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Compact Co-Linearly Polarized Microstrip Antenna
With Fence-Strip Resonator Loading for In-Band
Full-Duplex Systems
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Abstract— A compact co-linearly polarized microstrip antenna
with identical radiation properties is proposed and validated
for in-band full-duplex systems. By exploring a fence-strip
resonator (FSR) in the central plane of a patch, good isolation
is achieved between the transmitting and receiving ports. The
proposed FSR consists of a metallic vias fence and a strip
with a distance away from the ground, performing as a pair of
distributed inductor and capacitor. When the FSR is resonating,
the radiating current is concentrated in the half part of the
patch, performing at its half-TM10 mode with high port isolation.
To validate the proposed antenna, a prototype with the size
of 0.25λ0 × 0.25λ0 × 0.04λ0 (λ0 is the free-space wavelength
at center frequency) has been fabricated and characterized,
with experiments consistent well with simulations. A measured
port isolation higher than 20 dB is achieved over the operating
bandwidth of 2.40–2.52 GHz with the maximum of 30 dB. The
proposed antenna is with the merits of compact size, low profile,
simple feed, and planar-integrated structure for in-band fullduplex systems.
Index Terms— Antenna radiation patterns, full-duplex antennas, microstrip antennas, mutual coupling, resonator.

I. I NTRODUCTION
OWADAYS, the electromagnetic spectrums in the wireless communication become increasingly congested, and
the remaining deployable bands are highly precious. Emerging as the times require, in-band full-duplex or simultaneous transmit and receive (STAR) systems have attracted
tremendous attention as a promising method to increase spectrum efficiency [1]–[5]. Compared with frequency-division
and time-division duplex systems, the spectral efficiency of
in-band full-duplex systems is doubled with transmitter and
receiver cooperation. To make full-duplex systems available
in practical engineering, high isolation between the transmitter
and receiver is required and are usually achieved by the joint
support from digital, analog, and antenna domains [6]–[8].
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As the front end of full-duplex systems, antennas with high
isolation can relieve the pressure on subsequent analog and
digital domains. In past decades, various techniques have been
investigated and reported to enhance the isolation between the
transmitting (TX) and the receiving (RX) antennas. In general,
these designs are classified into several categories: the first one
separates TX and RX apertures physically by a large distance,
i.e., involving bistatic antennas, which usually adopt spatial
diversity [9], [10]. This approach is simple, but limited by the
large antenna dimension. Polarization multiplexing [11]–[25]
and pattern diversity [26] are also exploited to achieve high
isolation at the cost of using different polarizations and
radiation patterns, respectively. The third method employs
near-field cancellation [27]–[31], which often places one
antenna at the near-field null of the other antenna to obtain
high isolation with dissimilar radiation patterns. Apart from
the mentioned methods above, decoupling network or surface [32]–[40] such as electromagnetic bandgap (EBG) structures [34], [35], high-rejection filters [36], resonators [38]–[40]
are added between TX and RX antennas to suppress
the electromagnetic coupling. Finally, circulators or butler
matrix beamforming networks (BFNs) [41]–[51] are also
employed for orthogonal phase modes to achieve monostatic
STAR configuration. This approach has rigorous requirements
for the return loss and isolation of the circulators and BFNs.
These techniques usually adopt antenna arrays or multiple
separated antennas, thus occupying large physical size or bulky
geometry. Some antennas using orthogonal mode transducer
(OMT) [10], [11] obtained high isolation without large size,
at the cost of using polarization multiplexing. To date, few
works have been reported on in-band full-duplex antennas with
a compact size, and without using multiplexing techniques.
In [28], a co-vertically polarized STAR antenna was achieved
with a compact diameter size of 0.44λ0 , possessing a bulky
structure and high profile of 0.15λ0 . In [45], a co-horizontally
polarized in-band full-duplex dipole array was presented with
a compact size of 0.38λ0 ×0.38λ0 , but also with a bulky profile
of 0.15λ0 . To sum up, to achieve in-band full-duplex antennas
with compact size, low profile, and without using multiplexing
techniques is still a challenging and long-sought goal.
In this article, a compact co-linearly polarized microstrip
antenna with low profile and identical radiation properties for
in-band full-duplex systems is proposed, as shown in Fig. 1.
By loading a fence-strip resonator (FSR) in the central plane
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Fig. 1. General concept of the proposed microstrip antenna for in-band
full-duplex systems.

