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Abstract: Microstrip antennas find applications in aircraft, satellite and missile applications where important characteristics are
size, weight and complexity. They are less bulky and capable of resonating at different bands but suffer from disadvantages like
low bandwidth and low gain. There are number of techniques for improving these factorslike cutting slotsin patch, using fractal
geometry and using DGS. Design and simulation has been carried out using IE3D simulation software. Minkowski fractal
geometry has been applied on patch of antenna to form self similar H-shaped patch antenna. By applying four iterations of
fractal geometry, When third iteration of fractal geometry is applied, characteristics slightly improves as antenna resonated at
two bands namely 4.63 GHz and 6.2 GHz with return loss of -18.76 dB, -15.04 dB and -18.76 dB, gain of 1.52 dBi and 2.78 dBi
and directivity of 5.44 dBi and 8.25 dBi. This antenna can be useful for WLAN, defense and secure communication applications.
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[. INTRODUCTION

In the present scenario of wireless communication, there is need
of compact and communication system, so multiband antennas
are required. Generally small antennas capable of resonating at
multiple bands are in great demand. Microstrip antennas find
applications in aircraft, satellite and missile applications where
important requirements are size, weight and complexity.
Although they are less bulky and capable of resonating at
different bands but they suffers from disadvantages like low
bandwidth, low gain, poor polarization, high Q factor and low
efficiency. There are number of techniques for improving
characteristics of microstrip patch antenna which include
making use of fractal geometry, defected ground structure and
cutting dots on- patch. Fractal means broken or irregular
fragments. There are number of fractal shapes like Minkowski,
Hilbert curve, Koch curve, Sierpinski and fractal arrays. By
applying fractal geometry on patch, area of patch decreases,
resonant length increases and number of frequency bands of
antenna increases. Since it is also important to have wideband
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characteristics, hence defected ground structure plays an
important role in improving bandwidth of antenna. If one
applies both fractal geometry as well as DGS characteristics of
antenna gets improved.

1. DESIGN AND IMPLEMENTATION

Multiband fractal patch antenna has been designed using
Minkowski fractal geometry. Minkowski fractal antenna has
been designed by applying three iterations of fractal geometry to
form self-similar structures. H shaped fractal patch antenna is
obtained by three iterations of fracta geometry to form self-
similar geometry. Further it is found that by changing substrate,
good bandwidth of 1.1 GHz in C band is obtained. Parametric
analysis can be obtained by varying substrate thickness, feed
point and other parameters. Design and simulation has been
carriedoutusing IE3D  Antenna shown in figure 1 is
modified by applying Minkowski fractal geometry on both
paralel sides of square patch to form H shaped antenna. This
antenna is obtained by making dots to form h shaped antenna.
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This h shaped antenna.is further made by applying two iterations
of fractal geometries. Minkowski algorithm as shown in figure
lis shown. Here entire length is divided into three equal parts.
Minkowski algorithm is applied to length of L mm.

-
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Figure 1. Fractal Geometry Algorithm used [5]

In this design square patch is having a length of 27
mm. FR-4 has been used as substrate and coaxial feed is used
and feed point selected in such a way that impedance matching
takes place. This fractal antenna is obtained by applying two
iterations of fractal geometry. Table 1 shows dimensions of
antenna.

Table 1: Dimensions of H-Shaped FMPA

Variable Value
Length of patch 27 mm
Width of patch 27 mm
Length of ground 41 mm
Width of ground 41 mm
Thickness of substrate 24 mm
Feeding technique used Coaxial feedin
technique
Substrate used FR4 epoxy
Feed Point (13,9,0)
Length of = 1% iteratiol 9 mm
fractal cut
Length of 2™ iteratio| 3 mm
fractal cut
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Minkowski fractal geometry algorithm has been
applied to square patch and different fractal geometry iterations
are shown by figure 2(a), (b), 2(c) and 2(d). In these geometries
base shape repeats itself. Here square patch having a length of
27 mm is taken as shown in figure 2(a) and coaxial feed has
been given at (10, 9, 0). Feed point has been chosen in such a
way that impedance matching take place. |-shaped patch as
shown in figure 2(b) is made by using concept of fractal
geometry. Vertical length of 27 mm is divided into 3 parts, each
of length 9 mm. these two cuts are made in vertical direction to
form h shape patch. H shaped patch Vs having five sguares.
This h shaped patch is example of microstrip patch antenna with
slot cut insideit.

