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Multiple-input multiple-output (MIMO) antenna is a vital component to be used in fifth-generation (5G)
communication systems to satisfy the requirements of high data rate and channel capacity for 5G technology.
However, the antenna performances are proportionately degraded due to high mutual coupling interference
between the antenna elements. This article presents a compact multi-resonant and super wideband MIMO
antenna with high isolation characteristics for 5G mm-wave applications. Initially, a monopole antenna with
wide band and very compact size was designed. Later, three ports MIMO antenna has been developed in order
to satisfy the requirements for the 5G mm-wave applications. To improve the isolation among radiating elements,
simple rectangular L-shaped and rectangular parasitic elements are graved between MIMO-element. The
proposed configuration improves isolation less than — 20 dB for the desired operating band. The proposed FR-4
substrate based cost-effective MIMO antenna is well miniaturized with superior characteristics. The intended
MIMO antenna design has a miniaturized dimension of (14.5 x 10.5 x 0.58 mm3). All performance parameters
are achieved through simulation using HFSS software. The presented MIMO antenna provides attractive
performance in terms of miniaturized size, multi-resonant frequencies, super wideband operation, and high
isolation characteristics. The suggested MIMO antenna operates covering a super wide band from 26 GHz to
50 GHz with high isolation of less than — 15 dB throughout the band of interest. The gain offered by the MIMO

antenna varies in between 4 dBi to 6 dBi.

Keywords: MIMO antenna, Millimeter wave, Parasitic patch, Super wideband antenna, 5G applications.

DOL: 10.21272/jnep.15(3).03032

1. INTRODUCTION

In today’s era, majority of high-speed wireless
communication systems are based on 5G technology [1-3],
due the reasons of high data rates and high channel
capacity [4]. The sub 6 GHz (lower band) and millimeter-
wave (higher band) frequencies are the choices for 5G
communications. The main reasons for working on the
mm-wave band for 5G applications are the fulfillment of
some prime requirements in terms of high data rates,
enormous operating bandwidth and miniaturization of the
operating devices. However, the wireless communication
systems operating at mm-wave suffers from propagation
loss and path loss. To overcome these associated losses,
MIMO antenna with enhanced bandwidth is highly
demanded for the 5G technology. However, the major
design issue in MIMO antenna is to minimize the mutual
coupling between the radiating elements in MIMO
configuration. For the fulfilment of this purpose, the
different design methods are introduced in the reported
literature to minimize the mutual coupling between
elements of MIMO-antennas.
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In [5], a compact, low-profile two-elements MIMO
antenna of 30 x 15 x 0.25 mm?3 size is reported for 28 GHz
5G applications. It offers 6.4 GHz bandwidth high
isolation between MIMO-element by implementing DGS
technique. The design in ref. [6], presents a MIMO-
antenna using single layer meta surface for mm-wave 5G
applications. This configuration achieves a good gain of
10.27 dB but suffers from low operating bandwidth and
complexity of geometry with large size of antenna. In [7],
a dual band (28/38 GHz) mm-wave MIMO antenna is
reported which consists of four-elements and has a size of
(20 x 24 x 0.508 mm?3) and low bandwidth range from 27.6-
28.6 GHz and 37.4-38.6 GHz. In [8], a four element-
monopole antenna is formed to design a MIMO
configuration for 5G mm-wave application. It operates
with wide bandwidth of 9.23 GHz range from 22.43 GHz
to 31.66 GHz. The reported MIMO antenna system suffers
from low gain and larger size. In [9], a mm-wave four-
rectangular patch antenna configuration is arranged to
form a MIMO system for 5G mm-wave application with
bandwidth of 2.5 GHz and isolation less than 20 dB. The
design referred in [10] presents a novel method to improve
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the isolation of about — 25 dB for 5G UWB applications.
The four ports MIMO system is proposed in ref. [11] which
operates with multiband characteristics at mm-wave
frequencies from 39-75 GHz with wide bandwidth and high
isolation less than — 24 dB. This structure requires large
antenna size for implementation and offers low gain. The
design in ref. [12] present a four MIMO antenna using a
parasitic patch to achieve high isolation between the
MIMO-element. This antenna has an overall size of
(28 x 28 x 0.79 mm?) with high gain of 9 dB and 11 dB at
28 GHz and 38 GHz respectively. In [13] a review on a
various technique is investigated to improve the isolation in
MIMO antenna. The antenna structure in ref. [14], presents
a MIMO array antenna configuration for 5G mm-wave
applications with high gain of 12 dB. This antenna provides
narrow bandwidth and large size (40 x 20 x 0.58 mm?3). In
[15], a dual band DRA MIMO antenna is proposed with
enhanced isolation. This antenna operates at 28 GHz and
38 GHz for 5G mm-wave applications with high isolation
less than — 20 dB.

