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Abstract - Microstrip array antennas are widely used in communication networks especially in radar and satellite 
communication due to their various advantages. They are light weight, easy to fabricate and when we come to their 
performance characteristics, they provide high gain and beam forming and steering capabilities. But mutual coupling is one 
of their drawbacks. By using metamaterials like Slot combined complementary split ring resonators (SCCSRR), mutual 
coupling can be decreased and hence improve the overall performance of the antenna structure.  
In this paper, a 2x1 linear microstrip patch antenna array is designed on a FR4 substrate with dielectric constant of 4.3 and 
height 1mm. This patch operates at resonant frequency of 2.4GHz. The two patches are placed quarter wavelength apart. 
When SC-CSRR is placed in between the two patches, nearly 40dB mutual coupling reduction is observed. 
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I. INTRODUCTION 
 
Microstrip patch antenna arrays have the ability to 
provide high gain, beam forming and scanning 
capabilities. Due to the miniaturization of electronic 
devices, patch arrays and their performances are 
extensively investigated. 
They are advantageous over other antennas due to 
their very compact structure. They can be easily 
integrated with other components. 
 
They are used extensively on a very wide range of 
applications due to their advantages. However, it 
suffers from a tradeoff between array performance 
and array size . its noted that when the radiating 
antenna elements are placed more than half 
wavelength apart they experience only surface wave 
coupling. But when they are placed less than half 
wavelength apart they experience both near as well as 
far field coupling. Hence reducing this mutwal 
coupling between them has been a tedious task. 
 
Mutual coupling is not a desirable component 
because the power that must be radiation away from 
the patch is being absorbed by the nearby radiating. 
This results in lower efficiency and the overall 
performance of the antenna system. One way to 
reduce the effects of mutual coupling is by placing 
the antenna elements far apart. But this results in 
increase of the antenna size, which is not desirable for 
the application of antenna arrays in modern 
technologies. Hence we look in other ways to reduce 
coupling. 
 
Various techniques such as shorting pins, 
electromagnetic band gap (EBG), defected ground 
plane structures, aperture coupling have been used to 
reduce mutual coupling. This paper presents coupling 

reduction by introducing metamaterials between the 
patches. 
 
II. METAMATERIAL UNIT CELLS 
 
Metamaterials are artificially designed materials with 
properties different from the naturally occurring 
materials. Electric permittivity (ε) and magnetic 
permeability (μ) are the two basic parameters which 
describe the electromagnetic property of a material or 
medium. Permittivity denotes the effect on material 
when its placed in an electric field. And permeability 
denotes the effect on material when its placed in a 
magnetic field. Metamaterials may have either 
negative permittivity or permeability or both 
simultaneously. Metamaterial is the periodic 
arrangement of unit cell. The dimensions of the unit 
cell must be much smaller than the wavelength of the 
patch. 
 
 The negative permittivity is achieved by aligning 
metallic wires along the direction of a wave whereas 
negative permeability is achieved by placing split 
ring with its axis along the direction of propagation of 
wave. 
Incorporating these metamaterial structures in the 
patch can have various advantages like increased 
directivity, gain, bandwidth and reduced mutual 
coupling. The metamaterials are designed for the 
required specification. 
 
Split ring resonator (SRR) and complementary split 
ring resonator (CSRR) are few such metamaterials. A 
unit cell SRR has a pair of enclosed loops with splits 
in them at opposite ends. The loops are made 
of nonmagnetic metal like copper or gold  and have a 
small gap between them. The loops can be square or 
concentric, and the slots can be altered as required. 
Magnetic flux penetrating the metal rings will induce 
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rotating currents in the rings, which produce their 
own flux to enhance or oppose the incident 
field (depending on the SRRs resonant properties). 
This field pattern is dipolar. The small gaps between 
the rings produces large capacitance values which 
lower the resonating frequency. Hence the 
dimensions of the structure are small compared to 
the resonant wavelength. This results in low radiative 
losses. 
 
