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Abstract: The availability and growth in development
of low cost, less weight, highly reliable antennas are
required for wireless communication, it poses new
challenges for the design of antenna in wireless
communication. The micro strip patch antenna used for
these communication, because they will provide high
frequency and less bandwidth. This paper presents a
design and simulation of rectangular micro strip patch
antenna at 2.5 GHz compare with 4.8 GHz and 7.8 GHz
frequency range for wireless communication that
provides a radiation pattern along a wide angle of beam.
The designing process uses the Rogers RT/duriod 5880
material is used as the substrate and coaxial probe feed
method is used to gives the excitation value of the
antenna. This antenna has many practical applications
like WLAN, WI-FI etc. so the HFSS software will be
used to design and implement the antenna.

Keywords: Micro strip patch antenna, Radiation pattern,
Ansoft HFSS (High Frequency Structural Simulator).

1. Introduction

In the world the communication needs starts with the
basic need of an antenna. In recent years there is a need
for more compact antennas due to the communication
devices sizes are decree rapidly. So we need the antennas
in the size of small and less in weight. Antenna is usually
a metallic device (as a rod or a wire) used for radiating or
receiving electromagnetic waves. The radio frequency
power developed at the final stage of a transmitter is
delivered through cables or feeders, without themselves
consuming any power to the transmitting antenna. This
travels in the free space in the form of radio waves
(electromagnetic waves). The receiving antenna picks up
the radio waves and delivers useful signal at the input of
a receiver for reception of signals. The transmitting and
receiving antennae are reciprocal in the sense, any
characteristics of the antenna in general applies equally
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to both. The micro strip antenna is one of the small size
antennas and is printed directly on the printed circuit
board. Micro strip antenna is a narrow band and wide
beam antenna element pattern in a metallic trace bounded
in dielectric substrate. These antennas are mostly used for
the wireless applications. They are small in size, low
cost, less weight to handle, simple to manufacturing,
reliable and they are available in different shapes and
ranges such as square, rectangular, dipole, circular,
triangular, circular ring, elliptical and any other shapes.
The antenna characteristics like the radiation pattern,
gain, directivity and polarization are found by using the
Ansoft HFSS simulator tool.

2. Antenna Structure

Micro strip patch antenna consists of a radiating patch on
one side of the dielectric substrate which has a ground
plane on the other side and the patch is from the top side.
The micro strip patch antenna consists of three layers
these are the bottom layer, which constitutes the ground
plane, the middle layer which shows the substrate and
finally the top layer which shows the patch. The patch is
generally made of conducting material such as copper or
gold and can take any possible shape which will be said
in above. The general structure of the micro strip patch
antenna was shown in figure 1.

Dielectric Substrate

—

Ground Plane

Figure.1 Structure of Micro strip patch antenna
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3. Micro Strip Patch Antenna Design and
Considerations

The Micro strip antenna was designed by using the
Ansoft HFSS. It is one of the designing tools of antenna.
The Ansoft HFSS is an easy and low cost tool which has
the simple procedures to design the antenna in a very
efficient way. By using this software the antenna should
be designed and simulated. By simulating this antenna
we can get the frequency response, gain, directivity and
radiation pattern.

]  Calculate the width (W)

i}

Calculate the Length (L)

<:| Calculate the effective Di-electric
and firing factor

i |

% Desigu the patch Antenna -:::ij: Calculate the Height (H)

Simulation using hfss

Figure.2 Design flow of Micro strip patch antenna

The Micro strip antenna was designed by using
the Ansoft HFSS. It is one of the designing tools of
antenna. The Ansoft HFSS is an easy and low cost tool
which has the simple procedures to design the antenna in
a very efficient way. By using this software the antenna
should be designed and simulated. By simulating this
antenna we can get the frequency response, gain,
directivity and the radiation pattern. There are many
analyzing methods are there in the antenna from these we
use the transmission line analyzing method for the
antenna design, which includes a lot mathematical
calculations in the antenna design. The design flow of the
micro strip antenna was shown in figure 2. Based upon
these flow they should be designed.
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a. Calculation for the Antenna Width (W)

The Width of micro strip patch antenna is given
by eqn (1)

w=— ¢

2 (1)

Where, C is velocity of light, f; is a resonant
frequency and ¢, is a relative die electric constant. Other
widths are also chosen but for the higher widths the
radiation efficiency is lower in manner and for the lower
widths the radiation efficiency is larger in resulting
values, in this equation we substituting C=3*10"1 Imm/s,
g =2.2 and f;=3.8GHz, 4.8GHz and 7.8GHz frequency,
finally by solving this equation we get the width value as
31.57mm for 3.8GHz, 24.68mm for 4.8GHz and
15.40mm for the 7.8GHz.

b. Calculating the Height of the Antenna

The height (H) of the antenna is given by eqn (2) and is
written as

03¢

2nfy e, @)

By substituting all the values and solving the
equation we get the height of the antenna as 3.4mm for
3.8GHz, 2.26mm for 4.8GHz and 9.1mm for 7.8GHz or
the standard height of the micro strip patch antenna
3.2mm is used for the simulation.

c. Calculating the Antenna Length (L)

Calculating the length of the micro strip antenna follows
the several steps which should be have four steps these as
follows as

1) Effective Die Electric Constant

Before calculating the length of the antenna we
must calculate the several other computations, the first
we would find the effective die electric constant of the
substrate which is much greater than the unity value. The
effective die electric constant value is much closer than
the die electric constant of the substrate. The effective die
electric constant value is given in eqn (3)
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By substituting all the values and solving the
equation we get the effective die electric constant value
as 1.2mm for 3.8GHz, 1.76mm for 4.8GHz and 3.6mm
for 7.8GHz.

