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MIMO (Multi-Input Multi-Output) systems have become one of the most studied topics in research because
of its ability to increase the spectral efficiency (capacity) over a limited bandwidth. The use of multiple antennas
leads to an additional dimension in the degree of multiple access to the network compared to the single-antenna
case and thus offers an effective solution to increasing data rates for future generations of cellular radioteleph-
ony. In this paper, a 2 x 6 MIMO antenna array structure is presented. HF'SS software is used in the simulation
process of the designed antenna. The proposed structure covers the frequency band ranging from 1.2 to 6.3 GHz.
A thin Rogers 5880 RT substrate of 54 x 60 x 0.4 mm3 is used to design the antenna. The behavior of the MIMO
antenna has been studied as a function of a certain number of parameters, namely: the distance separated
MIMO antenna elements and the radius of the slot in the patch. The results show that the variation of these
parameters affects the isolation. The design of the proposed antenna is done, by fixing the distance at 4/2 and
the radius at 2.25 mm, in such a manner we get a high isolation between the radiating elements of about
— 83.8 dB which will provide a reliable anti-interference performance for the system. The outcomes make this

antenna a potential candidate for 5G application at the sub 6 GHz band.
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1. INTRODUCTION

In the preceding few years, several applications have
emerged such as the inevitable cellular telephony, pri-
vate and domestic networks, internet access by satellite,
satellite positioning systems, satellite television, etc.
Due to this stupendous growth, telecommunication sys-
tems are limited by a growing need for frequency bands,
high data rates, latency, etc [1]. These limitations slow
down the development of new applications whose de-
mand for spectrum resources is constantly increasing.
Therefore, researchers and engineers in this field have
joined their efforts to find new solutions to overcome
these drawbacks, getting faster data transmission and
high throughput. In order to address the concern, the
deployment of lower frequencies of 5G NR sub-6 GHz
and UWB technology are utilized at the present time.
Nevertheless, UWB technology is mainly affected by
multipath fading degradation [4]. Hence, MIMO anten-
nas turned up a key solution to meet the multipath fad-
ing. By increasing the number of radiators at both trans-
mitter and receiver sides, there is an excessive improve-
ment in data rate and channel capacity [5]. To fulfill
these requirements, the communication channels be-
tween the sender and receiver need to be totally uncor-
related 7]. That means multiple radiators in the trans-
mitter and receiver ends should work individually [8].
There are two main reasons that increase the channel
correlation, the first one is the coupling inside the struc-
ture of the antenna called isolation, and can be meas-
ured through the S parameters of the antenna. The
second factor is the characteristics of the radiation pat-
tern measured through the correlation coefficients of the
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antenna [10].

Patch antenna arrays are widely used because of
their small size, their low weight, a low cost, and their
easy manufacture. However, they have certain disad-
vantages, in particular the low passband and the dielec-
tric and metal losses, in particular at high frequency, a
relative low tolerance to manufacturing errors and an
increased influence of surface waves. One solution for
limiting dielectric losses and the influence of surface
waves consists in choosing a substrate with a low loss
tangent and a very thin thickness, but this leads to fur-
ther reducing the bandwidth. The difficulty of realiza-
tion lies not only in the radiating elements, but also in
the power supply network. The access lines to the anten-
nas can become very thin, which increases their losses
and can generate parasitic radiation, with a degradation
of the radiation pattern of the network, its gain, and an
increase in the level of the secondary lobes [11]. A 2 x 4
MIMO antenna for mm-wave application is suggested in
[12]. The presented antenna in [12] has high gain width
dual band characteristics. A network of 8 x 8 cones con-
sisting of staggered cones studied in the reference [13].
This antenna offers a gain of 32 dBi (radiating physical
aperture of 30 mm x 30 mm), corresponding to an aper-
ture efficiency of 28 % and a bandwidth of 29.5 %. Authors
of Ref. [14] presented a four ports MIMO antenna for 5G
millimeter waves applications. The antenna was fabri-
cated and tested. Another example of a horn network is
proposed in the reference [15]. In order to have a higher
gain, this antenna contains 16 x 16 radiating elements,
distributed over a panel of 68.5 x 82.2 x 10.1 mms3. The
bandwidth of this antenna is 25.3 %, with a maximum
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gain of 40.7 dBi. A phased array of 4 x 4 cones with an E-
band orientable radiation pattern with a maximum gain
of 15.2 dBi is presented in [16]. In [17], a defected ground
four ports MIMO Antenna for 5G Millimeter Wave Appli-
cations is presented. Authors of Ref. [18] suggested an ar-
ray antenna working at 38 GHz covering the USA band.
This work comprises three sections in addition to an
introduction. The first will be devoted to presenting the
design geometry of the 2 x 6 MIMO antenna. The second
section will be allocated to the parametric analysis and
the results of the study will be presented and thoroughly
discussed. The paper will end up with a conclusion.

