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Abstract: The development of a new compact Ultra
Wideband (UWB) antenna. The main advantages of the
proposed array configuration are that it requires no
isolation/decoupling circuit between the elements of the
MIMO array. The suggested antenna has an impedance
bandwidth of (3.1_10.6) GHz. The antenna dimension
(25%58%1.6) mm?. It is based on a simple patch antenna
configuration with a simple hexagonal radiator and partial
ground. The partial ground is used to improve the
reflection coefficient and isolation. A 16.54mm x 9mm
ground plane is used. Each element was fed through a 50Q
microstrip transmission line (MTL). The suggested
antenna is polarized linearly. It performs admirably at
10.46 GHz, with a gain of 1.77dB, a reflection coefficient
of 28.42dB, VSWR approx 1, an envelope correlation
coefficient very close to 0 dB, a diversity gain of 10dB, and
isolation of 50.44dB, respectively, and suggested
antenna's diversity characteristics, such as ECC and
diversity gain, are also modeled.

Keywords: Wideband antennas, UWB antennas, mutual
coupling, MIMO antenna, envelope correlation coefficient,
high isolation, microstrip antenna.

1. Introduction

Wireless communication systems must be
capable of handling massive amounts of data
while maintaining a high level of service quality.
Due to its high throughput and low power
spectral density, ultra wideband (UWB)
technology is viewed as promising for short-
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range communication applications such as
personal area networks. On the other hand, It
Modern faces reliability and multipath fading
concerns, which are much more prevalent in
personal area network (PAN) applications [1].
By comparison, the multiple-input multiple-
output (MIMO) technique has long been
considered the optimal solution for the vast
majority of problems encountered in wireless
communication systems [2]. Thus, by combining
UWB and MIMO technologies, data throughput
is increased while multipath issues are
minimized [3]. Correlation and mutual coupling
between antennas must be minimized to
maximize the MIMO technology's effectiveness
in an antenna system. . However, as the number
of antenna elements on space-constrained
portable devices increases, the spacing between
them decreases, resulting in extremely strong
mutual coupling. As a result, the primary
challenge in designing a compact planar UWB
MIMO antenna array is to maximize the number
of components in the array while maintaining
high isolation and avoiding the use of decoupling
and matching circuits in space-constrained
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portable wireless devices. Numerous previous
publications have described numerous UWB
MIMO antenna designs. Numerous articles [4],
[5], [6] discuss how to improve isolation by
utilizing a variety of matching and decoupling
circuits of various designs and structures. While
the majority of articles assert that aligning
orthogonal elements results in inherent isolation,
they all rely on some form of decoupling circuit
to accomplish this. [4-9]. To increase channel
capacity and reliability at the same time, a
system's antenna elements must be greater than
two. Only a few articles have described
topologies for four-element UWB MIMO
antenna arrays, and none of them support both
small size and easy element expansion without
requiring any decoupling or isolating structure
[3]. The array must be easily extensible in order
to meet the design requirements of future
wireless communication systems.

Numerous studies have been carried out to
determine a single, dual and narrower band
MIMO array with high isolation and small size.
The authors of references [11-17] have designed
a single, dual and narrower band with high
isolation and small size for wireless
communication applications. In reference [11],
the size of the antenna that was used to design is
(100x50) mm?, the band obtained from this
design is (3.4 _3.6) GHz, and the isolation is
10dB. In reference [12], the size that is used to
design the antenna is (136x68) mm?, the band
obtained from this design is (3.4_3.6) GHz, and
the isolation is 15dB. In reference [13], the size
that is used to design the antenna is (150x 75)
mm?, the band obtained from this design is
(3.55_3.65) GHz, and the isolation is 11dB. In
reference [14], the size of the antenna is
(41.3x46) mm? and the resonance frequency is
28 GHz. In reference [15], the size of the antenna
is (220x320) mm?, the bandwidth obtained from
this design is 84 MHz,200MHz. In reference
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[16], the size of the antenna is (120x65) mm?, the
bandwidth is 1.7GHz, the value of isolation
>18.8dB, and the value of ECC<0.018. In
reference [17], the size of the antenna is
(150x150) mm?; the bandwidth is 85MHz, the
type of decoupling technique is EBG, the
maximum isolation improvement obtained from
this design is 20dB.

The purpose of this article is to discuss a
58mm*25mm single-band MIMO array with a
high return loss and good isolation. The MIMO
antenna is constructed from two hexagonal
elements connected via a rectangular microstrip.
The partial ground enhances the antenna
performance, whereas the joint ground degrades
it. Two symmetrical elements comprise the
antenna, one of which is partially grounded. The
partial ground has an effect on current
distribution and  decreases inter-element
coupling, increasing isolation.