of a patch with typical footprint, good isolation is achieved
for the TX and RX ports within a very compact size of
0.25λ0 × 0.25λ0 and a low profile of ×0.04λ0 . Here, the
proposed FSR is composed by a metallic vias fence and a
strip with a distance away from the ground, serving as a pair
of series distributed inductor and capacitor. When the FSR is
resonating, the radiating current is concentrated on the half
part of the patch, performing at its half-TM01 mode with
high isolation. For validation, a prototype has been fabricated
and characterized, with the measurements agreeing well with
simulations. The measured port isolation over 20 dB and the
maximum of 30 dB are achieved over the operating bandwidth
(|S11 | < −10 dB) of 2.40–2.52 GHz. The proposed antenna
is with the merits of compact size, low profile, and simple
feeding, promising usage for in-band full-duplex systems.
The novelty and contributions of this work are summarized
as follows. First, good isolation between the TX and RX
ports of a patch antenna is achieved within a compact size
of 0.25λ0 × 0.25λ0 and a low profile of 0.04λ0 (λ0 is the
free-space wavelength at center frequency). Second, the proposed antenna is with co-linear polarization and nearly identical radiation patterns, avoiding using polarization multiplexing
and pattern diversity. Third, this work also has the advantages
of simple feed, easy fabrication, and planar structure.
II. A NTENNA D ESIGN
A. Antenna Configuration
As illustrated in Fig. 2(a), the proposed antenna is composed
of a rectangular patch, a centrally loaded FSR structure, and a
metallic ground. The FSR is formed by a metallic vias fence
and a rectangular metallic strip. Constructed by a standard
printed circuit board (PCB) process, the proposed antenna
consists of two dielectric substrate layers and three metal
layers. The top patch and the middle metallic strip are printed
on the top and bottom side of the dielectric substrate layer 1,
respectively, and they are connected using the vias fence.
All the dielectric substrates used in the proposed antenna are
F4BM, with εr = 2.65 ± 0.05 and tan δ = 0.002. The two
dielectric substrate layers have the same dimension of L g ×Wg
(150 mm×150 mm) as the metallic ground. For the fabricated
prototype, these two layers are fixed together using Nylon
screws.

Fig. 2. (a) Exploded view. (b) Cross-section view. (c) Top view of the
proposed antenna.

Fig. 2(b) and (c) presents the cross-section and top view
of the proposed antenna, respectively. The proposed FSR is
exploited to load in the central plane of the microstrip antenna.
The fence consists of a row of metallic through vias with
identical diameter D, and these vias are homogenously distributed with period p along the central line. For the proposed
antenna, eleven through vias are employed for this fence.
Printed on the bottom side of the dielectric substrate layer 1,
the metallic strip is denoted by the dashed-line rectangular
box in Fig. 2(c). Besides, two metallic feeding probes are
symmetrically employed for the proposed antenna to excite
the TX and RX ports, respectively. Here, a ring gap is also
adopted for the impedance matching of the two feeding ports.
All the geometric parameters of the proposed antenna shown
in Fig. 2 are listed in Table I.
B. Operating Principle
The evolution process is explained in detail to bright more
insight into the operating principle of the proposed antenna.
As illustrated by the concept in Fig. 1, the proposed antenna
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Fig. 3. Comparison of a regular microstrip antenna, a vias-loaded microstrip antenna, the proposed antenna, and their corresponding simulated S parameters
and complex surface current distributions.
TABLE I
D IMENSIONS OF THE P ROPOSED A NTENNA IN F IG . 1 (U NIT: mm)

