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Abstract: Problem statement: Due to the rapid development in wireless commuitoatthe
antennas capable of broad-band operations aredeananding in cellular communications systems.
Among various possible antennas, planar invertedyennas (PIFAs) have the advantages of low
profile and compact size and are very suitablepi@sent-day wireless communication application.
Approach: This study demonstrates a very effective methodbasfdwidth enhancement for planar
inverted-F antenna. It was done by optimizing thdthvof feed plate and shorting plate, then by
adding a parasitic elemerResults: The obtained results of our developed widebandrarat was an
impedance bandwidth of 72.8% for S11<-10 dB froM413.54 GHz which could cover GPS, DCS,
IMT-2000, 2.4GHz WLAN, 3.5 GHz WIMAX applicationsConclusion: As the antenna was
successfully researched and well optimized, andeatbsesults were achieved.
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INTRODUCTION and Chia, 2000), changing the feed plate silhouette
Feicket al., 2007), meandering the shorting strip (Chan
Compact antennas have been the center of MUGY a1, 2008), adding a radiating element (Il-Youstgi.,
re_search interest be_zcause of the rqp|d _progress  10), or by using antenna array(Isleral., 2007)
wireless communications. The low profile, light gei The aim of this study is to enhance the bandwidth
and low fabrication cost make Printed Inverted-Fof the planar inverted-F antenna, for this reasuoth t@
Antennas (PIFAs) one of the most popular antennas iget a wideband antenna. Firstly we performed a
today’s wireless communication handsets. Howeverparametric study of PIFA antenna where we have
the ever-increasing demand for size reduction dfifao  varied the shorting plate width, the feed platethjidhe
handsets has led to embedded antennas, not orily witlistance between the shorting plate and the feai,pl
reduced-size radiating elements, but also withtéichi we studied afterwards the effects of these three
size ground planes. The effects of finite-sizedugtb ~ parameters of the PIFA on its resonant frequency’s
planes may be critical to bandwidths, resonanimpedance bandwidth and radiation pattern. Finaky
frequencies and radiation patterns of such antenng&fded a parasitic element to improve the bandwafith
(Huynh and Stutzman, 2003). our developed PIFA antenna.
Various methods have been proposed for MATERIALSAND METHODS
bandwidth enhancement of antennas, including
utilization of additive stubs (Ammann and Doyle029 Planar Inverted-F Antenna (PIFA): The inverted-F
Olmoset al., 2002; Sekinet al., 2004), patterning the antenna is evolved from a quarter-wavelength
ground plane (Wangt al., 2004; Abedin and Ali, monopole antenna. It is basically a modificatiorttef
2003),investigating the material proprieties(Ismetil ~ inverted-F antenna IFA which is consisting of arsho
al.,2010), meandering the radiating element to aehievvertical monopole wire. To increase the bandwidth o
multiple resonance frequencies for bandwidththe IFA, a modification is made by replacing theesi
enhancement (Sim and Choi, 2006), slots to achieveith a horizontal plate and a vertical short citqulate
wideband impedance matching (Pagk al., 2006), to obtain a PIFA antenna (Balanis, 1997; Huang and
using the back side of the substrate (Chen, 20@@; D Boyle, 2008).
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The conventional PIFA is constituted by a top patc width of the feed plate on the return loss. Fromséh
a shorting pin and a feeding pin. The top patch igesults we note that the dimensions of the feedepla
mounted above the ground plane, which is connectedffect both the resonance frequency and the barldwid
also to the shorting pin and feeding pin at propeiof the antenna.
positions. They have the same length (distancedetw _ _ _
the top patch and the ground plane). The standzsigl Table 1: Explanation and dimension of parameters

formula for a PIFA is (Wang, 2003): Parameter _ Designation Value
w Width of the radiating plate 40 mm
c L Length of the radiating plate 21.5 mm
= (1) W Width of the ground plane 40 mm
4(W+L) Lg Length of the ground plane 55 mm
T Thickness of the ground plane 1 mm
where: H Antenna height 10.2 mm
f. = Resonant frequency of the main mode Wi Width of the feeding plate 18 mm
c = Speed of light in the free space Ws Width of the shorting plate 1mm
W. L = width and Iength of the radiation patch Fs Distance between the shorting plate 15 mm
! respectively ! and the feeding plate
Er Relative permittivity of the ground plane 4.4

