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Abstract

This paper presents a two-elements based, dual polarized, single layer, patch antenna array
with improved isolation between transmit (Tx) and receive (Rx) ports for 2.4 GHz in-band
full duplex (IBFD) or simultaneous transmit and receive wireless applications. The differential
feeding deployed at the Rx port effectively suppresses the coupling which is termed as self-
interference from the Tx port to achieve high Tx–Rx interport isolation. A simple 3 dB/180°
ring hybrid coupler with nice amplitude and phase balance characteristics has been used
for differential Rx operation. The mathematical description for a differential feeding based
self-interference cancellation mechanism is also presented for the proposed dual polarized
IBFD antenna array. The measurement results for the implemented prototype of the antenna
array demonstrate very nice levels of Tx–Rx interport isolation. The implemented single layer,
compact antenna array presents 10 dB return-loss bandwidth of more than 50MHz for both
Tx and Rx ports. The prototype achieves >80 dB peak interport isolation and 75 dB (65 dB)
isolation in 20MHz (50MHz) bandwidth.

Introduction

The improved spectral efficiency is one of the major goals/requirements for next generation
wireless networks (5 G) to achieve higher data rates or throughputs. The in-band full duplex
(IBFD) also termed as single channel full duplex transceivers based on monostatic antenna
architecture (same antenna for transmit-Tx and receive-Rx operation) has the potential of the-
oretically doubling the spectral efficiency compared to conventional time and frequency
duplexing schemes [1–6]. Furthermore, the simultaneous transmit and receive (STAR) oper-
ation in the same range of frequencies can resolve several issues effectively in conventional
wireless communication networks and commercial of the shelf multi-in multi-out (MIMO)
transceivers can be used for the implementation of STAR transceivers [7, 8].

In conventional frequency division duplexing systems based on single antenna architecture,
a duplexer is employed in order to separate Tx and Rx signals. However, the conventional
duplexers cannot be used for IBFD operation as the interport isolation of such duplexer is
severely degraded when transmission and reception is accomplished at the same frequencies
as indicated in Fig. 1. The resulting very large amount of self-interference (SI) from transmitter
(Tx) to its own receiver (Rx) is the major issue which hinders the practical realization of IBFD
wireless communication [1–3]. The high power SI signal overpowers the very weak received
signal of interest (SOI) and results in severe degradation in signal to noise ratio (SNR) for
intended wireless link [9]. These high power SI signals are comprised of both linear and non-
linear components resulting from direct coupling between Tx and Rx chains in addition to SI
generated from environmental reflections or nearby objects [10].

An effective mechanism to suppress the SI which is usually termed as self-interference can-
cellation (SIC) is required on Rx side to retrieve the SOI for successful IBFD communication
[9, 10]. Normally a large amount of SIC is required to suppress the SI to receiver’s noise floor.
These intended SIC levels are defined by radiated power (transmit power), noise figure (NF),
and bandwidth of IBFD transceiver [9]. For example, as computed below, >110 dB SIC is
required for a radio transceiver transmitting +20 dBm power (PT), 20 MHz bandwidth
(B.W), and NF of 11 dB for such transceiver [9]:

Noise floor (PN) =− 174 dBm+ 10log(B.W)+ NF

=− 174 dBm+ 73+ 11 = −90 dBm
(1)

Required SIC Levels = PT − P N = 20+ 90 = 110 dB (2)
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The SIC levels stated in (2) are intended to fully suppress the SI to
the receiver’s noise floor (−90 dBm for this example as illustrated
in Fig. 2). As clear from (2), required SIC levels are directly related
to Tx power i.e. high Tx power levels require more SIC to realize
IBFD operation. Conversely, a low Tx power can relax the required
amount of SIC, however, the reduced Tx power will decrease the
range or coverage of wireless transmitter.