Considering the above reported limitation, we propose
and discuss a very compact MIMO antenna system for
operating at multiple resonant frequencies along with a
super wide band frequency coverage to support 5G
applications in the 26 GHz to 50 GHz mm-wave band. The
proposed MIMO configuration consists of three monopole
antennas placed on FR4 epoxy substrate. Parasitic
patches of rectangular and L-shaped are loaded between
MIMO-element to minimize the mutual coupling. The
article is organized and presented as: The proposed single
antenna and simulation results are presented in section
II. While the MIMO antenna design and procedure is
presented in section III. The simulation findings are
discussed in section IV along with performance evaluation
as compared to other reported works. Finally, the
conclusion of the article is summarized in section V.

2. PROPOSED SINGLE WIDEBAND ANTENNA
2.1 Antenna Design and Procedure

The final wideband single antenna is demonstrated in
Fig. 1. It consists of a modified rectangular patch
connected with an elliptical patch. The rectangular DGS
and partial ground plane are employed to obtain
bandwidth enhanced wide band resonance. The main
patch and parasitic patch are graved on a rectangular
substrate of 0.58 mm FR4 epoxy. The structural dimension
of the antenna is very compact (3.8 x 10 x 0.58 mm?). The
optimized parameters of the single element antenna are
listed in Table 1.

2.2 Proposed Single Antenna Evolution

The formation of proposed single antenna through
different design steps are shown in Fig. 2. The
corresponding reflection coefficients of different stages are
illustrated in Fig. 3. Initially, we started by a simple
monopole antenna with elliptical radiator and full ground
plane (stagel). This configuration resonates at 46.48 GHz

-
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Fig. 1 - Single antenna layout (a) side view (b) back view

Table 1 — Optimized dimensions of designed single wide band
antenna

Parameters | Value(mm) | Parameters | Value(mm)
w, 3.8 Wy, 2.8
I 10 lgy 0.78
wy 0.88 W3 0.22
ly 3.2 les 0.68
Wiy 2.28 R, 0.33
[ 4 i 0.68
w, 1.65 L 2.4
L, 1.4 I 0.85
(a) (b)

©

Fig. 2 — Stages evolution procedure of the single wide dual band
antenna

with narrow bandwidth range of 43.26-47.5 GHz. After
that, another rectangular patch is attached with the initial
antenna with a partial ground plane to create another
resonance frequency with wide bandwidth. The antenna
at this design stage resonates from 27.15 GHz to 44.25
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GHz. In stage 3, two rectangular parasitic patches are
introduced around the elliptical patch to improve the
antenna bandwidth. A rectangular DGS is introduced on
the ground plane to attain an enhanced bandwidth. The
proposed antenna operates from 26.64 GHz to 48.28 GHz
with an impedance bandwidth of 21.64 GHz.

2.3 Simulation Results and Discussion

To analyze the behavior of proposed single antenna for
5G mm-wave applications, results in terms reflection
coefficient, and peak gain are presented and discussed in
this section. The simulated results for reflection coefficient
of proposed single antenna are shown in Fig. 4 (a). The
antenna operates at mm-wave frequencies with wide
bandwidth of 21.64 GHz from 26.64 GHz to 48.28 GHz.

Stagel
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Fig. 3 — Reflection coefficient for different design stages of single
element antenna
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Fig. 4 — Proposed single element antenna (a) S11 (b) gain

The simulated peak gain is presented in Fig. 4(b). As
observed, the gain varies from 4dBi to 6.5 dBi for the total
band. Table 2 compares the proposed single antenna with
other works in terms size, gain, type of substrate and
bandwidth.
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Table 2 — Performance analysis of single antenna with reported
works

Ref Size B.W Peak
: (mm?) (GHz) | Gain (dBi)

