
 
                   

                    

                     

                     ISSN(Online): 2319-8753 

        ISSN (Print):  2347-6710 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(A High Impact Factor, Monthly, Peer Reviewed Journal) 

Visit: www.ijirset.com 

Vol. 8, Issue 8, August 2019 

 

Copyright to IJIRSET                                                            DOI:10.15680/IJIRSET.2019.0808082                                             8445 

 

Circular Slot Rectangular Patch MIMO 

Antenna using Partially Extended Ground 
 

Dimple Sujawat
1
, Aabhas Mathur

2
, Hemant Dhabhai

3
 

Research Scholar M.Tech, Aravali Institute of Technical Studies, Udaipur, Rajasthan, India
1
 

Head, Dept. of ECE, Aravali Institute of Technical Studies, Udaipur, Rajasthan, India
2
 

Professor, Aravali Institute of Technical Studies, Udaipur, Rajasthan, India
3
 

 

ABSTRACT: This Paper proposes Circular Slot Rectangular Patch MIMO Antenna for S-Band (2-4 GHz) and C-Band 

(4-8GHz ) Applications.The Antenna operating at the 2 resonant frequenices 2.37 GHz and 5.60 GHz. The proposed 

design uses different techniques like partial ground, Partially Extended Ground (PEG) on low cost FR4 dielectric 

substrate with loss tangent 0.02. The dimension of the proposed MIMO antenna is of the size 35.39 x 50.18 mm2 .The 

proposed MIMO covers 2.1-2.5 GHz and 5.4 -5.9 GHz frequency bands. A linearly polarized Circular slot Rectangular 

patch MIMO antenna resonate at 2.37 GHz and 5.60 GHz frequencies is connected to both ends of the partial ground to 

reduce mutual coupling between radiators. The mutual coupling is reduced using partially extended ground.  

The antenna parameters such as return loss, VSWR, Envelope Correlation Coefficient (ECC), Isolation and gain are in 

good agreement with the requirements. The designing and simulation have been performed using CST (Computer 

Simulation Technology). 
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I. INTRODUCTION 

 

Day by Day  people increasing demand in the mobile networks for higher capacity, higher data rate and enhance 

coverage area and everything is expected to a reduced cost. Wi-Fi, LTE, and many other radio, wireless and RF 

technologies are using the new MIMO wireless technology to provide enhance link capacity and spectral efficiency 

combined with improved link reliability. In high-bit-rate wireless communication for diminish multipath fading and 

enhance capacity, multiple-input–multiple-output (MIMO) systems are suitable[1]. Compact structure, high radiation 

efficiency, low envelope correlation, and high isolation between the signals ports are the characteristics of the MIMO 

antenna array. To achieve maximum channel capacity the array is also required having high gain and wide lobe pattern. 

Wireless communication systems have gone from different generations from SISO systems to MIMO systems. High 

data transmission rates are essential for telecommunication services [2]. Multiple Input Multiple Output (MIMO) 

systems have received a great attention, recently. This architecture uses more than one antenna elements in transmitter 

and receiver ends and is able to overcome the limit of channel capacity in a rich multipath environment. ”MIMO" 

specifically refers to a practical technique for sending and receiving more than one data signal simultaneously over the 

same radio channel by exploiting multipath propagation. 

 

Due to strong mutual coupling among the antenna elements it is difficult to place multiple antennas together within 

the substrate while maintaining high isolation. In order to provide a good quality service for the users, an intensive 

research has been made on an attempt to increase data rate, transmission power and bandwidth required and to reduce 

error probability and implementation of the proposed system. Facing these challenges, spatial multiplexing as well as to 

use gain enhancement provided by diversity techniques which shows some features on new level. 
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II. RELATED WORK 

 