These high levels of required isolation can be accomplished
through multiple SIC topologies which can be deployed at various
stages across the IBFD transceiver [11]. Normally, theses topologies
utilize SIC at an antenna stage and techniques based on SIC in an
analog/radio frequency (RF) and digital baseband domain [12] as
illustrated in Fig. 2. Moreover, a comparatively high amount of
SIC is required at receiver’s front end to prevent the saturation of
the receive chain from very strong SI signals [10, 13]. In addition,
a monostatic antenna with high interport isolation plays a critical
role in achieving required SIC levels for the realization of a compact
transceiver as it alleviates the SIC requirements at subsequent
stages. In general, time or frequency based digital domain SIC tech-
niques offer 20–25 dB SIC levels [14, 15]. Moreover, a single-tap,
signal inversion based analog/RF domain can achieve >20 dB
isolation within 20MHz bandwidth for the monostatic antenna
configuration. Thus, exploiting a monostatic antenna capable of
providing 65–70 dB interport isolation plays a vital role in

achieving required SIC levels of 110–115 dB for the IBFD trans-
ceiver based on monostatic antenna architecture as illustrated in
Fig. 2. Moreover, such a high interport isolation antenna at trans-
ceiver’s front end can provide flexibility of deploying additional
SIC stages for improved Tx–Rx isolation, especially, for high Tx

power cases where more SIC levels are required as obvious from
(2). Furthermore, the use of a monostatic IBFD antenna array pro-
vides improved gain to extend the coverage and reliability of com-
munication link for specified receiver’s sensitivity under given SNR
values without additional SIC requirements at the Rx side of the
IBFD transceiver.

Although, the bistatic antenna configuration (separate antenna
elements for Tx and Rx operation) can be deployed with the IBFD
transceiver where the inter-antenna spacing (spatial isolation)
achieves the reduced coupling between Tx and Rx channels. In
addition, the Tx and Rx operation can be performed with orthog-
onal polarization to achieve improved propagation domain isola-
tion through the polarization diversity mechanism. However,
deploying separate antenna elements for Tx and Rx operation
weakens the real motive of IBFD topology as the bistatic antenna
configuration itself can improve the throughput of conventional
half duplex MIMO (multi-input multi-output) systems [16].
Furthermore, the bistatic antenna configuration requires more
spacing (especially for improved Tx–Rx isolation) which impedes

Fig. 1. IBFD wireless communication through STAR oper-
ation at the same frequency by using a monostatic antenna
configuration.

Fig. 2. (a) SI components (b) around 110 dB SIC for
the monostatic antenna based transceiver when
antenna interport isolation ≥70 dB within 20 MHz
bandwidth.
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the realization of compact transceiver modules. Conversely, the
IBFD transceiver based on monostatic antenna architecture
(shared radiator for Tx and Rx operation) can be realized with a
small form-factor (reduced size) to achieve all the potential
gains of IBFD communication [16]. However, such a monostatic
IBFD antenna system should provide high Tx–Rx interport isola-
tion through SIC at the RF front end to prevent the saturation of
analog to digital converter in the Rx chain from very strong RF
signals of the co-located transmitter [9, 17].

Various techniques have been exploited previously in order to
improve the interport isolation of monostatic antennas for IBFD
applications. These techniques include polarization diversity
[18–22] and hybrid techniques based on utilizing different
modes and polarizations [23]. The techniques based on polariza-
tion diversity in conjunction with additional SIC approaches
have attracted much attention in recent days to realize IBFD anten-
nas with relatively compact dimensions (small form factors). Such
monostatic antennas have dual polarized characteristics where
horizontal and vertical polarizations (TM01 and TM10 modes)
are excited through perpendicularly placed feeds. This basic config-
uration of this sort of polarization diversity provides ∼35–40 dB
isolation between Tx and Rx ports. The additional SIC approaches
are be utilized with such dual polarized antennas for improved iso-
lation. For instance, ∼20 dB additional isolation has been achieved
through a defected ground structure for the work reported in [24].
Moreover, multilayered printed patch antennas with hybrid feed-
ing structures can provide 15–20 dB improvement in Tx–Rx isola-
tion for IBFD applications [15, 25, 26]. In addition, differential
feeding is one of the prominent SIC technique to achieve very
nice interport isolation for dual polarized monostatic antennas
[27–29]. Thewell-known signal inversion based analog/RF domain
SIC techniques are also used with dual polarized antennas for iso-
lation improvements [30–33]. For example, an RF-SIC circuit plus
a circulator has been used in [33] to obtain >40 dB SIC for 65MHz
bandwidth.

