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Abstract: As the importance of other wireless applications rises and wireless communication systems
continue to develop, wideband and low-profile antennas are in high demand for both military and
commercial applications. In wireless applications such as personal communication systems and compact
satellite communication terminals, multi-band and wideband antennas are highly desirable. Recent
endeavors by numerous researchers from across the globe to integrate electromagnetic theory and fractal
geometry have resulted in an abundance of novel and inventive antenna configurations. Fractal-based
methods and theories for reducing the dimensions of antennas are detailed in this article. Fractal antennas
exhibit comparable radiation patterns and input impedance values to lengthier antennas, while occupying a
reduced area owing to their intricate contours. Fractal antennas are an emerging field of study that exhibits
considerable potential for future implementation across various domains.

Keywords: Miniature antennas, Fractal antenna design, Wireless communication.

I. INTRODUCTION

Wireless communications have raised demand for smaller, more portable communication devices. Like electronics that
can fit transceivers on a chip, antenna designs must change to minimize size. Currently, many portable communications
systems use a simple monopole with matching circuit. Conversely, reducing the monopole length relative to the
wavelength increases reactive energy, weakens radiation resistance, and decreases radiation efficiency. Thus, matching
circuitry may be complicated. Fractal antennas may maximize radiation effectiveness while decreasing antenna size.
The fractal antenna's contours may create capacitance or inductance values for antenna-to-circuit matching and have a
long effective length. Fractal antennas may have many shapes. A quarter-wavelength monopole may be transformed
into a comparable-length antenna using the Koch fractal.

II. LITERATURE REVIEW

There are numerous approaches to reduce antenna size at lower frequencies. Fractals may be used to miniaturize
antennas since they cover a lot of area. It makes lengthy electrical lengths fit in tight areas. Mobile communications
have become integral to everyday life. Cell phones, GPS, and Bluetooth have made huge gains, while wireless internet
and local area networks are being created constantly. Mobile means user-friendly and portable. Wireless mobile
terminals should be small, light, and energy-efficient to suit these objectives. Mobile transceivers are much smaller.
Thus, the antenna should fit the receiver's dimensions. Several strategies have been presented for patch shrinking. The
simplest method is using a substrate material with a high dielectric constant [3], but surface wave excitation limits
bandwidth and efficiency. Another difficulty is low-loss, high-dielectric constant material cost. Another method is
cutting holes in the radiating patch [4, 5] and shorting posts using short circuits [4]. Cross-polarization causes problems
with short circuits and shorting posts, while partially filled permittivity substrates may cause manufacturing
complications.

Fractals
Mandelbrot used the term "fractal," meaning "broken or irregular fragments," to describe_a _family of complicated
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natural patterns. Fractals have been used to resemble coastlines, cloud boundaries, mountain ranges, trees, leaves, ferns,
and more. Mandelbrot initially used the word "fractal" to define a family of complicated structures with self-similarity
or self-affinity. Fractals have been validated several times since then, and military and commercial antenna designs are
in demand. Traditional antenna system analysis and design methodologies were based on Euclidean geometry. Using
fractal geometry instead of Euclidean geometry to create new antennas has garnered attention recently. This nascent
and rapidly evolving field is called "fractal antenna engineering." Fractal geometry is an extension of conventional
geometry; therefore engineers have never had the ability to examine virtually endless combinations for new and novel
solutions.

Why Fractals?

Advantages of fractal antenna technologies [2]

Miniaturization of antenna size

better input impedance matching wideband/multiband instead of many frequency independent ,reduced mutual coupling
in fractal array

Achieve resonance frequencies that are multiband.

May be optimized for gain.

Achieve wideband frequency band.

Some of these unique geometries. [6]

Koch Curve

By employing a fractal as a dipole antenna, one would anticipate a reduction in the antenna's overall height at
resonance, which is defined as the absence of an imaginary component in the input impedance.

The middle third of each straight section is substituted with a bent section of wire that traverses the initial third in order
to produce a Koch curve. The cumulative length of the curve increases with each iteration, culminating in a final length
that is four-thirds of the initial geometry.
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Every scaling iteration reaches resonance at the same frequency, illustrating the fractal antenna's shrinkage. The first
attempts at miniaturizing the antenna show a high degree of effectiveness. The amount of scaling required for each
iteration reduces as the number of iterations rises. While the height drop approaches an asymptote, the fractals' total
length grows at resonance. As a result, one might conclude that the increased complexity of the next iterations produces
no advantages.

Loop antennas have been extensively investigated through the application of various Euclidean geometry principles.
However, they possess unique constraints. Resonant loop antennas necessitate substantial dimensions, while short loops
exhibit exceedingly low input resistance. By implementing a fractal island as a loop antenna, these limitations can be
circumvented.

Fractal loops are distinguished by the fact that their perimeter expands indefinitely while the volume occupied remains
constant. The aforementioned elongation of the antenna results in a reduction of the volume occupied during resonance.
This length increase enhances the input resistance of a minor loop. Increasing the input resistance facilitates the
matching process between the antenna and the feeding transmission line.

Koch Loop
A triangle constitutes the initial pattern of the Koch loop, which is implemented as a fractal antenna. Each individual
segment of the beginning pattern is substituted with one of the generators. The initial four iterations are illustrated in
Figure 4. Given that the initial pattern is Euclidean, the initial iteration consists of substituting the segment with the
generator.

