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Authors analyzed and explored a significant cone#pimicro-strip patch
antenna conFigured by double negative left handetdmaterial which have
dielectric permittivity & magnetic permeability Botnegative simulta-
neously. Basic aim of this paper is to explain tlemegal properties of
rectangular micro-strip patch antenna with metariatstructure like return
loss, bandwidth, directivity and gain. In this papathors have compared the
return loss, bandwidth & gain of the  micro-styyatch antenna at a
frequency of 2GHz and height of 3.2 mm from theugd plane with
“SPLIT RING” Shaped double negative left-handed mmetierial. It has
been observed that the return loss has improve@QmB. The complex
permittivity and permeability of the proposed stue has been extracted by
Nicolson-Ross-Weir (NRW) approach.
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1. INTRODUCTION

The unusual properties of the metamaterials atizadi here in a Microstrip Patch Antenna at a
frequency of 2GHz in order to achieve a more effitiAntenna. Metamaterials were first introduced by
Veselago [1] in 1967. Metamaterials are manmadéc#at materials which exhibit negative permittiyj
negative permeability and negative refractive inffeg], which is not found readily in the materiégind in
nature. For the proposed antenna only the negpémaittivity and negative permeability are of imjaorce.
Veselago first analyzed theoretically the wave pggiion in a material with a negatigkectric permittivity
and a negative magnetic permeability. In such ahafided (LH) material the electric field, the metn
field, and the wave vector of an electromagnetiwevpropagating obey the left-hand rule (insteadhef
right-hand rule for usual materials). Metamater@smit patch antenna elements to cover a widguéecy
range. Some applications for metamaterial antemnaswireless communication, space communications,
global positioning system (GPS), satellites, speatécle navigation, and airplanes.

The Rectangular Microstrip Patch Antenna consi$ta econductive patch on substrate materials
above a conductive ground plane. The excitatiothefpatch is accomplished via Microstrip feedlihbis
feed technique supply the electrical signal toRlagch which will be converted to an electromagnetwe.
This paper is organized as follows. The sectios 2dancerned with the methodology used. The se®&ion
discusses the results of the paper and hence a&xcthe work.

All the simulation work is done on Computer Simidat Technology (CST-MWS) Software.
Microsoft Excel Software has been used for verijytine Double Negative properties of the proposesifyte
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2. METHODOLOGY

The Rectangular Resonant Microstrip Patch Antermaetched on FR4 (Lossy) substrate of
thickness h = 1.6mm, and dielectric constant4.3 by using PEC [4] (Perfect Electric condugtas the
conducting plane. The proposed design is basedSHLIT RING” shaped metamaterial structure. The
Rectangular Microstrip Patch Antenna (RMPA) parareare calculated from the formulas given below.

2.1. Desired Parametric Analysis [2-3]:
Calculation of Width (W)

W = 1 2 —i i (1)
2fr o€, Ver+1  2fr Ver+1
Where,

¢ = free space velocity of light,
¢, = Dielectric constant of substrate.

Effective dielectric constant is calculated from

er+1 er-1 1
= +

€. = (2)
eff 2 2 12h
1+-=
W
The actual length of the Patch (L)
L=L, —-2AL 3)
Where,
C
Ly =———— (@)
2fr /e,
Calculation of Length Extension
W
(€. +03) —+ 0264j
AL h
- = 041, W (5)
(e, + 025, )(h + o.sj
The RMPA is designed using the calculated paramsteswn below in Table 1.
Table 1. RMPA Specifications:
Dimensions Unit
Dielectric Constantet) 4.4 -
Loss Tangent (taf) 0.02 -
Thickness (h) 1.6 mm
Operating Frequency 2 GHz
Length (L) 34.30 mm
Width (W) 44.20 mm
Cut Width 5 mm
Cut Depth 10 mm 282175 4
Path Length 32.82175 mm
Width Of Feed 3.009 mm

34.20 ]

Figure 1. Dimensional View of Rectangular
Microstrip Patch Antenna at 2GHz
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3. DESIGNING, SIMULATION, FABRICATION & MEASURM ENT OF RMPA AT 2GHZ

A rectangular Microstrip Patch Antenna (RMPA), withrecessed Microstrip feedline, backed by a
perfect electrical conductor [4] (PEC) ground pl@ehown in Figure 1. The antenna is designeddonate
at 2GHz.

The return loss is a main parameter in almost riérena analysis. It is also known as the S11
parameter in the two port network. It measuresatitenna’s absorption of the fed power over thd fever
fed. Initially, the impedance bandwidth [17] of thRectangular Patch Antenna is 8.6MHz (1.9624-
1.971GHz), and the Return Loss is -10.172dB as shnwigure 2.

S-Parameter Magntude in dB CST

2 BN ; r
| \\// H

g (1.815,-10) 05 1 15 2 25 3
QZ (2.0241,-10) Frequency | GHz

Figure 2. Simulated Result of Rectangular MicrgsRatch Antenna showing Return Loss of -15.09dB and
Bandwidth of 42.6MHz (1.9815-2.0241)

The radiation pattern of an antenna is generalynidst basic requirement because it determines the
distribution of radiated energy in space. Figush8ws the Radiation Pattern of RMPA resonatingGii2

Type Farfield
fipproximation enabled (kR >> 1)
Honitor farfield (f=2.8) [1]
Component fibs

Dutput Gain

Frequency 2

Rad. effic. -1.825 dB

Tot. effic. -1.967 dB
Gain 2.046 dB

Figure 3. Radiation Pattern of Rectangular Micipgiatch Antenna showing Gain of 2.046dB [11]

After designing, simulating, fabricating & measwrinhe RMPA potential parameters at the
operating frequency, the proposed “SPLIT RING” @thl5] [17] metamaterial structure is taken into
account.