In this paper, a dual-polarized 1 × 2 monostatic antenna array
has been studied for 2.4 GHz applications where high Tx–Rx

isolation has been achieved through well balanced differential
feeding network at the Rx port. The proposed differential feeding
at the Rx port effectively suppresses the RF leakage from the Tx

port to present high interport isolation. A very simple 3 dB/180°
ring hybrid coupler having nice amplitude and phase balance
characteristics has been used for required differential feeding at

the Rx port. The proposed differential feeding based SIC scheme
has been mathematically described which achieves high Tx–Rx

isolation without affecting the radiation characteristics of the
presented antenna array. The effect of magnitude and phase
imbalances of differential circuit on SIC levels is also illustrated
analytically. A prototype of a compact 1 × 2 antenna array has
been realized by implementing a dual polarized 1 × 2 antenna
array with an integrated differential feeding network on a single
layered printed circuit board (PCB). The implemented compact
antenna array has been experimentally characterized. The meas-
urement results demonstrate >30–35 dB additional isolation on
the top of ∼35 dB intrinsic isolation of polarization diversity for
the dual polarized antenna array. The measured interport isolation
for the implemented antenna array is >65 dB within a 10 dB
return-loss impedance bandwidth of 50MHz. In addition, the
differential feeding at the Rx port suppresses the inter-element or
mutual coupling to reduce side lobe levels (SLL).

The rest of this paper is organized as follows. Section
“Differential feeding based SIC scheme for 1 × 2 IBFD antenna
array” describes the array antenna architecture and describes the
differential feeding based SIC topology for the proposed 1 × 2
array antenna. The proposed differential fed SIC scheme is also
mathematically described in this section and dependence of SIC
levels on characteristics of differential circuit is also illustrated.
The design and simulation results for the compact differential
fed array antenna are presented and discussed in section
“Design and simulation results for compact differential fed 1 × 2
antenna array”. The section “Measurement results for compact
differential fed 1 × 2 IBFD antenna array” presents the test and
measurement results for implemented prototype of the antenna
array, followed by conclusions in section “Conclusion”.

Differential feeding based SIC scheme for 1 × 2 IBFD
antenna array

The proposed 2.4 GHz antenna array is shown in Fig. 3 which is
comprised of two radiating patches with inter-element spacing of
λo/4 = 31.25 mm where λo corresponds to the free space wave-
length for 2.4 GHz frequency. The squared-shaped radiating
elements characterize the same resonant frequencies of 2.4 GHz
for Tx and Rx ports for intended IBFD operation. The proposed
antenna array has been designed on a single layer, 1.6 mm thick
FR-4 substrate (εr = 4.4, tanδ = 0.02) as illustrated in Fig. 3. The

Fig. 3. The proposed 2.4 GHz dual polarized
antenna array of two radiating patches with inter-
element spacing of λo/4 = 31.25 mm (λo is the free
space wavelength for 2.4 GHz frequency).
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optimized dimensions for the proposed array are also shown in
Fig. 3. The symmetrically placed Rx ports with respect to the Tx

port (through 3 dB/0o power divider) produce the same amount
of SI from the Tx port to both Rx ports.

As clear from the structure of the proposed antenna array in
Fig. 3, each radiating patch of array is excited from two orthogon-
ally placed thin quarter-wave feeds which are connected at the cen-
ter of the respective edge of the square-shaped patch. Consequently,
each element will radiate with dual polarized characteristics when
excited from respective Tx and Rx ports. This sort of feeding
achieves the maximum Tx–Rx isolation at a required frequency
through polarization diversity. This fact is illustrated and endorsed
with simulated element gain patterns and surface current distribu-
tions for respective Tx/Rx port excitations as shown in Fig. 4.

