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ABSTRACT

Radical changes are taking position in wireless communications technology at a rapid pace to
the current day requirements. Nevertheless theatienfiorlavishnessand mitigated tautness is ver
much active. An antenna with broader bandwidth, multiband operations, and low prc
characteristics are the underlying root of all the modern daynandsFractal antenna fills this
rareness with its unusl attributes of selsimilarity and multiband behavior besides possessing |
qualities the features of an ideal antenna. A rrodiind antenna caremain appliedfor operating in
more than a single set of frequencies. This singular feature is reinfasiad plus shape fracta
antenna. TIs is engaged to supply the needs of the wavlth its bankable features. Since i$
savory properties, it is felt that thigeport should deal with ik fractal type andits cornucopia
applications. The main ascemzy of fractal antennas over conventional antenisashortened the
size then mukband nature. In this paper, the claims and advantages of plus shaped slotted !
antenna were presented along with their design and radiation propertigetdtits aplications in
the areas of medicine, military, geology and nevertheless wireless communication. The sinr
results are presented using HFSS 13 and verified with a network analyzer.
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l. INTRODUCTION

In the modern eramanis thealter egoof luxury. A device supporting WLAN, GPS, GPRS, NFC and
many more is the demand for the dHythe antenna is applied for each lineament, the sfabe desired device
wanted be a perpetuity Also, the hindrances are single band performances of conventional antenna and
dependence between size and functioning frequdfragtal antennappearedo be thesolutionaimed atthis
requirementA fractal antenna isan antenna with a setimilar figure to enhance the perimeter of the cloth
below the issue of electromagnetic radiations within a given total surface area or balkeslas fractal
antenna.The term fractal derived f r o fractaf®, coined by Mandelbrot entails breaking or irregular
fragments.Radiation characteristics ammportantly leveraged by the antenna siaboutthe wavelengthFor
usefur esul t s, the size s houlHdwekeredesigning tithé¢hese pathmmevoold o/
deteriorate the bandwidth, efficien@and profit.Multiband anénna plays vibrantpart

Il. ADVANCEMENTS & USES

Advantages of fractal antennase more numerous thahose of conventional antennas. Timain
benefitof the former is its multibanddhavior at reduced siz&n performing iterations on the bastwm, one
can obtain increased bandwidth and mbénd nature, contributing to improved VSWR and retossesThe
simulated and experimental effects are found to be in full acddrd. itergion results obtainedre very
abundaninvolvedin cellular communicationsThe selfsimilarity featurewould enhancemulti-bandandultra-
wide band properties of the transmitting aer@hrinkingof antennas possible with spaefiling property of
the fractal antennaThe generousvariety of this antennaspreadsfrom the design oMIC componentsto
contemporaryay cellular antenna#f. can replace the duck antennas in cellular communicafioese antennas
are also applied to locate oil, identify gegic faults, and possibly predicting earthqualéesd rain and erosion
can beestablishedy these antenna3.he Spring manufacturinguses the fractal geometry to abate the testing
periodof strings from3 days to 3 minutes.
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Il FRACTAL CONCEPT

Fractal antena theoryjs anallowanceof Euclidian geometry, stems frotine classical electromagnetic
theory The main properties of this antenna are-sktfilarity and spacéilling. This selfsimilar nature enables
similar surface current distributions for diffetefrequencies, i.emultibandbehavior isgot By way of space
filling property increases the electrical lengslenderized size can be obtained at a desired resonant frequency.
In conventional microstrip patch antennas, multiband behavior is accontblish@sing multiple radiating
elements or reactively loaded patch antennas and the same is possible vgitmikglfy property in case of
fractal antennaslhese antennas are basically $etfthing as inductance and capacitance are added without the
utilization of any external components and as a result they consist of various resonant frequencies.

Mathematically a fractal is defined based on a fractal dimension given by

D In{n)

S:Eﬂ,whereNisthenumber of copies of alegqfaciorrobeacb topyect and o i s

V. TYPES OF FRACTAL ANTENNAS
The various types of fractal antennas are

Hilbert Curve fractal Dipole: Its chiefdistinctive is the show of lower resonant frequency than any other

antenna of the same proportions.

Fig.4.1 Hilber curveFractal Antenna

4.2 Koch Fractal Monopole: It is a small antenna offering characteristics which no other antenna with the
same dimensions could achieve.he f r act al di mension of this antenna
than the dimension oflae but less than Peano's spéitiing curve.

