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ABSTRACT

Fractal antennas are characterized by space filling and self-similarity properties which results in considerable size re-
duction and multiband operation as compared to conventional microstrip antenna. This paper outlines a multiband an-
tenna design based on fractal concepts. Fractal antennas show multiband behavior due to self-similarity in their struc-
ture. The plus shaped fractal antenna has been designed on a substrate of dielectric constant €, = 4.4 and thickness 1.6
mm. The proposed antenna is characterized by a compact size and it is microstrip feed fractal patch of order 1/3. It is
observed that the antenna is radiating at multiple resonant frequencies. The resonant frequency is reduced from 2.2 GHz
to 900 MHz after | & Il iterations respectively. Thus considerable size reduction of 81.77% & overall bandwidth of
12.92% are achieved. The proposed antenna is simulated using the method of moment based commercial software

(IE3D) and it is found that simulated results are in good agreement with the experimental results.
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1. Introduction

In the study of antennas, fractal antenna theory is a rela-
tively new area. The emergence of antennas with fractal
geometries has given an answer to two of the main limi-
tations started by Werner (1999) of the classical antennas,
which are single band performance and dependence be-
tween size and operating frequency. The term “fractal”
means broken or irregular fragments. It was originally
coined by Mandelbrot (1983) to describe a family of
complex shapes that possess an inherent self-similarity or
self-affinity in their geometrical structure. Jaggered
(1990) defined fractal electrodynamics as an area in
which fractal geometry was combined with electromag-
netic theory for the purpose of investigating a new class
of radiation, propagation and scattering problems. One of
the most promising area fractal electrodynamics re-
searches is in its application to antenna theory and design.
There are varieties of approaches that have been devel-
oped over the years, which can be utilized to archive one
or more of these design objectives. The development of
fractal geometry came largely from an in depth study of
the pattern nature, with the advance of wireless commu-
nication system and their increasing importance wide
band and low profile antennas are in great demand for
both commercial and military applications [1]. A fractal
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is a rough or fragmented geometric shape that can be
split into parts, each of which is a reduced-size copy of
the whole and this property is called self-similarity.
Fractal [2] geometries are composite designs that repeat
themselves or their statistical characteristics and are thus
“self-similar” fractal geometry finds a variety of applica-
tions in engineering. Fractal geometry is space filling
contours of regular or irregular shapes [3-6], and is super
imposed of too much iteration and they describe the
self-similar property of fractal geometry [7]. Fractals are
a class of shapes which have not characteristic size. Each
fractal is composed of multiple iterations of a single ele-
mentary shape the iteration can continue infinitely, thus
forming a shape within a finite boundary but of infinite
length or area. Fractal has the following features 1) It has
a finite structure at arbitrarily small scales; 2) It is too
irregular to be easily described in traditional Euclidean
geometric; 3) It is self-similar; 4) Simple and recursive
[8]. Modern telecommunication systems require the antenna
with wider bandwidth and smaller dimension than con-
ventionally possible. This has initiated antenna research
in various directions, are of which is by using fractal
shaped antenna elements. In recent years several fractal
geometries have been introduced for antenna application
with varying degree of success in improving antenna
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characteristics. Some of these geometries have been par-
ticularly useful in reducing the size of the antenna, while
other designs aim at incorporating multiband characteris-
tics. These are low profile antennas with moderate gain
and can be made operative at multiple frequency bands
and hence are multifunctional [9]. In our present work
we focus on generation of multifrequency which yields
increases the bandwidth and size reduction of antenna. A
plus shape patch is taken as a base shape and in first it-
eration four other plus shape patches of the order of 1/3
of base shape are placed touching the base shape. Simi-
larly second iterations are taken by further placing plus
shaped patches at even reduced scales. It is found that as
the iteration number and iteration factor increases, the
resonance frequencies become lower than those of the
zero iteration, which represents a conventional plus
shape patch.

2. Design Consideration

The base shape of the plus shaped slotted fractal antenna
is designed on a dielectric substrate having a relative
dielectric constant € = 4.4 and thickness 1.6 mm as
shown in Figure 1. This is the reference antenna or base
shape antenna. Further this base shape antenna is modi-
fied by inserting horizontal slots on both sides with re-
spect to center of patch as shown in Figure 2 and it is
named as antennal. The length of the slot Ls is varied on
either side of the edge as 5 mm, 10 mm, 15 mm, 20 mm,
21.175 mm, 21.675 mm and the frequency variation has
been studied. The optimum length obtained is Ls =
21.675 mm i.e., the distance between slots g = 2 mm is
considered for further design.

The first iteration patch is designed with four plus
shapes of order (1/3) of base shape are placed touching
the base shape as shown in Figure 3 and it is named as
antenna 2 and same procedure is repeated for second
iteration. This antenna is as shown in Figure 4 and it is
named as antenna 3. For each iteration plus shapes of the
order of (1/3)" of base shape are taken, where n is the
number of iterations. The dimension of first iteration can
be calculated as

e=(1/3)a&g=(1/3)calsof=(1/3) b & h=(1/3) d.

i=(1/3)e&k=(1/3)galsoj=(1/3)f&L=(1/3) h

So with optimized design the dimensions obtained are
a=453mm, b =151 mm, ¢c =354 mm, d = 11.8 mm.
The length of the slot is Ls = 21.675 mm and width of
the slot Ws i.e. r = 2 mm. The dimension of the ground
plan is 55 mm x 85 mm. A 50 ohm SMA connector is
used to feed the antenna by using microstrip feed tech-
nique. Optimized microstripline with following dimen-
sion, m = 0.5 mm, n = 18.55 mm, o = 3.05 mm, p = 18.4
mm. The suitable feed location is obtained through opti-
mization process by using the IE3D software. The fabric
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Figure 1. Geometry of base antenna.

