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Abstract
This paper propose a new generation of antenna design that
applies Meta material properties at the height of 3.2mm above
from the ground Plane. Paper also analyzed the performance of
Ractangular Micro strip Patch Antenna with and without using
the Meta material structure. All antenna parameters such as
Return Loss, Gain, Directivity and Band width were measured.
The main focus of this paper was to improve Return loss so that
Patch antenna used for wide band applications. The additional
features were its compact size and used in multiband operation.
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1. INTRODUCTION

A. Rectangular Microstrip Patch Antenna
Micro strip antennas are largely used in many wireless
communication systems because of their low profile and light
weight. The substrates of dielectric constant are usually in the
range of 2.2 to 12. Meta materials (MTMs) denote artificially
constructed materials having electromagnetic properties not
generally found in nature. Examples include photonic band
gap structures [2, 9] and double negative (DNG) media
[1][3][8], i.e., MTMs having negative permittivity and
negative permeability. In RMPA having a lot of advantages
(low profile, low cost and omnidirectional radiation patterns
etc.), it has some drawbacks like narrow bandwidth and low
gain [10]. Several researches have been done to overcome
their drawbacks. In this context Victor Vesalago [11, 12]
introduced the theoretical concept of meta material in 1967.
According to the theory of Vesalago, these materials are
generally artificial materials used to provide properties which
are not found in readily available materials in nature [13, 14].
Later on J.B. Pendry and his colleagues, [15] added more
information into the theory of meta material [16].

In this paper, Rectangular Microstrip patch antenna with Height
of 1.6mm & 4.3 dielectric constant. FR4 Substrate whose
dielectric constant is 4.3 are used for investigate the better
result. This design is operated at 2.41GHz frequency. In RMPA
having a advantages (low profile, low cost and

omnidirectional radiation patterns etc.), it has some drawbacks
like narrow bandwidth and low gain. To overcome this problem
we use meta material with double negative property of  veselago

media at a height of 3.2mm with the ground plane.

2. FORMULA SECTION WITH DESIGN
METHODOLOGY & SIMULATED
RESULTS

Formula Used For Designing of RMPA [17, 18]
Calculation of Width (W)

= = (1)

Where,
c = free space velocity of light
εr = Dielectric constant of substrate

The effective dielectric constant of the RMPA= + (2)

The actual length of the Patch (L)

L = Leff - 2ΔL (3)

WhereLeff = (4)

Calculation of Length Extension

∆ = 0.412 . .. . (5)

Table I. shows the dimensions of the RMPA (rectangular
micro strip patch antenna), also the simulated results are
shown in fig2&fig3. After designing & simulating the
RMPA, the proposed Meta material Structure is taken into
analysis as shown in fig5.

Table1. RMPA Specifications
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In this paper, a rectangular micro strip patch antenna are
designed. The width, length and height for ground plane are
36.85mm, 28.56mm and 1.6mm.The substrate height is
1.6mm with dielectric constant is 4.3 are taken to design the
antennas. The operating frequency is 2.41GHz. The more
parameters are define in above table1.

Fig 1: Rectangular micro strip patch antenna at 2.41 GHz (all dimensions in
mm).

Fig2: Simulated Result of Rectangular micro strip Patch antenna showing
Return Loss of -10.87 dB & bandwidth of 35.1 MHz.

Fig3: Radiation Pattern of Rectangular micro strip patch antenna showing
Gain of 3.473 dB.

Fig4: Radiation Pattern of Rectangular micro strip patch antenna showing
Directivity of 5.266 dBi.

Fig5: Rectangular micro strip patch antenna loaded with “Slotted Circular
Ring with Rectangular” Meta material Structure (All dimensions in mm).

Then, the “Slotted Circular Ring with Rectangular” meta
material structure is placed above the patch antenna at a
height of 3.2 mm from ground plane in order to study its
influence, and the results are compared with those of the
Patch antenna alone.

3. RESULT
A Research on [19, 20] meta material was carried out to
understand the fundamentals of the newly discovered
substance. The simulated result of rectangular micro strip
patch antenna with “Slotted Circular Ring with Rectangular”
The results of  structure is shown in figure 2&7. At 2.41GHz
frequency the simulated rectangular micro strip patch antenna
results in Return Loss of -10.87dB & 35.1MHz Bandwidth
while when it is designed with “Slotted Circular Ring with
Rectangular” meta material structure at 3.2mm from the
ground plane, it shows Return Loss of -37.02dB& 53.0MHz
Bandwidth which shows improvement of bandwidth and
significant reduction in return loss.

PARAMETER DIMENSION UNIT

Dielectric Constant 4.3 -

Loss Tangent 0.02 -

Thickness 1.6 mm

Operating Frequency 2.41 GHz

Length (L) 28.56 mm

Width (W) 36.85 mm

Cut Width 5 mm

Cut Depth 10 mm

Path Length 28.4288 mm

Feed Width 3 mm
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Fig6: Rectangular micro strip patch antenna with proposed meta material
structure.

Fig7: Simulated Return Loss of Rectangular micro strip patch antenna
loaded With “Slotted Circular Ring with Rectangular” meta material
Structure.

Fig8: Radiation Pattern of the RMPA along with proposed meta material
cover showing Directivity of 6.155dBi.

Fig9: Radiation Pattern of the RMPA along with proposed meta material
cover showing gain of 3.937dB.

Fig10: Smith chart of the RMPA along with proposed meta material cover at
2.41GHz.

