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ABSTRACT

This article introduces some of the basic concepts of patch antennas. The main focus will be on optimizing
of dimensions of patch antenna for WIMAX application with resonance frequency of 3.55 GHz. This
design is simulated with HFSS program that based on finite element method. This method gives good
impedance bandwidth of the order of 3.94%, a gain of 7.49 dB, reflection coefficient of -47.23 dB and a

standing wave ratio equal to 1.
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1. INTRODUCTION

The concept of microstrip antenna dates back to
the 1950’s, but it was not until the 1970’s that
greater emphasis was given to develop this
technology. This is mainly due to the availability of
good substrates. Since then, extensive research and
development of microstrip antenna and arrays,
exploiting the numerous advantages such as light
weight, low volume, low cost, planar configuration,
compatibility with integrated circuits, have led to
diversified applications and to the establishment of
the topic as a separate entity within the broad field
of microwave antennas [1].

In recent years, microstrip antennas have been
one of the most innovative topics in antenna theory
and design. The basic idea of microstrip antenna
came from utilizing printed circuit technology not
only for the circuit component and transmission
lines but also for the radiating elements of an
electronic system. They are used in a wide range of
modern microwave applications because of their
simplicity and compatibility with printed-circuit

technology. A microstrip antenna, in its simplest
form, consists on a rectangular shape (or other
shapes such as circular, triangular etc.) on top of a
substrate backed by a ground plane [2].

A new standard known as WiMax (Worldwide
Interoperability for Microwave access) has been
established by the IEEE 802.16 working group.
WiMax theoretically can have coverage of up to 50
km radius. WiMax antennas have aroused high
interest in recent years [3]-[4]. Researchers are
focusing on how to design antennas for WiMax
technology WiMax has three allocated frequency
bands. The low band (2. 5-2.69 GHz), the middle
band (3.2-3.8 GHz) and the upper band (5.2-5.8
GHz). Due to its advantages such as low-cost,
small size low weight and capability to integrate
with Microwave integrated circuits, the microstrip
patch antenna is a very good candidate for
integrations in applications such as wireless
communication systems, mobile phones and
laptops.
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Several authors [5, 6, 7, 8, 9] have focused on
technical design patch antennas for WiMAX
applications.

To optimize the geometrical dimensions of a
patch antenna excited by a coaxial probe, we will
precede a series of simulations of many
characteristics of antenna patch as: reflection
coefficient Sy;, input impedance, gain, standing
wave ratio (VSWR), phase of the reflection
coefficient and directivity.

2. FEEDING METHOD

There are many configurations that can be used
to feed microstrip antennas. The most popular and
the widely used is the coaxial probe [10], [11], [12],
[13], [14], [15]-[16].

The inner conductor of the coax is attached to
the radiation patch while the outer conductor is
connected to the ground plane.

The coaxial probe feed is also easy to fabricate
and match, and it has low spurious radiation.
However, it also has narrow bandwidth and it is
more difficult to model, especially for thick
substrates (h > 0.022,).

The main advantage of this type of feeding
method is that it can be applied to any desired
location inside the patch, with ease of manufacture.

3. ANTENNA DESIGN

3.1 Design Principles

A microstrip patch antenna in its basic form
consists of a metallic radiating patch on one side of
dielectric substrate, which has a ground plane on
other side. The radiating elements and feed lines are
usually photo etched on the dielectric substrate
[17].

A strip line to feed the patch antenna from its
radiating edge with the highest gain achievable and
minimum antenna return loss has been employed.
The first part of the design is to estimate the length
(L) and width (w) of the antenna. The length and
width of the patch antenna were calculated using
equations (1-4) [18].

c 2
W= 2f, | er+1 &)
Where f, the resonant frequency of the patch

antenna, & is the dielectric constant of the
substrate and c the free-space velocity of light. The

e
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effective dielectric constant for (w/h > 1) is given
by

& +1

-1 1
+ = )
2 z [ [1+12

The extension AL of the patch length due to the
fringing effect can be obtained by
(er + 0.3)(%+ 0.264)

Ereff =

AL =0.412h

3
(er - 0.258)( +0.8) @)
While the final effective length of the patch, after
taking into account the fringing effect, can be
calculated by
c

L=——+—-24L 4
2 fr \JEreff ( )
3.2 Antenna Configuration

Figure 1 shows the proposed antenna excited by
probe coaxial, with W is the patch width and L is
the length.

