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Abstract
In this paper, we present a CPW fed octagonathpantenna with hexagonal slot for ultra wideband
(UWB) application. The proposed antenna is desigmedR4 substrate with dielectric constant 4.4 diasension
29 X 31 mm2 and it covers a frequency range of 3.0.6 GHz for (VSWR2). The fundamental parameters of the
antenna such as return loss, VSWR, 2D radiatiotepet, gain and bandwidth are obtained and all snekthe
acceptable antenna standards. The simulation sesiithis antenna are analyzed by using Zealan® ¥&&sion

15.10 which is based on Method of moments.
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Introduction

Since Federal Communication Commission
(FCC) released a frequency band of 3.1-10.6 GHz for
commercial UWB applications in 2002 [1]. This
technology has gained attention in both industrg an
academia [2]. UWB systems have various merits sisch
lower power consumption and high data transmission
rate. Planar antenna is one of the key elementhisn
system. Hence, design of UWB antenna has gained
attraction in wireless field. Planar slot antenfigls[4]
have become popular among recently proposed argenna
due to small size, wide bandwidth and ease of ratem
with RF front ends. However, the time domain analys
of UWB antenna is not analyzed with mathematical
expressions. Conventional Microstrip antenna has
disadvantage of narrow impedance bandwidth. Many
techniques such as E-shaped patch [5], defectathdro
plane structure (DGS) [6] have been proposed tease
the impedance bandwidth of the Microstrip antenna.
However, they cannot provide large bandwidth. Tdais
be rectified by using coplanar waveguide (CPW) feed
with different radiating patches like elliptical ][7
crescent patch [8] etc. for ultra-wide bandwidtHtré
wideband antenna has various applications such as
location tracking, radio frequency identificatiorin
radars, sensor networks. UWB system faces several
challenges. Since UWB antenna has pulse based
transmission, phase should be constant over entire
operating band to avoid pulse distortion in wirgles
communications. Secondly, the return loss of therarma
should be maintained below —-10dB throughout opegati
band. Thirdly, the antenna should also be miniagariso
that fabrication is simple and it can be easilygnrated
with modern communication terminals [9]-[13]. Thairg

of antenna is a function of frequency and radiation
pattern. Hence, the antenna should receive sigma
directions. The characteristics such as VSWR, netur
loss, gain and radiation pattern are discussedhis t
article.

In this paper, a CPW-fed rectangular shaped
antenna is presented for UWB applications. Therarae
has better impedance matching and good radiation
patterns over the UWB. The optimized geometry @&f th
proposed CPW-fed antenna is rectangular shaped
containing hexagonal slot. The effects of various
geometrical parameters of the antenna on retushdod
bandwidth are investigated by parametric study theg
are presented in this paper. The radiation pattefns
antenna in both E-plane and H-plane are simulated a
presented. The 3D Current distribution and gain of
antenna are also being discussed

Antenna Structure and Design

The geometry of antenna is shown in Fig.1. The
antenna is printed on FR4 dielectric substrate with
dielectric constant =4.4, loss tangent dtsh002and
thickness of 0.8mm. The antenna has compact si28 of
x 31 mm2 and it is fed by CPW. The gap ‘g’ between
center conductor and ground plane of CPW is 0.45mm.
The CPW feed has 50o0hm characteristic impedance and
it is terminated by subminiature version A (SMA)
connector. Since the patch and feed structure are
constructed on the same plane, one metallic laghris
present. Hence, the antenna can be easily faldicatd
it has low cost. The antenna has novel tuning stub
Hexagonal-like slot. The antenna is optimized with
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Zealand IE3D electromagnetic solver. The total lvidt
‘W "and length ‘L’ [14] of planar antenna are givéry
the Eq.1.

I.5mm
Figurel. Geometry of the proposed antenna
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Where c is velocity of light in free space af]dis the

lowest operating frequency corresponding to freacep
wavelenthl,.

where 1, =§ (2)
l

and
r+1
Eefr = 82+ (3

The theoretical values of W and L are obtained from
Equation.1 for the lowest resonant frequenfzyz 3.1

GHz and dielectric constang, = 4.4. The optimized

values of W and L are obtained using IE3D
electromagnetic solver. These values are showig.ir f

Simulation Results and Discussions

Figure.2 shows that, the simulated return loss
characteristics of proposed CPW fed octagonal eatch
UWB antenna. From the figure it can be seen that,
proposed antenna resonates between 3.1-10.6 GHz wit
good matching. From return loss characteristicss it
found that, antenna shows return loss is beldddBl
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for the operating band at 3.1-10.6GHz and peakrmetu
loss is around -43dB and it covers entire UWB range

S-Parameters Display
— e[S
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Figure2 Return losscharacteristics of proposed antenna

