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Abstract - Author proposed a new design of meta-
material to provide advancement into the factors of the 
rectangular microstrip patch antenna (RMPA) 
“Enhancement in RMPA parameters Rhombus 
Connected With Circle Meta material structure high 
using at 1.9GHz” As a rectangular microstrip patch 
antenna is designed at a height of 1.6mm & Left handed 
Meta material structure is designed at a height of 
3.2mm from the ground plane by using CST-MWS 
software. The resonance frequency 1.9GHz of the 
designed antenna is using as a high frequency. This 
paper mainly worked on return loss. The Return loss of 
the proposed antenna reduced to -31,16dB & bandwidth 
is increased up to 41.9MHz. This antenna is small size, 
cheap, compact and easy to fabricate, and achieve good 
radiation characteristics with higher return loss. In this 
paper return loss basically defined as system becomes 
stable with reduced return loss. 
 
Keywords- RMPA (Rectangular Microstrip Patch 
Antenna), CST (Computer Simulation Technique), 
Bandwidth, Return loss. 
 
1. INTRODUCTION 

 
1.1 RMPA: An antenna is defined as a part of a 
transmitting or receiving system which is designed to 
radiate or to receive electromagnetic waves [1]. 
Rectangular Microstrip Patch antennas have attractive 
properties including the low profile, light weight, 
compact and conformable in structure, and easy to be 
integrated with solid-state devices [2]. Application of a 
conventional antenna always limited since they are 
governed by the ‘right hand rule’ which determine how 
electromagnetic wave should behave. However, a 
metamaterial substrate offers an alternative solution to a 
wireless antenna applications using the left hand rule 
[3]. 
 

1.2 Left handed Meta material: A Patch 
antenna is a type of low profile microstrip antenna, 
which can be mounted on a flat surface. It consists of a 
flat rectangular sheet or "patch" of metal, mounted over 

a larger sheet of metal called a ground plane. Patch 
antennas are simple to design and easy to modify and 
customize. Factors of the patch antennas can be 
improved by integrating metamaterial structure on it. 
Metamaterial is an artificial material which has negative 
permeability & permittivity hence named as double 
negative metamaterial. It is not a practically achieved 
material but by using some specific designs 
metamaterial can be verified. This verification can be 
done by NRW method of double negation properties.  
 
Victor Georgievich Veselago [4] [6], a Russian 
physicist was the first which proposed the 
metamaterials theoretically in 1967. J.B. Pendry had 
studied further more in the metamaterial field. After 
that in 2001, Smith made the first prototype structures 
of LHM [5]. The LHM is a combination of Split Ring 
Resonator (SRR) and thin wire (TW). Metamaterial is 
used because it is easy to fabricate 

2. DESIGN AND SIMULATED 
RESULTS OF RMPA AND PROPOSED 
ANTENNA 
 
The Rectangular micro strip patch antenna parameters 
[7, 8] are calculated from the formulas given below: 
 
Calculation of Width (W) 
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Where,    c = free space velocity of light 

εr = Dielectric constant of substrate 
 
The effective dielectric constant of the RMPA 
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The actual length of the Patch (L) 

  L = Leff - 2ΔL                                                              (3) 
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Where 

  Leff =  
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                                                     (4) 

Calculation of Length Extension 
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2.1 Analysis of rectangular micro strip patch 
antenna  
 
TABLE I: RMPA Specifications 
 

Parameter Dimension Unit 

Dielectric Constant 4.3 - 
Loss Tangent 0.02 - 
Thickness 1.6 mm 
Operating Frequency 1.9 GHz 
Length 45.64 mm 
Width 35.44 mm 
Cut Width 5 mm 
Cut Depth 10 mm 
Path Length 32.82 mm 
Feed Width 3 mm 

 
The physical parameters of rectangular micro strip patch 
antenna are W=35.44 mm, L=45.64mm, length of 
transmission line feed= 25.995mm, with width of the 
feed= 3mm. The rectangular micro strip patch antenna 
designed on one side of glass/epoxy structure with εr = 
4.3 and height from the ground plane d= 1.6mm. 
 

 

Fig1: Rectangular micro strip patch antenna at 1.9 GHz (all 
dimensions in mm) 

 

 

Fig2: Simulated Result of Rectangular micro strip patch 
antenna showing Return Loss of -11dB and Bandwidth [9] of 

23.2MHz 

 
 

Fig3: Smith chart [10] of the rectangular micro strip patch 
antenna at 1.9GHz 

 

 
 
Fig4: Directivity of the rectangular micro strip patch antenna 

at 1.9GHz 
 

2.2 Left handed Meta material structure 
 
In this Meta material design, “Rhombus Connected with 
Circle Meta material” are loaded on the patch antenna. 
This Meta material Structure is distributed equally with 
each other and cut vertically with 2 mm width. This 
design gives the better improvement in impedance 
bandwidth and reduction in return loss. 
 

