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Abstract—In this letter, a wideband self-decoupling scheme is
proposed for multiple-input–multiple-output (MIMO) antennas.
Based on the mode orthogonal decoupling scheme, when the pro-
posed differential mode antenna is integrated with a loop branch,
it will be decoupled at one frequency f1. Moreover, the parasitic
branch in the proposed antenna naturally works as a parasitic
decoupling element, so it will achieve decoupling at a second fre-
quency f2 simultaneously. Two demonstrational examples working
in the N79 band (4.4 GHz to 5 GHz) are studied. The results show
that the MIMO antennas using the proposed scheme can achieve a
wideband isolation greater than 26.4 dB across the whole band with
two transmission zeros. Taking into consideration the attractive
integration free from differential feeding structures and wideband
high isolation, the proposed integrating decoupling scheme may
provide a new vision for the MIMO antenna designs.

Index Terms—Antenna decoupling, aperture-overlapped, dipole
mode, mobile terminals, multiple-input–multiple-output (MIMO),
mutual coupling, self-decoupled.

I. INTRODUCTION

ACCORDING to Shannon’s theorem, to further improve
the channel capacity of the wireless communication sys-

tem, wider frequency bands can be utilized [1]. Besides, the
multiple-input–multiple-output (MIMO) technique has been
widely adopted to enhance spectrum efficiency. However, with
the increase of antennas, the mutual coupling between the wide-
band MIMO antennas has become a thorny issue [2].

To deal with the antenna mutual coupling in mobile terminals,
many efforts have been devoted, and these methods can be
divided into two main categories. In the first categories,
well-designed decoupling structures are introduced to obstruct
or cancel out the original couplings, such as neutralization
lines [3], [4], [5], [6], decoupling networks [7], [8], [9], [10],
parasitic elements [11], [12], special ground structures [13],
[14], [15], and decoupling capacitors [16], [17], [18]. However,
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the bulky size of the introduced structures usually conflicts
with the requirement of antenna miniaturization in mobile
terminals [19].

Another category is the self-decoupling scheme. First, the two
antennas can be self-decoupled by arranging their geometries
delicately [20], [21], [22]. Besides, the decomposed common
mode and differential mode of the antenna system can also
be adjusted to cancel with each other [23], [24], [25], [26].
Moreover, two antennas can be self-decoupled using orthogonal
features, such as orthogonal modes [27], [28], [29], [30], [31],
[32], [33], [34], orthogonal polarizations [35], [36], [37], and
orthogonal patterns [38], among which some can support wide-
band applications [31], [33]. However, these wideband designs
all require differential-feeding structures, which usually suffer
from the integration challenge of antenna and printed circuit
board (PCB) in mobile terminals. Recently, a self-multipath
concept has been proposed for wideband MIMO antennas [39].
Nevertheless, a complex matching circuit is required for each
antenna to trade off the bandwidth.

In this letter, a novel wideband decoupling scheme is proposed
by naturally integrating the mode orthogonal and parasitic de-
coupling schemes. Compared with the existing wideband decou-
pling methods, especially the orthogonality-based decoupling
techniques, the proposed method has two distinct advantages.

1) The proposed scheme naturally integrates mode orthogo-
nal decoupling and parasitic decoupling for the aperture-
overlapped structures, so two transmission zeros are in-
herently generated to achieve a compact self-decoupling.

2) The proposed differential mode antenna is fed using the
coupled microstrip line but not the coaxial cable or a Balun
chip to excite the in-phase current mode, so it is more
attractive for integration of the antenna body and PCB in
mobile terminals.

II. DECOUPLING MECHANISM

A. Schematic Diagram

Fig. 1(a) presents the traditional mode orthogonal decoupling
scheme [29], where a dipole is adopted as the differential mode
antenna, and the loop antenna is selected for the common mode
one. For the dipole antenna, if the antenna is divided equally
into two parts, the current of these two parts will be the same,
which is denoted as I1. On the contrary, for the loop antenna,
the currents on the left part and the right part are of opposite
directions, which can be denoted as I2 and −I2, presenting a
typical common mode.
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Fig. 1. Decoupling mechanism of the proposed wideband MIMO antennas.
(a) Traditional mode orthogonal decoupling scheme. (b) Traditional parasitic
decoupling scheme. (c) Proposed wideband decoupling scheme.

