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Abstract
Usually cell phones operate in different bands which require multiple antennas to be designed for different
applications. Planar Inverted F Antenna (PIFA) is popular for portable wireless devices because of its low
profile, small size and simple structure. Narrow Bandwidth still remained as a problem even after using PIFA.
But by using fractal PIFA antennas multiple bands have been achieved with a single antenna without significant
increase in space. Also octagonal shape and slotted structures in the circular patch helps in increasing
bandwidth. In this paper Octagonal Fractal slotted Circular PIFA has been proposed and designed using
FEKO. The results show that the proposed antenna can be used for integrating telecommunication services such
as GSM, 3G, HiperLAN, UMTS and WLAN in mobile phones with good efficiency and gain.
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I. INTRODUCTION
In Multi-Band  Microstrip  Rectangular

hen the cell phones were first introduced in the

early days, they were very large in size and had

very limited service areas. Cell phones had
large antennas that have to be pulled out before
making a phone call. Cell phone antennas may seem
like a fairly harmless issue but it is not so. Only when
the antenna is more efficient, less power is consumed
by the device. This is possible only when the size of
the antenna is small.

There has been an increasing demand in
antennas that are compact, conformal, and broadband.
A popular method of achieving these characteristics in
an antenna is by exploiting the property of fractals.
Applications for fractal geometries in cellular devices
have become hot topics of research because of
consumer demand. Fractal antennas take advantage of
delivering exactly what consumers need. Fractal
geometries have two common properties namely self-
similar property and space filling property. The self-
similarity property results in a multiband behaviour of
the fractal antennas [1]. Using the self-similarity
property a fractal antenna can be designed to receive
and transmit over a wide range of frequencies. Space
filling property is used mainly to reduce antenna size.
Fractal antenna uses a self-similar design to maximize
the length of a material with a total surface area. This
makes fractal antennas compact and wideband. The
fractal element of the antenna allows it to have much
different resonance, i.e. it will act as an antenna for
many different electromagnetic frequencies. The
different resonances arise because of the fractal nature
of the antenna.

Fractal Antenna [1] using a decomposition algorithm,
compactness has been obtained. For reducing the size
of the antenna, Fractal geometries have been
introduced in the rectangular microstrip antenna. The
aspects of microstrip antennas such as the design have
been studied in this paper and the size of the antenna
has been greatly reduced. Different theories and
techniques for shrinking the size of an antenna
through the use of fractals have been discussed in [2].
Fractal antennas can obtain radiation pattern and input
impedance similar to a longer antenna but take less
area due to the many contours of the shape.

The design and performance of three fractal
loop antennas for passive UHF RFID [3] tags at 900
MHz was investigated. Fractal loop had better
radiation characteristics than the standard Koch fractal
loop. Fractal antennas gained their importance
because of its features of miniaturization, wideband,
multiple resonance, low cost and reliability. The
antenna satisfied all the requirements in reducing the
RFID tag size and cost by providing good impedance
matching and high gain.

Fractal PIFA antenna also [4] has been
proposed to achieve the design of internal compact
and broadband microstrip patch antennas. This paper
proposes a fractal which can be used as an internal
antenna solution with a wideband frequency response
which covers the required operating frequency range
for mobile phone application.
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A comparison among the three designs has
been presented in [5] which show that the Sierpinski
carpet fractal antenna is better than the other two
fractal designs Sierpinski carpet and Koch curve. The
carpet design exhibits a bandwidth of 1.8 GHz which
is comparable to the other designs where as it has
demonstrated a size of reduction of 53 % which is
greater than the two fractal designs.

The accomplishment of acceptable bandwidth
is definitely an important consideration for antenna
design in mobile communications systems. The
radiation pattern result shows an omnidirectional
radiation, which can radiate equally in all directions
which entails that the antenna is suitable for
application in wireless communication, especially in
the desired domain. SCF-PIFA [6] effectively reduced
the element size as compared to the printed microstrip
transmission line feed Sierpinski Carpet antenna and
was able to provide coverage at all desired frequency
bands.