Fig.4.2. Koch Fractal Monopole Antenna

There are also a few other cases like a triangular fractal antenna, plus shape slotted fractahatwenaee
dealing in detalil.
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TRIANGULAR FRACTAL ANTENNA : The triangular fractal antenna is a good example sgksimilar
antenna that shows muliand behavior. It shows several resonance bands. It haspariogdic behavior with
bands specified byfactor s=2 and with a moderate bandwidth of 21%. The aniermatched at frequencies:
fo= 0.26:: S, where S=2 is logperiodic constant , n is a natural number, ¢ is the speed of light in vacuum and h

is the height of largest TFAhe stages of expression of a fractal antenna are as indicated in tfeeliiiglly
an equilateral triangle and in the next step the center triangle with vertices located at center of the positions of
the former triangle are removetdhe triangular fractal is generated by holding out this iterative process an

infinite numberof times.

Stage O Stage 1
Stage 2. Stage 3

Fig4.3.Triangular fractal antenna
The fractal antenna envisionedon the FR4 substrate with dielectric constant 4.4 and thickness 1.6millimeter.
f.= 0.3cos(U )\‘|I§‘;
Wheref,isar esonant f se @ U anieyrgativig peemittivity of the substrate, h tise height of
gasket, S imscale factor, n is iteration
l,= 2h taf(180—c)/2)  and b=l= (K + (@/2f)*?
Where }is length ofthe edge opposite h e  f | a r ey, lzareghtoeterddges n d |
In orderto calculatethe side othe triangular fractal antenrie following parameters are required
C=3x10
U ay=4.2 (FR4)
L= (CB.2)/2
fi=2.4 GHz
From the above formula@med atresonant frequency, the position of the triangle is calculated as am32 m

SLOTTED PLUS SHAPE FRACTAL ANTENNA : It is designed based on the fractal concepts aor
multiband behaviorA plus shaped patch is removed and is subjected to iteratiates. on each iteration the
dimensions decrease to 1/3rd of the base fratigher iterations show that the resonant frequencies become
lower than those of zero iteratidthatrepresent a conventional plus shaped pdathk. design specifications are
uar =4. 4 and t Ahe bdseaatenga idequally indicated .in the image.
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Fig.4. 4.11%iteration Plus shaped fractal antenna(PFA)
The first iteration patch ideliberateby four plus shapes of order (1/3)tbeimproperform are placed touching
the foot frameThe same routine ikalisticfor theiteration 2 where the dimensions are changed as

e=(1/9a&g=(8)calsof=(1/9) b & h=(1)d. i=(1/9)e&k=(1/9)galsoj=(1/9)f &=
(1/9) h

Where a, b, c and d are the distances and widths of plus shape in base antenna and e, f, g and h are the distances
and widths of plus shapes added to the base antenna and my, j, k and | are the distances and breadths of the plus
shapes added tthe antenna in the secoitération. So with optimized design the dimensions obtained are a =

45.3 mm, b =15.1 mm, ¢ = 35.4 mm, d = 11.8 rfiilme duration of the slot is Ls = 21.675 mm and width of the

slot Wise e.r = 2 mm.The proportion of the grounglan is 55 mm x 85 mmA 50 ohm SMA connector is

utilized to feed the antenna by using microstrip féechnique. Optimizednicrostrip line with following

dimension, m = 0.5 mm, n = 18.55 mm, o = 3.05 mm, p = 18.4 Titma.suitable feed location is receive

through the optimization process by using the HFSS software.

Fig.4.4.22" Iteration PFA
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During the first iteration the resonant frequency obtained is 1.27 GHz, which is lower compared to that
of 2.199 GHz of the base antenna and when the same antesiotted the resonant frequency obtained is
0.99GHz with a phenomenal size reduction of 79.88% and on the second iteration of the same antenna multiple
bands are heldt is found that with increasing the slot length starting from the sharpness mdtttie resonant
frequency decreases.

V. GENERAL PROCEDURE FOR DESIGN OF MICROSTRIP FED COPLANAR
ANTENNA:

Stepl: Takeany substrate witkhicknessh andrelative dielectric constantr andcalculate the width (wl) of
the nicrostrip transmidgen linefor50 Y characteristic i mpedance

Step2: Thewidth of thecenterstrip (w) calculated using the following equation
c

- zfix"'ﬁff
Where
c is the velocity of light and
f, is the second resonant frequency.

