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A compact ultra-wideband (UWB) multiple input-multiple output (MIMO) antenna with high isolation is designed for UWB
applications. The proposed MIMO antenna consists of two identical monopole antenna elements. To enhance the impedance
matching, three slots are formed on the ground plane. The arc structure as well as the semicircle with an open-end slot is
employed on the radiating elements the fact which helps to extend the impedance bandwidth of the monopole antenna from 3.1
up to 10.6 GHz, which corresponds to the UWB band. A ground branch decoupling structure is introduced between the two
elements to reduce the mutual coupling. Simulation and measurement results show a bandwidth range from 3.1 to 11.12 GHz

with [S,,_|<~15dB, |S,,_|<~20dB, and ECC < 0.002.

1. Introduction

UWB technology has been developed rapidly since FCC
assigned a range of 3.1-10.6 GHz for UWB applications in
2002 [1]. The UWB communication system is well known
for its fundamental advantages, which are low power and
high data interference immunity [2]. However, one signifi-
cant issue with this system is multipath fading, which is
considered to be a prominent factor that affects the commu-
nication reliability of multisignals as well as the efficiency of
an UWB system [3, 4]. Thus, to overcome this problem,
MIMO has been introduced as an efficient technique to
improve the UWB system performance.

MIMO technology has caught our attention as it signifi-
cantly increased channel capacity without any additional
power or bandwidth [5, 6]; however, we have found the
mutual coupling between the UWB antenna elements which
are very large to get installed on a confined space with the
multiple antenna elements. It means that, if the MIMO
antenna elements were placed very close to each other, there
would be a strong correlation between their signals and the
utility of MIMO would be reduced, so the mutual coupling
is inversely proportional to the separation between the

antenna elements. Thus, it is a challenge to design an UWB
MIMO antenna with extremely compact structures and that
have a low mutual coupling [7, 8]. We can say that the most
critical point that must be considered while designing a
MIMO antenna is to attain a low mutual coupling amid adja-
cent radiating elements because the MIMO antenna system
performance can be strongly affected by the mutual coupling
between the MIMO antenna elements, which considerably
alter impedance matching, radiation efficiency, and channel
capacity [9].

Based on the previous reasons, it is necessary to design
UWB MIMO antennas with high isolation between their ele-
ments. Therefore, various techniques have been applied for
the improvement of isolation amid closely spaced antennas,
and several approaches have also been used to diminish the
mutual coupling between the antenna elements. They include
electromagnetic band gap (EBG) structures, defected ground
structures (DGS), orthogonal polarization, placing metal
strips between elements, metasurfaces, and neutralization
line technique [10-14].

In [11], a high isolation MIMO antenna was designed
for UWB applications and was exposed; between two of its
elements, a comb-line structure was inserted in order to
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FIGURE 1: Structure of the proposed antenna.

achieve high isolation. In [15], an UWB MIMO antenna
was proposed with two rejected bands to avoid the inter-
ference between UWB applications and narrow band
“ones.” In [16], MIMO antenna elements were placed ver-
tically to minimize mutual coupling, and four notched
bands were achieved by inserting symmetrical L-shaped
slots and C-shaped stubs in each element. In [17], two MIMO
configurations were discussed. In the first one, the antenna
elements were placed side by side with a separated ground
plane. In the second configuration, the antenna elements
were orthogonally placed and had a separated ground
plane as well.

The UWB MIMO antenna in [18] could achieve a mutual
coupling larger than 20dB in the entire operating band by
etching a T-shaped slot as well as a narrow slot on the ground
plane. In [12], a miniaturized MIMO antenna has been pro-
posed for industrial applications, which had a novel decou-
pling stub structure etched in the ground plane to improve
isolation between the antenna elements over the complete
frequency band.

