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This letter introduces an effective self-interference cancellation (SIC) for improving isolation between transmit (Tx) ports and
receive (Rx) ports of an in-band full-duplex antenna with feeding networks (FNs). A significant isolation improvement is
realized by replacing the traditional FNs of the antenna with SICFNs. The coupling between Tx and Rx ports is canceled in the
FNs due to the specific power ratios and phase difference. Though a Python optimization procedure, the optimal values of the
key parameters of the SIC FNs can be determined. To validate the proposed SIC technique, the prototype consisting of two
four-element antenna arrays and four SICFNs designed with the technique is fabricated. The results of measurements
performed in an anechoic chamber show an isolation improvement of 15 dB at 3.6GHz, while only 0.3 dB gain loss for the
antenna array as a sacrifice is observed.

1. Introduction

In-band full-duplex (IBFD) technology is very attractive
in wireless communication systems because it can double
the spectrum efficiency compared with traditional time
division duplexing (TDD) or frequency division duplexing
(FDD) [1, 2]. One of the critical challenges in IBFD wire-
less communications is the cancellation or suppression of
self-interference (SI). The SI is caused by its own trans-
mit signal, which is much stronger than the desired
received signal. In addition to using self-interference can-
cellation (SIC) techniques at the analog and digital stages
[3–6], high isolation at the antenna stage is essential to
avoid deterioration of the signal-to-noise ratio (SNR). In
general, at least 80 dB isolation should be achieved at
the antenna stage [7]. And higher isolation is of benefit
to decrease the complexity and requirements of analog
and digital stages.

The space division duplex (SDD) separates the receiving
(Rx) antennas from the transmitting (Tx) antennas. So good
isolation between them can be obtained. However, the spa-
tial interference suppression alone is not enough to achieve
sufficient isolation at the antenna stage, especially when the
installation space of the antenna is limited by the environ-
ment, and the spacing between the Rx antennas and the Tx
antennas is not large enough. The techniques for achieving
higher isolation at the antenna stage can be classified into
two main types: The first one is to suppress the coupling
along the propagation path between antennas directly
through decoupling techniques, such as electromagnetic
band-gap (EBG) structures [8], slotted meander-line resona-
tors [9], soft surface [10], interdigital lines [11], metamater-
ial [12], and defected ground structure (DGS) [13]. These
structures occupy a certain amount of space, thus increasing
the complexity of the antenna structure. Another solution
achieves high isolation through coupling cancellation. For
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example, reflective terminal [14], decoupling network
[15–18], decoupling surface [19], and decoupling superstrate
[20] are used to introduce additional coupling paths to can-
cel the coupling of the original propagation paths. Neverthe-
less, the complexity of the feed structures or the size of the
antenna increased due to the additional coupling structures.

A feeding network (FN) can form a subarray with anten-
nas to obtain higher gain, which can also be used simulta-
neously as a SIC FN. The coupling from one channel to
another channel can be decomposed and merged again by

the FNs. The rational design of the FNs can realize the can-
cellation of the coupling without introducing additional cou-
pling. In [21], self-interference suppression was achieved by
using differential feedings in an 8 × 8 antenna array, but Tx
ports and Rx ports with different polarizations are necessary.
In [22, 23], the FNs utilizing the pairwise antiphased feeding
technique were used to improve the isolation between subar-
rays. Yet this technique can only be used to cancel the inter-
ference between different polarizations of the same array.
The FNs that realized self-interference cancellation in [24]

Table 1: Comparison of currently proposed interference-reduction techniques.

Reference
number

Decoupling scheme Form of the SIC FN
Self-interference

symmetry
Occupy extra space

[8–13] Block structures — — Yes

[15–18] Decoupling network — — Yes

[20]
Decoupling
superstrate

— — Yes

[21] SIC FN Differential feeding Symmetry No

[22, 23] SIC FN Pairwise antiphased feeding Symmetry No

[24] SIC FN Butler matrix beamforming networks Symmetry No
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…

FN

…

FN

TX l TX n

…
…

FN

…

FN

RX l RX n

…

Beamformer Beamformer

Self-interference

Channel

Figure 1: A SDD MIMO communication system.
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Figure 2: 2 × 2 antenna array with FNs.
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also require the antenna to be symmetric at the center. To
sum up, a comprehensive comparison of currently proposed
interference-reduction techniques is given in Table 1.

