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Abstract. A four element multiple input multiple output
(MIMO) antenna system for UWB applications is pre-
sented. The system consists of two identical slot dipoles
and two identical planar monopoles. Polarization diversity
between different kinds of antennas can realize lower cou-
pling between antenna elements, and by using a couple of
inverted L-shaped stubs and an inverted Z-shaped stub as
decoupling structures, isolation can be further improved.
For both simulation and measurement, higher than 17 dB
isolation between antenna elements can be obtained
through the whole UWB band (3.1-10.6 GHz). The enve-
lope correlation coefficient, antenna gain, efficiency and
other performances are also provided.

Keywords
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1. Introduction
Since the Federal Communications Commission

(FCC) released the band of 3.1 GHz to 10.6 GHz for com-
mercial communication applications in 2002, UWB tech-
nology has drawn a lot of interest in various applications
[1]. However, when UWB systems work in multipath envi-
ronments, serious signal fading can be caused due to the
obligatory low radiation power [2]. MIMO technology has
multiple antennas in both transmit and receive sides which
enhances data capacity and reliability without extra power
or bandwidth, and can perfectly solve this problem [3], [4].

For UWB-MIMO system, how to maintain acceptable
isolation (no less than 10 dB) between antenna elements
through the wide operational band is a challenging task.
Many researches has been reported recently [5—19]. Two-
element MIMO antenna system is reported in [5], without
using common ground and separate the two elements about
0.37 4y from each other, no less than 15 dB isolation can be
realized. Wideband neutralization line inserted between
two monopoles to enhance the isolation between
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3.1-5 GHz is proposed in [6]. Extruding T-shaped stub
which changes the surface current in ground plane and
increases the isolation is used in [7]. In [8], high isolation
(no less than 10 dB) is achieved by etching a slot on the
center of the ground plane between two evolved meander-
ing monopoles. Stage slots among antenna elements are
used to reduce the coupling [9], and higher than 15.5 dB
isolation can be realized through the UWB band. Polariza-
tion diversity is also an effective way in obtaining lower
mutual coupling between antenna elements. In [10-18],
antenna elements are placed perpendicular to each other to
exploit polarization diversity and achieve high isolation.
While in [19], polarization diversity between leaf-shaped
slot antenna and similar shaped monopole is used to obtain
good isolation in UWB high band (7.25-10.25 GHz).

In this paper, a four-element MIMO antenna system
for UWB application is proposed. Polarization diversity of
different kinds of antennas and specially designed decou-
pling structure make the mutual coupling between either
elements lower than —17 dB in the whole operational band
(3.1-10.6 GHz). The total dimension of the antenna system
is 70 x 41 x 0.8 mm’, which is suitable for UWB portable
devices.

2. Antenna Design

Figure 1 shows the geometry of the proposed MIMO
antenna system. The system is built on a 0.8 mm thick FR4
substrate with relative permittivity 4.4 and loss tangent
0.02. All antenna elements are fed by tapered microstrip
lines, which can improve the impedance matching in the
UWB band. Two identical CPW-fed slot dipoles with
L-shaped stubs and rectangular-shaped stubs for imped-
ance matching are placed on the top side of the substrate
(fed by portl and port2), while two identical microstrip-fed
planar monopoles (fed by port3 and port4) are set at the
bottom of the substrate. The decoupling structure consists
of two inverted L-shaped stubs and an inverted Z-shaped
stub is also located on the top side of the substrate. We
used the electromagnetic simulation software HFSS [20] to
do the simulation. The parameters were changed one by
a time, the optimized parameters are listed in Tab. 1.

ELECTROMAGNETICS
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Fig. 1. Geometry of the 4-element MIMO antenna: (a) side
view, (b) top view.

Parameters | Value | Parameters | Value | Parameters | Value
L_sub 70 L12 9 W1l 1.5

L1 50 W_sub 41 wi2 10.5
L2 10 W1 3 w13 0.5
L3 6.5 W2 4 dl 0.5
L4 13 W3 4 d2 1
LS 7 W4 13 rl 2.5
L6 6 W5 1 2 1.5
L7 4 Wo6 1.5 R1 35
L8 9.75 W7 0.5 R2 5.5
L9 11.5 W8 1 H 0.8

L10 5.5 W9 1

L1l 6 W10 1.5

Tab. 1. Antenna parameters (unit: mm).

The round corners for all the four antennas are
designed to provide smooth structure which is desirable for
wide band performances.

