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Abstract— This paper presents a method a high isolation wideband MIMO antenna without using any decoupling technique. This
is achieved by transforming a strip line to a 1 x2 MIMO antenna using Hilbert transform and Defected Ground structure is used
in the antenna to resonate the antenna in for IOT and 5G sub-6 GHz bands. The proposed antenna has a size of 50 x 49.8 x 1.6
mm 3 and operates in the frequency band of 4.6 GHz to 5.94 GHz. The antenna simulated in ANSYS HFSS showed that its
parameters Envelope correlation coefficient (ECC), Total Active Reflection Coefficient (TARC), Diversity gain (DG) and
Channel Capacity Loss (CCL) are less than 0.04, -25 dB, 9.98 to 10 dB and less than 0.4 bits/s/Hz respectively. The radiation
pattern of the antenna in both E-plane and H-plane has been simulated which the uniform distribution of power in the space.

Keywords- Hilbert Transform, Envelope correlation coefficient (EC-C), Total Active Reflection Coefficient (TAR-C), MIMO, CCL.

I. INTRODUCTION

In recent years, mobile communication's remarkable progress
has significantly influenced economic and social development.
Consequently, 5G technology has emerged as the bedrock for
the future generation, around 2020, offering both evolutionary
and revolutionary services. With its promise of ultra-high data
rates, low latency, connection density, area traffic, spectral
efficiency, increased capacity, and exceptional quality of
service, 5G represents a groundbreaking advancement in
technology [1], [2].

Notably, 5G technology presents fresh opportunities to
overcome conventional development obstacles, unveiling a
treasure trove of possibilities. Its support for the Internet of
Things (lIoT) positions 5G as a transformative force in crucial
sectors like education, industry, healthcare, and other social
domains [3] . The immense potential of 5G lies in its ability to
create an extensive loT ecosystem, seamlessly connecting
countless devices. This huge network of the devices is prone to
interference, multipath fading, and radiation losses. which can
be overcome by using Multiple Input and Multiple output
(MIMO) antenna system [4].

The main parameters on which the performance of a MIMO
antenna is judged are Envelope correlation coefficient (EC-C),
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channel capacity, diversity gain and each should be in the
specified ranges of less than 0.5, 0.4 bits/s’THz and 10db
respectively [5]. Fabricating an antenna with optimal values of
these parameters is very difficult & the severity of the
complexity increases as the frequency increases.

However, a myriad number of MIMO Antenna designs like
slotted based antenna, fractal loaded, flexible antenna, 5G base
station antenna, flexible antenna, EBG structure antenna have
been implemented to improve these parameters [6], [7] , [8],
[9].[10][11] . A better isolated antenna and high gain wideband
MIMO antenna for communication system has been designed
& fabricated and the antenna requires design of complete meta
surface [12]. To improve further the MIMO antenna parameters
and their size, defected ground structure has also been
implemented along with a mention antenna design technique. A
planar compact grounded coplanar waveguide (GCPW)-fed 4-
element multiple-input multiple-output (MIMO) antenna with a
defected ground structure (DGS) is  designed for 5G
communication resonating between 25.30 GHz to 42 GHz with
maximum gain of 12 dBi [13]. A microstrip antenna, with DGS
with triangular strip has been designed having a gain of 6.5 db
[14]. In some other works, isolation enhancement has also been
done by using 1 X 3 array element [15].
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In this paper, a MIMO antenna resonating in the frequency
range 4.6 GHz to 5.94 GHz has been designed which is useful
for the public safety band and 5G sub-6GHz band applications.
The paper is organized into four sections namely section Il is
describes the design and simulations of the proposed antenna
while the Section 11 is dedicated to result and discussion and
finally the paper concluded in Section IV.

Il. PROPOSED ANTENNA

The base structure of the antenna is a strip line. The antenna is
then modified to a Fractal Hilbert curve antenna followed by its
defected ground structure. Finally, the antenna is then
transformed into a Multiple Input and Multiple Output antenna.
The figure 1 shows the transformation of strip line into a MIMO
antenna with DGS [16]. All dimensional details of the proposed
antenna is also shown in figure 1. Figure 2 shows the reflections
coefficient (S11) of the antenna at different design stages.
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Figurel: a) Stripline b) Stripline Hilbert curve c) 1x2 Stripline
Hilbert curve with DGS (SH-DGS) MIMO Antenna
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Figure 2: Sy; of SH-DGS 1x2 MIMO antenna
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I1l. RESULT AND DISCUSSIONS

S — Parameters: The Figure 2 showcases the simulated S-
parameters of the proposed design at different stages. It can be
seen from the figure 2 that the reflection coefficient (S11) at
initial design stage (stripline design) is above -10 dB line that
means it’s not matched and signal is received by radiating
element but as it is converted into Hilbert curve shape the
antenna shows multi resonance in its response and in final stage
the design is transformed into a SH-DGS 1x2 MIMO structure
which operates in the frequency range from 4.6 GHz to 5.94
GHz. The isolation of the simulated antenna are also sufficient
to use it in the frequency range as shown in figure 2. The inter
element isolation of more than 15dB is achieved here without
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use of any specific decoupling technique which is a novel aspect
of the proposed structure.

