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Abstract:-Complementary Split Ring Resonators and Spira The frequency spectrum of GSM (1710-85) MHz [2] has

Resonators; a category of artificially-devised mmiaterial
components; are loaded onto a microstrip patch agffiectively
utilized for obtaining wideband behavior through ajgered
resonances and for radiator size reduction. A lamset-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. Additionglk spiral
resonator is inscribed in the ground-plane under ehpatch
metallization to suppress surface waves and to invgrothe
radiation characteristics. The antenna is simulatetid optimized

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

Il DESIGN OF PROPOSED ANTENNA

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

using Ansys HFSS®, a benchmarked commercial softwaresatisfactory impedance match referring the desigratons
Analyzed results of the proposed antenna are presént from [8]. The proposed antenna has two substratersa

Satisfactory impedance and radiation characteristic are

obtained with ~ 87% radiation efficiency and 6%
miniaturization.
Keywords: Metamaterials, CSRR (Complementary Rin

Resonator), Spiral Resonators, Miniaturization.

l. INTRODUCTION

Metamaterials are a class of materials, not reamtiturring
in nature and are artificial man-made materialeyléxhibit
negative permeability and permittivity over
frequency ranges that may be controlled throughadce of

the physical parameters and exploited for a variety

applications. Such materials have been effectivaljlized
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; andiquaatrly
in the wireless domain. Over the
significant improvements have been proposed angl
antennas by many researchers; some of the
innovations being the use of metamaterials to aehsich
improvements. Most recently Split Ring Resonat@SRR,
SR, Reactive Impedance Surfaces (RIS) are invéstida-
5]. Yuandan Dong et.al. Have reported miniaturarabof

patch when loading the patch with CSRR and RIS
[6].Wenquan et.al used CSRR on ground for Beamrigtge

application [7]. The present work is related totbf&, 7] in
the sense that it uses a pair of CSRR and SR fi@naa
miniaturization. In our work we have introduced awn
method to attain wideband performance through stiagh
resonance by loading patch with slightly differdithension
and while ground is loaded with SR for effectivaface
wave suppression.
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certain

lates

with thickness of 60 mils each. The microstrip linded at
a distance of 8.065 mm inside the patch margirgtmd
matching with a standard &0 impedance system. The

Y%esigned patch resonates at 1.873 GHz (see F&8)1

last two decades,

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 resonatdrich
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permittivity. When loaded onto the patch, the CSiRples
the field by both magnetic and capacitive coupling
mechanisms [5, 9]. As the path travelled by theresur
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loops is longer across the patch metallizatiors, fads to The equivalent of the spiral resonator is also mhbination
miniaturization. Two different resonances were wdaby of inductance and capacitance and can be seeh.in [5
designing two different resonant frequencies of BSR

structures slightly off-tuned with respect to eather. The [l Analyzed Results

resonances being close enough; overlap each aibsing a
stagger-tuned response that yields a broad bandwid
Further, surface wave suppression is achieved blyingf
spiral resonators on the ground-plane of the aite
substrate.

Using the formulae in the foregoing section, thesigie

Himensions of both the CSRR’s (loaded on the paactt)

the spiral resonator (loaded on the ground layegrew

MBbtained. The complete radiator geometry includthg
patch and the three metamaterial elements loadedt iwas
analyzed using Ansys HFSS®, which is a benchmarked

QH commercial e,m, simulator. Minor optimization ofeth
1

element dimensions was also carried out on the same

software platform to obtain the exact frequency dban

desired. The final dimensional details for the nretterial

elements are summarized in Table 1. The HFSS®

simulation model is illustrated in Fig. 4 along kvithe

predicted impedance characteristics. The effecttafger-

L tuning by CSRR-loading is clearly evident (on conma

the impedance plot of the unloaded patch — Fig. 2).

Using an absorbing boundary condition (ABC), thefi@ld

characteristics of the proposed element are algaired
Figure 3 CSRR and its Equivalent [5] (see Fig. 5). The radiation plots resemble the ebgoe

The design equation of CSRR and SR to calculaneeg TMO1 dominant mode of the microstrip patch antenna.

frequency are summarized below (further detaitsyhe Minor asymmetries in the pattern are owing to the

obtained from relevant references)_ perturbation Of the patCh meta”ization as We” m
ground-plane due to the meta material loading.
The Resonant Frequency of the CSRR is given by [5] Table 1 Details of Dimensions of CSRR and SR
2] S 1)
O \/ﬁ Parameter CSRR Parameter SR
c—C
Width (mm) 0.5 Width (mm) 0.2
4861 098 5
L. = TO (L —W- 5){'” (7 + 184/7]} (2) Space (mm) 0.6 | Thickness (micron)| 35
Gap (mm) 0.5 Distance (mm) 0|5
_ W+s Length (mm) | 9.5,9.3 Turns 15
P=1_w-s 3) Right &left side
R o]
Cc = [L - 15(2 + d)]CpuI (4) e

The resonant frequency is a function of the reativ
permittivity of the substrate, width of the strimdathe
spacing between the rings. Here ‘w’, ‘L', ‘s’ stinfor
width, length of the outer ring, spacing betweewysi p’ is
filling factor, Cpul is per unit capacitance. Thesonant
frequency of a single CSRR is calculated to be 6. @Riz.

The design equations for the spiral resonatorasifellows

Frequency m Gtz

1 I
Ler :&ERM{— + |n(MH ) Figure 4 The Top and Ground View of the Proposed
2m 2 2w Antenna (showing CSRR loading in patch and spiral
resonator in ground plane)
2
C..=C | N ZN—l | - n+£ (w+ S) The key simulation results of the proposed anteara
SR ® 4(w+s) N? +14=n=t 2 summarized in Table 2. The GSM band is a possible
(6) application for this kind of radiator and an exeastl
Wh o' stands f dth. ‘s f . N i bandwidth is obtained in the present design versioh
intezreer “)‘n,s ?r?e Snuor:1bV:r o’f ?urn(;r S‘Iﬁ)afr:r;g,lengt;ws d‘;‘;‘ miniaturization to the extent of 6% is achieved thay lead

to reduction in the antenna size for a more haretggnal

expressions forskagand G expression is available in [S]. ynjt, The obtained radiation efficiency also indésa that
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performanceis not sacrificed for the sake ceduced
radiator dimensions.
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Figure 5 Realized Gain at 1.72 GH

Linear vertical polarization is achieved in theremt design
Future scope of work in this direction may be temipt for
circular polarization realization which may be dosmeng
with EM coupling techniques. The antenna may tmle
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fabricated usinghotolithographic technique; and is her
potentially cheap while also being compact in:

V. CONCLUSION

A new method to miniaturize a microstrip patch anteis
proposed wherein metamaterial loading has beentafidy
utilized to reduce the antennamensions. The gain,
bandwidth and radition efficiency are found to lieguate
for the suggested wireless application. The peagentof
miniaturization actgved in the present design %.
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Table 2 Summary of Proposed Arienna and Suggested Applicatio

Frequency Return Loss Gain o . Suggested
Efficiency Miniaturization o
(GHz2) (dB) (dB) Application
1.72 GHz -10.17 4.3 87 % 6 % GSM
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