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Abstract
This paper proposes a new design of compact coplanar waveguide (CPW) fed -super ultra-wideband (S-UWB) MIMO antenna

with a bandwidth of 3.6 to 40 GHz. The proposed antenna is composed of two orthogonal sector-shape monopoles (SSM)
antenna elements to perform polarization diversity. In addition, a matched L-shaped common ground element is attached for
more efficient coupling. The FR-4 substrate of the structure with a size of 23 % 45 x 1.6 mm’® and a dielectric constant of 4.3 is
considered. The proposed design is simulated by using CST Microwave Studio commercial software. The simulation shows that
the antenna has low mutual coupling (|S21| < -20 dB) with |S11|<—10 dB, ranging from 3.6 to 40 GHz. Envelope correlation
coefficient (ECC) is less than 0.008, diversity gain (DG) is more than 9.99, mean effective gain (MEG) is below - 3 dB and total
active reflection coefficient (TARC) is less than -6 dB over the whole response band is reported. The proposed MIMO antenna
is expected efficiently cover the broadest range of frequencies for contemporary communications applications.
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I. INTRODUCTION microwave and other applications, not restricted to new
mobile technologies [7].

Practical UWB antenna design challenges include broad
impedance matching, radiation stability, a low profile, and a
cheap cost [8]. There are two major challenges in designing
MIMO antennas for UWB systems. One major challenge for
MIMO systems is to reduce antenna elements' size. The
other is to make the antenna elements more isolated from
each other [9]. It is important to note that UWB wideband
impedance matching should be unaffected by the methods
employed to decrease mutual coupling.

Within the last several years, many proposals for S-UWB
antennas have emerged [10]-[13]. In [10], a CPW-fed
slotted circular monopole achieves a bandwidth of
(11.66-56.1) GHz. To achieve a frequency range of 3.32 to
20 GHz, a monopole structure made of circular corrugations
on a defective ground is reported [11]. A bow-tie-shaped
vertical patch with two asymmetrical ground planes to get
bandwidth (3.035-17.39) GHz is proposed [12] . The
suggested structure in [13] is a triangular patch fed by
a CPW to achieve a bandwidth of 4.9-25 GHz.

Because of their ubiquitous usage in modern
applications, S-UWB MIMO antennas have garnered much
attention in recent years. Many studies have been conducted

In recent years, antenna designs for not only ultra-wideband
(UWB) applications (3.10 GHz-10.6 GHz), but also Super
UWB (S-UWB) antennas with bandwidth ratios more than
10 to 1 have emerged as solutions for multiple applications,
resulting in a new approach in wireless technologies such as
microwave imaging, cognitive radio, sensing networks,
higher data rate wireless communications, X-band Radar,
and K-band Satellite [1], [2]. The demand for high data rates
and good channel capacity has always been the top
consideration in modern wireless communication systems.
Wireless communication systems depend on ultra-wideband
UWB and multi-input-multi-output (MIMO) technologies
for high-speed data streaming [3]. Multipath fading is one of
the main problems that degrade the performance of UWB
systems, and it can be overcome using MIMO technology
[4]. MIMO systems can use diversity to improve
communication device reliability without requiring
additional transmitted power or bandwidth by mitigating the
vulnerable multipath fading issue [5]. MIMO antennas have
received much attention recently as critical devices in UWB
MIMO systems. Those UWB antennas are also successfully
used in the Internet of Things (IoT) [6], the radar sector, the
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to improve the isolations between and decrease the mutual
coupling among the components of UWB MIMO antennas.
Suppressing mutual coupling and offering an alternative
current path are broad categories into which all methods may
be conducted. When antennas are placed in an orthogonal
configuration, there is a lot of space between each antenna
element, which prevents interference [14], [15]. If the size of
the antenna is not a major consideration in the design, this
method can be used successfully. Also, the mutual coupling
can be minimize by ground plane modifications, such as
engraving slits, slots, and adding stubs, which promote
isolation between elements by altering the distribution of
surface currents [16]-[18]. Slits, slots, and stubs are
examples of parasitic decoupling components whose form is
crucial because of the frequency dependence of the
structures [19]-[22].