The Fractal Microstrip patch antenna is also
used in backscattering reduction. The radiation pattern
of fractal antenna in [7] shows that cross polarization
level is better in fractal patch. The gain loss of Fractal
antenna compared with rectangular antenna on
resonant frequency is less than 1 dB. It has been
found that this structure with proper indentation in the
border length offers considerable miniaturization
compare to the conventional rectangular patch
antenna. As the iteration order increases, the resonant
frequency decreases more to lower side and indicates
more size reduction. Such properties of the patches
make it possible to apply fractal antennas to those
applications needing reduced size of antennas.

Currently, many cell phones use a Planar
Inverted-F Antenna (PIFA), which is small, low-
profile antenna. The Planar Inverted-F antenna [8] is
used in the mobile phone market in a large extent. The
antenna is resonant at a quarter-wavelength and hence
it reduces the space occupied in mobile phones. This
antenna is similar to the shape of inverted F [9],
coordinating its name. The Planar Inverted-F Antenna
has a low profile and an omnidirectional pattern.PIFA
consists of three parts namely, rectangular planar
element, ground plane and short-circuit plate. The
drawback is its narrow bandwidth and not multiband.
Fractal PIFA has been designed to address these
problems. A Fractal PIFA [10] works similarly to a
traditional PIFA, but has fractal design. As the fractal
PIFA’s serve as an effective internal antenna with
good efficiency and gain, its efficiency could still be
increased using octagonal printed patches and
bandwidth could be increased using slotted patches
[11] which have been designed in this paper.

11. Proposed Antenna Design

The proposed antenna iterations are
constructed on a circular radiating patch of radius r
with a thickness Imm which is printed on a Rogers
board of same radius r with a thickness of 0.813mm
and €, of 3.38 where r [12] is given by

r=1.306(/2) mm 1)

FEED POINT

Fig.1 Proposed Antenna (a) Basic geometry (b) Top view

Rogers board is connected to the ground
plane measuring Lg x wg through a stub measuring hs
X ws which supports the whole antenna. The
configuration of the proposed PIFA is shown in Fig.1.

TABLE |
PIFA PARAMETERS
Paramet | Value
er (mm)
Lg 100
wg 54
rp 54
hs 7
WS 4
r0 10
a 5

Depending on the Fractal’s iterations the stub
and feed position can be varied. The parameter of the
proposed antenna has been given in the Table I. A
perfect fractal antenna would be obtained by iterating
the simple Cantor array an infinite number of times.

Fig.2 shows the antennas bearing zeroth
iteration with line as a radiating element. Zeroth
iteration (or) base shape is obtained without iteration
by inserting the cuts in the four sides. First iteration
which is shown in figure is obtained by printing a
single octagon on the circular patch centre of radius
‘r0’. Figure shows the second iteration obtained by
iterating the middle octagon of side ‘a’.

Fig.2 Fractal PIFA for (a) zeroth iteration fig 3(b) first iteration
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Fig 3(c) second iteration

Octagonal shape has been selected as it gives
a high bandwidth [13, 12].The bandwidth of the
antenna can be improved when the available planar
area of a circle of radius r is best utilized by the
antenna. The end V shaped structures also helps to
improve bandwidth. The stub kept vertically provides
better matching and tuning. A circular patch [14] with
a single feed point will create linear polarization. If
the circular patch antenna is made into an ellipse and
fed properly it can produce circular polarization.
Standard circular shape patch antenna has linear
polarization. Changing the position of the feed point,
horizontal or vertical polarization can be obtained.
Circular polarization can also be obtained by making
some slots or slot like structures. The slot affects not
only the polarization, but also improves antenna
impedance. It is also easy to fabricate patch antennas
that radiate circularly-polarized waves. Fractal PIFA
[15] design has allowed for a large Bandwidth after
few iterations.