So the field components are not restricted to the substrate d@eneffective dielectric constant) has to be
applied instead of relative permittivity of teebstratunsubstrate.

g+ 1
Ereff = 3

Step3:
The distance of the three rectangular strips is then counted as

0.13c

..irj.m,-' Ereff

T —
L=

Where { = 1°resonanfrequency

Step4:
Width of the lateral condtiors (C)is obtainedusing the equation given below.
c a4l + 2R+ wn
C= - S :|
flm,-' Ereff = !

When h =thickness of the dielectric substrate.

Step5:
Gap separatingenterstrip from the lateral strips is then computed

0.014c

fi 12/ Eraff

Where c = velocity ofhe electromagnetic signal ithe free place

Step6:
Ground plane dimensions are calculated using the following equations.

0.98¢
W=———
f1\.' Epraf f

www.ijceronline.com Open Access Journal Pages8



| mpl ementation Of A PI

0.12¢

fl\l.' Eraff

0.12And 0.98 are the constantisatare derived empirically after studying the issueh&fground plane on the
two resonant frequencies.

Step7: The two extreme corners of the latecanductors are connected tte ground plane of the microstrip
line using visas or conducting pins.

VI. SIMULATION OF PLUS SHAPED SLOTTED FRACTALLY ANTENNA
Plus shaped slotted fractal antenn@i{d@ration)the simulation results obtained on the firstriton are

| y
A

I
] 50 109 fmm) |

Figure6.1.1: HFSS pattern of*'iterationon plotting its response the following graphs are obtained
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Figure6.1.2 the ReturnLoss curve of ¥iteration
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Figure6.1.3: VSWR
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The antenna has resonating frequenci€a @GHz and 3GHzand the return losses arE3.5 and-19 at these
frequenciesespectively, wherthe VSWR obtained is between 1 and 2 at both frequencies.
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SimiulatedPlus shaped slotted fractal antenn¥i{@ration) The simulation results obtained &" iteration are

-

] F] (o)

Figure6.2.1: HFSS pattern of @ iterationPFA
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Figure6.2.2: the Return Loss curve & iteration
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Figure6.2.3 VSWR curve of ¥ iteration

The antennaesonatesit frequencies 0.9GHz and 3G8Biz, whichis dual band and théSWR obtainedat these
frequenciess found to be between 1 and 2 and the return losse$&7é and-1146 respectively.

The outcomedoundwhenphysicallytested on a vector network analyzer are

Figure6.2.4 Fabricated antenna @” iteration

us
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Figure6.2.6: VSWRcurve of the ¥ iteration

Figure 62.7: Group delaycurve of the ?'iteration
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Figure 62.9: polarplot of the 2¢iteration

VII.

RESULT ANALYSIS
Plus shaped slottedractal antenna The PFA acts as a dual band antenna resonated at two different groups

us

0.94GHz and 3GHand the experimentation resultsldEHz, 2.94GHz and 3.12GHBetails of the simulated
and experimental results wesghibited below:
Table 9.1: Results obtained for the antennas

Plusthe shaped fractal antenna
S.no Parameter 1%iteration 2" jteration
S|
1. | Rewm losses at "1 resonant ;3 oy, 4 0. 94GH] -13.6db at 0.9GHz
requency
ni
2. fet“”‘ losses at "2 resonant| 1o4 4 3GH, | -11.6db at 3.13GH]
requency
3. VSWR at f'resonant frequency 1-2 at 0.94GHz 1-2 at 0.94GHz
4. VSWR at 2% resonant frequency 1-2 at 3GHz 1-2 at 3.13GHz
% Bandwidth o 0
5 At 1% resonant frequency 3.53% 3.71%
5 -
6. f/o Bandwidth at 2 reonant 3.69% L%
requency
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VIII. CONCLUSIONS

As per the simulation and experimental results obtained the proposed plus shaped antenna exhibited the
multiband natureThe plus shaped slotted fractal antenna resonated at 0.94 GHz, 3.43GHz and 4@¥z on
iteration. Hencethe propose@ntennas can finthe application in wireless communication systems where size
reduction is one of the key factoFurther, the number of iterations are increased to meet the wireless standard
requirementsFractal antennas alstecrease the area of a resonant antenna, whidh wer the radar cross
section (RCS). Tésebenefis canbe exploited in military applications where the RCS of the antenna is a very
crucial parameter.
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