The aim of this paper is to design a 1x2 super UWB
MIMO antenna based on orthogonal polarization diversity.
The proposed structure consists of two rotated orthogonal
single-shape monopole antenna for optimal performance
within a bandwidth of 3.6 to 40 GHz. In addition, the antenna
is equipped to L-shape common ground for efficient
coupling. The designed antenna is simulated by using CST
software. The antenna's performance is determined in terms
of main quantities, such as loss and gain, also MIMO
metrics, such as ECC, MEG, and TARC. This paper is
organized as follows. Section 2 describes the design
procedure of a single patch, whereas the configuration of
MIMO components is discussed in its subsection. In Section
3, the MIMO antenna analysis is presented in detail, while in
Section 4, the findings are compared to earlier work in the
field. Section 5 concludes with a summary of the noteworthy
results.

II. ANTENNA CONFIGURATION
A. Design Procedure

Figure 1 shows the geometry of the UWB sector like
shape monopole antenna. The overall size of UWB antenna
is 20%27 mm printed on a &, 4.4, 0.0025 lost tangent and a
1.6 mm thick FR4 low cost substrate. The element proposed
antenna consists of sector shape feed by coplanar
waveguide. The primary design is started by calculating a
radius of a circular patch antenna, as described by Equations
(1,2) [23].

e 4 (1)
1424 [ln(mj+l.77?_6]”2
nAe, 2H
* 9
L _8.791%10 2

S e

&, : Dielectric constant of the substrate

where

7, : Resonant frequency, GHz

H: Thickness of the substrate, cm
However, the idea of merge large and tiny sectors of circles
is to stimulate all resonance modes for various frequencies

by co-linear their centers. To obtain bandwidth enhancement
for UWB applications, a SSM is rotated with angle (RO) as
parametric study to get better impedance bandwidth. The
CST program is used for computer simulation design. A 50
Q subminiature version A (SMA) connection is added to the
simulated model for coupling matching to improve
simulation precision. Table 1 shows the antenna's final
optimized dimensions.

! LP2
e '&‘RN”

SL ¢ T #SR
GW2
A, \d
GW1 . ‘SLl
50 Q SMA FW—>
Connector st A Gt
I

Fig.1: Schematic representation of proposed sector-shape
monopole (SSM) UWB antenna element. The 50 Q
subminiature version A (SMA) connector is included for
coupling matching. The values of dimensions can be found
in Table I.

Figure 2 shows the rotating a sector-shaped patch across
various degrees allowed us to examine its effect on
impedance bandwidth. Figure 3 shows reflection coefficient
across different angles of (RO). An optimal value is obtained
at (RO) of 46 degrees to achieve a bandwidth of around 36.5
GHz (3.5- 40) GHz.

TABLE I
PROPOSED ANTENNA DIMENSIONS

Parameter w L FW | R: | GW1 Gt GW2
Unit(mm) 18 23 25 | 15 50 0.035 7.5
Parameter | LP1 LP2 | SR | SL: ST SW R:
Unit(mm) | 12.75 | 12.75 | 04 | 0.25 1.6 19 1

4y
;

Fig. 2: UWB sector shape monopole (SSM) antenna (a)
primary shape (b) final shape view.
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Fig. 3: Reflection coefficients versus frequency for different
values of sector shape monopole (SSM) rotation angles
(RO).
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Fig. 4: Simulated gain of proposed super UWB single patch
antenna at frequencies 4, 5.5, 10, 24, 28, and 38 GHz (a) y- z
plane (b) x-z plane.

