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Abstract— An Array of 8 Circularly Polarizer Microstrip Antenna was proposed as MIMO antenna for IEEE 802.11ac 

MIMO WLAN system. The proposed antenna is applied for access point side. Antenna arrangement in two different 

polarization has investigated and the results show that setting the adjacent element with different polarization such 

as right hand and left hand circular polarization was used to suppress the mutual coupling between antenna. The 

highest mutual coupling is -26.8 dB. Each antenna element covers 480 MHz bandwidth. The calculation of 

estimated MIMO capacity that supported by the antenna shows that 1 Gbps capacity can be reach using the 

proposed antenna. 

 
Index Terms— Circularly polarized, microstrip, MIMO, antenna 

 

1. Introduction 

The demand of telecommunication system which support 

high data rate transmission is continually increases day by 

day. Its driven by many multimedia applications, social 

media application and internet of things that used by users. 

Multiple-Output (MIMO) is promising technology that can 

be applied to increase the channel capacity in supporting 

high data rate transmission without increase the bandwidth 

[1,2].  A MIMO system have two or more antennas in a 

single physical transmission. By utilizing multiple antennas, 

data throughput and range are increased compared to a 

single antenna using the same radio transmit power. MIMO 

antennas improve link reliability and experience less fading 

than a single antenna system. By transmitting multiple data 

streams at the same time, wireless capacity is increased [2].  

The channel correlation in MIMO system, generally reduces 

the MIMO capacity. The channel correlation in MIMO 

interpreted in term of spatial correlation related to 

propagation and mutual coupling between antennas in 

MIMO antenna. The MIMO capacity is not only determined 

by the number elements of antenna but also by the array 

characteristic such as spatial correlation, mutual impedance 

and bandwidth each antenna that is used in MIMO antenna 

[3-7]. Several previous researches are investigated the effect 

of antenna mutual coupling to its MIMO capacity [5-7]. 

Low mutual coupling between antenna in MIMO become 

important consideration in designing the MIMO antenna. 

Many researches in designing MIMO antenna reported the 

low level mutual coupling is achieved at -20dB to 27 dB [8-

11]. Several number methods have been studied and 

proposed for suppressing the mutual coupling between 

elements in microstrip array antenna. Spacing is the simplest 

method of adjusting coupling level [12,13], however, the 

solution enlarging the spacing between antenna elements 

shall increases the dimensions of the antenna. A slot 

structure on the ground plane and simple conducting strips 

that located between patch antenna has proposed as a 

method to reduce the mutual coupling between the patch 

antenna elements. The result shows that the method 

significantly reduces the mutual coupling between patch 

[14]. The addition of the Defected Ground Structure [15,16] 

is essentially an attempt to influence the current distribution 

on the antenna surface which can also be used to reduce 

coupling levels, but will have an impact on the fabrication 

complexity. Polarization arrangement between antenna 

elements will reduce the coupling level between elements 

[17]. Cross polarization orientation will lead to increasing in 

polarization loss factor, therefore this concept can be used 

as a simple method to reduce coupling levels.  

IEEE 802.11ac is a communications standard for wireless 

local area network (WLAN) that supports transmitting data 

at speeds above 1 Gbps. In this paper, a design of array of 8 

circularly polarized microstrip antennas is proposed as 

MIMO antenna for IEEE.8011.ac MIMO system that is 

operated at 5 GHz channel. The Monopole has the same 

behavior with dipole antenna and theoretically proofed that 

parallel has higher mutual coupling level than 

perpendicular arrangement [7]. Experiment results on a 

kind of microstrip antenna for MIMO that reported in [9] 

show that the parallel arrangement has coupling level -20 

dB and the perpendicular arrangement has -25 dB. Array of 

circularly polarized with co-polarization and cross 

polarization arrangement are investigated its effect to 

mutual coupling level and MIMO capacity in obtaining the 

1 Gbps channel capacity. Analysis of MIMO capacity of 

proposed antenna is included in this study.   

 Numerical simulation using CST studio has been done 

in designing the proposed MIMO antenna. The results show 

that the proposed antenna has cover 480 MHz bandwidth at 

5 GHz channel. The results show that the proposed antenna 

has cover 480 MHz bandwidth around 5 GHz channel and 
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has also low return loss. In this paper, arrangement of the 

polarization between adjacent antenna element as right hand 

and left hand circular polarization is successfully reduced 

the coupling level below -26.8 dB and supports to reach a 

compact design of the antenna. The radiation pattern of the 

proposed antenna is closed to omnidirectional and 

potentially implement for access point system with good 

covered area.   

 This paper is organized as follow; in the first 

section discussed about the background of research, the 

problems that addressed on the design of MIMO antenna 

and selection of design concepts. Then the second section 

described about the design concept of the proposed MIMO 

antenna and the complete dimensions of the proposed 

MIMO antenna. Afterward the third section discussed the 

results of the numerical studies that have been done in 

designing process and then the last is the conclusion of the 

whole discussion in this paper. 

