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Abstract—This paper design and parametric study on Multiple 

Input Multiple Output (MIMO) microstrip antenna using 

rectangular split ring slot defected ground structure (RSRSDGS) 

for the physical and virtual size reduction and enhance the data 

rate to the wireless applications. The presented antennas are 

designed by using FR-4 substrate with dielectric constant of 4.4. 

The proposed MIMO microstrip antenna consists of a four identical 

rectangular collinear elements extended towards each other and 

loaded with rectangular split ring slot defected ground structure 

(RSRSDGS) dedicated to operate in the various frequency bands for 

wireless applications. The HFSS software is used to simulate the 

MIMO antenna. This MIMO antenna provides wide bandwidth, 

high data rate and reduced physical and virtual size reduction. The 

simulated and measured results give good agreement between them. 

Details of the antenna design and results are presented and 

discussed. 
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I. INTRODUCTION  

In recent years, wireless communications have grown 

explosively. They must support the rising demand for high 

data rates due to the rapid increase in devices. The emergences 

of these wireless technologies and the growth in subscriber 

demands have prompted researchers and manufacturers to shift 

from 2G to the 5G wireless network to be launched in 2020. 

Devices such as cars, clothing and devices appliances will be 

connected to the internet via mobile networks and can 

communicate by radio with each other [1]. 

 
The above requirements cannot be met by any single radio 

access technology (RAT). The key technology behind the next 

generation wireless communication is a new mobile access 

revolutionary technology called MIMO technology. The 

MIMO system is equipped with multiple antennas at the 

transmitter and the receiver. It can improve the quality of 

wireless communication and the rate of data exponentially 

without increasing the bandwidth and transmitted power.   

 

 

 

The research of MIMO multi antenna design mainly includes 

the form of antenna elements, the layout of multiple antennas, 

and the mutual coupling analysis. At present, the research of 

MIMO multi antenna is focused on the exploration of low cost 

and high performance designs of antenna and layout [5–7]. 

 

The structure of this paper is as follows: the second section 

analyzes the conventional MIMO antenna design and 

parametric study on proposed MIMO antenna design loaded 

with RSRSDGS structures in detail, and the third section 

analyzes the simulated and measured results interns of return 

loss, bandwidth, data rate and mutual coupling characteristics, 

and antenna size reduction in detail. The end of this paper 

summarizes antenna results with conclusion. 

 

II. MIMO ANTENNA DESIGN 
 

A. Conventional MIMO Microstrip Antenna 

The simulated and fabricated conventional MIMO microstrip 

antenna (CMMA) is illustrated in Fig.1 and Fig.2 respectively. 

The conventional MIMO microstrip antenna consists of four 

symmetrical rectangular patches. The antennas are printed on 

FR-4 substrate with edge to edge separation of  (where  is 

the free space wavelength) is maintained to avoid high 

correlation between the antenna elements. Separate feeding 

ports used for all individual antennas. The overall size of the 

antenna is 62.8X60X1.6mm3 and all the dimensions are shown 

in table-1. 

 

B. Proposed compact MIMO Microstrip Antenna 

The simulated and fabricated proposed compact MIMO 

microstrip antenna (PCMMA) is illustrated in Fig.3 and Fig.4. 

The study carried by decreasing the length and width of 

CMMA individual elements, incorporating with defected 

ground structure. The conducting elements of the first and 

second antennas are substantially collinear and extend towards 

each other. The conducting elements of the third and fourth 

antennas are substantially collinear and extend towards each 

other. The overall size of the PCMMA is 52X53X1.6mm3 and 

all the dimensions are shown in table-2.  

 

mailto:siddu.kgp09@gmail.com
https://www.hindawi.com/journals/wcmc/2017/7616825/#B5
https://www.hindawi.com/journals/wcmc/2017/7616825/#B7


 
 

Fig. 1 A simulated CMMA top and bottom view 

 
 

 
 

Fig. 2 A fabricated CMMA top and bottom view 

 

 

Parameters Dimensions 

( mm) 

