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ABSTRACT 
 

This paper proposes the design of a MIMO Array 2x1 element microstrip antenna for a fifth generation (5G) 
technology system at a frequency of 3.5 GHz. The antenna is designed using RT-Duroid R5880 substrate 
type with dielectric constant (εr) = 2.2 , thickness (h) = 1.57 mm and loss tan (tan ) = 0.0009. MIMO array is 
applied to increase the gain and directivity of the proposed antenna. The proposed MIMO antenna design has 
been successfully simulated with a reflection coefficient of -22 dB, an isolation coefficient of -78 dB and a 
gain of 12 dB at a frequency of 3.5 GHz. Furthermore, the bandwidth of the proposed antenna is 0.32 GHz 
(3.32 GHz – 3.68 GHz). The application of 2x1 MIMO arrays succeeded in increasing gain and bandwidth 
up to 47.05 % and 91.07% compared to single element antennas. The correlation and directivity of the 
proposed MIMO antenna has a good value with an Envelope Correlation Coefficient (ECC) of 0.0005 and a 
Diversity Gain (DG) of 10 dB at a frequency of 3.5 GHz. The proposed antenna design has worked according 
to the criteria and can be used as a recommendation as a receiving antenna in the fifth generation (5G) 
communication system. 
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1. INTRODUCTION  
 

The fifth generation (5G) communication system 
was introduced in 2018 and has advantages such as 
high data transfer speed and very wide bandwidth 
[1]. Based on the regulations set by [2], the resonant 
frequency used for the fifth generation (5G) 
communication system is divided into several bands, 
namely for high band 28 GHz, mid band 15 GHz and 
low band 3.5 GHz. In a wireless communication 
system, an antenna is needed as a sender and receiver 
of signals that will be converted into electrical waves 
so that can be used for voice and data communication 
purposes [3]. One of the antennas that has been 
widely developed for the purposes of wireless 
communication systems is the microstrip antenna 
[4]. Microstrip antennas have the advantages of 
compact design, affordable manufacturing costs and 
can work at high frequencies [5]. However, 
microstrip antennas have several disadvantages, 
including low gain and directivity [6]. The compact 
dimension is one of the advantages of the microstrip 
antenna so it is suitable for use as a receiving antenna 
in a wireless communication system, but to maintain 
optimal customer service, multi antennas are needed 

that work on the MIMO system for better service 
quality and connectivity. 

The development of MIMO microstrip antennas 
for fifth generation communication systems has been 
described in several previous studies [7-8]. The 
research proposed by [9] has succeeded in designing 
an L-shaped MIMO microstrip antenna at a 
frequency of 3.5 GHz with a return loss value of -10 
dB and an isolation loss of -18 dB and a gain of 2 
dBi. Furthermore, in the research proposed by [10] a 
4 port MIMO microstrip antenna was developed at a 
frequency of 3.5 GHz with a return loss value of -10 
dB and a gain of 5.1 dBi. However, both studies still 
proposed low gain and low directivity so that 
development and optimization are needed. Several 
optimization methods has been proposed to improve 
directivity in previous studies, including arrays [11-
12], and parasitic [13]. In the study conducted by 
[14] the plannar array MIMO method was used to 
increase the directional and resulted in an increase in 
gain of 8 dBi while the research conducted by [15] 
produced a gain of 12.07 dB using the 6 sector array 
antenna. One of the advantages of MIMO is that it 
increases the signal reception level in multi-user 
applications so that directivity is better and 
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directivity is more focused. The array method aims 
to increase the gain of each antenna port so that the 
beam angle becomes narrower and the reception 
distance is better. The novelty of this research is the 
design of the MIMO array 2x1 element microstrip 
antenna which was developed so as to produce 
higher gain and directivity. 

 

2. ANTENA DESIGN 

The proposed antenna is designed using  Duroid 
RT-5880 substrate with the specifications shown in 
Table 1. 