The proposed antenna is constructed on one
layer substrate and the substrate having a relative
permittivity e, = 2.2 (Rogers RT/duroid 5880
(tm)), substrate of thickness h = 0.32 cm and loss
tangent tan(8) = 0.001 . The standard power port
of the antenna will be set to 50 Q.
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Figure 1: Geometry of the proposed antenna

4. OPTIMIZATION AND RESULTS

4.1 Optimization of the Dimensions of Patch

Antenna

Now a day, it is a common practice to evaluate
the system performances through computer
simulation before the real time implementation. A
simulator “Ansoft HFSS” based on finite element
method (FEM) has been used to calculate return
loss, impedance bandwidth, radiation pattern and
gains. This simulator also helps to reduce the
fabrication cost because only the antenna with the
best performance would be fabricated. Figures 2, 3,
4,5,6,7, 8,9 & 10 show the simulated results of
reflection coefficient, voltage standing wave ratio
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(VSWR), Phase of the reflection coefficient, input
impedance, gain and directivity of the proposed
antenna.

The main objective of the design is to achieve
specific performance characteristics for a desired
frequency (3, 55 GHz).

The design of the antenna requires basic
calculations for the design, the choice of the
structure and simulation enables us to optimize the
structure chosen.

The calculation carried out by a numerical code
“MATLAB” for determining the geometrical
dimensions of the antenna gave the following
results: the width of the patch is 33 mm and the
length is 27 mm.

The use of these dimensions in the design does
not achieve a minimum level of reflection
coefficient Sy; (Figure 2). For this reason, it is
necessary to change the width and length of the
proposed patch antenna to achieve specific
performance characteristics.

Return loss (dB)

N S N SO S
3 31 32 33 34 35 36 37 38 38 4
Frequency (GHz)

& I i i

Figure 2: Reflection coefficient (S1;) as a function of
the frequency of the patch antenna for
L=27mm&W =33 mm

Table 1 shows the variations of the width and
length of the patch antenna optimized.

Table 1: Optimization of the dimensions of patch antenna

Antenna | Antenna | Simulated | Return | VSWR
Width Length | frequency Loss
(mm) (mm) (GHz) Si
(dB)
31 25 3.50 -10.20 1.89
28 25 3.52 -12.53 1.61
26 25 3.53 -20.47 1.20
25.8 25 3.53 -22.64 1.15
25.6 25 3.54 -26.52 1.09
25.1 24 9 3.55 -47.23 1
The results of different values in terms of

reflection coefficients and voltage standing wave

ratio (VSWR) are respectively represented in
figures 3 and 4.
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Figure 3: Reflection coefficient for different values of
W & L according to the frequency

Figure 3 shows the variation of the parameter
Sy, for different values of the length and width of
the patch antenna according to the frequency. We
note that this change gives us an offset parameter
S11 as shown in the figure above.

40 T T T T T T T T T

=g by

———W=31mm & L=25 mm
W=28mm & L=25 mm "

! ! ! ——W=26mm & L=23 mm
S . e W=256mm & L=25mm [ "]
‘ : i | ——w=254mm & L=25mm
——W=251mm & L=2489mm |~

30f---

] S £

e N

IR

H : ] H
3 31 3.2 33 34 35 36 37 38 38 4
Frequency (GHz)

Figure 4: Voltage standing wave ratio (VSWR) for
various values of W & L as a function of frequency

From the results of Table 1,the following
observations were concluded and summarized in
Table 2.

