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Abstract—A co-linearly polarized wideband microstrip antenna
with a single shared patch feeding by two parallel L-probes is
proposed in this letter. The shared patch introduces a new cou-
pling path for the L-probes. The coupling coefficients of the two
L-probes, as well as the L-probe and the patch, are quantitatively
derived based on the coupled resonators theory. It is proved that
by adjusting the geometries and dimensions of the two L-probes
and the patch, a natural wideband high isolation can be obtained.
A demonstration example is designed and measured to validate
the feasibility of the proposed scheme. The results show that the
proposed antenna can achieve impedance matching of −10 dB and
high isolation of 20 dB in the frequency range from 3.2 GHz to
4 GHz. Besides, the measured efficiency ranges from 91% to 99%
with an average realized gain of 7.4 dB. Furthermore, another
example with a lower height is also designed to justify the practical
usefulness, showing 19.8% decoupling bandwidth.

Index Terms—Copolarized, full-duplex antennas, L-probe,
microstrip antenna, shared patch, wideband.

I. INTRODUCTION

THE in-band full-duplex (IBFD) is believed to be a promis-
ing solution to provide higher data rates in modern and

future wireless communication [1], [2]. A main challenge for
successful IBFD is the self-interference cancellation (SIC),
which mainly contains three parts: the antenna domain, the
analog domain, and the digital domain, and a good antenna
domain SIC will ease the burden of the subsequent two SICs
and reduce the design complexity and cost of the whole system.

A straightforward method to achieve antenna domain SIC is to
separate the transmitting (TX) and receiving (RX) antennas with
a large distance [3], which is simple but occupies a bulky size.
Some decoupling structures have been proven to be effective in
improving antenna isolation, such as defected ground structures
(DGSs) [4], metamaterial [5], parasitic decoupling elements
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[6], [7]; antenna decoupling surface (ADS) [8], [9]; sequential
feeding networks [10], [11], [12]; and so on. To further reduce
the size and complexity, the self-decoupling concept has been
proposed, including using the weak-field area [13], the charac-
teristic mode [14], hybrid mode superposition [15], [16], [17],
coupling cancellation [18], [19], mode cancellation [20], and
high order modes [21]. Although no extra decoupling structures
are required, the TX and RX antennas in all these methods are
still two separate radiators.

In recent years, the shared antenna for IBFD applications has
become more and more attractive because of its compact size and
easy integration into the monostatic system. The dual-polarized
IBFD antennas can inherently obtain high isolation because
of the orthogonal polarizations [22], [23]. To further improve
the throughput, the copolarized IBFD antennas without costing
the polarization resource are drawing great attention. First, the
central shared part between two co-located ME dipoles can be
modified to obtain natural high isolation for co-linearly polarized
IBFD applications [24]. The grounded coupling pins [25], and a
hybrid structure of slot and capacitor [26], also prove effective
in tuning the common mode impedance to mitigate that of the
differential mode. By exploring a fence-strip resonator [27] or
chip capacitors with metallic vias [28], the radiating current is
confined in the half part of the patch so that mutual coupling
is naturally suppressed. Besides, two out-of-phase TM10 modes
are generated to support the copolarized high isolation [29] with
an additional conducting block to enhance the decoupling depth.
However, these methods all focus on the decoupling of narrow
bandwidth for 20 dB isolation. In [30], a four-port microstrip
antenna design realized 16.2% isolation bandwidth using modes
combination but suffers a large patch size of approximately 1.5λ
× 2.5λ. Very recently, a wideband copolarized microstrip an-
tenna has been proposed based on mode cancellation at the cost
of an extra stacked patch [31]. Therefore, wideband co-linearly
polarized IBFD microstrip antenna using one single patch is
challenging and worthy to be investigated.

In this letter, a wideband co-linearly polarized IBFD mi-
crostrip antenna using two parallel feeding L-probes is pre-
sented. The shared patch introduces a second coupling path
between the two probes, which is exactly counteracted by the
original one naturally. Furthermore, due to the wideband feature
of the L-probe feeding structure [32], [33], a wide bandwidth is
naturally achieved. Compared with the existing works, there are
mainly three distinct contributions.

1) It achieves inherent high isolation using the same radiating
patch without using extra decoupling structures.
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Fig. 1. Geometry of the proposed patch-shared IBFD microstrip antenna.
(a) Perspective view. (b) Side view. Gw = 120 mm, Wp = 35 mm, D =
22.5 mm, W0 = 7 mm, H = 15 mm, Lv = 12.5 mm, Lh = 6 mm, and h0
= 1.5 mm.

2) It achieves a wide matching and isolation fractional band-
width of about 22%, benefiting from the natural L-probe
feeding.

3) The coupling coefficients are analytically derived based
on the coupled resonators theory.