Width of the patch Wp 11.35 

Length of the patch Lp 15.25 

Width of the Quarter wave transformer Wq 3.05 

Length of the Quarter wave transformer Lq 6.15 

Width of the feed line Wf 0.5 

Length of the feed line Lf 4.9 

Length of the substrate Ls 62.8 

Width of the substrate Ws 60 

Edge separation between antenna ƛ/4 

Height of the substrate h 1.6 

 
Tabele-1: Various Dimensions of the CMMA 

 
The PCMMA ground plane is a defected ground structure 

(DGS) having a rectangular split ring slot DGS (RSRSDGS) 

window. DGS is made by etching the copper in the shape of 

rectangular split ring slot from copper sheet in the ground 

plane of the proposed MIMO antenna. To obtain the optimized 

antenna, through simulation initially RSRSDGS structure 

length and width is varied in steps of 1mm. By varying the 

dimensions of RSRSDGS, it is observed that the mutual 

coupling between the antenna elements is drastically reduced 

and bandwidth is enhanced for the proposed compact MIMO 

microstrip antenna. Fig.5 shows the optimized geometry of the 

RSRSDGS and respective dimensions are shown in table-3. 

Hence RSRSDGS based PCMIMA antenna radiate dual 

frequencies at 4.1GHz and 5.3GHz respectively. 

 

Fig.3 A simulated PCMMA top and bottom views 

 

 

Fig.4 A fabricated PCMMA top and bottom views 

 

Parameters Dimensions 

( mm) 

1 = Width of the patch Wp 11.35mm 

2 = Length of the patch Lp 0.5 

3 = Width of the Quarter wave 
transformer Wq 

6.15 

4 = Length of the Quarter wave 
transformer Lq 

0.5 

5 = Width of the feed line Wf=3 0.5 

6 = Length of the feed line Lf=2 4.9 

Edge separation between antenna ƛ/4 

Height of the substrate h 1.6 

Length of the substrate L 53 

Width of the substrate W 52 

 

Tabel-2: Various Dimensions of the PCMMA 
 

 
Fig.5 Optimized geometry of RSRSDGS unit cell structure 

 
The study is carried by decreasing the width in step of 1mm of 
all the four rectangular collinear elements and keeping the 
same RSRSDGS observed the characteristic of the PCMMA. 
In the antenna PCMMA-I with optimized WP=8.85mm, 
LP=0.5mm antenna radiates multiband frequencies 2.1GHz, 
4.1GHz and 5.3GHz respectively. The overall size of the 
PCMMA-I is 52X48X1.6mm3 and optimized simulated and 
fabricated PCMMA-I is illustrated in Fig.6 and Fig.7 
respectively. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Table-3: Dimensions of RSRSDGS unit cell 
 

          
 

Fig.6 A simulated PCMMA-1 top and bottom views 

 

 

Fig.7 A fabricated PCMMA-1 top and bottom views 

 
 

III. RESULT AND DISCUSSIONS 

The simulation is carried out by using HFSS simulation 

software. The parameters of the conventional and proposed 

MIMO antennas are measured on vector network analyzer 

(VNA) (Rhode and Schwarz, Germany make ZVK model 

1127.8651). 

A. Reflection Coefficient 

Fig.8 shows the simulated and measured return loss 

characteristics of conventional MIMO antenna. From this 

figure it is seen that, conventional MIMO antenna resonates at 

frequency of 5.9GHz (WLAN frequency band) with return 

loss S11 of -21.3dB and gives bandwidth of 204MHz. 

 

Fig.9 shows the simulated and measured return loss 

characteristics of PCMMA. From this figure it is seen that, 

RSRSDGS based PCMMA radiate at dual frequencies. The 

first resonant frequency is 4.1GHz (C frequency band) with 

return loss S11 of -22.32dB and bandwidth of 450MHz. Also 

the antenna resonates at Second resonant frequency of 5.3GHz 

(WLAN frequency band) with return loss S11 of -27.7dB and 

bandwidth of 200MHz 

 

 

 

         

  

Fig.8: The Simulated and Measured Return loss characteristics of CMMA 

 
Fig.9: The Simulated and Measured Return loss characteristics of PCMMA 

 

Fig.10 shows the simulated and measured return loss 

characteristics of PCMMA-1. From this figure it is seen that, 

RSRSDGS based PCMMA-1 radiate at multiband frequencies. 