When the two antennas are integrated, the total coupling can
be obtained by the superposition of the left part and the right
part, M1 and M2. It is well known the radiation field is linearly
dependent on the current distribution of the antenna body, so the
coupling M1 and M2 can be roughly described as follows:

M1 = C0f(I1)× f(I2) (1a)

M2 = C0f(I1)× [−f(I2)] (1b)

where the f represents the transform function between the current
and the corresponding field, and C0 is the related transformation
coefficient. Therefore, the total coupling can be readily achieved

Mtotal = M1 +M2 = 0 (2)

which means that the decoupling is obtained at one certain
frequency f1.

Besides, the parasitic concept is another effective decoupling
scheme, as is shown in Fig. 1(b). Without loss of generality,
here, the above-studied dipole antenna and the loop antenna are
still used for convenience. At another frequency f2, these two
antennas are strongly coupled through the coupling path 1 if
no decoupling scheme is imposed, as the coupling M3 denotes
in Fig. 1(b). To mitigate this coupling, a parasitic element is
introduced, so that the coupling path 2 will be generated to bring
another coupling M4. By properly selecting the parasitic element
and adjusting the antenna geometry, the total coupling can also
diminish

Mtotal = M3 +M4 = 0. (3)

To enlarge the decoupling bandwidth, a decoupling method
by naturally integrating these two schemes is proposed. As is
depicted in Fig. 1(c), the loop branch is still used as the common

Fig. 2. Geometries and simulated S-parameters of proposed vertically-placed
antenna pair. (a) Perspective view. (b) Detailed dimensions of the antenna
element. The unit used here is mm. (c) S-parameters without matching structure
at port 1. (d) S-parameters with matching structure at port 1.

mode antenna, while the differential mode antenna is a new
antenna type. The parasitic branch in the proposed antenna
works as a parasitic decoupling element at f2, and due to the
boundary condition of two open ends for the parasitic branch, it
does not affect the differential mode f1.

A demonstrational example shown in Fig. 2 is further studied.
The size of the main board is 120 mm × 70 mm, and the
proposed antennas are vertically placed on a sideboard. In the
simulation, the substrate is the FR4 with a relative permittivity of
4.4, loss tangent of 0.02, and thickness of 0.8 mm. The simulated
S-parameters without the matching structure at port 1 are pre-
sented in Fig. 2(c), showing a wideband isolation with two
transmission zeros at 4.45 GHz and 4.9 GHz. It is observed
that without the matching structure, there is only one resonance
for S11, and the impedance matching cannot cover the whole
band from 4.4 GHz to 5 GHz. To enhance the S11, a matching
structure consisting of a cascaded microstrip line and a short

Authorized licensed use limited to: SUN YAT-SEN UNIVERSITY. Downloaded on August 07,2024 at 17:47:17 UTC from IEEE Xplore.  Restrictions apply. 



SUI et al.: WIDEBAND APERTURE-OVERLAPPED MIMO ANTENNAS NATURALLY INTEGRATING 2443

Fig. 3. Current distribution of the proposed wideband MIMO antennas at
4.45 GHz. (a) Port 1 excited. (b) Port 2 excited.

stub, as shown in Fig. 2(a), is designed for port 1. It is seen from
Fig. 2(d) that another resonance for S11 is introduced after using
the matching structure, achieving an impedance matching better
than −9 dB across the desired band.

B. Decoupling Mechanism of the First Transmission Zero

It is well-known that for a dipole antenna, a differential feed-
ing structure is usually required to excite the in-phase current
mode, for example, the coaxial cable in [30] and the balun chip in
[31]. However, the balun chip will introduce undesired design
complexity and cost, and the coaxial cable cannot be directly
integrated with the PCB in mobile terminals. In the proposed
differential mode antenna, the vertical portions of the main arm
and the coupling arm form a section of coupled transmission
lines, whose currents are opposite to each other, as illustrated in
Fig. 3(a). Therefore, due to the current continuity, the currents
on the horizontal portions of the main arm and coupling arm are
in the same directions, and the currents on the parasitic branch
are also in phase due to the open-end boundary condition when
port 1 is excited at 4.45 GHz, presenting a typical differential
mode.