II. WORKING MECHANISM

As illustrated in Fig. 1, the proposed air-filled patch-shared
microstrip IBFD antenna consists of a shared radiating patch,
two L-probe feeding structures, a ground plane, and two SMA
connectors, with detailed dimensions listed in the figure caption.

The coupling coefficients of the probe-patch and probe-probe
are investigated in this part. The coefficients of these two kinds
of coupling are defined as k1 and k2, respectively, as shown in
Fig. 1(b). In the probe-patch-probe path, the energy from the
excited probe is coupled twice to the coupled probe, so the total
coupling coefficient of this path is k12. To mitigate the coupled
energy in the coupled probe, these two coefficients should satisfy
the formula as follows:

−k2 = k21. (1)

According to the classical coupled resonators theory, when
two resonators are coupled, the original characteristic resonant
frequency f01 and f02 will turn into two new resonances of fl and
fh, and the coupling coefficient k of the two coupled resonators
can be calculated using the formula as follows [34], [35]:
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When the two resonators are identical, it will be simplified

into the following form:

|k| = f2
h − f2

l

f2
h + f2

l

. (3)

Fig. 2 shows the simulated modal significances using the
characteristic mode analysis method. As shown in Fig. 2(a),
the quarter-wavelength L-probe resonates at f01 = 3.62 GHz.

Fig. 2. Simulated modal significances and current distributions. (a) Single
L-probe. (b) Two coupled L-probes. (c) Single square patch.

After introducing another L-probe as depicted in Fig. 2(b), the
original mode of a single L-probe splits into two modes, with
one odd mode resonating at 3.29 GHz and the other even mode
resonating at 4.15 GHz. Therefore, the coupling coefficient k2
can be readily calculated by substituting fl = 3.29 GHz and fh
= 4.15 GHz into (3), leading to | k2 | = 0.228. Considering the
capacitive feature of k2, it is easy to find that k2 = −0.228.

In the case of a single square patch in Fig. 2(c), only the lowest
three dominant modes are presented, where those of TM10 mode
and TM01 mode resonating at f02 = 3.2 GHz overlap due to the
square dimension of the patch. It’s observed in Fig. 3(a) that in
the case consisting of an L-probe and a patch, there are mainly
4 modes in the band of 2 GHz to 5 GHz, and modes 1 and
3 of Fig. 2(c) almost remain unchanged as modes 2 and 4 in
L-probe-fed antenna’s modes of Fig. 3, which means that for
these two modes, there is nearly no coupling between the patch
and the L-probe. Differently, for the characteristic modes 1 and 3
in Fig. 3, there are obvious coupled currents in the patch and the
L-probe, showing effective coupling between these two antenna
resonators. Therefore, combining the original resonances of f01
and f02, the coupling coefficient k1 can be calculated with fl =
2.39 GHz and fh = 3.81 GHz using the general formula (3),
which is found to be −0.421 so that the coupling coefficient
of the probe-patch-probe path, k12, is equal to 0.177. As can

Authorized licensed use limited to: SUN YAT-SEN UNIVERSITY. Downloaded on April 11,2025 at 15:50:57 UTC from IEEE Xplore.  Restrictions apply. 



PENG et al.: WIDEBAND CO-LINEARLY POLARIZED MICROSTRIP ANTENNA FOR IN-BAND FULL-DUPLEX SYSTEMS 4605

Fig. 3. Simulated modal significances and current distributions for an L-probe-
fed patch antenna. (a) Modal significances. (b)–(e) Current distributions of the
four dominant characteristic modes.

Fig. 4. Coupling coefficients with different relative distances. (a) h0 of the
patch and the probe. (b) D of the probes.

be seen, there is little difference between −k2 (0.228) and
k12 (0.177) so Formula (1) can be roughly met, meaning the
signal from the probe-probe path can be well mitigated with
that from the probe-patch-probe path, leading to the inherent
self-decoupling.

In a specific design, the coupling coefficients can be readily
manipulated by tuning the dimensions of the patch and the
L-probes. Without loss of generality, two key parameters, the
gap between the patch and the L-probe h0 and the separation of
the two L-probes D are studied. As is shown in Fig. 4(a), when
h0 changes, the coupling coefficient k12 can be tuned effectively,
while k2 maintains the same since the relative distance and
dimensions of the two L-probes do not change. Besides, the
coupling coefficients k12 and k2 can be tuned simultaneously
by changing the parameter D. The S-parameters versus different
values of h0 and D are shown in Fig. 5. It can be seen that, with
the increase of h0, the S11 moves to the higher band greatly and
the isolation is moved to the lower band. Besides, by increasing
the relative distance D, the isolation minimum point moves to
the higher band while S11 changes slightly.

One thing that should be mentioned is the wide impedance
matching is obtained mainly benefiting from the L-probe feeding
structure but not from the high profile of the patch.

