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Abstract 

We present a novel method to reduce the mutual coupling of a Microstrip patch antenna array by using modified split ring resonator 

(MSRR) Metamaterial structure in this paper. The designed MSRR unit-cell consists of two nested rings, and each ring has two 

symmetrical splits. The original Microstrip patch antenna is operated at 2.4 GHz, and edge-to-edge distance between the original 

antenna elements is 31.5 mm which is about 0.25λ0. By placing MSRR Metamaterial structure to the right side radiating patch of 

the antenna array, the isolation of the antenna array is greatly enhanced. The simulation results show that the isolation is reduced 

more than 12 dB without affecting the operating frequency and radiation characteristics. The performance of the proposed MSRR 

loaded antenna array has been evaluated using numerical simulation in ANSYS HFSS and may be used for ISM band application. 

Keywords: Mutual Coupling, Spilt Ring Resonator, Metamaterial, HFSS, Antenna Array 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

In modern wireless communication systems Microstrip antennas have attracted more and more attention because of their low cost, 

light weight and other superiorities [1]. Multiple-input and multi-output (MIMO) technology has been proposed to achieve the 

goal of high-capacity and high-quality [2, 3]. In a MIMO configuration, the mutual coupling between the antenna elements can 

reduce the performance of the communication system. Thus, the mutual coupling reduction is a critical problem to improve the 

performance of the system and the antenna characteristics, antenna efficiency and array phase errors [4]. Then, many techniques 

have been presented to get a high isolation, which includes defected ground structures (DGS) [5] and electromagnetic band gap 

(EBG) structures [6] techniques. Although these techniques can provide a high isolation they might destroy the ground structure. 

Metamaterial is a new approach to enhance isolation, and many methods have been reported [7, 8]. A ring resonator metamaterial 

structure consisting of four rings have been employed between the antenna arrays to reduce mutual coupling [9]. Though these 

Metamaterial-based MIMO antennas can get good isolations, the radiation characteristics of the antennas might be affected, leading 

a gain lost. Thus, it is very important to reduce the mutual coupling without affecting the radiation characteristics. In this 

communication, we present a new method to suppress mutual coupling of Microstrip patch antenna array by using modified split 

ring resonator (MSRR) Metamaterial structures. The results show that the isolation between the two Microstrip antenna elements 

is improved about 12dB, while the operating frequency and radiation characteristics are almost not affected. 

II. PROPOSED ANTENNA DESIGN 

The geometry of proposed Microstrip antenna array with MSRR Metamaterial structures is shown in Fig. 1(a). The antenna array 

is designed on a FR4 substrate with a relative permittivity of εr = 4.4 and a loss tangent of δ=0.02, and the thickness of h = 1.57 

mm. Two antenna elements are identical rectangle patch antennas with coaxial feeding. There is ground plane at the back of the 

antenna array. The designed antenna elements are operating at 2.4 GHz, and the edge-to-edge distance between the antenna 

elements is 31.5 mm.  
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(a) 

 
(b) 

Fig. 1 (a): Geometry of Microstrip Patch Array with MSRR Structures (b): Geometry of MSRR Unit Structure 

The designed MSRR unit-cell consists of two nested rings, and each ring has two symmetrical splits. MSRR unit-cells are placed 

between the two antennas at the edge of left side of antenna, and the distance between the MSRR unit-cell is 1 mm. To obtain high 

isolation, the optimized dimensions of the antenna array are: Lgnd = 70 mm, Wgnd = 130 mm, L = 28.3 mm, W = 36.5 mm, d = 

31.5 mm, d1 = 0.25 mm, d2 = 0.25 mm, r1 = 2.5mm, r2 = 2mm, k = 0.08 mm. 

III. RESULTS 

The performance of the proposed MSRR loaded antenna array has been evaluated using numerical simulation in ANSYS HFSS. 

The return loss and isolation of antenna array with and without MSRR Metamaterial structures are illustrated in Fig. 2. It can be 

seen that the operating band of proposed antenna array lightly shifts to higher frequency. We can see that the mutual coupling 

between the antenna array elements at the operating frequency is reduced from -30 dB to -42 dB.  Approximately 12 dB isolation 

is achieved between the patch antenna elements. 