The forms of the IBDF antenna array are varied, such as
the array in the SDD MIMO system in Figure 1. Unlike the
scenarios mentioned in the techniques above, the amplitude
of the couplings between the antennas of the two channels
are unequal, and the phase of the couplings are irregular,
which will make the self-interference asymmetrical. In this
scenario, a more general methodology to design the SIC
FNs is proposed in this letter. FNs only composed of
unequal power dividers are used as the design topology,
and the isolation between the Tx and Rx ports is improved
by 15 dB. The advantage of this topology is that it is simple
enough to be placed in some compact arrays [25, 26].

This letter is organized as follows. The design process of
the SICFNs is described in Section II. Section III presents the
performances of the antenna array with the SIC FNs. Con-
clusions are drawn in Section IV.

2. Design of the SIC FNs

2.1. Theoretical Analysis of the SIC Technique. The theoreti-
cal analysis of the proposed SIC technique is based on the S-
parameter matrix cascade calculation formula in [27], which
is also used in the design of the FN in this paper.

As an illustrative example, a 2 × 2 antenna array is
selected for coupling analysis, as depicted in Figure 2.
The coupling coefficient S1′4′ can be expressed by apply-
ing the formula in [27] to cascade the S-parameter
matrix of the array and the FNs. And the expression
can be simplified by omitting the higher-order terms as
follows:

S1′4′ ≈ S1′2′S7′10′S4′6′ + S1′3′S8′9′S4′5′ + S1′2′S7′9′S4′5′
+ S1′3′S8′10′S4′6′ + S1′3′S7′8′S2′2′S7′10′S4′6′
− S1′2′S7′8′S2′3′S7′10′S4′6′+⋯

1
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Figure 3: Geometry of the antenna array and its FNs.
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The first four of these terms can be considered the
four most direct couplings, already shown in Figure 2,
marked A-D. The four couplings are the most critical
couplings that affect S1′4′ .

The couplings represented by the fifth and sixth terms
in (1) are also shown in Figure 2, marked A′ and B′.
Together with the omitted higher-order terms, they repre-

sent the coupling of multiple transmissions and reflec-
tions through the internal loop formed by the antennas
and the FNs.

Consequently, it is possible to design the SIC FN so that
its S-parameter matrix meets the requirement of having
S1′4′ = 0. Since calculating the coupling coefficient involves
a large-scale matrix operation and the radiation performance

N

S-parameter matrix for each FN

Total S-parameter
matrix Stotal

Radiation pattern F
for each subarray

Get the SIC FNs

Determine the topology of the FN and
the related design variables � = (k1, k2,

k3, e1, e2, e3)T

Meet convergence criteria

Initialization

Y

Step 1

Step 2

Step 3

Optimization variables �1 and �2

Evaluate the object function value

Figure 5: Design flowchart of the SIC FNs.

Table 2: Design parameters of the SIC FNs.

Optimized results

k1 k2 k3 k4 k5 k6
1.43 1.03 3.95 0.69 0.25 0.97

e1 e2 e3 e4 e5 e6
1.78 358.62 2.81 352.11 357.09 354.3

Dimensions (mm)

w1 w2 w3 w4 w5 w6

1.05 0.74 0.92 0.87 1.38 0.3

w7 w8 w9 w10 w11 w12

0.73 1.05 0.3 1.38 0.87 0.92

b1 b2 b3 b4 b5 b6

3 3.2 2.9 3.5 3 2.2

b7 b8

2.7 2.4
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of each subarray should be considered, a Python optimization
procedure is introduced based on the differential evolution
algorithm (DE).

