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Abstract – This paper proposes a 4-element multiple-
input multiple-output (MIMO) antenna system, which
is intended for ultra-wideband (UWB) applications. The
antenna has a dimension of 92 × 70 × 1.6 mm3. It
achieves element isolation via the defected ground struc-
ture (DGS) and symmetric E-shaped branch structures
design. The realized operating bandwidth is from 3 GHz
to 18 GHz, with 15 dB isolation within the whole wide
band. The envelope correlation coefficient (ECC) is less
than 0.01 with diversity gain (DG) greater than 9.95. The
prototype is fabricated and measured to verify its poten-
tial applications for UWB MIMO communication.

Index Terms – DG, ECC, isolation, MIMO, UWB.

I. INTRODUCTION
The ultra-wideband (UWB) technology has been

highly committed for decades due to low power con-
sumption and high-speed data transmission [1–3], mak-
ing it continuously promising technology in versatile
future fields including indoor positioning [4], radar
detection [5], and wireless communications [6–8]. As the
demand for UWB applications increases, research and
developments of UWB technologies and devices have
attracted considerable attention.

More recently, multiple input multiple output
(MIMO) technology has become one key technology of
future mobile and wireless communication systems. It
is worth noting that MIMO significantly improves the
spectral efficiency of the UWB system. As a result, com-
bining MIMO technologies in UWB design has become
the main trend in UWB studies [9–10]. In this sense,
research on UWB MIMO antennas has emerged as a
hotspot in wireless communication system research. The
combined use of UWB and MIMO technologies is antic-
ipated to bring about new opportunities and challenges
for UWB antennas [11].

The main challenge of UWB MIMO antennas in
mobile terminals is achieving high isolation between

antenna elements [12]. In [13, 14], neutralization line
structures are used between antenna elements to reduce
mutual coupling, while in [15–19], polarization diver-
sity technology is used to achieve natural isolation. In
[20–24], mutual coupling is reduced by using defected
ground structures (DGS). For instance, [23] etches two
novel bent slits into the ground plane and achieves -10
dB S11 and -18 dB S21 from 2.4 to 6.55 GHz. In addition,
antenna elements isolation can also be improved by load-
ing parasitic elements [25–28]. For instance, a parasitic
T-shaped strip is used as a decoupling structure between
the radiating elements in [28], enabling the antenna to
operate from 3.08 to 11.8 GHz with 15 dB isolation.
Electromagnetic band gap (EBG) structures are also con-
sidered [29–31]. The proposed EBG structures employ
two closely coupled arrays, one comprising linear con-
ducting patches and the other comprising apertures (slits)
in the ground plane, to reduce the S12 to values lower
than -20 dB from 3.44 to 6.13 GHz [31]. All these tech-
niques have proven useful for constructing different res-
onant structures corresponding to different frequencies.
Since DGS is preferably used for improving decoupling
while parasitic structures are more often used to broaden
the bandwidth, this work combines these two techniques
to design a MIMO antenna system meeting both require-
ments.

In this paper, a 4-element UWB MIMO antenna
is designed and fabricated. For the element design, the
proposed tapered fed hexagon-shaped patch microstrip
is simulated and verified to achieve a wide operat-
ing band from 3 GHz to 10.6 GHz. A dual-element
MIMO antenna is then constructed, and 15 dB isola-
tion performance is achieved through DGS and para-
sitic branch structure. Furthermore, a 4-element MIMO
antenna is realized where decoupling of the compact
MIMO antenna is achieved through the design of two
E-shaped branch structures. Simulation results show
that the overall operating bandwidth of the system
is further broadened up to 18 GHz. The isolation of
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each two elements is greater than 15 dB. Section II
describes the methodology of this work; it illustrates
the design process from a single element to the 4-
element array, as well as theoretical analysis and simula-
tion verification. Section III shows the measured results
as well as discussion, and Section IV concludes the
paper.

II. METHODOLOGY
A. Design of the single-element UWB antenna

The configuration of the proposed UWB antenna
element is presented in Fig. 1. It uses 1.6 mm thick
FR4 (εr = 4.4) as the substrate. On top of the substrate,
a hexagon-shaped radiated patch and a tapered feedline
form a hexagon-shape monopole. On the bottom of the
substrate, the ground plane is half cut off to form a
DGS, which effectively improves the impedance match-
ing bandwidth of the antenna. Detailed dimensions of the
single-element antenna are given in Table 1.

In the process of impedance matching design, the
evolution of the proposed UWB antenna is exhibited in
Fig. 2. Simulated results of each step (shape of element
patch transferred from sample a to d) are illustrated in
Fig. 3. The hexagon-shaped patch microstrip has bet-
ter broadband characteristics (3 to 10.6 GHz) compared
with other common microstrip patch shapes, such as
rectangular, triangular, and circular shapes, because the
hexagonal radiating patch owns more uniform electric
field distribution at the edges of the antenna, which
reduces edge effects and impedance changes.

Fig. 1. Structure of the proposed antenna element.

