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Abstract:- Microstrip patch antenna with metamaterial properties has become a very wide topic in recent eras. 

Due to its flexible structure patch antennas has proven itself in various parameters (i.e. efficiency, gain, 

bandwidth). This paper concentrates on an aperture coupled feeding technique with and without metamaterial. 

The proposed antenna is designed for the frequency 2.45 GHz using Complementary Split Ring Resonator 

structure (CSRR). The performance of the antenna can be viewed by calculating various parameters like S11, 

Polar plot and Efficiency using CST. The simulations results prove that the efficiency gets increased with the 

metamaterial structure. 
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I. INTRODUCTION 
 In recent days Microstrip Patch Antenna (MPA) has increasing demand in the field of RF. This is due 

to its various advantages like low weight, low profile, cheap, easy to fabricate etc. There are many feeding 

techniques but for capacitive coupling, we use aperture coupled feeding technique. Dealing with this type of 

feeding also increases radiation pattern and increased bandwidth. Aperture coupled is different than other 

coupling in the terms of feed and substrate, also ground is in between two substrates and one slot is 

implemented in ground which works like bridge between feed and patch. Different substrate thickness leads to 

better efficiency and increased bandwidth [1, 2]. 

 

 As metamaterials is such a kind of material which exhibit electromagnetic properties generally not 

found in nature. The main purpose of using this kind of material is that it has a negative permittivity and 

permeability property which is sometimes referred as negative refractive index medium. The concept of this 

kind of material was first performed by Veselago[3]. In this medium group velocity and phase velocity are 

antiparallel to each other, where group velocity moves in the forward direction whereas the phase velocity 

moves backward and this backward waves propagate in Left handed Material [4]. In real world we cannot obtain 

metamaterial but we can obtain its properties by using different structures which is being followed by various 

researchers. And this common structures are Split Ring Resonator (SRR) and Complimentary Split Ring 

Resonator [5, 6]. This paper investigate and compare two methods to improve efficiency of the antenna. The 

first one is the general aperture coupled antenna. The second one is to investigate the same aperture coupled 

antenna but with the metamaterial structures. 

 

 

II. APERTURE COUPLED MICROSTRIP ANTENNA DESIGN 
As the aperture coupled feeding technique has an advantage of large bandwidth and high radiating efficiency. 

 All the dimensions of the antenna is calculated using the formulas which is mentioned below [2]. Fig. 

1 shows the design of the aperture coupled antenna with the patch dimension as 36mm*30mm, thickness of 

both the substrates is 1.6mm, the dimensions of aperture are 2.5mm*11mm, also the substrate material used is 

FR4 and the dimensions of substrate and ground plane are 45.6mm*49.6mm. 
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Fig 1. Aperture coupled microstrip antenna 

 

Width of metallic patch (W) 

 

/                 =            / 

 

 

Where,  = free space velocity of light 

εr = Dielectric constant of substrate 

 = Dielectric constant of Air 

 

Effective dielectric constant is calculated from Length of metallic patch (L) 
 

L = Leff - 2ΔL    

 

 

where 

 
Calculation of Length Extension 

 

 

 
The best result of return loss is shown in the fig. 2. A return loss of -11.36db at center frequency 2.50 GHz is 

achieved. Fig. 3 and fig. 4 illustrate the graph of polar plot and Efficiency. 

 

 
Fig 2. S11 of Aperture coupled antenna 
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Fig 3 . Polar plot 

 

 
Fig 3 . Graph of Efficiency 

 

III. APERTURE COUPLED MICROSTRIP ANTENNA WITH METAMATERIAL 
Complementary Split Ring Resonator (CSRR) structures with Double Negative (DNG) are represented as Met 

material. Fig. 5 illustrates a single structure of CSRR. 

 

 
Fig 4. CSRR unit cell structure 

 

 Now CSRR structure is used in the ground to make it a metamaterial. The square CSRR structures are 

added in the ground to form the metamaterial which is shown in the fig 6. CSRR structure evolves both electric 

and magnetic resonance which depends on the gap between the incident electric and magnetic field [4]. The gap 

of the inner ring and outer ring are opposite to each other which results in to the capacitive coupling. 
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Fig 6. Metamaterial Microstrip patch antenna 

 

The above design‟s simulations is done using CST. And after simulating the designs the result which we got are 

as follows. 

 

Fig. 7 shows plots of S11 at -10.93db obtained at frequency 2.441 GHz. Also fig. 8 and fig. 9 shows the 

simulated results of polar plot and efficiency. From the simulated results we can see that the enhancement is 

observed regarding the parameters like reflection coefficient, polar plot and efficiency. 

 
Fig 7 . Graph of S11 using Metamaterial 

 

 
Fig 8 . Graph of Polar plot 
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Fig 9 . Graph of Efficiency 

 

 

IV. CONCLUSION 
 Finally comparing the simulations results of the aperture coupled with and without metamaterial we 

can say that the performance of the aperture coupled antenna has been improved using metamaterial. The 

efficiency of the aperture coupled antenna has increased from 76.4% to 82.79% using metamaterial structure. An 

improvement of 6.39% efficiency is achieved using metamaterial. So, aperture coupled using metamaterial 

is preferable for attaining high efficiency in microstrip patch antenna. 
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