[9] 8 x 8 x 0.889 2.5 7

[11] 8§x14x16 36 6

[12] 13 x 15 x 0.508 5.5 7

[14] 10 x 6 x 0.254 1.7 _

8] 12 x 10 x 0.254 9.52 3.5
v%;?;i 3.8 x 10 x 0.48 21.64 6.5

3. MIMO ANTENNA CONFIGURATION
3.1 Design MIMO Antenna

Based on the geometry of the finalized single element,
the intended structure of three element MIMO antenna
system is configured. The proposed MIMO antenna is
presented in Fig. 5. Parasitic elements are placed between
the patch radiators to minimize the mutual coupling
among them. The proposed MIMO occupies only
14.5 x 10.5 x 0.58 mm? space for implementation. The
designed MIMO antenna operate at mm-wave spectrum
with wide band (26 GHz to 50 GHz) with a super wide
operating bandwidth of 24 GHz to support multiple
wireless application bands for 5G applications.
Furthermore, it has a very good isolation of higher than
15 dB and minimum gain of greater than 4.5 dBi for the
entire operating bandwidth. The optimized dimensions of
our structure are given as: Ws = 14.5; Ls = 10.5; Xu = 0.6;
XL =37, X1=179; Pr=15; P,=0.3; Y1 =3; Y2 =2.6;
Xz =1.55; a=0.46; b = 0.2 [All dimensions are in mm]
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(@) (b)
Fig. 5 — Proposed MIMO antenna (a) bottom view (b) back view

3.2 MIMO Antenna Evolution
Improvement of Isolation

Design and

The design steps to finalize the required compact
MIMO antenna are shown in Fig. 6. In the first step, we
placed three monopole antennas on FR4-epoxy substrate
of 14.5 x 10.5 mm?2. Fig. 7 (a) illustrates the S-parameters
response of the first design and the response for proposed
design is shown in Fig. 7 (b). The demonstrated results
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indicate that the antenna without parasitic patches
operate from 26-48.5 GHz with wide band of 22.5 GHz.
However, the design suffered from high mutual coupling.
In order to improve the coupling between the patch-
elements, parasitic elements are loaded between the
monopole antenna elements as referred in second design
step. The parasitic element integrated MIMO antenna
configuration leads to maximization of the isolation
> 15 dB. The isolation characteristic parameters are
noticeably improved by 6 dB offering isolation of greater
than 20 dB over a wider operating band ranging from
32 GHz to 50 GHz. Also, slight improvements in operating
bandwidth are observed compared to the design case
without parasitic patch elements.

21 91 B1191 1101 | 9

(a) (b)

Fig. 6 — Evolution design of MIMO configuration (a) step 1 —
without parasitic patch (b) with parasitic patch
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Fig. 7- Reflection coefficient of (a) stepl — without parasitic patch
(b) proposed MIMO antenna with parasitic patch

4. RESULTS AND DISCUSSION

The MIMO antenna is analyzed by simulated results
in terms various characteristics such as S-parameters

(reflection coefficient and isolation parameters), gain and
radiation patterns. The final geometry has a very compact
overall size of (W, = 14.5 mm, Ly = 10.5 mm, hy; = 0.58 mm).
The S11result is depicted in Fig. 8 (a) that suggests the
proposed antenna operates at multiple resonant
frequencies (28, 32, 38, and 48 GHz) within the operating
band (26-50 GHz) with a super wide bandwidth of
24000 MHz. Furthermore, the MIMO antenna maintains
very high isolation characteristics although having very
compact antenna dimension. Fig. 8 (b) presents the gain
and radiation efficiency. The antenna offers maximum
gain of 6 dBi, and radiation efficiency of above 90 % over
the desired operating bandwidth. The major diversity
parameter, envelope correlation coefficient (ECC) is found
to be less than 0.010 as indicated in Fig. 9. The well-
defined value of ECC within acceptable limit of 0.5
indicates superior diversity performance of the prescribed
MIMO antenna. The radiation patterns of the MIMO
antenna are shown in Fig. 10. The proposed antenna
maintains omnidirectional radiation patterns, which is
required for intended 5G applications.
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Fig. 8 — Proposed MIMO antenna (a) Sii-parameter (b) gain &
radiation efficiency
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Fig. 9 - ECC vs Frequency plot of the MIMO antenna
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Fig. 10 — E-H Plane radiation patterns at (a) 28 GHz (b) 48 GHz

Table 3 — Performance comparison
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Table 3 presents the performance comparison of the
proposed MIMO antenna with a few other reported works
in literature, operating in mm-wave frequency band.
Likewise other reported works, the proposed antenna also
offers well acceptable performance in terms of small size,
enhanced bandwidth, high isolation and radiation
performance. These confirm the candidature of the
suggested MIMO antenna for 5G mm-wave applications.

