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ABSTRACT

This paper investigates the comparison between existing
antennas based on microstrip fractal technology with the
proposed antenna. Comparison of proposed antenna has been
made on the basis of number of frequency bands of operation
and bandwidth. Proposed antenna is designed on the substrate
of FR4 glass epoxy material with 1.6mm thickness and 4.4
dielectric constant. HFSS V13 simulator is used to design and
simulate the proposed antenna. By observing the results of
proposed antenna and existing antennas; it has been depicted
that proposed antenna works on seven frequency bands of
operation as compared to the existing antennas. Proposed
antenna exhibist wideband characteristics and shows the
bandwidth of 1959MHz, 700MHz and 2970MHz for
respective frequency bands of operation. So, the proposed
antenna can be efficiently used for practical wireless
applications due to its wideband characteristics and more
number of frequency bands of operation.

Keywords

L-slots, rectangular patch, circular patch, return loss, gain.

1. INTRODUCTION

According to the IEEE standard an antenna can be defined as
“a means for receiving or radiating electromagnetic waves”.
The patch antenna has basically three layers: ground layer,
substrate layer and conducting patch. An antenna is also
called transducer that converts electric power into
electromagnetic waves [1]. Patch antenna consists of ground
on one side and patch on the other side of the substrate.
Different types of feeding techniques are used in antenna
technology to excite the patch. Patch antenna is most novel
technology in antenna field. It is used in many recent
technologies. In today’s modern technology antennas are the
basic and important elements which are used to make proper
connections between transmitter and receiver. Antennas are
used in different systems in different forms. In
communication system low cost, small size, high gain and
wide bandwidth antennas are required. Different types of
antenna have been used in the modern communication
systems such as microstrip patch antenna (MPA) and fractal
antenna (FA) [2] [3][12].MPA has many applications in
communication field such as satellite, missile, aircraft and
spacecraft due to various advantages like low cost, easy
installation better performance [4][13]. These antennas can be
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mounted to metal bodies. Various types of feed techniques are
used to excite the patch. These antennas work on above 100

MHz frequencies. Substrate, patch and ground are the basic
component of patch antenna. Patch is present on the one side
of substrate and ground is on the other side of substrate. To
improve the performance of antenna various types of
modifications are done in basic geometry like slots in the
patch and defected ground plane etc [5].Fractal antennas are
used to overcome limitations of patch antenna such as limited
bandwidth, size and efficiency. Idea of fractal antenna came
from fractals present in nature. Fractal antennas are
considered using fractal geometries that have properties like
space filling, self-similarity and difficulty in their formation
[6]. Shapes that exist in nature shows space filling and self-
similarity properties. These characteristics of fractal antenna
are used for more bandwidth and high gain.
According to dictionary definition fractal word derived from
word ‘fractus’ which means has broken into various sub parts.
In fractal geometry, shapes and curves repeate itself [7].The
fractal assumption techniques has been used for range reduce
technique for all antennas types such as loops, dipoles,
patches for the growth of fractal antenna. Fractal antennas
allow antennas having different frequencies to design tetra-
band and tri-band antennas with a same gain and a very small
size factor as a conventional antenna [8].

2. ANTENNA DESIGN

In this paper, three existing different types of antennas are
compared with the proposed antenna. All the antennas are
designed by using FR4 glass epoxy substrate with 1.6 mm
thickness and 4.4 dielectric constant. Modified fractal antenna
reported in this paper is designed on 2.4 GHz resonant
frequency with the dimensions of 60x60x1.6mm and its
geometry is designed by dividing the rectangular patch into a
9 congruent rectangles in 3x3 grid as shown in Figure 1. L-
shaped slotted patch antenna composed of inset-line feeding
technique with the dimensions of 20x20x1.6mm; in which L-
shaped slots are etched in the rectangular patch of antenna
which acts as a filtering element as shown in Figure 2. Fractal
slotted patch antenna consists of circular patch with
dimension of 55x46x1.6mm in which rectangular slots are
etched as shown in Figure 3. The line feeding technique and
partial ground plane is used in this antenna to get the desired
frequency bands of operation.
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Figure 1: Modified Sierpinski carpet fractal antenna [9]