Before incorporating the proposed structure wite Bectangular Microstrip Patch Antenna, the
Double Negative metamaterial properties of the pseg structure are verified by using NRW approach.

4.  NICOLSON-ROSS-WEIR (NRW) APPROACH

The proposed structure is placed between the twegdade ports [10] at the left & right of the X-
Axis (shown in Figure 6) in order to calculate ®i&l and S21 parameters so as to prove that thesedp
structure possesses Double Negative Metamateriglepties. In Figure 6, X-Plane was defined as eerfe
Electric Boundary (PEB) and Z-Plane was definethaPerfect Magnetic Boundary (PMB).
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Figure 4. Photograph of finally fabricated RMP Atlayer)
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Figure 5. Measured Result of Rectangular Microgea@ch Antenna showing Return Loss of -18dB

Figure 6. Proposed Metamaterial Structure placéaden the two Waveguide Ports at the left & righthe
X-Axis
The NRW modeling is the most common used methogeidorm the calculation of complex
permittivity and permeability of materials. The aiseed S-parameters are then exported to Microsafele
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Software for calculating the value of the permitfivand permeability of the proposed design, udimg
Nicolson-Ross-Weir (NRW ) approach [9] [10].

4.1. Equations used for calculating permittivity & permeability using NRW approach [10], [13]:

L= 2d1-v2) ©)
" wdil+v2)
29 1ci
E-UNM+—m )
wd

Where,
Vv 1=S11+8S21 v 2=821-S11
o = Frequency in Radian, d = Thickness of the Salsstr
¢ = Speed of Light, ¥ 1 = Voltage Maxima, and

Vv 2 = Voltage Minima.

The Figure 7 & 8 shows that the proposed desigre haegative values of permittivity and
permeability at the operating frequency

Permittivity Vs Frequency Permeability Vs Frequency
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Figure 7. Permittivity versus Frequency Graph Figure 8. Permeability versus Frequency Graph

Figure 9. Rectangular Microstrip Patch Antenna émhdith “SPLIT RING” shaped metamaterial structure
(all dimensions in mm)
5. DESIGNING AND SIMULATION OF “SCATTERD SQUARE R INGS” DOUBLE NEGATIVE
METAMATERIAL STRUCTURE.
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The Figure 9 below shows the RMPA loaded with"®RLIT RING” shaped metamaterial structure
at a height of the 3.2mm from the ground plane §ufé 11(a) and 11(b) shows the fabricated structure
experimental verification respectively.

SParameter Megntude in €8 CST

| 1

(g ()
g {15, 40)

03 1 15 1 25 3
Frequency | Ghiz

Figure 10. RMPA loaded with “SPLIT RING”  Figure 11. Simulated result of proposed Metamdteria
shaped metamaterial structure at a height of Structure showing Return Loss of -36.81dB and
3.2mm from the ground plane Bandwidth of 73.3MHz (1.9619-1.9952)

E-Field(r=1m) Abs (Phi=90)

Type Farfield _ 0 .
Approxination enabled (KR >> 1) Phi= 90 30 - - 30 Phi=270
Honitor farfield (f=2.8) [1] 60 ) ’ ) 60
Component fbs S b T

Dutput Gain ’ o

Frequency 2 -

Rad. effic. -2.268 dB

Tot. effic. -2.975 dB

Gain 3.539 dB

Figure 12. Radiation Pattern of RMPA loaded with
“SPLIT RING” shaped metamaterial structure showing
Gain of 3.539dB.

180

Theta / Degree vs. dBV/m
Frequency = 2
Main lobe magnitude = 17.6 dBW/m
Main lobe direction = 0.0 deg.
Angular width (2 dB) = 108.8 deg.

Figure 13 (a). E Field of RMPA loaded with
“SPLIT RING” shaped metamaterial structure
at 2GHz [18]
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Frequency = 2
Main lobe magnitude = -33.9 dBA/m Figure 14 (a). Fabricated “SPLIT RING” shaped
Main lobe direction = 0.0 deg. metamaterial structure at a height of 3.2mm froen th

Angular width (3 dB) = 108.8 deg. ground plane

Figure 13 (b). H Field of RMPA loaded with
“SPLIT RING” shaped metamaterial structure at
2GHz
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Figure 14 (b). Experimental Testing of RMPA  Figure 15. Measured Result of Rectangular Micrpstri
loaded with “SPLIT RING” shaped metamaterial Patch Antenna loaded with “SPLIT RING” shaped
structure on Spectrum Analyzer metamaterial structure showing Return Loss of -33dB

6. RESULTS AND CONCLUSION

When the proposed “SPLIT RING” shaped metamatstraicture is simulated using CST Software
at the resonating frequency of 2GHz, it has beamdothat the potential parameters [13-14] (gain,
bandwidth, & return loss) of the Antenna improvamsicantly in comparison to RMPA alone. Figure&2
11 shows that the Return Loss of the proposed na#taral structure is reduced by 21.72dB & the
bandwidth increases by 30.7MHz [8][16]. RadiatioattErn in Figure 3 & 12 shows that the Gain of the
proposed metamaterial structure has improved b93tB [7][12]. The results measured by the spectrum
analyzer are shown in Figure 5 & 15. The purposthefwork is to design a small size, less powesuored
and low cost antenna that can be used for widelwmmdmunication applications. It is clear from the
investigation that measured and simulated resulés likely same, but some fabrication losses and
environmental condition alter the results minutely.
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