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1 Abstract

A 4-element dual-band multiple-input multiple-output (MIMOQ) antenna for mobile devices
that operates in the 5G New Radio band n79 band (4.4-5 GHz) and LTE band 46 (5.1-5.9
GHz). Two pairs of antennas are used to create the 4-element MIMO antenna, and they
are symmetrically printed along the smartphone's two lengthy side-edge frames. The
antenna was created on widely available, affordable, and simple to manufacture FR-4
substrate. Computer simulation technology (CST) software was used to build and Simulate
the antenna. The antenna covers the two 5G New Radio bands without use of any
decoupling techniques. Investigations have been done on antenna features like reflection
coefficient, Radiation pattern, envelop correlation coefficient, and Efficiency. All
operating frequencies showed improved impedance matching (Return Loss > 10 dB), high
isolation (> 18.8 dB), high efficiency (> 60%), and low envelope correlation coefficient
(ECC, 0.03). The suggested MIMO antenna left enough room inside the portable mobile
device for other circuit integration and suitable for Future 5 generation smartphone.
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2 Introduction

The demand for high data speeds is met by MIMO (Multiple Input, Multiple
Output) technology, which increases channel capacity and spectral effectiveness [1].
Mobile devices, however, need numerous radio components to support MIMO technology.
MIMO antennas are less preferable because element separation and bandwidth are
constrained due to incompatibilities between the dimensions of MIMO antennas and the
available room in mobile devices, which reduces transmission rates. As a consequence, in
recent years, there has been a growing interest in learning how to construct wideband
MIMO antennas with respectable separation in mobile devices with constrained sizes. The
efficacy of the antenna has been improved using a variety of techniques. The simplest
decoupling technique for mobile device MIMO antennas that are fixed is to increase the
distance between them. If gain and bandwidth had to be temporarily sacrificed, however,
shrinking the size of the antenna element is a way to increase physical distance within a
given area. [2], [3]. To keep gain and bandwidth, another strategy is to reduce the number
of antenna components nearby and increase their spatial separation. [4]-[10]. However, it
accepts channel loss. Other researchers, however, were concentrating on enhancing
element isolation by incorporating disconnection structures, [11]-[15] which are employed
to enhance isolation. On the other hand, as new portable devices become smaller and
lighter, more processing capacity is needed.[16]. The MIMO antenna system built on four
components is used in 4th Generation (4G) and 4G Long Term Evolution (4G LTE)
systems to achieve high data rates.

They are also widely used in contemporary wireless devices.[17], [18]. Yang et al.
[17], suggested a folded box-shaped 4-element MIMO antenna for handheld LTE devices.
To encourage isolation between the components, an L-branch and ground slot decoupling
construction was used. This architecture complicates matters and limits the possible
applications of cutting-edge technology, like 5G, in contemporary devices like tablets and
cellphones. For Long Term Evolution (LTE) technology, Choi et al. suggested a 4-element
reconfigurable link loop antenna device. [18].

LTE 42 and LTE 43, two of 5G frequencies, [19] correlate to a hybrid configuration

with four printed components on the case's edges and corners, each with an ECC of no
more than 0.3. Such hybrid structures, however, have few real-world uses due to the
intricacy of the design. Thanks to the studies, various designs, components, and frames
will be available for future mobile device antenna systems. (mentioned above).
The most basic, low-profile, small H-shaped monopole antenna that can be used for future
smartphone apps over the 5G bands between 4.4-5 GHz and 5.1-5.9 GHz is suggested by
this study. In order to accomplish excellent isolation without the use of any decoupling
components, the 4-port MIMO antenna system was developed.

3 Antenna Design

An H-shaped monopole antenna constructed on the widely accessible, reasonably priced,
and easily manufactured FR4 material. The dielectric constant and loss tangent of the
material are 4.4 and 0.02, respectively. In order to achieve the size of the smartphone, the
dimensions of the system substrate are 150 x 6.2 x 0.8 mm3, and two pieces of the substrate
with the dimensions 150 x 6.2 x 0.8 mm, are positioned perpendicular to the substrate’s
length side edge. Proposed antenna elements are placed at the corner of the side rim so that
there is plenty of space to connect another required circuitry. The back side of the base
substrate is etched with copper to get wide-band radiation. The antenna will be fed from
point 1-4. The H-shaped monopole antenna, which resonates at 4.6 GHz and 5.3 GHz, is
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designed. The suggested antenna was constructed in accordance with current market
smartphone standards. Figure 1 depicts the suggested antenna will all dimensions.
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Figure 1: MIMO Antenna system (a) Front View (b) Dimension of the
antenna

Therefore, Antenna devices used in contemporary commercial mobile phones can be
confidently believed to be compatible with the suggested work. Dual-band
performance at 4.6 GHz and 5.3 GHz is provided by the suggested antenna.

4 Result and Discussion
The FR4 material served as the foundation for a four-port MIMO antenna device. The
performance metrics for return loss, gain, radiation pattern, and ECC are discussed
in the lines that follow.
4.1 S- Parameters
In this part, the S-parameters of the proposed antenna are discussed. In Figure
2, the refraction coefficient is displayed. It proves that the antenna can resonant
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between 4.4 and 5 GHz and 5.1 and 5.9 GHz. It is significant to observe that the
system is resonating at 4.6 GHz and 5.3 GHz and has -10 dB impedance.