V. Antenna Results and Discussions

TABLE 11
BANDWIDTH RESULTS OF THE ANTENNA
Iterations Frequency (MHz) Bandwidth(MHz)
Zeroth 1900-2400 500 (8.75%)
st
2000-2900(1 900(11.53%)
resonance) ,
. 3000-3800(2"
First resonance) d 800(8.19%)
4000-4700(3" 0
resonance) 700(11.36%)
Second 5500-6900 1400(24.13%)

The proposed antenna has been simulated
using FEKO. Except the dielectric Rogers board, the
ground plane and all conductors are assumed perfect
electric. This fractal antenna can be used for
integrating many telecommunication services like
GSM, Blue tooth, HIPERLAN, WLAN and 3G
services. Fig. 3 shows the simulated return loss
measurements (Sy;) for three iterations of the
proposed antenna. From the return loss graph the
measured bandwidths are as follows: For iteration 0,
the bandwidth is 500 MHz (1900-2400Mhz), while
for the first iteration it is 900 MHz (2000-2900Mhz)
in the lower band, 800 MHz (3000-3800 MHz) in the
middle band, 700Mhz (4000-4700)MHz in the upper
band and for third iteration the bandwidth is 1400 (
5500-6900 MHz).The results have been tabulated in
Table II.

ZEROTH ITERATION
H FIRST ITERATION
i SECONDITERATION

S-parameters [dB]
&

Fig.ggggﬁ;mbss

The bandwidth has been calculated and the
values are tabulated in table Il. Bandwidth describes
the range of frequencies over which the antenna can
properly radiate or receive energy. It has been found
that as the iteration increases, bandwidth has been
increased in our proposed antenna. Iteration of the
antenna supports dual band operation whereas without
iteration antenna possess only single band of
operation. The fundamental operating resonant
frequency is about 2.4 GHz with an operating
Bandwidth of 500 MHz.

TABLE 111
EFFICIENCY RESULTS OF THE ANTENNA

Telecommunication Frequency Efficiency (%)
Service (MHz)
GSM 1900-2400 97.1275
3G 2000-2900 86.9757
WLAN and 3000-3800 90.9757
Bluetooth
HiperLAN 4000-4700 79.6994
5500-6900 90.9757

A highly efficient antenna has most of the
power present at the antenna's input. It can be seen
from the Table 11 that the antenna radiation efficiency
is more than 70%. From the obtained results of
Bandwidth and efficiency given in the Tables Il and
Il it has been shown that the proposed antenna is
suitable for being used as an internal antenna for
mobile communication.

mag[E_Total][w]
I 0.203

0.270

0.247

0.224

0.z201

0.17e

0.155

013z

o109
I 0.026

0.062

b

N yo!

LTSN
o

Fig.4.Radiation pattern

Fig.4 shows the 3D radiation pattern of the
antenna which defines the variation of the power
radiated by an antenna as a function of the direction
away from the antenna.Radiation pattern obtained at
the first, second and third frequency is almost omni-
directional, and is well suited for mobile phone
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applications. The omni directional pattern provides
the widest coverage making the mobile phone
antennas wide access to a large number of cell phone
tower access points.
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Fig.5.Current distribution

Fig. 5 shows the current distribution in the
antenna. The current will be zero at the end of the
ground plane and the voltage is out of phase with the
current. Hence the voltage is at a peak at the end of
the patch and near the start of the feed; the voltage has
equal magnitude but out of phase which produces
fringing fields that coherently add in phase and
produce radiation which is maximum near the feed
point.

B T
300

270
Fig.6.Gain

Due to the properties of the Fractal antenna,
the proposed geometry of an antenna is very versatile
in term of polarization, radiation pattern, gain and
bandwidth. Through proper selection of the feed,
reduction in size of the antenna with higher iterations
and bandwidth enhancement can be observed clearly
in the proposed geometry. Fig .6 shows the antenna
gain which gives the amount of power transmitted in
the direction of peak radiation. An antenna with a gain
of 3 dB means that the power received far from the
antenna will be 3 dB higher than what would be
received from a lossless isotropic antenna with the
same input power. Most advanced mobile tactical
communications in the world have been enabled by
high gain fractal antennas.

IV. Conclusion

In this paper, the octagonal Fractal shapes with
different iterations are employed and studied in a detailed
manner. The main aspect in the design of typical circular
patch microstrip antenna is the V shaped structures at its
ends which improves the bandwidth and efficiency. A good
impedance matching and gain has also been achieved by
this antenna. This antenna could be used for mobile phones
for integrating various telecommunication services as multi-
band [16] frequencies (2.3 GHz, 2.6 GHz, 3.7 GHz, 4.5
GHz, and 5.9 GHz) has been obtained.
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