Antenna configuration: The configuration of the
studied PIFA antenna consists of a radiating taepl
with the dimensions WxL and the ground plane Radiatingplate
dimensions are WL, The dielectric material used B
above the rectangular ground plane is FR-4 having a
thickness t and a relative permittivity. The antenna
height is h and the space between the top platehend
substrate is filled with air (free space). The sihgrplate
has dimensions of W(h+t) and the feed plate has
dimensions of Wkh. The distance between the shorting
plate and the feeding plate is F

The Fig. 1 shows the illustration of our developedFig. 1: Geometry of the PIFA antenna
PIFA antenna before adding the parasitic element.
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Parametric study: The procedure adopted for this study £ 4 ,/
is to change only one parameter at a time and wbsisr 2 10

effects on the characteristics of the PIFA whileogther 0 W15

parameters are held constant. Different sets @irpeters 0 3 AT R
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are simulated to cover a wide range of values. For

convenience, a reference PIFA is chosen with thesig. 2: Changes of the bandwidth (%) versus changes

parameters shown in Table 1. of W; (mm)

The effect of the feed plate width: The value of the

width of the feed plate (YVis changed from 6-26 mm, MO

while all other parameters are kept equal to the _ -0 \:\-— =

reference PIFA values (Table 1). The effect of cfiag e
Ws on the fractional bandwidth is shown in Fig. 2. It

was found that the fractional bandwidth increaséh w
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an increasing width up to 50.13% at; W15 mm. A 2000 |

further increase in the feed plate above width=A5 !

mm decreases the fractional bandwidth. Thereftwe, t  ~"* . i . = e

optimum value for the width of feed plate that didou Fieqiicicy [GHA

be selected in order to achieve the maximum barttwid

is W= 15 mm. Fig. 3: Return loss in dB versus frequency in GHz f
The Fig. 3 represents the effect of changing the different values of W(mm)
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The effect of the of shorting plate width: The width

of shorting plate (W is varied from 1-15 mm, while all
other parameters are again the same as that of the
reference PIFA. The Changes of the bandwidth versus
changes of Ware illustrated in Fig. 4. It observed that
by increasing the width of the shorting plate, the
fractional bandwidth increases up to a value of5/8p
when the width of the feed plate is equal to 11 mm.
Then further increase in the shorting plate width
decreases the fractional bandwidth. Therefore, the
optimum value for the width of the shorting plate
giving the maximum bandwidth is W11 mm.

Figure 5 shows the return loss versus frequency fo
different values of W Similarly, it can be clearly seen
that the variation of the shorting plate width affethe
resonance frequency.

We also conclude that Waffects both the
bandwidth and the resonance frequency.

Changes in distance between feed plate and shorting
plate: The distance separating the feed plate from the
shorting plate Fis varied from 1-16 mm. While all
other parameters are equal to the reference PIFA
parameters. It is observed in Fig. 6 that incraasie
distance between the shorting plate and the feeding
plate does not have a direct effect on the fraation
bandwidth. Furthermore the Fig. 7 represents themne
loss versus frequency for different values gfwhich
proves that the variation ofsFdoes not affect the
resonance frequency.

In this part, for Ewe could not get a conclusive
Remarque.