Fig9 shows the smith chart [21] of the RMPA along with
proposed metamaterial cover, it is clear from the figure that
the impedance of the antenna is matched with the coaxial
cable i.e., 50Ω.

4. CONCLUSION

The “Slotted Circular Ring with Rectangular” meta material
structure with RMPA antenna has been proposed in this
paper. This antenna gives high gain due to huge reduction in
return-loss. By using CST simulation software we can easily
analyze that there is an amendment in to the bandwidth (34
MHz), gain and return loss is improved upto 0.464dB & -
26.15 dB. The Compare result of patch antenna & meta
material at 2.41GHz operating frequency in given below
Table II.

Table II. Comparison Result of Designed Antenna

Parameters Patch result Metamaterial result
Return loss -10.87dB -37.02dB
Bandwidth 35.1MHz 53.0MHz
Gain 3.473dB 3.937dB
Directivity 5.266dBi 6.155dBi
Impedance 41.5ohms 49.7ohm

5. REFERENCE

[1] V. G. Veselago, “The electrodynamics of substances with
simultaneously negative values of” and _,” Sov. Phys.
Uspekhi, vol. 10, no. 4, pp. 509–514, Jan–Feb. 1968.
[2] Douglas, H. W., R. L. Haupt, and P. L. Werner, Fractal

antenna engineering: The theory and design of fractal
antenna arrays," IEEE Antennas and Propagation Magazine,
Vol. 41, No. 5, 37-59, 1999
[3] J. B. Pendry, “Negative refraction makes a perfect lens,”
Phys. Rev. Lett., vol. 85, no. 18, pp. 3966–3969, Oct. 30,
2000.
[4] J. B. Pendry, A. J. Holden, D. J. Robbins, and W. J.
Stewart, “Magnetism from conductors and enhanced
nonlinear phenomena,” IEEE Trans. Microwave Theory
Tech., vol. 47, pp. 2075–2084, Nov. 1999.



International Journal of Electrical & Electronics Research (IJEER)
Volume 2, Issue 3, Pages 21-24, September 2014, ISSN: 2347-470X

24

[5] D. R. Smith and N. Kroll, “Negative refractive index in
left-handed materials,” Phys. Rev. Lett., vol. 85, no. 14, pp.
2933–2936, Oct. 2000.
[6] R. A. Shelby, D. R. Smith, S. C. Nemat-Nasser, and S.
Schultz, “Microwave transmission through a two-
dimensional, isotropic, left handed meta material,” Appl.
Phys. Lett., vol. 78, no. 4, pp. 489–491, Jan. 2001.
[7] R. A. Shelby, D. R. Smith, and S. Schultz, “Experimental
verification of a negative refractive index of refraction,” Sci.,
vol. 292, pp. 77–79, Apr. 2001.
[8] R. W. Ziolkowski, “Superluminal transmission of
information through an electromagnetic meta material,”
Phys. Rev. E, Stat. Phys. Plasmas Fluids Relat. Interdiscip.
Top. vol. 63, no. 046604, 2001.
[9] Vikas Gupta, B.S. Dhaliwal “Performance Enhancement
of Recangular Microstrip Patch Antenna by Loading
Complementary Split Ring Resonator in the Patch”,
International Journal of Electronics Engineering, 3 (1),
(2011), pp. 141– 143.
[10] V. G. Veselago, “The electrodynamics of substances
with simultaneously negative values of μ and ε”, Sov. Phys.
Uspekhi, vol. 10, no. 4 (1968), pps. 509 – 514.
[11] Nader Engheta, Richard W. Ziolkowski, “Metamaterial
Physics & Engineering Explorations”, Wiley-IEEE Press,
June 2006.
[12] J.B. Pendry, Negative refraction males a prefect lens,
Phys Rev Lett, 85 (2000), pp.3966–3969.
[13] Bimal Garg, Rahul Tiwari, Ashish Kumar and Tilak
Chitransh, “Design of factored ‘X’ shaped metamaterial
structure for enhancement of patch antenna gain”,
International Conference on Communication Systems and
Network Technologies 2011.
[14] J.B. Pendry, A.J. Holden, D.J. Robbins, W.J. Stewart,
“magnetism from conductors and enhanced nonlinear
phenomena” IEEE Trans. Micro Tech. vol.47 no.11 (1999),
pp.2075-2081.
[15] D.R. Smith, W.J. Padilla, D.C. Vier, S. C. Nemat-
Nasser, and S. Schultz, Composite medium with
simultaneously negative permeability and permittivity, Phys
Rev Lett 84 (2000), pp. 4184–4187.
[16] 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, PIERS 51 (2005), pp. 295-328.
[17] Shah Nawaz Burokur, Mohamed Latrach and Sergre
Toutain, “Theoritical Investigation of a Circular Patch
Antenna in the Presence of a Left-Handed Mematerial”,
IEEE Antennas and Wireless Propagation Letters, Vol. 4,
2005.
[18] Constantine A.Balanis, Antenna Theory and
Design.John Wiley & Sons, Inc., 1997.
[19] W.L. Stutzman, G.A. Thiele, Antenna Theory and
design, John Wiley & Sons, 2nd Ed., New York, 1998.
[20]. NadarEngheta, Richard W. Ziolkowski, “Metamaterial
Physics & Engineering Explorations”.
[21]. Huda A. Mazid, Mohammad Kamal A. Rahim,
ThelasaMasri, “Left handed metamaterial design for
microstrip antenna application”, IEEE International RF and
Microwave conference, 2009.


