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Abstract 

  

In this paper, a compact MIMO antenna with DGS (defective ground surface) is proposed. The proposed DGS of 

Rectangular shape is placed in ground plane. It’s offer a mechanism to improve antenna performance, reduce antenna 

size and reduce antenna to antenna coupling on platforms. In this way, the performance parameters of MIMO antennas 

can be further improved. The concept of DGS is also used to collectively enhance the impedance bandwidth of antenna. A 

high bandwidth is achieved with S11≤-10dB and S21≤-18dB from 2.057 to 6.140 GHz is achieved. The analysis has been 

done by using IE3D software based on method of moments (MOM). In this paper we also introduced the comparison of 

performance parameters of two antennas proposed MIMO antenna with DGS structure with MIMO antenna using IE3D 

software. 
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1. Introduction 

 
1
Multiple-input-multiple-output (MIMO) technology has 

attracted attention in modern wireless communication 

systems. A significant increase in channel capacity is 

achieved without the need of additional bandwidth or 

transmits power by deploying multiple antennas for 

transmission to achieve an array gain and diversity gain, 

thereby improving the spectral efficiency and reliability. 

MIMO antenna (Qing-Xin Chu et al,2012)systems require 

high decoupling between antenna ports and a compact size 

for application in portable devices. Many methods have 

been proposed for reducing mutual coupling between the 

antennas. Various structures are introduced in the ground 

plane to achieve low mutual coupling. Low mutual 

coupling can also be achieved it has been found that 

mushroom- like EBG structures reduce the mutual 

coupling by suppressing surface wave propagations. 

Recently, Defected Ground Structures (DGS) 

(Ashwini K. Arya et al,2010)are introduced to improve 

antenna performance characteristics like size reduction, 

gain and bandwidth enhancement, and it is also used in 

reduction of mutual coupling between antenna elements. 

In this paper, a single rectangular-shaped DGS (L. H. 

Weng et al,2008) is introduced in the ground plane of a 

compact MIMO antenna system; the rectangular shape 

enhances the isolation and improves the antenna 

parameters. The Directivity, Gain, Antenna Efficiency and 

Radiation Efficiency are calculated to evaluate the 
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performance parameters of the proposed MIMO antenna 

with DGS structure In this paper comparison of 

performance parameters of the MIMO Antenna (referred) 

and the MIMO antenna with DGS structure are discussed.  

 

2. Proposed MIMO Antenna with DGS Structure                                      

 

(a) Top-view 

 

The geometry of the proposed MIMO antenna with DGS 

is illustrated in Fig.1. The MIMO antenna with DGS 

consists of two symmetric dual-branch monopoles. A DGS 
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is printed on the upper part of a partially grounded FR4 

substrate with dimensions 78mm*40mm* 1.6mm and 

relative permittivity 4.4 and there is also an air gap of 0.4 

between ground plane and DGS. Here we inserted a 

rectangular shape DGS in length and width (5mm*15mm) 

 
(b) Side-view 

   
(c) DGS of rectangle shape 

 

Fig 1: Proposed MIMO Antenna with DGS 

 

is illustrated in fig c. On the back surface of the substrate, 

the main rectangular ground plane of 40 mm in width and 

60 mm in length is printed .Here  We try the many shapes 

of DGS i.e. circle, triangle in the mid of ground plane but 

we get the best result in rectangular shape.  

 

3. Working Mechanism of Proposed Antenna 

 

The proposed MIMO antenna with DGS structure as 

shown in Fig1 has been simulated and studied to a good 

agreement using IE3D software. From the calculated 

graphs and tables we can say that the performance 

parameters of MIMO with DGS structure shows much 

improvement as compare to MIMO antenna.  Between  3  

to  3.5 GHZ  and above 6 GHZ  frequency , the  

performance parameters of proposed  antenna  shows great 

improvement which are as follows .    

                              

Performance Parameters of MIMO Antenna with DGS 

Structure  
        

(i) S-parameters-S-parameters describe the input-output 

relationship between ports (or terminals) in an electrical 

system. S11 represents how much power is reflected from 

the antenna, and hence is known as the reflection 

coefficient (sometimes written as gamma or return loss   

If S11 = -10 dB, this implies that if 3 dB of power is 

delivered to the antenna, -7 dB is the reflected power. 

Fig 2  depicts the return loss ( S11 ) characteristics  of 

the proposed  antenna  and  also  shows  a high bandwidth 

with  S11   -10dB and S21   18dB  from 2.057 to 

6.140GHz.  

