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Abstract:

In this paper, we have achieved a compact fractal antenna based on Sierpinski gasket geometry. Operators are looking for
systems that can perform over a broadband width. To satisfy the requirements, a novel Low Profile, Fractal Antenna (LPFA)
which is a new paradigm in communication is proposed. Miniaturization of fractal antenna is achieved through fractal geometry.
Fractal geometry on microstrip platform is a methodology through which the miniaturization is achieved. The proposed antenna
exhibit broadband characteristics with a small return loss and high efficiency at design frequency of 2.45GHz. The ultimate aim
of implementing self-similar fractal concept in antenna design makes it flexible in controlling the resonance and bandwidth. This
project is aimed at examining novel self-similar fractal geometry to reduce the size and to resonate for 2.45 GHz frequencies. It
covers ISM (Industrial Scientific Medica) | band, microwave oven, cardless phones, Bluetooth devices and wireless applications.
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1. Introduction

According to Webster's Dictionary a fractal is defined as being "derived from the Latin ‘Fractus’ meaning broken, uneven: any of
various extremely irregular curves or shape that repeat themselves at any scale on which they are examined.” Mandelbrot offered the
following definition: “A fractal is a shape made of parts similar to the whole in some way”.

Antennas are regarded as the largest components of integrated, conformal & low-profile wireless communication systems. Therefore,
it is desired for the antenna miniaturization in achieving an optimal design for wireless communications. It is well known that the
dimension of the antenna is i.e., if the antenna’s A function of its operating wavelength (size is less, it becomes inefficient because its
radiation resistance, gain, directivity and bandwidth are insolvent. Fractal geometry provides a pleasant solution for this problem on
account of its two major characteristics: self-similarity and space filling. So, fractal theories have become a pioneering approach for
designing & characterizing wideband and multiband antennas.

A ‘Fractal’ is a repeated generated structure having a fractional dimension which provides wide flexibility in antenna design &
analysis. Fractal antenna engineering is the field, which utilizes fractal geometries with IFS for antenna design. Presently, it has
become one of the budding fields of antenna engineering due to its advantages over conventional antenna design. Most of the fractal
geometries have the following characteristic features: infinite complexity and detail, fractional dimension self-similarity, space filling
& frequency independent.
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Figure 1: Types of fractal antenna patterns

These important characteristic features of fractals can be utilized in antenna design to achieve the following advantages:
Miniaturization: We know that an antenna radiates efficiently only when its size is a corresponding fraction of the wavelength of
operation. Therefore, size of the antennas will be very large that operate at very low frequencies. The benefit of fractal antenna is that
using fractional dimension of the fractals provides antennas that are electrically very long but physically small. Multiband/wideband
antennas: We know that an antenna must have no characteristic size or it must have many characteristic sizes to operate over multiple
frequencies simultaneously to be frequency independent. Due to the self-similarity & space filling property of fractals there are
multiple copies of the geometry in a fractal object and hence they can be utilized for multiband/wideband antennas.

Efficiency: Fractal geometry have sharp corners and edges that cause rapid changes in the direction of current and can be used to
increase the radiation parameters. So fractals are efficient radiators of electromagnetic energy that can be used designing antennas
with better efficiency. Now-a-days, the advancement of wireless communication systems led to the development of several wireless
communication applications including compact antenna design. To incorporate more than one communication service in a wireless
system device, multiband antennas should be used. Multiband antenna provides solution to the space problem comparative to the
traditional way of using different antennas for different frequency bands.

The self-affine fractal structure in this project is constructed by scaling a rectangle as shown in Figurela. The initiator SO by a factor
of two along its width and two along its length, which leads to four rectangles of equal dimension, is presented. The upper topmost
corner region is eliminated, thereby their retaining the remaining regions, i.e., 75% of the total area is retained and 25% are
eliminated. First, the initiator Sy is made to resonate at design frequency 2.4GHz by adopting the coaxial feed technique. This process
is a repetitive procedure and is continued upto nth iteration.