In [19], the developed MIMO antenna consists of a
pair of rectangular patch elements, with staircase trunca-
tions at the patch-feed interconnection. DGS techniques
as well as arc-shaped and split ring slots were used to
obtain two band notches. In [13], two circular disc mono-
pole antenna elements were designed for the proposed
UWB-MIMO antenna. The mutual coupling between the
two elements has been enhanced by using an inverted Y-
shaped stub on the ground plane, which helps to miniaturize
the antenna.

TaBLE 1: Dimensions of the proposed antenna in (mm).
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In this paper, an UWB antenna with high isolation
characteristics is presented. The MIMO antenna uses two
monopole antenna elements with a compact size of 8.3 x
11 mm? in each. An arc structure as well as an open-end slot
is formed in the radiating elements in order to cover a wide
bandwidth for UWB applications.

A ground branch decoupling structure was used to min-
imize the coupling between the radiating elements. A band-
width of 3.1-11.12GHz is covered, and high isolation, of
more than —19dB on the entire band, is achieved.

2. Proposed Antenna Design

The antenna is mounted on a 26 x31x0.8 mm® FR-4
substrate with a dielectric constant €, =4.3 and a loss tan-
gent of 0.0027. Figure 1 exhibits the geometry of the UWB
MIMO antenna.

There are two similar owl-shaped radiating elements
with a size of (W, L) in the system. A partial ground plane
(L,, W) is used with three slots with dimensions (Wg,, Lg,,
Lg,, W,) to improve impedance matching. An arc structure
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F1GURE 2: (a) Configuration of antenna 1. (b) Configuration of antenna 2. (c) Configuration of antenna 3.

S, (dB)
IS,,] (dB)

''''' Sy, (L =23) e 8y (L =14) -== 8§, (W, =05) e § (W =2)
Sy (Ly=20) = 5, Ly =11) — S (Wy=1) -—= 8§, W, =25)
== 8, (L,=17) — §,,(,=8) == 8, (W, =1.5) — S Wy =3)
(a) (b)
0 : : 0
_10 p
=
<
= 201
)
_30 4
T —40 T u T T T T T T T T
2 3 4 5 6 7 8 9 10 11 12 13 2 3 4 5 6 7 8 9 10 11 12 13
Frequency (GHz) Frequency (GHz)
,,,,,, S, Wu=1) -== 8, (L; =10) == 8§, (L, =8.725)
--- §;, with the arcstructure Sy1 (L =9.575) — 5y, (L, =8.3)
—— §;; with the semicircle — S§;; (L; =9.15)
(c) (d)

FIGURE 3: (a) |S,,| of antenna 1. (b) [S;;| of antenna 2. (¢) |S,,| of antenna 3. (d) |S;,| with varying L,.
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FIGURE 4: (a) MIMO antenna I. (b) S,, with varying D.
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FIGURE 5: (a, b) |S;| and |S,,| of MIMO antenna with decoupling structure with varying L. (c, d) [S;;] and [S,,| of MIMO antenna with

decoupling structure with varying W ,.

(R) is formed on the two corners of radiating elements in
order to shift the frequency to a lower one.

Finally, a semicircle (R;) with an open-ended slot (R,)
is applied on the two elements to cover the entire UWB fre-
quency band. The radiating elements are fed by a microstrip
line with dimensions (W, Lj).

The final step on the design of our antenna was to apply
a decoupling structure with dimensions (W, L;) in the
ground plane in order to reduce the mutual coupling
between the elements. Computer Simulation Technology
(CST) Microwave Studio Software is used to simulate the
proposed antenna.
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FiGure 7: Simulated input impedance of the proposed MIMO
antenna.

After performing several simulations using CST MWS,
the optimized parameters of the proposed UWB antenna
are listed in Table 1.

3. Discussion of Design Process

The described MIMO antenna in Figure 1 is constructed
by joining two UWB monopole antenna elements. This
design has been chosen because of its attractive characteris-
tics, which are simple structure, omnidirectional radiation
pattern, low profile, and wide bandwidth. The frequency
corresponding to the resonance of a rectangular planar
monopole antenna can be approximately calculated by [20]

144
CLy+L + g+ (wR2nyT+e,) + (wli2n/T+e,)

GHz.