As shown in figure 4, we modelled the suggested design's
2-D radiation patterns at five of the most modern usable
frequencies: 4, 5.5,10, 24, 28, and 38 GHz. In figure 4 (a),
the suggested design shows an “8” pattern shape at low
frequencies and a near-to-omnidirectional form at high
frequencies on the y-z-plane, while in figure 4(b), the
x-z-plane pattern resembles that of a near-to-omnidirectional
form at low frequencies and near to “8” shape at high
frequencies.

B.  1x2 MIMO Antenna Configuration Analysis

In this part, SS-UWB-MIMO antennas are presented to
achieve the polarization diversity principle by two identical
sector-shape monopole patch antennas set orthogonally, as
shown in figure 5. The MIMO antenna is a compact shape of
45x23x1.6 mm3, where the nearest separation between
adjacent patches is ho/11, where Ao is calculated at 3.6 GHz at
free space. The antenna is optimized by using the Computer
Simulation Microwave Studio (CST MWS) software. First,
it will refer to the sector patch state, either right or left side
orientation depending on the arc position for its front view.
The patches are enumerated as 1 and 2; as shown in figure 5,
patch 1 is said to be the left layout, whereas patch 2 is the
right layout. We investigated all cases of patch antenna
layouts to get better isolation between antenna elements.
Figure 6 depicts four scenarios of impedance bandwidth
(S11&S22<-10) and isolation (S12 and S21) wversus
frequency, which depends on the cases of MIMO elements
alignments. As shown in Figure 6 (a), for right-right
configuration, the isolation reaches 15.6 dB and 17 dB of
bands (9.3-13.5) GHz and (19.3-25.6) GHz, respectively,
while the impedance bandwidth of S11&S22<-10 is between
3.6 to 40 GHz, again this isolation is not satisfied the MIMO
optimal result. When the right-left configuration is
considered, as shown in figure 6 (b), the isolation is confined
between (9.3-13.5) GHz and (19.3-25.6) GHz, which have
less than 20 dB. The impedance bandwidth of S11&S22<-10
is between 3.6 to 40 GHz, except S11 is notched at 7 GHz;
again, this result does not satisfy good MIMO criteria. As
shown in Figure 6 (c), for the left-left configuration, the
frequency region 8.8 to 20.4 GHz has an isolation of less
than 20 dB; once again, this isolation does not meet the
criteria for MIMO. When the left-right configuration is
considered, as shown in figure 6 (d), the isolation is more
than 20 dB over the impedance bandwidth of (3.6-40) GHz.

45.00 mm
d= 2,/11
<+—Pp
2 1 5
S
3
3
3.00 mm 23.60 mm

Fig. 5: Orthogonal two element MIMO antenna.
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Fig. 6: Orthogonal two element MIMO antenna (a) (Right —
Right) (b) (Right-left) (c) (Left —Left) (d) (Left —Right).

Antennas with a (left-right) layout can provide Super-UWB
(3.6-40) GHz and achieve high isolation of more than 20 dB.
To make the antenna applicable, we proposed an L-shaped
common ground. However, in most cases, a common ground
structure causes the resonance between this structure and the
radiation elements, which causes rejects in its response.
Figure 7 shows the S-parameters of the final shape of the 1x2
orthogonal MIMO antenna with L common ground by
considering the left-right layout. Good results can be seen
shown in figure 7, where the reflection coefficients of S11
and S22 are less than -10 dB for a frequency range of 3.6 to
40 GHz, with an isolation of less than 20 dB.

Figure 8 shows the simulated gain versus frequency. The
minimum value recorded of the gain is about 1.6 dBi by CST
software at 3.6 GHz, while the maximum value is obtained at
40 GHz, which equals 5.9 dBi. This gain is acceptable for
most modern telecommunication applications.
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Fig. 7: S-parameters with L common ground of MIMO
antenna versus frequency by using CST.
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Fig. 8: Simulated gain of MIMO antenna versus frequency
by using CST.

Figure 9 shows the simulated surface current versus different
frequencies along the response band when port 1 is excited.