This work is structured in the following manner:
section2 examined the MIMO array's design.;
section 3 studied the result, discussion, and
comparison with published work; section 4
represented a short conclusion.

2. Antenna Design

Figure2 illustrates the final UWB MIMO antenna
geometry because the design of Figurel is not
suitable to use due to the value of S11 isn't less
than -10dB. The suggested design was printed on
an FR_4 substrates with dimensions of
(25*58*1.6) mm?®, a relative permittivity of er =
4.3, and a loss tangent of 0.025. The antenna is
composed of two hexagonal radiation patches at
the dielectric substrate's top, as well as two
partial ground. The partial ground is employed to
increase the reflection coefficient and decrease
the coupling between the antenna's elements.
Each patch of the MIMO array has a single
feedline. The antenna is designed in two ways,
with the total size of the antenna remaining
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constant throughout. This section discusses the
evolution of the proposed design, including the
UWB antenna element and the antenna's ground
structure.

Additionally, all measurements are listed in
Tablel, which is highlighted in Figure 2 and
Figurel.

Table 1. Parameters for antenna design.

Parameters Value Parameters Value
(mm?2) (mm?2)

WG1 29 H 1.6
WS 58 T 0.035

LG 9 WF 2.93

LF 5.51 LS 25
R1 8 WG2 16.54

G 4

The following is a brief explanation of
comparison between the two ways that used to
design antenna:

First way: the MIMO consists of two elements
connected by common ground. Each patch of the
array is connected with a single feedline. The
configuration of the array, the reflection
coefficient, and the coupling of this way are
illustrated in Figurel. This way is not used in my
paper because the S11 is not less than -10dB.
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Figure 1. A simulated two-element array setup was
similar to the one used in a first way. (a) the shape of the
MIMO with front and back views. (b) coefficient of
reflection and transmission among the first and second
elements.

Second way: the suggested antenna is composed
of two elements; every element has a separate
ground; in order to improve the antenna's
performance over the first way. This way is
dependent on my paper because the value of S11
in this way is less than -10dB. It should be noted
that each patch is connected with a single
feedline. The configuration of the array, the
reflection coefficient, and the coupling of this
way are illustrated in Figure 2.

Front view
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Figure 2. A simulated two-element array setup was
similar to the one used in a second way. (a) the shape of
the array from front and back views. (b) coefficient of
reflection and transmission among the first and second
elements.

3. Results and Discussions

The simulation section uses CST. STUDIO 2020
to determine performance characteristics such as
return losses Snm, mutual coupling Sjk, radiation
pattern, envelop correlation coefficient (ECC),
diversity gain (DG), and voltage standing wave
ratio (VSWR). In Figure 2(a), the left element is
referred to as antenna I, while the second element
is referred to as antenna Il. The maximum power
transfer (matching the feedline to the antenna's
input impedance) can be considered the most
critical parameter, where S11 represents the ratio
of energy sent to energy reflected. As a result, the
input reflection coefficient curve is a graph of an
antenna's S11 versus frequency, as illustrated in
figure2. The value of S11 of the proposed
antenna will be -28.41dB. The value of S11 is
equal to the value of S22, so mentioned only the
value of S11. Due to the symmetrical structure of
S12 and S21, they are equivalent, and both
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indicate the coupling coefficient between two
antennas. The value of S21 of the proposed
antenna will be -50.45dB. The S11 and S22 are
smaller than 10dB in the UWB frequency range,
resulting in improved impedance matching
performance for each independent antenna
without a decoupling network; the suggested
antenna's maximum coupling over the operating
range is less than -20 dB, indicating that it is
appropriate for MIMO applications in the UWB
system. The surface current distribution
experiment focused on the antenna components
that affect the radiation characteristics and on
revealing the amount of interaction between
distinct MIMO antennas. The surface current
distribution at operating frequencies of 10.46
GHz is depicted in Figure3. The scale depicts the
various colors, which are sorted in descending
order according to the current value. The regions
highlighted in red have a more favorable current
distribution than the regions highlighted in
yellow, green, and so on. Another important
parameter describes the radiation properties of an
antenna and distinguishes each antenna from the
other, which is the pattern of radiation. Figure 4
illustrates the proposed antenna's simulated
radiation patterns at operating frequencies of
10.46 GHz. The antenna radiates bi directionally
and omni directionally in the E = (0°) and H =
(90°) planes, respectively.

