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ABSTRACT

Fractal antennas are found to be advantageous seodtheir small size and multiband functionalithis paper
proposes a composite miniaturized fractal antesna eombination of Minkowski and Koch curves. Theiure of the
proposed antenna is the result of the modificatioade with the basic fractal square and trianguiaves. The design and
simulation have been performed using a full-wawdirBensional electromagnetic simulator. The antezarabe used for

most handheld devices and thus finds wide apptinatin the field of wireless and mobile communiati
KEYWORDS: Antenna, Fractal, Microstrip Feed, Miniaturizatidmyltiband

INTRODUCTION

In view of the progress in the field of modern conmication systems and increase in the number dicapipn
areas with vital requirements such as small sight veight and better performance, the miniatutineultiband antennas
are in great demand. Microstrip patch antennasaactass of miniaturized antennas with many advastdike light
weight, conformability, low cost etc. For simplediating patch shapes, the design can be carriecasity. However,
being a high Q electromagnetic structure, a micipsintenna exhibits a narrow bandwidth. Many tinhés considered as
one of the major limitations. On the other handg¢cfal antennas have attracted the attention ofetsearchers because of

the features like small size and multiband charesties.

The fractal geometry was first defined by B. Mafet to describe complex geometries and it was rgeee
with an iterative procedure. Followed by his corncémere had been many reports proposed by resaarelith different
fractal structures in the recent years. Sierpingictal antenna is based on the triangular (gaski¢d shape,
Koch snow-flake fractal antenna is developed usiiaggular curve and the Hilbert or Minkowski fracantenna design is

based on the square curve. Fractals have planmoe dilling and the self-similarity properties.

The use of fractal geometries in antenna desigrshagn to be a good strategy in order to attainfeHewing
benefits: broadband and/or multiband frequency amsp, compact size compared to conventional designge
maintaining good efficiencies and gain, mechangiaiplicity and robustness and flexibility of dedigm for particular
multi-frequency characteristics. Fractal antenmasaainly categorized into four types such as &ldate antennas, fractal
three-dimensional antennas, fractal planar anteanddractal antenna arrays. In this project, tesigh of fractal planar

antenna as a combination of Minkowski and Koch esrng considered.
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LITERATURE SURVEY

The term fractal, which means broken or irregutagiments, was originally coined by Mandelbrot tsatibe a
family of complex shapes that possess an inhesdhsisnilarity in their geometrical structure. Aweniniaturized fractal
antenna as a combination of Minkowski and Koch esrgan be developed. The structure of the propastshna is the
result of the modifications made with the basictahsquare and triangular curves. The design andlation have been

performed using IE3D; a full-wave electromagnetinidator.

The simulation with microstrip feed and coplanarveguide feed systems and the results reveal thht the
designs are extremely good in terms of multibanerajions. The final design is a radiating fractatbana separated from
the ground plane by the substrate with a thickiiéds6mm. In this case, both the radiating struetamd the CPW are in

the same plane on the substrate. Copper is uselk$agning the radiating structure.

The thickness of the copper layer is 0.016mm [1le Bubstrate is FR4 with relative epsilon 4.4 aodrt size
52mm x 20mm. This is preferred because of easalwfdation and availability. Another simulationaiso performed for
the same antenna with CPW feed system. The resfuftisnulation show that the new Minkowski-Koch fracantennae
perform satisfactorily and yield good results. Thapvide good radiation pattern, appreciable gdinectivity and
efficiency at resonant frequencies. Moreover, thegenna structures provide resonant frequenci@28t 4, 4.17, 4.24,
5.71, 6.18, and 9.13GHz with good bandwidths.