Our proposed SIC scheme is based on employing a differential
feeding through both Rx ports (P2 and P3) of the proposed dual
polarized, 1 × 2 antenna array (which has been shown in Fig. 3)
for effective suppression of SI resulted from the Tx port (P1). The
presented proposed SIC scheme achieves high Tx–Rx interport iso-
lation without affecting the radiation characteristics (gain perform-
ance etc) of the antenna array as clear from following analysis. The
phasor-form representation of linear polarized electric field vectors
(E) for Tx and Rx ports of the proposed dual polarized 1 × 2
antenna array (as presented in Fig. 3) can be expressed as:

ETx = Em (ŷ) and ERx2 = Em (x̂), ERx3 = Em (−x̂) (3)

As stated earlier, our proposed SIC scheme is based on differential
excitation of both Rx ports (P2 and P3) of the proposed dual polar-
ized 1 × 2 antenna array, in that case, the electric field vector (E) for
the differential fed Rx mode can be expressed as:

ERx = ERx2 + e j180
◦
ERx3 = Em(x̂)− Em (−x̂) = 2× Em (x̂) (4)

where x̂ and ŷ are unit vectors along x and y respectively and Em is
the amplitude of E field.

As clear from (4), the fields radiated by both elements of the
array antenna are combined in phase when differential feeding
through both Rx ports of the proposed antenna array is employed.
Consequently, the presented 1 × 2 antenna array with differential
Rx mode will transmit and receive with vertical and horizontal
polarizations respectively as clear from (3) and (4).

The SIC capabilities of the proposed scheme for the dual
polarized 1 × 2 antenna array can be described through very
simple mathematical analysis as follows. We assume that ITx,
IRx2, and IRx3 denote the currents for respective Tx and Rx ports
as indicated in Fig. 3, then:

IRx2 = ITx S21 and IRx3 = ITx S31 (5)

For differential excitation, the total current IRx flowing out from
the differential Rx port is:

IRx = 1
��

2
√ (e j180

o
IRx2 + IRx3) = ITx

��

2
√ ( S31 − S21) (6)

The Tx–Rx interport current isolation (inverted current coupling
ratio) is given as:

ITx
IRx

= 1
(S31 − S21)

(7)

As stated earlier and clear from Fig. 3, the same levels of RF
coupling (SI) is resulted from the Tx port to both Rx ports due to
symmetry of the proposed structure for the dual polarized antenna
array. In other words S21 = S31 to offer infinite Tx–Rx interport iso-
lation theoretically based on mathematically established SIC condi-
tion in (7). However, for practical differential fed, dual polarized
antenna array S21≈ S31 (due to the non-ideal layout and imperfect
excitations) and high levels of SIC can be achieved when a differen-
tial circuit having nice amplitude and phase balance characteristics
are employed with the proposed dual polarized antenna array. In
addition, the differential feeding suppresses the mutual coupling

Fig. 4. The gain patterns and surface current distributions for dual polarized, single element (patch) of the proposed 1 × 2 antenna array (designed on a 1.6 mm
thick FR-4 substrate).
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between antenna elements which improves antenna gain and polar-
ization purity through reduced SLL levels [34].

The achievable SIC levels and Tx–Rx isolation bandwidth are
highly dependent on characteristics of the employed differential
feeding network (circuit). This dependence can be quantitatively
analyzed for SIC levels for two equal-magnitudes out of phase
sinusoidal signals. Figure 5 presents the computed SIC levels
under various magnitude and phase errors between two signals.
The achieved levels of SIC are greatly influenced by both magnitude
and phase errors between two signals which corresponds to magni-
tude and phase imbalances of the differential feeding network. For
instance, as illustrated in Fig. 5, the SIC levels are reduced from 45 to
30 dBwhen phase error is varied from 0 to ±2° for 0.1 dBmagnitude

error curve. Similarly, if magnitude error is increased from 0.1 to
0.3 dB, the corresponding SIC levels are reduced from 45 to 35 dB
with zero phase error in both cases. We have used a 3 dB/180°
ring hybrid coupler as a differential circuit with nice amplitude
and phase balance characteristics to achieve improved SIC levels
for the proposed differential fed antenna array.

Design and simulation results for compact differential fed
1 × 2 antenna array

The simulated return-loss (S11, S22, and S33) and interport isola-
tion results (S21, S31, and S31–S21) for the 1 × 2 antenna array
are presented in Fig. 6. As stated earlier and clear from simulation

Fig. 5. The computed SIC levels under various magni-
tude & phase errors between two signals.

