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Wideband Gain-Enhanced Miniaturized Met
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Abstract:-Complementary Split Ring Resonators and SpiraThe frequency spectrum of GSM (1710-85) MHz [2] has

Resonators; a category of artificially-devised mmiaterial
components; are loaded onto a microstrip patch aefflectively
utilized for obtaining wideband behaviour throughtegygered
resonances and for radiator size reduction. A lkagset-fed
patch antenna is loaded with a pair of CSRR on both thides
with a small change in dimension leading to closelyerlapping
resonances resulting in a wide bandwidth. Additonally spiral
resonator is inscribed in the ground-plane under ehpatch
metallization to suppress surface waves and to inverothe
radiation characteristics. The antenna is simulatesid optimized

been kept as a target specification, although tiepgsed
technique is adaptable to any band of interest.

Il DESIGN OF PROPOSED ANTENNA

A basic microstrip rectangular patch antenna isst fir
designed using two substrates (Rogers 3003 anarRog
3210) and employing a direct feeding technique vike
Inset Feed. It is relatively straight-forward tohmwve a

using Ansys HFSS®, a benchmarked commercial softwaresatisfactory impedance match referring the desggratons

Analyzed results of the proposed antenna are presént
Satisfactory impedance and radiation characteristiare obtained
with ~ 87% radiation efficiency and 6% miniaturizatn.

from [8]. The proposed antenna has two substraterda
with thickness of 60 mils each. The microstrip linded at
a distance of 8.065 mm inside the patch margirgémd

Keywords: Metamaterials, CSRR (Complementary Ri”Qhwatching with a standard 80 impedance system. The

Resonator), Spiral Resonators, Miniaturization.

l. INTRODUCTION

Met materials are a class of materials, not reaalilyurring
in nature and are artificial man-made materialeyTéxhibit
negative permeability and permittivity over
frequency ranges that may be controlled throughcéce of
the physical parameters and exploited for a variety
applications. Such materials have been effectivglized

by researchers for improvements in antenna featlikes

size reduction, gain and bandwidth enhancement [1].

Microstrip antennas are well-known planar antenties
find tremendous application in many areas; andiqudatrly
in the wireless domain. Over the
significant improvements have been proposed anal
antennas by many researchers; some of the
innovations being the use of metamaterials to aehgich
improvements. Most recently Split Ring Resonat@SRR,
SR, Reactive Impedance Surfaces (RIS) are invéstiga-
5]. Yuandan Dong et.al. Have reported miniatuiizatof

patch when loading the patch with CSRR and RIS

[6].Wenquan et.al used CSRR on ground for Beamridtpe
application [7]. The present work is related tohbfg, 7] in

the sense that it uses a pair of CSRR and SR femaa

miniaturization. In our work we have introduced awn
method to attain wideband performance through stagh
resonance by loading patch with slightly differdithension

and while ground is loaded with SR for effectivaface

wave suppression.
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designed patch resonates at 1.873 GHz (see F&)1

Figure 1 Inset fed Patch Antenna
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Figure 2 Return Loss Characteristic

Complementary Split Ring Resonators

These structures are duals of split ring resonatdich
exhibit negative permeability. CSRR exhibits negmati

Dr. Khagindra Kumar Sood, Antenna Systems Group at the Spacddermittivity. When loaded onto the patch, the CSRRBples
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the field by both magnetic and capacitive coupling
mechanisms [5, 9]. As the path travelled by theremtr
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loops is longer across the patch metallizatiois, lads tc
miniaturization. Two different resonances were created
designing two different resonant frequencies of &
structures slightly offuned with respect to each other. 7
resonances being close enough; overlap each aithsing ¢
staggertuned response that yields a ad bandwidth.
Further, surface wave suppression is achieved olyires
spiral resonators on the groupthne of the antenr
substrate.

Figure 3 CSRR and its Fuivalent [5]

The design equation of CSRR and SR to calculatenssd
frequency aresummarized below (further details may
obtained from relevant references). .

The Resonant Frequency of the CSRR is give [5]

1
w=—— (1)

> JLC.

