling for
the antenna without a cavity. Antenna parameters are: W = 27 mm, H; =
3mm, Ho = 9mm, h; =1 mm, hs = 0.8 mm, s = 6 mm, [; = 18 mm,
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Fig. 9. Measured co- and cross-polarized radiation patterns in two principal
planes for the antenna without a cavity. Left: port 1 is excited and port 2 is
terminated with 50 €2. Right: port 2 is excited and port 1 is terminated with
50 Q.

feeds varies against frequency, thus leading to higher side lobe
levels at higher frequencies. Hence, the boresight gain drop is
observed in the frequency band. It is also noted that, the mea-
sured result is lower than the simulation, which is mainly due to
the dielectric loss of FR4.
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Fig. 10. Simulated and measured antenna gain for port 1 and port 2.

In order to fully characterize this UWB antenna, the following
section is given to understand the ability of distortionless pulse
transmission for the dual-polarized UWB patch antenna without
a cavity. The setup is shown in Fig. 11, in which two identical
antennas are located face to face. In this case, Antenna 1 is ex-
cited for transmitting signal and Antenna 2 is for receiving the
pulse. The corresponding ports of Antenna 2 are denoted as port
3 and port 4. It is also noted that port 1 and port 3 have the
same polarization while port 2 and port 4 have the same polar-
ization. The Gaussian pulse is adopted from [31] and covers the
wide bandwidth from 3.1 to 10.6 GHz. Fig. 12(a) displays the
magnitude of the transfer function. As observed, magnitude of
the transfer function between the ports with the same polariza-
tion (|S31|) is much larger than |Ssz|. The value of |Sg1| varies
from —20 to —50 dB while |S32| changes from —40 to —80 dB
due to the co- and cross-polarization. A null is also observed
at 8 GHz as a result of the phase fluctuations around this fre-
quency band that resulted in pattern distortion and gain dropped
(as previously shown in Fig. 10) with respect to other frequen-
cies. Moreover, group delay of the proposed antenna is exam-
ined and also shown in Fig. 12(a). It is defined as the negative
derivative of the phase for the transfer function. As can be ob-
served, the group delay varies from 0 to 3 ns over the desired
frequency band. Fig. 12(b) presents the received pulse at port 3
when port 1 is excited and received pulse at port 4 when port 2
is excited. The received pulse can be obtained by applying the
Inverted Fast Fourier Transform (IFFT) from the product of the
transmission coefficient and the frequency response of the ex-
cited pulse or from the model in CST Microwave Studio. The
null in the magnitude or nonlinear phase of the transfer function
may cause the distortion of the excited pulse. All the pulses are
normalized and synchronized for comparison. As indicated, the
waveforms of the received pulses are not identical with those of
excited pulses and slightly ringing effect is observed. However,
the waveforms within the peaks have similar shape. The fidelity
between the excited and received pulses can be estimated using
a correlation of the waveforms in the time domain. The fidelity
factor is computed and found to be around 62% which indicates
that the received pulse is only distorted which can be corrected
by choosing a proper template.

The performance of the antenna with a cavity has also been
measured. The simulated and measured results of reflection
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Fig. 11. Two identical antennas positioned face to face.
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Fig. 12. (a) Transfer function in magnitude and group delay, and (b) Impulse
response of the antenna without a cavity (a) Transfer function in magnitude and
group delay (b) Impulse response.

coefficient and mutual coupling are shown in Fig. 13. As ob-
served, the impedance matching over a wide frequency band is
not deteriorated due to the presence of the cavity. The simulated
impedance bandwidths (|S11| > —10 dB) are 121.4% (from
2.69 to 11 GHz) and 116% (from 2.9 to 11 GHz) at port 1 and
port 2 respectively, while the measured impedance bandwidths
(|S11] = —10 dB) are 113% (from 3.06 to 11 GHz) and 112%
(from 3.1 to 11 GHz), respectively. The overlapped impedance
bandwidths for port 1 and port 2 at definition |S;;| — 10 dB in
simulation and measurement are 116% (from 2.9 to 11 GHz)
and 112% (from 3.1 to 11 GHz), respectively. It is also found
that the inclusion of the cavity has little effect on the mutual
coupling. The measured mutual coupling is below —28 dB
across the whole operating frequency range.

