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Design of Fractal Antenna for
Multiband Applications

Abstract: In this paper, the design and fabrication of
modified Sierpinski carpet fractal antenna is studied. The
analysis took place between ranges of 0.5 GHz to 6 GHz.
A Planar antenna with Microstrip feed modified Sierpinski
carpet fractal geometry for multiband applications are
presented. The multiband behavior is analyzed through
two fractal iterations. Self similarity property of fractal
technology is applied in the antenna design to reduce the
physical size, increase bandwidth and  gain. The
parameters of the antenna such as radiation pattern return
loss directivity, gain, radiation efficiency are simulated
using the IE3D electromagnetic simulator.

Index Terms: Multiband, Fractal and IE3D.

I. INTRODUCTION
Antennas have been studied for about a hundred

years and in use for as long. Fractal shaped antennas
are used today for multi-frequency purposes which
was not possible for traditional antennas. As
microstrip patch antennas are low profile, compact,
low manufacturing cost and easy integration on
MMIC, they are most favorable among all antenna
designs [1]. Fractal shaped antenna have been proved
to have some unique characteristics that are linked
to geometrical properties of fractals. According to
Webster dictionary a fractal is being derived from
the Latin fractious meaning broken, uneven: any of
the various extremely irregular curves or shapes that
repeat themselves at any scale on which they are
examined. Fractal geometry has unique geometrical
features occurring in nature. It can be used to
describe the branching of the tree leaves and plants,
jaggedness of coastlines and many more examples

in the nature. There are many benefits where we
apply fractals to develop various antenna elements.
By applying fractals to antenna elements: we can
create smaller antenna size, achieve resonance
frequency that are multiband, may be optimized for
gain, achieved wideband frequency band [2, 3].
There are numerous techniques such as shorting pins,
introducing slots and fractal geometries that reduce
the size of the patch antenna .But due to their space
filling properties, fractal antennas have many
advantages like miniaturization, multiband operation
and impedance matching and are widely used in
current trends of communication [4, 5].  Performance
simulations of antenna are performed on IE3D
software, which is based on the method of moments
[7].In this paper, a modified Sierpinski carpet fractal
antenna is proposed. The modified Sierpinski carpet
fractal antenna shows the ability to create multiband
frequencies. The multiband behavior of the modified
Sierpinski carpet fractal antenna is described in terms
of number of iterations, return losses, and radiation
patterns. The radiation patterns of the measured
modified Sierpinski carpet fractal antenna clearly
show the power radiated by an antenna at different
frequencies. The rest of paper is organized as
follows. Section II, briefly describes the antenna
geometry. Section III,  presents results and
discussions, followed by references in section IV.

II. ANTENNA GEOMETRY
The basic structure of microstrip patch antenna

is given through the rectangular patch and runs
though several slotted iterations to generate
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multiband characteristics. The initial dimension of
the patch is taken at 2.4 GHz by taking the FR4/
glass epoxy substrate and the height of substrate is
1.6 mm, loss tangent 0.02 and the dielectric constants
is 4.4 .The basic formulae for length and width are
given below [6].
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Where
c = Velocity of light in free space
f0=Operating resonant frequency
ɛr  = Relative dielectric constant
휀푟푒푓푓 =ɛreff  =Effective dielectric constant of the

substrate
h= Height of the substrate
w = Width of the substrate
The calculated dimensions of the patch antenna

is Length (L) =28 mm and the width (W) = 38 mm.
The feeding technique used for the excitation of the
antennas is the microstrip line feeding. The width of
the microstrip line is calculated for characteristics
impedance of 50 ohm from the following formula.
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The calculated width of the microstrip line is 3.05
mm. The Designed modified Sierpinski carpet fractal
antenna is designed in three forms one is base shape,
first iteration and second iteration. In the first
iterative form a rectangle of dimensions that is one
third of the dimensions of the base shape is cut from
the basic patch. In the second iterative form
additional nine rectangles are cut, that have the
dimensions one nine of the base patch shape. Figure
1 shows the three designed modified Sierpinski
carpet fractal antenna

(a) (b)

(c)
Figure 1. Simuated Antenna Designs (a) Base Shape

(b) First Iteration (c) Second Iteration
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III RESUTS AND DISCUSSIONS
Figure 2 shows the return loss curve for the base

shape, first iteration and second iteration of the
designed antennas.

(a)

 

(b)

 

(c)

Figure 2 Return loss (a) Base Shape (b) First Shape
(c) Second Iteration

The return loss curve for all the three antenna
designs shows the multiband behavior. The figures
show that the resonating frequency bands increased
with the iterations. It is quite clear that the antenna
suits for various commercially available frequency
range applications such as Wi-Fi IEEE 802.11 (2.4-
2.5GHz for 802.11 b, g, n) and (5.7-5.9 for 802.11 a
and n), this shows that the proposed antenna has wide
application range for commercial application. Other
important parameters such as Directivity, Gain and
Antenna efficiency are also simulated for the
designed antennas. From Fig. 3, the curve is drawn

in between Directivity and frequency and it is
noticeable that average value of directivity stands at
8 dBi and approaches up 10.5 dBi for the zero slotted
form of the antenna. Fig.4 shows the curve between
the total field gain and frequency.

Figure 3 Antenna directivity comparison curve for base shape,
first iteration and second iteration

Fig. 4 shows the curve between the total field
gain and frequency. Fig. 5 shows the curve between
radiation efficiency and frequency. In the entire
comparison curve the black color is for base shape,
violet color for the first iteration and green color for
the second iteration.

Figure 4 Antenna total field gain comparison curve for base
shape, first iteration and second iteration
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Figure 5 Radiation efficiency comparison curve for base shape,
first iteration and second iteration

The radiation efficiency of the three designs is
not so high because the material FR4/glass epoxy is
a lossy material, the loss tangent is high 0.02, and
this material is easily available and less costly. So
For base shape antenna three resonant frequency
bands occur, for first  iteration  four resonant
frequency bands occurs and for second iteration five
resonant frequency bands occurs. So the as the
number of slots are increased, the operational
frequency band also increases. These antenna can
be used at various application such as GSM and
WLAN-IEEE-802.11 (a, b, g and n). Therefore the
proposed antennas have satisfactory performance for
use as a multiband communication antenna.
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