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Abstract: This paper is introducing three anter using different fractal structures with desi
performance properties such as n-band behaviour and small size. The proposed fraetérns ar
taken of a Square and Koch Snowflake of the thi&dation. The antenna is fed with a microstripQ)
transmission line, and the slot structure is to tohexl on the reverse side of the substrate. Theopeaz
antennas have been simulated using FR4. The COMSitware has been applied to analyze
performances of the designed antennas such as fets, radiation patterns and electrical field. -
resulting antennas exhibit an interesting behavafumulti-band resonant frequency making it suite
for multi-band communication systems including the dual bafdAN and WMAN applications. Th
effects ofantenna parameters on its performance were carieby parametric stuc
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1. Introduction

Unique fractals geometry existing in the nature tasbasis of the concept of frac
antenna [1,2]. Fractals are designed by repetiooomplex geometric shapes or
repetition of the sitistical properties by numerous scales and ai tealtsimilar”
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Fractals, which are designed by self-similarity ggxdy and are based on natural
systems where the properties of sought-after aat@ne provided through complexity
of geometries. Fractal geometries which were usedesign fractal antennas offer
characteristic properties like space filling, s®Hilarity, and complexity in their
structure. Description of the complex geometricainily shapes which attained an
inherent self-similarity in their geometrical sttuie is presented by B. B. Mandelbrot
[1]. Fractal antennas implemented on differentcitnes, which are commonly used in
many antenna designs for various applications [3,4]

Antenna characteristics such as small size and badelwidth are the most suitable
for modern communication systems; therefore it wasessary to search for antennas
which afford these specifications. Fractal antences provide the answer. Antenna
applications were introduced using many of the thlageometries and successful
modifications for improving antenna performance&]5Many of these geometries are
especially useful in reducing antenna size [7], Mhile other designs incorporate
multi-band characteristics [9], [10] and [11].

In this paper fractal antenna is designed usingafgand Koch Snowflake fractal
geometries. Three shapes we called Hidden Kuld¢atBd square and Kuldo fractal
antennas have been studied. These designs arawmhuking COMSOL software. The
Koch fractal technique that has been applied tatitenna structure after two iterations
achieves the aims of reducing the length of thenetds making it suitable for small
wireless devices as well as getting on multibarspoase.

In the present paper compact fractal microstriperamas with fed patch for Wifi,
Wimax and WLAN applications are proposed. Retusslof -10 dB has been adopted
for each antenna bandwidth, which satisfies thdi@mpns of system demands. The
main structure of this paper as follows, Sectiorpriésents basic theory of a fractal
antenna. The geometries of the proposed antennes weoduced in Section Ill.
Results of the simulation are described in SechidnLastly, Section V contains the
summarized conclusions.

2. Basic Theory of Fractal Antenna

Fractal idea had been applied to many divisiongrgfineering, including fractal
electrodynamics for radiation, scattering and pgapian. Benefits of fractals are more
than those of conventional antennas. The main d@dgarof the former is its multiband
frequency at compact size. On execution iterat@nthe basic form, one can obtain the
value-added to bandwidth and multi-band nature trimrting to improved insertion
loss radio and SWR.

Fractal includes a recursive creating methodologyere fractal geometry is
constructed each iteration. The results are shap#ls infinitely complex fine
geometries. These are based on shapes being meé#rsiusually based on a
constructing procedure that grows repeatedly aitera¢ed Fractal loading was the first
use of fractals as antennas that uses holes orsbhettid different sizes and scales to
mimic the effects of discrete capacitors and indictThe fractal holes or bends attend
as continuous loading elements or lumped througingement of these holes or bends.
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Fractals can be categorized into two main kindshasvn in Figure (1) [3], the fir:
random fractals where they are quite familiar arahynlook like tree roots or dischar
lightning. The second is a deterministic such aeTracte, Cesaro fractal, Barnsle
Fern, Dragon Curve, lfractal,Square and Triangle, all of them are generateé\arsl
scaleddown and rotated copies of themselves as showngard{1). Clearly, thos
patterns show that many fractals exist in nature @n be used to accurately mo
certain phenomena

The benefit of fractal is to reduce the size ofeant, such as Koch monog,
dipole loop and Minkowski loop. A triangle shape is thase element of generation
Sierpinski Gasket, where a start wa triangle and repeatedly cut out the centr
every segment. Notice how, after a while, exacdghesmaller triangle looks the sa
as the complete pattern. In other enterprisesnglesivery wideband response can
attained by fractals. Figure) illustratedseveral elements of fractal ante.

Figure (2): Different shapes of fractal structures with Hexagonal, triangle, sold square and sold triangle.

