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Printed antenna technology gained has become centre of attraction for designing MIMO antenna sys-
tem for future communication applications. Antenna is an essential component for 5G communication sys-
tem. MIMO technology is highly preferrable due to high data rate and simultaneous data transmission es-
tablishment. In this article, a curved slot incorporated circular shaped antenna is constructed and tested
for performance utilizing conventional ground planes in an eventual Fifth Generation (5G) mobile commu-
nication network. The proposed single element system is operating from 2.6 to 12.9 GHz with an 85.84% ef-
ficiency throughout the band. The substrate of the radiator is 30 mm x 30 mm x 1.6 mm, where a circular
patch is used whose size is 9.35 mm. A partial ground structure of 30 mm x 10 mm is used to obtain high
efficiency and wide bandwidth. The structured antenna system has a maximum directivity of 4.8, efficiency
of 89%, and maximum gain of 1.68 dB which are desired in any MIMO system to tolerate interference and
maintain user bandwidth. The proposed micro strip patch two element antenna covers 10 dB return loss
frequencies from 2.6 GHz to 11.8 GHz than the conventional method. The total size of the MIMO antenna
system is 70 mm x 60 mm x 1.6 mm. The 2-element MIMO antenna simulated results are determined by
the HFSS software with their performance.
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1. INTRODUCTION

An interdigital split ring resonator (SRR) is used in
this multi-input multi-output (MIMO) antenna to in-
crease isolation. Utilizing interdigital SRR, an adverse
outcome permeability was created while improving
isolation among the two simultaneously radiating com-
ponents [1]. The suggested MMW MIMO with signifi-
cant shifting achieves an extremely low ambient corre-
lation of roughly 10 ~* with an overall diversity gain of
approximately 10 dB throughout the two operational
bands [2]. A coplanar waveguide (CPW)—fed adaptable
spherical antenna having quadruple features is created
by adding a single circular structure ST-SRR on the
patch of radiation. To reduce interference from 3.5 GHz
Wi-MAX systems, a second notch (3.45 — 3.80 GHz) is
added to the patch by inserting another circular ST-
SRR [3] [4]. For millimeter wave frequency ranges,
MIMO antennas are shown to be more than 70% effec-
tive. MIMO major performance parameters, including
Mean Effective Gain (MEG) and Envelope Correlation
Coefficient (ECC), meet the necessary standards of
<3 dB and < 0.5, respectively [5]. The concentration of
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tiny base stations that are located in the transmission
range of macro base stations (MBS) causes severe in-
ter-cell interference (ICI). Likewise, drones (also known
as unmanned aerial vehicles) have a wide range of ap-
plications in 5 G-supported systems, and hence uncon-
trolled utilization of drones causes significant drone
interference (DI) [6-8]. In addition to the rapid expan-
sion of multiple thriving wireless communication tech-
nologies that demand growing data throughputs, the
traditional microwave band beneath 10 GHz, and
which is currently utilized by nearly all mobile data
transmission and communication systems, is expected
to reach saturation in less than two years. As a result,
to enhance capacity, broadcast system designers have
focused their efforts on ever-higher regions of the spec-
trum of frequencies [8-10]. The array, which has been
increased by mounting parasitic patches on the very
top of one another inset-fed patches, now has 16 com-
ponents in an H-plane layout. The radiating patches
along with feed supply lines are organized in an alter-
nate out-of-phase 180° revolving sequence to minimize
mutual interconnection and increase the pattern of
radiation homogeneity [11, 12]. The components of the
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array include rectangular regular-shaped notched
patch antennas, as well as the horizontal plane, which
has a faulty circular, rectangular, zigzag-shaped
grooved structure to improve the antenna's electro-
magnetic radiation properties [13-15].

The use of a metallic truncated slot antenna (TSA)
array enables millimeter-wave multibeam enormous
multiple-input multiple-output transmission [16]. The
designed antenna array may provide excellent beam-
shaping efficiency since the component spacing readily
meets the half-wavelength criterion present in the H-
plane. Three broadband monopole patched antennas
(MPAS) are incorporated into a Y-shape design for mul-
ti-input-multi-output MIMO) functioning in
3300 — 4200 MHz enabling fifth-generation (5G) acces-
sible points. By placing four similar dual-antenna cou-
ples at both side corners of the mobile device, an 8 x 8
MIMO system is achieved [17, 18]. By examining the
numerous ways employed in the study of literature, the
traditional antenna described in this work retains a
unique identity by creating a great performance em-
ploying the EBG Structures [19, 20].

