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Abstract— A printed multiband inverted-F antenna (IFA) is
presented in thisletter. The concept of loading a printed-1FA with
composite right/left-handed (CRLH) unit cellsis theoretically and
analyze investigated by using electromagnetic simulators, High
Frequency  Structure Simulator (HFSS), for wireess
communication. The proposed printed-IFA with two arms
interconnect by CRLH unit cell to achieve extra operating bands
in addition to the two fundamental resonant frequencies of two
IFA arms. The structure is designed to operate at GSM 1.8 GHz
and WLAN 5.2 GHz. simulated results are in good agreement
with the theoretical predictions.

Keywords- Antennas |FATransmission ligne metamaterial,
CRLH, wireless communication.

l. INTRODUCTION

Recently, emerging electromagnetic metamaterial®e ha

drawn considerable interest in the engineering phygsics
communities. [1-2], novel CRLH unit cell metamadéri
structures have been developed and studied exédpsiand
they have already lead to many ground breakingegliigave,
radiated- wave, and refracted-wave microwave agfiins.[2-
3-4]. Recently, the authors have demonstrated tmeept of
loading monopole antenna metamaterial CRLH unit edlile
maintaining the antenna’s small form factor. Latee, provide
that the idea of metamaterial inspired to enhaheeantenna
performance is not pertinent to monopole antenmdg, dut
can be applied to a coplanar waveguide (CPW)- féctqul-
IFA, to be used for wireless applications.[5]
This work deals with the analysis and simulation of
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Figure.1.Structure of patch antenna with dimengiomm)
(a) Side view. (b) Top view. (c) CRLH unit cell

Inverted-F Antenna loaded with interconnected CRLH
Structure at a height of 2mm from the ground Plane.

The work also investigates the potential propertieshe
proposed Metamaterial Structure. The proposed Aateis
designed at an operating frequency of 1.8GHz anH5@®
meet S-Band (2-4GHz) and WLAN to be used for Wagele
data USB applications, By loading Interconnected LBR
Metamaterial Structure with the IF Antenna at agheiof
2mm, the Antenna’s bandwidth is found to be inoedaand
return loss is reduced to -50.52dB i.e. the pod¢mroperties
like return loss, bandwidth, directivity, gain atadal efficiency
increases of the proposed Antenna to a great extent
comparison tahe IF Antenna alone.
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Figure.2. printed two IFA arms are inspired by
one metamaterial-inspired cell

The proposed metamaterials CRLH cell based on the
interdigital capacitor and single inductor are shoim the
Figure.l. (c). [6] The spiral inductor is more &aso design
and fabrication.

The antenna comprises two stacked inverted-F niats,
which are short circuited to the ground plane pdnbn the
other side of the substrate. The two shorted nlietzd are both
designed to operate as quarter wavelength strictaréhe
antenna is designed on a low-cost FR4 substrate hétght
hsu= 2 mm, dielectric constant,=4.4, and loss tangent
tang$=0.02. The antenna is fed by a CPW transmissioa lin
(TL), which can be easily integrated with other CiP@sed
microwave circuits printed on the same substrate.

The printed two IFA arms are inspired by one

metamaterial-inspired cell, as shown in Figure. 2.
Cc
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WhereC, L; and .5, are the speed of light, the IFA first
and second arm lengths, and the effective dietectnstant,
respectively.

F:

1. RESULTS AND DISCUSION

This section presents the simulated parametersiate
Figure 4 it is noted that the realized transitioaqtiency is
located at 1.8 GHz and 5GHz. It is clear from fytihat the
bandwidth of the proposed Antenna is remarkablyrawed in
return loss is significantly reduced in comparistm the
conventional antenna. Figure 5 shows the simulatsdlt of
the IFA along with proposed Metamaterial Structiirés clear
from the figure that the bandwidth of the propogedenna is
remarkably improved in operating frequency rangeéGEz)
and return loss is significantly reduced -60dB émparison to
the IFA alone.
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Figure.3. $:and ang_deg(9 results of the proposed CRLH transmission
lines unit cell using single spiral inductor
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Figure.4.Return loss in frequency function of thepmsed
conventional antenna
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Figure.5.Return loss in frequency function of the
proposed printed-IFA with Interconnected CRLH wall
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Figure.6.Surface current distribution at (a) 11,5,
(c) 43and (d) 60 GHz.
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Figure.7 Radiation patterns& E, Esat Frequency (a) 1.8,
(b) 5, (c) 43 and (d) 60 GHz.

The surface current distributions at each resoftagtiency
are plotted in Fig. 6. The two fundamental resoffi@tjuencies
of the two IFA arms are at 1.8 and 5 GHz as showrig.5 (a)
and (b).the surface current density mainly flows &
corresponding IFA arm and the meander slot of spwading
unit cell, which causes a slight change on the nmasb
frequency of each IFA arm by interconnect with CRUHIt
cell.
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Figure.8.Gain total en dB at frequency 4.3 GHz

IV. COMPARISON

(@) (b)

Figure.9. printed two IFA arms are loaded with
“INTERCONNECTED CRLH" Metamaterial Structure.
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Figure.10.Return loss in frequency function of pheposed printed-IFA
with Interconnected CRLH unit cell

Two types of the proposed antenna to fit different
wireless applications are simulated by using HFS&cond
structure is shown in Fig. 9.

Fig. 10.shows the simulated;Sf the implemented antenna
proposed in the design steps that operates at2143,5 and
60GHz(ultra wideband) for application in high daé&e point-
to-point communication systems.

V. CONCLUSION

A compact new distributed metamaterials quasi-stechd
transmission lines unit cell based on the micrpschnology
is proposed. Spiral inductor is introduced in thet well for
replacing the classic short stub inductor in ortiergreatly
reduce the total unit cell area.

Ultra wide band printed-1FA loaded interconnectimigh
transmission lines unit cells (CRLH). The antenrappsed for
wireless communication applications. The theory tbe
proposed antenna was verified by using electromagne
simulator HFSSv15 .The radiation patterns approteman
omni-directional pattern. The overall size of thatemna
including the ground plane is 30*24*2 mniThe proposed
antenna was easily fabricated on FR4 substiidte. proposed
antenna design methodology has been successfydljedpn
antenna and array designs for GSM1.8GHz WLAN 2.485%G
and 60-GHz WPAN application3.he proposed antenna could
be used in several microwave applications that iregu
improved bandwidth & reduced return loss at muhiba
applications.

The second proposed structure could be consideyetd a
novel approach for improving antenna’s potential
characteristics.
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