LC=%(L—W—S){In(%+184pH @
2 o
wW+S
pP="T—" 3)
L-w-s
C. =[L-15@2+d)]c,, (4)
The resonant frequency is a function of the nede

permitivity of the substrate,width of the strip anbe
spacing between the ringslere ‘w’, ‘L', ‘s’ stands for
width, length of the outer ring,spacing betweergsimp is
filling factor,Cpul is per unit capacitance. Thesaaant
frequency of a single CSRR is calculated to be2@ @Hz

The design equations for the spiral resoni are as follows

—_ IUO 1 ISRavg
Lo =22 | pond = + In| 220
SR 277_ SRave{z ( 20) j:|

— | N? N E
C=Corgrrg g T (10

(6)
Where w'stands for width,’s’ for spacing ,'N’ is a
integer,’n’ the number of turns,’I’ tl length, and
expressions for ISRavg and Co expression is alaila

®)
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[5]. The equivalent of the spiral resonator is ala
combination of inductance and capacitance and easebr
in [5] .

Il Analyzed Results

Using the formulae in the foregoing section, thesigie
dimensions of both the CSRR’s (loaded on the paarig
the spiral resonator (loaded on the ground layeere
obtained. The complete radiator geoemtry includthg
patch and the three metamaterlements loaded into it was
anlyzed using Ansys HFSS®, which is a benchma
commercial e,m, simulator. Minor optimization ofe!
element dimensions was also carried out on the :
software platform to obtain the exact ferequencynd
desired. The final ichensional details for the metamatel
elements are summarized in Table The HFSS®
simulation model is illustrated in Fig. 4 along hvithe
predicted impedance characteristics. The effecétafige-
tuning by CSRReading is clearly evident (on compzg
the impedance plot of the unloaded pe Fig. 2).

Using an absorbing boundary condition (ABC), the-field
characterstics of the propsed element are alsanelotgsee
Fig. 5). The radiation plots resemble the expeci&tDl
dominant mode of the migstrip patch antenna. Min
asymmetries in the pattern are owing to the peatioh of
the patch metallization as well as the grc-plane due to
the met material loading.

Table 1 Detailsof Dimensions of CSRR and S

Parameter CSRR Parameter SR
Width (mm) 0.5 Width (mm) 0.2
5
Space (mm) 0.6 Thickness (micron) 35
Gap (mm) 0.5 Distance (mm) 0.5
Length (mm) | 9.5,9.3 Turns 15
Right &left side

Figure 4 The Top and Ground View of the Proposet
Antenna (showing CSRR loading in patch and spira
resonator in ground plane
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Figure 5 Realized Gain at 1.72 GH

The key simulation results of the proposed anteare
summarized in Table 2. The GSM band is a pos:
application for this kind of radiator and an exest
bandwidth is obtained in the present design ver:
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A miniaturization to the extent of 6% is achievédttmay
lead to reduction in the antenna size for a moredja
personal unit. The obtained radiation efficiencysoal
indicates that perfoprmance is not sacrificed far $ake of
redcued radiator dimensions.

ISSN: 2319-9598, Volume-3, Issue-1, December 2014

Linear vertical polarization is achieved in theremt design.
Future scope of work in this direction may be termipt for

circular polarization realization which may be doameng

with EM coupling techniques. The antenna may bslyea
fabricated using photolithographic technique; asdhénce,
potentially cheap while also being compact in size.

Table 2 Summary of Proposed Antenna and Suggestegplication

Frequency Return Gain Efficiency | Miniaturization | Suggested
(GH2) Loss (dB) Application
(dB)
1.72 GHz -10.17 4.3 87 % 6 % GSM
V. CONCLUSION Mrs. Gayathri Rajaraman, is working in Annamalai University as

A new method to miniaturize a microstrip patch anteis
proposed wherein metamaterial loading has beentiféty
utilized to
bandwidth and radition efficiency are found to lweguate
for the suggested wireless application. The peaggntof
miniaturization achieved in the present desigrits 6
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areas of interest are shaped reflectors, dual-gdideflectors, multiple-
beam antennas, unfurlable antennas, large Cassegnah-station antennas
and feed horns, OMT's, etc. for these antennas
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