When antenna width decreases, there is a
decrease in the reflection coefficient S;; as the
VSWR and an increase in the central frequency

When antenna length decreases, there is a
decrease in the reflection coefficient S;; as the
VSWR , a broadening of the bandwidth and an
increase in the central frequency.

Table 2: Resonant frequency and Sy; as a function of
antenna dimensions
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Antenna | Antenna | Resonant | Return | VSWR equal to 1. This value is used to calculate the
Width | Length | Frequency | Loss bandwidth of the antenna patch.
(w) (] (GHz) (S11)
Increase | Increase Decrease Increase | Increase 4.2.3 Phase of the reflection coefficient
Decrease | Decrease Increase Decrease | Decrease The figure 7 shows the phase of reflection

4.2 Results of Optimization

4.2.1 Reflection coefficient
The reflection coefficient as a function of
frequency is given by the following curve:

Return loss (dB)

1
3 3z 33 34 35 36 37 38 38 4
Frequency (GHz)

Figure 5: Reflection coefficient as a function of the
frequency of the patch antenna

It was found that the reflection coefficient S;; at
the input of the patch antenna reaches the level of
-47.23 dB (at a resonance frequency of 3.55 GHz)
with a bandwidth of 3.94% (the difference between
3.48 GHz and 3.62 GHz). This means that the
reflected power is minimal and therefore it will
have a positive impact on increasing the level of the
power transmitted by the antenna.

4.2.2 Voltage standing wave ratio
The voltage standing wave ratio as a function of
frequency is given by the figure 6:

40

Freguency (GHz)

Figure 6: Voltage Standing Wave Ration (VSWR) as a
function of frequency

We note that the Voltage standing wave ratio
operating at frequency 3.55 GHz is minimum and

e
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coefficient Sy, as a function of frequency.
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Figure 7: Phase of reflection coefficient S;; as a function
of frequency

It is observed that the phase value of the
reflection coefficient S;; is zero at the resonant
frequency of 3.55 GHz.

4.2.4 Input impedance of the antenna patch

The impedance matching would optimize the
transfer of electric power between a source and a
load. The following figure shows the layout of the
input impedance of our geometry (Figure 8).
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Figure 8: Input impedance of the patch antenna as a
function of frequency

As shown in Figure 8, the input impedance of
the antenna has a resistive part of 49.96 Q while the
reactive part is zero at the operating frequency
(3.55 GHz). The antenna is matched to the source.

4.2.5 Gain of the antenna patch

Figures 9 and 10 allowing a visualization 2D
radiation pattern for phi = 0° and phi = 90° at the
resonance frequency of 3.55 GHz. This formalism



http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

20" July 2013. Vol. 53 No.2

N

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

allows to immediately reporting the ability of the
antenna to radiate evenly over the tape.

.- —phi=0deg | _|
! phi =20 deg

Gain (dB)
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200 150 -1

theta (deg)

Figure 9: Gain pattern of the antenna at 3.55 GHz for
.phi = 0° & phi = 90°

We note that the gain of the patch antenna is
maximum and its value is 7.49 dB.

4.2.6 Directivity of the antenna patch

L ——phi=0dey | |
phi =90 deg

Directivity (dB)

-10 . L
200 -180  -100

Figure 10: Directivity of the antenna at 3.55 GHz for
.phi = 0° & phi = 90°

We note that the directivity of the antenna patch

is maximum and its value is 7.53 dB.

5. CONCLUSION

The design and simulation of microstrip patch
for WIMAX applications are discussed.

In this work, we obtained a reflection
coefficient Sy; of -47.23 dB, a standing wave ratio
equal to 1, a gain of 7.49 dB, a directivity of 7.53
dB, bandwidth of 3.94% and an efficiency of
99.11% at the resonant frequency of 3.55 GHz. The
proposed design has simple design structure and
can easily be fabricated at low cost thus being a
good solution for many WIMAX applications.
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