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Compact UWB MIMO Antenna With High Isolation
Using Fence-Type Decoupling Structure

Lili Wang ", Zhonghong Du, Hailong Yang

and Xiaoli Xi

Abstract—In this letter, an ultrawideband (UWB) multiple-
input—-multiple-output (MIMO) antenna using a novel fence-type
decoupling structure, which has high isolation in the UWB, is pre-
sented. The MIMO design consists of two half-cutting UWB an-
tenna units that have good low-frequency impedance-matching per-
formance because of the use of a rectangular slot on the radiation
patch. Meanwhile, the isolation in the operating band is enhanced
by introducing the fence-type decoupling structure at the ground
of the antenna. Furthermore, the L-shaped parasitic branches are
designed to heighten the impedance bandwidth and isolation in
the low-frequency band, i.e., 3-3.4 GHz. The simulation and ex-
periments show that the antenna has low mutual coupling (S2; <
—-25 dB) and a low envelope correlation coefficient (ECC < 0.004)
in the UWB.

Index Terms—Fence-type decoupling structure, high isolation,
multiple-input-multiple-output (MIMO), ultrawideband (UWB)
antenna.

1. INTRODUCTION

LTRAWIDEBAND (UWB) technology has been widely
U studied due to its high transmission rate, strong anti-
interference, and easy fabrication [1]. Nevertheless, the highest
radiated power spectral density in the Federal Communications
Commission approved 3.1-10.6 GHz band is stipulated to be
below —41.3 dBm/MHz, which will result in more serious fad-
ing of signals in multipath environments and deterioration of the
performance of the UWB system [2]. Multiple-input-multiple-
output (MIMO) is a diversity technique using multiple transmit-
ting antennas and receiving antennas. The technique can effec-
tively decompose the communication link into several parallel
subcommunication channels, turn the multipath fading, which
is not conducive, to wireless communication into a favorable
factor, and improve the reliability of the data transmission in
the system [3], [4]. However, there will be a serious coupling
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problem when multiple antennas are installed in portable devices
with small space, which will seriously affect the performance of
diversity. Therefore, to guarantee the excellent function of the
antennain an MIMO communication system, the MIMO antenna
must have higher isolation. Moreover, designing a high-isolation
MIMO antenna in portable devices is a challenging task [5].

In recent years, many technologies [6]-[15] have been pro-
posed to heighten the isolation of MIMO antennas, such as the
neutralization line [6], [7], electromagnetic band-gap structure
[8], diversity technique [9], [10], insertion of a decoupling struc-
ture on the ground [11], [12], defected ground structure [13],
[14], and partial ground plane [15].

In [9], a UWB antenna with a size of 28 x 50 mm? was
proposed. The mutual coupling of the MIMO antenna is less
than —18 dB when using spatial angle variation techniques, but
the isolation of the antenna is still less than that in most of the
literature [11], [13], [15]. In [14], an antenna with a size of
60 x 95 mm? was designed; it achieved more than 18 dB of
isolation by etching the defected ground structure. However,
the operating frequency of the antenna in [14] is 2.5-4.5 GHz,
which is not satisfactory for UWB communication. In [11], the
isolation of the operating band was enhanced by inserting an
H-type decoupling structure. The isolation of the antenna has
been improved (S2; > 25 dB), but the size is still greater than
that in most of the literature [7]-[14]. As in [15], although the
antenna has achieved better isolation, the size is larger, which
is not conducive to integration in smaller systems. The isolation
and size of the MIMO antenna are So; > 22 dB and 38 x 91 mm?,
respectively.

A UWB MIMO antenna using a fence-type decoupling struc-
ture to achieve high isolation is proposed in this letter. The fence-
type decoupling structure is mainly composed of many slits of
equal size. The multiple slits are equivalent to a band-stop filter,
which can effectively weaken the coupling current between the
ports. The microstrip lines connected to these slits are divided
into three segments, which are used to increase the path of the
coupling current and decrease the mutual coupling of the an-
tenna. Although the fence-type decoupling structure can signifi-
cantly enhance the isolation of the MIMO antenna, the isolation
and impedance matching of the antenna at 3.1 GHz are not ideal.
Therefore, two L-shaped parasitic branches are introduced at the
top of the dielectric plate to improve the phenomenon. Finally,
to verify the reliability of the simulation results of the design,
a prototype antenna is fabricated and tested. The measured re-
sults indicate that the MIMO antenna has higher isolation (S2;
> 25 dB) and lower envelope correlation coefficient (ECC <
0.004). In addition, the proposed antenna also has other outstand-
ing features, such as a wider operating bandwidth (3—11 GHz,
114%), stable gain, and compact size of 50 x 35 mm?.
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Fig. 1. Proposed design structure. (a) Top. (b) Bottom.
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Fig.3. (a) S11 of a single antenna in different structures. Current distribution
of the antenna (b) without and (c) with a rectangular slot at 6 GHz.

