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Abstract A new multi-band planar inverted-F antenna (PIFA) is presented
for wireless applications PIFA is designed in two stagegirst, the antenna
consists of a radiating plae injected with a slot and it is shorted to ground
plane with two shorting walls The structure covers three bandsA small
and narrow slot on the ground plane is embedded to afford increasing the
bandwidths of the antenna at the resonance frequenciesnd improve
radiation patterns at the second resonance frequencyhereby giving a
more omnidirectional pattern. Second a parasitic element is used at the
antenna to design a quasband PIFA antenna Moreover, an L-shaped slot
is embedded on theaadiating plate to improve the reflection coefficient at
the third resonance frequency The antenna is optimized to operate at 1.1
GHz, 2.4 GHz 3.6 GHz and 5.3 GHz bandslt can be used both indoor and
outdoor wireless videg wireless cameras ad wireless security applications
at the 1.1 GHz band Bluetooth, Wi-Fi and Wireless Local Area Network
(WLAN) at the 2.42 GHz band Microwave Access (MWiIMAX) at the 3.6
GHz band, and WLAN at the 5.3 GHz. The antenna is simulated and fed
through a coaxial cable connected to the feeding strip; then it is fabricated
and mere:?ured The total antenna volume of the proposed design is 9042

x 7.5 mnft.

Index Terms- Multiband PIFA atenna,bandwidth enhancementvireless
applications U-shaped slts, L-shaped slots

|. INTRODUCTION

With the rapid development of wireless technology and the use of it in wireless devices and
transmittersan important requirement for the design of antennas with small dimensions and low volume
hasemergedIn addition wireless communication technology needs small elements for wireless
subsystems [1]PIFA, dueto its small sizeis used widely in portable wireless devices such as mobile
handsetsNew wireless devices work at several frequency bands;allseyare able to operate at multiple
frequency bands and PIFA can play the role of rhdtid frequency antenna for these devizé&$| In

fact, the PIFA is a kind of monopole antenna wherein the main radiating arm has been folded to become
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parallel with the ground plane and a shorting pin is added to obtain the desirable input imp&iiance [
The impedance matching of PIFA can be obtained by the correct positioning of feeding and grounding
pins. Thickness of the antenna and permittivity of the galbstcan affect the impedance of the feeding
point [3]. To reduce the size of PIFAarious techniques can be ussdch as inserting the slots on the
radiating plate §-8]. Inserting Ushaped slots on the radiating plate of the PIFA can reduce the
resonance frequency; this is such that the size of the antenna can be reduced by alasic@0ftared
to the the conventional PIFAn [6], three Ushaped slots were added to the radiating surface to create
three different resonance frequenciérn the length and width of thedlhaped slots formed the size of
the obstaclesuch that the surface current on the patch was forced to propagate around to create new
resonance frequencigdn the other handhe embedded slots on the radiating elaft the PIFA antenna
can affect the input impedandsmndwidth and resonant frequencies of the anter@ha pAs investigated
in [9], L-shapedslots can reduce or increase the lower resonance frequencyUatbmped slots
influence both lowand high resonance frequencies independeintlygome worksthese techniques have
been used for controlling the resonance frequencies of PIFA independéni®j;[ for examplegin [10],
PIFA with independent controls of the resonant bands wagrdesfor UMTS m-WiMAX and 5 GHz
WLAN by changing the length and width of the arm and other sections of the radiating pattern; this work
is possible by the study of surface currents and independent major current paths on the radiation pattern
In [12], by using L-shaped slot, a second frequancy resonance with high beamwidth has been proposed.
The insertion of slots on the ground plane of a PIFA can be enhance the bandwidth of the resonance
frequencies and reduce the antenna si2€lfl. In [13], the slotted ground plane was used for two main
purposesfirst, it tuned the PCB to resonate at low frequency (GSM900); secbrimiproved the
bandwidth at high frguencies (DCS1900); this was since the slot had a length/ef at the high
frequency and acted as a parasitic element resulting in bandwidth improvEorémermoresometimes
several slots are used on the ground plane to further enhance the bandwidth at high freqdgnocies [1
achieve a duadband antenna Bl. But using a ground plane full of slots may interface with the electrical
elements of the device; therefora a PIFA antennathe ground plane full of slots can be highly
sensitive In [17], to increase the bandwidth of the anteraraair @p was createbletween the substrate
and the ground plane; alsnU-shaped slot was added on the radiating plate to improve the bandwidth at
the resonance frequendysing Ushaped slot is a very effective method to increase bandwidth [7, 18].
The anénna bandwidth can be widened by employing two shorting walls [A this way antenna
bandwidth can be widened and a multiband antenna can be obtEdhdd 9] and RO].
Many different designs for this type of antennas have been proposed. Maarghesg are trying to
reduce the size of these antennas, however, there many of them suffer low]§aindr they can
operate in one or two frequency bands. I8][the antenna operates in three frequency bands with good