III. 2X1 MICROSTRIP PATCH ANTENNA 
 
A rectangular microstrip patch antenna is designed 
based on the standard design procedure to determine 
the length (L) and width (W) for resonant frequency 
f. 
This paper works on reducing the mutual coupling in 
2x1 microstrip patch antenna which resonates at 
2.4GHz. 
Fig(1) represents a 2x1 patch coaxially fed, mounted 
on a FR4 substrate of height 1mm. 
The simulations are done using CST Studio software 
 

 
Fig 3.1: 2x1 patch antenna. 

  
The S- parameters and the radiation pattern is 
recorded and is shown in fig.2. 

 
a. 

 
b. 

 
c. 

Fig.3.2: a. s parameters; b. polar plot ; c: radiation pattern 
 
Mutual coupling of nearly -20dB is observed this 
design structure. Efficiency of about 77% and a gain 
of 8.26dBis achieved. 
 
IV. COMPLEMENTARY SPLIT RING 
RESONATOR 
 
The resonant frequency of the metamaterial depends 
on the width of the slot (W) , the spacing between the 
slots (s) and the total radius of the outer loop ( Rout). 

 
Fig 4.1: complementary split ring resonator 

 
For a metamaterial operating at 2.4GHz the width and 
spacing of the loops are 0.7mm and 0.3mm 
respectively and the radius of the inner loop is 
3.1mm. 
 
SLOT COMBINED COMPLEMENTARY SPLIT 
RING RESONATOR 
On the complementary split ring resonator we 
introduce two slots equal in length and width on 
either sides of the inner loop. These slots help in 
tuning the metamaterial to resonate at our desired 
frequency. Fig 4.1 depicts the slot combined split ring 
resonator unit cell and fig 4.2 depicts the s-
parameters. 

 
Fig 4.2 : SCCSRR unit cell 
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Once the unit cell is made to resonate at the particular 
frequency we can extend the unit cell into a design 
architecture that helps reduce mutual coupling. Fig 
4.3 is an slot combined split ring resonator and its 
dimensions are given in table (1). 

 

 
Fig4.3: double column SCCSRR 

 

 

 
Table(1): dimensions of  SCCSRR 

 
Figures 4.4 and 4.5 gives the s- parameters for double 
slot combined complementary split ring resonators 
with varying inner radius and slot length respectively. 
 

 
Fig4.4: varying the inner radius 

 
Fig 4.5: varying the slot length 

 
We can see that as the radius of inner loop increases, 
the s21 characteristics shifts to lower frequencies. 
And when the slot length is increased, the s21 
characteristics shifts to lower frequencies with 
considerably large shift in the magnitude. 
 
Fig 4.6 gives the finalized S-parameter for SCCSRR 
resonating at 2.4GHz. 

 
Fig 4.6: s-parameter of SCCSRR 

 
V. INCORPORATING SC-CSRR IN THE 
PATCH 
 
The two patches are separated by quarter the 
wavelength. And in between the patches the double 
slot combined complementary split ring resonator 
(SCCSRR) is introduced. 
This is shown in figure 5.1. 

 
Fig 5.1 structure with meta material 

 

 
Fig 5.2: s- parameters with SCCSRR 
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When this structure is simulated, mutual coupling 
reduction of nearly 35dB is observed.(fig 5.2). 
 
COMPARISON OF PATCHES WITH AND 
WITHOUT CSRR 

 
Fig 5.3:return loss 

 

 
Fig 5.4 mutual coupling 

 

 
Table (2): comparison between patch with and without CSRR 

 
CONCLUSION 
 
Metamaterials are designed to produce unusual 
physical properties that can alter the behavior of a 
microstrip patch antenna. When slot combined 
complementary split ring resonators are used in 
between the two patches a magnetic flux penetrating 
the metal rings will induce rotating currents in the 
rings, which produce their own flux to enhance or 
oppose the incident field (depending on the SRRs 
resonant properties). Hence reduce the mutual 

coupling. Nearly 35dB mutual coupling reduction is 
observed when SCCSRR are used. 
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