The first resonant frequency is 2.1GHz (3G Advanced 

frequency band) with return loss S11 of -14.9dB and 

bandwidth of 85.1MHz. Second resonant frequency of 4.1GHz 

(C frequency band) with return loss S11 of -17.7dB and 

bandwidth of 475MHz. Also the antenna resonates at third 

resonant frequency of 5.3GHz (WLAN frequency band) with 

return loss S11 of -11.87dB and bandwidth of 90MHz 

              
Fig.10: The Simulated and Measured Return loss characteristics of 

PCMMA-1 

B. Data Rate 

Transmitter sends a signal through a channel, the capacity for 

transmitting information ‘C’ is given by the well-known 

Shannon formula: 

               (1) 

Parameters Dimensions 

( mm) 

Width of the rectangular 
outer ring W=10 

20 

Length of the rectangular 

outer ring L=9 

20 

Width of the inner ring to 

outer ring W=5 

0.7 

Gap of the inner ring to outer 

ring G=8 

0.2 

Width of the outer ring slit=7 0.2 

Width of the inner ring slit=6 1.4 

 



Where S is a signal power and N is a noise power and B is a 

channel bandwidth. Key feature of MIMO systems is their 

potential ability to turn multipath propagation, for sending the 

same information through ‘n’ different channel connecting n 

different transmitter and receivers. Thus the MIMO capacity 

would become 

                                         (2) 

Where IM is an identity matrix and HH* is a channel matrix 

both matrix size defends on the number of patch antenna on 

both Rx/Tx side of the MIMO system. 

                         (4) 

This new channel capacity of MIMO system is inherently 

higher than the Shannon theorem. 

 

To calculate the channel capacity of MIMO system, we 

assumed the given signal to noise ratio (SNR) is 32dB [8]. The 

data rate (DR) of conventional and proposed antennas are 

summarized in table-4 

 

Antenna Frequency 
(GHz) 

Bandwidth 
(MHz) 

DR 
(Gbps) 

CMMA 5.9 204 10 

PCMMA 4.1 450 22.12 

5.3 200 9.8 

PCMMA-1 2.1 85.1 4.1 

4.1 475 23.53 

5.3 90 4.4 
 

Table-4: The Summarized results of the antenna data rates 

 
C. Mutual Coupling Coefficient 

The diversity performance of four element MIMO antennas is 

directly related to the minimum coupling between individual 

antenna elements. While designing such MIMO antenna 

mutual coupling is the major factor to be considered because it 

degrades the performance of the system. The CMMA mutual 

coupling at 5.9GHz is -20.9dB is depicted in Fig.11. The 

PCMMA mutual coupling at frequency 4.1GHz is -23dB and 

at frequency 5.3GHz is -29.5dB. This is depicted in Fig.12. 

This is because of RSRSDGS structure on the ground plane of 

proposed MIMO antenna. The PCMMA-1 mutual coupling at 

first frequency 2.1GHz is -17.5dB, second frequency 4.1GHz 

is -22.75dB and third frequency 5.3 is -19.2dB respectively is 

defected in Fig.13. 

D. Size Reduction 

The overall dimension of the conventional MIMO antenna 

CMMA is 62.8X60X1.6mm3 and proposed PCMMA is 

52X53X1.6mm3, PCMMA-1 is 52X48X1.6mm3 respectively. 

But when we observe the individual elements dimensions 

there is a lot of physical and virtual size reduction. The size 

reduction of conventional and proposed antennas are 

summarized in table-5 

                  
 

Fig. 11: Measured Mutual Coupling Coefficient of CMMA 

 

.  

 
Fig. 12: Measured Mutual Coupling Coefficient of PCMMA 

 
Fig. 13: Measured Mutual Coupling Coefficient of PCMMA-1 

 
Antenna Physical size 

(mm) 
Physical 
Size (%) 

Virtual Size (%) 

CMMA 15.25x11.25mm2 - - 
PCMMA 0.5X11.25mm2 96.72% 30.5% 
PCMMA-1 0.5X8.85mm2 96.72% 64.4% 

 
Table-5: The Summarized results of the antenna size reduction 

So there is a very good size reduction in the proposed MIMO 

antennas interns of physical and virtual size. Hence we can 

meet the modern communication device requirement where 

the  total  size  of  the  device  does  not  exceed  0.5
0
.  (

0 is 

the resonating wavelength). 



IV. CONCLUSION 

A compact microstrip MIMO antenna with wide bandwidth, 

high data rate and improve physical and virtual size reduction 

using RSRSDGS designs based on defected ground structure 

technique has been presented. This novel design gives 96.72% 

of physical size reduction and 64.4% of virtual size reduction. 

Hence proposed compact MIMO microstrip antenna can meet 

the modern wireless communication device requirement where 

the total size of the device does not exceed 0.5 
0
.  (

0 is the 

resonating wavelength). 
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