Performance evaluation of the developed PIFA:
From all the last obtained resultse note that the
parameters of the PIFA antenna are optimized ierord
to get the maximum impedance bandwidth for a
resonance frequency around 2.4 GHz, the optimized
values of all the parameters are:

W;= 18 mm, W= 40 mm, lg= 60 mm, W = 40 mm,
L=20 mm, h=10 mm, \ &1 mm

To evaluate the performance of the developed
PIFA, we plotted the return loss versus frequerkdy. (
8). We have found that the maximum return lossSis-4
dB at 2.4 GHz, the upper and lower band frequencies
are 1.65 GHz and 2.84 GHz respectively. The obtline
absolute bandwidth is 109 MHz and, the bandwidth
obtained for the proposed PIFA is 47,39%. Moreaver
draft the radiation pattern (Fig. 9), from thisuig we
note that the simulated radiation pattern of oumaiped
antenna is similar to a conventional PIFA antenna.
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The effect of parastic dement: In this part, we are j”g: ; i |
interested in studying the effect of adding a ptcas TUie 1 200 250 300 350 400 430 500
element on the bandwidth of the developed PIFA Frequency [GHz]

antenna (Fig. 10). The dimensions of the parasitic
element are described in Table 2.

To study the effect of adding the parasitic elemen
to our developed PIFA antenna, we have plottedgn F
11 the return loss versus frequency with and witleou . ] ) )
parasitic element. We observed that there is a%ab'e 2: Explanation and dimension of parameters

L . . . arameter Designation Value
additional resonance frequency achieved with little : —

e . . . Height of the parasitic element 9.5mm
modification in the layout. Furthermore, the maxmu P L o

. p ength of the parasitic element (partl) 2.5mm
return loss is -43 dB at 2.4 GHz, the upper andefow Length of the parasitic element (part2) 0.5mm
band frequencies are 1.74 GHz and 3.54 GHz
respectively. On the other hand, Fig. 12 shows the 5o, the addition of the parasitic element increase
radiation patterns of our PIFA antenna with a péitas the bandwidth of the antenna without affecting the
element. From these results we conclude that isex®  radiation pattern of our developed antenna, which
agreement between the radiation pattern before ansupports the standards of the GPS, DCS, IMT-2000,
after adding a parasitic element (Fig. 9-12 respelg). 2.4 GHz WLAN, 3.5 GHz WIMAX.
1175

Fig. 11: The simulated return loss for the propd38eA
antenna before and after adding parasitic element




J. Computer Sci., 7 (8): 1172-1177, 2011

Balanis, C. A., 1997. Antenna Theory. 2nd Edn.,e¥il
New York, ISBN: 0471592684, pp: 941.
Chan, P.W., H. Wong and E.K.N. Yung, 2008.

‘M "i’u Wideband planar inverted-F antenna with
: _ Yy Hane meandering shorting strip. Elect. Lett.,, 44: 395-

R Hlans 396. DOI: 10.1049/EL:20083688
.gni ‘a0 Chen, Z. N., 2000. Broadband planar monopole aatenn
IEE Proc. Microw. Antennas Propag., 147: 526-528.

| DOI: 10.1049/IP-MAP:20000797
Dou, W. and W.Y.M. Chia, 2000. Small broadband
1205 e stacked planar monopole. Microw. Opt. Technol.
N - Lett., 27: 288-2809. DOI: 10.1002/1098-

80 e, 7150 2760(20001120)27:4<288::AlD-

" Tam0 MOP22>3.0.CO;2-E

) o o Huang, Y. and K. Boyle, 2008. Antennas. From theory
Fig.12. 2D radiation pattern for the optimized PIFA to Practice, first edition. *LEdn., John Wiley and
antenna with parasitic element for fr = 2,4 Ghz Sons, Chichester, ISBN: 0470510285, pp: 363.
Huynh, M. C. and W. Stutzman, 2003. Ground plane
effects on planar inverted-F antenna (PIFA)

This study has focused on the development of performance. IEE Proc. Microwave Antennas
wideband planar inverted-F antennas. Two different ~ Propagat., 150: 209-213. August2003 DOI:
studies were used to obtain the wideband operation. 10.1049/ip-map:20030551
Firstly, we investigated how the variation of treed Islam, M.T., N. Misran and N.K. Jiunn, 2007. A 4x1
plate and the shorting plate dimensions affects the | -probe fed Inverted Hybrid E-H Microstrip

performance of ;he. PIITA.antenna. g H H Patch Antenna Array for 3G Application. Am. J.
A series of simulations are used to choose the s iy Sci. 4 896-901.

better parameters for the antenna that gives the )
maximum bandwidth. Secondly we added a parasitic D_OI' 10.3844/AJASSP.2007.896.901 o
element to the antenna to obtain a wider bandwidthiSmail, M.Y., M. Inam and A.M.A Zaidi, 2010.

