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Abstract. A miniatured two-port wide-band MIMO antenna is presented in this
work for use in 5G communications. The antenna measures 24 mm x 36 mm X
1.6 mm (0.2% x 0.3\ x 0.01331) and developed on FR-4 dielectric. The MIMO
design composed of up of a multi-slotted circular two-element radiating patch
and an I-shaped defected ground plan. To create the required operating bands
at 2.5 GHz, 3.8 GHz, and 4.9 GHz frequencies, the radiating patch is carved
with a circle-shaped slot, a crescent-moon-shaped slot, and a rectangle slot in
the ground. The designed antenna operates at 2.5 GHz (N38: 2.35-3.0 GHz), 3.8
GHz (N77/N78: 3.3-4.4 GHz), and 4.9 GHz (N79: 4.7-5.5 GHz) with respectable
impedance matching. The usage of a rectangular stub with minor protrusions and
slots increases the MIMO antenna’s impedance and isolation performance of more
than 15 dB. Moreover, the antenna offers omnidirectional patterns, stable gain and
efficiency, envelop correlation coefficient (ECC) of lower than 0.00001, diversity
gain of 10, mean effective gain of —3 dB across the functional bands. The findings
demonstrate that the suggested architecture is a strong contender for 5G sub-6 GHz
applications.
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1 Introduction

The extensive adoption of wireless systems has spurred a growing prerequisite for faster
data speeds, reduced latency, and more effective spectrum usage, particularly in portable
devices. Fifth generation (5G) wireless communication technology has debuted, offering
various advantages over existing fourth-generation (4G) technology, including reduced
latency, quicker transfer rates, and improved spectrum utilization. Specifically, 5G net-
works support 10 times faster data throughput than 4G networks. Three bands have been
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established by the FCC for the 5G spectrum such as the lower, the sub-6 GHz, and the
mmwave bands [1-4].

A possible solution for 5G systems to satisfy the wireless communication demands
the multiple input multiple output (MIMO) technology. It can increase data throughput,
spectrum utilisation, spatial variety and pattern diversity, and signal dropout without
utilizing extra spectrum or transmit power [5]. In a MIMO network, several antennas
are used at each end of the communication channel. When several antennas are installed
on a dielectric, the MIMO antenna’s compactness is a critical concern. Mutual coupling
happens in array systems such as MIMO when distinct antenna elements are close
enough to interact electromagnetically. As a result, as compactness increases or element
spacing reduces, the potential of mutual coupling increases, reducing the performance of
MIMO antennas because of power losses in a densely distributed environment. In order
to develop a small MIMO antenna, a viable isolation method is essential. A considerable
study has already showed on isolation enhancement in multi-antenna MIMO networks
[6-16].

Some of the methods for reducing mutual coupling involve: employing a wide-
band neutralization line [6], use of frequency-selective surface walls [7], utilization of
two split-ring resonators (SRR) of different sizes [8], coupled resonators and wideband
decoupling structures for two elements [9, 10], protruding strips in the shape of a rect-
angle and slotted T shape stubs [11], placing the defective ground structure with the
T-shape stub on ground [12], the addition of parasitic components [13], the use of a
shared ground branch as a decoupling mechanism amongst nearby antennas [14], and
adaption of T shape stub on ground [15], use of reflector between the antennas [16].
Although the existing antennas in the prior art have complex antenna designs and are
large in size, they offer sufficient isolation. For 5G sub-6 GHz applications, a compact
MIMO design providing improved isolation is therefore essential.

In this research, a novel miniature two-port MIMO antenna design is recommended
for sub-6 GHz application. The antenna measures 24 mm x 36 mm x 1.6 mm fed by
50 © microstrip line and is made of FR-4 dielectric material with a relative permittivity
of 4.4 and a dielectric loss-tangent of 0.02. The designed antenna comprises of a multi-
slotted circular shaped two-element radiating patch and I-shaped defected ground. A
circle shaped slot and a crescent-moon shape cut on radiating element and rectangle
slot in the ground plane are engraved to generate the required operating bands at 2.5
GHz, 3.8 GHz and 4.9 GHz frequencies. The MIMO antenna’s impedance and isolation
performance are improved by using a rectangular stub with minor protrusions and slots.
Along with steady radiation patterns, less ECC, good DG, and adequate MEG, it also
provides acceptable gain and efficiency.