Multiband Microstrip Fractal Antenna for Next Gener ation Networks

In today’s era rapid increase in the need and ddrfamnext generation wireless network applicatiwiven the
antenna designers to design new antennas thattaimealsly appear miniaturized and at the same tisaéul for many
wireless standards. So the biggest requirementarf@ntenna are, to work for many [1 Japplicatisimsultaneously and
its small size [2]. For performing multi-applicaticoperations at a single time, multiband charastieriis required.
These multiband characteristics can be achieveasing the concept of fractal antenna. A folded-Biattal antenna can
be designed by using Koch iteration technique. fiteposed antenna is designed and simulated in HHSS designed
antenna is showing less than -10 dB return losssforfrequency bands including 2.37 GHz, 4.00 GBA7 GHz,
6.11 GHz, 7.27 GHz and 8.95 GHz with return loss2g3 dB, -18.43 dB, -14.85 dB, -25.05 dB, -18.43ali#l -11.88 dB

respectively. These results show a good agreeménnext generation mobile terminal applications.

Radiation patterns with return loss less than -BOade considered perfect because below -10dB rdtss)
reflections are negligible. Radiation pattern isoaplotted. Radiation pattern explains that anteishaadiating in
Omni-direction [3]. This is always desirable foethpplications like mobile applications and multidasupport make it

multi-application compatible.

A new form of a hybrid design of a microstrip-fe@drasitic coupled ring fractal monopole antenna with
semi-ellipse ground plane is proposed for moderbilmalevices having a wireless local area netwdvk AN) module
along with a Worldwide Interoperability for Microwa Access (WIiMAX) function exists [3]. In comparisdo the
previous monopole structures, the miniaturized ramedimension is only about 25 X 25 X 1 fwhich is 15 times
smaller than the previous proposed design. By amdyeasing the fractal iterations, very good impedacharacteristics

are obtained [4].
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The measured results illustrate that the proposeténaa offers a very good bandwidth and Omni
directional -pattern up to 10 GHz. As a result, pheposed simple antenna can be very suitabledoows applications of
the future such as WiMAX/WLAN technologies for mieband handheld devices. A fractal monopole antémpaoposed
for the application in the UWB frequency range, ethiis designed by the combination of two fractabrgetries.
The first iterations of Giusepe Peano fractal geliad on the edges of a square patch, and a BskipCarpet fractal is
formed on its surface. [3]. The feed circuit is Enostrip line with a matching section over a sattiptical ground plane.
The presented antenna has an Omni-directionaltradipgattern, a good gain, and high efficiency. Takrication and
measurement data attest to the satisfaction ofddsgn specifications. The selected substrate ¥ WiRh dielectric
constant of 4.4, substrate thickness 1.6 mm, asd tangent of 0.02. The metallic square patch hagrgions
20 X 13 mm. The feed line is designed for 8Dcharacteristic impedance, where its width is 3 ritime feed line is
tapered for impedance matching. The ground plaaecismbination of rectangular and elliptical shek$sdimensions are
optimized by the HFSS12 simulation software, whighalso used for the analysis of the antenna. Tdmparison of
antenna characteristics (namely gain, return Iestiation efficiency, and SWR) of the first and @ed iterations of the
Giusepe Peano fractal indicates that the firsaiten has more desirable characteristics and alsionpler fabrication

process.
Composite Fractal Antenna Structure

This paper proposes a composite hybrid structurielwls a combination of the basic triangular andbétit
curves. The characteristics of both these antermmascombined into one structure and hence thisnaatds an
enhancement over others. It is tested in threeemdifft frequency bands (S, C and X bands shows itkiband
functionality. Its dimension is also kept small agh so that its miniaturized structure can easdyused for mobile
devices. This antenna has been simulated usingi8Dlator software that provides near accurateltsesuminimal time.
It offers advantages of allowing versatility in tdesign process and enables the designer to imptediféerent types of
feeding techniques as well. Two iterations haventd@ne. The antenna is a radiating patch andbeén supplied with
a micro strip feed line. A substrate separatescieducting ground plane and the radiating structtmes forming
a micro strip antenna. The radiation patterns k@ @lotted that helps in understanding the openadind characteristics of

the antenna better.

