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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 (e:) of 2.2, a thickness (k) of 1.58 mm and a loss tan (tan §) 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 capacity
to be able to serve an increasing number of users, especially
nowadays where internet users are growing rapidly. Mul-
tiple Input Multiple Output (MIMO) is one of the solutions
to increase the capacity of the communication system [1].
In addition, the allocation of spectrum and frequency is
very important so that the communication system can run
effectively [2]. Based on [3-5], one of the recommended fre-
quencies for 5G communication systems is in the range be-
low 6 GHz, including 3.5 GHz and 6 GHz. Furthermore,
antennas with high performance are needed to be able to
transmit information from senders and receivers, espe-
cially for 5G communication systems. One of the recom-
mended antennas is the microstrip antenna which has the
advantage of having a low profile, low cost, and excellent
performance to operate at high frequencies [6-8]. The de-
velopment of microstrip antennas for 5G communication
systems has been widely described in previous studies [9-
13].The previous research presented [14] proposed a CSRR
microstrip 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] multiband mi-
crostrip antenna for WLAN/WiMAX using CPW-Fed. How-
ever, the two previous studies cannot be used for MIMO
communication systems because they only consist of a sin-
gle patch. Another study [16] proposed a MIMO array an-
tenna for ISM/5G NR/WLAN at a resonant frequency of 1.7
GHz and 3.5 GHz with low mutual coupling. However, the
proposed resonance frequency does not meet the criteria of
a 5G communication system where the recommended res-
onance frequencies are 3.5 GHz and 6 GHz. This paper pro-
vides a solution by proposing a MIMO microstrip antenna
which has dual band characteristics and low mutual cou-
pling. The proposed antenna has a circular patch operating
at fr1=38.5 GHz and fr2 = 6 GHz with a reflection coefficient
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(S11) of <—10 dB and mutual coupling (Sz1) 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 S11 of the antenna. Furthermore, low mutual coupling
is obtained by controlling the distance between the an-
tenna patches (d). The main contribution of this paper is to
produce a MIMO microstrip antenna with dual-band char-
acteristics and low mutual coupling so that it can be recom-
mended as a receiving antenna for 5G communication sys-
tems.

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 (tan §) 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.
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 22 model of
the antenna to control the Si11 of the antenna as shown
in Fig. 1(b). In the 3'd 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 4th 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.
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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= e ()
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r= (2
{12 () +1,7726])

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 res-
onant frequency and the characteristics of the substrate
used. In other words, the dimensions of the antenna be-
come more compact for high resonant frequencies. In this
paper, the microstrip line is used as an impedance match-
ing which functions to connect the antenna to the SMA con-
nector which has an impedance of 50 Q.

The dimensions of the microstrip line for an imped-
ance of 50 Q can be determined based on the following
equation:
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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 mi-
crostrip line is determined by iteration using EM simulation.

3. RESULT AND DISCUSSION

3.1 Design and Simulation Process of CPMA
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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 W, 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 Si1
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.

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
W; and L;, respectively. The function of the inset feeding
is to determine the Si1 of the CPMA by controlling the
dimensions of L;, while the dimensions of W; are fixed,
which is 1 mm.

Fig. 3(b) shows that S11 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 S1: 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,
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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 im-
pedance of CPMA with inset feed

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 fr2= 6 GHz, this shows
that the antenna already has good compatibility with
the impedance 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.
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Fig. 4 — (a) Dimension of CPMA with inset feed and slot, (b) S1:
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
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Fig. 4(b) shows the arrangement of Ls affecting the
resonant frequency and Si: for fr1. Furthermore, for frea
significant effect only appears at S11 while for the reso-
nant frequency it is fixed. The same findings are also ob-
tained for the VSWR and the impedance of the proposed
antenna. The best performance is obtained when L; = 6
mm and W; =1 mm where Si1is — 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 Figure 4(d) where for fr1 and fr2 are 62.93 Q and
58.80 Q, respectively. This shows that the addition of
slots has succeeded in increasing the performance of the
proposed antenna.

