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Abstract— A novel design for WLAN, WIMAX, and X- band
applications is proposed in this paper. The proposeantenna
consists of an inverted L-shaped slot with a rectayular slot in
the circular radiating patch and a hexagon slot beig included in
the ground plane. The measured results show that theroposed
structure holds the directivity of 2.02 dBi, 2.65 &i, 4.30 dBi,
and 5.52 dBi for lower WLAN, WIiMAX, upper WLAN, and
X-band frequency bands. The significant feature of his
structure is that it can be operated in traffic light crossing
detectors since it resonates at 10.4GHz in X-band@he proposed
structure also exhibits Omni-directional radiation pattern with
considerable measured gain in the lower and upper YAN
bands being 1.25 dBi and 3.58 dBi respectively aridr WiMAX
and X- band applications the measured gains are 20dBi and
4.05 dBi respectively. The fabricated antenna resotes at 2.45
GHz, 3.52 GHz, 5.5 GHz, 10.4 GHz with the fractioraband
width of 12.65 % (2.24 GHz-2.55 GHz), 24.74 % (3.90GHz -
4.28 GHz), 44.01 % ( 4.394 GHz - 6.815 GHz), 42.29
(6.815GHz - 11.214GHz) respectively. The proposedistture
having the dimensions 39mm (length), 25mm (width)and
3.2mm (thickness) is simulated with the help of CSMicrowave
Studio version 2010 by Finite differential time domin (FDTD)
technique.

Index Terms— Tetra band; planar antenna; circular patch;
wide bandwidth

I. INTRODUCTION

Advancement in the wireless communication teabgyl
has led to the advent and development of wirelesids like
mobile phones, headphones, printers etc., and guéesty
they found wide application in WLAN. It helps theaus to
extract their optimum performance to transmit
information in a wireless medium which becomes iiradle.
The free spectrum available in ISM (Industrial ehtific, and
Medical) band increases the probability of interaést
designing the antenna for WLAN applications. Butigeing
an antenna which operates in multiple frequencydban
becomes challengeable. Antenna can be designed
constructed for WLAN by using Planar Inverted-Resma
(PIFA) [1, 2] , L and U shaped slots [3], dual fueqcy
electromagnetic bandgap (EBG) structure [4], twoasq
shaped defected ground structure (DGS) [5], arne wide
band rose leaf microstrip patch antenna[6].
designing a patch antenna for multiband operasantrivial
task.
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The internet services at home, mobile phones, basin
plans make the WIMAX (Worldwide Interoperability rfo
Microwave access), IEEE 802.16 one of the indispleles
and inescapable wireless services. It also acéssadstitute
for wired medium applications like broadband accfess
Digital Subscriber Link. The WIiMAX operates in
3.3-3.7GHz radio frequency bands. Sectoral M-EB@®rara
[7] is commonly employed in WIMAX application. A
disadvantage of using sector antennas is that mivedess
interfaces are needed and that interference canpbeblem.
Transparent antenna [8], Dual U-Shape microstrifchpa
antenna [9] can also be used to produce WiMAX apfibn
oriented antenna but they fail to produce X-bamdjdiency
bands. In [10], although the antenna is compacthdws a
high level of cross polarization. In [11], [12], carj13]
antennas with meandered split-ring slot [11], negtdar ring
and an S-shaped strip with a crooked U-shaped[42ipand
asymmetric coplanar strip (ACS)-fed structure[13],
respectively, are designed to cover desirable batasever,
most of these antennas are designed for singlefoiutiple
band operation. A multi resonator-loaded compattrara
for multiband operation is discussed in [14]. X-Bamadio
spectrum lies in 8-12 GHz used in satellite commaitndn,
traffic light crossing detectors, experimentationRF and
Microwave laboratory etc. X-band patch antenna ban
produced using various structures that have beglaierd in
the literature [15-17] but these structures havieedato
produce multiband patch structures and also thei their
application to X-band. The patch antenna for wsele
communication can also be created with slotted, [4@lcked

‘f19], Complementary split ring [20], and also brbadd and

high gain antennas that have been explained inl def21,
22]. But these structures failed to operate inatétand. In
most cases, the size of the antenna is too lang,ttze
antenna geometry is also complicated.