2.2. Design of the FNs Based on SIC Technology. To illustrate
the effectiveness of the SIC technique, a design example of
an antenna array with the SIC FNs is shown in Figure 3.
The cross-dipole antenna reported in [28] is employed as
the element of the array for our study, which works at
3.6GHz. The element spacing is 58.3mm (~0.7λ3.6, where
λ3.6 is the free-space wavelength at 3.6GHz). In addition,
an array spacing of 167mm (~2λ3.6) is selected. The different
polarized ports of the Tx antenna array and the Rx antenna
array act as their respective channels.

The geometry of the FNs is shown in Figure 3. The FNs
connected at different polarized ports of the antenna are

chosen to be the same due to the symmetry of the structure.
To cancel the coupling under different paths in the FNs, the
power ratios and phase differences of the FNs are the most
critical factors. Considering the complexity of the design,
the width of the quarter-wavelength impedance trans-
formers, named w1-w12, and the length of the bend lines,
named b1-b8, are used as design variables while keeping
other parameters fixed.

The topology of the FNs in circuit form is given in
Figure 4, which is used to realize the fast calculation of the
S-parameter matrices of the SIC FNs in the optimization
procedure. Z1-Z6 represent the impedance of the quarter-
wavelength impedance transformers, and the power ratio
k1-k3 is used to correlate them in pairs, which can reduce
the optimization variables. For the same reason, the electri-
cal length e1-e3 represent the phase differences. Therefore,
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Rx

VS

Tx and Rx

Figure 6: Fabricated antenna and FNs.
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Figure 7: Measured reflection coefficients of the fabricated antenna. (a) Each antenna element. (b) Antenna with different FNs.
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in the optimization procedure, ω1 = k1, k2, k3, e1, e2, e3 T

and ω2 = k4, k5, k6, e4, e5, e6 T are set as optimization vari-
ables, which are associated with the FNs of Tx antennas
and Rx antennas, respectively.

The input impedance of each T-junction is set to 50
ohms, so that the reflection coefficient of the FNs does not
need to be considered in the optimization procedure, as
the input impedance always matches 50 ohms. Then, the
characteristic impedances Z1-Z6 in Figure 4 are given by

Z2i−1 = 50 ki + 1
ki

Z2i = 50 ki + 1

,  i = 1, 2, 3 2

Other fixed parameters shown in Figure 4 are given as
follows: Z0 = 50Ω, a0 = 30°, a1 = 270°, and a2 = 140°.

The S-parameter matrix corresponding to the topology in
Figure 4 is easy to calculate. And the S-parameter matrix of the
antenna array without FNs is obtained by the EM software
HFSS. Based on the theory in [27], the S-parameter matrix

Stotal of the antenna array with the FNs can be calculated, so
the isolation between Tx and Rx ports can be obtained.

In addition, the radiation performance of each subar-
ray is incorporated into the optimization procedure.
Assume F0 0, 0 is the value of the standard realized gain
radiation pattern in dB in the broadside direction, calcu-
lated by ω0 = 1, 1, 1, 0, 0, 0 T . Fm 0, 0 is the value of the
realized gain radiation pattern of the mth subarray in dB
in the broadside direction. To ensure good radiation per-
formance, the maximum gain attenuation is set at 0.3 dB
in the optimization procedure.

Finally, the objective function can be written as

min Stotal i, j , i = 1, 2, j = 3, 4
max

,

F0 0, 0 − Fm 0, 0 ≤ 0 3 dB, m = 1,⋯, 4
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Figure 8: Copolarization and cross-polarization isolation between Tx and Rx ports with different FNs. (a) Measured in an anechoic
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Figure 9: Photograph of the testing environment for the fabricated
antenna. (a) In an anechoic chamber. (b) In a regular environment.
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The design flowchart of the proposed SIC technique is
summarized in Figure 5. As a result, the FNs, which can real-
ize coupling cancellation and provide the desired radiation
performance for the antenna array, can be obtained.

3. Numerical Result

In this section, to verify the performance and effectiveness of
the proposed SIC technique, the above methodology was
applied to design the FNs in Figure 3. A prototype was fab-
ricated for measurement and comparison.