Table 1: Specification of Duroid RT-5880 

Parameter Value 
Dielectric Constant (Ɛr) 2.2 

Thickness (h) 1.575 mm 
Loss Tan (tan α) 0.0009 
Cooper Cladding 1 Oz, 35 µm 

Volume Resistivity 2 x 10 7 M Ohm.cm 
 

In this paper, the microstrip antenna is designed 
to work in the frequency range of 3.4 – 3.6 GHz with 
a resonant frequency of 3.5 GHz for the application 
of the fifth generation (5G) communication system. 
The initial stage in the design process is to calculate 
the dimensions of a single element microstrip 
antenna that operates at a frequency of 3.5 GHz. The 
microstrip antenna proposed in this study has a 
rectangular shape with length (L) and width (W). In 
addition, the microstrip antenna will be connected to 
a female SMA connector with an impedance of 50 
Ohms using a microstrip line. The function of the 
microstrip line is as an impedance matching between 
the antenna and the connector used. The antenna and 
connector must have the appropriate impedance to 
radiate electromagnetic waves at the proposed 
antenna. To calculate the dimensions of a 
rectangular microstrip antenna, equations (1), (2), 
(3), (4) and (5) is used while for the microstrip line 
feeder used equations (6) and (7) [16]. 
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The next step is to design a MIMO microstrip 
antenna with 2 x 1 elements. The 2 x 1 element 
MIMO antenna is designed by separating the intial 
designed antennas using insets and slits with a 
distance (d1). The distance between the patch  of 
MIMO antennas is obtained by using equation (8) 

 
d1 = ½ 𝜆           (8) 
 
The development of the array 2x1 and array MIMO 
microstrip antenna model is shown in the Figure 1 
and Figure 2. 
 

 
 
Figure 1: Design of Microstrip Antenna With Array 2x1  

 
Figure 2: Design of MIMO Array 2x1  

 
Figure 1 shows the parameters of a 2x1 element 

antenna array while Figure 2 shows the structure of 
a MIMO array 2x1 antenna consisting of a patch 
antenna, a feed line (Z = 50, Z2 = 70.7 and Z1 = 100 
Ohms) and SMA connectors. The use of a feed line 
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with an impedance of 70.7 and 100 Ohms serves as 
an impedance adjuster to get a good reflection 
coefficient so that the antenna can work optimally. 
Furthermore, a microstrip line with an impedance of 
50 ohms is used as the main impedance which is 
directly connected to the SMA connector which also 
has an impedance of 50 Ohms. The design of the 2x1 
element MIMO array antenna has the similar 
dimensions and size as the 2x1 element array 
antenna, but there is an additional 1 port that aims to 
increase the gain and directivity of the proposed 
antenna. The dimensions of the distance between 
array elements (da) are 43 mm and gap with MIMO 
element (d) are 40 mm, while the length and width 
of the ground plane are Wg = 300 mm and Lg = 120 
mm. The dimensions of the 2x1 element MIMO 
array antenna are shown in Table 2. 

Table 2: Dimension of Proposed Antenna 

Parameter Dimension  
Wg 300 mm 
Lg 120 mm 
W 35 mm 
L 28.3 mm 

Wz 5 mm 
Lz 13 mm 
Ws 1 mm 
Ls 6.6 mm 
Wi 1 mm 
Li 6 mm 

Wz1 2 mm 
Wz2 3 mm 
Lz1 35.5 mm 
Lz2 41.5 mm 
da 43 mm 
d 40mm 

 
3. RESULT AND DISCUSSION 
 

To obtain the optimal directionality and 
isolation coefficient, iteration is carried out by 
adjusting the distance between MIMO elements (d). 
The optimization steps of the proposed antenna are 
shown in Table 3 and the simulation results of the 
reflection (S11) and isolation coefficient (S12 and 
S21) parameters are shown in Figure 5. 

Parameters S12 and S21 indicate the 
independence of each antenna on port 1 and port 2, 
the minimum value that is a feasibility requirement 
for a MIMO antenna is -20 dB. In addition, the 
isolation coefficient also depends on the Envelope 
Correlation Coefficient (ECC) and diversity gain 
(DG). Eligibility requirements for the MIMO 
antenna for ECC are 0.5 and diversity gain is 10 dB. 
The ECC parameter relates to the correlation 
between the two ports of the MIMO antenna while 

the DG relates to the MIMO antenna's ability to 
direct the signal to the receiver. These two 
parameters are very important parameters in MIMO 
antennas, a good ECC value will produce good 
directivity and vice versa. 

Table 3: Iteration Process of gap of MIMO (d) 

Iteration  Dimension of d 
1 10 mm 
2 20 mm 
3 30 mm 
4 40 mm 

 

 
Figure 3: Simulation Result of S-Parameter  

 
Figure 3 shows the simulation results of S11 and 

S12 from the optimization process for the distance 
between MIMO elements (d). The gap of element 
affects the isolation coefficient (S12 and S21 ) of the 
MIMO antenna. S12 and S21 show the 
independence of each antenna on port 1 and port 2, 
the minimum limit that is a requirement for the 
feasibility of a MIMO antenna system is -20 dB. In 
addition, isolation coefficient also depends on the 
Envelope Correlation Coefficient (ECC) and 
diversity gain (DG). The comparison of the gain 
simulation results from the optimization process is 
shown in Figure 4.  