Parametric Analysis

In this section, the effects of different geometric
parameters of antenna on return loss and bandwigth
investigated for the proposed antenna. This hetps t
design UWB antenna with wider bandwidth. The
parametric study is performed and the performarfce o
antenna is analyzed with IE3D electromagnetic solve
The analysis is done by varying one parametertame,
keeping all other parameters constant.
Effect of Bottom Length Ws of Patch

Figure.3 shows that, the variation of resonance
characteristics of proposed antenna with bottongtten
Ws. When it increases from 3.5 to 5.5mm, from the
figure 3 it can be seen that, there is a shiftighést as
well as the lowest resonating frequende impedance
bandwidth also changes due to inductive and capecit
effects, which are produced by electromagnetic kogp
between ground and patch. Since chang®m affects
impedance matching at resonant frequencies, So this
parameter plays an important role in improving
bandwidth. Hence, the simulated analysis showstheat
antenna has better impedance matching at ultra-wide
bandwidth for the optimum value Ws z55mm.

§-Parameters Display
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Figure.3 comparison of return loss characteristics of

proposed antenna by various Ws
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Effect of feed length Ls

The parameter Ls has great effect on
performance of antenna as shown in Figure This
parameter is optimized such that there is propeploagy
between feed lines to the patch. The antenna islated
for various values of Ls starting from 8.5 to 1tBn.

From simulation results, it is observed that the
impedance matching is poor at Ls s58nm. As Ls
increases from 8.5 to 10.5 mm, the simulated lowast

highest resonating frequency shifted. The impedance

bandwidth also changes. Hence, it is concluded ttieat
Ls affects more on lowest, highest resonating feegies

and impedance bandwidth. The antenna has better

impedance matching at the optimum value Ls = 9.5 mm
S-Parameters Display
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Figure.4 comparison of return loss char acteristics of
proposed antenna by variousLs

Figure 5 shows the simulated voltage standing
wave ratio (VSWR) of the proposed antenna is lbas t
2 for entire frequency range of 3.1 to 10.6GHz.nkro
figure it is clear that standing wave ratio is aréu for
entire operating band which satisfies 2:1 VSWR
bandwidth.

VSWR Display

——[:Port1

Freq (GH)
Figure.5 VSWR characteristics of proposed antenna
Figure 6 and 7 shows the simulated radiation

patterns with Elevation and azimuthal plane at $5G
frequency by using ZELAND IE3D softwareThe
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antenna has bi-directional radiation patterns jpldfie at
9.5 GHz resonant frequency. In H-plane, the antdrasa
Omni-directional radiation patterns, which indicatbat

it can receive the signals in all directioihe patterns
and other curves ambtained at the time of simulation.
We observed good radiation patterns by taking 213 ce
per wavelength.

——  =0.5(GHz), E-total, phi=0 (deg)
—e—] =0.5{GHz), E-total, phi=90 {(deg)

Elevation Pattern Gain Display
(dBi)

Figure.6 2D Radiation pattern in elevation
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Figure.7 2D Radiation pattern in azimuthal
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Figure.8 shows the current distribution at
resonant frequency 9.5 GHAt 9.5 GHz, the electric
current distribution is mainly on the lower and app
edge of the ground plane, lower portion of patahteo
edge of patch and feed line. At the top of groplahe,
the strong current distribution indicates that thést of
the ground plane which is nearer to patch actspasteof
radiating structure. Hence, the distance Ls oradis
between lower part of the radiating patch and gdoun
plane and also feed gap ‘g’ strongly affect theunret

Loss of antenna.
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Figure. 8 3D current distribution of proposed antenna

Figure.9 shows total field gain of the antenna
as a function of frequency. The antenna has camiist
gain that varies between 3.0 and 4.8dBi in the atpey
band UWB (3.1-10.7 GHz) and has peak gain 4.8dBi at
GHz. These characteristics can make sure the ability of
the proposed antenna to operate in UWB band
effectively.

Total Field Gain vs. Frequency
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Figure.9 Gain characteristics of proposed antenna
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Conclusion
In this paper, a CPW fed octagonal shaped
antenna is proposed for UWB (3.1-10.7 GHz)

application.The proposed antenna is size of 29 x 31 x
0.8 mm3. The simulated results confirm that the amten
satisfies the =10 dB return loss requirement of UWB
which is specified by FCC from 3.1 to 10.6GHz. \dais
geometrical parameters of antenna are investigaied
achieve the optimal design. The antenna has bidirexd
radiation pattern in E-plane, omnidirectional raidia
pattern in H-plane and the gain is almost constéhe
Various characteristics such as small size, low
manufacturing cost and sufficient bandwidth make
antenna suitable for UWB applications.
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