In [3] authors presented various approaches of mutual coupling reduction, gain, efficiency, and diversity gain 

and radiation patterns improvement for MIMO antenna system. There are many techniques given in this paper which is 

suitable for improving all antenna parameters. To minimize the size of MIMO antennas this paper investigated the 

diversity and mutual coupling (correlation) reduction techniques. To control the degrading factors of mutual coupling 

between the radiating elements and effect of parasitic element, neutralization line, slots, coupling/decoupling structures, 

meta-materials, metallic/shorting pins/stubs, feeding networks, and ground branches/utilization techniques was 

presented in depth with their utilizations in different designs, methods were adopted. The antenna elements were slot 

antennas, having two quarter-wavelength slots of different lengths at the ground planes, which radiated at two distinct 

frequencies. They showed that Good isolation, Enhanced data rate and Envelope Correlation Coefficient (ECC) was 

within the threshold limits (0.004). The proposed design was very compact and exhibits comparable performance as 

well [4]. The MIMO antenna proposed in the paper is a combination of orthogonally arranged antennas. By using 

partially stepped ground (PSG) and the orthogonal arrangement of antenna elements, the effect of mutual coupling 

between radiating elements is reduced. It covers 2.408– 2.776 GHz and 4.96–5.64 GHz frequency bands which show 

good bandwidth. Between antenna elements the measured isolation in each frequency band is more than 21 dB. At 2.54 

GHz and 5.26 GHz resonant frequencies, the measured gains are 3.98 dB and 4.13 dB, respectively.It is applicable for 

LTE bands (7/38/41), WLAN bands (2.4/5.2GHz), and WiMAX band (2.5/5.5 GHz). It gives good ECC which is very 

low at resonant frequencies [5]. 

 

III. DESIGN METHODOLOGY 

 

A. Design of Antenna 

I. For an efficient antenna, a practical width is given by this formula and the calculated width is 𝑊 =  
1

2 𝑓𝑟 𝜇0𝜖0
 

2

𝜖𝑟+ 1
=
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  Where, υ0 is the free-space velocity of light. 

II. Determine the effective dielectric constant of the micro strip antenna using relation 𝑊 ℎ > 1  

𝜖𝑟𝑒𝑓𝑓 =  
𝜖𝑟 +  1
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III. Once W is found, determine the extension of the length 3L by formula  

Δ𝐿

ℎ
= 0.412

 𝜖𝑟𝑒𝑓𝑓 +  0.3  
𝑊
ℎ

+  0.264 

 𝜖𝑟𝑒𝑓𝑓 − 0.258  
𝑊
ℎ

+  0.8 
 

IV. The actual length (L)of the patch determined by this formula 

𝐿 =  
1

2𝑓𝑟 𝜖𝑟𝑒𝑓𝑓 𝜇0𝜖0

− 2Δ𝐿 

V.   Effective Length idetermined by given formula 

𝐿𝑒𝑓𝑓 = 𝐿 + 2Δ𝐿  
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B. Antenna Structure 

 

 
                                                   Fig 1(a) Front                                 Fig 1(b) Back 

 

The  Circular Slot Rectangular Patch MIMO Antenna are introduced by the 2 patch antenna with circular slot and 

partially ground structure. Partially extended ground [PEG] plane may be used to eliminate mutual coupling between 

MIMO antennas. Fig 1 Show the Front and Back Structure of MIMO Antenna. 

The proposed design uses different techniques like partial ground,Circular Slot in patch and Partially Extended Ground 

(PEG) on low cost FR4 dielectric substrate with loss tangent 0.02. The dimension of the proposed MIMO antenna is of 

the size 35.39x 50.18 mm2 . The antenna is designed using CST with the dimensions as shown in Figure 1 and Table I. 

All the dimensions are in mm.  

 

TABLE I: LIST OF PARAMETERS 

 

Sr.No

. 