The measured radiation patterns for the cavity-backed an-
tenna are illustrated in Fig. 14. It is noticed that, the levels of
side lobes and backward radiation at high frequencies are signif-
icantly reduced due to the employment of the surface mounted
cavity. The pattern characteristics at port 1 and port 2 are sum-
marized in Table II. For port 1, the F/B ratio reaches 24.7, 16,
and 10.2 dB at 3, 6 and 9 GHz, respectively. The cross-polar-
ization level increases slightly against frequency, with —20 dB
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TABLE 11
SUMMARY OF PATTERN CHARACTERISTICS FOR THE CAVITY-BACK DUAL-POLARIZED UWB ANTENNA AT 3, 6 AND 9 GHz
port 1 port 2
Frequency | Gain | F/Bratio | X. pol. HPBW (°) Gain F/B ratio X. pol. HPBW (°)
(dBi) (dB) level (dB) | Eplane | Hplane | (dBi) (dB) level (dB) | E plane | H plane

3 GHz 9 24.7 -20 56 64 7.32 19 -22 57 63

6 GHz 10.2 16 -15.5 26 43 8.36 17 -14.3 24 40

9 GHz 8.28 10.2 -9 17 28 7.66 10.7 -8 16 30
F/B ratio is front-to-back ratio; HPBW is half-power beamwidth; X. pol. is cross-polarization.
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Fig. 13. Simulated and measured reflection coefficient and mutual coupling for
the cavity-backed dual-polarized UWB antenna.

at 3 GHz, —15.5 dB at 6 GHz and —9 dB at 9 GHz. The
HPBW in the E-plane is narrower than that in the H-plane. The
HPBW in the E-plane varies from 56° at 3 GHz, 26° at 6 GHz
to 17° at 9 GHz. The HPBW in the H-plane decreases versus
frequency, being 64° at 3 GHz, 43° at 6 GHz and 28° at 9
GHz. Port 2 has similar pattern characteristics as port 1. As ob-
served, the F/B ratio at port 2 reaches 19, 17, and 10.7 dB at 3, 6
and 9 GHz, respectively. The cross-polarization level increases
slightly against frequency, being —22 dB at 3 GHz, —14.3 dB
at 6 GHz and —8 dB at 9 GHz. The HPBW in the E-plane is 57°
at 3 GHz, 24° at 6 GHz and 16° at 9 GHz while in the H-plane
it decreases slightly against frequency, being 63° at 3 GHz, 40°
at 6 GHz and 30° at 9 GHz.

Fig. 15 presents the simulated and measured antenna gain for
the cavity-backed dual-polarized UWB antenna. As illustrated,
the gain performance for port 1 and port 2 is significantly in-
creased and relatively consistent when the cavity is utilized. The
antenna gain varies from 10.2 to 3.91 dBi at port 1 and from
9.21 to 3.38 dBi at port 2, respectively. The obtained 3-dB gain
bandwidths for port 1 and port 2 are 112% (from 2.9 to 10.3
GHz) and 107% (from 3 to 10 GHz). The 3-dB gain bandwidth
of the cavity-backed dual-polarized antenna is 107% (from 3 to
10 GHz).

Fig. 16 shows the transfer function in magnitude, group delay
and impulse response of the antenna with a cavity. Compared
with the antenna without a cavity, the magnitude of the transfer
function between the ports with the same polarization (|Ss1|)
is significantly enhanced and varies from —10 to —35 dB. A
null is also observed at 8 GHz and may cause distortion of the
input signal. To further study this, the group delay across the op-
erating frequency band is plotted. As noticed, the group delay
varies from 1 to 4.5 ns with the largest value close to 8 GHz.
This observation is caused due to the phase and pattern dis-
tortion and gain drop near 8 GHz, which is shown in Fig. 15.
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Fig. 14. Measured co- and cross-polarized radiation patterns for the cavity-
backed dual-polarized UWB antenna.

Fig. 16(b) shows the received pulse at port 3 when port 1 is ex-
cited and received pulse at port 4 when port 2 is excited. All the
pulses are normalized and synchronized for comparison. The
fidelity factor of the antenna reaches around 86%. Compared
with the antenna without a cavity, the fidelity is increased by
24% after including the cavity.

IV. CONCLUSION

A novel dual-polarized UWB patch antenna excited by two
tapered baluns has been presented. It consists of a square patch
and four capacitively coupled feeds. The current distributions
on the square patch at different frequencies have been studied
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for understanding the operating principle. Two antenna designs
with a planar reflector or a surface mounted cavity have been de-
signed, fabricated and tested. Compared with the antenna with
a planar reflector, the cavity-backed patch antenna can operate
over a wide frequency range with an impedance bandwidth of
112%. The measured antenna gain ranges from 10.2 to 3.91 dBi
and from 9.21 to 3.38 dBi for port 1 and port 2, respectively.
The 3-dB gain bandwidth of up to 107.6% is achieved and the
measured isolation is over 28 dB within the whole frequency
band.
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