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ARTICLE INFO ABSTRACT
Article history: Wireless and mobile networks are being used inrdévareas such as travel, education,
Received 10 December 2015 stock trading, military, package delivery, disastecovery, and medical emergency
Accepted 28 January 2016 care. In this paper the proposed Compact F-ShapmsulétAntenna works for Multiple
Available online 10 February 2016 Wireless Applications which operates1ab75 GHz (Global Positioning System), 2.1
GHz (3G), 2.3 GHz (Universal Mobile Telecommunioas System) and 2.9 GHz
Keywords: (Digital Multimedia Broadcasting). The antenna dstss of a F-shape defected
slot; stacking; multi frequency; line microstrip patch and line resonators embedded toi-gdinite Ground plane for
resonator. achieving multi band resonance. The F-shape patdhdafected microstrip patch is

incorporated for generating four resonating fregiesy Ground plane is optimized to
achieve proper Quad band operation of the antéftma.model of the antenna is built
and simulated using ADS software. The designednaatdaving the good return loss
of > -13 dB for all frequencies and the size ofi@® x 26 mm is achieved.

INTRODUCTION

Mobile and wireless systems cover two areas sudmaslity and computing. Mobile computing means
continuous accessibility to the user while wirelésgplies communicating without wires. As indicated
(Agrawal, D.P. 1999 mobile and wireless technology has improved tsuttglly, making wireless devices
remarkably convenient and affordable. Wireless petimg is specifically appropriate for situationdiavein
installation of physical media is not feasible amdich require on-the-spot access to informationreléss
networking makes it possible to have access toimedtiia applications Multi-frequencies and multimode
devices such as cellular phones, mobile phone jamwiecless local area networks (WLAN) and wireless
personal area network place several demands oantiemnas. Primarily, the antennas need to havedagh
small physical size, and multi bandwidths.

Recently there are many demands to design ante¢hatgover global positioning system (GPS) mobile
phone systems, Universal Mobile Telecommunicati®ystem (UMTS) bands (2300-2400 MHz) systems,
Wideband Code-Division Multiple Access (WCDMA) band2100-2170 MHz) and Digital Multimedia
Broadcasting (DMB) systems with 2600-2900 MHz band.

The first handheld mobile phone was demonstratedloby F. Mitchell (http://www.brophy.net;
http://www.brophy.net) and Martin Cooper of Motaah 1973, using a handset weighing 2 kg (Heeks,
Richard, 2008). In 1983, the DynaTAC 8000x was fire commercially available handheld mobile phone.
From 1983 to 2014 considerable research has badre mhere as in 2009 a compact film type antenpalta
of generating two wide resonant modes for covetimgAMPS/GSM bands and the DCS/PCS/UMTS bands for
mobile phones was proposed (Ning GUAN, Koichi ITZD09). A multiband planar monopole slot antenna
which operates in GSM 850, GSM900, GSM1800, and G8M was developed in 2012 with higher return loss
(Anis Suliman Ali,et al, 2012). In the same year a mobile phone antermehveovers almost 60 GSM and 3G
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handsets, ranging from the first GSM handset withirdernal antenna to the current Nokia, Sony-Enos
Motorola, and Apple handsets was develogeariett Rowell and Edmund Y. Lam, 201 2014 a multiband
four-antenna system with high isolation for the ff@iphone applications was designed. The four ara@en
consisting of a main antenna and three auxiliatgramas are located on a 135 x 65 x 0.8mm3 FR4 elpoard.
The main antenna is an improved monopole antenmehvdan cover LTE, GSM, UMTS and 2.4-GHz WLAN
bands (Jingli Guolet al, 2014). The design of compact planar multibantermmas intended for existing
wireless services including GSM 850, GSM 900, D@80, PCS 1900, WLAN and WMAX for 3:1 VSWR
was designed in the same year (Ayman Nasih Salnmami¥, 2014). In 2015 a wideband PIFA antenna for
GSM (1800MHz & 1900MHz), UMTS (2100MHz), Bluetoo& Wi-Fi (2.4GHz) and LTE system (2.3GHz,
2.5GHz, and 2.6GHz) was designed (Nazem Alsmadkdradid Saif, 2015).

In this paper the F-shaped mobile antenna is dedidor 1.575 GHz, 2.1 GHz, 2.3 GHz and 2.9 GHz
frequencies having very good return loss of > -B3wdth real value of 4.6 and loss tangent of 0.8lhg ADS
software which brings in compactness comparedheratarlier designs.