(b)
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(d)

Figure 1.2: H-Shaped FMPA (a) 0" Iteration, (b) 1% Iteration ,
(c) 2™ Iteration and (d) 3 Iteration

Now to make h shaped fractal sguare cuts of length 3
mm are made in each square if dimension 9mm. As design is
made using IE3d simulation software, hence for making cuts,
one has to consider center of square. Hence squares of
dimension 3 mm are made to cut from that of 9 mm. Now figure
is abtained as shown in figure 2(c). Further to make antenna
third iteration of fractal geometry is applied in which squares of
dimension 1 mm are made to cut from 3 mm length square.
Hence h shaped fractal patch antennais obtained in which small
h Shaped antenna are repeated with dimension 1 mm as shown
in figure 2(d). Feed to antenna is given coaxial feed at feed point
(11, 9, 0). From these geometries, it is found that self-similar
characteristics are obtained. These geometries show  self-
repeating structures. From figure 2, it is clear that size of h
shape is goes on decreasing but resonant length goes on
increasing and area goes on decreasing.

[11-RESULTS AND DISCUSSIONS

In this section results of different iterations of cantor
fractal geometry applied on square patch antennas are discussed.
Figure 3 represents different fractal geometry iterations of
reference antenna. Return 10ss vs. frequency curve for different
fractal geometry iterations are shown in figure 3. From figure 3
it is found that fractal geometry helps in improving antenna
characteristics. Antenna at zercoth iteration resonates at 2.8 GHz
with return loss of -12.55 dB, gain of 2.15 dBi, directivity of
9.09 dBi and bandwidth of 240 MHz By applying first iteration
of fractal geometry, antenna resonates at 6 GHz with return loss
of -13.59 dB, gain of 2.38 dBi, directivity of 6.55 dBi and
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bandwidth of 410 MHz By applying second iteration of fractal
geometry, antenna resonates at 4.65 GHz and 6.17 GHz with
return loss of -18.76 dB, -12.04 dB, gain of 1.71 dBi and 3.11
dBi, bandwidth of 150 MHz and 320 MHz at corresponding
frequencies. When next iteration of fractal geometry is applied,
characterigtics dlightly improves as antenna resonated at two
bands namely 4.63 GHz and 6.2 GHz with return loss of -18.76
dB, -12.04 dB and -18.76 dB, gain of 1.52 dBi and 2.78 dBi and
directivity of 2.44 dBi and 8.25 dBi Table 2 shows comparison
of results of different iterations of cantor fractal geometry
applied on sguare patch as shown in figure 3. These results
shows as number of iterations show as number of iterations
increased, a characteristic of antenna beginsto improve. Results
of return loss versus bandwidth showed that antenna
characteristics will be good as number of iterations increases in
terms of return loss, bandwidth and frequency.

=i 31d iteration ~=—{" 2nd iteration ——{" 1stiteration

——v zerothiteration

Frequency (GHz)

Figure 2.1: Return Loss Vs. Frequency for Different Fractal
Iterations of H-Shaped FMPA

Results are analyzed in terms of return loss, gain,
directivity and bandwidth. From this table it is found that as
number of iterations increases, resonant length increase, area
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decreases but number of bands increases. Here antennais having
bandwidth of 300 MHz in C band which could be improved

Table 2: Comparison Results of Different Iterations of |

H-shaped FMPA
Iteration | Resonan | Return | Gain | Direc | Band
Number | ce(GHz) | Loss (dBi) | tivity | width
(dB) (dBi) | (MH2)
o" 58GHz |-1555 |215 [9.09 | 240
1* 6 GHz -1359 | 238 |6.55 |410
2" 4.65 -17.76 | 1.71 5.48 150
GHz
6.17 -1404 |311 |860 | 300
GHz
3 4.65 -18.76 | 1.52 544 150
GHz
6.17 -15.04 | 2.78 8.25 320
GHz

From these, it is found that, as number of iterations
increases, results improves but complexity increases. Radiation
pattern corresponding to that of antenna shown in figure 4.2 is
shown in figure 2.2. These radiation patterns correspond to that
of frequency 4.63 and 6.2 dB as shown in figure 3(a) and 3 (b).
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Figure 3. Radiation Pattern of Reference Antenna at (a) 4.63
GHz and (b) 6.2 GHz
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