Frl

(1)

where L, and L, denote the length of the ground plane
and the monopole antenna, respectively, and g is the
gap between them. According to Formula (1), the calcu-
lated F, is 6.8 GHz, which corresponds to the center fre-
quency of an UWB band. The dimensions of the initial
monopole antenna structure have been chosen to obtain a
resonant frequency of 6.8 GHz which represents the center
frequency of an UWB since our purpose is to design a MIMO
antenna for UWB applications. Figure 2 shows the single

element of our proposed MIMO antenna.The simulated
|S;;| is less than —10dB across the whole band which is
due to the compact size of the antenna elements and the
ground plane. Therefore, in order to shift the resonant fre-
quency to get it lower and improve the impedance match-
ing, a modification is applied on the ground plane by
changing its length L,. The obtained results in ||
implies that the partial ground plane has a significant
effect on the input impedance matching, as shown in
Figure 3(a), which represents the [S,;|with varying the
length of the ground plane.

On the other hand, by placing the two antenna elements
close to each other, the bandwidth still cannot cover the
entire UWB, so to shift the resonant frequency of the low
band to a lower one, three small rectangular slots are cut on
the ground plane, as well as by changing W, from 3 to
1 mm, the lower frequency is shifted from more than 4 GHz
to about 3 GHz as shown in Figure 3(b).

Moreover, by forming an arc structure on the two corners
of the two antenna elements as well as by applying a semicir-
cle with an open-end slot on them, a good impedance match-
ing is obtained across the whole UWB frequency band as it is
shown in Figure 3(c).

Finally, by decreasing the value of the length of the
radiating elements (L,) from 10 to 8.3mm, a bandwidth
of 3.1-11.12 is covered.

4. Isolation Improvement

The described MIMO antenna in Figure 4(a) is constructed
by joining two UWB monopole antenna elements, which
are placed side by side, a distance D from each other, with
a common ground plane. Since the ground plane is very
compact, the surface current and the near-field radiation
cause strong mutual coupling between the UWB antennas,
which leads to a signal interference that limits the MIMO
system efficiency.

In order to improve isolation, several simulations and
parametric studies were performed to obtain the optimum
distance between the antenna elements. Figure 4(b) illus-
trates a parametric study of S, as a function of A.

Results show that with D =0.7A, the antenna elements
achieve better isolation. As shown above, isolation can be
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FIGURE 8: Current distribution of the proposed antenna.

easily improved by increasing the distance between the
antenna elements, but the compact size of the wireless
devices limits this approach.

Therefore, a good challenge has appeared, meaning, in
order to enhance isolation or to reduce the mutual coupling
by using some other technique. Among these techniques,
we can find the implementation of a decoupling structure
between the antenna elements.

Figure 1 depicts our proposed antenna with a decoupling
structure that is well known in the literature by a protruded
ground branch.

As shown in Figures 5(a) and 5(b), as L, increases and W,
decreases, the isolation is improved significantly while a good
impedance matching is maintained across the UWB frequency
band. Figure 5 represents the S-parameters of the proposed
MIMO antenna with a variation in the length (L) and the
width (W) of the decoupling structure.

The main objective of introducing the stub on the
ground plane of the antenna is to enhance the isolation
between the ports of the constituent radiating elements;
therefore, its significance can be evaluated by observing

the S-parameters of the proposed UWB MIMO antenna,
comparing them with those that are without a stub.

Figure 6 shows the simulated S-parameters of the
developed UWB MIMO antenna with and without the
decoupling structure.

The final step when the final antenna is designed with
the optimized dimensions is to simulate the input impedance
of our proposed antenna, in order to check the adaptation.
Figure 7 illustrates the Z-parameters of our proposed
antenna. So, as we can see in Figure 7, the adaptation is
attained over the whole UWB band.

