
 

 
 

 

 
Journal of Green Engineering (JGE) 
 

  Volume-10, Issue-10, October 2020 

 
 

   

 

 
 

 

 

 

 

 

 

Efficiently Arranged Wide Band 10 Element 
MIMO Antenna Array for Sub 6 GHz Cellular 

Applications 
 

1
Ramaprasad Maharana, 

2
N. Oral Roberts, 

3
S.Prasath Kumar

 

  
1
Associate Professor, Department of Electronics and Communication Engineering, 

Sri Sai Ram Institute of Technology, Chennai, Tamilnadu, India. 
2
Assistant Professor, Department of Electronics and Communication Engineering, 

Sri Sai Ram Institute of Technology, Chennai, Tamilnadu, India. 
3
Assistant Professor, Department of Electronics and Communication Engineering, 

Sri Sai Ram Institute of Technology, Chennai, Tamilnadu, India. 

 
Abstract 
  

In this paper a 10 element multi input and multi output antenna array is 

compactly arranged for sub 6 GHz cellular applications. It is designed to 

cover the frequency range from 2GHz to 12 GHz apart from this it will work 

compatible with LTE 42 LTE 43 and LTE 44 band.  The entire system 

consists of two sub arrays and each sub array consists of 5 elements and each 

sub array are paced on the system ground plane. The center distance between 

the two successive elements is only 4 mm. The mutual coupling between the 

two elements will be reduced by introducing neutralized line method (NL) 

and ground slot method. The purposed decoupling techniques reduce the 

isolation from 12.3dB > to 20dB within 33% of bandwidth by using various 

decoupling structure. The dimension of the circuit board of the system is 130 

X 80 mm2 whereas the size of each element of the array 30 X 2 mm2. The 

spacing between edge to edge >8mm.The channel capacity 75bps/Hz can be 

achieved the efficiency is achieved up to 78%. The proposed system is 

compact with better isolation and diversity for wideband cellular 

applications. 
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1 Introduction 
 

Energy  

To design compact system with better isolation and diversity with high 

efficiency for MIMO antenna array is always a challenging task in cellular 

communication system [1, 2]. Whereas a MIMO always preferable for higher 

data rate and effective utilizations of channel  in cellular communication 

system [3].The cellular communication journey start from 1G to 4G  now it’s   

moving toward  5G due to high requirement of  mobile video streaming , IOT 

technology and many  more [5,6]. The 5G can operate in sub 6GHz spectrum 

or mm wave spectrum but the sub 6 GHz is more preferable because it is 

required less hardware changes in the cellular model [13]. to make the 

cellular system compact.  

To make the MIMO antenna more compact the spacing between the 

antenna elements are reduced. 

Due to this the mutual coupling[4] will increases which effect the various 

parameters like terminal impedance, radiation characteristic, Radio cross 

section (RCS)[8] etc. To reduce the mutual coupling the various isolation 

enhancing techniques have been purposed like pattern diversity [7], ground 

slot structure [14], and orthogonal mode method each having their own 

advantages and disadvantages. In resent a tree like wideband isolation is 

purposed but it is bulky and unable to tune easily [9-12]. So it is always a 

challenging task to design proper decoupling technique to achieve the desired 

parameters.  In order to o meet the challenge for the current demands a quad 

decoupling technique is applied to MIMO antenna array system and entire 

system is simulated  and tested by considering the frequency band  ranging 

from 2GHz to 12 GHz. The array is  constructed with 10 element MIMO the 

space between the elements is reduced and the array are kept on the side edge 

of the frame in the form of   mirror image to achieve good isolation  further it  

will  increased the diversity and efficiency [10]. The purposed system is 

small in size and suitable for wide band cellular applications. 

 

2 Antenna Element Design Process  
 

The proposed smart phone antenna array having three printed circuit 

board named as P1, P2 and P3 as shown in figure 1b. All the PCB are 

designed with two sided substrate(fig 1a). The substrate is designed with 

dielectric material FR4 which is high insulating properties with εr = 4.4and 

loss of tangent is 0.2. the dimension of P1 is 140 X70 X6 mm
3
 and kept with 

metal ground having area 120 X70 mm
2
 at the bottom of the P1.A microstrip 

patch antenna is kept on the top layer of the P1 having resistance 50Ω.  To 

avoid the interference there are clearance area at the two edges of area 

70X7mm
2
 .P2 and P3 are having dimension 127 X 5.7X 6mm

3 
 and placed  

normal on  
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the P1The total dimension of MIMO antenna array is 140 X 70 X6 mm
3
 .The 

antenna array are arranged Two edges of P1 in horizontally manner. 

 

 
Figure 1a PCB Structure 

 

 

 
 

Figure 1b PCB Board 

 

The ANT1 element is feed C shaped coupled fed line and ANT2 element 

is feed with L shaped coupled fed. The antenna elements are attached in the 

inner surface of the side edge frame which is normal to the ground plane. The 

entire dimension of ANT1 and ANT2 7.4mmX 2.4mm and 10.3 mm X3, 

5mm The parameters of ANT1 are ha1, ta1, ta2,e0 and e1 as shown in figure  

Ground   Strip line 1 
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2a. A blue dot lines HGH is radiating strip part (FGH) having dimension ha0, 

ta0 and ta2 

Point D is connected to a ground plane through a narrow microstrip. S0 is 

width between Feeding strip and radiation strip .FG is the radiation part of 

the strip line of ANT 1. 

The ANT1 element is feed C shaped coupled fed line and ANT2 element 

is feed with L shaped coupled fed. The antenna elements are attached in the 

inner surface of the side edge frame which is normal to the ground plane.  