Table 1: Dimensions of the single-element antenna
Par. Value (mm) Par. Value (mm)

L 17.5 L4 5.77
W 46 W1 10
L1 18.1 W2 3.01
L2 16.9 W3 2.01
L3 13.26 Rh 7

Fig. 2. Evolution of a UWB antenna element.

Fig. 3. Simulated S-parameters of the four types of
antenna element in Fig. 2.

B. Design of dual-element UWB MIMO antenna
Since the single-element antenna has achieved sat-

isfying bandwidth, we make one step further to develop
a dual-element MIMO system. The configuration of the
dual-element UWB MIMO antenna element is presented
in Fig. 4. It uses 1.6 mm thick FR4 (εr = 4.4) as the sub-
strate. On top of the substrate, two tapered feeds and two
hexagonal radiating patches are arranged in parallel. On
the bottom of the substrate, the ground plane uses etched
rectangular slots to improve the mutual decoupling. It is
found that the effect between the two elements changes
the surface current and the electromagnetic field distri-
bution near the feeding point, and therefore changes the
impedance bandwidth. This dual-element antenna oper-
ates within a wide frequency range of 3-18 GHz. The
dimensions of the dual-element antenna are given in
Table 2.

In [32], the mentioned antenna system achieves
15 dB isolation (3.1-11.8 GHz) using parasitic branch
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Fig. 4. Dual-element UWB MIMO antenna.

Table 2: Dimensions of the dual-element antenna
Par. Value

(mm)
Par. Value

(mm)
Par. Value

(mm)
L 35 L5 6 W4 2.01
W 46 L6 5 W5 3
L1 18.1 L7 4 W6 0.5
L2 16.9 W1 10 W7 0.5
L3 13.26 W2 3.5 W8 1.5
L4 5.77 W3 3.01 Rh 7

structures. This method provides good isolation over
a wider bandwidth. On the other hand, in [36], the
described antenna system achieves 19 dB isolation (2.4-
6.55 GHz) using DGS. This method offers better isola-
tion compared to the method in [32], but over a narrower
bandwidth. The proposed dual-element UWB MIMO
antenna system in this paper utilizes both DGS and par-
asitic branch structures.

This design proposes a series of solutions to address
the issue of mutual interference among multiple antennas
in MIMO systems. Figure 5 illustrates the design pro-
cess (from model a to d) and evolution of S-parameters
of the dual-element UWB antenna. The operating fre-
quency range of all these setups are 3-18 GHz. From
model a to d, a loop structure was realized by etching
a rectangular groove in the metal strip to guide the sur-
face current into the ground plane. Further improvement
was achieved by etching three rectangular slots into the
ground of b, resulting in the isolation (S12) of the antenna
elements greater than 15 dB at high frequencies (14-18
GHz). To ensure the isolation of the elements depicted
in c remained greater than 15 dB in the 7-10 GHz range,
two rectangular metal stubs were added to the edge of the

Table 3: The performance comparison of the 2-element
antenna

Ref Size (mm) Isolation (dB)
[32] 38 × 38 × 1.6 >15 (3.1∼11.8 GHz)
[33] 90 × 40 × 0.79 >17 (2.4∼4.2 GHz)
[34] 50 × 40 × 1.6 >15 (2.5∼12 GHz)
[35] 48 × 48 × 0.8 >18 (2.5∼12 GHz)
[36] 78 × 40 × 1.6 >19 (2.4∼6.55 GHz)

Proposed 46 × 35 × 1.6 >15 (3∼18 GHz)

Fig. 5. The evolution of structure and surface current in
the dual-element MIMO antenna.

c metal strip. The final dual-element design is referred to
as in d.

The S-parameters for the dual-element UWB MIMO
antenna are shown in Fig. 6. The operating frequency

Fig. 6. The S-parameters of the dual-element MIMO
antenna.



DING, YANG, CHEN, LIN, HE, HAN: A 4-ELEMENT UWB MIMO ANTENNA SYSTEM WITH HIGH ISOLATION PERFORMANCE 802

range of the antenna meets the requirement of being less
than -10 dB from 3 GHz to 18 GHz. The S12 of the
antenna remains less than -15 dB across the UWB fre-
quency range, meeting the requirement of antenna isola-
tion for MIMO systems.

C. Design of 4-element UWB MIMO antenna
Based on the dual-element MIMO antenna, the final

pattern of the proposed 4-element UWB MIMO system
is realized and presented in Fig. 7. It has an overall size
of 92 × 70 × 1.6mm3. On top of the FR4 substrate,
the dual-element antenna pairs are placed symmetrically,
while on the bottom, two E-shaped branch structures
are designed to further improve the mutual decoupling.
The operating bandwidth of the MIMO system is also 3-
18 GHz, sufficiently meeting the wideband requirement.
The dimensions of the quad-element antenna are given
in Table 4.

Fig. 7. Configuration of the 4-element MIMO antenna.