achieves identical radiation properties for the TX and RX
ports, with co-linear polarization and compact size for in-band
full-duplex systems. To demonstrate the evolution process and
good performances of the proposed antenna, Fig. 3 presents the
comparison of the antenna structure, S parameters, complex
surface current distribution, and radiation pattern among three
different cases. These three cases are: 1) the regular microstrip
antenna with the TX and RX ports; 2) the regular microstrip
antenna with a centrally loaded through-via fence, and the
TX and RX ports; and 3) the proposed antenna with the
centrally loaded FSR, and the TX and RX ports. For fair
and convincing comparison, these antennas are with identical
profile of 0.04λ0 , and operate at the same center frequency
of 2.46 GHz. Besides, these three cases are configured with
the same metallic ground with the size of 150 mm × 150 mm
(approximately 1.23λ0 × 1.23λ0 ). The TX and RX ports of
these antennas are fed by two symmetrical feeding probes.
Good impedance matching is obtained for these three cases.
Last but not least, here, it is assumed that only TX port is
excited for these three cases.

First, case 1 shows the regular microstrip antenna with
the TX and RX ports, and its simulated performances. From
the S parameters, it can be seen that this antenna has strong
coupling between the TX and RX ports, only with an isolation
of approximately 2 dB. This poor performance is also validated
by the almost same surface current magnitude distributions on
the left and right half of the patch. At this time, the antenna
has a broadside radiation pattern same as the traditional
TM10 -mode microstrip antenna, indicating that both radiation
apertures of the patch are functioning. Based on case 1,
case 2 studies a regular microstrip antenna loaded with a
vias fence in the central plane. The vias fence consists of
a row of metallic through vias with identical diameter D and
period p. It is seen that the port isolation is improved slightly
to 5 dB. Unfortunately, a strong current still exists on the right
half of the patch, indicating tremendous coupling for the two
ports. What is worse, it is seen that the E-plane beam has an
obvious squint angle owing to the strong coupling between
TX and RX ports. The beam squint happens because both
radiating apertures are excited by the strong coupling between
TX and RX antennas. Meanwhile, there exists phase difference
between the two radiating apertures, thus leading to obvious
beam squint.
Case 3 presents the proposed compact co-linearly polarized
microstrip antenna with identical radiation properties for inband full-duplex systems. Here, a FSR is loaded in the central
plane of a regular patch. The proposed FSR contains a metallic
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k L and kC represent the coupling coefficients of the inductors
L 1 and L 2 , and capacitors C1 and C2 , respectively. Fig. 4(c)
presents the common-mode equivalent circuit when the TX
and RX ports are fed with same-amplitude and in-phase
excitation. At this time, the FSR performs as a pair of series
distributed inductor and capacitor, resonating at the same frequency with the TX and RX patch. A zero-impedance current
path is established in the middle of the circuit. Therefore, it can
be concluded that there is no coupling between TX and RX
ports when the patch operates at common-mode state. Fig. 4(d)
demonstrates the overall equivalent circuit of the proposed
antenna when only TX port is excited. The equivalent circuit
can be viewed as the superposition of the differential-mode and
common-mode equivalent circuits. A zero-impedance current
path is formed in the central plane of the equivalent circuit
when the FSR resonates with the TX patch. As a result,
the radiating current is concentrated on the left half part of the
patch, performing at its half-TM10 mode with high isolation.
At this time, the inductive and capacitive coupling between
the TX and RX patches are effectively suppressed. This is the
fundamental decoupling mechanism of the proposed compact
antenna for in-band full-duplex systems.