3. Proposed Antennas Geometries

In this work, three geometries of the fractal antsare discussed. The first one
by taking the base of a rotated square wit® as an irtiator for the fractal antenn
Microstrip line feeding technique has been usedttier basic square microstrip pa
antenna. The design is obtained by subtractingniltiator part with rotated fraction
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squares, the fraction size to the initiator is ftdin the middle of the eaclide. The
detail of the dimensions of the initiator, firsec®nd and third iteration is shown
Table (1). Substrate used glass epoxy (FR4) whashpermittivity constant;) equals
to 3.5. Structure of the first proposed fractal idgtrip antenna wh different iteratior
stages is shown in Figure).Figure (4) shows the second proposed antenna. d$ign
is obtained by subtracting the central par the main square (rotated by°) with
rotatedsquares (also rotated by°). Substrate was also usglhss epoxy (FR4) whic
has permittivity constants;) =3.5. Descriptions of detadimensions are shown
Table(1)

Third proposed antenna presented in this work asvshin Figure (5). These fracte
are designed on the basis of simple Kaldu Koclthis type of fractal, the generator ¢
the initiator have specific meanings. They are tgdsised on simple eight vertex s
"Kaldu star" which enables us to generate the désarrangement. Repeating
process of reforming for the third iteration | lead to the structure of Figure (5). T
Kaldu Koch fractal grows by a factor of 4 timesni&insions and properties of the tr
antenna are presented in Table

Table (1): Parameters of the proposed antennas

Basic configuration Symbol Dimensions (mm
First Second Third
Antenna Antenna Antenna
Substrate W 90 80 63
L 90 80 63
Patch Antenna Initiate L1=w1 47.3 36 42
1st iteratior L2=wW2 23.65 12 10U 9.25
2nd iteratior L2=wW2 11.825 7.5 5.7*U 5.29
3rd iteration L3=W3 5.9125 4.6 3.26* U 3.02
Permittivity Er 35 3.5 3.5
Sub. Thickness H 1.5 1.5 1.5

Where (*) square rotated by° and (U) union
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Figure (3): The photograph of the first proposed antenna.
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Figure (4): The photograph of the second proposed antenna.
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Figure (5): The photograph of the third proposed antenna.

4. Resultsand Discussions

Through Figures of 6 to 8, the simulated insertiemrn losses for the three propo:
antennas for the third iteration are shown. COM31@t been used here as a simule
tool. Figure (6) shows that the antennas hi good return loss for 2.5GHz and 5 G
with respect to 9.5 dB. The required specifications for Wifi, Wimand WLAN
applications were attained by this ante

Figure (7) shows the return losses of the secoopgsal antenna. It can be obser
that forthe resonant frequency of 4.2, 4.6 and 4.8GHzeahem losses paramete;;is
less than 0 dB). Also these frequencies are standard fregjegmor Wifi, Wimax anc
computer network applications. The resonant freg@snare in the range of 5.4
5.8GHz for the third proposed antenna. Obviously,$;; for this range is less tha-
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10 dB). This antenna achieves the required spatifics for Wimax and computer
network applications.

The far-field radiation patterns in two dimensig¢@B) and three dimensions (3D) of
the proposed antennas, which denote to the dirgctof the antennas, have been
schemed through Figures (9-18). The electric fietdnsities were drawn for different
resonant frequencies of proposed antennas as ureSig19-22) to estimate the total
energy density per cubic meter over the average ititerval.
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Figure (6): Return loss for the third iteration for first fractal antenna.
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Figure (7): Return loss for the third iteration for second fractal antenna.
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Figure (8): Return loss for the third iteration for third fractal antenna.
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Figure (9): Radiation pattern (2D) for the first antenna at 2.5GHz.
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Far Field: Far-field norm (V/m)
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Figure (10): Radiation pattern (2D) for the first antenna at 5GHz.
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Figure (11): Radiation pattern (2D) for the second antenna at 4.2GHz.
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Figure (12): Radiation pattern (2D) for the second antenna at 4.6GHz
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Far Field: Far-field norm (vV/m)
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Figure (13): Radiation pattern (2D) for the third antenna at 5.4 GHz
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Figure (14): Radiation pattern (3D) for the first antenna at 2.5GHz.
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Figure (15): Radiation pattern (3D) for the first antenna at 5GHz.
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Figure (16): Radiation pattern (3D) for the second antenna at 4.2GHz.
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Figure (17): Radiation pattern (2D) for the second antenna at 4.6GHz
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Figure (18): Radiation pattern (3D) for the third antenna at 5.4 GHz
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freq(l)=2.5e9 Multislice: Electric field norm (V/m)
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Figure (19): Electrical Field (emw) of the first antenna in (V/m) at 2.5GHz
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Figure (20): Electrical Field (emw) of the first antenna in (V/m) at 5GHz
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Figure (21): Electrical Field (emw) of the second antenna in (V/m) at 4.6GHz
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freg(1l)=5.4e9 Multislice: Electric field norm (W/m)
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Figure (22): Electrical Field (emw) of the third antenna in (V/m) at 5. GHz
5. Conclusions

Fractal microstrip slot antennas, with structuresda on different third iteration,
have been described in this paper. A rotated sqoateh antenna achieved resonant
frequencies used for specific required applicati@imulation results showed that the
antenna possesses a multi-band resonant behauvitainls for the requirements of the
2.4 to 5.4 GHz for Wifi, Wimax, WLAN and other madecommunication systems.
The antennas have been simulated and analyzed @IGSOL software. The
performances of the most effective antenna parametere studied. It was shown that
the return loss was -9.5 dB at 2.4 and 5 GHz regdnequencies for the first antenna, -
12, -22, -13 dB return losses at 4.2, 4.6 and 4ZGéspectively for the second
proposed antenna. For the third antenna at resdreqiencies 5.4 and 5.8GHz, the
return losses were-9.5 and -13dB.
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