The bandwidths of the slot dipoles are mainly decided
by the length and the width of the antenna elements. When
the total length of (L4+L3+rl) is set as a constant, the
lower frequency of Ant.1 or Ant.2 is fixed. The length used
here is about one-fourth of wavelength at 3.1 GHz, which
makes Ant.1 and Ant.2 work as half wavelength slot di-
poles. In Fig. 2(a), the decrease of L4 improves the imped-
ance matching of the whole UWB band except for around
5 GHz. While in Fig. 2(b), the change of W4 mainly af-
fects the impedance matching of lower than 7.5 GHz band,
increasing W4 decreases the amount of reflection coeffi-
cients. For the whole band, as shown in Fig. 2(c), the
change of L3 has a weaker influence on impedance match-
ing than the change of L4. In Fig. 2(d), considering the
—10 dB criterion, the increase of W1 mainly improves the
impedance matching of the 6-9.6 GHz band. While in
Fig. 2(e), the increase of W3 mainly improves the imped-
ance matching of the 5-6 GHz band.
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Fig. 2. Simulation results of S11 with the change of (a) L4,

(b) W4, (c) L3, (d) Wland (e) W3.
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Fig. 3. Simulation results of S33 with the change of (a) L11,
(b) W12 and (c) L12.

For Ant.3 and Ant4, when (L11+L12+r2+L38) is
fixed, which is about one-fourth wavelength at 3.1 GHz,
the change of any of the components will not affect the
lower frequency of the monopoles. As plotted in Fig. 3(a)
and 3(b), the increase of L11 improves the impedance
matching of higher than 5 GHz band. The change of W12
affects the higher than 6 GHz band of the antennas, while
the change of L12 has an influence on the whole operation
band (Fig. 3(c)).

The functions of the attached L-shaped and rectangu-
lar-shaped stubs, and the decoupling structures can be
explained by designing the UWB-MIMO system in four
evolution steps which are plotted in Fig. 4. Since when the
overall size is decided, the monopoles can maintain well
matched through the whole band, we mainly focused on
impedance matching of the slot dipoles. While high isola-
tion can be obtained by polarization diversity between
different kinds of antennas, only the isolation between the
monopoles cannot meet the 10 dB criterion through the
whole band. The decoupling structures are designed to
solve this problem.
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Fig. 4. Design steps (Ant.a-d).
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Fig.5. Simulated S parameters: (a) S11 in four evolution
steps, (b) change of S34 with the decoupling struc-
tures, (c¢) change of S12 with the decoupling structures.

As can be seen in Fig. 5(a), for Ant.a, at frequencies
lower than 5.7 GHz, the antenna is not well matched. By
adding an impedance matching L-shaped stub (Ant.b),
impedance matching can be improved except for frequency
from 5.1 to 5.7 GHz. One rectangular shaped stub is added
to further fine tune the antenna. For Ant.c and Ant.d, they
both can cover the whole UWB band under —10 dB imped-
ance matching criterion. The function of the decoupling
structures in isolation improvement is plotted in Fig. 5(b).
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Fig. 6. Surface current distributions of the proposed UWB
MIMO antenna when element#3 is fed at (a) 3.5, (b) 4,
(c) 5.8, and (d) 8GHz.

With only a pair of inverted L-shaped stubs (decoupling
stub#1), the isolation between the monopoles can be im-
proved to higher than 10 dB. By adding an inverted
Z-shaped stub, LC resonances structure between two kinds
of stubs occurs, and the isolation can be further enhanced
to higher than 17 dB. In Fig. 5(c), we can see with and
without the decoupling stubs, the isolation between Ant.1
and Ant.2 is higher than 15 dB. The decoupling structures
have no positive impact on the isolation except for around
5.8 GHz and higher than 8 GHz, but the effect is still weak
compared to the influence on S34.

Figure 6 depicts the surface current distributions of
the proposed UWB MIMO antenna at 3.5, 4, 5.8, and
8 GHz to further investigate how the pair of inverted
L-shaped stubs and inverted Z-shaped stub increase the isola-
tion. For monopoles, the metal contours of the slot-dipoles
are used as their ground, when surface current flows on the
ground, strong coupling occurs. In Fig. 6, it can be seen

that through the UWB band, when Ant.3 is fed, the surface
current is mainly trapped by the decoupling structures,
so the mutual interference between the monopoles is
alleviated.

3. Results and Discussion

Figure 7 shows the top and bottom pictures of the
fabricated antenna system. The proposed antenna system
was measured by using Agilent 85058E vector network
analyzer.

As shown in Fig. 8(a), both the simulated and meas-
ured bandwidths can cover the UWB band, for the sake of
clarity, we only put the results of two antennas here. The
measured isolation between antennas is higher than 17 dB
(Fig. 8(b)). For Ant.1 with Ant.2, since the radiation char-
acteristics for the slot dipoles change with frequency, the
isolation changes with frequency, too. Especially for fre-
quencies between 6.5-8.5 GHz, the mutual coupling be-
comes relatively strong. For Ant.1 with Ant.3 or Ant.1 with

®

Fig. 7. Photograph of the fabricated antenna system: (a) top
view and (b) bottom view.
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Fig. 8. (a) Reflection coefficients of the MIMO antenna
system. (b) Measured isolation between MIMO
antenna elements.
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Fig.9. Gain and radiation efficiencies for the proposed
MIMO antenna system.

Ant.4, high isolation occurs because of the polarization
diversity. Meanwhile, since the radiation characteristics for
both kinds of antennas change with frequency, the isolation
changes with frequency, too. Generally, if strong radiation
of two antennas is pointing to each other, the mutual cou-
pling will be strong. For Ant.3 with Ant.4, the change of
electromagnetic property of the decoupling structures with
frequency causes the changes of mutual coupling between
the two antennas.