2. Propose Antenna Design 

The antenna that proposed as MIMO antenna for IEEE 
802.11ac MIMO system is array antenna that consists of 8 
microstrip antennas with corned truncated that arrange in 
circular array. The antenna is proposed as MIMO antenna at 
access point side. Circular array arrangement is chosen to 
cover all direction surrounding the access point. Microstrip 
antenna element is studied in this paper because of several 
features of its antenna that suitable for the purpose MIMO 
system such as directional radiation pattern that can be used 
to increase the space diversity, compact dimension that 
suitable to support a simple integration with access point 
device (router). Microstrip antenna has frequently studied in 
many previous research on MIMO antenna. The microstrip 
antenna element is printed on a structure of double layer 
PCB as shown in Fig 1. The rectangular patch with corner 
truncated shapes is printed on the top of the dielectric 
substrate and the bottom side is ground plane. Each 
microstrip antenna elements is feed using coaxial feeding 
method to give easier way to change its polarization as right 
hand or left hand circularly polarized. The proposed 
antenna is printed on an FR4 substrate having dielectric 
constant of εr=4.3, tangent loss of 0.025 and a thickness of 
1.6 mm. The complete dimensions of the antenna are 
follows; p = 11.4 mm, s = 1mm, g = 20 mm, h = 1.6 mm 
and d=2.6 mm.  

The circular array structure of the proposed antenna is 

depicted in Fig.3. In order to study the effect of polarization 

arrangement to mutual impedance between elements, two 

array scenarios are investigated. Scenario-A is depicted in 

Fig.2. In this scenario, microstrip antenna element are 

arranged with the same polarization. Scenario-B is depicted 

in Fig.3. In this scenario, each adjacent microstrip antenna 

elements are arrange with cross polarization. The 

dimension of the antenna is determined based on the 

formula of microstrip antenna and continued with 

parametric study to obtain the optimum dimension which is 

performed using numerical simulation. 

 
Fig. 1. The dimension of circularly polarized microstrip antenna that used 

as antenna element in proposed MIMO antenna. 

 

 
Fig 2. MIMO antenna configuration with Scenario-A 

 

Fig. 2. MIMO antenna configuration with Scenario-B 

 
Fig 3. S11 of circularly polarized microstrip antenna that used in 

Scenario-A and Scenario-B. 

 

3. Result and Discussion 
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The S11 of each circularly polarized microstrip antenna 
that used in Scenario-A and Scenario-B are depicted in Fig. 
4.  The numerical simulation results in Fig.4 shows that 
each antenna elements in Scenario-A has 480 MHz 
bandwidth of S11<-10 dB within range 5.498 MHz to 5.978 
MHz. The Scenario-B has 480 MHz bandwidth within range 
5.515 MHz to 5.995 MHz. This result indicates that 
proposed antenna with 8 elements potentially reaches the 
total capacity 1 Gbps.  

In Scenario-A, antenna elements are arranged in the 
same polarization and in Scenario-B antenna elements are 
arranged in cross-polarization for two adjacent elements. 
The results show that mutual coupling between element in 
Scenario-A has highest value of -21.2 dB and the lowest 
value of -34.5 dB. Meanwhile, for Scenario-B, the results 
show that mutual coupling between 

elements has highest value of -26.8 dB and lowest value 
of -49.5 dB. The mutual coupling in Scenario-B is lower 
than in Scenario-A. Its agree with theory and the result in 
previous research that cross polarization arrangement causes 
lower mutual coupling that co-polarization arrangement 
[17]. Furthermore, Scenario-B is selected as proposed 
MIMO antenna for IEEE 802.11ac MIMO system.  

The numerical simulation results of antenna radiation 
pattern are shown in Fig. 5 and Fig. 6. Each antenna element 
has maximum main beam in eight different direction. The 
coverage of the MIMO antenna can be divided into 8 sectors 
and each antenna elements will cover one sector. 
Combination of each antenna radiation pattern have an 
omnidirectional coverage which is suitable to be applied as 
an antenna for both indoor and outdoor access points. 

The MIMO channel capacity that can be supported by 

proposed antenna system is approximated by capacity 

calculation that discussed in [7]. By assuming that mutual 

coupling between antennas has been suppressed to reach 

low level mutual coupling. The capacity calculation is 

performed by considering spatial correlation matrix. Fig.7 

shows the spectral efficiency at different SNR condition. 

The estimated MIMO capacity can be achieved by the 

proposed MIMO is greater than 1Gbps, either at low SNR 

level.  Several steps of this research still need to be done 

such as antenna fabrication and measurement. 

 

 

 

Fig 5. Radiation pattern of proposed antenna for Scenario-A. (a) Radiation 
pattern of element-1. (b) Radiation pattern of element-2. (c) Radiation 

pattern of each element. 
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Fig. 6  Radiation pattern of proposed antenna for Scenario-B. (a) 

Radiation pattern of element-1. (b) Radiation pattern of element-2. (c) 
Radiation pattern of each element. 

 

Estimated spectral efficiency of proposed antenna vs SNR 

 

4. Conclusion 

Array of 8 circularly polarized microstrip antennas has 

designed and proposed for IEEE 802.11a MIMO 

system that operate at 5 GHz channel. The antenna is 

proposed to be used for access point antenna. The 

numerical simulation study has performed to reach the 

design. MIMO antenna arrangement in two different 

polarization scenarios has investigated and the result 

shows that arrangement of two adjacent element in 

different polarization i.e. right hand and left hand 

circular polarization successfully suppressed the 

mutual coupling. The highest mutual coupling between 

element is -26.8 db. Combination of each antenna 

radiation pattern have an omnidirectional coverage 

which is suitable for access point system. The capacity 

calculation is performed and the result shows that the 

estimated MIMO capacity that can be achieved by the 

proposed MIMO is greater than 1 Gbps, either at low 

SNR level. 
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