As shown in figure 9, the current is concentrated around the
patch's neck. Most of the current is along the arc and the
angle side edge.
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(@
Fig. 9: The surface current distribution at different frequency Fig. 10: The 3D radiation pattern at different frequencies (a)
when port 1 excited. 4 GHz (b) 5.5 GHz (c) 8.5 GHz (d)18 GHz (e) 24 GHz (f)28

GHz (g) 38 GHz.
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The isolation is enhanced when the second patch antenna is
placed on the right instead of the first antenna, which is set
on the left. The surface current flows in opposite directions
in the orthogonal antenna because of the inconsistency of
closed adjacent geometry antenna elements, especially for
(left-right) layout; thus, this causes high isolation. This
approach introduces self-decoupling by surface current and
improves antenna isolation. Figure 10 shows the 3D
radiation pattern over the response band at different
frequencies. As shown in figure 10, the 3D radiation pattern
MIMO antenna is simulated at frequencies 4, 5.5,
8.5,18,24,28 and 38 GHz. The complementary pattern of the
two ports can be seen over the whole frequency response
band.

II1. PERFORMANCE OF PROPOSED MIMO ANTENNA

MIMO technology provides a new degree of freedom
for wireless data communications and greatly enhances data
transmission. The envelope correlation coefficient (ECC),
diversity gain DG, mean effective gain MEG and total active
reflection coefficient TARC are evaluated and presented to
confirm the proposed MIMO antenna's diversity capability.
The ECC is applied to determine the antenna element
correlation. Law correlations between the antenna elements
should be used to achieve greater diversity between the
MIMO antenna elements. Acceptable ECC limits fall within
a range of a maximum is 0.5 and may be calculated using
Equation (3)[24] .

* 0 * () 2
/S5 +8585)
1_(|S1||2 _|*S'21|2))(1_(|S22|2 _|S|2|2))

3

=pe=(

where g°and g represent the imaginary components of Sii
and Sz1 parameters, respectively. §and g are real parts of

the Sii and S21 parameters, respectively.
For a more precise calculation, we can calculate ECC by
using the far field, which is given by Equation (4)[25]:

ECC(p,)= |”47Z[R1(9,CD).R2(¢9’cD)dQ]‘z @
H s mioorFaaffar k20,007 a

where Ri (6, @) denotes the radiation pattern when port (7) is
activated, and Q denotes the solid angle.

The following approximate expression is used to calculate
the diversity gain as given in Equation (5)[26].

DG =10y/1-(p,)’ (5)

Figure 11 depicts the ECC calculated with two methods; one
is by using S-parameters, and the second is by using far-field
versus frequency; also, DG is included in this figure. As
shown in figure 11, the ECC<0.001 we get by S-parameters
and ECC<0.007 by far-field shows outstanding system
performance from 3.6 GHz to over 40 GHz. This result is
quite less than the lime of MIMO condition. Furthermore,

the antenna system has a high diversity gain (DG>9.99 dB)
over the frequency range, producing a good performance.

[T (T — . S 0.030 | 0.015
S
9.99 |1 0025
R N 025 | 0.012
I
9.98 ||M
I —D.G 0.020 0.009
097 ——ECC (3D)
' —— ECC (S-parameters) 0.015
0.006
9.96
0.010
9.95 } A 0.003
VRN // \ 0.005
9.94 || \/ \. '\\ .............. 0.000
! -] e 0.000
9.93
36 9 12 15 18 21 24 27 30 33 36 39 42

Frequency (GHz)

Fig.11: Envelope correlation coefficient (ECC) in both
S-parameters and radiation pattern, including diversity gain
(D.G) versus frequency.

