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Abstract -- Small physical size and multi-band capability are
important features in the design of multiband antennas. Fractals
have unique properties such as self-similarity and space-filling.
The use of fractal geometry in antenna design provides a good
method for achieving the desired miniaturization and multiband properties. In this communication, a multi-band antenna
based on a new fractal geometry is presented, where the radiating
patch is designed in fractal configuration, namely , crown and
slotted octagonal shape respectively. The design is simulated
through IE3D software. Proposed shapes are suitable for 2.5 GHz
WLAN and Bluetooth (IEEE-802.11b/g standard), 3.5 GHz WIMAX
(IEEE-802.11y standard). The results show that the proposed
slotted orthogonal Fractal Antenna can be used for 0.1GHz – 5
GHz frequency range more effectively.

10]. Still, it remains quite difficult to miniaturize microstrip
antennas since these efforts generally conflict with electrical
limitations or cost considerations [1]. This paper proposes a
size reduction technique for microstrip antennas by using a
novel fractal radiating patch, yet improving the radiating
properties, including returning loss, VSWR. The fractal patches
are designed in crown and octagonal shape in order to improve
the spreading fields.
II. ANTENNA DESIGN
For microstrip antennas, the width (w) and length (L) of the
radiating patch and the effective permittivity of the microstrip
structure (εe) which support the operation at the required
resonant frequency (or the free-space wavelength (λ0) can be
designed as follows, using the formulas given in [12].
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I. INTRODUCTION
WIRELESS communication plays a major role in our daily
existence, with antennas being of continuously increasing
significance. Microstrip antennas are a type of antennas that is
popular with wireless communication equipment because of its
outstanding physical properties, such as light weight, low
profile, low production cost, conformability, reproducibility,
reliability, and ease in fabrication and integration with solid
state devices and wireless technology equipments [1]. However,
the size of a conventional microstrip antenna is typically large
when designed in microwave frequency regime causing
problems for mounting on transmitter/receiver and repeater
systems. These antenna types also have limitations in terms of
their narrow bandwidth, low gain, and weak radiating patterns.
The gain reduction is caused by the overall reduction in the
antenna size. It can also be attributed to the substrate
characteristics which may lead to surface wave excitation and
hence a reduction in gain. Therefore, it is challenging to design
microstrip antennas to have better radiating properties and in
the same time have a smaller size. There are several techniques
used to decrease the size of the radiating patch which leads to
a smaller antenna size, such as: using super-substrates to
generate high dielectric constant [2], incorporating a shorting
pin in a microstrip patch [3], using short circuit [4], cutting slots
in radiating patch [5-7], by partially filled high permittivity
substrate [8], or by fractal microstrip patch configuration [1,9-
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A conventional microstrip antenna, having square radiating
patch, with patch dimensions L = 32mm w = 32 mm, designed
to operate at 2.5 GHz, the standard frequency for wireless LAN.
A printed circuit board (PCB) with the permittivity år = 4.4
(compared to the commercial PCB, FR-4) is used as the dielectric
substrate placed on top of the group plane to form the microstrip
antenna. The thickness of the substrate is 1.6 mm.
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III. FRACTAL ANTENNA
Crown shape fractal antenna: Figure 1(a) shows the starting
shape of the fractal antenna, and the modified crown square
fractal antenna is represented in figure 1 (a) 1 (b) and 1 (c)
respectively.

Slotted Octagonal fractal antenna: In the geometric
construction of Fig 2, there are three shapes. The first fractal
shape starts with an octagonal, called the base shape, which is
shown in Fig. 2a (first iteration). By adding another octagon
inside the base shape, the first version of the new fractal
geometry, shown in Fig. 2b (second Iteration) is created. The
process is repeated in the generation of the second iteration
which is also shown in Fig. 2c (third iteration).
In this communication, the third iteration of Fig. 2c of the
octagonal fractal geometry is considered since higher order
iterations do not make significant effect on antenna properties.
IV. SIMULATION RESULTS
For this antenna, with patch dimensions L = 32mm w = 32 mm,
designed to operate at 2.5 GHz, the standard frequency for
wireless LAN. A printed circuit board (PCB) with the relative
permittivity εr = 4.4 (compared to the commercial PCB, FR-4) is
used as the dielectric substrate placed on top of the group
plane form the microstrip antenna. The thickness of the substrate
is 1.6 mm.