2 Wide-Band MIMO Antenna Design

Figure 1 (a) and (b) depicts a compact two-port slotted circular MIMO antenna is devel-
oped for 5G sub-6 GHz N38, N78, N79 band applications. All parameters are expressed
in millimeters. The proposed antenna is made of FR4-epoxy dielectric substrate mate-
rial and measures 24 mm x 36 mm (0.2A x 0.3, where A is computed at lowest cutoff
frequency). The height of the substrate = 1.6 mm, the relative permittivity = 4.4, and
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the loss-tangent = 0.02. CST Studio is used to create the suggested antenna design, opti-
mize its dimensions, and simulate. The presented antenna comprises of a multi-slotted
circular shaped two-element radiating patch on top of dielectric material and I-shaped
defected ground on bottom as shown in Fig. 1 (a) and (b).

[] Radiating Patch

I Ground

[] Substrate

(b)

Fig. 1. Two-port MIMO Antenna; (a) dimetric view, (b) design with dimensions.

Initially, the circular shaped radiating patch of diameter 9 mm is fed by 2 mm x
11.17 mm microstrip line. A circular slot with diameter 6 mm is cut from the main
circular patch and hence circular slotted patch is formed. Later, another circular patch
of dimensions 5 mm is placed on the slotted patch and 1.6 mm diameter circular slot
is etched to form proposed multi-slotted radiating patch. Therefore, a circle shaped slot
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with a diameter of 1.6 mm and a crescent-moon shaped slot of 6 mm are etched from the
radiating patch to generate the operating bands at N38 (2.6-3.0 GHz) and N79 (4.7-5.5
GHz) frequencies. The MIMO antenna ground is the defected ground of size 9 mm x 36
mm. The rectangular slot of size 2.6 mm x 9 mm is used on the ground plane to generate
another frequency band at N77/N78 (3.3—4.4 GHz) band. The impedance matching at the
created resonant bands is improved by incorporating slots and protrusions to the ground
plane. All radiating elements are located 6mm away from the edge of the substrate.
The isolation among the radiators is improved by arranging the radiating elements with
appropriate spacing of 20 mm and the use of I-shaped defected ground stub.

3 Result Analysis

The two-port MIMO antenna’s impedance characteristics are represented as Sii, where
i1is an integer among 1 and 2, and Sij (i # j), which indicates the isolation or mutual
coupling aspects of the antenna, where i and j are integers between 1 and 2 as revealed
in Fig. 2 (a) and 2(b). The recommended design functions at 2.5GHz having S11 of -30

S-Parameters [Magnitude in dB]
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Fig. 2. Two-port MIMO Antenna S-parameter results.
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Fig. 3. Surface current distribution at: (a) 2.5 GHz, (b) 3.8 GHz, and (c) 4.9 GHz.
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dB, 3.8 GHz with S11 of —27.5 dB, and 4.9 GHz with S11 of —24 dB, cover N38, N77,
and N79 bands. Furthermore, the suggested MIMO antenna has a high isolation Sij,
i.e., S12/S21, of more than 15 dB throughout the operational band between all antenna
ports. Figure 3 (a) to 3(c) describes the isolation performance of the MIMO design using
I-shaped ground stub. It can be found that the MIMO antenna with I-shaped ground
stubs among antenna elements efficiently prevents surface wave propagation and surface
currents, improving isolation across antenna ports.

Figure 4(a) through 4(d) shows 2D E- and H-plane patterns at 2.5 HHz, 3.8 GHZ, and
4.9 GHz. The antenna appears to offer both bidirectional E-plane and omnidirectional
H-plane patterns within the working bands.

