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Abstract—In this paper a square shaped Microstrip Patch Antenna has been designed, simulated and analyzed in Zealand
IE3D environment. The antenna is fabricated on a 60 mil RO4003 substrate from Rogers - Corp with a dielectric constant
of 3.4 and loss tangent of 0.002. The basic design procedure of the antenna is discussed stepwise with appropriate
diagrams. Sequential snapshots of the values of various parameters involved in the process of simulation set up are also
presented. The surface current distribution is analyzed with appropriate simulations along with the discussion on the Sparameters of the simulated structure. The Elevation Pattern Directivity Display of the antenna is examined in this
context. The basic antenna parameters such as Total Field gain, Directivity, Efficiency, Axial Ratio and VSWR are
discussed along with the obtained simulation results.
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I.
Introduction
A Patch Antenna (also known as a rectangular microstrip antenna) is a type of radio antenna with a low profile, which can
be mounted on a flat surface. It consists of a flat rectangular sheet or "patch" of metal, mounted over a larger sheet of metal
called a ground plane. The assembly is usually contained inside a plastic radome, which protects the antenna structure from
damage. Patch antennas are simple to fabricate and easy to modify and customize. They are the original type of microstrip
antenna described by Howell; the two metal sheets together form a resonant piece of microstrip transmission line with a
length of approximately one-half wavelength of the radio waves. The radiation mechanism arises from discontinuities at each
truncated edge of the microstrip transmission line. The radiation at the edges causes the antenna to act slightly larger
electrically than its physical dimensions, so in order for the antenna to be resonant, a length of microstrip transmission line
slightly shorter than one-half a wavelength at the frequency is used. A patch antenna is usually constructed on a dielectric
substrate, using the same materials and lithography processes used to make printed circuit boards. Fig. 1 shows a Probe Feed
Patch Antenna. [1]-[3]

Fig.1 A microstrip patch antenna [4]
II.
Basic Structure
Fig. 2 shows the basic structure of the square shaped microstrip patch. The antenna is fabricated on a 60 mil RO4003
substrate from Rogers - Corp with a dielectric constant of 3.4 and loss tangent of 0.002. The designed patch is 30mm in
length and 30mm in width. In this case a rectangular patch is used, fed with a simple microstrip line. The feeding microstrip
line is a 50Ω line and the impedance of the antenna is matched to 50Ω by using an inset feed.
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Fig. 2 Square shaped patch
III.
METHOD OF MOMENT(MoM)
MoM analysis is a very well known technique for accurate calculations of antenna parameters. It can be used to calculate
all the necessary antenna parameters under consideration. [5]
The basic Automatic Meshing Parameters specified are
 Highest frequency(GHz): 3
 Cells per wavelength: 30
 Meshing scheme: Classical
 Rectanglizations: 3 times
Fig. 3 shows a snapshot of the various Automatic Meshing Parameters and Fig. 4 shows a Statistics of the Meshed
Structure.

Fig. 3 Automatic Meshing Parameters
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Fig. 4 Statistics of Meshed Structure
IV.
SIMULATION SET UP
The Highest frequency specified is 3GHz. The number of cells per wavelength specified is 30. The number of
cells/wavelength determines the density of the mesh. In method of moment simulations, one should not use fewer than 10
cells per wavelength. The greater is the number of cells per wavelength, greater is the accuracy of the simulation. However,
increasing the number of cells increases the total simulation time and the memory required for simulating the structure. In
many simulations using 20 to 30 cells per wavelength should provide enough accuracy. However, this cannot usually be
generalized and is different for each problem . As seen in Fig. 3, in the “Automatic Edge Cell Parameters” fields, the “AEC
Layers” field shows “NO”. One can define edge cells to increase the accuracy of the simulations. In coupled structures or in
structures where multiple trace lines are located in close proximity to each other, it is important to use edge cells. In this case,
edge cells will not be used for this simulation. In the „Enter Frequency Range‟ window the values of the parameters entered
are:
 Start Freq.(GHz): 1
 End Freq.(GHz): 3
 No. of Freq: 201
The “Frequency Parameters” field is now filled with 201 evenly spaced frequency points between 1GHz and 3GHz range.
V.
Simulation Results
Fig. 5 shows the S-parameters of the simulated structure. From analysis of the figure the exact frequency determined at
which S11 is minimized is 2.71904GHz. The antenna is well matched to 50 Ω at this particular frequency.