A novel design is proposed in this paper which &sathe

ap%qch antenna to operate in WLAN (IEEE 802.11 3/b/g

WIMAX, and X-band frequency spectrum with desirable

directivity and sufficient bandwidth. In this papethe

propounded structure is explained in Introductiosection

1, Antenna design and Parametric Analysis in sestiand 3
nd in sections 4 and 5 presenting Results andivlements

and Conclusions .
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Il. ANTENNA DESIGN

The proposed microstrip patch antenna consistshiadet
layers, namely ground, substrate, and patch stamhedbove
the other. The 3D view and the diagrammatic stinectf the
proposed antenna is illustrated in Figure 1 andrei@.
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Fig. 2. Schematic structure of the circular patoteana :
(a) Top view and (b) Bottom view

frequency bands. A hexagon slot is provided atgifweind
plane which tunes the frequency of operation ofpttoposed
antenna. The size of the hexagon slot increase&7as
increases which in turn affects the return losthefantenna.
The microstrip feed line measuring L2 x W2 wassosen as
to achieve the impedance matching .The interspateeen
the circular patch and the ground plane also afftt |S11|
of the structure.

. PARAMETRICSTUDY

The parametric analysis was done with the help of
microwave studio developed by computer simulation
technology, version 2010. The analysis was perfdrime
various lengths of the horizontal arm of the inedrt-shaped
structure (L3), width of the vertical arm (W5), awitith of
the rectangular slot (W4). The results of this gsialhelped
in obtaining the optimum values of the structure.

[S1:] (dB)

L3=lmm
—L3=2mm

-----L3=3mm

Frequency(GHz)

Fig. 3, |24 plots for various values of L3

Figure 3 shows the |S11|, return loss plot foreddht
values of L3, which is the length of the horizoraah of the
inverted L- shaped slot. From the plot it is evid#rat at
length L3=2 mm desired resonant frequency is aehiev
which enables the antenna to work in a multibaretspm.
On variation, it is observed that there is a sigaiit shift in
the resonant frequency of WiMAX as values deviaitenf
2mm.

Figure 4 explains the results of parametric anslysi
different values of W5, which is the width of thertical arm
of the inverted L- shaped slot. The plot clearlgwh that on

~The antenna was constructed using FR-4 substrate Wyarying W5, drastic variation occurs in the frequen
dielectric constante() of 4.4 and 0.02 of loss tangent. Thespectrum like variation in return loss and bandwidtaking

substrate acts as dielectric insulator betweemtbend and
the patch and also helps in providing sufficientchamical
strength to bear the stress and the strain facethgdu
operation. To make the antenna operate for WLANYIAKX
and X-band, the dimension of the substrate waserhas L1
X W1. The length L6 for the ground plane was chdssrause
L6 provided considerable return loss and gainterdesired
frequency spectrum of operation. The circular réaligpatch
rests on FR-4 substrate with the calculated raafid’®l. The
patch also included inverted L-shaped structurieviedd by
rectangular slot positioned at right most cornethef patch.
The inverted L-shaped structure consisted of twosare.,
horizontal and vertical. The horizontal arm of L8/8 was so
chosen as to make the structure operate at X- daddower
WLAN frequency spectrum. The vertical arm of length

the antenna operate in the undesirable frequenagtrsp At
W5=2mm, the antenna can produce the four different
resonant frequencies which make the designed steuatork
effectively for upper and lower WLAN, WiMAX, and Kand
applications, thus making the width of the vertieain of
2mm optimum.