Through simulation of the proposed 4-element
UWB MIMO antenna, the S-parameters in Fig. 8 are
obtained and discussed. It is clear that S11 is less than
-10 dB from 3 GHz to 18 GHz. On the whole operating

Table 4: Dimensions of the 4-element antenna
Par. Value

(mm)
Par. Value

(mm)
Par. Value

(mm)
L 35 L7 4 W6 0.5
W 46 L8 5 W7 0.5
L1 18.1 L9 0.5 W8 1.5
L2 16.9 W1 10 W9 5
L3 13.26 W2 3.5 W10 4
L4 5.77 W3 3.01 Rh 7
L5 6 W4 2.01
L6 5 W5 3

Fig. 8. The selected simulated S-parameters for the quad-
element UWB MIMO antenna.

band, the isolation degree of arbitrary two elements reach
more than 15 dB, indicating that the mutual coupling
between the four elements is effectively suppressed. One
of the key advantages of this system is its ability to
achieve a 15 dB isolation range of operating (3-18 GHz)
frequency.

When one port is excited and the other three ports
are terminated, the surface current distribution is sim-
ulated at 5 GHz, 10 GHz, and 15 GHz, respectively,
as shown in Fig. 9. The design of E-shaped branches
between the two dual-element MIMO antenna pairs
forms current loops, and the current generated by the
radiation patch flows into the ground plane through the
rectangular metal strip. This effectively reduces the cou-
pling between the four antenna elements, resulting in
good independence between the antenna elements and
achieving the expected isolation.

The total efficiency of the 4-element UWB MIMO
antenna is shown in Fig. 10; the simulated efficiency
value within the whole operating band testifies to the
functionality and applicability of the proposed system.
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Fig. 9. Surface current distribution of the 4-element
UWB MIMO antenna at (a) 5 GHz, (b) 10 GHz, and (c)
15 GHz.

Fig. 10. The total efficiency of the 4-element UWB
MIMO antenna.

The four-element MIMO antenna system can
enhance the capacity and data rates of wireless com-
munication systems. It enables improved signal qual-
ity, increased spectral efficiency, and enhanced cover-

age, making it suitable for applications such as 5G and
beyond.

III. MEASUREMENT AND DISCUSSION
Figure 11 shows a snapshot of the fabricated model

of the proposed UWB MIMO antenna, with Fig. 11 (a)
representing the front side view of the antenna and
Fig. 11 (b) representing the back side view of the
antenna. Through measurements of the fabricated pro-
totype, Fig. 12 shows the comparison between simulated
and measured data of the MIMO antenna’s S-parameters.
The measurements demonstrate that the bandwidth and
isolation of the proposed antenna closely match the sim-
ulations. The operating bandwidth is from 3 GHz to 18
GHz with a 15 dB isolation performance, indicating that
the design of the MIMO system does not affect the radi-
ation characteristics of the UWB antenna.

The envelope correlation coefficient (ECC) quanti-
fies the correlation between signals transmitted from dif-
ferent wireless communication channels and received by
antennas, reflecting the degree of coupling in MIMO
antennas. A lower ECC value indicates less coupling
between ports, which is desirable for achieving high
diversity performance. ECC values below 0.5 are typi-
cally preferred. ECC can be calculated using the scatter-
ing S-parameter, with the formula

ECC =

∣∣∣S∗iiSi j + S∗jiS j j

∣∣∣2∣∣∣(1−|Sii|2 −
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∣∣S j j
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∣∣2)∣∣∣ .
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Fig. 12. Measurement and simulation results of the S-
parameter for this 4-element MIMO antenna: (a) S11, (b)
S12, (c) S13, and (d) S14.

Diversity gain (DG) is a key metric for evalu-
ating diversity performance. A higher diversity gain
is achieved when there is less correlation among the
antenna elements. The relationship between DG and
ECC is illustrated in equation (2):

DG = 10 ×
√

1−|ECC|. (2)
These two parameters are calculated in this work

according to (1) and (2), as shown in Fig. 13, where the
ECC performance is less than 0.01 and DG is greater
than 9.95.

The overall data comparison shows excellent agree-
ment between the measured results and the simulation
results, indicating good isolation and high gain charac-
teristics of the antenna. Furthermore, the ingenious and

Fig. 13. ECC and DG results of the MIMO antenna.

novel structure confirms the proposed antenna as a desir-
able candidate for UWB-MIMO applications.

IV. CONCLUSION
In this paper, a four element UWB-MIMO antenna

with DGS and parasitic decoupling structures is pro-
posed and analyzed. The antenna is operatable from 3
GHz to 18 GHz, which is a superior wide operating
band. Design of decoupling structures such as multiple
slots, stubs, and E-shaped symmetric strips achieves a 15
dB high isolation within the ultrawide operating band.
Simulated total efficiency is greater than 0.8 and the ECC
is less 0.01, whereas DG is greater than 9.95 across the
frequency range. Simulations and measurements agree
well and show that the proposed antenna is a good can-
didate for the UWB-MIMO applications.
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