The isolation between the antenna components is shown in Figure 3 (b). It
should be noted that for both frequency bands, the distance between adjacent antenna
components is greater than 12 dB. Between Ant. 1 and Ant. 4, there is a maximal
isolation of > -31.8 dB and > 33.4 dB for each frequency range.
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Figure 2: Scattering parameters (a) Reflection Coefficients (b)
Transmission Coefficients

4.2 Antenna Efficiency

Figure 3 displays the MIMO antennas' total efficiency and radiation effectiveness.
Fig. demonstrates that the radiation efficiency for both bands is 64%
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Figure 3: (a) Radiation Efficiency (b) Total Efficiency

4.3 Surface Current Distribution

Figure 4 displays the surface current intensity at operating frequencies.

103

surface current (f=4.6) [1]

Component  Abs
Frequency 4.6 GHz
Phase 135 X

Maximum M A/m

(@)

VOLUME 22 : ISSUE 03 (Mar) - 2023 Page No0:1530



YMER || ISSN : 0044-0477 http://ymerdigital.com

surface current (f=5.3) [1] -
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Figure 4: Surface current density
(a) at 4.6 GHz (b) 5.3 GHz, when antenna-1 is excited.

4.4 Radiation Pattern

Figure 5 displays the 4.6 GHz and 5.3 GHz radiation parameters of the proposed device.
it displays the far-field patterns for the 6= 0 and @ = 90 lines. It is important to observe
that the radiating components are arranged on the board to create a system with a
wideband, quasi-isotropic general design. In this context, the terms "wideband” and
"isotropic" apply to the half-power beam width (HPBW) and, respectively, the uniform
distribution of radiation around a spheroid. A maximal directivity of 7.3 dBi is attained
when the provided antenna emits the majority of its power in the direction of the main
lobe.

farfield (f=4.6) [1]

Type Farfield
Approximation  enabled (kR >> 1)
Component Abs

Output Directivity
Frequency 4.6 GHz

Rad. effic. -2.398 dB

Tot. effic. -2.981dB

Dir. 4.846 dBi
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farfield (f=5.3) [1]

Type Farfield
Approximation  enabled (kR >> 1)
Component Abs

Output Directivity
Frequency 5.3 GHz

Rad. effic. -1.915dB

Tot. effic. -2.075dB

Dir. 7.593 dBi

(b)

Figure 4: Radiation Pattern (a) at 4.6 GHz (b) at 5.3 GHz

4.5 MIMO Parameters
In MIMO networks, the Envelope Correlation Coefficient (ECC) is

http://ymerdigital.com

becoming more

important. The amount to which the MIMO antenna components affect one another is
specified. In other words, there is little to no crosstalk between the radiating components,

and better MIMO system efficiency is encouraged by lower ECC.

The ECC was calculated using the radiating components' 3D electric field structures within
an array. It is crucial to keep in mind that, when calculating ECC, a uniform incident wave
setting is considered. Figure 8 displays the outcome of the ECC. All of the situations
considered have an ECC that is significantly lower than 0.04, which is in accordance with

global standards for 5G MIMO antenna systems. (ECC 0.5).
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Figure 5: Envelop Correlation Coefficient (ECC)
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5 Comparative analysis with published works
Table 1 highlights the variations between the 4-Port 5G MIMO antenna under review and
the previous research. It is very obvious that the suggested antenna does not require any
extra decoupling methods to serve the 5G New radio LTE Bands 46 and 79. Additionally,
there is excellent isolation between resonant components, which lessens the complexity of
the design. The obtained envelope correlation coefficient number is also quite low,
indicating better diversity performance.

Table -1 A Comparison with published research

Referen | Bandwid | 5G Bands | Eleme | No. of | ECC | Efficienc
ce th (GHz) nts antenn y (%)
Size as
Propose | 4.4-5.9 n79, LTE | 32*8.2 |4 <0.04 | 64%
d (-10dB) |Band 46 |5 mm
[2] 3.4-3.6 | Partially | 21.5x N
(=10 dB) | n77,n78 |3 8 <0.05 | 62-76
[16] 3.4-3.6 | Partially |14.2x
(-10dB) | n77,n78 |94 | ® <02 | >40
[15] i Partially .
o2, 4967 |8 <0.12 |52
T n78,79 '
[20] 3.4-3.6 | Partially . i
(~17 dB) | n77, n78 20*%7 4 <0.1 |60-72
[21] 3.3-3.6 | Partially . 56.2-
(=17 dB) | n77,n78 |27 |4 <0.05 1647

5. Conclusions

This study's main objective was to propose a simple antenna system that can satisfy 5G
technology's criteria in the sub-6 GHz frequency range. A 4-element MIMO antenna
device with an H-shaped monopole antenna is demonstrated on a low-cost FR4. The
antenna covers the two 5G New Radio bands: n79 (4.4-5 GHz) and LTE Band 46 (5.1-5.9
GHz). A non-ground area approximately 32 mm by 8.25 mm is used to place each antenna.
The antennas are strategically placed on the substrate's borders, eliminating the need for
any extra decoupling technigues. To allow other RF components and devices, the radiating
parts are positioned on the same side of the circuit board. A wide range of significant
operational factors are used to evaluate the efficacy of the proposed system. In both
frequencies, mutual coupling is significantly below -10 dB. At 5.3 GHz, the maximum
gain of 5.6 dB is attained, and at the other frequency, a gain of more than 2.4 dB is attained.
The ECC of the MIMO antenna is considerably less than the industry average of 0.04. The
provided antenna also provides space for another circuitry that are present inside the
mobile terminal due to its small antenna size. It's reasonable to infer that the proposed
MIMO system can be used in the future with a range of wireless technologies.
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