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Abstract: “Metamaterial” attracts scholars of 

various areas and research grown rapidly in this 

area. The unusual response of these metamaterials 

are frequently generated by artificially made-up 

additions or in homogeneities embedded in a host 

medium or associated to or implanted on a host 

surface. A microstrip antenna based on the idea of 

metamaterial has been proposed in this work. 

Several aspects of the antenna such as size, 

radiating frequency, bandwidth, beamwidth, gain 

and directivity have been taken under consideration. 

With this design the antenna radiates at 1.245 GHz, 

1.627 GHz & 1.849 GHz. Return losses at these 

frequencies are -15.2 dB, -42.5 dB and -14.3 dB 

respectively. 
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I. INTRODUCTION 

Proposed work has tried to capture the development 

in this area through the selected authors. What is the 

meaning of metamaterial? Meaning of “meta” is 

beyond or away from in ancient Greek. Material 

with prefix “meta” has been used to express the 

materials with exceptional features not easily 

obtainable in environment [1]. By varying the 

chemistry, factually and conservatively the purpose 

or performance of materials can be altered. This is a 

long known fact [2]. Science inquires how nature 

works and technology inquires how the works of 

nature can be utilized. Metamaterial based small 

antennas are proposed to offer to manipulate the near 

field boundary conditions which could result in 

antenna size minimization. Metamaterial antennas 

open a way to overcome the restrictive gain-

bandwidth limits for small antennas [3, 4]. 

 

II. DESIGN DESCRIPTION 

 

A single layer antenna has proposed in this 

chapter. Dimensions of this antenna are 100 mm X 

100 mm. Substrate FR-4 is sandwiched between two 

metallic layers. The permittivity of this substrate is 

taken as 4.4. There is a rectangular cut at metallic 

ground and substrate plane. Dimensions of this cut 

are 10 mm X 50 mm. A circular short has been 

inserted, which shorted the ground metal and upper 

patch metal. The radius of this short is 5 mm and its 

center is at (25 mm 40 mm). Antenna has been 

energized by a discrete port. The coordinates of this 

port are (50 mm, 50 mm). Top view of this layer is 

shown in figure 6.1.1. Location of the feed and short 

have also shown in this figure. Figure 6.1.2 shows 

the top view of the antenna.  This design has been 

simulated with the help of simulation software. 

 

Figure 1: Top view of ground plane   

 
Figure 2: Top view of antenna 

III. SIMULATION RESULTS 

 

Antenna design, proposed in this 

paper has simulated to investigate the responses of 

the antenna. With this design the simulation result 

shows that the antenna radiates at three frequencies. 

These three frequencies are 1.245 GHz, 1.627 GHz 

& 1.849 GHz. Return losses at these frequencies are 

-15.2 dB, -42.5 dB and -14.3 dB respectively. 

Simulation results and laboratory results of the 

Return Loss (in dB) for the fabricated antenna are 

shown in figure 3. The bandwidths at these 

frequencies are about 5 MHz only.  
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Figure 3: Variation of the magnitude of Return Loss 

with Frequency 

 

 Figure 4 shows the variation of Gain with 

Frequency. At the radiating frequencies, the gains 

(in dB) of the antenna are 4.88, 3.17 and 3.22 

respectively. Figure 5 shows the variation of 

directivity with frequency. At radiating frequencies, 

the directivities (in dB) of the antenna are 4.9, 4.24 

and 3.53. 

 
 

Figure 4: Variation of Gain (in dB) with Frequency 

 

 
 

Figure 5: Variation of Directivity (in dB) with 

Frequency 

IV. CONCLUSIONS 

Length and width of this antenna are more than 

the previous three antennas. As we increased the 

dimensions, radiating frequency decreased. With this 

design, we get three radiating frequencies. Return 

Loss is less than 10 at 1.245 GHz, 1.627 GHz and 

1.849 GHz. The minimum Return loss is -42.54 at 

1.627 GHz. The directivities (in dB) at these 

radiating frequencies are 4.9, 4.24 and 3.53 

respectively. The gains (in dB) of this proposed 

antenna at these radiating frequencies are 4.88, 3.17 

and 3.22 respectively. Both directivity and gain have 

been slightly improved with respect to the designs 

discussed in previous chapter. But bandwidth has 

narrowed. The maximum 3 dB beamwidth of this 

antenna is 140.30. Hence we get a multi frequency 

antenna with improved Return Loss, Gain and 

directivity. But size is bigger and bandwidth is 

reduced. This antenna can radiate at three different 

frequencies with reasonable separation between 

them. Designs proposed up to this chapter are single 

layer designs. In the next chapter, a double layer 

antenna has proposed and efforts are made to 

improve the Return Loss and reduce the side lobs. 

Next design explains this work. 

ACKNOWLEDGMENT 

The authors are thankfully acknowledging the 

financial as well as laboratory support provided by 

the authorities of Madhav Institute of Technology & 

Science, Gwalior (M.P.) India. 

 

REFERENCES  

 
[1] Rahmat-Samii, Y. “ EBG Structures for Low Profile 

Antenna Designs: What Have We Learned? “ , The second 

European Conference on Antenna and wave Propagation, 

pp. 1-5, 2007. 

[2] Hapgood, Fred; Grant, Andrew, “Metamaterial Revolution: 

The New Science of Making Anything Disappear” 

Discover Magazine, pp. 4 pages, 2010. 

[3] J. L. Volakis, C. Chen, K. Fujimoto “ Small Antennas: 

Miniaturization Techniques and Applications” Mcgraw 

Hill 2010. 

[4] Y. Dong, T. Itoh, “Matematerial Based Antennas” IEEE 

Transaction Volume 100, No. 7 July 2012. 

[5] N. Engheta, R.W. Ziolkowski, “Metamaterials: Physics and 

Engineering Exploration, Jhon Wiley & Sons Publication 

IEEE Press 2006. 

[6] J. C. Bose, “On the rotation of plane of polarisation of 

electric waves by a twisted structure,” Proc. Roy. Soc., vol. 

63, pp. 146–152, 1898. 

[7] Veselago, V. G. (1968). "The electrodynamics of 

substances with simultaneously negative values of 

[permittivity] and [permeability]". Soviet Physics Uspekhi 

10, pp. 509–514, 1968. 

[8] Pendry, John B.; AJ Holden, DJ Robbins, and WJ Stewart 

"Magnetism from Conductors, and Enhanced Non-Linear 

Phenomena" IEEE Trans. Microwave Theory pp. 2075–

2084, 1999. 

[9] Li W. T., Hei Y. Q., Feng W., Shi X. W., “Planar Antenna 

for 3G/Bluetooth/WiMax and UWB Applications with 

Dual Band-Notched Characteristics” IEEE Antenna and 

Wireless PropagationLetter Volume 11, pp. 61-64, 2012. 

[10] Niu J. X. “Dual-band dual mode patch antenna Based on 

Resonant Type Metamaterial Transmission Lines” 

Electronics Letters Volume 46, No.4, 2010. 

[11] Cheribi H., Ghanem F., Kimouche H., “Metamaterial 

Based Frequency Reconfigurable Antenna” Electronics 

Letters Volume 49 No. 5, 2013. 