2. ANTENNA DESIGN GEOMETRY

In this section, the snapshot of the final MIMO an-
tenna geometry is depicted in Fig. 1(a). The whole area
occupied by the design is 54 x 60 x 0.4 mm3 and is real-
ized on Rogers RT duroid/5870 substrates having a die-
lectric constant and height of 2.33 and 0.4 mm, respec-
tively. The design progression of the required MIMO
configuration initially starts with the modeling of a sin-
gle-element patch antenna as shown in Fig. 1(b).
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Fig. 1 — Proposed antenna design; (a) geometry of the 2 x 6
MIMO array antenna, (b) geometry of single antenna

All the physical parameters mentioned in Fig. 1 are
annotated in Table 1.

Table 1 — Antenna parameters

Parameters Value Parameters | Value
(mm) (mm)
La 60 71 1
Wa 54 L1 6
L 8 Wi 1.2
w 8 Wa 2
R 2 W3 3.4
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3. MIMO ANTENNA PARAMETRIC ANALYSIS

Design and performance optimization of the MIMO
antenna is illustrated by showing the effect of such pa-
rameters on reflection coefficient and isolation due to
the alteration in the dimensions of the radius r and the
dimensions of the distance d. Hence, in this section, the
simulated results of these effects on the MIMO antenna
are carried out, and thoroughly discussed. S-parameters
and isolation of the optimized MIMO antenna structure
at d = A/2 and r = 2 is shown in Fig. 2.
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Fig. 2 — S-parameters of the MIMO array antenna; (a) Si1 and
Saz2, (b) isolation

3.1 Effect of Distance Variation

The effect of variations in the inter element distance
d on the MIMO antenna parameters is studied and dis-
cussed in this section. First, the inner radius, r is set
equal to 2 mm and we vary d from A/2 — 1 to /2 + 1. Sim-
ulation will be carried out for reflection coefficient (S11
& S22) and isolation. Table 3 summarizes the obtained
results. As depicted in Fig. 3, the bandwidth of the pro-
posed antenna array did not depend on distance d. There
is a little shift in reflection coefficient. So, to choose the
value of d, we have carried out a parameter study re-
garding of isolation. Fig. 4 shows the isolation of the pre-
sented antenna for deferent value of d.

From Fig. 3, Fig. 4, and Table 3, it can be seen that
while increasing the distance d from /2 — 1 to A/2 + 1, the
MIMO antenna covers the same bandwidth ranging from
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1.2 to 6.3 GHz, while a satisfactory reflection coefficient
level of — 29.8 dB and good isolation of — 78.12 dB are
achieved at a distance of 1/2. Besides, it is shown that
when d = /2 and d = /2 + 1, the presented antenna gives
reasonable isolation. So, d = /2 is the optimal dimension.
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Fig. 3 — Effect of d on S-parameters (a) Si1; (b) S
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Table 3 — Performance parameters as a function of ‘d’