efficiency, but it has a bigrpfile that make it unsuitable for small antenna applications.
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In this paperthe design of a new multiband PIFA that can support four frequency bands at 1.1 GHz
2.4 GHz 3.6 GHz and 5.3 GHz is presentdthe proposed antenna satisfies the return lesmsdwidth
and gain requirements for wireless applicati Results are obtained based on the available finite
element package HFSS softwafte remaining sections of this paper are organized as fol®adion
Il describes the design and structure of the new multiband,Riké\ addition of a slot othe ground
plane for increasing bandwidth at 3.6 GHz band and improving radiation pattern at 2.4 GHz band
Section Il is related to adding the fourth resonance frequency by using a parasitic element; to improve
the radiation pattern at the third resonoa frequencyan L-shaped slot is added on the radiating plate
Section IV presents the results of simulation and measurement of the antenna and compares the
reflection coefficientbandwidth and radiation patterrignally, the conclusions ardetailed in Section
V.

Il. DESIGN OFTRI-BAND PIFA ANTENNA

A. Antenna Design

A conventional PIFA has a simple structure such as in Fig. Ala}he parameters of PIFA are
optimized by the EM softwareHigh Frequency Structure Simulator (HFS$) order b get the
maximum bandwidth at resonance frequenassrepresented in TableTlhe antenna is composed of a

ground plane with the size &%, 3 L, and an FR4 dielectric substrate with the thickness of 1.5 mm

and the permittivity of 41 is placed on ground plan& rectangular radiating plate with the dimensions
W 3 L, is parallel to the ground plane {X plane) and is printed on a dielectric Duroid 5880 substrate
with the thickness oh and the permittivity of 3Because Duroid 5880 with a thickness of 125 isil
available, two layers of is used under the patch of PIFBventually the radiating plate is shorted to
the ground plane using a shorting wall with the widltW,, . The antennés fed by a coaxial probe that
feeds the radiating plate through a feeding striggthis casethe PIFA antenna operates at a resonance
frequency achieved by the equatid) [19

(o
f = )
AL, +W, - W) e

(1)

where ¢ is the véocity of light, W, andL, are respectivelythe width and length of radiating plaw,;

is the width of shorting walland € is the dielectric constanTherefore there is a resonance frequency
at 1.15 GHz bandasshown in Fig. 2As seen in Fig. 1(b)a rectangular slot is added on the radiating
plate to give a Bband PIFA operating at higher frequencias compared to the first resonance
frequencyat 3.6 GHzIn this antennathe resonance frequgncan be decreased by increasing the width

of slot
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Table I.Dimensions of the proposed Tri-band PIFA antenna (in millimeter).

Parameter Dimension (mm)
W, 42
Ly 90
W, 22
L, 40
Ws 7
Ls 37
W1 4.5
W2 2
W, 13
h 6.35

Ground plane L
.p Radiating plate
.

Shorting wall Feeding
. .

W,

Wp1

b

Fig. 1.Antenna designa) conventional PIFA antenna (b)-Band antenna (c) Fhand antenna.