0

[Sul (dB)

20 1

—- —Ws5=lmm

25 - W5=2mm

Frequency(GHz)

and width W5 account for the operation of antenna iFig. 4. |S4| plots for various values of W5

WIMAX spectrum. The rectangular slot of L4 x W4 btes
the microstrip patch structure to work in the up@érAN

11

From Figure 5, it is evident that on varying W4attfs, the
width of the rectangular slot, the resonant fregyers
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predominantly changed in upper WLAN and WiMAX. Theand 10.4 GHz which helps the proposed structuaptrate
bandwidth also reduces when the value of W4=1 min lower WLAN, WIiMAX, upper WLAN, and X-band
increases, thus making 1mm as the value of W4 aptinThe  applications.

final parameters of the antenna are listed in Table
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Fig. 7. |21 plots for measured and simulated antenna

The simulated results explicitly show that the falated
structure resonates at 2.35 GHz, 3.74 GHz, 5.60,@Hd
10.43 GHz with the fractional bandwidths of 9.11122542
GHz - 2.4685 GHz) , 26.04 % (3.38 GHz - 4.355 GH¥2)32

Fig. 5. |34 plots for various values of W4

TABLE 1 FINAL PARAMETERS OF THE ANTENNA

Parameter Optimum Value (mm)
1 39 % (4.368 GHz - 6.74 GHz), and 33.37 % (7.727 GHz.207
W1 o5 GHz) respectively. On measuring, the multiband cachp
2 13.36 structu_re resor_1ates at 2.45_ GHz, 3.52 GHz, 5.5 @htt10.4
W2 3 GHz with fractional bandwidths of 12.65 % (2.24 GHz55

GHz), and 24.74 % (3.409 GHz - 4.28 GHz) ,44.0149%8%4
L3 2 GHz - 6.815 GHz), and 42.29 % (6.815 GHz - 11.2Hy)G
W3 10.75 respectively. Reasonable concordance between shéts®f
L4 5.5 simulation and measurement has been achieved. mak s
w4 2 variation is due to the innate fallacy of the Evhglator and
LS 11.46 measurement sufferance. The return loss (|S11jpvaif the
W5 1 measured structure at 2.45 GHz, 3.52 GHz, 5.5 @hit,10.4
L6 10.8 GHz are -21.75 dB, -20.88 dB, -18.96 dB, and -2338
L7 2.5 indicating that the structure has less effect an reflected
R1 10.75 waves.

4 _smm=———— S —
IV. RESULTSAND MEASUREMENTS - g TR

The proposed structure was fabricated using tHealie E
substance, namely Flame Retardant (FR)-4, whictchasen c S ’
as a substrate with 4.4 as relative permeabifits), (loss
tangent 0.02, and a thickness h of 3.2 mm. Figwstaeolvs the 0 b=
photographs of the fabricated antenna.

Simulated gain

— — - Measured gain

Frequency (GHz)
Fig. 8. Gain plot of simulated and measured antenna

Figure 8 shows the comparative graphs on gaindhef t
simulated and the proposed structure. The simulgagts at
2.35 GHz, 3.74 GHz, 5.60 GHz, and 10.43 GHz ar8 dH,
2.14 dBi, 3.60 dBi, and 4.20 dBi respectively. Theasured
gains are 1.25 dBi, 2.09 dBi, 3.58 dBi, and 4.0% a®.45
GHz, 3.52 GHz, 5.5 GHz, and 10.4 GHz. This helps th
proposed structure to efficiently operate in IoWELAN,
WIMAX, upper WLAN, and X-band applications.

Fig. 6. Top view and Bottom view of the fabricatattenna

The return loss, fractional bandwidth, and resonant
frequency were measured using vector network agakysd
the radiation pattern was plotted with the helpan&choic
chamber.

Figure 7 shows the simulated and the measurechrktss
plot of the propounded structure. From the graph th
simulated antenna resonates at four different &aqies i.e.,
2.35 GHz, 3.74 GHz, 5.60 GHz, and 10.43 GHz and the
measured antenna resonates at 2.45 GHz, 3.52 GHaHy,
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