CONCLUSION

Furthermore, in terms of the addition of a parasiti Reflectivity of reflectarrays based on dielectric
element, a comparison is performed between the substrates. Am. J. Eng. Applied Sci., 3: 180-185.
developed antenna with and without a parasitic elgm DOI: 10.3844/ajeassp.2010.180.185

The obtained results demonstrate the advantages @fs, |.y. S.H. Wi, L. Yongshik and J.G. Yook, 2010
adding a parasitic element. Multi-Radiating-Element  printed  inverted-f

Consequently, the performance of the studied antenna with independent resonant frequencies for
antenna provides satisfactory results and showsod g ) P q ,
bandwidth enhancement. IEEE Antennas Wireless

radiation pattern. These developed wideband angenna
cover the GPS, DCS, IMT-2000, 2.4GHz WLAN and  Propagat. ~ Lett, ~ 9:  926-929.  DOL
3.5 GHz WIMAX bands applications. 10.1109/LAWP.2010.2076410
Olmos, M., H. D. Hristov and R. Feick, 2002. Inestt
REFERENCES F antennas with wideband match performance.
Abedin, M.F. and M. Ali, 2003. Modifying the ground Elect. Lett., 38: 845-847. DOl
plane and its effect on planar inverted-F antennas 10.1049/el:20020610.
(PIFAs) for mobile phone handsets. IEEE Park, H., K. Chung and J. Choi, 2006. Design obaar
Antennas Wireless Propag. Lett, 2: 226-229.  inverted-F Antenna with very wide impedance
Amn?a(\?wlﬁ 10!\./|1g0921 LnA(‘jWE 'éoogfﬁ(g%goo 1 A loaded bandwidth. IEEE Microw. Wireless Compon. Lett.,
A P ! y 16: 113-115. DOI: 10.1109/LMWC.2006.869866

inverted-F antenna for mobile handsets. Microw. . .
Opt. Technol. Lett., 8: 226-228, R. Feick, H. Carrasco, M. Olmos, and H. D. Hristov.

DOI: 10.1002/1098- PIFA input bandwidth enhancement by changing
2760(20010220)28:4<226::AlD- feed plate silhouette. Electron. Lett., 40: 92P-92
MOP1002>3.0.CO;2-T DOI: 10.1049/EL: 20045276

1176



J. Computer Sci., 7 (8): 1172-1177, 2011

Sekine, S.I,, T. Itoh, N. Odachi, Y. Murakami and H Wang, F., Z. Du, Q. Wang and K. Gong, 2004.
?\Cglr(tlé dzlgoi'nteDrﬁ%grl]Jympe;g)IFel f(r)és gna?]rg:d#]?)gg Enhanced-bandwidth PIFA with T-shaped ground
Electron. Commun. Jap., 87: 11-20. DOI: " plane. Elect.. Lett., 40: 1504-1505. DOI:
10.1002/ECJA.10215 10.1049/el: 20046055(410) 40

Sim, D.U. and J.I. Choi, 2006. A Compact WidebandWang, K.L., 2003. Planar Antennas for Wireless
Modified Planar Inverted $F$ Antenna (PIFA) for Communications. 1st Edn., Wiley-Interscience,
2.4/5-GHz WLAN Applications. IEEE Antennas Hoboken, ISBN : 0471266116, pp: 301.

Wireless Propagat. Lett.,
10.1109/LAWP.2006.881914

1177