If the slot moves in the positive X direction while keeping width the shorting walhave a Trband
PIFA, as seen in Fig. 1(cBut to increase the bandwidth and improve risftection coefficient (S11)
another shorting wall is used to short Arm2 to the ground plane [6]; therefore we have a resonance
frequency at 2.42 GHz banbh this caseby increasing the length of the sltiie resonance frequency

can be shiftedo the lower bands
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Fig. 2. Reflection coefficient magnitude of the proposedfiand PIFA antenna for the fullave simulation.

X . '

Fig. 3.Addition of a slot on the ground plane. Fig. 4. Simulated current distriban on the ground plane
at 3.6 GHz band

B. Addition of a Slot to the Ground Plane

When proper slots are embedded ia ground plane of a PIFA antenmacreasing bandwidth at the
resonance frequencies can be achieved. [ABJo, the electrical size is extended by the slots in the
ground plane while the physical size is not increased Fd]this antennaa narrow slot is embedded in
the graind planeand the length of 9.5 mm and the width of 2 mm using an optimization prdd¢ess

slot is placed under the radiating plate with Y directascan be seen in Fig. 3.
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Fig. 5.Radiationpatterns at 2.42 GHz band: (aflwout the slot o the ground plane (b)ith the slot on the ground plane

Parasitic element

Fig. 6. Quaeband PIFA antenna with a parasitic element.

In this casethe slot has two advantagdgst, it affords increasing the bandwidths of PIFA at the
resonance frequenciethe most increasing bandwidth occurs at the third resonance frequency at
3.6GHz; at this frequencthe length of slot is about / 4so it acts as d /4resonator and couples its
radiation to the PIFAThe current digibution on the ground plane of PIFA before and after adding slot

on the ground plane at 3.6 GH&s shown in Fig. 4t can be seen that the slot makes the current

travel a larger electrical patBecondas can be seen in Fig, the radiationpattern of E, in the Y-Z

plane becomes more omnidirectional after the addition of the slot on the ground plane at the second

resonance frequency

Ill. DESIGNOFQUAD-BAND PIFAANTENNA

Addition of a parasitic element has been used in, [P®]-[21] to increase the antenna bandwidth at
the high frequencie#As can be seen in Fig, & parasitic element with the length of 2 mm is attached
parasitic elemeniThe height of this element is 6.1 mm from the radiating plate to aboveskBstrate
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Fig. 7. Reflection coefficient magnitude of the proposed draad PIFA antenna for the fullave simulation.

and it is disconnected to the ground plafieis simple element acts as a capacitive that gives coupling
between the ground plarand the radiating plate to enhance the bandwidth at higher frequencies [15]
After the addition of the parasitic elemeatnew resonance frequency occurs at 5.3@ldzhown in

Fig. 7. This frequency band is suitable for wireless local area mksnOVLAN) systems

A. Study of Current Distribution

To explain how the proposed antenna wosksface current distribution at the resonance frequencies are
studied As shown in Fig. 8the surface current distribution on the radiating plane islatediby HFSS
software at 1.15 GHz2.42 GHz 3.6 GHz and 5.3 GHz bandsespectively and amplitudes are
normalized at the maximum values

As can be seen in Fig. 8(at the first resonancéhe surface current flows along Arm1 (andW,),

whereas in Arm2 I, andW, - W, +W,), there is a null along the structuBoth current paths present a

resonant length of a quarteravelength at the 1.15 GHz bardso in Fig. 8(b),at the second resonance

two nulls are created on the radiating plate and three current paths have a resonant length of a quarter

wavelength at the 2.42 GHz barithe major path was alonb, - L, andW,; at other bandshe null is

created in this path; therefoigy changing the length or width of this current pétie second resonance

could be shifted to lower or higher bands independently from other resonance frequenadas be

seen inFig. 9 increasing and decreasing the width of path shift the resonance frequency to higher and
lower frequency and increasing and decreasing the length of path shift the resonance frequency to higher
and lower frequencyHere we can tune the 2.42 GHand between 2.38.46 GHz by changing width

and between 2.22.48 GHz by changing length of major path of surface current
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Fig. 8. Currents distribution for the proposed antenna at (a) 1.15 GHz (b) 2.42 GHz (c) 3.6 GHz (d) 5.3 GHz.