2) Extensive Length

The tangential fields of an antenna are in phase
and combine they will produces the maximum radiation
pattern along with its two sides of the antenna. The micro
strip antenna are looks larger in size when compared to
its actually size due to its fringing fields so the length of
the antenna was extended by its two sides along a path
distance of AL and it is given in eqn (4)

(e, +0.3)( +0.264)
AL=0.412h h

(£.-0.258)(+0.8)
h @)

By substituting all the values and solving the
equation we get the extensive length of the antenna as
1.2mm for 3.8GHz, 1.7mm for 4.8GHz and 1.39mm for
7.8GHz.

3) Effective Length of the Antenna

The effective length of the of antenna is given
eqn (5) and which helps to find the original length of the
rectangular micro strip patch antenna and it is written as

C

L,
off
NS s

This should be calculated for the narrow
bandwidth of the antenna structure and various
parameters of the antenna.

By substituting all the values and solving the
equation we get the effective length of the antenna as
36.18mm for 3.8GHz, 23.67for 4.8GHz frequency range
and 10.12mm for 7.8GHz.

d. Actual Length of the Antenna

467

Special Issue

The actual length of the antenna should be calculated by
substituting the effective length and the extensive length
of the antenna is given in eqn (6)

L=L, -2AL
(6)

By substituting all the values and solving the
equation we get the length of the antenna as 33.78mm for
3.8GHz, 20.27mm for 4.8mm and 7.34mm for 7.8GHz.

4. Roger RT/DURIOD 5880(TM)

The Roger material has the die-electric constant value as
2.2 which will be mostly recommended material for the
designing of the micro strip patch antenna [1]. By using
these materials the designing parameters values are get
reduced and the size of the antenna was almost in small
range and which will produce the maximum radiation
pattern along its transmission side of the structure. By
using these materials the entire structure of the antenna
gets minimized, cost of the designing procedure is
getting reduced and the same time we get output of the
micro strip patch antenna in a good and accurate manner.

5. Software Tool

The software used for the simulation and modeling of the
antenna is HFSS (High Frequency Structural Simulator).
It is one of the antenna designing tools and it is a high
performance full-wave electromagnetic (EM) field
simulator for the 3D volumetric passive device. It has
simple procedure for the designing of the micro strip
patch antenna structure and also it is low cost, high
performance and easily understandable software for
everyone.

6. Simulations and Results

The design and analysis of the rectangular micro strip
antenna was designed at a frequency range of 2.5GHz,
4.8GHz and 7.8GHz. The rectangular antenna has a
maximum advantage than other types because they have
easily designed structure and have positive radiated edges
on the both sides of the antenna. The three dimensional
view of the simulated micro strip patch antenna was
shown in figure3. The radiation pattern of the antenna is
shown in figure4 for 2.5GHz, figure5S for 4.8GHz,
figure6 for 7.8and figure 7, 8 and 9 are 2.5GHz, 4.8GHz
and 7.8GHz is the frequency response from these above
results will show the improved radiation pattern and the
frequency response of the antenna.
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The gain of an antenna is defined as the ratio between the
maximum radiation intensity in a given direction to the
maximum radiation intensity from a reference antenna in
the same direction, the achieved gain of the micro strip
patch antenna is 9.8475 dB for 2.5GHz, 6.6505 dB for
4.8GHz and 7.1754 dB for 7.8GHz, where the figure 10,
figure 11 and figure 12 shows the gain of the antenna.
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Figure 10. Gain for 2.5GHz

MULMUIHIURU g

lJl‘||||||‘|‘||‘||||"‘-h..- '
eta

Figure 11. Gain for 4.8GHz
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Figure 12. Gain for 7.8GHz
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The figure 13, figure 14 and figure 15 shows the
directivity of the antenna it is defined as the ratio
between the maximum radiation intensity to the average
radiation intensity of the antenna, the achieved directivity
of the micro strip patch antenna is 9.3172 dB for 2.5GHz,
6.4569 dB for 4.8GHz and 7.0304 dB for 7.8GHz.
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Figure.13 Directivity for 2.5GHz
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Figure.14 Directivity for 4.8GHz
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Figure.15 Directivity for 7.8GHz

The polarization of an electric field is defined in
terms of the direction of its electric field vector. If the
electric field vector is always in one plane, then it is said
to be linearly polarized.
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Figure.16 Polarization of MSA

Table 1. Micro strip patch antenna parameters for
2.5GHz, compare with 4.8GHz and 7.8GHz Frequency
range

7. Conclusion

The rectangular micro strip antenna was designed and
analyzed with a frequency range of 7.8 GHz is simulated

Freque | Gain | Direct | Realiz | Peak | Peak
ncy (dB) | ivity -ed Gain | Direct
(GHz) (dB) Gain | (dB) i-vity
(dB) (dB)
2.5 9.847 |9.3172 | 7.3693 | 9.3108 | 9.3947
5
4.8 6.650 | 6.4569 | 4.3542 | 5.6923 | 5.4236
5
7.8 7.175 | 7.0304 | 5.5268 | 6.2569 | 6.1253
4

by using the Ansoft HFSS software. The frequency
response, radiation pattern are obtained, the designed
antenna gain value is 7.1754 dB optimized to meet the
best possible results the RT/Rogers duroid 5880 substrate
was used. The polarization of the antenna is linearly
polarized antenna for both the frequency ranges. This
designed antenna is suitable for WLAN and WI-FI
application.
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