Fig. 4. (a) Proposed antenna. (b) Differential-mode. (c) Common-mode.
(d) Overall equivalent circuit models of the proposed antenna.

vias fence and a metallic strip. The fence here also consists of
a row of identical metallic vias, homogenously loaded along
the central plane. The metallic strip is with a distance away
from the ground, and connected with the top patch by the vias
fence. Interestingly, it is seen that the isolation between the TX
and RX ports is significantly enhanced to 30 dB at the center
frequency of 2.46 GHz. It is also observed that there exists a
huge contrast between the current distributions on the left and
right half part of the patch. In addition, compared with cases
1 and 2, the proposed antenna demonstrates a better broadside
radiation property with wider beamwidth, due to that only
one radiating aperture functions. For the proposed antenna,
the radiation pattern has only a small squint angle and becomes
more symmetrical about the broadside angle, contributed to the
good decoupling between the TX and RX antennas. At this
time, only the TX aperture is radiating, actually behaving as
a single planar inverted-F antenna (PIFA).
To explain the operating mechanism of the proposed antenna
more clearly, the differential-mode, common-mode equivalent circuits, and overall equivalent circuit are illustrated
in Fig. 4. According to the classical model of the microstrip
antenna [52], the radiating apertures can be modeled as parallel
RLC circuits. As seen, Ce denotes the equivalent capacitance
of the fringe field, L e presents the equivalent inductor, and R is
the radiating resistor. The symmetrical antenna structure also
leads to the symmetric equivalent circuit model. Fig. 4(b) illustrates the differential-mode equivalent circuit of the proposed
antenna when TX and RX ports are fed with same-amplitude
and anti-phase excitation. At this time, the coupling between
the TX and RX patch can be modeled as coupling inductors L 1
and L 2 , and coupling capacitors C1 and C2 . Two parameters

C. Design Guideline
Here, the design guideline of the proposed antenna is
summarized. First, set the initial dimensions of a regular
microstrip antenna approximately as 0.5λg × 0.5λg at f0 (λg
is the guided wavelength in the dielectric, f 0 is the target
frequency). Second, load the FSR in the central plane of the
patch. The number, diameter, period of the vias fence, strip
size, and its gap to ground should be properly selected to offer
suitable inductor and capacitor for the series LC resonator.
The vias fence and strip can be cooperatively designed to
make the FSR resonate at same frequency with the half-TM10 mode patch (pretty much similar to a PIFA). Finally, refine the
dimensions of the FSR to locate the operating frequency of the
half-TM10 -mode patch and the FSR at the same frequency f 0 .
III. N UMERICAL S TUDY AND D ISCUSSION
In this section, some important structural parameters are
studied to find their influences on the performances of the proposed antenna. Fig. 5 reports the simulated impedance properties of the proposed antenna from 2.2 to 2.7 GHz with different
feeding schemes and locations. It is noted that all these
impedance property curves in the Smith chart of Fig. 5 have
been normalized to 50 . As depicted in Fig. 5(a), when the
antenna is fed directly by a probe, i.e., without the ring gap
shown in the inset, the impedance curve is totally not matched.
However, by observing the location of the impedance curve,
it is possible to move the impedance point of 2.46 GHz roughly
to the center matching point of Smith chart through adding a
series capacitor. This expectation is then validated by adding
a small ring gap with an outer diameter r = 1.6 mm to the
feeding probe. The impedance curve after matching is shown
by the red line. Fig. 5(b) presents the simulated impedance
properties of the proposed antenna with different feeding
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Fig. 7. Simulated S parameters of the proposed antenna with different gap
g for the strip.

Fig. 5. Impedance property of the proposed antenna (a) with or without the
ring gap and (b) under different feeding location s.

