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ABSTRACT

A spiraled planar inverted-F Antenna (PIFA) for Multiband
frequencies of 2.65 GHz, 4.10GHz and 5.85GHz for wireless
local area network (WLAN) applications proposed in this paper.
Simulation tool based on the method of moments (IE3D) has
been used to analyse and optimize the antenna. The proposed
antenna possesses the properties of good performance, compact
size (about 50% of a typical PIFA), low profile, and low cost.
Hence, it is suitable for combo WLAN system.
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1. INTRODUCTION

Current trends in science and technology make the
communication in ease and rapid with the employment of
wireless communication standards. Since 1999, the WLAN
standards including IEEE 802.11a/b/g systems were established
by IEEE 802.11 Group [1]. In U.S. the 802.11b/g WLAN
standards are used for the frequency range from 2.45 to 2.65
GHz as the 802.11a standards are used from 5.15 to 5.5 GHz
(indoor) and 5.125 to 5.85GHz (outdoor)[5]. In the real-world
applications, the 802.11b system was first implemented utilizing
the direct-sequence spread spectrum (DSSS) modulation scheme
with the data rate up to 11 Mbps, yet the 802.11g system for
higher transmission data rate (up to 54 Mbps) was done later
through the same frequency band as the 802.11b but with
orthogonal  frequency  division  multiplexing (OFDM)
modulation scheme[1-2]. Since antenna is the prime component
of the wireless network system and moreover its compactness
attracted the research persons more and more enthusiastic
towards developing lots of wireless systems. Various antennas
designed on the printed circuit board (PCB) have been proposed
for 802.11b/g systems with 2.65 GHz band, e.g., the hook-like
radiation strip [1] and the inverted-F antennas [2]-[4].To
enhance the communication capability of a unit cell, a combo
system with 802.11a/g or 802.11a/b/g standards is currently
developed. In this combo system, the antennas are like
transceivers operating in 2.65, 4.1 and 5.85 GHz frequency
bands but the space allocated for the antennas is usually quite
limited, particularly for those at the client terminal (PCMCIA or
USB interface). In order to reduce the antenna size, a Multiband
antenna with a single input port is needed. This antenna should
not only have good input impedance match but also offer proper
antenna gains (with peak gain larger than 0dBi) and radiation
patterns as Omnidirectional as possible for both 2.65GHz,
4.10GHz and 5.85GHz bands to at least satisfy the Multiband
indoor application. Certain design use two similar resonators to
achieve Multiband operations, such as double inverted-F
antenna , triple U shaped monopole, F-shape monopole, open
loop coupled monopole, monopole with parasitic plane [13], and
double-T monopole. And some of these designs use a single
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block antenna with multiple resonant modes to achieve
Multiband operations, such as tapered bent folded monopole,
meandered CPW-fed monopole F-shaped monopole, G-shaped
monopole T-shaped monopole with sleeves and flat plate
antenna with shorted element[5-8]. The planar inverted-F
antenna (PIFA) is widely used because of several advantages
such as easy to fabricate, input impedance compatibility with no
outer circuit, having omnidirectional pattern, etc. However, its
length is limited to be a quarter wavelength of the operating
frequency, which usually occupies quite a few amount of space
in PCB. Besides, the single inverted-F antenna can only be
operated at the certain resonant frequency, which is unable to
supply the market needs of Multiband applications. A solution to
this, we propose a spiraled PIFA antenna structures by means of
spiraling an inverted-F antenna [as Fig. 1] which achieves
Multiband operation which in turn operates at 2.65, 4.10 and
5.85 GHz frequency bands. Both the antennas are simulated on
the FR4 substrate with 0.8 mm thickness for our research work.
The operating parameters such as return loss, Antenna
Efficiency, directivity, Gain and radiation patterns at various
frequencies, of the proposed antenna is presented in the
following Section.