The MEG is an important MIMO parameter investigated in
this study. The MEG can define as the ratio of the average
power received from the test antenna in the same
environment to the average power obtained by a reference
antenna. The ideal MEG value should fall between -3 and
-12 dB for each. Equation (6)can be used to calculate

MEG[27].
MEG,;, = 0.5[1—?\5,7 \2} (©)
j=l

Where n is number of antennas, and for two ports MEG can
be found by:

MEG, =0.5-|S11} —|S12]

MEG(Z) =0.5-1521 |2 -18§22 |2

Furthermore, the ratio of MEG1/MEG?2 is less than 3 dB for
the optimal result to ensure good performance. Figure 12
shows the calculated MEG1, MEG2, and MEG1/MEG2. As
shown in figure 12, EMG1 and EMG2 are close to the
optimal value, which is -3dB, while their ratio is almost 0
dB, which implies conforming with optimal MIMO
conditions.

| —— MEG |
2] —= MEG2
} —+— MEGI/MEG2

36 9 12 15 18 21 24 27 30 33 36 39
Frequency (GHz)
Fig. 12: Simulated mean effective gain MEG1, MEG2 and
MEG1/ MEG2 versus frequency of the super-UWB-MIMO

antenna.
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The TARC is a crucial metric in calculating the interference
or mutual coupling between MIMO antenna ports. It is
possible to calculate the TARC for two-port MIMO antennas
by considering the relationships between S11/S22 and
S21/812. A TARC value below 0 dB is desired with an
uncorrelated MIMO antenna system. TARC can be
calculated by Equation (7) [28].

TARC \/(Su 5, + (55 +5,)° o
2

Figure 13 shows the calculated TARC. As shown in figure

13, the TARC is below -6 dB overall band response, which is

consistent with the MIMO condition.

IV. RESULTS COMPARISON

Table 2 compares two-port orthogonal 1x2 MIMO antennas
already reported accordingly. One can see from the table that
the overall results of our design are eminent either by
bandwidth, gain, ECC, dimensions or isolation. However,
the references are introduced in some with high isolation or
low ECC, their limit either by dimensions or by design
complexity. This comparison shows that our design besides
having a simple design, the proposed MIMO antenna has
high isolation, a good gain, and a low ECC.

0_
)
48
6.

TARC (dB)
o o &
1 1 1

O

—_ =
o o A
PR [ R T N

Y
=

3 6 9 12 15 18 21 24 27 30 33 36 39
Frequency (GHz)

Fig.13: Total active reflection coefficient (TARC) of
proposed antenna versus frequency of operation.

TABLE II
PREVIOUS WORK COMPARISON

. . . Peak
Dimensions | Isolation Gai
Ref No. , B.W GHz ECC am
MM (dB) (dBi)
[29] 100x40%1.6 <30 5.5-75 <0.001

[30] | 45x45x1.59 | <15 |(3.28-3.72)(4.44-5.92)[ <0.003 | 4.7/5.8

[31] | 28x28x0.8 <20 | (3.4-3.6) (4.8-5.0) |<0.003 | 2/2.46

[32] |29 x29x0.8 <15 3.1-16.9 <0.017 4

This
45x23x1.6 <20 3.6-over 40 <0.008| 5.9

Work

V. CONCLUSION

Two ports S-UWB multiple-input multiple-output
(MIMO) antennas based on polarization diversity have been
proposed for modern communications. The antenna is
designed to function at frequency bands ranging from 3.6 to
40 GHz, with isolation values more than 20 dB throughout
the working frequency band. The single element is modified
to resemble a sector-shaped monopole SSM patch antenna
excited by the CPW feed technique and rotated with respect
to its center. The MIMO array is aligned as orthogonal and
investigated to perform self-decoupling with high isolation
without using any structure. Common ground is proposed as
an L-shape, which makes this MIMO antenna practical. The
simulated design is achieved using CST software, modelled
on an FR-4 substrate with a 4.3 dielectric constant. The
overall array dimensions are 45%23x1.6 mm3. The MIMO
metrics such as ECC, DG, TARC and MEG have been
evaluated and give good MIMO performance. Simulation
results within the intended operating ranges demonstrate that
the recommended structure can be utilized for modern
communications.
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