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Abstract—A self-decoupled wideband slot multiple-input–
multiple-output (MIMO) antenna pair is proposed in this letter.
The two slot antennas are bent into two perpendicular portions,
and the current directions on one portion of the two antennas
are the same and those on the other ones are opposite to make
the total current coupling cancel out with each other, so the first
transmission zero is achieved. To widen the decoupling bandwidth,
another short-ended slot is introduced around the center point of
the original slot antenna to maintain the first transmission zero.
Based on the same current coupling cancellation mechanism, a
second transmission zero can be generated at this higher frequency,
so a wideband self-decoupled MIMO antenna design is achieved.
One two-element demonstrational example working in the N78
band (3.3–3.8 GHz) is simulated and measured. The results show
that the proposed slot antennas achieve isolation of better than
20 dB and matching conditions of better than −10 dB within
the N78 band. Besides, the envelope correlation coefficient is less
than 0.006, and the average total efficiency is about 80%. Another
four-element linear array is also designed and measured to justify
the generality of the proposed method.

Index Terms—Antenna decoupling, multiple-input–multiple-
output (MIMO) antennas, self-decoupled, slot antennas, wideband.

I. INTRODUCTION

MULTIPLE-INPUT–multiple-output (MIMO) antennas
have been vital modules in modern wireless commu-

nication systems to provide high data throughput. However,
the mutual coupling between MIMO antennas becomes much
severer with decreasing antenna separation, which greatly dete-
riorates the antenna performance and the eventual data rate [1].
To reduce the antenna mutual coupling, many efforts have been
devoted in recent decades, such as using neutralization lines [2],
parasitic elements [3], decoupling networks [4], and so on. Some
wideband decoupling structures are also proposed to enhance the
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working bandwidth, such as bent slots [5], neutralization lines
[6], [7], [8], decoupling circuits [9], [10], parasitic elements [11],
shorting stubs [12], coupled co-planar waveguide [13], just name
a few. Although these methods can achieve low mutual coupling
across a wide band, they all require an extra decoupling structure,
which will increase the antenna’s total footprint.

In recent years, the self-decoupled concept has been pro-
posed to reduce mutual coupling without introducing any extra
decoupling structure. First, the antenna configuration can be
tactically designed to achieve natural high isolation, such as
asymmetrically placed loop antennas [14] and two inverted-F
antennas by tuning the branch geometry and dimensions [15].
The common mode and differential mode of the antenna sys-
tem can also be adjusted to cancel with each other by tuning
the feeding position [16], feeding structure [17], and ground
size [18]. Besides, two antennas can be self-decoupled using
orthogonal features, such as orthogonal modes [19], [20], [21],
[22], orthogonal polarizations [23], [24], and orthogonal patterns
[25]. In [26], a wideband self-decoupled MIMO antenna design
is achieved by exciting two differential modes and two common
modes within the working bands. Nevertheless, a Balun chip is
inserted into the feeding network to excite the differential modes,
which will sacrifice the antenna efficiency. Very recently, the
self-multipath concept has been proposed to obtain a wideband
decoupling with multiple transmission zeros [27]. Besides, the
spatial and polarization diversity can also be directly utilized
to achieve a wideband high-isolated design with multimode
antenna elements [28].

In this letter, a self-decoupled wideband slot MIMO antenna
pair with two transmission zeros is proposed. By appropri-
ately bending the structure of two traditional slot antennas, the
currents in one portion of the two antennas are of the same
direction and those in other portions are of opposite directions,
so a transmission zero can be achieved by tuning these two
couplings to cancel out with each other. To generate a second
transmission zero, another short-ended L-shaped slot portion is
inserted around the center point of the main slot, where the first
transmission zero is maintained. Based on the same coupling
cancellation mechanism, a second transmission zero is achieved.
Moreover, the proposed current cancellation scheme can be
straightforwardly adopted in a linear array design, where the
adjacent element pair can be naturally self-decoupled.

II. ANTENNA CONFIGURATION AND OPERATING MECHANISM

A. Configuration of the Proposed Antenna

Fig. 1 illustrates the geometry of the proposed wideband slot
antennas with two symmetrical antenna elements back-to-back
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Fig. 1. Configuration of the proposed wideband slot MIMO antennas.
(a) Perspective view. (b) Zoom-in view. The unit used here is mm.