Differently, when port 2 is excited, as illustrated in Fig. 3(b),
the current directions on the two arms are opposite, presenting
a common mode. Therefore, the decoupling mechanism of the
first transmission zero at 4.45 GHz lies in the orthogonal char-
acteristics of the corresponding two modes.

C. Decoupling Mechanism of the Second Transmission Zero

The S-parameters with and without the parasitic branch are
compared in Fig. 4. It is seen that the second transmission zero at
4.9 GHz disappears when the parasitic branch is taken away. It is
further demonstrated in Fig. 5 that the second transmission zero
will be effectively adjusted by tuning the length of the parasitic
branch, l1, with about 100 MHz decrease to 0.4 mm increase of
l1. Therefore, it can be concluded that the second transmission
zero can be independently controlled by tuning the length of the
parasitic branch.

A design guideline can be summarized as follows.

Fig. 4. S-parameters without and with the parasitic branch.

Fig. 5. Parametric study of the length of the parasitic branch.

Fig. 6. Comparison of simulated and measured S-parameters of the proposed
vertically-placed wideband MIMO antennas.

1) First, the length of the two arms and the loop branch is
first selected to locate the first transmission zero at f1.

2) Then, the length of the parasitic branch is adjusted to locate
the second transmission zero at f2. The branch length is
approximately λ/2 at f2, as a dipole-type parasitic element.

3) Finally, the other dimensions, for example, the verti-
cal portion can be utilized to fine-tune the matching
impedance.

III. RESULTS AND DISCUSSIONS

A. Vertically-Placed Wideband MIMO Antennas

The above-studied vertically-placed MIMO antennas are fab-
ricated and measured. As expected in Fig. 6, there are two
transmission zeros within the N79 band from 4.4 GHz to 5
GHz, and the isolation is better than 26.4 dB across the whole
band. As the results show in Fig. 7, the average efficiency for
port 1 is about 66% and about 79% for port 2, demonstrating a
good performance. Besides, the envelope correlation coefficients
(ECCs) are always lower than 0.003 across the whole N79 band,
showing a good performance for spatial multiplexing.
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TABLE I
COMPARISON OF SOME RECENTLY PROPOSED ORTHOGONALITY-BASED MIMO ANTENNAS

Fig. 7. Measured total efficiencies and ECCs of the proposed vertically-placed
wideband MIMO antennas.

Fig. 8. S-parameters with hand’s effect.

For the typical single-hand type effect shown in Fig. 8, it is
found that the S11 and S22 almost keep the same as those without
the hand model, similar to the results shown in [6], and the two
transmission zeros also maintain so that high isolation better
than 26 dB is still achieved in the whole N79 band, showing a
robust decoupling for the user’s effect.

It is seen from Table I that all the prior designs except that in
[31] can only generate one transmission zero, so the achieved
decoupling bandwidth is somewhat not too wide. Although
the design in [31] can support wideband decoupling, it cannot
support the aperture-shared applications, so the size is larger than
the proposed work. Moreover, a balun chip is required in [31]
to generate the differential mode antenna, which sacrifices the
eventual total efficiencies. Furthermore, the achieved isolation
is higher than all the prior designs.

Fig. 9. Geometries of the proposed planar wideband MIMO antennas.

Fig. 10. Simulated S-parameters of the planar wideband MIMO antennas.

B. Planar-Placed Wideband MIMO Antennas

A second example of planar configuration is justified in this
part, as shown in Fig. 9. A typical L-typed LC circuit consisting
of a series 2.1 nH inductor and a parallel 0.2 pF capacitor is
utilized to match the impedance of port 1, showing a good
capability of miniaturization. The simulated S-parameters are
presented in Fig. 10. As expected, there are two transmission
zeros with isolation better than 26 dB throughout the whole
N79 band, justifying the generality of the proposed scheme.

IV. CONCLUSION

In this letter, a wideband self-decoupling scheme is proposed
by naturally integrating two decoupling methods. Benefiting
from the special configuration of the proposed differential mode
antenna, when it is integrated with a loop antenna, there will exist
the mode orthogonal and parasitic decoupling simultaneously,
so two transmission zeros can be generated to achieve a wide-
band decoupling. Two demonstrational examples are designed
to justify the proposed scheme.
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