Parameter Value 

1 ws 50.18 

2 ls 35.39 

3 wg 50.18 

4 lg 7.94 

5 fw 2.95 

6 fl 18.48 

7 wp 10.2 

8 lp 12.97 

9 r1 4.87 

10 m 0.54 

11 z1 0.99 

12 z2 15.37 
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IV. SIMULATION RESULTS 

 

The designed MIMO antenna system with 50 Ω ports is designed using computer simulation tool (CST Microwave 

Studio 2015) version 12.0. CST provides study of many parameters such as VSWR, return loss, gain, ECC, Isolation, 

radiation patterns, field distribution and many more. All the simulation results of designed MIMO antenna are given 

below: 

 

 
Fig 2 : Simulated Return loss of Designed MIMO antenna 

 

Fig 2  shows the designed dual-band MIMO antenna has simulated -10 dB impedance bandwidth covers 2.1-2.5 GHz 

and 5.4-5.9 GHz frequency bands. We got return loss approximately 17.96 dB at 5.60 GHz and 34 dB at 2.37 GHz. 

 
Fig 3: Simulated Isolation Factor 

 

Fig 3 shows the designed dual-band MIMO antenna isolation at -39 dB  

 

 
 

Fig 4: VSWR 

 

Fig 4 shows VSWR .It is a function of the reflection coefficient, which explains the power imitated from the radiator. It 

is constantly actual and positive number of radiators. It is a proportion of the peak amplitude and minimum amplitude 

of a standing wave. The acceptable level of VSWR for most of the wireless applications should not be more than 2.5 

dB and it should be 1 dB ideally. Theoretical VSWR is 1.062. 
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Fig 5: ECC 

 

The simulated value of ECC is 0.001 and is shown in Fig.5 at both the resonant frequencies. The ECC is important 

factor of any antenna system because it involves all the S parameters of the designed MIMO antenna and plays an 

important role as a grading factor of antenna. The lower correlation between antenna elements meaning is justified by 

the lower value of ECC. 

 

Ant 1 Ant 2 

 

Fig.6 : Simulated 3D Gain and efficiency of Designed MIMO antenna at 2.37GHz 

Ant 1 Ant 2 

Fig. 7: Simulated 3D Gain and efficiency of Designed MIMO antenna at 5.60GHz 

 

 

The designed patch antenna achieved moderate gain of 6 dBi which is considered good in terms of a compact antenna 

design. Fig 6 and Fig 7 shows the 3D omnidirectional pattern of the proposed antenna. Radiation efficiency is more 

than 75%. 

The surface current distribution of designed MIMO is shown in fig.8 and fig. 9 When current is drawn, there 

are voltage losses; equally, the current density may not be uniformly distributed on the electrode surfaces. As we 

observed here, the measure amount of surface current is shown at the feeding point and the middle part of the partial 

ground between the antennas, where the partial ground ends and PEG start. The current flow through from bottom of 

the antenna where we create port for line feeding. 
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Fig. 8 Simulated Surface current distribution of designed MIMO at 2.37GHz frequency  

 

 
Fig 9 Simulated surface current distribution of designed MIMO at 5.60GHz frequency 

 

 

In the designed work got the size of the antenna is 35.39 x 50.18mm2 on frequency range 2.37GHz and 5.60GHz. 

Isolation/return loss and ECC improves using partial ground and partially extended ground. The size of the antenna is 

also reduced and the more bandwidth is obtained and the VSWR is lies between 1 and 2 it means the antenna is 90% 

radiated and in such case the reflection power is low. 

V. CONCLUSION AND FUTURE WORK 

 

The MIMO antenna design at C and S-band has been presented. The top geometry of the suggested antenna consists of 

a T-shaped radiating patch with Circular Slot. The bottom part comprises of a partial ground with PEG acting as an 

isolator. Parametric analysis has also been performed to achieve the optimal performance of the MIMO antenna. The 

proposed MIMO covers 2.1-2.5GHz and 5.4-5.9GHz frequency bands. The proposed antenna has demonstrated a high 

impedance bandwidth and a peak gain of 6.99dBi. Moreover, the numerically calculated efficiency is above 75% in 

operating range. The distinguishing performance attributes of designed antenna suggest its applications in future 

wireless networks and cellular applications. 
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