Figure 1: Fractal Antennas
METHOD

This paper aims at constructing a composite minigdd fractal antenna that is a combination oflihsic Koch
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and Minkowski fractal curves. The antenna is testedr three frequency bands, namely, the S band) (@Hz,
C band (4-6) GHz and the X band (8-12) GHz. Thdgperance of the antenna is compared in the three$hased on

certain parameters like Directivity, Gain, Radiatiatensity and Radiation Efficiency.
The following steps are involved in the constructyocess:
» Creation of ground plane that is of PEC materia sn(52x20x0.016) mm in dimension
» Creation of substrate which is assigned FR4 EPOXaY¥enal and is of dimension (52x20x1.6) mm
» Creation of patch fractal antenna structure thaf BEC material and dimension is (44x12x0.016) mm
»  Providing the micro strip feed line with lumped ptivat is PEC material and dimension is (2x1.6) mm
» Specifying the radiation box that is perfect vacuamd of dimension (82x50x37) mm

The ground plane needs to be conductive as alsoatliating patch antenna hence they are assigngdtie
PEC material. PEC is nothing but perfect electonductor that has relative permeability and retaprermittivity as equal
to 1. On the other hand, the substrate needs tsepssggood dielectric properties so it is assigngd RR4 EPOXY
material. This has a relative permittivity of 4.Adarelative permeability of 1. It is a glass fibbeinforced with epoxide

base. Two iterations of the basic shapes have ta® to obtain the fractal structure.
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Figure 2: Multiband Composite Fractal Structure
RESULTS AND DISCUSSIONS

The simulated antenna is tested for multiband djperan three different bands, that is, the S béhd) GHz,
C band (4-6) GHz and the X band (8-12) GHz. Fottedlthree specific cases the directivity and gailar plot is obtained
which is a 2D polar plot and a 3D polar plot of togal electric field with the power levels alsalicated. The plots are
shown below. Apart from these plots, the ReturnsL(&; (in dB)) is plotted averaged over the three fremies and also
the VSWR (Voltage Standing Wave Ratio) is plot igaoned. Finally, a table is presented that comgpamme antenna

parameter values in all the three bands.

The parameters taken for performance analysis aeirMum Radiation Intensity, Peak Directivity, Pe@kin
and Radiation Efficiency. As can be observed framtabular column, the antenna performs well inGHzand from point
of view of the radiation efficiency and the radiatiintensity but on the other hand, the antennavstgnod results in the

X band when the directivity and the gain are comsd. The performance of the antenna is satisfagidhe S band.
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Case 1:4 GHz
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Figure 3: Radiation Pattern and Directivity Plot for 4GHz
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Case 2:6 GHz
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Figure 4: Radiation Pattern and Directivity Plot for 6GHz

Case 3:12 GHz
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Figure 5: Radiation Pattern and Directivity Plot for 12GHz
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Figure 6: VSWR and Return Loss Plots across the Fgpency Bands
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[ FREQUENCY | MAXU | PEAK RADIAITON |
(WISr) | DIRECTMITY EFFICIENCY

4GHZ (S 0.0079122 26579 1.0281 38.68%
band)

XY Pt 12

6GHz(C 014359 45905 28507 62.29%
band)

e 12GHz (X 012196 59718 3.6452 61.04%
! band)

Figure 7: Tabulation of Comparison for Different Frequency Bands
CONCLUSIONS

Fractal antennas offer great advantage over theetdional structures because they are compact,ahcouipling
is less and most importantly, for their multibandi@band behaviour. The antenna that has been designthis paper
offers a new perspective because it is a combinaltistructure of two different fractal antennase performance analysis
of this antenna has been done by carrying out gpadative study of the behaviour of the antennahiea frequency
ranges. The radiation patterns that are plotted teelisualize the scenarios better while the tated parameter values

provide a clear picture of actual statistics.

It has been observed from the tabulations thaaittenna performs well in the C and the X band wihigovides
satisfactory operation in the S band. The anteresigded exhibits resonance at three different #aqy bands and it
finds application in the various wireless devic&he position of the feed is very important for gejtgood results.
The future work of this project would include opization of the design in terms of the exact pogitid the feed so that
further accuracy is achieved in the results, inooapng other types of feeding techniques suchogdaoar waveguide
feed, inset feed and testing the antenna for thiagations and fabricating and testing the fabedaéntenna to measure

the degree of closeness of the simulated and toala@lues.
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