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ABSTRACT: Fractal antenna can meet the requirements of designing a multiband, low profile and small antenna. In
this review paper, we provide a comprehensive review of recent developments in the field of fractal antenna
engineering. First we give brief introduction about fractal antennas and then proceed with its designs and algorithms.
Finally, we will discuss recent work done in the area of fractal antennas.
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I. INTRODUCTION

In 1970, Dr B. Mandelbrot coined the term Fractal. Fractal symbolises broken or irregular fragments. He investigated
the relationship between fractals and nature using discoveries made by Gaston Julia, Pierre Fatou, and Felix Hausdorff
[1]-[2]. He was able to show that many fractals exist in nature and can be used to accurately model certain phenomena.
Fractals describe a family of complex shapes that possess an inherent self-similarity in their geometrical structure.
Fractal has various properties like recursive, infinite, space filling and self-symmetry [2]-[10]. Due to these properties
fractals have more resonant frequency which contributes to lower return loss [17]. Hence less power is reflected back to
the source and radiation emission is stronger. Fractal antennas are based on the concept of a fractal, which is a
recursively generated geometry that has fractional dimensions. There are two active areas of research in fractal antenna
engineering. The purpose of this article is to provide an overview of recent developments in the theory and design of
fractal antenna elements, as well as fractal antenna geometries. Many fractal element antennas use the fractal structure
as a virtual combination of capacitors and inductors. Due to this an antenna has many different resonances which can
be chosen and adjusted by choosing the proper fractal design.

Il. GEOMETRIES OF FRACTAL ANTENNA

A. The geometries of fractal antenna can be described and generated using an iterative process that leads to self affinity
structures mentioned in [3]-[4]. These can be categorised in two types: Deterministic and random. Deterministic, like
the Sierpinski gaskets and the von Koch snowflake, are constructed by several scaled-down and rotated copies of
themselves [2]. Random fractals have elements of randomness which makes it possible to simulate natural phenomena.
The first fractal geometry to be described is the Sierpinski gasket [5]. The initial few stages involved in the construction
of the sierpinski gasket are shown in Fig. 1. The procedure for constructing this geometry of fractal begins with an
equilateral triangle contained in the plane. The process is continued by removing the similar triangle from the former
triangle. This iterative process is carried out an infinite number of times to form the Sierpinski-gasket fractal. It can be
easily deduced from this definition that the sierpinski gasket is an example of self-similar fractal. A useful elucidation
of Figure 1 is that the black triangle areas represent a metallic conductor, whereas the regions where metal has been
removed are represented by the white triangle areas.

However, in contrast to the Sierpinski gasket, which is constructed by the systematic removal of smaller and smaller
triangles from the original structure in an iterative manner, the Koch snowflake is generated by adding smaller and
smaller triangles to the original structure in an iterative manner. This procedure is clearly demonstrated in Fig. 2, where
the first few stages involved in the construction of Koch snowflake geometry are shown. The above described
geometries exhibit favourable radiation characteristics in terms of resonance, impedance and directivity.
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Fig. 1 Several stages in the construction of a Sierpinski gasket fractal.

B. Another fractal geometry which is popular is known as the Koch snowflake [5]. This geometry also begins as a solid
equilateral triangle in the plane as demonstrated in ‘T’ of Fig. 2.
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Fig. 2 The first few stages in the construction of a Koch snowflake.
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I11. LITERATURE REVIEW

Puente et.al. (1996) demonstrated multiband behaviour for fractal Sierpinski gasket. They observed that this behaviour
depends on the self-similarity properties of this gasket, which may propose an alternative way for the designing of new
type of frequency independent and multiband antennas as shown in Fig. 5.

I ¥ “-:

: = T o I g; I = = - .