The main goals of this project are to overcome these disadvantages and to develop an antenna with the following characteristics such
as operates in 2.45GHz frequency range, has a bandwidth of 20 to 30%, Light weight, Dual-Linear polarization and good polarization
orthogonally at scan corners, Low loss of input signal, Compact size, High Efficiency.

2. Antenna Design

Figure 2 shows the geometric structure and parameters of the proposed fractal antenna. This antenna is printed on a FR-4Substrate
with a dielectric constant of 4.4 and a thickness of 1.6 mm. The antenna is placed at xy-plane. The xy-plane is used as E-plane and the
yz-plane is set as H-plane.
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Figure 2: Geometric structure of the proposed antenna
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The novel self-similar antenna structure is developed on a FR4 substrate (thickness 1.6 mm, & = 4.4, tan = 0.01) with ground plane
at the bottom of the substrate. The patch antenna is initiated with (S1) of dimension 38 mm X 25.81 mm X 1.6 mm which resonates
near 2.45GHz. Then, the initiator is iterated into segments, to resonate the antenna in all the iteration and to exhibit characteristics and
the size is optimized as shown in Figs.1. The performance of the antenna at different iteration has been investigated using ADS
momentum. The resonant behavior of novel self-similar fractal antenna is plotted against different feed positions, comparisons
between S1, S2 and S3.

The antenna tends to exhibit broadband characteristics. The antenna covers the neighboring frequency bands thereby providing a
return loss of nearly -20dB for a feed position and broadband characteristics for all the other positions. As iteration (n) increases, the
slots expand at the centre and the staircase projections increase diagonally from left to right projecting the self similar concept and
finally, the volume reduces compared to the original size. The slots and the stair case projections generate the other resonant modes
and the resonating bands in turn depend on the ground plane. Simulated return loss covers and fulfills ISM band, microwave oven,
cardless phones, Bluetooth devices and wireless applications.

Mathematical calculations were carried out for the dimensions of our fractal Antenna, at frequency of 2.45GHz.Calculations, carried
out for the fractal are as under.

2.1. Calculation of the Width
The width of the Microstrip patch antenna is given by

w=c /f“V =T 41)2))

Substituting ¢ = 3x10°® m/s

g =44

f,.=2.45 GHz

We calculated the width and it came out to be
W=38mm

2.2. Calculation of the Length
The formula for the Effective length is given as

L= C /(gfﬂ"f'E reffl)
Substituting the mentioned values as

Ereff — 4.4
c =3e8 m/s
f,= 2.45 GHz
We get
L=25.81 mm
Height 25.81mm
Width 38 mm
Return loss -20dB
Gain 6.003 dB
Band width 200 MHz
Directivity 6.35 dB

Table 1: Antenna Dimensions
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Figure 3: Layout design

3. Feeding Techniques
Feeding techniques are important in designing the antenna to make antenna structure so that it can operate at full power of
transmission. Designing the feeding techniques for high frequency, need more difficult process. This is because the input loss of
feeding increases depending on frequency and finally give huge effect on overall design.
There are a few techniques that can be used.

1. Microstrip Line feeding

2. Coaxial Probe feeding

3. Aperture Coupled feeding

4. Proximate Coupled feeding

5. CPW feeding
In this paper micro-strip line feeding has been used. In this type of feed technique, a conducting strip is connected directly to the edge
of the micro-strip patch as shown in Figure 3. The conducting strip is smaller in width as compared to the patch and this kind of feed
arrangement has the advantage that the feed can be etched on the same substrate to provide a planar structure. The location of
microstrip feed to the patch is adjusted to match with its input impedance (usually 50 ohm).

4. Experimental Result
Various iterations and optimization using ADS is performed and the patterns, results are performed.
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Figure 4: Return loss performance of the antenna
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Figure 5: Gain and radiation pattern

FOEA s e eI F 0

Figure 6: 3D visualization

Hence, validating the design of the antenna. The gain of the antenna is simulated at 2.45 GHz with a gain of 6.003 dB. From this table
the frequency to be chosen is 2.45 GHz, which is having high gain and directivity.