2. MIMO SYSTEM
2.1 Design Considerations

In this section, the design of a single circular patch
antenna using design equations is elaborated. The die-
lectric constant of the substrate (&), the resonant fre-
quency (fr), and the height of the substrate (h) are the
given values to design the antenna. The proposed work
is designing an antenna for the lower 5G band (Sub
6 GHz) and ultra-wideband ranging from 2 GHz to
12 GHz. The procedure is as follows:

Specify: &, fr in Hz), and h

L=2x2a (1)
L — Length of the substrate

W = 2*2a @)
W — Width of the substrate
where a is the radius of the circular patch
Length of the ground,

g=L+6h 3)
Width of the ground,

W, = 6h+ W )

Where L & W are the length and width of the cir-
cular patch.
The radius of the circular patch is given by,

F

0= ®)
J{1+MTF[1 ( )+1 7726]}
Where F = %\;‘;09, where f, is the resonant fre-

quency, effective dielectric constant (Sreff) is,

e,+1 e,+1

Eoff = 1+ 12 ] 6)
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Length of the feed is given by, (for microstrip in set feed)

_ L
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Length of the feed, L, = X; + 3h
The width of the feed line is:
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h
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Length of Slots, Ls = /2, Where A is the wavelength
of the band-notch frequency.

Table 1 - Tabulation for specifications of single patch antenna

Solid Material |Dimension

Substrate 30 mm x 30 mm x 1.6 mm

Circular Patch 9.35 mm

Feed 11.05 mm x 3 mm

Partial Ground 30 mm x 10 mm

30 30

< > < rd

N M

30
x
W
w
30

11.05 10

Fig. 1 — Dimension of single element antenna

Using the above equations, the dimension of pro-
posed antenna is obtained, which are tabulated in Ta-
ble 1. In the proposed design, first, the partial ground is
bounded by 10 mm x 30 mm on a bottom layer, and a
circular active patch is modelled on a top layer as in
Fig. 1. Further, the design is calculated with a 9.35 mm
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radius for the circular radiating patch with two etched
symmetric curved slots of 3 mm from the top layer which
is placed at the center point of the antenna as shown in
Fig. 2. The impedance matching line is chosen as a mi-
crostrip line of 11.05 mm x 3 mm for proper connection.

Hence these materials are brought out with many
advantages such as (i) very low cost (ii) Excellent me-
chanical properties (iii) used in the applications of elec-
tronic components and the dual patch specification
tabulation is shown in Table 3. The return loss is
shown in Fig. 3. The proposed micro strip patch anten-
na covers 10 dB return loss frequencies from 2.6 GHz
to 12.9 GHz which is depicted in Fig. 3. Both resonat-
ing bands fulfils the criteria of good impedance match-
ing (S11 < — 10 dB) and acceptable gain

Fig. 2 - 3D view of single element antenna
wame | x| v | XY Plot21
mi | 26300 |-10.3455[7
m2 129600 -10.1422

-5.00

0.1866
L

m2
40.00

T
|
|
|
|
|
|
|
|
| >}
|
1
‘4 ' /
1500 i
|
|
|
|
|
|
|
|
|

1o

1),

11

/
N

-3000

aB(s(1

[

11

250 500 ) 1000 1250 15,

sl

-35.00

Fig. 3 — Return loss of single element radiator
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Fig. 4 — 3D gains of single element
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2.2 Dual Element MIMO Design

Two-patch MIMO antenna is depicted on the
30 mm x 60 mm FR4 epoxy substrate with a loss tangent
of the substrate is 0.019 and a relative permittivity is 4.4
with a thickness of 1.6 mm as given in Fig. 4. Hence, the
two antenna elements are demonstrated as symmetric
and parallel placement on the same substrate and partial
ground. This design is modelled by the two circular active
patches (i) partial ground on the bottom of the substrate
(ii) on top of the substrate as shown in Fig. 5.

The circular patch of 9.35 mm radius is placed with
two etched curved slots of 3 mm from the top layer. The
micro strip antenna patch line of 11.05 mm x 3 mm is
chosen for proper impedance matching and partial
ground of 10 mm x 60 mm. The FR4 epoxy is an epoxy
resin binder, which is defined as self — extinguishing
(flame resistant) and composed of woven fibreglass cloth
built by the composite material. This proposed system is
evolved by most PCB applications based on the choice of
materials in the FR4 epoxy glass substrates.
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| | | |

i
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Fig. 5 — Dual-element MIMO antenna

3. MIMO RESULTS AND DISCUSSION

This microstrip dual patch antenna covers 10 dB re-
turn loss frequencies from 2.6 GHz to 11.8 GHz, which
is implemented in Fig. 6.