Figure 2: Microstrip patch antenna with L-shaped slots
[10]

Figure 3: Circular microstrip patch antenna with fractal
slots [11]

In the proposed design of antenna rectangular patch, L-shaped
slots and partial/modified ground plane are used.By using all
these techniques, a novel design of antenna is presented in this
paper. In this design, a low cost FR4 glass epoxy substrate has
been used with a thickness of 1.6 mm, dielectric constant 4.4
and a resonant frequency of 2.45 GHz. The length of patch
P.=29mm and width of patch Py=37mm is derived from
equations (1) to (5). The modified ground plane has been
employed in the geometry of designed antenna to enhance the
performance of antenna in terms of return loss and bandwidth.
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Geometry of proposed antenna is shown in Figure 4 and the
parametric dimensions are tabulated in Table 1.
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Figure 4: Microstrip L-shaped slotted patch antenna with
modified ground plane
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Table 1: Parametric values of proposed antenna

Antenna Values
design Description (mm)
parameters
P Length of patch 29.0
Pw Width of patch 37.0
Fo Length of feed line 33.0
Fw Width of feed line 3.0
S. Length of substrate 70.0
Sw Width of substrate 53.0
Sx Width of horizontal stub 5.0
Hy Width of vertical stub 3.5
Sy Length of vertical stub 38.5
Hy Length of horizontal stub 35
Gp Length of partial ground 315
plane
h Thickness of substrate 1.6
C
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3. RESULT AND DISCUSSIONS

3.1 Return loss

This section presents the results of different types of antenna
along with the results of proposed antenna. It has been
observed that the modified Sierpinski carpet fractal antenna
works on six frequency bands of operation such as 4.85 GHz,
5.25 GHz, 6.09 GHz, 6.81 GHz, 8.44 GHz and 9.12 GHz with
acceptable value of return loss and VSWR. The return loss
versus frequency plot of modified Sierpinski fractal antenna is
shown in Figure 5. But as we observe the resonant frequency
the modified fractal antenna does not cover the designed
frequency range which is the main drawback of this antenna.
Similarly, by analyzing the rectangular antenna with L —
shaped slots; it is observed that it works on three distinguished
frequency bands of operation such as 2.4 GHz, 3.5 GHz and
5.5 GHz as shown in Figure 6. From Figure it has been
contemplated that antenna exhibits low bandwidth of few
MHz (narrow bandwidth). Likewise; the circular antenna with
fractal slots exhibits four frequency bands of operation such
as 1.9 GHz, 3.78 GHz, 6.07 GHz and 7.87 GHz as reported in
Figure 7. By observing the return loss versus frequency plot
of circular antenna it is concluded that there is large variations
in the simulated and measured results. It is also observed that
the lower frequency band does not exhibit -10 dB criteria of
return loss. All the existing antennas are fabricated and the
results are compared to the simulated antennas. But on
analyzing the antenna it has been observed that some of the
results are not satisfactory. So to overcome these drawbacks
of existing antennas the novel design of rectangular antenna
with L-slots and modified ground plane is designed to achieve
wideband and multiband characteristics. The fabricated
prototype of proposed antenna is shown in Figure 8 and the
comparison of simulated and measured frequency plot is
shown in Figure 9.
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Figure 5: Return loss v/s frequency plot of modified
Sierpinski carpet fractal antenna [9]
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Figure 6: Return loss v/s frequency plot of rectangular
antenna with L-shaped slots [10]
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Figure 7: Return loss v/s frequency plot of circular
antenna with fractal slots [11]
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It is observed from the return loss versus frequency plot of
proposed antenna; that it resonates at seven different
frequency bands i.e; 1.4 GHz, 2.2 GHz, 3.8 GHz, 4.2 GHz,
6.9 GHz, 8.3 GHz and 9.1 GHz with the bandwidth of 1959
MHz, 700 MHz and 2970 MHz. To validate the simulated
results; the proposed antenna is fabricated and measured using
Anritsu  MS46322A; VNA (Vector Network Analyzer)
ranging from 1 MHz to 20 GHz. Measured antenna works on
seven frequency bands such as 1.4 GHz, 2.3 GHz, 3.7 GHz,
4.1 GHz, 6.9 GHz, 8.1 GHz and 9.2 GHz with bandwidth of
1956 MHz, 753 MHz, 1090 MHz, 1114 MHz and 340 MHz.
So, we can claim that the proposed antenna with modified
ground plane exhibits wideband characteristics and can be
used for different wireless applications such as GSM
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standards (DCS 1.71 — 1.88 GHz and PCS 1.85 — 1.99 GHz),
UMTS (1.92 — 2.17 GHz), Bluetooth (2.41 — 2.49 GHz),
WiMAX (3.3GHz - 3.7 GHz, 5.25 — 5.85 GHz), WLAN (5.15
—5.85 GHz), X-band satellite applications and point to point
high speed wireless communication (5.93 GHz — 8.5 GHz).
The comparisons of the results of proposed antenna with other
existing antennas are delineated in Table 2.
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Figure 9: Return loss v/s frequency plot of novel design of
antenna with modified ground plane