Fig. 6. The simulated return loss (S11, S22, and S33)
and interport isolation (S21, S31, and S31–S21) results
for the proposed 1 × 2 dual polarized 2.4 GHz
antenna array.
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results in Fig. 6, the polarization diversity provides ∼35 dB inter-
port isolation (S21, S31) for the presented antenna array. The dif-
ferential feeding through both Rx ports can provide additional
isolation as clear from (S31–S21) results in Fig. 6. The ideal differ-
ential feeding network (having zero magnitude and phase errors)
can demonstrate peak Tx–Rx interport isolation >120 dB and
around 90 dB isolation in 60 MHz. However, better than 80 dB
isolation in 60MHz is achieved with our proposed hybrid coupler
as a differential circuit as clear from Fig. 6.

The intended differential Rx mode operation has been realized
by using a 2.4 GHz, 3 dB/180° ring hybrid coupler. The ring
hybrid coupler performs as a 3 dB out of phase power
combiner for required SIC operation when it is connected with
the proposed array where a difference port (Δ port) designated
as P2 of the hybrid coupler is used for the Rx port as indicated
in Fig. 7.

A 2.4 GHz, 3 dB/180° ring hybrid coupler has been designed
on a 1.6 mm thick general purpose FR-4 substrate (εr = 4.4,
tanδ = 0.02) and optimized design parameters for the 2.4 GHz 3
dB/180° ring hybrid coupler are shown in Fig. 7. The simulation
results for the 2.4 GHz, 3 dB/180° ring hybrid coupler are also
shown in Fig. 7. The proposed 2.4 GHz 3 dB/180° ring hybrid
coupler provides very nice port matching and amplitude balance
characteristics as clear from Fig. 7. The simulated return-loss for
each port >20 dB over the frequency range of 2.1 to 2.7 GHz.
Moreover, the simulation results indicate <0.1 dB amplitude
imbalance and < ± 1° phase difference for the frequency range
of 2.35 to 2.45 GHz (100MHz bandwidth). As stated earlier
and shown in Fig. 5, a differential network (circuit) with these
values of amplitude and phase errors will offer >35 dB SIC over
100MHz on the top of 30–35 dB isolation (polarization diversity
isolation). Hence, the total interport isolation should fall in the
range of 65–70 dB over a SIC bandwidth of 100MHz. However,
the SIC levels will improve when the SIC bandwidth is reduced
because of comparatively small amplitude and phase errors.
Moreover we need to perform SIC in 60MHz bandwidth only

as our proposed antenna array has 10 dB return-loss bandwidth
of 60MHz (as clear from Fig. 6).

As presented in Fig. 8, the three port antenna array and 3 dB/
180° power combiner are integrated to realize a compact antenna
structure for a single-input single-output IBFD transceiver. This
design has been realized on a single-layered 1.6 mm thick general
purpose FR-4 substrate (εr = 4.4, tanδ = 0.02). The radiating struc-
ture (antenna elements) and differential feeding network are
placed on top of the FR-4 substrate whereas the copper layer on
the bottom side of the substrate will form a ground plane for
the presented patch antenna array as indicated in Fig. 8. The
microstrip transmission lines have been used for intended inter-
connections. As shown in Fig. 8 through full-wave simulated
surface currents for individual excitation of Tx and Rx ports, the
presented differential fed patch antenna array is linearly vertically
and horizontal polarized for excitation from respective Tx and Rx

ports. As clear from Fig. 8, the difference port (Δ port) of the inte-
grated 2.4 GH, 3 dB/180° ring hybrid coupler has been used as the
Rx port of the compact, dual polarized IBFD antenna array for
effective SIC operation which is based on differential feeding at
the Rx port as detailed earlier in section “Differential feeding
based SIC scheme for 1 × 2 IBFD antenna array”.