Figure 2. Geometry of antenna 1.

cated photographic view of all proposed antennas is
shown from Figures 5(a)-(e).

3. Results and Discussion

The characteristic of the fractal antenna with slot and
with iterations has been studied by using IE3D software.
Also the results have been verified practically with by
using Vector Network Analyzer model Rohde and sche-
warz, German make ZVK model No.8651.
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Figure 3. Geometry of base antenna 2.

Figure 4. Geometry of antenna 3.

The modified base shape antenna with slots as been
optimized by varying slot length Ls. The variation of Ls
with resonant frequency of the antenna is shown in Table
1 and same is presented in graphical form in Figure 6.
From the tabular results it is found that by increasing slot
length Ls on both sides from the edge of the patch, reso-
nant frequency decreases. The lowest possible resonant
frequency 1.27 GHz is obtained for Ls = 21.675 mm (i.e.,
distance between the slots g = 2 mm) & this is taken as
optimized length of the slot for further iteration.
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The results of all proposed antennas are shown in Ta-
ble 2. The simulated and measured return loss character-
istics of proposed antennas are shown from Figures 7(a)-
(d).

From the results it is clear that the resonant frequency
of the antenna 1 i.e., modified base antenna with slot is fr
= 1.27 GHz which is lower compared to the base antenna
without slot (fr = 2.199 GHz). So the size reduction ob-
tained is 66.85%. The antenna 2 i.e. the modified antenna
with slots and first iteration gives multiple bands with
lower frequency of 0.99 GHz. The size reduction ob-
tained for antenna 2 is 79.88%. Further antenna 3 i.e.,
with slot and second iteration gives multiple bands with

Figure 5. (a) Photograph of top view of base antenna; (b)
Photograph of bottom view of base antenna; (c) Photograph
of antenna 1; (d) Photograph of antenna 2; (e) Photograph
of antenna 3.
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Table 1. Variation of slot length v/s resonant frequency.

Slot length (Ls) variation in mm Resonating frequency (GHz)
0 2.22
5 2.197
10 2.155
15 1.93
20 1.436
12.175 1.34
21.675 1.27
2.4 4
2.2 4
2.0 4
1.8
o)
S 1.6
=
1.4 4
1.2 4
1.0 -
0.8 R :
0 5 10 15 20 25

Ls (mm)

Figure 6. Variation of resonant frequency v/s slot length.

lower resonant frequency of 0.90 GHz. The size reduc-
tion obtained for antenna 3 is 81.77% which is more
compared to all other proposed antennas.

Further the bandwidths of proposed antennas have
been studied through simulation and measurements and
the results are shown in Table 2. From the results it is
clear that the bandwidths of modified antenna with slot,
first & second iteration are more compared to base an-
tenna. The measured bandwidth of antenna 1 is 106 MHz
(4.895%), antenna 2 is 190 MHz (11.93%) and antenna 3
is 215 MHz (12.92%). The radiation patterns of all pro-
posed antennas are studied and all are giving broadside
radiation. Splitting of beam i.e. dip is found in Figure
8(a) of simulated radiation pattern of base shape at 2.19
GHz. In Figure 8(b) splitting of beams merged into
broadside pattern at 0.91 GHz at second iterations this
results into broadside radiation pattern.

4. Conclusion

This paper presents a new plus shape slotted fractal an-
tenna with first and second iterations. The antenna.3 i.e.,
slotted fractal antenna with second iteration gives size
reduction of 81.77% and band width of 12.92% with
broad side radiation pattern. So from the results we con-
clude that the modified base antenna with slots of second
iterations gives a good size reduction and enhanced band
width compared to that of modified base antenna with

Table 2. Results of proposed antennas.

Resonant frequency fr (GHz)

Return loss (db) Bandwidth (MHz) Overall bandwidth (MHz)

Prototype antenna

Sim Pract Sim Pract Sim Pract Sim Pract
fl1-2.19 fl+2.19 -19 —24 53 53 79 71
Base antenna
f2-3.42 f2 +2.46 -14 -15 26 18
f1+1.19 fl+1.27 15.8 -12.8 20 18
Antennal with g =2 mm f2+252 f2+2.48 184 -20.1 113 44 133 106
f3 +2.56 -18.7 44
f1+0.96 f1+0.99 16.7 -145 22 80
Antennal 2 with g =2 mm (1% itr) f2+29 f2+297 -14 -26.9 44 50 136 190
f3+3.08 f3+3.17 215 =21 70 60
f1+0.91 f1+0.990 15.2 -14.2 11 87
Antennal 3 with g =2 mm (2" itr) f2+3.07 f2+2.976 194 -17.6 70 50 81 215
f3+3.168 -18.9 78
Copyright © 2012 SciRes. WET
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Figure 7. (a) Return loss characteristic of antenna 1 with g = 2 mm; (b) Return loss characteristic of base antenna 2 with q =
2 mm; (c) Return loss characteristic of antenna 2 with g = 2 mm; (d) Return loss characteristic of antenna 3 with g =2 mm.
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Figure 8. (a) Simulated radiation pattern of base shape at 2.19 GHz; (b) Simulated radiation pattern at 0.91 GHz for second

iteration.
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slot of first iteration. These antennas may find applica-
tion in wireless communication systems.
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