With a radius of R, the area of the fourth iteration of the fractal loop, a crucial parameter for compact loop antennas, is
calculated as
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To calculate the area of a circle, use
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Therefore, if the two areas are compared:
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The area of the fourth iteration of the Koch loop is 35% less than that of a circumscribed circle, as is evident. Given is
the permiter of the fourth iteration of a Koch loop:
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The circumference of a circle is:
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The perimeter of a Koch loop with four iterations is thus 2.6 times longer than that of a circular loop with a

circumscribed path.
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Minkowski Loop

The implementation of the Minkowski loop can decrease the antenna's dimensions by increasing the efficiency at which
electrical length is incorporated into its occupied volume. An analysis is conducted on a Minkowski fractal whose
perimeter approaches one wavelength. A comparison is made between a square loop antenna and multiple iterations in
order to demonstrate the advantages of fractal antennas.

Moment-calculated far field patterns for resonant fractal loop antennas with varying indentation widths and fractal
iterations.

Sierpinski Sieve

Fractal antennas are currently solely used for spatial efficiency. Fractals may also be used to build antennas. Fractals'
geometric trait of self-similarity keeps a section's appearance consistent when amplified. Geometry self-similarity
creates effective antennas of various sizes. This may lead to multiband characteristic antennas that function consistently
across frequencies. Fractal creation is seen in Figure 8. Sierpinski sieve dipoles and bowtie dipole antennas, the latter of
which generates the fractal, are similar. By removing the center third triangle from the bowtie antenna, three equal-
sized triangles remain, each half the height of the original bowtie. Every new triangle undergoes the midpoint
elimination process. The perfect fractal repeats this procedure indefinitely.

Three resonances relate to the bowtie antennas' three sizes and the Sierpinski antennas' three self-similar sizes. Each
resonance is about double the previous one. Knowing that the geometry's self-similar features are scaled by two for
each iteration makes this apparent. The far field pattern charts for these antennas show the advantages of multiband
behavior.

Applications of Fractal Antennas

Different applications may be made of fractal antennas. Below are some ideas where fractal antennas might aid. Small
integrated antennas are needed due to the wireless communication industry's fast growth. Due to their efficiency in a
small space, integrated fractal antennas outperform Euclidean geometry. Cell phones, laptops on wireless LANs, and
networkable PDAs are examples of these uses. Fractal antennas may assist multiband broadeasting. This category has
several choices, from dual-mode phones to GPS/location-based communication devices. Ff ‘yctl'% Iso minimize
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resonant antenna size, which may lower radar cross-section. This benefit may be employed in military situations where
antenna RCS is crucial.

II1. CONCLUSION

Numerous fractal geometries in various forms have been integrated into antenna design. Understanding the correlation
between the antenna's performance and the fractal dimension of the geometry employed in its fabrication requires
additional research. There are two necessary courses of action in this situation. The initial step entails the
implementation of numerous instances of fractal geometries onto antennas. The subsequent critical step is to acquire a
more comprehensive comprehension of the fractal dimension of the geometries in order to establish correlations
between this dimension and the antenna's performance. Additionally crucial is the degree to which the antenna design
approximates an ideal fractal. The physics of the problem can be better comprehended by analyzing the trends that
regulate the antenna over a number of iterations.

REFERENCES

[1]. P.Baliarda, J.Romeu, and A.Cardama, “The Koch monopole: A small fractal antenna”, IEEE Trans. Antennas
and Pro November 2000 new fractal antennas for compact and versatile telecommunication services”, Mvol.
43, pp. 196, January 2000

[2]. Omeu and J.Soler, “Generalized Sierpinski FractalMultiband Antenna”, IEEE Trans. Antennas and
Propagation 2001 .

[3]. Gianvittorio, Y. Rahmat-Samii, “Fractal Antenovel antenna miniaturization technique, and applications”,
IEEE Antennas and Propagation Magazine, vol. 44, February 2002

[4]. Douglas Werner, Joshua Petko, Thomas Spence, “ Fractal Antennas”, Antenna Engineering Handbook .

[5]. Nemanja Poprzen,Mico Gacanovic“Antennas Fractal :Design ,Characteristics and Application”2003

[6]. R. Garg, P. Bhartia, 1. Bahl, and A. Ittipiboon, Microstrip Antenna Design Handbook, Artech House, 2000..

[7]. D.R.Jackson, S. A. Long, J. T. Williams, and V. B. Davis,“Computer- aided design of rectangular microstrip
antennas”, ¢ h. 5 of Advances in Microstrip and Printed Antennas, K. F. Lee, Editor, John Wiley, 1997.

[8]. D. M. Pozar, “A reciprocity method of analysis for printed slot and slot coupled Microstrip antennas,” IEEE
Trans. Antennas and Propagation, vol. AP34

[9]. S K Behera, “Novel Tuned Rectangular Patch Antenna As a Load for Phase Power Combining” Ph.D Thesis,
Jadavpur University, Kolkata.

[10]. Balanis, “Antenna Theory, Analysis and Design,” John Wiley & Sons, New York, 1997.

[11]. Philip Felber. A literature study as a project for ECE 576. Illinois Institute of Technology. December 12,
2000

[12]. Sarita Bajaj, Ajay Kaushik ,“International Journal of Engineering Research and Applications”,(IJERA) ISSN:
2248-9622 www.ijera.com Vol. 2, Issue 1, Jan-Feb 2012, pp.229-233 http://fracetenna.com T,Fractal
Antenna Systems

Copyright to IJARSCT 63

www.ijarsct.co.in