Fig. 6. Simulated S parameters of the proposed antenna with different width
w for the strip.

location s. It is seen that when s = 14.2 mm, the impedance
property of the proposed antenna can be matched at 2.46 GHz.
Fig. 6 and 7 study the effects of geometric parameters
of the metallic strip on the S parameters of the proposed
antenna. As seen in Fig. 6, when the width w of the strip
varies from 5.6 to 6.0 mm, the dip of the isolation curves (i.e.,
S21 ) gradually moves to a lower frequency. This phenomenon
is because increasing width w of the metallic strip enlarges
the capacitance value of the equivalent capacitor, thus the
center resonance frequency of the FSR can be reduced. These
results also imply that the frequency of the FSR can be tuned
independent of the half-TM10 -mode patch. Fig. 7 discusses
the influence of the gap g between the strip and ground on

Fig. 8.
Simulated S parameters of the proposed antenna with different
diameter D for the vias fence.

the S parameters of the proposed antenna. It can be concluded
that the gap g is an important parameter to tune the equivalent
capacitance of the strip capacitor. Meanwhile, it is also found
that only when the center resonance frequency of the FSR
agrees with that of the half-TM10-mode patch, good isolation
between the TX and RX ports can be achieved.
Fig. 8 and 9 investigate the influences of the structural
parameters of the vias fence on the S parameters. It is seen
that smaller diameter D leads to the lower dip frequency of
the isolation curves. This trend is owing to that the smaller
diameter D of the vias results in a larger equivalent inductor
of the vias fence, therefore, a lower center resonance frequency
of the FSR. Fig. 9 reports the effect of the period p of
the vias fence on the S parameters of the proposed antenna.
It is noted here that the number of the metallic vias is fixed
to eleven. The antenna can achieve good port isolation of
approximately 30 dB when p = 2.8 mm, where the resonance
frequency of the FSR coincides with that of the half-TM10 mode patch. Hence, for better isolation performance, it is
necessary for the resonance frequency of the loaded FSR to
keep consistent with that of the half-TM10 -mode patch.
IV. E XPERIMENTAL R ESULTS
To validate the proposed antenna, a prototype is fabricated and experimentally characterized. Fig. 10 illustrates
the photographs of the fabricated and assembled prototype.
Fig. 10(a) and (b) presents the top and bottom view of the
fabricated dielectric substrate layer 1, respectively, while
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TABLE II
C OMPARISONS B ETWEEN THE P ROPOSED A NTENNA AND O THER R EPORTED W ORKS

Fig. 9.
Simulated S parameters of the proposed antenna with different
diameter p for the vias fence.

Fig. 10. Photographs of the fabricated antenna prototype. (a), (c) Top and
(b), (d) bottom view of the fabricated upper substrate and antenna prototype,
respectively.

Fig. 10(c) and (d) shows the top and bottom view of the whole
assembled prototype, respectively. The two dielectric substrate
layers were fixed together using Nylon screws. Dielectric

Fig. 11.

Simulated and measured S parameters of the proposed antenna.

substrate F4BM (εr = 2.65 ± 0.05, and tanδ = 0.002) was
employed. Two semigrid coaxial cables were used, with the
inner conductors soldered on the feeding probes and outer conductors connected with the ground. All detailed geometrical
parameters of the fabricated prototype are listed in Table I.
The S parameters of the antenna prototype were measured by
a vector network analyzer (Agilent N9917A), and the radiation
patterns were experimentally tested in the anechoic chamber.
Fig. 11 reports the simulated and measured S parameters of the
proposed antenna, with two agreeing well with each other. The
simulated operating bandwidth (|S11 | < −10 dB) for the TX
and RX ports is 2.41–2.49 GHz, while the measured one for
the TX and RX ports covers from 2.40 to 2.52 GHz. The minor
differences may be due to the increased loss from the dielectric
substrates. Finally, the measured port isolation more than
20 dB and a dip of 30 dB are achieved across the whole operating bandwidth, presenting good isolation performances of the
proposed antenna. Fig. 12 shows the simulated and measured
realized peak gain and efficiency of the proposed antenna,
demonstrating that the experimental results are consistent well
with the simulations. The realized peak gain is more than
4.1 dBi over the operating bandwidth, with the maximum
of 4.9 dBi achieved at 2.46 GHz. The measured antenna efficiency over 70% and 72% within the operating bandwidth is
achieved for TX and RX ports, respectively, with the maximum
value of 85% and 86% for two ports at 2.46 GHz, respectively.
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Fig. 12. Simulated and measured gain, and total efficiency of the proposed
antenna.