Inter ele- | S11 Bandwidth Isolation
ments dis- | (dB) (GHz) (dB)
tance

d=12-1 —27.3dB [1.2-6.3]=5.1 | <—15
d=)I2 —29.8dB | [1.2-6.3]=5.1 | <—50
d=M2+1 — 28.8 dB [1.2-6.3] =5.1 | <—45

3.2 Effect of Radius Variation

In this part, we have evaluated the effect of the pa-
rameter r on the behavior of the antenna by fixing the
distance d at A/2 as good results are obtained at this
value.
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Fig. 5 — Effect of r on isolation

Table 4 — Performance parameters as a function of ‘r’

Inner S11 Bandwidth Isolation
radius (dB) (GHz) (dB)
r=2 —29.8 [1.2:6.3]=5.1 | <—50
r=2.251|-29.35 [1.2-6.3] =5.1 <—45
r=25 —29.77 [1.2-6.3] =5.1 <—47.5

From Fig. 6, and Table 4, it is clear that for r =2 mm,
2.25 mm and 2.5 mm, the antenna offers same value of
bandwidth. However, it is observed that for r = 2.25 mm,
the system gives good results regarding isolation com-
pared to other cases especially in the operating band. In
fact, isolation helps in mitigating unwanted coupling. At
two other values of r, the isolation is weaker while the
reflection coefficient levels are also not satisfactory.
Thus, r = 2.25 mm has been taken as an optimal value
for designing the proposed antenna.

4. GAIN

Considering that the operational bandwidth is ex-
tremely broad, it is exceedingly challenging to draw ra-
diation patterns at all frequencies. As a result, the gain
versus frequency plot shown in Fig. 7 is a far more prac-
tical method to illustrate and justify the directional pat-
tern obtained in Fig. 8. As depicted in Fig. 7, the antenna
has a peak gain of around 16 dB at 5.60 GHz.
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5. RADIATION PATTERN

Fig. 8 shows radiation patterns at different frequen-
cies (1.7 GHz, 3.5 GHz) for the proposed MIMO antenna,
obtained from the HFSS software.

-180

()
Fig. 8 — Radiation patterns at (a) 1.7 GHz, (b) 3.5 GHz

The radiation patterns of the suggested antenna are
bidirectional. So, antenna could be efficient in radiating
towards 180 degree and 0-degree directions.

6. SURFACE CURRENT DISTRIBUTION

To further explore the MIMO antenna’s radiation
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mechanism, the current distributions on the surface of
the MIMO elements are displayed in Fig. 9. The surface
current distributions are observed at 1.7 and 3.5 GHz.
As shown, the surface current predominantly distrib-
utes on the whole area whereas more current concen-
tration is seen at the feed line.

N I ey
E F191:[3\;E§::a_;w ﬁ@@ @@’7
- 2. 32zd0e+0@Y 4[7 F%I;
1, G008z e+0EY g@ C]D
s ) [N
L issrzos L [P
5 acneiom N NS !
2, 7525e+801 _—
1.1857e+@@1 @@ @E{] |
l I reeinioms i NS NS
9. 4769e-081
4. @522e-081 [? Fﬁ
- N —
T eureauz| — i L
A |
NN N
(2)
A a5
E e 2 &2
- 2. 3220 +08Y [ F
1. 086 2e +BEY ﬁ@ @Eﬁ
Csmases A )
e ASE/ NS E/
it L7 A==
AP L)) L]
2. 7525e+801
1,1857+m@1 —lf Fqﬁ
Y|
St A S
9. 476%e-GE1 L
4. B522e-0E1 f'ﬁ Fﬁ
eamen e AL
l 7 577act0z Sy sy
4[7 |
A A
NS S
(b)

Fig. 9 — Current distribution at (a) 1.7 GHz (b) 3.5 GHz

In summary, the suggested MIMO antenna performs
better than the majority of the MIMO antennas shown
in Table 5 and strikes a decent balance between band-
width, isolation and miniaturized size.

