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ABSTRACT: A step shaped patch antenna using metamaterial structure in the ground plane have been studied and 

analyzed in this paper. After loading metamaterial in the ground plane the resonant frequency shifted to lower 

frequencies and bandwidth and gain is also increased. The proposed microstrip line fed patch antenna resonates at 

frequency of GSM, Wi-Fi and Wi-MAX application. This antenna has been investigated and performance was analyzed 

with the aid of Ansoft HFSS. The simulated and experimental results of fabricated on FR4 substrate with dimension 

(25×38×1.6) mm
3
 are in good agreement. 
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I. INTRODUCTION 

Wireless communication, as a platform for 3C technology (computer technology, communications technology and 

control technology), is increasingly being introduced in all dimensions and areas of everyday life, providing intelligent 

and omnipresent solutions. An antenna is the most important element of any wireless communications and its rapid 

development led to great demand for wireless devices that can operate at different standards. In this rapidly growth 

world of wireless application high gain, large bandwidth, multiband and high efficiency is the primary goal of 

researchers. But it is complex to achieve the performance indices, so different loading techniques like slotting, 

meandering stacking, shorting pin, defected ground structure (DGS) etc. have been used to uplift the required 

performance parameters [1-5]. There is a need to design small size, easily fed and low cost antenna for multi-band 

applications. Recently metamaterial is an innovative approach to improve the performance of the patch antenna due to 

have exquisite material characteristics and ability to control and guide the electromagnetic waves in such a way that 

natural materials cannot. In 1968 Victor Veselago first introduced the theoretical concept of metamaterial [6]. These 

materials are not found in nature and have possesses negative permeability and/or negative permittivity, which also 

termed as negative index materials (NIM) and shows reversal of Snell’s law. To enhance the antenna performance like 

dual/triband antennas, lower the resonant frequency, enhance the bandwidth, radiation pattern with gain different 

metamaterial structures have been utilized in various ways on it [7-11].  

In this paper a slotted metamaterial based step shape patch antenna with dimension (25×38×1.6) mm
3
 and a 50Ω 

microstrip line feed is reported which provides improved capability of the new standard service telecommunication 

system. This patch antenna provides the operating bands for Global System for Mobile Communication (GSM), 

Wireless Fidelity (Wi-Fi) and Worldwide Interoperability for Microwave Access (WIMAX) application.  

II. ANTENNA DESIGN 

The geometrical structure of step shaped patch antenna with microstrip line feed and defected ground is shown in fig.1. 

It was printed on a 1.59 mm thick low cost FR4 substrate with permittivity 4.4 and dielectric loss tangent of 0.02. The 

ground plane was printed on the substrate with dimension of (38×25) mm
2
 small enough to fit on circuit boards for 

many wireless communication applications. A microstrip feed line with length 12mm and width 2.4 mm was used to 

couple the input signal to the microstrip patch antenna connected to a 50Ω coaxial SMA connector as a feeding port. 

The dimensional parameters of the patch antenna are Ls=38mm, Ws= 25mm, Lm=12mm, Lg=11mm, a = b = 5mm, s = 

8mm and g = 5mm. 
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The Z type metamaterial structure with dimension parameter is shown in fig.2. The dimension are M l  = 27mm, Mw = 

25mm, C = 6mm and r = 3mm. To enhance the bandwidth and lower the resonant frequency this Z type metamaterial 

structure is placed in the ground plane of the patch antenna. The Ansoft HFSS-13 full wave simulator is used to 

simulate the metamaterial loaded patch antenna. The prototype of the fabricated antenna with top view and back view is 

shown in fig.3. Top view is the radiating patch with microstrip line feed and back view is ground plane with the 

metamaterial structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Geometry of the proposed antenna 

 
Fig.2 Geometry of the metamaterial structure 

 

  

(a) 

 

(b) 

 
Fig.3 Fabricated metamaterial based antenna (a) Top view (b) Back view 
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III. RESULTS AND DISCUSSION 

The real permittivity and real permeability characteristics of the Z type structure is extract using S-parameter retrieval 

method.  To extract the S-parameters of the MTM unit element a appropriate boundary conditions and excitations are 

assigned to the surfaces of 3-dimensional periodic MTM and simulated in Ansoft HFSS. The metamaterial 

characteristics have been tested and verified using a MATLAB code developed for S-parameter retrieval technique.  

Fig. 4 shows the real permeability and real permittivity curve of the metamaterial structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The simulated return loss of the patch antenna with the rectangular ground (fig.1) is shown in Fig.5. In this structure the 

defected ground plane with two L type slotted patch make the antenna resonates at 2.9GHz and 6.1 GHz. An increase 

in bandwidth is achieved by etching a rectangle at the top of the patch with the bandwidth of 52.41% and 33.93% 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After that the ground plane of the antenna is loaded with the metamaterial structure for which the resonant frequency is 

obtained at 1.8GHz, 3.36 GHz and at 4.72GHz (Fig. 6). The metamaterial loaded antenna provides impedance 

 
Fig. 4 Real permeability and permittivity curve of the metamaterial 

 

Fig. 5 Simulated reflection coefficient of the unloaded 
patch antenna 

 

Fig. 6 Comparison of simulated and measured reflection 
coefficients of the metamaterial based antenna 
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bandwidth upto of 7.7% (1.74-1.88 GHz) and 81.25% (2.54-5.27GHz). Simulated peak gains at the specific resonant 

frequencies are       -5dBi, 1.62dBi and 2.94dBi respectively which are good for better efficiency. 

The proposed antenna was fabricated (fig.3) and the reflection coefficient was measured using Agilent VNA E8362C. 

Fig.6 compares the simulated and measured reflection coefficients where it can be seen that the simulated antenna 

offers good matching with the measured one, which helps to validate the design accuracy.  

A setup consists with an Agilent MXG-N5183A signal generator and Agilent U200A USB power sensor with PC 

controlled turn table arrangement was used for radiation pattern measurement. The measured E plane and H plane 

patterns at 3.36 GHz and 4.72 GHz are plotted and which is shown in Fig. 7. The radiation pattern characteristics show 

that the antenna is omnidirectional in nature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSION 

 

In this proposed work a monopole metamaterial loaded step shaped patch antenna is presented. The metamaterial 

loading approach is used for reduction of resonant frequency to lower one and also to enhance the gain and bandwidth. 

The metamaterial based antenna resonates with resonate frequencies at 1.8 GHz, 3.36 GHz and 4.72 GHz which are 

suitable for GSM, Wi-Fi and Wi-MAX applications. Now a day’s modern communication system requires microwave 

components with high performance with small size and this antenna fulfil all these requirements. 
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E plane at 3.36 GHz H plane at 3.36 GHz 

  
E plane at 4.72 GHz H plane at 4.72 GHz 

Fig. 7 Measured E plane and H plane Radiation pattern 
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