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This paper proposes a MIMO circular patch microstrip antenna (CPMA) operating at resonant frequen-
cies of 3.5 GHz and 6 GHz for 5G communication systems. The proposed antenna is designed using RO-5880
substrate with a dielectric constant (g,) of 2.2, a thickness () of 1.58 mm and a loss tan (tand) of 0.0009. The
dual band characteristic is obtained by placing the slot in the center of the CPMA while the inset feeder is
used to control the reflection coefficient. Furthermore, mutual coupling reduction is obtained by controlling
the distance between the antennas when configured in MIMO. Based on the simulation results, the proposed
antenna produces excellent performance with reflection coefficient < — 10 dB and mutual coupling (MC) <
— 20 dB at resonant frequencies of 3.5 GHz and 6 GHz. This research is very useful and can be recommended
as a receiving antenna for 5G communication system.
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1. INTRODUCTION

The 5G communication system requires high capac-
ity to be able to serve an increasing number of users, es-
pecially nowadays where internet users are growing
rapidly. Multiple Input Multiple Output (MIMO) is one
of the solutions to increase the capacity of the communi-
cation system [1]. In addition, the allocation of spectrum
and frequency is very important so that the communica-
tion system can run effectively [2]. Based on [3-5], one of
the recommended frequencies for 5G communication
systems is in the range below 6 GHz, including 3.5 GHz
and 6 GHz. Furthermore, antennas with high perfor-
mance are needed to be able to transmit information
from senders and receivers, especially for 5G communi-
cation systems. One of the recommended antennas is the
microstrip antenna which has the advantage of having
a low profile, low cost, and excellent performance to op-
erate at high frequencies [6-8]. The development of mi-
crostrip antennas for 5G communication systems has
been widely described in previous studies [9-13].The
previous research presented [14] proposed a CSRR mi-
crostrip antenna that operates for C-band (4.2, 7.6 GHz),
5.5 (HYPERLAN) X-band (9.7 and 11.4 GHz) and Ku-
band (13.9 GHz) while the proposed research [15] multi-
band microstrip antenna for WLAN/WiMAX using
CPW-Fed. However, the two previous studies cannot be
used for MIMO communication systems because they
only consist of a single patch. Another study [16] pro-
posed a MIMO array antenna for ISM/5G NR/WLAN at
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a resonant frequency of 1.7 GHz and 3.5 GHz with low
mutual coupling. However, the proposed resonance fre-
quency does not meet the criteria of a 5G communication
system where the recommended resonance frequencies
are 3.5 GHz and 6 GHz. This paper provides a solution
by proposing a MIMO microstrip antenna which has
dual band characteristics and low mutual coupling. The
proposed antenna has a circular patch operating at
fr1=3.5 GHz and fr2 = 6 GHz with a reflection coefficient
(S11) of <— 10 dB and mutual coupling (Sz21) of <— 20 dB.
In order to achieve the dual-band characteristic, a slot
loading technique is proposed while the inset feed is
used to control the Si1 of the antenna. Furthermore, low
mutual coupling is obtained by controlling the distance
between the antenna patches (d). The main contribution
of this paper is to produce a MIMO microstrip antenna
with dual-band characteristics and low mutual coupling
so that it can be recommended as a receiving antenna
for 5G communication systems.

2. ANTENNA DESIGN

2.1 Development Model of MIMO Dual-Band
CPMA

The proposed antenna is designed using RO-5880
substrate with a dielectric constant (g;) of 2.2, a thick-
ness (h) of 1.58 mm and a loss tan (tand) of 0.0009. The
development model of the proposed antenna is shown in
Fig. 1(a), Fig. 1(b), Fig. 1 (c) and Fig. 1 (d), respectively.
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The structure of the antenna consists of a patch made of
cooper which functions as a radiator while the ground
plane is used as the ground for the antenna. The 1st
model of the antenna is shown in Fig. 1(a) where the
patch used is a circular shape connected to a microstrip
line and a connector with an impedance of 50 Q. Fur-
thermore, an inset feed is proposed on the 2nd model of
the antenna to control the S11 of the antenna as shown
in Fig. 1(b). In the 34 model of the antenna, slot loading
technique is used to produce dual-band characteristics
and control the resonant frequency of the proposed an-
tenna as shown in Fig. 1(c). Finally, the 4t model of the
antenna is shown in Fig. 1 (d) where the MIMO antenna
consists of two ports separated by a distance of (d). It
should be noted, the distance from (d) greatly affects the
mutual coupling of the MIMO antenna.