Measurement results for compact differential fed 1 × 2 IBFD
antenna array

The proposed dual polarized, differential fed, 1 × 2 antenna array
was implemented and measured in order to verify the differential
feeding based SIC concept. A single-layered FR-4 substrate (εr =
4.4, tanδ = 0.02) having with a thickness of 1.6 mm was used for
the implementation of the prototype of the proposed array. The
implemented validation model for the compact (array and feeding
networks on the same PCB), dual port, dual polarized, differential
fed IBFD antenna array is shown in Fig. 9. The designated Tx and
Rx ports and detailed dimensions for the implemented prototype
of the antenna array are also shown in Fig. 9. Three SMA

Fig. 7. EM model and simulation results for the 3
dB/180° ring hybrid coupler (SIC circuit). The coup-
ler has been designed on a 1.6 mm thick FR-4 sub-
strate (εr = 4.4 & tanδ = 0.02).
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connectors (two for Tx and Rx ports and one for 50Ω termination
at Σ port of the ring hybrid coupler) were soldered on the back
side of the PCB and connected to respective ports as shown
in Fig. 9.

The implemented antenna array has been characterized by
measuring the input reflection coefficients (S11, S22) and interport
coupling (negative isolation). Figure 10 plots the measured and
simulated impedance matching (S11, S22) and Tx–Rx coupling
(S21) performance results for the implemented validation model
of the differential fed, dual polarized, 1 × 2 IBFD antenna array.
The measured impedance bandwidth (referring to return loss
≥10 dB) for port 1 (Tx port) ≥50MHz (from 2.39 to over 2.44
GHz) and >45MHz (from 2.39 to 2.435 GHz) for port 2 (Rx

port). Meanwhile, very high Tx–Rx isolation levels have been
observed where the measured peak Tx–Rx isolation levels ∼85

dB as illustrated in Fig. 10. Moreover, the measured isolation
(in chamber) is over 65 dB within 50MHz (2.39 to 2.44 GHz)
and better than 75 dB in 20MHz (2.4 to 2.42 GHz). The interport
measurement results reflect a nice SIC performance through
differential feeding at the Rx port.

As discussed earlier, the dual polarization provides 35–40 dB
isolation between Tx and Rx signals and our proposed SIC scheme
based on differential Rx operation has achieved 30–35 dB add-
itional isolation on top of polarization diversity isolation. As
clear from Fig. 10, there is nice agreement between the simulation
and measurement results performed in an anechoic chamber.
However, the measured isolation results show some degradations
compared to simulated one, which can be attributed to fabrication
accuracy. The measured isolation in a lab environment (in the
presence of reflections) is >65 dB for 50MHz bandwidth.

Fig. 9. The implemented prototype of the compact, dual port, dual polarized, differential fed 1 × 2 array antenna for 2.4 GHz full duplex wireless applications.

Fig. 8. The simulated surface current distributions
at 2.4 GHz frequency for the compact, differential
fed, dual polarized 1 × 2 IBFD antenna array.
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The measured E-plane far-field, two-dimensional (2-D) radi-
ation patterns at 2.4 GHz frequency for the implemented prototype
of the dual port, differential fed array antenna are depicted in
Fig. 11. The implemented validation model of the dual polarized
array characterizes >7 and >7.5 dBi gains for linear dual polarized
radiations under port 1 (Tx port) and port 2 (Rx port) excitations
respectively. The simulated radiation efficiency (not presented here
for brevity) is around 50% only for each port excitation and gain/
efficiency for the array can be improved by using low loss substrate
instead of the general purpose FR-4 substrate (with tanδ = 0.02).
Moreover, the measured cross-polarization levels at the boresight
are lower than −35 dB (Tx port) and −45 dB (Rx port) from

respective co-polarized levels as illustrated in Fig. 11. These meas-
urement results reflect nice polarization purity characteristics for
the implemented array.

The radiation efficiency of the presented antenna is low due to
high loss (loss tangent) of FR-4 dielectric used for array antenna
implementation. The radiation efficiency and consequently the
gain of the presented antenna array can be improved significantly
by using a low loss substrate for antenna implementation. This
can be endorsed through antenna array simulations with reduced
value loss tangent (tanδ). For example, as reported in [35] and
clear from simulation results in Fig. 12, the radiation efficiency
of the antenna will be increased to more than 87% at 2.4 GHz

Fig. 11. The measured E-plane, 2-D far-field radi-
ation patterns at 2.4 GHz frequency for the imple-
mented prototype of the dual polarized,
differential fed antenna array.