IR XYPiot13

BT

I 'umﬂ
: "l
Y
j i
Slum_. ——-\ .‘f

1 \ /
/
g0 -] \ /
\ /
L1L
\ f
AN~ F“
a0
T s ———— S
[ i h ) [N ] [
Py G

Fig. 6 — Return loss of dual Element

The gain of 1.68 dB is obtained for the dual patch an-
tenna designed in Fig. 7. The single-element and two-
element MIMO antenna are designed, and the simulated
results are discussed. Then a four-element MIMO an-
tenna with band-notched characteristics is designed and
the same is fabricated to validate. The detailed discus-
sion of the proposed work is as follows and the results of
dual patch antenna is shown in Table 2.
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Fig. 7 - 3D Gain of dual Element
Table 2 — Results of dual patch MIMO antenna

Parameters Value
Gain 1.68 dB
Efficiency 85.84%

Band coverage 2.6G Hz — 11.8 GHz

The simulated antenna has been designed for the
lower 5G band or 5G Sub 6 GHz which ranges from
2 GHz to 12 GHz. The designed MIMO antenna is con-
structed with low cost FR4 epoxy substrate of dimen-
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JlpyxoBaHA TEXHOJIOTIA AaHTEHW BUABUJIACH eDeKTUBHOIO s mpoekTyBaHHs auTeHu MIMO misa maii-
OyTHIX OJATKIB J0 KOMYHIKAIlii. AHTeHa € BasKJIUBUM KoMIIoHeHTOoM 11 5G -crcremu 3B'si3ky. Technology
MIMO BucokomoOBaskHA Yepe3 BHCOKY IIBHIKICTH Ilepeaadl JAaHUX Ta OJHOYACHE BCTAHOBJIEHHS IIepeaadi
maHUX. Y IMH CTaTTi 3aIPOIIOHOBAHUIN BUTHYTHH CJIOT, SIKWIM MICTHUTHh aHTEHY KPYroBol )OpMH, TO0yI0BaAHY
Ta TepeBipeHy HA 3BUYANHUX HA3EMHUX IUIONIUHAX, SIKI BUKOPHUCTOBYIOTH HMPOIYKTUBHICTD Y MOKJIHBOMY
MobiTbHOMY 3B'si3Ky 1'sitoro moroiiaasa (5G). IIpomosurlis oquHOUYHUX esleMeHTIB mparioe Bif 2,6 mo 12,9
I'T 3 edexruBHicTIO 85,84% 110 BCiit cmysi. [ligkmanka pamiatopa cranoButh 30 mm X 30 mm X 1,6 mm, e
BUKOPHUCTOBYEThCA KPYTOBUIA ILIACTUP, PO3MIP SKOr0 CTAaHOBUTEL 9,35 MM. UacTKOBa CTPYKTypa 3a3eMJICHHS
30 MM X 10 MM BHUKOPHUCTOBYETHCS JIJIsSI OTPUMAHHS BHUCOKOI e()eKTHBHOCTI Ta IIMHMPOKOI IIPOILYCKHOI 311aT-
Hocri. CTPyKTypoBaHA aHTEHHA CHUCTeMa Mae MaKCUMAaJIbHY CIIPAMOBAHICTH 4,8, edexTuBHicTh 89%Ta Mak-
cuMaJtbHui mpupict 1,68 1B, axi 6axkani B Oyap -akit cucremi MIMO, 11106 TepIriTy IepenrkoIn Ta miaTpu-
MyBATH IIPOIyCKHY 3TaTHICTh KopHcTyBada. 3amporonoBaHa Mi-Cro Strip Patch Jlsa esnemenra amreHu
oxoILTIoITh yacrory Brpatu 10 ab Bix 2,6 I'T' qo 11,8 ', Hisk 3Buvaiinuil MmeToa. 3araJbHUN PO3MIP CH-
cremu antern MIMO cranoButs 70 MM X 60 MM X 1,6 MM. 2-esleMeHTHI MojeboBaHl pedysiabratu MIMO-
aHTEeHU BU3HAYAIOThCS IIporpaMuuM 3abesnedennam HFSS 3 ix nmpogykrusHicTIO.

Kmouosi ciiosa: Bararopasosumit Bxifg ta 6araropasosuit Buxig (MIMO), IT’ste mokominua (5G), Hagpyxo-
Bana aurtena, HFSS, Besnporose crmikysauHs.
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