The designed antenna was fabricated with the optimized parameters. The difference between the simulated and the measured results is
due to the effect of the SMA connector and fabrication imperfections. In order to demonstrate the radiation characteristics of the
fractal antenna, its radiation patterns are measured.

In order to further illustrate the effect of the directors, their effects on the reflection coefficient and F/B ratio are plotted in Fig. 4. It is
observed that the directors have great effects on impedance matching and directivity in the higher operating frequency band.

4. Conclusion

Thus, the Microstrip fractal patch antenna for supporting ISM band, microwave oven, cardless phones, Bluetooth devices and wireless
applications is designed. Frequency range from 2.45 GHz to 2.6 GHz below S;;=-20 dB and VSWR = 2. The return loss and VSWR
plot show the step by step improvements and fifth iteration of the fractal structure proves the high bandwidth impedances. Finally, this
proposed antenna is finely tuned for the ISM band, microwave oven, cardless phones, Bluetooth devices and wireless applications
with the size of 25.81 * 38 mm?

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 248



www.ijird.com March, 2015 Vol 4 Issue 3

5. References

1.

2.

w

10.

11.
12.

13.
14.

15.
16.

MUNISH KUMAR, TRISHA GARG.:”” Antenna miniaturization using fractal antenna and its design(\VVoL. 1 ISSUE 2 JuLy
2011)

N. A. SAIDATUL, A. A. H. AZREMI, R. B. AHMAD, P. J. SOH AND F MALEK.”Multiband Fractal Planar Inverted F
Antenna(F-PIFA) For Mobile Phone Application’(VOL. 14, 127-148, 2009)

Y.Cao, C.Lu, and Y.Zhang,” A Compact dual band miniaturized antenna”inProc, ICMMT, Apr.2008,pp.416-419.
ROBINSON, J., and RAHMAT-SAMII, Y.: ‘Particle swarm optimization in Electromagnetics’, IEEE Trans. Antennas
Propagat., February 2004, Vol. 52, pp. 397-407

BEST S. R.: ‘On the performance properties of the Koch fractal and other bent wire monopoles’, IEEE Trans. Antennas
Propagat., June 2003, Vol. 51, pp. 1292-1300

Y.-B. Kwon,J-I. Moon, and S.-O.Park, “An internaltriple-band planar inverted -F antenna,” IEEE
antennasWirelessProp.Lett., vol.2, pp.341-344, 2003.

GIANVITTORIO, J., and RAHMAT-SAMII, Y.: ‘Fractals antennas:antenna miniaturization technique, and applications’,
IEEE Antennas Propagat. Mag., February 2002, Vol. 44, pp. 20-36

PAVEL HAZDRA, MILOS MAZANEK.:’L-System Tool for Generating Fractal Antenna Structures with Ability to Export
into EM Simulators” (Vol. 50, NO. 8, August 2002).

WERNER, D. H., WERNER, P. L., and CHURCH K. H.: ‘Genetically engineered = multiband fractal antennas’, Electron.
Lett., September 2001, Vol. 37, pp. 1150-1151

KENNEDY, J. , EBERHART, R. C., and SHI, Y.: ‘Swarm Intelligence’ (Morgan Kaufmann Publishers, San Francisco,
2001)

WERNER, D. H., and MITTRA, R.: ‘Frontiers in electromagnetics’ (IEEE Press, Piscataway, NJ, 2000).

BALIARDA, C. P.,, ROMEU, J., and CARDAMA, A.: ‘The Koch monopole: A small fractal antenna’, IEEE Trans. Antennas
Propagat., November 2000, Vol. 48, pp. 1773-1781

BURKE, G. J., and POGGIO, A. J.: “Numerical Electromagnetics Code (NEC) - Method of Moments’ (Lawrence Livermore
Nat. Lab., Livermore, CA, Tech. Rep. UCID-18834, 1981)

C. A. Balanis,” Antenna Theory, Analysis and Design”, John Wiley &Sons, New York, 1997.

www.antennatheory.com

http://www.fractenna.com/nca_frag.html

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH & DEVELOPMENT Page 249