150 "“\»1;6 = 150
(a) Portl E-field (b) Port2 E-field
0 0
Phi=90 30 71— 30 phi=270 Phi=90 30 —— 30 phi=270
60, i .60 60 , TN \ 60
/ .‘_\\I / \
90| 190 %/ |90
\ / \ /
120" 1 /120 120 1 120
150 ~—L— 150 150 L 150
180 180
(¢) Portl H-field (d) Port2 H-field
Red- 2.5GHz Pink- 3.8GHz Blue- 2.5GHz Black- 3.8GHz

Green- 4.9GHz
Fig. 4. Two-port MIMO Antenna 2D radiation patterns

The diversity features of the two-element MIMO design are revealed in Fig. 5(a)
to 5(e). The suggested antenna element provides a consistent gain and total efficiency
of 1.5 to 2.2 dBi and 81%, respectively, at the operating band of 2.5 GHz, 3.8 GHz
and 4.9 GHz as shown in Fig. 5(a) and Fig. 5(b). The envelope correlation coefficient
(ECC), which designates the total degree of similarity among the radiated fields of the
various components in the MIMO antenna, is one of the most important MIMO diversity
features. For a practical ECC requirement, it should be much lower than 0.5. Figure 5(c)
displays that the modeled ECC is attained across the band at less than 0.00001, which
is much less than the 0.5.
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An additional parameter that can be used to assess the effectiveness of antenna
diversity techniques is diversity gain (DG), where 10 is the ideal value and is attained
by the proposed antenna as observed in Fig. 5(d). Another diversity measurement called
mean effective gain (MEG) used to measure an antenna capability to recognize electro-
magnetic radiation in a multipath situation. According to Fig. 5(e), the planned MIMO
antenna obtains a MEG of —3 dB at the working bands. The ECC, DG and MEG
parameters are calculated using the formulas found in [17, 18].
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Fig. 5. Two-port MIMO Antenna parameters.
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Fig. 5. (continued)

Table 1 compares and illustrates the suggested two-port MIMO antenna’s perfor-
mance with that of other existing antennas with respect to antenna elements, size, gain,
isolation, and MIMO diversity factors. The recommended design surpasses conventional
antennas in terms of impedance bandwidth, isolation, RE, and ECC.

Table 1. Comparison between the designed antenna and prior antennas.

Ref. No. of Size (in Bands (GHz) | Isolation (dB) |R.E (%) |ECC
Elements mm3)

[11] 2 16 x 26 x | 2.82-14.45 >20 >80 <0.08
1.6

[12] 2 18 x 21 x |2.8-12.2 >21 . >80 <0.013
0:8

[13] 2 23 x 19 x | 3.3-3.6, >20 >71 <0.3
0.406 4.8-5

[14] 2 150 x 75 x | 3.4-3.6, >17.5 >70 <0.14
0.8 4.8-5.0

[15] 2 55 x38x |3.1-45 >20 >80 0.0004
1.6

Prop. |2 24 x 36 x |25,3.8,49 | >15 >80 <0.00001
1.6
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4 Conclusions

This research presents a small two port MIMO architecture for sub-6 GHz 5G applica-
tions. The antenna of 24 mm x 36 mm x 1.6mm excited microstrip line is developed
on FR-4 dielectric. The MIMO antenna design consists of a multi-slotted circular two-
element radiating patch and an I-shaped defective ground. A circle-shaped slot and a
crescent-moon-shaped slot on the radiating patch and rectangular slot in the ground plane
are etched from the radiating patch to create the necessary operating bands at 2.5 GHz, 3.8
GHz, and 4.9 GHz frequencies. The use of a rectangular stub with modest protrusions and
slots improves the MIMO antenna’s impedance and isolation performance. Along with
consistent radiation patterns, minimal ECC, good DG, and appropriate MEG, it offers
acceptable gain and efficiency. Good performance of the antenna makes it a promising
contender for 5G sub-6 GHz N38, N77, and N79 band transmissions.
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