The entire dimension of ANT1 and ANT2 7.4mmX 2,4mm and 10.3 mm 

X3,5mm The parameters of ANT1 are ha1,ta1, ta2,e0 and e1 as shown in 

figure 2a.A blue dot lines FGH is radiating strip part (FGH) having 

dimension ha0,ta0 and ha2 

Point G is connected to a ground plane through a narrow microstrip. So is 

width between feeding strip and radiation strip .FG is the radiation part of the 

strip line of ANT 1. 

Microstrip line having width of 1.5mm and placed at the upper surface of 

the substrate at point E1 with resistance 50Ω. Make ANT I length 16mm 

calculated with help of operating frequency. The length is nearly quarter 

wavelength due to that the effective size of ANT1 is reduced. The detail 

parameter of ANT1 is shown in table 1.a 

The parameters of ANT2 are ha11, ta11, t122, e00.. A green dot lines 

F1G1H1 is radiating strip part (FGH) having dimension ha00, ta00 and ha22. 

Microstrip line having width of 1.5mm and placed at the upper surface of the 

substrate at point E1 with resistance50Ω. Point H1 is connected to a ground 

plane through a narrow microstrip as shown in figure 2b. S00 is width 

between Feeding strip and radiation strip. The overall width of ANT2 is 

20.2mm calculated with help of operating frequency .The detail parameter of 

ANT2 is listed in Table 1b.The simulation stud is made with help of HFSS 

tool for the reflection coefficient, band width and resonance frequency as 

shown in figure.   

 
Table 1a Detail Parameter of ANT1 
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Table 1b Detail Parameter of ANT1 
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Parameters hao ha1 ha2 ta0 ta1  ta2 So e0 e1 

Dimension in mm 8.7 2.6 4.1 2.1 0.7  0.32 0.9 3.3 1.9 

Parameters Hao0 ha11 ha22 ta00 ta11 ta22 Soo e00 

Dimension in mm 9.7 4.5 4.1 1.3 0.5 0.5 0.8 2.9 
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Figure 2a ANT1 

 

 
 

Figure 2b ANT2 

 
3 Decoupling Between Two Elements 

 

3.1 Horizontally Ground Slot  
 

The isolation of radiation between the two elements will be done in two 

ways one is hozontally 

 “I” ground slot. The slot is obtained by etching the ground plane as 

shown in figure 3a. The dimension of horizontal I slot is displayed in the  
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table. By adjusting the portion of the slot the optimum isolation between two 

antennas can be obtained by adjusting the size and position of the slot. 

 

3.2 Neutralizing Line method  
 

 A neutral line which is made of slender microstrip line of width 0.18mm 

is connected between the two elements in such a way that which is 

neutralized the induced current produced by antenna element by generating 

conduction current at ground point G as shown in figure 3b.Optimum 

isolation can be achieved by adjusting the width of the neutral line and 

distance from the ground  

 

 
Figure 3a Ground Plane 

 

 
Figure 3b Ground Point G 

 

5 10 Element MIMO Antenna Design 
 

The 10 antenna array is divided into two sub array of 5 elements p  

placed symmetrically in the P1 substrate  as shown in figure 4a,The  sub 

array 1 is consist of  ANT1 to 5 whereas sub array 2 is consist  of ANT 6 to 

10 . The ANT1, ANT5, ANT6 and ANT10 which is composed   of four C 

shaped coupled feed antenna they are all same size and they are placed 

symmetrically in the frame. Whereas antenna ANT 2, ANT3, ANT4, ANT7, 

ANT8 and ANT9 L shaped coupled fed line are used and antenna are same 

size are placed symmetrically in the frame. Because of more number of 

antennas are place in the frame the mutual coupling will be increased. To 

reduce the coupling two isolation techniques.  Horizontally I shaped ground 

slot and neutralized method are introduced  

The measured reflectioncofficent and transmission coefficient for various 

frequencies are plotted as shown in figure 4b and 4c. 
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Figure 4a P1 Substrate 

 
5 Performance Analysis of MIMO Antenna Array  

 
Figure 4b Simulated of Reflection Coefficient and Transmission Coefficient of 

10 Element Antenna Array 

 
Figure 4c Measured Reflection Coefficient and Transmission Coefficient Of 10 

Element Antenna Array 
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From this analysis the measured one is strongly resemble with simulated 

one with the frequency of 3.76GHz range. The isolation characteristic is 

improved in the desired band. The isolation is less than 20dB .is achieved  

 
Figure 5 Measured Antenna Efficiency and ECC of MIMO Antenna Array 

 

The antenna efficiency is achieved upto 64% for MIMO antenna array 

and also the ECC also better then the simulated value. The channel capacity 

of the 10 element MIMO antenna array is increased to 40bps for Hz(fig 5).  

From the performance of 10 element MIMO antenna array we conclude 

that the purposed MIMO antenna array is very much suitable for high 

frequency band cellular applications. 

 

6 Conclusion  
 

In this paper 10 element MIMO antenna configuration has been proposed 

for sub 6 Ghz cellular communication. As the feed circuit are micro strip 

patch line with C and L shaped slots the overall size of the MIMO antenna 

array is reduced .Due to the hybrid decoupling technique the better isolation 

between the antenna elements are achieved. The isolation is upto 20dB can 

be obtained with frequency range of 3.4GHz to 3.76GHz range. The ECC 

also less than0.13 is achieved with the range of frequency.  The channel 

capacity of the purposed antenna array is increased up to 40bps for Hz. Due 

to the compact size and very good isolation, efficiency and  

Bandwidth the purposed wide band MIMO antenna array is always play a 

vital role in modern cellular communication system.   
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