The measured gains and simulated efficiencies against
frequency are presented in Fig. 9. The measured gain
varies from 1.4-3.9 dBi for the slot dipole and 1-3.7 dBi
for the monopole. The simulated efficiencies are no less
than 80% for both kinds of antennas.

Figure 10 shows the radiation pattern of Ant.1 and
Ant.3 at 5 GHz. Beside polarization diversity, pattern di-
versity can also be found from the simulated 3D radiation
pattern. When Ant.1 is excited, radiation nulls are along
the Y-axis, while for Ant.3, the radiation nulls are along
the X-axis. The strong radiation between two antenna ele-
ments avoids pointing to each other. But for Ant.3 and
Ant.4, the strong radiation is directed to each other. This
explains why the isolation between Ant.3 and Ant.4 is the
lowest. Similar performances between antenna elements
can be found at other frequencies.

The measured and simulated 2D radiation patterns for
Ant.1 and Ant.3 at 5 GHz and 8 GHz are plotted in Fig. 11
and Fig. 12. The radiation patterns are measured when the
target antenna is excited and other three antennas are termi-
nated with the 50ohm load. Differences are mainly caused
by the fabrication error.
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Fig. 10. Simulated 3D radiation pattern of (a) Ant.1 and
(b) Ant.3 at 5 GHz.
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Fig. 11. Simulated and measured radiation patterns of Ant.1

and Ant.3 at 5 GHz: (a) Ant.1 xz-plane, (b) Ant.1 yz-
plane, (c) Ant.3 xz-plane, (d) Ant.3 yz-plane.

In Fig. 13, the measured envelope correlation coeffi-
cients were calculated by using the following equation [21]
and the results are lower than 0.015, which shows good
isolation between antenna elements.

2

[, (s + B (9B a0
”4” (TG, (Q) + G, (Q))dQ2- ”4” (T'-G,,(Q)+G,,(Q))dQ
(1
where G (Q) = Eg(Q)-Eg(Q) and Gy(Q) = Eg(Q)-Eg(Q),
I' is the reflection coefficient. £y and E, are the 8 and ¢
polarized realized active electric field patterns of the
antennas. Gy and G, are the 6 and ¢ polarized components

of the antennas’ realized active power gain patterns and Q
is the solid angle.

Py =
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Ant.3 at 8 GHz: (a) Ant.1 xz-plane, (b) Ant.1 yz-plane,
(c) Ant.3 xz-plane, (d) Ant.3 yz-plane.
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Fig. 13. Envelope Correlation Coefficients.

Diversity Gain (DG), Total Active Reflection Coeffi-
cient (TARC) and Channel Capacity Loss (CCL) can be
calculated to evaluate the MIMO behavior of the proposed
antenna system together with ECC. By using equation
mentioned in [22], the DGs of all antennas are larger than

9.95 dB. The TARC of antenna#1 and antenna#3 is calcu-
lated at each random phase between 0° and 180° according
to [23]. However, only phases 0°and 180° are plotted in
Fig. 14. For both types of antennas, they still can cover the
whole UWB band. The measured CCL is calculated by
using formula given in [17], and the result is shown in
Fig. 15. It can be observed that the result satisfies the
acceptable limits of CCL < 0.4 bits/s/Hz through the whole
UWB band.
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Fig. 14. Total active reflection coefficients (TARC).
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Fig. 15. The measured channel capacity loss of the proposed

UWB MIMO antenna.
Designs Size (mm?) | Band (GHz) | Isolation (dB) ECC
[9] 44 x 44 2.95-10.8 15.5 <0.04
2.7-5.1,
[11] 50 % 39.8 5012 17 <0.01
[13] 44 x 44 3.1-11 16 <0.1
[16] 38 x 38 3-15 14 <0.2
[17] 40 x 40 3.1-11 20 <0.004
[19] 42.5 x 54 7.25-10.5 15 <0.15
Proposed 70 x 41 3.1-12 17 <0.012

Tab. 2. Comparisons among recent published 4-element
UWB-MIMO antenna systems and this work.

The comparisons among the recently published 4-ele-
ment UWB-MIMO antenna systems and this design are
listed in Tab. 2. It can be observed that our design has
arelatively compact size, and high isolation, which is
important for UWB-MIMO applications.

4. Conclusion

In this paper, a novel compact four element MIMO
antenna system was proposed. High isolation among
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antenna elements through the UWB band was realized in
three steps: 1) Using polarization diversity between differ-
ent kinds of antenna elements. 2) Adding a pair of inverted
L-shaped decoupling stubs. 3) Introduce an inverted Z-
shaped decoupling stub between L-shaped stubs to form
LC resonances structure. The results of S-parameters, gain,
radiation characteristics and MIMO performances like
envelope correlation coefficients, TARC all show the pro-
posed antenna system a competitive candidate for UWB-
MIMO applications.
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