Envelope correlation coefficient (EC-C): This factor
assesses the similarity between the radiation patterns of two
parent antennas and plays a crucial role in determining the
correlation between the signal envelopes received by these
antennas. Its value should be low for a low mutual coupling
between the two antenna elements and has acceptable value of
less than 0.5. It can be calculated using S-parameters as given
below in equation (1):

EC—-C
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Figure 3: ECC of SH-DGS 1x2 MIMO antenna

EC-C for the SH-DGS 1x2 MIMO antenna is shown in figure 3
which is less than 0.01 which makes it suitable to use as MIMO
antenna.

Diversity gain (D-G): Since, in wireless communication
multiple antennas would be transmitting the signal, so the signal
received by antenna quantifies the gain as diversity gain. This
is in comparison to that of reception from single antenna. This
methodology of signal transfer helps us to overcome fading,
signal quality, burst errors etc. So, D-G is considered as a
parameter for signal quality improvement accomplished
through MIMO antenna and ideally has a typically around 10
dB, throughout the operating frequency range. It is calculated
as in Equation (2) as presented below:
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Figure 4: DG of SH-DGS 1x2 MIMO antenna
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Figure 5: ME-G of SH-DGS 1x2 MIMO antenna
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D-G for the SH-DGS 1x2 MIMO antenna is shown in figure 4
and the value of D-G is greater than 9.8 dB for the operating
frequency region.

Maximum Efficiency Gain (ME-G): It gives details of
efficiency and gain of the designed MIMO antenna. It is
calculated on basis S-parameters of a particular port and has
optimal value below 3 dB for two ports. Equation (3) and (4)
are employed for the calculation of ME-G for a scenario of
m xn MIMO antennas. Figure 5 shows the mean effective
gain of proposed antenna which shows it optimally accepted
values.

ME — Gm = 0.5 X [1 — |Spum|? = 1Smnl?]  (3)

ME — Gn =05 X [1 = [Spul? = [Spnl?]  (4)

Total Active Reflection Coefficient (TAR-C): This parameter
determines the overall reflection coefficient as the signal is
being transmitted by multiple antennas and calculated by taking
the square root of the ratio between the total power reflected
from all ports and the total power incident to all ports. This
calculation can be performed using the S-parameters and the
equations (5) and (6) provided below: and ideally value as

vV Zma Y [?

TAR — C = —————— (6)
Ym=1lXm 2
TAR — C
|(S11 + S12€7912 + |(S22 + S217912
= . (7
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Figure 6: TAR-C of SH-DGS 1x2 MIMO antenna
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Figure 7: CC-L of SH-DGS 1x2 MIMO antenna

Figure 6 shows the TAR-C of the MIMO antenna and its value
if well below the -10dB desired value for the desired frequency
band.

Channel Capacity Loss (CC-L): This parameter takes account
of the loss in the system performance with respect to the data
rate per hertz. Ideally, a loss of 0.4 bits/s/Hz is acceptable The
calculation of CC-L can be performed using equations (7-10)
[17]]18] based on the S-parameters.
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aij =

The figure 7 shows the CC-L and it the value of the proposed
SH-DGS 1x2 MIMO antenna is 0.01 bits/s/Hz.

Radiation Pattern: The simulated radiation characteristics of
proposed MIMO antenna Co-Pol and Cross-Pol radiation
patterns at phi 0 degree and 90 degree are shown in figures 8-
11 for resonating frequency of 4.72 and 5.6 GHz. At the
resonating frequency of 4.72 and 5.6 GHz, the radiation pattern
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exhibits bidirectional characteristics in the E-plane, while in the
H-plane, the proposed antenna radiates nearly uniformly in all
directions.
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Figure 8: Radiation pattern in E-plane @4.72 GHz
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Figure 9: Radiation pattern in H-plane @4.72 GHz
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Figure 10: Radiation pattern in E-plane @ 5.6 GHz
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Figure 11: Radiation pattern in E-plane @ 5.6 GHz
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IVV. CONCLUSION

It can be concluded that the antenna resonates in the frequency
range from 4.6 to 5.94 GHz making it suitable for public safety
applications and 5G applications in sub 6 GHz band. The
various parameters of the antenna shows that its parameters
Envelope correlation coefficient (ECC), Total Active
Reflection Coefficient (TARC), Diversity gain (DG) and
Channel Capacity Loss (CCL) are less than 0.04, -25 dB, 9.98
to 10 dB and less than 0.4 bits/s/Hz respectively. Furthermore,
the antenna can be fabricated compared with the simulated
results. The research paves way for the inclusion of more
antenna structures into it to enhance the antenna parameters.
The use of defected ground structure method which is effective
miniaturization could also be implemented for future work.
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