To further understand the effects of the decoupling struc-
ture on the mutual coupling between the antenna elements,
Figure 8 shows the current distribution of our proposed
antenna with and without using the decoupling structure
which is obtained by exciting port 1.

The current is mainly concentrated on the feed line of the
excited element, while a significant amount of current is
flowing through the decoupling structure between the two
elements of our proposed antenna which nullifies radiation.
So the coupling between the antennas is minimized.
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FI1GURE 9: Photographs of the fabricated antenna.
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FIGURE 10: The measured and simulated S-parameters of the proposed antenna.

5. Results and Discussions

The Rohde and Schwarz ZVB 20 vector network analyzer is
used to measure the proposed antenna S-parameters by con-
necting port 1 and port 2 with two SMA female connectors.
The photographs of the fabricated UWB MIMO antenna
are shown in Figure 9.

The results indicate that our antenna is giving a good
impedance bandwidth with both measured and simulated
S-parameters; S;; <—15dB from 3.1-11.12GHz and §,, are
less than —20dB throughout the ultra-wideband. Figure 10
illustrates the simulated and measured S-parameters.

5.1. Radiation Patterns. It is clear that the xz-plane corre-
sponds to the H-plane and the yz-plane corresponds to the
E-plane. The radiation patterns are obtained by using an

active element pattern. It means the radiation patterns of a
single element, when the other one is presented but is not
excited. It is also known as an embedded element pattern.
The simulated and measured E-plane and H-plane radiation
patterns of the proposed antenna are illustrated in Figure 11.

As we can see, as the frequency increases, the radiation
pattern gets distorted. Note that the radiation patterns in
the H-plane as well as in the E-plane are omnidirectional to
receive the signals from all directions.

The difference between the simulated and the measured
radiation patterns of the H-plane occurs because the mea-
surement is not carried out an anechoic chamber.

5.2. Envelope Correlation Coefficient. The envelope correla-
tion coefficient presents an important factor for the compar-
ison of MIMO capabilities of coupled antennas.
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FIGURE 11: The measured and simulated radiation patterns of the proposed MIMO antenna. (a) H-plane. (b) E-plane.

In general, there are three methods to calculate the
envelope correlation coefficient. The first one consists of
using far-field pattern data, which is considered to be a
method that consumes much time because of its compu-
tational complexity.

The second method is based on Clarke’s formula, while
the third one employs the scattering parameter formulation
which can reduce the calculation complexity using the other
methods. The last method can easily be generalized to the
envelope correlation of a system with N-antenna [21].
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So in order to have a better evaluation of MIMO diversity
characteristic, an easy formula to compute ECC is provided:

C= . |SY131‘22+ S;153‘2|2 . . 2)
(1 - |S11| - |Szl| )(1 - |522| - |521| )

Based on the measured S-parameters, using Formula
(2), and comparing it with the simulated one depicted in
Figure 12, we obtained a result that showed that the ECC is
less than 0.002 from 3.1-11.2 GHz which demonstrates the
diversity good performance.

As it is shown in Figure 13, the value of the simulated
gain of the proposed MIMO antenna has ranged from 2.5
to 5.54 over the UWB frequency band.

6. Conclusion

A novel compact owl-shaped UWB MIMO antenna is pre-
sented in this paper. Three slots were etched on the
ground plane to improve impedance matching of the radiat-
ing elements to better than —15 dB. An arc structure as well as
an open-end slot were applied on the radiating elements in
order to cover the whole UWB band. A protruded ground
branch was introduced in between the antenna elements to
decrease the mutual coupling; a high isolation of less than
—20dB across the whole band was achieved.

Good radiation performances were also obtained. An
envelope correlation coefficient of less than 0.002 was
achieved, and a good gain value which is restricted to an
average between 2.5 and 5.54dB was obtained.

These results prove that the proposed owl-shaped MIMO
antenna is very adequate for UWB applications.
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