Table 5 — Performance comparison with previous published
literature

References Size Bandwidth Isolation
(mm?) (GH2) (dB)
[19] 40 x 100 [3.5-3.6] 15
[20] 160 x 70 [6.6-5.67] 30
[21] 60 x 60 [2.31-4.99] 20
Proposed 54 x 60 [1.2-6.3] 83.8
Antenna

7. CONCLUSION

In this paper, a high isolation multiple-input multi-
ple-output (MIMO) antenna array is proposed. The de-
signed MIMO antenna system has a wide band ranging
from 1.2 to 6.3 GHz. The antenna achieves isolation of
more than — 83 dB and a peak gain of 16 dB. Moreover,
the 54 x 60 mm? sized compact MIMO antenna can be
appropriate for integration into multiple 5G wireless de-
vices for sub-6-GHz band.
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Komnakrua nsonoprosa aureana MIMO-marpung niaa nogarkis giamasoumy ISM/5G NR/WLAN
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Cucremu MIMO (Multi-Input Multi-Output) cramm omgHieo 3 HAMOLIBIN JOCTIIKYBAHNX TEM Y JOCIIMKeHHAX
4Jepes IX 3IaTHICTH ITIBUIIYBATH CIIEKTPAJIBHY €(PeKTHBHICTE (EMHICTE) B 00MesKeHi# cMy 3l IpoITyCKaHHs. Bukopu-
CTaHHS KUTBKOX QHTEH ITPU3BOIUTE JI0 JIOAATKOBOTO BUMIPY B CTYIIEHI MHOYKMHHOTO JIOCTYITY JO MEPEsKl TIOPIBHIHO
3 BUIIAKOM 3 OJTHIEI0 AHTEHOIO 1, TAKMM YHMHOM, ITPOTIOHYE e(DeKTHUBHE PIITIeHHS IS T IBUIIEHHS IIIBHUJIKOCTI IIepe-
Jlavl TaHUX IS MafOy THIX IIOKOJIIHb CTLIBHIKOBOTO paioTesiepoOHHOro 3B’s13Ky. ¥ CTATTI Ipe/ICTaBIEHa CTPYKTYpa
anrTennol permiter MIMO 2 x 6. [Iporpamue 3abesneuernus HFSS BukoprcroByeThCs B IIpoIieci MOIETIOBAHHS PO-
3po0JIeHOl aHTeH!. 3aITPOIIOHOBAHA CTPYKTYPA OXOILIIOE /iarna3oH gactot Bix 1,2 10 6,3 [T, J{uist po3pobku anTeHM
BUKOPUCTOBYeThCsT TOHKA marIaaka Rogers 5880 RT 54 x 60 x 0,4 mm3. Xaparrepuctukun MIMO-aurenn Oysm
BHBYEH] K (DYHKIIS IEBHOI KLJIBKOCTI ITapaMeTpiB, a came: Biacrani misk exementamu MIMO-aurenu ta pasgiycy
IIUIMHHY B TIaT4l. Pe3ysbraTi mokasyoTh, 1o 3MiHa IHX TapaMeTpiB BIUIUBae Ha 130Js11i0. Korerpykiris samporro-
HOBAHOI aHTeHW BUKOHAHA IISIXOM (pikcarti BijcTami Ha A/2 1 pamiyca Ha 2,25 MM, TAKUM YHHOM 0yJia OTpUMAaHA
BHCOKA 130JIAIIST MK BUITPOMIHIOIOUMMH eJIeMeHTaMu TpuosmaHo — 83,8 nb, 110 3abesmeunTs HATINHY 3aXUCT BT
TIEPEIIIKOJ] IPOYKTUBHICTD JJIs CHCTeMH. Pe3ysibraTti poOJIATh 10 aHTeHy MOTeHIHHNM KaHIUIATOM JIJIs 3aCTO-

cyBauHs 5G y mianasoni vHrzkde 6 [T,

Kmiouori ciosa: MIMO anrena, [3osmsiis, 3axucr Big nepernrkoa, DGS, 6 GHz.
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