2. PROPOSED ANTENNA STRUCTURE

The proposed spiraled PIFA antenna structure is shown in Fig.1.
The spiral inductor loaded on the antenna can be realized both
Multiband operation and miniaturizes the size of the
conventional inverted-F antenna. The chosen ground width is 46
mm compatible for PCMCIA interface. The antenna placed near
the edge of ground plane is possible mainly for antenna diversity.
In this section, the effect of the spiraled PIFA is discussed.
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Figl: Proposed spiraled PIFA Antenna

In the proposed spiraled PIFA Antenna structure, the Microstrip
feed line is connected to a horizontal metal line with one end
short-circuited to the ground and the other end open-circuited.
The metal line and the ground plane form a quasi transmission
line. It is easy to derive that as the total length of this quasi



transmission line equals a quarter of wavelength, the input
reactance vanishes due to the resonance of the inductor-like
short-circuited line and the capacitor-like open-circuited line.
The corresponding return loss simulated by the commercial EM
simulator 1E3D [21] is plotted in the Fig. 2. Here, the length of
the horizontal metal line is designed as a quarter wavelength of
the fundamental frequency 2.45 GHz, so that a deep resonance
occurs at that frequency with return loss larger than 20 dB. It is
noticed that another resonance presents at the frequency around
7.35 GHz, which is the triple of the fundamental frequency. The
spiraled PIFA of Fig. 1 was simulated on FR4 substrate with
thickness 0.8mm. The ground size of the substrate is set as
WxH= 46mm X 55mm.The antenna occupies an area of
Ixh=10.5 mm x 6mm, which is only 50% of that of the PIFA
without spiraling. The others parameters are l=4.5mm,
w;=3.5mm and g=2.0mm and both the width and gap of
spiral=0.5mm.

3. RESULTS AND DISCUSSION

3.1 Return Loss

The proposed PIFA antenna if found to be resonant at three
different frequencies namely 2.65GHz, 4.10GHz and 5.85GHz
with the return loss of -22dB,-15dB and -35 dB respectively.
The corresponding BW’s are 110 MHz, 60MHz and 45MHz
respectively.
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Fig2: Return Loss of Antenna

3.2 Antenna Efficiency
The Efficiency of antenna is around 92% at the resonant
frequencies
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Fig3: Antenna Efficiency
3.3 Gain

The field gain of the antenna for lower to upper frequency
ranges from -12.5to 7.5dBi as shown in figure4.
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Fig4: Gain

3.4 Antenna Radiation Pattern
The E-field patterns of antenna at 2.65GHz, 4.10GHz and
5.85GHz are as shown the figure5, 6 and 7 respectively.
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Fig5: At 2.55GHz
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Fig 6: At4.1 GHz
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Fig. 7: At 5.85GHZ
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Fig 8: At 2.5GHz
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Fig 9: at 4.17GHz
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Fig 10: At 5.85 GHz

The Azimuth patterns of antenna at 2.65GHz, 4.10GHz and
5.85GHz are as shown the figure 8, 9 and 10respectively. The
pattern found to be omnidirectional.

3.5 Directivity Of Antenna
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Figll: Total Directivity Vs Frequency of Antenna

The field gain of the antenna for lower and upper frequency
ranges from 5.5dBi to 7.9dBi as shown in figurell.

3.6 3D Pattern of PIFA Antenna
3D Pattern of Spiraled PIFA Antenna at operating frequency of
is obtained for Multiband.

Fig 12: 3D View of Proposed Antenna



4. CONCLUSION

In this paper, Spiraled PIFA -related Multiband antennas with
spiralled and coupled structures have been designed and
simulated using IE3D Software The simulated result shows the
return loss of -22dB,-15dB and -35 dB at 2.65GHz, 4.10GHz
and 5.85GHz respectively. The field gain of 2.65GH the antenna
for lower to upper frequency ranges from -12.5 to 7.5dBi. The
Efficiency of antenna is around 92% at the resonant frequencies.
Thus the proposed antenna is much suitable for WLAN
applications to cover all signal frequencies (from 5.1 to
5.85GHz) of the IEEE 802.11a /b/g wireless band.
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