Fig. 5. S-parameters versus different relative distances. (a) h0. (b) D.

Fig. 6. Simulated current distributions. (a) Without shared patch. (b) With
shared patch.

Fig. 7. Photographs of the fabricated copolarized patch-shared microstrip
IBFD antenna. (a) Top view. (b) Side view.

III. RESULTS AND DISCUSSIONS

A. Current Distributions

To observe the decoupling principle more clearly, Fig. 6 shows
the simulated surface current distributions without and with the
shared patch at 3.5 GHz, respectively. Only port 1 is excited in
both cases. It is observed that the excited probe can excite the
out-of-phase current on the coupled probe and the patch. When
the out-of-phase current on the patch is coupled to the coupled
probe, the coupled current through this path will be in-phase.
Therefore, in Fig. 6(b), the addition of the patch introduces the
probe-patch-probe coupling path, which counteracts the original
probe-probe coupling path, making the current magnitude at the
coupled probe close to nearly zero.

B. Fabrication and Measurement

The top and side view of the fabricated prototype are shown
in Fig. 7. The patch and L-probes are 0.3 mm-thick copper and
that is 0.5 mm for the ground. The simulated and measured
S-parameters of the prototype antenna are illustrated in Fig. 8,
in which the two results coincide well with each other. In the
frequency range from 3.2 GHz to 4 GHz, the isolation is better
than 20 dB, while S11 is better than −10 dB, demonstrating a
22.2% fractional bandwidth.

Fig. 9 demonstrates the measured gain and total efficiency of
the proposed antenna, with a photograph of the experimental
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Fig. 8. Simulated and measured S-parameters of the proposed patch-shared
microstrip IBFD antenna.

Fig. 9. Measured total efficiency and gain of the proposed patch-shared
microstrip IBFD antenna.

Fig. 10. Simulated and measured radiation patterns of the proposed patch-
shared microstrip IBFD antenna at 3.5 GHz. (a) E-plane. (b) H-plane.

environment inserted. It can be found that the average efficiency
reaches 94% in the band from 3.2 GHz to 4 GHz. Besides, the
realized total gain is more than 6.7 dB in the operating band,
with an average gain of 7.4 dB. Fig. 10 shows the simulated
and measured radiation patterns of the prototype in the E-plane
and H-plane at 3.5 GHz. It can be seen that the measured
results are consistent with the simulated ones except for the
cross-polarization of the E-plane, which is caused by the slight
asymmetry introduced by the L-probe soldering error. Moreover,
in the broadside radiation direction, the cross-polarization level
of both the E-plane and H-plane is lower than −26.7 dB. To
justify that the proposed antenna can also be applied for MIMO
applications, the envelope correlation coefficient (ECC) is also
studied, which is lower than 0.001 across the operating band of
3.2 GHz to 4 GHz, showing a very low spatial correlation.

To demonstrate the practical usefulness, another example
working in the band of 3.27 GHz to 3.99 GHz is designed with
the antenna height reduced from 15 mm to 10 mm. As can be
seen in Fig. 11, although with a lower height, the proposed
antenna achieves approximately 20% decoupling bandwidth
with isolation better than 20 dB and S11 greater than −10 dB.

Fig. 11. Simulated S-parameters of the antenna with a height of H = 10 mm.
The unit used here is mm.

TABLE I
COMPARISONS OF SOME STATE-OF-THE-ART HIGH-ISOLATED MICROSTRIP

ANTENNAS

C. Comparison and Discussions

A comprehensive comparison is summarized in Table I. Al-
though all these works can achieve inherent isolation without
using any other decoupling structures, the decoupling bandwidth
is lower than 8% in [14], [25], [27], and [29], somewhat not
enough to support the wideband applications. The stacked patch
scheme in [31] reached 27.5% decoupling bandwidth by using
two patches but increasing the implementation difficulty and to-
tal cost. Although the design in [36] also shares the radiator, it is
based on the mode cancellation principle, and the achieved 20 dB
bandwidth is only about 6%. Although a coupling-fed structure,
a ring slot, is also used in [29], it works for impedance matching
enhancement. Differently, the proposed antenna achieves more
than 22% decoupling bandwidth using only one radiating patch,
providing a promising alternative for wideband IBFD antenna
domain SIC.

IV. CONCLUSION

In this letter, a copolarized patch-shared wideband microstrip
IBFD antenna is proposed. Two parallel-placed L-probes excite
the same patch, forming an air-filled antenna pair that shares
a single patch. There exist two coupling paths, the probe-probe
one and the probe-patch-probe one, and the coupling coefficients
of these two paths are analytically studied using the coupled
resonators theory. It is found that the coupled energy from the
two coupling paths is exactly counteracted, resulting in naturally
high isolation between the two ports. Moreover, the employment
of L-probes brings a wide bandwidth for the proposed antenna.
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