(ii) Directivity- Directivity is the ability of an antenna to 

focus energy in a particular direction when transmitting, or 

to receive energy better from a particular direction. It is 

defined as a ratio of the max. Radiation intensity in a 

given direction from the antenna to the radiation intensity 

averaged over all directions. 

 
 

Fig 2: S parameters Graph 

 
Fig 3: Directivity Graph 

 

Fig. 3 depicts variations of antenna directivity 

characteristics with frequency. The proposed antenna has a 

directivity of 6.427 dBi   over a frequency band 3.33-

3.5GHz which covers the lower UWB band (3.1-4.8GHz) 

operation, Also the Directivity of proposed MIMO 

antenna with DGS structure is increased by 0.4% against 

the MIMO Antenna. 

(iii) Gain- The gain of an antenna in a given direction is 

the amount of energy radiated in that direction compared 

to the energy an isotropic antenna would radiate in the 

same direction when driven with the same input power. 

An antenna gain of 3 dB compared to an isotropic antenna 

would be written as 3 dBi. 

 
Fig 4: Gain Graph 
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Fig.4 depicts variations of antenna gain characteristics 

with frequency. The proposed antenna has a gain of 

4.583dBi over a frequency band 3-3.5 GHz   which covers 

the lower UWB band (3.1-4.8 GHz) operation, also the 

GAIN of proposed MIMO Antenna with DGS structure   

is increased by 4.3% against the MIMO Antenna. 

(iv) Efficiency- The efficiency of an antenna relates the 

power delivered to the antenna and the power radiated or 

dissipated within the antenna. 

Figs. 5 & 6, depict variations of efficiency (antenna 

efficiency, radiation efficiency) characteristics with 

frequency. The proposed antenna has an antenna 

efficiency of 64.68 % and 100 % over a frequency band 3-

3.5 GHz, Also the Antenna efficiency of proposed MIMO 

antenna with DGS structure is increased by 28% against 

the MIMO Antenna and radiation efficiency is same as of 

MIMO Antenna. 

 
Fig 5: Antenna Efficiency Graph 

 

 
Fig 6: Radiation Efficiency Graph 

 

4. Simulated Result and Comparison  

 

Table 1 show the readings or variations of different 

performance parameters (directivity, gain, antenna 

efficiency, radiation efficiency) with respect to frequency 

and we have noted these variations from the above graphs. 

The below table of proposed antenna shows a high 

bandwidth with S11   -10 dB and S21   -18 dB from 2.057 

to 6.140 GHz. In above table the bold portion shows good  

 

 

 

 

 

improvement in performance parameters of MIMO 

Antenna with DGS as compare to MIMO Antenna over 

frequency band 3-3.5 GHz and   above 6 GHz when 

compared to the MIMO Antenna. 

 

Table 1: MIMO Antenna with DGS 

 

f(GHz) S11(dB) G(dBi) D(dBi) A (%) R (%) 

2.057 -7.942 -2.437 4.66 25.20 51.90 

2.25 -3.516 -3.191 5.37 14.17 40.36 

2.40 -2.458 1.050 4.026 52.051 99.62 

3.17 -1.976 3.253 6.005 60.56 95.36 

3.30 -3.416 4.47 6.38 64.73 100 

3.33 -3.429 4.583 6.427 64.68 100 

5.960 -6.894 1.33 5.417 40.46 47.37 

6.140 -14.37 1.59 5.66 39.97 54.136 

 

5. Conclusion 

 

A compact MIMO antenna with DGS structure has   been 

investigated and also the comparison of performance 

parameters of the proposed antenna with the MIMO 

antenna (referred) is studied. This comparison of 

calculated results of all geometries shows that the 

performance parameters of proposed antenna are much 

better than the MIMO antenna (Qing-Xin Chu et al,2012). 

DGS geometry is used to increase the directivity gain by 

preventing coupling between two antennas Defected 

Ground Structures (DGS) are introduced to improve 

antenna performance characteristics like size reduction, 

gain and bandwidth enhancement, and it is also used in 

reduction of mutual coupling between antenna elements. 

In this proposed paper we enhanced all the performance 

parameters (directivity, gain, antenna efficiency, radiation 

efficiency) of MIMO antenna by using a DGS structure of 

rectangular shape. As we have seen in this paper that   

DGS technique is used to enhance the bandwidth, increase 

gain, increase efficiency and reduces the effective size of 

the antenna.  
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