Figure 1. Iterations of the proposed fractal geometry (crown shape).

In the geometric construction (Fig. 1), there are three shapes:
first fractal shape starts with a crown, called the base shape,
which is shown in Fig. 1a (first iteration). By adding another
crown inside the base shape, the first version of the new fractal
geometry, shown in Fig. 1b (second iteration) is created. The
process is repeated in the generation of the second iteration
which is also shown in Fig. 1c (third iteration).

Figure 3. Geometry of a conventional square microstrip patch
(Basic shape) L = W = 32 mm and it return loss.

Figure 2. Iterations of the proposed fractal geometry.
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TABLE 1- COMPARATIVE ANALYSIS OF RETURN LOSS
FOR ALL ITERATION OF CROWN SHAPED ANTENNA

Return loss for third iteration
After completion of simulation setup IE3D provides various
antenna parameters through its easily accessible in user graphics
format for analysis point of view. Figure 2 represents the
simulated curve of Return Loss parameter (in dB). As far a freq.
to be resonant freq. it must follow the rule of S11 < -10 dB. On
this rule our proposed Crown geometry antenna provides
multiple frequency sample point where S11 < -10 .The same is
also verified by VSWR curve as in figure 3 (VSWR < 2).

A Crown Shaped fractal antenna for wireless application has
been proposed, constructed, and tested. The proposed antenna
has simple iterative geometry. As the proposed antenna design
provides adoptability of various frequencies ranging from 0.006
GHz up to 5 GHz.

Figure 4. Crown antenna structure after third iteration.

Figure 7. Comparison of Return Loss curve for all iterations.

Figure 5. Return Loss curve: for crown shaped fractal antenna
geometry for 3rd iteration.

Figure 8. Comparison of VSWR curve for all iterations.

For this antenna, the length of each side of octagon is 2 cm.
with patch dimensions L = 32mm W = 32 mm, designed to

Figure 6. VSWR curve: for Crown shaped fractal antenna geometry
for 3rd iteration.
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operate at 2.5 GHz, the standard frequency for wireless LAN. A
printed circuit board (PCB) with the relative permittivity år = 4.4
(compared to the commercial PCB, FR-4) is used as the dielectric
substrate placed on top of the group plane form the microstrip
antenna. The thickness of the substrate is 1.6 mm.

After completion of simulation setup IE3D provides various
antenna parameters through its easily accessible in user graphics
format for analysis point of view. Figure 5 represents the
simulated curve of Return Loss parameter (in dB). As far a freq.
to be resonant freq, it must follow the rule of S11 < -10 dB. On
this rule our proposed Slotted Octagonal geometry antenna
provides multiple frequency sample point where S11 < -10 .The
same is also verified by VSWR curve in VSWR < 2).

Figure 9. Octagonal antenna structure after third iteration.

Figure 12. The Return loss curve for all iterations.
TABLE 2- COMPARATIVE ANALYSIS OF RETURN LOSS
FOR ALL ITERATION OF OCTAGONAL SHAPED ANTENNA
S11-3rd-Iter.

Freq.

S11-2nd-Iter.

2.5

-33

2.6

-30

3.6

-19

3.7

-28.5

3.7

-17

4.1

-27

4.1

-22

4.2

-17

4.8

-35

4.9

-12

Freq.

Figure 10. The simulated S11 for the third iteration.

Figure 11. VSWR curve: for Slotted octagonal fractal antenna
geometry for 3rd iteration.

Freq. S11-1st-Iter.
2.7

Figure 13. The VSWR curve for all iterations.
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Figure 14. Comparison of Return loss for last iteration.
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V. CONCLUSION
The crown and octagonal Fractal Antennas are observed to
possess mulitiband behavior [1, 2,11], and it is possible to
change the frequency separation as we want. It is easy to
forecast the antenna’s frequency; therefore, the Octagonal
Fractal Antenna seems to be an interesting configuration for
use in applications where multiband operation with a small and
changed frequency separation is required. Same frequency
slotted octagonal fractal antenna offers better result than crown
shape fractal antenna.
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When we need more than two resonant frequencies, we can
use more iterations and use the same way to coordinate every
square’s circumcircle (R) to get the wanted frequencies.
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