Table 2: Comparison of the results of proposed antenna
with existing antennas

Resonant Return Loss
Antenna frequencies (dB) VSWR
(GHz2)
4.85 -13.59 1.52
5.25 -20.63 1.20
Modified
Sierpinski 6.09 -16.47 1.35
Carpet [9] 6.81 -12.24 1.64
8.44 -17.66 1.28
9.12 -19.77 1.22
Rectangular 24 -40.00 1.02
Patch with L-
shaped Slots 35 -31.12 1.05
[10]
55 -15.54 1.40
. 1.90 -12.00 1.60
Circular
Microstrip 3.78 -34.78 1.00
Antenna with
Fractal Slots 6.07 -20.76 1.20
(11] 7.87 -18.38 1.30
14 -31.93 1.05
2.2 -27.54 1.08
3.8 -30.15 1.06
Proposed 42 -13.87 1.50
Antenna
6.9 -17.17 1.32
8.3 -20.78 1.20
9.1 -11.74 1.69
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3.2 GAIN

The gain is also a vital performance parameter of antenna. It
has been observed that the existing antennas; the modified
Sierpinski carpet antenna [9] and antenna with L-shaped slots
[10] do not show any value of gain at resonant frequency
bands of operation. Whereas, the circular microstrip antenna
with fractal slots [11] exhibits the gain of 9.19 dB, 3.04 dB,
5.19 dB and 5.39 dB at the frequency bands of 1.9 GHz, 3.78
GHz, 6.07 GHz and 7.87 GHz respectively. In the designed
antenna, gain is analyzed at all the frequency bands of
operation. Proposed antenna exhibits the gain 2.41 dB, 2.81
dB, 2.02 dB, 8.84 dB, 3.85 dB, 5.37 dB and 3.57 dB at the
respective frequency bands of operation. Antenna with fractal
slots [11] shows the high value of gain; but exhibits less
bandwidth and number of frequency bands in comparison to
the proposed antenna. So, we can claim that the proposed
antenna is suitable for different wireless applications.

4. CONCLUSIONS

Comparison of existing [9, 10, 11] antennas has been made
with the proposed antenna in this paper. On analyzing the
performance of proposed antenna it has been depicted that it
resonates on more number of frequency bands and also
exhibits wideband characteristics as compared to the existing
antennas. Proposed antenna shows the bandwidth of 1959
MHz, 700 MHz and 2970 MHz at respective frequency bands
of operation. It also shows the acceptable value of gain at
respective frequency bands. So, it can be concluded that the
proposed antenna is more suitable for practical wireless
applications such as (DCS 1.71 — 1.88 GHz and PCS 1.85 —
1.99 GHz), UMTS (1.92 — 2.17 GHz), Bluetooth (2.41 — 2.49
GHz), WIMAX (3.3 — 3.7 GHz, 5.25 — 5.85 GHz), WLAN
(5.15 - 5.85 GHz), X-band satellite applications and point to
point high speed wireless communication (5.93 — 8.5 GHz).
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