Fig. 2. Evolution process of the antenna pair. (a) Reference antennas. (b) Case
1. (c) Case 2 (proposed).

placed. On a 0.8-mm FR4 substrate with a relative dielectric
constant of 4.3 and a loss tangent of 0.02, the wideband slot
antennas are constructed. Each antenna is composed of a primary
L-shaped radiating element and another L-shaped short-ended
stub. Two microstrip feeding lines are symmetrically placed on
the upper side of the substrate and positioned near the uppermost
portion of the primary radiating element with one end shorted
to the ground plane through a metal via, as the red dot denotes
in Fig. 1(a). The specific dimension parameters are marked in
Fig. 1(b).

B. Decoupling Mechanism

The antenna evolution diagram is depicted in Fig. 2. At first,
two slot antennas are parallel arranged, which is denoted as
the reference antennas, as is shown in Fig. 2(a). Due to the
same current directions of the two slot antennas, there exists
strong mutual coupling, as the −6 dB S21 proved in Fig. 3.
To reduce the mutual coupling, the straight slot is bent as an
L-shaped one, which is denoted as the case 1 in Fig. 2(b). For
the vertical portion, whose current is marked as I1 in Fig. 4, the
directions of the two currents for the two ports’ excitement are
the same. Differently, for the horizontal portion, whose current is
marked as I2, the current directions for the two ports are opposite.
Therefore, the coupling coefficients for the two portions, k1 and
k2, are of opposite characteristics. As the S-parameters justify in
Fig. 3, there generates a transmission zero at 3.5 GHz for case 1,
and the mutual coupling is reduced from −6 dB to lower than
−20 dB at 3.5 GHz compared to the reference one.

Fig. 3. Simulated S-parameters of the reference antennas and the two cases.

Fig. 4. Simulated current distributions of case 1 at 3.5 GHz and the decoupling
scheme. (a) Port 1 excited. (b) Port 2 excited. (c) Decoupling Scheme.

Fig. 5. Simulated S-parameters with different d1 in the proposed antenna.

However, the bandwidth for the isolation and matching is
not enough for some application scenarios, for example, the
wider N78 band for global communication, which is from 3.3
to 3.8 GHz. Inspired by the coupling cancellation mechanism
analyzed in the first transmission zero, an extra L-shaped portion
is introduced around the center point of the original L-shaped
slot antenna in case 1, as is shown in Fig. 2(c), which is marked
as case 2. The introduced L-shaped portion mainly has two
effects, introducing a second transmission zero to enhance the
isolation bandwidth, and introducing a second mode to enhance
the impedance bandwidth, as can be observed from Fig. 3. As
shown in Fig. 5, the loading position of the portion greatly
influences the original resonant mode. The initial resonance
point shifts to lower frequencies as d1 decreases, reflecting the
fact that the farther the loaded portion is from the current zero
point, the greater the effect on the original transmission zero.
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Fig. 6. Simulated current distributions of the proposed antennas at 3.92 GHz
and the decoupling scheme. (a) Port 1 excited. (b) Port 2 excited. (c) Decoupling
Scheme.

Fig. 7. Simulated and measured radiation patterns of the antenna with port 1
excited (a) at 3.55 and (b) 3.87 GHz.

The current distribution at 3.5 GHz with port 1 excited is
first studied, which is similar to that in Fig. 4(a), so the decou-
pling effect is maintained. Moreover, there generates a second
transmission zero at 3.92 GHz in addition to 3.5 GHz. To study
the decoupling mechanism of the second transmission zero, the
current distributions of the two ports at 3.92 GHz are plotted
in Fig. 6(a) and (b). Differently from those of 3.5 GHz, for
3.92 GHz, when port 1 is excited, the main currents locate on
the vertical portion and the right horizontal portion, and the
scenario is similar for port 2. Therefore, based on the same
coupling cancellation mechanism, a similar decoupling scheme
can be obtained in Fig. 6(c). One different point is that I1 and
I2 are out of phase at 3.5 GHz, meaning that it is a loop mode,
while at 3.92 GHz, the two currents are in phase, meaning that
it is a quasi-dipole mode. This difference will be found from the
radiation patterns of the two frequencies, as illustrated in Fig. 7.
It is observed that although there are both certain radiations on
the xoz and yoz-planes for the two modes, the stronger radiation
for the first mode is along the xoz-plane, while that for the second
mode is along the yoz-plane.