Connector

Connector

Connector

~ Substrate

Ground plane

[l ro-s880
. Copper
D Brass

Port2

Fig. 1 — Development model of Dual-Band MIMO CPMA, (a)
CPMA, (b) CPMA with inset feed, (¢) CPMA with inset and slot,
(d) CPMA with MIMO configuration

2.2 Dimension of CPMA

The dimensions of a microstrip antenna can be de-
termined based on the resonant frequency and the char-
acteristics of the substrate used. Furthermore, the di-
mensions of the CPMA are determined using the follow-
ing equation [17]:

8.791 x 10°

K= —fr\/s_ (1)
K
r= 2)
{1+nz:K[ln(%)+1,7726]}1/2

where 7= 3.14, K is the logarithmic function of CPMA,
and r is the radius of the antenna with a circular patch.

Based on Eq. (1) and Eq. (2) it can be concluded that
the dimensions of the CPMA are greatly influenced by
the resonant frequency and the characteristics of the
substrate used. In other words, the dimensions of the
antenna become more compact for high resonant fre-
quencies. In this paper, the microstrip line is used as an
impedance matching which functions to connect the an-
tenna to the SMA connector which has an impedance of
50 Q.
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The dimensions of the microstrip line for an imped-
ance of 50 Q can be determined based on the following
equation:

6012
_ 3
Zo,/seff ( )
w,=2{B-1-m@B-1) +%[ln(3—1)+0'39‘0é_{:1 @

where, B is the impedance constant for the microstrip
line which is strongly influenced by the input impedance
while W. is the width of the microstrip line which serves
to connect the antenna to the connector. Furthermore,
the length of the microstrip line is determined by itera-
tion using EM simulation.

3. RESULT AND DISCUSSION
3.1 Design and Simulation Process of CPMA

Based on equations (1), (2), (3) and (4) it is obtained
that the radius (r) of the CPMA is 16 mm while the width
of the microstrip line (W;) is 2 mm. Furthermore, the di-
mensions of the ground plane are represented as Wy and
Lg with a size of 50 mm x 50 mm. The overall dimensions
of the CPMA are shown in Fig. 2 (a).
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Fig. 2 — (a) Dimension of CPMA, (b) S11 of CPMA, (c) VSWR of
CPMA, (d) gain of CPMA

Fig. 2 (b) shows that the resonant frequency and Si:
of the CPMA can be determined by controlling the
dimensions of the length of the microstrip line (L:).
Besides that, VSWR and the impedance of the antenna
are also affected by the length of the microstrip line as
shown in Fig.2 (c) and Fig. 2 (d). From the optimization
results using EM simulation it can be seen that the best
performance of CPMA is obtained when L. =17 mm with
S110f—11.28 dB, VSWR of 1.87 and gain of 6.72 dB with
a resonant frequency of 3.55 GHz.

This indicates that the antenna has not worked
optimally due to the impedance mismatch between the
antenna and the connector. For this reason, further
optimization is needed to improve the performance of
the antenna.
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3.2 Design and Simulation Process of CPMA with
Inset

Furthermore, inset feeding is proposed to improve
the performance of the CPMA as shown in Fig. 3 (a). The
width and length of the feeding inset are represented as
Wi and L, respectively. The function of the inset feeding
is to determine the S11 of the CPMA by controlling the
dimensions of L;, while the dimensions of W; are fixed,
which is 1 mm.
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Fig. 3 — (a) Dimension of CPMA with inset feed, (b) S1: of CPMA
with inset feed, (¢) VSWR of CPMA with inset feed, (d) real
impedance of CPMA with inset feed

Fig. 3(b) shows that Si1 from CPMA improved after
the inset feed was used. Similar findings were obtained
for VSWR and impedance where both parameters can be
determined by controlling the dimensions of L;. The best
performance is obtained when L; = 4.8 mm with
Wi =1 mm where S11 for fr1 = 3.5 GHz is —-13.98 dB and
fr2 = 6 GHz is — 23.37 dB while for VSWR are 1.58 and
1.21 as shown in Fig.3 (c¢), respectively. In addition, the
impedance of the CPMA with inset is shown in Fig.3 (d)
where the real impedance of the antenna is 42.25 Q and
62.03 Q for fr1 = 3.5 GHz and f2 = 6 GHz, this shows that
the antenna already has good compatibility with the im-
pedance of the connector, which is 50 Q.