I. Design Of Quad Band Antenna:
A. Evolution of Quad Band Antenna:

The evolution of the proposed antenna is depiaideig. 1. At first, an F-shaped radiator of 6 mndtlias
shown in Fig. 1(a) is designed to operate at the$bd resonant frequency. This prototype has a grglame of
dimension 28 x 26 mm. To this fundamental antemmather meandered radiator as in Fig. 1(b) is added
excite the frequency bands at 5.7, 8.0 and 9.2 &Hpectively. Thus, a triband radiator is achieusihg the
folded strip line configuration. The designed angemeeds optimization. On this notion, the widthtlod
primary F-shaped radiator and the side arm of s#mmynradiator are reduced to 1 mm to achieve resmma
centered at 4.2, 4.5 and 15.8 GHz as in Fig. Hajther, short discontinuities are added to thenary and
secondary radiating arms as shown in Fig. 1(djmgrove the impedance characteristics at lower faqigs of
1.2, 3.6 and 5.9 GHz. The length of the ground @lanreduced to improve the performance of theatadiat
4.9, 8.0 and 11GHz in Fig. 1(e). The optimized gewynof the triband antenna is shown with extengiexind
stub added in Fig. 1(f) which operates at 1.575,2.3 and 2.9 GHz.
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Fig. 1: Evolution of the multifrequency antenna. (a) Pmynaadiator. (b) Secondary triband radiator.
(c)Antenna with discontinuities in primary and sedary radiator (d) Antenna with finite ground plane
(e) Antenna with semi-infinite ground plane. (fpPosed quadband antenna with line resonator.

B. Design of Quad Band Antenna:
Fig. 2. Shows the geometry of the proposed quad batenna which occupies a volume of 39 x 26 mm.

The evolution of the proposed antenna is depiateBig. 1 At first, an F-shaped radiator of 6 mm thics
shown in Fig. 1(a) is designed to operate at the$bd resonant frequency. This prototype has a grglane of
dimension 28 x 26 mm. To this fundamental antemmather meandered radiator as in Fig. 1(b) is added
excite the frequency bands at 5.7, 8.0 and 9.2 feldgectively. Thus, a triband radiator is achieusihg the
folded strip line configuration. The designed angemeeds optimization. On this notion, the widthtlod
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primary F-shaped radiator and the side arm of s#amgnradiator are reduced to 1 mm to achieve resmma
centered at 4.2, 4.5 and 15.8 GHz as in Fig. 1(c).
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Fig. 2: Layout of the proposed quad band antenna (a) endl&ed S11 result (b).

Further, short discontinuities are added to theary and secondary radiating arms as shown inlf).to
improve the impedance characteristics at lowerueegies of 1.2, 3.6 and 5.9 GHz. The length ofgiwind
plane is reduced to improve the performance ofalagator at 4.9, 8.0 and 11 GHz in Fig. 1(e). Th&mized
geometry of the triband antenna is shown with edeéelnground stub added in Fig. 1(f) which operates%v5,
2.1, 2.3 and 2.9 GHz.

RESULTS AND DISCUSSION

The Primary radiator antenna-a operates in onlyfeegpiency. The Secondary triband radiator opeliates
three frequencies. The Combination of primary aedordary radiators of antenna-c operates at lowdr a
higher frequencies. Antenna with discontinuitiepiimary and secondary radiator works also at tdi#erent
frequencies which constitute triband. Antenna wsigimi-infinite ground plane also works also at thidferent
frequencies which constitute triband. Proposed duaadl antenna with line resonator operates atdtarent
frequency relating four applications like GPS, welt phone, UMTS and DMB.

APPLICATIONS SIMULATED RESULTS
(IN GHz)

GPS 1.575

Cellular phone 2.1

UMTS 2.3

DMB 2.9

Fig. 3: Simulated frequencies and its related application.
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Conclusion:

The designed antenna satisfies quad band operaisn. the antenna is compact in size which can be
suitable for integration with the packaging devibethis paper, the multiband configuration of tmenna is
achieved by controlling the slots on the patch. @htenna resonates at 1.575 GHz (GPS), 2.1 GHz @®)
GHz (UMTS) and 2.9 GHz (DMB) with good return loahich can be suitable for cellular communication
applications.
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