II. ANTENNA DESIGN AND ANALYSIS

The final UWB MIMO antenna geometry is displayed in
Fig. 1. The proposed design was printed on an FR4 substrate of
thickness 7 = 1.0 mm and relative permittivity €,, = 4.3. The an-
tenna consists of a half-cutting circular radiation patch at the top
of the dielectric substrate, two L-shaped parasitic branches, and
a fence-type decoupling structure at the bottom. The proposed
antenna is designed in three steps. In this section, we discuss the
evolution of the proposed design, including the element of the
UWRB antenna, the decoupling structure of the antenna, and the
L-shaped parasitic branches.

A. Single UWB Antenna

The evolution of the single UWB antenna is shown in Fig. 2.
As far as we know, to ensure the omnidirectional and symme-
try of the antenna pattern, most UWB antennas reported in [16]
and [17] are designed to be symmetrical, which makes the an-
tenna size larger. A small UWB antenna is needed in the UWB
system, and many miniaturization methods have been reported
in the literature [18], [19]. In this letter, the half-cutting tech-
nique is utilized to reduce the size of the antenna, as illustrated
in Fig. 2(b), in which the dimensions of the half-cutting antenna
are 35 x 25 mm?. Compared with the antenna in Fig. 2(a), the
size of the antenna in Fig. 2(b) is reduced by 50%. It is obvious
from Fig. 3(a) that the S-parameters of the antenna in Fig. 2(b)
are basically the same as those of the antenna in Fig. 2(a), but
the impedance characteristic of the antenna is not ideal in the
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Fig.4. (a)—(c) Configurations of ant_1, ant_2, and ant_3, respectively. (d) S21
of ant_1, ant_2, and ant_3.

range of 5-7 GHz. Hence, to further improve the impedance-
matching characteristics of the frequency band, a rectangular
slot is embedded on the surface of the radiation patch, as de-
picted in Fig. 2(c). The rectangular slot [20] is etched on the
radiation patch, which can provide an additional resonant mode
to improve the impedance at 5—7 GHz. To better explain the ef-
fect of the rectangular slot on the resonant performance of the
proposed design, Fig. 3(b) and (c) shows the current distribution
of the antenna with or without rectangular slots on the radiat-
ing patch at 6 GHz. By comparing Fig. 3(b) with Fig. 3(c), we
can find that the surface current is distributed along the edge
of the rectangular slot when the rectangular slot is etched on
the radiation patch. Therefore, the impedance matching of the
MIMO antenna at 5—7 GHz is enhanced due to the resonance
characteristics of the rectangular slot structure.

B. Decoupling Structure Design

To overcome the multipath effect of the UWB system, two
half-cutting UWB antennas are inverted to obtain the original
UWB MIMO ant_1, as shown in Fig. 4(a). Fig. 4(d) shows that
the coupling of the MIMO ant_1 without any decoupling struc-
ture is approximately —15 dB, which is still not ideal. Fig. 4(b)
(ant_2) uses a rectangular defect ground structure. The isola-
tion of ant_2 is greater than 25 dB at 5-8 GHz, which does not
meet the requirements of this letter for high isolation. Hence, in
Fig. 4(c) (ant_3), a fence-type decoupling structure composed
of 16 slits, which extends the current path of the antenna so that
the isolation of the MIMO antenna is more than 25 dB in the
UWRB, is designed. Fig. 4(d) clearly shows that the isolation of
ant_3 is improved compared to that of ant_1 and ant_2. From
a circuit perspective, the slits can be equivalent to a band-stop
filter, which shows high-impedance characteristics in the UWB.
It can be concluded that the fence-type structure plays a key
role in restraining the mutual coupling of surface waves on the
ground [14].