3.3 Design and Simulation Process of CPMA with
Inset and Slot

In this paper, slot loading is proposed to control and
optimize both resonant frequencies and Si1 of the
CPMA. Fig. 4(a) shows that the slot is placed in the cen-
ter of the CPMA with the length and width of the slot
represented by Ls and Ws. The effect of adding a slot is
that the permittivity of the antenna changes, this causes
the resonant frequency and S1: of the antenna to change
significantly. The dimensions of Ls are obtained from it-
erations with EM simulation while the dimensions of Ws
are fixed, which is 1 mm.

Fig. 4 (b) shows the arrangement of Ls affecting the
resonant frequency and Si:1 for fr1. Furthermore, for fio
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Fig. 4 — (a) Dimension of CPMA with inset feed and slot, (b) S

of CPMA with inset feed and slot, (c) VSWR of CPMA with inset

feed and slot, (d) real impedance of CPMA with inset feed and
slot

a significant effect only appears at Si11 while for the resonant
frequency it is fixed. The same findings are also obtained for
the VSWR and the impedance of the proposed antenna. The
best performance is obtained when L; = 6 mm and W; =1 mm
where S11 is — 16.42 dB and — 24.92 dB for both resonant
frequencies while the VSWR of the proposed antenna is
1.45 and 1.25 as shown in Fig. 4 (c), respectively. The
impedance of the proposed antenna is shown in Fig. 4 (d)
where for fr1 and fr2 are 62.93 Q and 58.80 Q, respec-
tively. This shows that the addition of slots has suc-
ceeded in increasing the performance of the proposed an-
tenna.

3.4 Design and Simulation Process of MIMO
Dual-Band CPMA

The structure of the MIMO antenna consists of two
or more patch antennas that are directly connected to
the input port and separated by a certain distance. In
this paper, a CPMA with two ports is proposed as a
MIMO antenna as shown in Fig. 5.

Wy

Ly

Fig. 5 — Proposed MIMO dual-band CPMA

Fig. 5 shows that each antenna is connected to port
1 and port 2 and separated by a distance (d). One of the
problems with MIMO antennas is high mutual coupling,
this is because the two antennas operate simultaneously
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at the same frequency and are close to each other. Thus,
mutual coupling can be reduced by controlling the dis-
tance of the two antennas.

---- d=1/2 lambda
-10 — - —-d =1/4 lambda
d = 1/8 lambda

Sy (dB)

Frequency (GHz)

Fig. 6 shows the simulation results from S21 from the
distance iteration (d) where the proposed distance is in
the range of 1/21-1/8 1. The simulation results show that
the distance between the antennas greatly affects the
S21 of the MIMO antenna where low mutual coupling
with S21 of — 61.10 dB and — 50.06 dB for fy1 and fr2 are
obtained when d = 1/21.
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Fig. 7 — E-field concentration of proposed MIMO CPMA; (a) at
fr1=38.5 GHz, (b) at fr2 =6 GHz
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Fig. 8 — Radiation pattern of proposed antenna; (a) at fi1 = 3.5
GHz, (b) at frz = 6 GHz
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Furthermore, Fig. 7 (a) and Fig. 7 (b) shows that the
CPMA dual-band MIMO does not affect each other when
operating simultaneously, this is indicated by the E-field
concentration of the antenna on port 1 does not affect
the antenna on port 2 for both resonant frequencies, re-
spectively.

The radiation pattern of the proposed antenna is
shown in Fig. 8 (a) and Fig.8 (b) where the maximum
gain obtained is 7.8 dB and 7.1 dB for f;1 = 3.5 GHz and
fr2 =6 GHz.

As a fair comparison, Table 1 shows a comparison be-
tween the proposed antenna and the existing antenna.

Table 1 — Comparison with existing antenna

Ref | Method | f- Parameter Multi- MIMO
(GHz) band capa-
Su Sur Gain Perfor- bilities
(dB) (dB) (dB) mance for 5G
[14] CSRR 4.2 <-10 | NA 8.27 Yes No
5.5
9.7
13.9
[15] CPW 2.7 <-10 | NA 5.1 Yes No
3.6
5.6
[16] | MIMO 1.7 <-10 | <-20 | 16 Yes No
Array 3.5
T.W | CPMA 3.5 <-10 | <-20 | 7.8 Yes Yes
with in- 6 7.2
set feed
and slot