Gain is defined as an antenna's ability to
concentrate radiated power in a particular
direction or, conversely, to effectively absorb
incident power from that direction. The
suggested antenna's gain is depicted in Figure 5.
The gain will be greater than 1.77dB over the
operating band. The envelope correlation
coefficient (ECC) is the primary design
parameter for MIMO antennas; it quantifies the
correlation between each pair of ports. A MIMO
antenna should have a low ECC to indicate that
the channels are independent. The proposed
antenna'’s envelope correlation coefficient should
be very small<0.5 in order to produce great
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diversity between the two elements. The And also

diversity gain must be >9dB. The ECC is S11=10logy (5)
calculated as follows [10] using the far-field
radiation pattern.

WT[F1(6,0) *F2(0,¢) dQ]I?
pe = EFoprmrooram (O
Where F; (6, @) denotes the MIMO antenna’s
far-field property after all ports have been
excited. Figure6 illustrates the ECC calculated
over the operational band, which appears to be
quite close to 0dB. The calculating DG over
the working band, which is approximately
10dB, is shown in Figure7.

DG=10+/1 — ECC? (2)
For the first element
Figure8 illustrates the real and imaginary

impedance. To achieve the best matching, the Figure 3. Distribution of surface current at 10.46GHz.
real impedance of the ideal antenna should be
approximately 50, and the imaginary

impedance should be approximately zero. The Farfeld Directivity Abs (Phi=90)

. . . 0 — farfield (f=10.46) [1]
real portion of the simulation two-port antenna Phizop 30 N phic2m
is approximately (48.32), while the imaginary 6"
portion is approximately (-3.32); these are both so [N "
acceptable values that are close to the ideal W‘W
state. NS e a5
The voltage standing wave ratio (VSWR) for meta,[,:levs, - 25.1".'35:".2'52.(3”!‘};df“g*"
the microstrip antenna, which is designed at a (@)

frequency of 10.46GHz, is approximately
equal to 1 and it is less than 2, so that the
VSWR is "the ratio of maximum voltage or
current to minimum voltage or current at any
point it considers as a measure for the
mismatch between the line and the load," and e
it is shown in Figure 9.

e
The VSWR and S11 are calculated using these (b)
equations:
_ Vmax _ 1+y Figure 4. Simulated radiation patterns (a) in one dimension

VSWR=00 =1 ®3) and (b) in three dimensions.
Where y represent the reflection coefficient

_ Zr-Zo

- Zr +Zo (4)
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Figure 5. The suggested antenna's simulated gain.
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Figure 6. The suggested antenna's envelope correlation
coefficient.
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Figure 7. The suggested antenna'’s diversity gain.
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Figure 9. The suggested antenna's voltage standing wave
ratio.

In accordance with the FCC judgments, UWB
system can be defined as any system which is
transmitting scheme that fill a fractional
bandwidth (FBW) at least 0.2 or an absolute
bandwidth at least 500MHz according to the
following equation [18]:

o fH-fL
FBW =2 i (6)

Where fy and f_ are the upper edge and lower
edge of bandwidth respectively.

This finding indicates that the suggested antenna
array is capable of practical MIMO operation and
can be utilized as a building block in the future to
develop a MIMO array with four or more
antennas.

Table 2. Comparison to previously published works.
Antenna Bandwidt Isolation

Reference  giso mm2) h(GHz)  (dB)
[11] 10050 34 36 10
[12] 136 %68 3436 15
[13] 150 x 75 3955’535'35 11

My work 25x58 10.9311 50.44

4. Conclusions

This paper proposes a single printed MIMO
antenna solution for use with UWB. The MIMO
antenna system was created for UWB
applications. It consists of two hexagon
elements, each fed by a 50 microstrip
transmission line (MTL) for impedance
matching. Channel isolation was sufficient for
MIMO operation. Despite this, the ground partial
was used to increase the input reflection
coefficient and isolation between the antenna
parts. The proposed antenna works between
9.9608 and 10.9311 GHz. The bandwidth of the
proposed antenna is 970.3 MHz exceeding
500MHez, so it considers UWB application. The
hexagon-shaped MIMO antennas have a
minimum isolation level of 50.44 dB throughout
the bands of operating. The value of VSWR is
approximately 1, and the value of S11 is -
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28.41dB. The performance of the hexagon-
shaped antenna in an isotropic environment was
evaluated using the ECC, DG parameters. The
ECC has been set near to 0dB for the 9.9608—
10.9311 GHz bands of operating. These results
indicate that the systems exhibit superior antenna
characteristics, including constant gain under
omnidirectional  radiation,  diversity, and
multiplexing capability for MIMO operation.
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