The fence-type structure plays an extremely key role in im-
proving the isolation of the proposed antenna. Therefore, it is
necessary to discuss the effect of the parameters of the fence-
type slit structure on the antenna performance. In this letter, the
influence of different numbers of slits on the isolation property
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Fig. 5. (a) and (b) Influence of different numbers of slits on S-parameters.
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Fig. 6. Current distributions at 7.5 GHz. (a) ant_1. (b) ant_3.

of the proposed antenna is compared. A fixed antenna geome-
try is assumed, and the antenna isolation is simulated when the
numbers of slits are 4, 10, 16, and 18. As depicted in Fig. 5(a),
the So; of the antenna gradually decreases over the entire operat-
ing bandwidth when the number of slits is increased, especially
in the bandwidth of 4.3—7 GHz. When the number of slits is 16,
the S5; of the proposed antenna in the operating bandwidth is
greater than 25 dB. As the number of slits increases, the electri-
cal distance between the antenna elements gradually increases;
thus, the mutual coupling of the MIMO antenna is reduced. Ob-
serving Fig. 5(b), when the number of slits is greater than 16,
the impedance matching of a single UWB antenna is changed.
Therefore, the number of ground slits selected is 16, which sat-
isfies the design requirements of isolation and a compact size of
the MIMO antenna.

To better understand the working mechanism of the antenna
more intuitively, the current distribution of the two antennas at
7.5 GHz are given. The antenna unit on the right is connected to
the excitation source, and the antenna unit on the left is connected
to a load of 50 (). Observing Fig. 6, when ant_1 does not add
any decoupling structure, there is much ground current flowing
from the right antenna unit to the left antenna unit. Nevertheless,
ant_3restricts alarge amount of the ground current from the right
antenna unit to the left antenna unit via the slit structure; hence,
the ground current to the left antenna unit is greatly reduced
compared with that for ant_1 and ant_2. After comparison and
analysis of the current distributions of the two kinds of antennas,
the conclusion is in agreement with the simulation results of the
S2; parameters. It can be proven that the fence-type slot is an
effective decoupling structure that can enhance the isolation of
the proposed antenna.

C. L-Shaped Parasitic Branches

Although the isolation of the proposed design is significantly
heightened (S2; > 25 dB) after introducing the fence-type de-
coupling structure, the operating bandwidth is 3.4-11 GHz,
which cannot be applied to UWB (3.1-10.6 GHz) systems. Ob-
serving the inset of Fig. 7(a), the L-shaped parasitic branches
are designed to further heighten the impedance matching and
isolation at 3.0-3.4 GHz. In Fig. 7(a), it can be seen that the
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Fig. 7. (a) S-parameter and (b) current distributions at 3.2 GHz of the MIMO
antenna with and without the L-shaped parasitic branch.

L-shaped parasitic branches can change the resonant frequency
of the proposed antenna (3.4-3.1 GHz). Meanwhile, the L-
shaped parasitic branches also decrease the mutual coupling of
the proposed design. In particular, the isolation is reduced by
69% (—13 to —22 dB) in the 3-3.4 GHz operating frequency
band. The parasitic branches can form a resonant loop by electro-
magnetic coupling. When the resonant frequency of the resonant
loop is close to the resonant frequency of the antenna itself, it
can be considered to broaden the impedance bandwidth of the
antenna [21], [22]. Moreover, observing Fig. 7(b), the antenna
has a partial reverse current after adding the L-shaped parasitic
branches, which further illustrates that the L-shaped parasitic
structure can be seen as a reflective surface that improves the
isolation of the MIMO antenna [23].

The dimensions of the proposed antenna are optimized by the
electromagnetic simulation tool CST. Finally, the optimal design
parameters of the UWB MIMO antenna are set as follows: L =
35 mm, L; = 5.1 mm, Ly = 0.3 mm, L3 = 12.5 mm, Ly =
17.25 mm, W = 50 mm, Wy = 1.5 mm, Wy = 7.5 mm, W3
=1 mm, Wy =5 mm, Wy = 16.75 mm, Wg = 0.5 mm, W,
=0.5mm, Ry = 9.5 mm, and R, = 15 mm.