ARG RN
80 cm i ;

Fig. 5 Fractal Sierpinski monopole

Yoonjae et.al. (2002) designed a novel conformal multiband fractal antenna, over triple band frequencies. They
presented a Sierpinski fractal configuration, printed on a dielectric substrate of g =4.3, on a ground plane, and
suggested a different approach to improve its multiband performance in terms of radiation patterns, impedance
matching having operatability in triple band frequency as well.

Fig. 6 Sierpinski gasket

Douglas H. Werner and Suman Ganguly (2003) presented the overview of Fractal antenna engineering research.
They described the combination of fractal geometry with electrodynamics and have elaborated the mathematical
formulations. They elaborated the iterated function systems which are known as the language of fractals.

Raj Kumar et.al. (2007) demonstrated rectangular shaped fractal using proximity coupled feeding technique. The
substrate is having dielectric constant g, =4.3, having height h= 1.53mm and with initial dimensions 36.08x29.6mm of
rectangle patch. The size reduction of the patch antenna is explained by the fact that the experimental resonant
frequency fr of fractal patch obtained with 2" iteration is 2.11 GHz which is 2.42 GHz in rectangular patch. By

incorporating 0.8mm air-gap in patch, the shrinkage bandwidth has been enhanced. Figure 7 shows the designed patch
antenna.
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Fig. 7 Proximity coupled microstrip patch antenna

Wen- Ling Chen et.al. (2009) suggested a wide fractal-shaped slot for enhancement of bandwidth using micro strip
feeding technique. They experimentally studied the relation between the iteration order, iteration factor and bandwidth
of the fractal shape. Experimental results show that it achieved a 2-dB gain bandwidth of 1.59 GHz which indicates that
the impedance bandwidth, of this proposed fractal can attain an operating bandwidth of 2.4 GHz having operating
frequencies approximately close to 4 GHz, which is nearly 3.5 times that of a conventional microstrip-line-fed antenna.
Fig. 8 shows a designed microstrip antenna.
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Fig. 8 Proposed microstrip-line-fed printed wide slot antenna with a fractal shaped slot.

J. Malik and M. V. Kartikeyan (2011) suggested a small size antenna as compared to the Euclidean-type. They
designed and studied an equilateral triangular patch antenna over the Sierpinski Gasket. For dual band WLAN
application, two different patches are electromagnetically coupled having stacked structure and operating at two
frequencies 2.4 GHz and 5.8 GHz.
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Fig. 9 Stacked equilateral triangular patch antenna.

Jagadeesha S. Vani et.al. (2012) suggested a multiband fractal antenna. This fractal uses two substrates having
dielectric constant £=4.4 mounted vertically over each other and having thickness of 1.6mm. This antenna radiates at
multiple resonant frequencies. Fig. 10 shows the designed antenna.

Fig.10 Stacked plus shaped fractal antenna.

Saurabh kohli et.al. (2013) demonstrated | shaped multiband fractal antenna. By application of three iterations on
antenna, the resulting antenna resonates at 4.7 GHz, 6.5 GHz, 7.7 GHz and 8.5 GHz respectively having bandwidth 150
MHz, 135MHz, 520 MHz and 1.2 GHz. Its applications include defence and secure communication. Fig. 11 shows the
designed antenna.
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Fig. 11 Iterative | shaped fractal antenna.

IV. CONCLUSIONS

From the discussion, we have analysed the following key benefits of fractal in antenna geometry:
e With increasing number of iterations of fractal, resonant frequency increases which results in lower return
losses.
e Multiband and broadband frequency response which is due to the inherent properties of the antenna’s fractal
geometry.
e Compact size compared to the antennas having conventional designs, while maintaining god to excellent
efficiencies and gains.
e Simplicity and mechanical robustness. Characteristics of fractal antenna are obtained due to its geometry and
not by the addition of discrete components.
e Ability to design for particular multi-frequency characteristics containing specified stop bands as well as
specific multiple pass bands.
We have concluded that triangular shaped fractal antenna has more bandwidth and operating frequency than other
fractal shapes. Fractal antenna engineering research field is in the early stages of development.
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