III. RESULTS AND DISCUSSION

The demonstrational example discussed in Part II is fabri-
cated, as is shown in Fig. 8. It is seen from Fig. 9 that there exist

Fig. 8. Pictures of the prototyped two-element antennas. (a) Top view.
(b) Bottom view.

Fig. 9. Simulated and measured S-parameters of the proposed antenna.

Fig. 10. Measured total efficiency and ECC of the proposed antennas.

two transmission zeros, and the impedance matching is better
than −10 dB with port isolation greater than 20 dB.

The radiation performance is further studied. As is shown in
Fig. 10, the measured average total efficiency is about 80%
throughout the N78 band, which is quite good taking into con-
sideration the high loss of the FR4 substrate, and a higher value
can be expected if a low loss substrate is utilized. For MIMO
antennas, it is well-known that the envelope correlation coef-
ficient (ECC) is an important parameter to evaluate the spatial
correlation of the two antennas, which can be calculated from
the measured complex far-field electric fields. The calculated
ECC is also presented in Fig. 10, showing that the ECC is less
than 0.006 in the operating band.

To justify the generality, a four-element slot linear array is
constructed in Fig. 11. By properly adjusting the geometry and
size of two short-ended slots, the mutual coupling between Ant 2
and Ant 3 can also be eliminated simultaneously based on the
same current cancellation scheme. As is observed from Fig. 12,
although the antenna separation is only 5 mm (0.055λ0 at
3.3 GHz), all the mutual couplings are smaller than −17.7 dB
across the N78 band with impedance matching better than
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TABLE I
COMPARISON OF SOME STATE-OF-THE-ART HIGH-ISOLATED MIMO ANTENNAS

Fig. 11. Configuration of the four-element linear array.

Fig. 12. Measured S-parameters of the four-element linear array.

−10 dB. As expected, the proposed current cancellation scheme
can be applied to high-order linear arrays with many more
elements. Fig. 13 presents the top and bottom views of the
prototyped array.

One thing that should be discussed is the potential application
scenarios. For sub-6 GHz applications, it may be used in the
wireless access point system, such as the hot-sport devices
(MiFi). For millimeter-wave applications, the slot antenna is
a competitive candidate due to its low cost and easy implemen-
tation feature. The proposed scheme may be adopted in linear
antenna arrays in Radar systems and future mobile terminals.

A comparison of the proposed MIMO antennas with the
existing ones is conducted in Table I. It is seen that for the
antennas in [9], [10], [17], and [25], the bandwidth is somewhat

Fig. 13. Pictures of the prototyped four-element linear array. (a) Top view.
(b) Bottom view.

not too wide. Although the antennas in [13] and [15] present
high isolation within a wide band, both of these designs are
based on the pair scheme, which means that the decoupling
is achieved within two antennas, and a pair can be set as a
basic unit to form a multielement design, where the distance
between two units is usually far enough to reduce the inter-unit
mutual couplings. Therefore, these methods cannot be directly
utilized to design a linear array, in which the separations of
all the adjacent elements are comparable and quite small, for
example, the adjacent separations in the proposed array are 4, 5,
and 4 mm, respectively. For the proposed one, two transmission
zeros are achieved using current cancellations, and no balanced
feeding is required. The proposed current cancellation scheme
can be straightforwardly adopted in a linear array with multiple
antenna elements, which makes it stand out from the existing
decoupling methods.

IV. CONCLUSION

This letter presents a self-decoupled wideband slot MIMO
antenna pair using coupling cancellations. By bending the tra-
ditional straight slot antennas L-shaped, the current couplings
on the two portions of the L-shaped slot are opposite, so a
first transmission zero is generated by tuning the dimensions
of the two portions. To introduce a second transmission zero,
another short-ended L-shaped slot is designed around the center
point of the main slot using the same coupling cancellation
mechanism. Moreover, the impedance-matching performance
of the slot antennas is improved by introducing a quasi-dipole
mode. The proposed current cancellation scheme can be easily
extended to a linear array with more than two elements.
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