5. CONCLUSION

In this article, a very compact multiband and super
wide band MIMO antenna is proposed for 5G mm-wave
applications. The proposed configuration is composed of
three monopole antennas whose ports are arranged in a
parallel position on FR4-epoxy substrate. The proposed
MIMO antenna operates with multiple resonances at
28 GHz, 32 GHz, 38 GHz and 48 GHz with wide bandwidth
of 24 GHz that ranges from 26 GHz to 50 GHz. In addition,
the proposed MIMO antenna has a maximum element-
isolation of — 48 dB due to suggested antenna geometry
loaded with parasitic patch elements. On the other hand,
the proposed antenna has a compact size of
(14.5 x 10.5 x 0.58 mm?3) and good gain between 4 dBi and
6 dBi. Thus, the compact size, simple geometry, good
isolation, good radiation performance, multiband and wide
band confirms that proposed MIMO system is suitable for

Peak .
. B.W . Isolation

Ref. Size (mms3) Gain
(GHz) (dB) (dB)
[7] 20 x 24 x 0.508 1 7.9 28
[8] 24 x 24 x 0.254 9.23 5.66 25
[9] 13 x 14 x 0.88 2.16 5.5 24
[11] 36 x 36 x 1.6 36 5.38 24
[12] 28 x 29 x 0.79 5 9.5 15

This
Work 14.5 x 10.5 x 0.58 24 6.0 15
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AnTeHa 3 mexlibKoMa Bxogamu Ta aekisbroma Buxogamu (MIMO) e BayKJIMBUM KOMIIOHEHTOM JIJIS BUKOPUCTAHHS
B cuCTeMaX 3B’fI3Ky IrsToro mokoaiHHA (5G), 100 3a70BOJILHUTH BHMOTHM BHCOKOI IIBHAKOCTI Iepeaadvl JaHux 1
[IPOITYCKHOI 3MaTHOCTI KaHay st TexHosoril 5G. OnHak XapaKTeprCTUKU AHTEHU IIPOIOPIIIAHO IOTIPIIYIOTHCS Yepes
BHCOKI B3A€MHI IEPEIIKOIN MK eJIEeMEHTaAMHU aHTeHH. Y IIH CTATTI IPEJICTABIEHO KOMIIAKTHY MYJIbTUPE30HAHCHY Ta
HagmuporocmyroBy anTeny MIMO 3 BHCOKMMU XapaKTePUCTUKAMHU 1301l 1 momaTtkie 5G MM-xBuiib. CrouaTky
OyJia po3po0JieHa MOHOIOJIPHA AHTEeHA 3 IMMPOKHMM IIalla30HOM 1 JIy’Ke KOMIIAKTHHMHK poaMipamu. [lismimme Oyia
poapobsiena anTera MIMO 3 Tppoma mopramu. J[jis1 MoKpaIieHHs 130141111 MisK BUIIPOMIHIOIOYNMHY eJIeMEeHTAMU, IIPOCT1
OpsAMOKYTHI L-momibHI Ta NpsAMOKyTHI mapasuTHi eseMeHT Bpizani misk MIMO-enementamMu. 3amporioHoBaHA
KOH(IrypaIlis moKpariye 13010 Merne Hisk Ha — 20 1B myis pobovoro miamas3oHy. 3aIrporoHOBaHa peHTabebHA
vimiatiopuzoBana MIMO anmrena nHa miakmami FR-4, wxoHceTpykiiss saxoi Mae MIHIATIOpHWI — Po3Mip
(14.5 x 10.5 x 0.58 mm?3). Yci mapaMerpu TPOIYKTHUBHOCTI JOCATAIOTHCS IIISIXOM MOJETIOBAHHSA 324 JOTIOMOTOIO
mporpamuoro 3abesmeuenns HFSS. Ipencrasimena MIMO anTena sabesmeuye mpuBabiInBI XapaKTEPUCTUKUA 3 TOUYKHA
30py MIHIATIOPHUX PO3MIPIB, MYJIBTUPE30HAHCHUX YACTOT, HAJIIMPOKOCMYTOBOI POOOTH Ta BHUCOKHUX XaPAKTEPUCTHK
i3os1sa11i1. AHTeHa Tpaloe B Ha M pokKii emyai Big 26 mo 50 I'T'1; 3 Bucokomw i3osis1tiero MenTIe, Hisk — 15 1B mo Beiit emyai
imTepeciB. KoedimienT mocunenns anrern MIMO komuBaerbes Bing 4 fo 6 nb.

Knrouogsi ciosa: MIMO antena, [llupokocmyrosa anrena, Mimimerposa xeuiisa, [lapasutna gisnsaka, [Iporpamu 5G.
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