Figure 4 shows that the spacing between MIMO 
elements (d) affects the gain of the proposed 
antenna. The maximum gain obtained from the 
iteration 4  while gain is 13 dB at a frequency of 3.5 
GHz with a directional radiation pattern as shown in 
Figure 5. Furthermore, the current distribution of the 
MIMO element at a frequency of 3.5 GHz also 
shows that the antennas at port 1 and port 2 are 
independent of each other and do not affect each 
other as shown by the current value of 3.4 e+0.002 
V/m in Figure 5. This is in accordance with the 
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results of the gain and directivity of the proposed 
antenna. 

 
 
 

 
 
 
 
 
 
 
 
 

Figure 4: Simulation Result of Gain 

 
Figure 5: Simulation Result of Current Distribution 

Furthermore, the radiation pattern from the 
MIMO array 2x1 antenna with a distance of d = 40 
mm has a beamwidth (ɸ) which is much narrower 
than the other iterations as shown in Figure 6. The 
increase in gain has an impact on the narrower 
beamwidth, the effect of the narrow beamwidth 
creates a side lobe beside the main lobe which has a 
maximum radiation point. 

 
Figure 6: Simulation Result of Radiation Pattern 

After the optimization and simulation process 
using EM simulation software, several stages of 
analysis were carried out on the parameters of the 
Envelope Correlation Cofficient (ECC) and 
Diversity Gain (DG). The ECC parameter relates to 
the correlation between the two designed antenna 
ports while the DG relates to the MIMO antenna's 
ability to direct the signal to the receiver. These two 
parameters are very important parameters in MIMO 
antennas, a good ECC will produce good directional 
and gain and vice versa. The threshold value for ECC 
is 0.5 for each working frequency, while the 
maximum DG value for a 2-element MIMO antenna 
is 10 dB. The ECC and DG values were obtained by 
calculation using equations (9) and (10) and 
observed at each frequency and the reflection 
coefficient (S11) and isolation coefficient (S12) of 
the proposed antenna [16]. The comparison of ECC 
and DG of the designed MIMO antenna is shown in 
Figure 7. 
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Figure 7: ECC from Proposed Antenna 

 
Figure 8: DG from Proposed Antenna 
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Figure 8 shows that the ECC of the proposed 
antenna is 0.0005 with a DG of 10 dB at frequency 
of 3.5 GHz. Both parameter have met the required 
threshold for MIMO antennas. In addition, ECC and 
DG from the operating frequency range of 3-4 GHz 
have stable values, so it can be concluded that the 
proposed antenna has met the criteria to be applied 
as a receiving antenna in the fifth generation (5G) 
communication system. High diversity gain is 
obtained when the ECC is lowest and vice versa, this 
shows that when the correlation between ports of the 
MIMO antenna is not significant while the gain and 
directionality of the antenna is more optimal. The 
best value is obtained in the iteration 4 with the 
isolation loss of -78 dB, ECC of  0.0005 and DG of 
10 dB at a frequency of 3.5 GHz.  

Figure 9 shows that the development of a 
microstrip array antenna 2x1 can increase gain up to 
47.05% while MIMO array 91.17% compared with 
single element antennas. In addition, the radiation 
pattern of the antenna before and after optimization 
with MIMO also changes as shown in Figure 10. 

 

 
Figure 9: Comparison Gain of Proposed Antenna 

 
 

Figure 10: Comparison Of Pattern Radiation 

Figure 10 shows that the application of arrays 
MIMO has succeeded in increasing the directivity o 
and radiation pattern of the antenna. The beamwith 
of the radiation pattern of antenna gets narrower so 
that the focus beamforming of antenna improved. 

 
 

4. CONCLUSION 

The design and development of the MIMO 
Array 2x1 element antenna has been described and 
presented in this paper. From the simulation and 
optimization results, the distance between the 
MIMO elements (d) is 40 mm. The application of 
MIMO array has succeeded in increasing the antenna 
gain until 91.17 % compared to single element 
antennas. Furthermore, the radiation pattern and 
directivity also increased after the application of 
MIMO arrays. The proposed antenna produces ECC 
0.0005 and diversity gain 10 dB at a frequency of 3.5 
GHz. The proposed antenna can be recommended 
and proposed as a receiving antenna in the fifth 
generation (5G) communication system. Future 
work of this research is fabricated the proposed 
antenna and verification simulation result with 
measurement result using Vector Network Analyzer. 
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