 
Fig. 2: Frequency vs. Return Loss 
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To further understand the principle of the proposed antenna array and MSRR structure, current distributions at 2.4 GHz is shown 

in Fig. 3. It is obvious that the current on the right antenna element is very small when MSRR structure is placed on left side of 

antenna array. In this case, a large current is coupled to the MSRR Metamaterial structure, which helps to reduce the mutual 

coupling of the antenna array by the use of proposed MSRR structure. Fig.4 shows the radiation patterns of proposed antenna array 

with and without MSRR Metamaterial structures at the operating frequency. We can observe that the radiation patterns of antenna 

array with and without MSRR Metamaterial structures have a slight difference at the resonance frequency, which is to say that the 

designed MSRR Metamaterial structure can reduce the mutual coupling without affecting the radiation characteristics. 

 
Fig. 3: Current Distributions of the Proposed Antenna Array at 2.4 GHz 

 
Fig. 4: Radiation Patterns of Proposed Antenna Array With & Without MSRR Metamaterial Structures 

IV. CONCLUSION 

In this paper, we proposed a new method to suppress the mutual coupling of a Microstrip patch antenna array by using MSRR 

Metamaterial structures. By placing the designed MSRR Metamaterial structure to left sides of Microstrip antenna array, the mutual 

coupling is reduced by about 12 dB. Furthermore, the designed MSRR Metamaterial structure reduces the mutual coupling without 

affecting the operating frequency and radiation characteristics. 

REFERENCES 

[1] Y. Li, W. Li, R. Mittra, “Miniaturized CPW-Fed UWB antenna with dual frequency rejection bands using stepped impedance stub and arc-shaped parasitic 

element,” Microwave and Optical Technology Letters, vol. 56, pp. 783-787, 2014.  
[2] Y. Yang, Q. Chu. C. Mao, “Multiband MIMO antenna for GSM, DCS, and LTE indoor application,” IEEE Antennas and Wireless Propagation Letters, vol. 

15, pp. 1573-1576, 2016. 
[3] Y. Li, W. Li, W. Yu, “A multiband/UWB MIMO/diversity antenna with an enhance isolation using radial stub loaded resonator,” Applied Computational 

Electromagnetic Society Journal, vol.28, pp.8-20, 2013. 



A Novel Design of Modified Split Ring Resonator for Reduction of Mutual Coupling in Microstrip Patch Antenna Array  
(IJSTE/ Volume 4 / Issue 11 / 007) 

 

 All rights reserved by www.ijste.org 
 

37 

[4] K. Wei, J. Li, L. Wang, Z. Xing and R. Xu, “S-shaped periodic defected ground structures to reduce microstrip antenna array mutual coupling,” Electronics 

Letters, vol. 52, pp. 1288-1290, 2016. 
[5] F. Yang and Y. Rahmat-Samii, “Microstrip antennas integrated with electromagnetic band-gap (EBG) structures: A Low Mutual Coupling Design for Array 

Applications,” IEEE Transactions on Antennas and Propagation, vol. 51, pp. 2936-2946, 2003. 

[6] J.Yang, F. Yang, Z. Wang, “Reducing mutual coupling of closely spaced Microstrip MIMO antennas for WLAN application,” IEEE Antennas and Wireless 
Propagation Letters, vol. 10, pp. 310-313, 2011. 

[7] X. Yang, X. Liu, X. Zhou, T. Cui, “Reduction of mutual coupling between closely packed patch antennas using waveguide  Metamaterials,” IEEE Antennas 

and Wireless Propagation Letters, vol. 11, pp. 389-391, 2012. 
[8] R. Hafezifard, M. Naser-Moghadasi, J. Rashed Mohassel, R. Sadeghzadeh, “Mutual coupling reduction for two closely spaced meander line antennas using 

Metamaterial substrate,” IEEE Antennas and Wireless Propagation Letters, vol. 15, pp. 40-43, 2015. 

[9] Pradeep A S, Jagadish M, T Ramya, “Design and Performance Analysis of Compact MIMO Antenna by Mutual Coupling Suppression between Elements,” 
International Journal of Engineering Research & Technology ,Vol. 3 Issue 12, pp. 131-135, December-2014 