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

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
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.
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Fig. 6 — the simulation results from Sg: from the distance iter-
ation (d) where the proposed distance is in the range of 1/21 —
1/82

Fig. 6 shows the simulation results from S21 from the
distance iteration (d) where the proposed distance is in
the range of 1/21 — 1/81. The simulation results show
that the distance between the antennas greatly affects
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the S21 of the MIMO antenna where low mutual coupling

with S21 of — 61.10 dB and — 50.06 dB for fr1 and f2 are
obtained when d = %A.

E-field (kV/m)

0.08

E-field (KV/m)

l 8.5

Fig. 7 — E-field concentration of proposed MIMO CPMA; (a) at
fr1=38.5 GHz, (b) at fr2=6 GHz

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 frequen-
cies, respectively.

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 fi1 = 3.5 GHz and
fr2 =6 GHz.
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Fig. 8 — Radiation pattern of proposed antenna; (a) at fr1 = 3.5
GHz, (b) at fro = 6 GHz

fr2=6GHz
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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-(GHz) Parameter Multi- MIMO
band capa-
—Perfor- |bilities
S1u1 (dB) ((Sig) ((;:];r; 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 inset |6 7.2
feed and
slot

T.W = this work
4. CONLUSION

In this paper, CPMA dual-band MIMO for 5G commu-
nication system has been successfully designed and sim-
ulated. The proposed antenna has dual-band characteris-
tics operating at i1 = 3.5 GHz and f,2 = 6 GHz. The per-
formance of the antenna is optimized using inset feeds
and slots while for mutual coupling reduction it is ob-
tained by controlling the distance between patch anten-
nas (d). From the simulation results, it is obtained that
Si11is — 13.23 dB and — 22.35 dB with a gain of 7.1 dB and
7.2 dB for the two resonant frequencies, respectively. In
addition, the proposed antenna also has low mutual cou-
pling (Sz21) <— 20 dB where for ;1 = 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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JBoxmianazouna MIMO kpyria mata mikpocmyroea antena (CPMA) 3 HU3bKMM B3a€MHUM
3YEIJIEHHAM JJIA cucTeMu 3B A3Ky 5G
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V mawmiii craTTi 3anpononoBana Kpyrosa mikpocmyrosa anrena MIMO (CPMA), sika mpaifioe Ha pe3oHaH-
caux vacrorax 3,5 [T 1 6 'l uts cucrem 38’3y 5G. IIporoHoBana anTeHa po3pobiaeHa 3 BUKOPHCTAHHIM
migxmagku RO-5880 3 miesnexkrpuunoio nmporukHicro (er) 2,2, Tommaoo (h) 1,58 MM 1 tan Brpart (tan 6) 0,0009.
JIBoXCMyroBa XapaKTepHCTHKA TOCATAEThCA MIJITX0OM PO3MIileHHA niiyinau B 1eHTpi CPMA, Toxl sk BcTaBHMIA
dimep BUKOPHUCTOBYETHCA IS KOHTPOJIA KoedilrieHTa BimouTTsa. Kpim Toro, aMeHIIeHHS B3a€MHOT0O 3YeILIIeHHS
IOCATAeThC IIUIAX0OM KepPyBAHHS BIICTAHHIO MisK aHTeHaMH, SKIo BoHu HasamrroBadi 8 MIMO. Buxomsaumn 3
pe3yabTaTiB MOAEJIIOBAHHS, 3alIPOIIOHOBAHA aHTeHA 3a0esmedye BIAMIHHI XapaKTEePUCTUKN 3 KOoediIlleHTOM
BimbutTa < — 10 gb 1 Baemunm 38’ss3xom (MC) < — 20 1B Ha pesonancuux vacrorax 3,5 [T i 6 I'T'm,

Knrouogi ciosa: [pomianaszonnuit, Kpyrimit maty, Mikpocmyrosa aurena, MIMO, 5G.
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