At the thirdfrequencythree null and major current paths are created along Arm1 and, Asntan be
seen in Fig. 8(c)with the resonant length of a quarteavelength at the 3.6 GHz bariinally, at the
fourth resonance frequendfree null and major etent paths are created along Arma$ shown in Fig.
8(d), with the resonant length of a quarteavelength at the 5.3 GHz band

B. Addition of an tshaped Slot on the Radiating Plate

As the final design to improve the radiation pattern of PHEtAhe 3.6 GHzan L-shaped slot is
embedded on the radiating plate of PIFHAe slot has a narrow width of 2 mm and the arms had the
length of 8 mm and 11.5 mm; alghey were perpendicular to each other

The surface current distribution on traliation patch after the addition of the slot is presented in Fig.
10, which is more unidirectional at ArmCurrent surface at the 2.42 GHz band has the minimum
value along the ishaped slot; thereforé is not shifted at others bandsnd thel.15 GHz band just
moves toward the 1.1 GHz baridew resonance frequencies are 1.1 GMH42 GHz 3.6 GHz and 5.3
GHz
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Fig. 9. Parametric studies of independent control for 2.42 GHz babhyg ¢hanging lengthr i Ls, (b) by changing widttws.
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Fig. 10. Distribution current with and without theshaped on the radiating plate.
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a b

Fig. 11.Fabricatecantenna prototype mulbiand PIFA (a) Front view (b) back view.
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Fig. 12. The simulated and measured reflection coefficient of Pifénaa.

i |
X
) 0 2

IV. SIMULATION AND MEASUREMENT RESULTS

The radiation patterns of antenna were measured in KAN anechoic chamber and the reflection
coefficient was measured by Vector Network Analyzer (VNHE)e fabricated PIFA antenna is shown in
Fig. 11.The simlated and measured reflection coefficient for the antenna with a good agreement are
depicted in Fig. 12The antenna can operate in the four bands 1.1, @42 GHz 3.6 GHz and 5.3
GHz, which are usable and practical for wireless applications asi@iuetoothWWLAN and WIiMAX.
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Table Il. Simulated and measured bandwidths of the antenna.

Frequency(GHz) | Simulated bandwidth (MHz) | Measured bandwidth (MHz)
1.1 48 71
2.42 29 29
3.6 75 91
5.3 264 178

Fig. 13. The simulated and measuredatidn pattern of mukband PIFA at the resonance frequencies.

In Table Il the simulated and measured bandwidths definedl®ydB for all resonance frequencies
are presentedrhe bandwidths are increased at 3.6 GHz and 5.3 GHz bands becausecofigling
between the radiating plate and the ground plane by creating the slot on the ground plane and the
element parasitjgespectively

Radiation patterns of the fabricated miéind PIFA can be seen in Fig. IBhe simulated and

measured gaiof and in both Y-Z and XZ planes have been shown inbothXZpal ne and

inY-Zpl ane ar e orl eafpectivelyt, @lso ciaboth X-Zpal ne awW-dpl ane are

ref er -polarrespeativelgSi mul ait eldb@Hz 2.42GHz 3.6GHa n8s3GHz 1.5 e
dB22dBl1.1d B &.054 nX-Z p a |, nespectively Al ssoi,mu | ait reldlb GHz 2.42

GHz 36GHz a3GHz 1]a46kB 1.6dB356dB d@dH N-Zp al, raspectivelyAs can

be seenThe radiation patterns are close to the omnidirectional pattern because the slot on the ground
plane and the ishaped slot on the radiatingate give omnidirectional patterns and increasing the

bandwidths in the resonance frequencies