III. RESULTS ANALYSIS

A. S-Parameters

Fig. 8(a) presents the prototype of the fabricated antenna.
Fig. 8(b) shows that the measured and simulated S-parameter
curves are basically consistent. The measured frequency range of
the UWB MIMO antenna is 3—11 GHz, which satisfies the UWB
application. Moreover, the proposed antenna has an isolation of
more than 25 dB over the whole operating bandwidth, which is
better than that of the antennas reported in [9] and [13]-[15].

B. Radiation Patterns, Gain, and Efficiency

The two-dimensional (2-D) radiation patterns of the proposed
design are simulated and measured at three frequencies, namely,
3.5, 6.5, and 9.5 GHz. In Fig. 9, the proposed design exhibits a
good omnidirectional mode on the H-plane, and the pattern of the
E-plane is similar to the “8” shape of the conventional monopole
antenna. Then, as depicted in the inserted 3-D radiation patterns,
as the frequency increases, the radiation pattern of the MIMO
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Fig. 8.  (a) Photograph of the fabricated antenna. (b) Simulated and measured
S11 and Sa1 of the proposed design.
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Fig. 9. Radiation patterns: (a) 3.5 GHz, (b) 6.5 GHz, and (c) 9.5 GHz.
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Fig. 10.  Simulated results of the proposed antenna. (a) Gain. (b) Efficiency.

antenna changes. The change is caused by the imbalance of
the high-frequency current distribution. However, this radiation
characteristic facilitates the formation of angular diversity (also
known as pattern diversity) for MIMO antennas.

Fig. 10(a) depicts the antenna gain curve as the frequency
changes, the results of which indicate that the antenna gain in
the operating bandwidth of 3—11 GHz is basically above 3 dB.
Fig. 10(b) shows that the antenna has stable radiation efficiency,
being above 80% in the operating frequency band.

C. Diversity Characteristics

For MIMO antennas, the ECC (p.;;) is used to indicate the cor-
relation between the antenna elements. A lower ECC indicates a
higher diversity gain. The ECC calculated from the S-parameters
is approximated for an ideal uniform scattering environment. To
obtain calculation results that can reflect the actual situation, the
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Fig. 1.  Simulated ECC of the proposed design.

TABLE I
PERFORMANCE COMPARISONS WITH THE PREVIOUSLY REPORTED LITERATURE

References Antenna size Bandwidth  Isolation ECC
(mm?) (GHz) (dB)
[9] 50 x 28 2.8-11.5 > 18 <0.05
[11] 80 x 48 3.1-10.6 >25 -
[13] 41.5x26.75 3.1-11.5 >19 <0.01
[14] 95 x 60 2.5-4.5 > 18 <0.15
[15] 91 x 38 2.8-10 >22 <0.05
This work 50 x 35 3.0-11 >25 <0.004

ECC is numerically computed using far-field radiation patterns
according to (1) [24]. Observing Fig. 11, the ECC is very low
(ECC < 0.004) in the operating band, which means that the pro-
posed design has outstanding characteristics of lower correlation
and higher diversity gain.

In (1) shown at the bottom of this page, i and j are the numbers
of ports, XPR is the cross-polarization ratio, and I and P, are
the 6 and  components of the angular density functions of the
incoming wave, respectively. () is the solid angle of the spherical
coordinate.

To highlight the novelty of this letter, Table I lists a compar-
ison of the performances of the antenna between this letter and
the literature [9], [11], [13]-[15]. Compared with the antennas
reported in [14] and [15], the proposed antenna has more com-
pact size and higher isolation. In addition, the proposed antenna
has a wider operating bandwidth than that in [14]. Although the
isolation in [11] is the same as that in this letter, the size of the
antenna in [11] is more than twice the size of that in this letter.

IV. CONCLUSION

A novel fence-type decoupling structure was presented to en-
hance the isolation of the MIMO antenna in this letter. Fur-
thermore, two L-shaped parasitic branches were introduced on
the surface of the dielectric substrate, aiming at improving the
low-frequency (3-3.4 GHz) mutual coupling and impedance-
matching performance. The experimental results prove that the
proposed design has a high isolation (S2; > 25 dB) in the op-
erating bandwidth (3—11 GHz), which means that the proposed
design is an outstanding choice for portable UWB communica-
tion systems. Moreover, a lower ECC (ECC < 0.004) illustrates
that the antenna has better diversity performance.

2
‘fOQTr foﬂ' (XPR . E‘gi . E;] . P@ + Etpi . Ej;] . P@) dQ‘

Peij =
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