Fig. 10. The simulated and measured S-parameters
(S11, S22, and S21) result for the implemented proto-
type of the dual port, dual polarized, and differen-
tial fed IBFD antenna array.
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frequency when tanδ is reduced from 0.02 to 0.001. Consequently
the gain of the antenna will be doubled (3 dB additional gain in
this case).

The measured results for the implemented prototype of the
proposed array (especially interport isolation results) demonstrate
improved performance compared to previously published works
on such antennas [25, 27, 29, 35]. These performance improve-
ments are attributed to effective cancellation of mutual coupling
and SI through a well-balanced differential feeding mechanism.
The comparison of the presented antenna with previously
reported 2.4 GHz antennas is detailed in Table 1. As listed in
Table 1, the reported antenna array in [25] provides a wider band-
width of 18.8% but the interport isolation is limited to around 28
dB for this topology. Moreover, it employs the multi-layered PCB
configuration. Our previously reported antennas in [27, 29, 35]
are based on differential feeding through similar ring hybrid cou-
plers. However, these antennas are based on single radiating elem-
ent where mutual coupling is not an issue and differential feeding
is only intended for improved interport isolation. Moreover, the
second antenna in [27] and double differential antenna reported
in [29] require multi-layered PCB structures. Compared to previ-
ously reported antennas, the novelty of the presented antenna is

single-layered antenna array architecture (reduced implementa-
tion complexity) and very high interport isolation through effect-
ive reduction and cancellation of inter-element coupling (mutual
coupling) and Tx leakage at the Rx port. Compared to the single
element based antenna, the array antenna configuration with
comparable interport isolation performance is more useful for
full duplex wireless applications as it provides more gain to extend
the range or coverage for specified Tx power. However, the mutual
coupling degrades the radiation performance and interport isola-
tion of the IBFD antenna array. The presented antenna configur-
ation resolves this issue through a well-balanced differential Rx

mode operation.

Conclusion

In this work, a differential fed 1 × 2 dual-polarized antenna array
has been presented for 2.4 GHz IBFD applications. The differen-
tial feeding mechanism at the Rx port has been realized through a
very simple 3 dB/180° ring hybrid coupler having nice amplitude
and phase balance characteristics. The proposed SIC topology
achieves high interport isolation through the combination of
polarization diversity and differential feeding mechanism at the

Fig. 12. The simulated radiation efficiencies of the pre-
sented antenna for tan δ = 0.02 & tan δ = 0.001 when
the Rx port of the proposed antenna array is excited.

Table 1. Performance comparison of the implemented antenna array with previously published works [25, 27, 29, 35]

Antennas Peak isolation (dB) 10 dB R.L.B.W. Isolation/B.W. PCB configuration

[25] 33 18.8% 28 dB/410 MHz Multi-layered

[27]-Ant.1 67 50 MHz 62 dB/50 MHz Single-layered

[27]-Ant.2 90 50 MHz 70 dB/50 MHz Multi-layered

[29] 98 50 MHz 80 dB/40 MHz
90 dB/20 MHz

Multi-layered

[35] 78 50 MHz 64 dB/50 MHz Single-layered

This work 85 50 MHz 65 dB/50 MHz
75 dB/20 MHz

Single-layered
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Rx port of the proposed antenna array. The differential mechan-
ism also improves the antenna radiation performance with
reduced SLL through reduction in mutual coupling between
antenna elements for Rx operational mode. The measurement
results indicate very high SIC levels for implemented prototype
of the monostatic antenna array. The measured interport isolation
performance ensures that the implemented prototype of the
monostatic antenna array can be effectively used for 2.4 GHz
IBFD wireless applications where the independence of the Tx

and Rx channels corresponds to the high interport isolation. For
instance, the proposed antenna array can be used for simultan-
eous wireless power transfer and data reception from wireless sen-
sor devices through two independent wireless channels working at
the same frequency band.
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