The simulated efficiency is higher than 76% over the operating bandwidth, with the maximum of 92% at 2.46 GHz.
Fig. 13 reports the measured and simulated normalized radiation patterns of the proposed antenna at 2.46 GHz. It is seen
that the measured results have a good agreement with the simulations, verifying that the proposed antenna has identical radiation properties for the TX and RX ports. In addition, the measured cross polarizations are lower than −30 and −23 dB for
E-plane and H-plane in broadside, respectively. It is seen that
the cross polarization is relatively high at low elevation angles
of H-plane. This phenomenon can be easily explained that the
proposed antenna actually behaves as a single PIFA antenna
when only one port is excited, owing to the high isolation
between the TX and RX antennas. For a regular PIFA antenna,
the fringing electric fields along the two nonradiating edges
of H-plane cannot cancel out with each other, leading to the
high cross polarization at low elevation angles. This is also
the inherent radiation property of a regular PIFA antenna.
Using patch antennas with a lower profile may be helpful
for the relief of this effect. Besides, it is seen that maximum
radiation direction for E-plane radiation patterns has a slight
squint angle of approximately 30◦ in Fig. 13. Meanwhile,
the gain difference between the broadside angle (theta = 90◦ )
and maximum radiation direction is approximately 1 dB.
To highlight the merits and advantages of the proposed
antenna over other reported works on in-band full-duplex
antennas, Table II is presented in terms of the antenna type,
polarization, method, dimension, impedance bandwidth, port
isolation, planar integration, and feeding scheme. As seen,
although the antennas in [29] and [31] can achieve higher
port isolation with planar integration, both occupy large
antenna size and use extra feeding networks for phase mode
orthogonality or near-field cancellation. Similarly, the antennas
in [27], [28], [44], and [47] not only have large size, high
profile, and complex feeding schemes such as quadrifilar IC,
BFN, and feeding networks, but also nonplanar and bulky
structure. Compared with these works, the proposed antenna
achieves co-linear polarization, identical radiation properties,
and relatively high isolation for in-band full-duplex systems,
with the advantages of compact size, low profile, simple feed,
and planar structure, especially suitable for volume-limited and
planar in-band full-duplex systems and scenarios.

Fig. 13.
Simulated and measured normalized radiation patterns of the
proposed antenna in xz plane and xy plane. (a) E-plane and (b) H-plane
radiation patterns for TX port (port 1). (c) E-plane and (d) H-plane radiation
patterns for RX port (port 2) at 2.46 GHz.

V. C ONCLUSION
In this work, we propose a compact co-linearly polarized
microstrip antenna with low profile and identical radiation
properties for in-band full-duplex systems. By exploiting an
FSR in the central plane of a patch, good isolation is obtained
for the TX and RX ports. The FSR contains a metallic vias
fence and a strip with a distance away from the ground, serving
as a pair of distributed inductor and capacitor. When the FSR
resonates, the radiating current is concentrated on the half part
of the patch, performing at its half-TM10 mode with high
port isolation. To verify the proposed antenna, a prototype
with the size of 0.25λ0 × 0.25λ0 × 0.04λ0 (λ0 is the freespace wavelength at center frequency) has been fabricated
and tested. The measured results demonstrate a high isolation
better than 20 dB and a maximum of 30 dB within the
operating bandwidth of 2.40–2.52 GHz. The proposed antenna
has the merits of compact size, low profile, simple feed,
and planar integration structure, exhibiting potential usage
for volume-limited and planar-integrated in-band full-duplex
systems and scenarios.
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