T.W =this work

4. CONLUSION

In this paper, CPMA dual-band MIMO for 5G com-
munication system has been successfully designed and
simulated. The proposed antenna has dual-band charac-
teristics operating at fr1 = 3.5 GHz and fr2 = 6 GHz. The
performance of the antenna is optimized using inset
feeds and slots while for mutual coupling reduction it is
obtained by controlling the distance between patch an-
tennas (d). From the simulation results, it is obtained
that S11 is — 13.23 dB and — 22.35 dB with a gain of
7.1 dB and 7.2 dB for the two resonant frequencies, re-
spectively. In addition, the proposed antenna also has
low mutual coupling (S21) < — 20 dB where for
fr1=3.5 GHz is — 50.12 dB and fr2 = 6 GHz is — 60.25 dB.
This research is very useful and can be recommended as
a receiving antenna for 5G communication systems.
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Hdsoxaianazouna MIMO kpyria natu-mikpocmyrosa auteHa (CPMA) 3 HU3BKMM B3a€eMHUM
3YeNJIEHHAM JJI9 CUCTEMH 3B’ a3Ky 5G

Indra Surjatil, Syah Alam!, Lydia Sari!, Yuli Kurnia Ningsih!, Agatha Elishabet!,
Salsanabila Mariestiara Putril, Zahriladha Zakaria2, Teguh Firmansyah3
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V crarri 3anporonoBana kpyroea mikpocmyrosa antena MIMO (CPMA), ska mpaifioe Ha pe30HAHCHUX
vacrorax 3,5 [T 1 6 T gyst cucrem 3B’s3ry 5G. Bora pospobiena 3 suxopucranusam migkiaaagu RO-5880 a3
JTeJIEKTPUYHOIO MTPOHUKHICTIO 2,2, ToBimHO© 1,58 MM Ta mienexrpuunumu Brpatamu 0,0009. J[Boxcmyrosa
XapaKTePUCTUKA JOCATAETHCA MIIAXOM poaMimeHus mimun B 1eHTpi CPMA, Toxi sk BeTaBHUM imep BHKO-
PHCTOBYETHCA [IJI KOHTPOJIIO KoediiienTa BigouTTsa. KpimM Toro, sMeHIIeHHS B3a€MHOIO 3UEILJICHHA I0CATa-
€ThCA IIJIAXOM KePYBAHHS BiJCTAHHIO MifK aHTeHAMH, AKIIO BoHM HajamToBani B8 MIMO. Buxogauu 3 pe-
3yJIbTATIB MOIEJIIOBAHHS, 3aIIPOIIOHOBAHA aHTeHa 3a0e3Ievuye BIIMIHHI XapaKTePUCTUKH 3 KoediIlieHTOM Bij-
ourta < — 10 gb 1 Bzaemuum 3B’askom (MC) < — 20 1B ma pesomamcumx uvacrorax 3,5 I'Tir 1 6 I'Tu. JJane
IOCITIIyKeHHSA MOjke OyTH peKOMeH0BaHe K IpUiMaJIbHa aHTeHA IJIs CUCTeMU 3B 13Ky 5G.

Kmiouosi cnosa: JIsogiamasonna anrena, Kpyrmmit mata, Mikpocmyrosa aarerna, MIMO, 5G.

02009-5


https://doi.org/10.1109/ICICTR.2018.8706874
https://doi.org/10.1109/TSSA51342.2020.9310821
https://doi.org/10.1109/TSSA51342.2020.9310821
https://doi.org/10.21272/jnep.14(1).01019
https://doi.org/10.1109/ANTEM.2018.8572907
https://doi.org/10.1109/ANTEM.2018.8572907
https://doi.org/10.1109/ICISS49785.2020.9315914
https://doi.org/10.1109/ICISS49785.2020.9315914
https://doi.org/10.1155/2018/2396873
https://doi.org/10.1155/2018/2396873
https://doi.org/10.23919/ISAP47053.2021.9391214
https://doi.org/10.23919/ISAP47053.2021.9391214
https://doi.org/10.1109/IWAT.2018.8379211
https://doi.org/10.1109/IWAT.2018.8379211
https://doi.org/10.1109/TAP.2019.2957720
https://doi.org/10.1109/TAP.2019.2957720
https://doi.org/10.1109/iWEM.2018.8536673
https://doi.org/10.1109/iWEM.2018.8536673
https://doi.org/10.21272/jnep.13(1).01016
https://doi.org/10.21272/jnep.10(1).01009
https://doi.org/10.21272/jnep.15(1).01027
https://doi.org/10.1109/ICMETE.2018.00049
https://doi.org/10.1109/ICMETE.2018.00049
https://doi.org/10.1109/ICMETE.2018.00049