 
   

 
Fig5: Design of proposed Meta material structure at the height 

of 3.2 mm from ground plane 
 

 
 

Fig6: Rectangular micro strip patch antenna with proposed 
Meta material structure 
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Fig7:  Simulated result of the RMPA along with proposed 
Meta material cover showing Return Loss of   -33.16dB & 

Bandwidth of 41.9MHz 
 
The simulated results of the RMPA along with 
proposed meta material cover are shown in figure 7 & 
8, it has been found that the potential parameters like 
[11][12] ( Total efficiency, & directivity) of the 
proposed antenna increases significantly in comparison 
to RMPA alone. The return loss of the RMPA along 
with proposed Meta material cover is reduced by -
33.16dB Radiation pattern is defined as  the power 
radiated (transmitted) or received by an antenna in a 
function of the angular position and radial distance from 
the antenna. It describes how an antenna directs the 
energy it radiates and it is determined in the far field 
region.  

 

Fig8: Radiation pattern of proposed antenna showing 
Directivity of7.237dBi. 

 

 

Fig9: Smith chart of RMPA with proposed Meta material 
structure. 

3. CONCLUSION   
 

We can see that RMPA structure having certain 
specification can be enhanced by using LH-MTM. So 
that its bandwidth, efficiency, return loss and gain could 
be ameliorated. Hence this work could be further 
amended by using variant patterns of Meta material 
structures. Additional in future this work may be shifted 
in higher frequencies so small antennas may be used for 
the local area network technologies. the simulated 
rectangular micro strip patch antenna results in Return 
Loss of -11 dB & 23.2MHz Bandwidth while when it is 
designed with “Two opposite hexagon cut shaped 
structure” Meta material structure at 3.2mm from the 
ground plane, it shows Return Loss of -33.16 dB & 
41.9MHz Bandwidth which shows improvement of 
bandwidth and significant reduction in return loss. 
 

REFERENCE 
 
[1] "IEEE standard definitions of terms for antennas," IEEE 
Std 145-1983, 1983.  
[2] Y. P. Zhang and J. J. Wang, "Theory and analysis of 
differentially-driven microstrip antennas," IEEE Transactions 
on Antennas and Propagation, vol. 54, pp. 1092-1099, 2006.  
[3] A. Semichaevsky and A. Akyurtlu, "Homogenization of 
metamaterial-loaded substrates and superstrates for antennas," 
Progress In Electromagnetics Research, vol. 71, pp. 129-147, 
2007.  
[4] M. Lapine and S. Tretyakov, "Contemporary notes on 
metamaterials," Microwaves, Antennas & Propagation, IET, 
vol. 1, pp. 3-11, 2007. 
[5] E. Nader and R. W. Ziolkowski, "A positive future for 
double negative metamaterials," Microwave Theory and 
Techniques, IEEE Transactions, vol. 53, pp. 1535-1556, 2005.  
[6] L. Le-wei, Y. Hai-ying, W. Qun, and C. Zhi-ning, "Broad-
bandwidth and low- loss metamaterials: theory, design and 
realization," Journal of Zhejiang University SCIENCE A, vol. 
7, pp. 5-23, 2006. 
[7] Constantine A.Balanis, Antenna Theory and Design. John 
Wiley & Sons, Inc., 1997.  
[8] W.L. Stutsman, G.A. Thiele, Antenna Theory and design, 
John Wiley & Sons, 2nd Ed., New York, 1998.  
[9] A. D. Yaghjian and S. R. Best, "Impedance, Bandwidth, 
and Q of Antennas," IEEE Trans. On Antennas and 
Propagation, Vol. 53, No. 4, pp. 1298 1324, 2005. 
[10] David M. Polar, “Microwave Engineering”, 3rd Edition, 
John Wiley & Sons, 2004. 
[11] Wu, B-I, W. Wang, J. Pacheco, X. Chen, T. 
Grzegorczyk, and J.A. Kong, “A study of using meta 
materials as antenna substrate to enhance gain,” Progress in 
Electromagnetic Research, PIER 51, 295-328, 2005. 
[12] H.A. Majid, M.K.A. Rahim and T. Marsi, Micro strip 
Antenna gain enhancement using left-handed Meta material 
structure, progress in Electromagnetic Research M. Vol.8, 
235-247, 2009. 
 
 