In the optimization procedure, the power ratio region is
0 25 < k < 4, and the phase difference region is 0° < e< 360°.
The Python optimization procedure is repeated until a con-
vergence criterion is met, and the optimal solution of the
minimum isolation between the Tx and Rx ports is 82.7 dB
at 3.6GHz. Compared with the 66.2 dB isolation with the
traditional FNs, which is computed using the variables
ω0 = 1, 1, 1, 0, 0, 0 T , the isolation is improved by 16.5 dB.
The optimized results are listed in Table 2. Next, the opti-
mized power ratios and phase differences can be converted
to the impedance of the quarter-wavelength impedance
transformer in the FNs using (2). Finally, the size of the
optimized FNs based on a 0.76mm RO4350B substrate
(εr = 3 48 and tan δ = 0 0037) is shown in Figure 3.
Table 2 shows the key dimensions of the SIC FNs.

The fabricated antenna and FNs are shown in Figure 6.
The traditional FNs are also fabricated for comparison. To
evaluate the performance of the antenna, we measured the
reflection coefficient of each array element without FNs,
which is below -15 dB (Figure 7(a)).After the antenna is con-
nected to the FNs, the measured reflection coefficients of the
antenna array with SIC FNs are the same level as that of the
antenna array with traditional FNs, which are also below
-15 dB (Figure 7(b)).

Figure 8 shows the simulation and measurement results
for isolation. Among them, Figure 8(a) shows the results of
measurements performed in an anechoic chamber
(Figure 9(a)). At the measurement frequency point of
3.6GHz, the copolarization isolation between Tx and Rx
ports with the traditional FNs is about 66.8 dB. In con-
trast, the copolarization isolation with the proposed SIC
FNs is about 82.3 dB, which improves the isolation by
15.5 dB. The isolation improvement of cross-polarization
isolation between Tx and Rx ports is higher, about
17 dB. The above results, which agree well with the simu-
lation, are due to the fact that the reflection in the
anechoic chamber is very small. To assess the level of
the impact in practice scenarios, in which the scatterers
may appear, the isolation is measured in a regular envi-
ronment, as shown in Figure 9(b). This environment sim-
ulates the scenario of the antenna acting as a base station
on the base transceiver station tower. The measurement
results are shown in Figure 8(b). It is seen that although
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the isolation of the antenna with these two types of FNs
decreased, the isolation with SIC FNs is still over 10 dB
higher than that with traditional FNs. The degraded isola-
tion is due to the environment scatterers, like the metal
window frames. It should be noted that the antenna S-
parameter matrix used in the design of the SIC FNs is cal-
culated by HFSS on the premise that the antenna is not
affected by environmental reflection. Therefore, the stron-
ger the reflection in the practical scenario, the weaker
the improvement of the isolation brought by the FNs.

Figure 10 shows the measured coupling results between
the Tx ports or between the Rx ports. As seen, the measure-
ment results are below -23 dB to meet engineering
requirements.

Figure 11 displays a comparison of the measured radia-
tion pattern at 3.6GHz, which is measured in an anechoic
chamber (Figure 12). The main beam of the antenna feeding
with the SIC FNs broadens, and the sidelobe level is reduced.
When feeding with the SIC FNs, the measured antenna gain
is about 12.51 dBi at the Tx port and 12.90 dBi at the Rx port.
And the gain feeding with the traditional FNs is 12.84 dBi for
the Tx port and 13.03 dBi for the Rx port. There is a slight
decrease in gain, roughly in line with the calculation result
of the Python procedure, about 0.3 dB.

4. Conclusion

In this letter, a SIC technique for FNs is presented. The FNs
with a specific size, which are designed by a Python optimi-
zation procedure, enable SIC. Therefore, the isolation can be
improved. The proposed technique is verified by experi-
ments. When the antenna with the SIC FNs is measured in
an anechoic chamber, a significant 15 dB isolation improve-
ment is obtained with a slight gain loss (about 0.3 dB) at
3.6GHz. And when the antenna is in a practical scenario,
the improvement in isolation is influenced by reflection
from the surrounding environment. Therefore, the SIC tech-
nique has good potential in the scenario where the antenna
is in an open environment, such as base station applications.
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