Fig. 5 S parameters
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VI.
Radiation Parameters
In this context, the current distribution on the surface of the antenna is simulated to obtain the radiation pattern at the
frequency of operation. This time, instead of simulating the structure from 1 GHz to 3 GHz, it will only be simulated at
2.71904GHz, which is the frequency of operation of the antenna. Also, the number of cells per wavelength is increased to 70
from 30.
After the simulation is complete, IE3D invokes MODUA to display the S-parameters of the structure. Since there is only
one frequency point, so no curve is depicted in MODUA. In this case, IE3D also invokes a secondary MGRID view window,
in which the meshed antenna structure is shown as a 3D view window in which a three dimensional version of the structure is
shown. In these two windows, the current distribution of the structure can be examined - Fig. 6.

The average current density on the surface of the antenna is shown in different colors. This average current distribution is
shown in Fig. 8. The half-sinusoidal current distribution on the surface of the antenna is to be noted here. On the top edge, the
current is zero, at the center it is maximum, and on the button edge, it is zero again. This indicates a resonance condition. It is
also noted that generally the current density is much higher closer to the edges of the structure compared to other areas. This
is why it is important to use edge cells in certain problems. The strong edge current densities can significantly affect the
response of structures with strong edge couplings (such as edge coupled bandpass micrsotrip filters).
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VII.
GRAPH ANALYSIS

Fig. 11 shows the Elevation pattern directivity display at the operating frequency of 2.71904GHz at phi = 0deg. And phi =
90 deg. respectively.
 E-theta, phi=0 deg., PG=-25.5973 dB, AG=-30.8247 dB
 E-theta, phi=90 deg., PG=6.58358 dB, AG=2.04357 dB
 E-phi, phi=0 deg., PG=6.57186 dB, AG=0.211679 dB
 E-phi, phi=90 deg., PG=-90.8269 dB, AG=-97.1108 dB
In electromagnetics, an antenna's power gain or simply gain is a key performance figure which combines the antenna's
directivity and electrical efficiency. Antenna gain is usually defined as the ratio of the power produced by the antenna from a
far-field source on the antenna's beam axis to the power produced by a hypothetical lossless isotropic antenna, which is
equally sensitive to signals from all directions. Usually this ratio is expressed in decibels, and these units are referred to as
"decibels-isotropic" (dBi).
Fig. 12 shows the Total Field Gain vs Frequency curve at phi = 0 deg. From the figure it can be observed that the Total
Field Gain is maximum at the operating frequency of 2.71904GHz.
© 2013, IJARCSSE All Rights Reserved

Page | 702

Bhattacharya et al., International Journal of Advanced Research in Computer Science and Software Engineering 3(8),
August - 2013, pp. 698-705

Radiation efficiency is defined as "The ratio of the total power radiated by an antenna to the net power accepted by the
antenna from the connected transmitter." It is sometimes expressed as a percentage (less than 100), and is frequency
dependent. It can also be described in decibels.
Efficiency is one of the most important antenna parameters. It can be very close to 100% (or 0 dB) for dish, horn antennas,
or half-wavelength dipoles with no lossy materials around them.
Fig. 13 shows the Efficiency vs Frequency curve. From the figure it can be observed that the Efficiency is maximum at the
operating frequency of 2.71904GHz.

Directivity is a figure of merit for an antenna. It measures the power density the antenna radiates in the direction of its
strongest emission, versus the power density radiated by an ideal isotropic radiator (which emits uniformly in all directions)
radiating the same total power.
Fig. 14 shows the Total Field Directivity vs Frequency plot of the concerned antenna.

Fig. 15 shows the Axial Ratio vs Frequency plot of the patch antenna.
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The Axial ratio is the ratio of orthogonal components of an E-field. A circularly polarized field is made up of two
orthogonal E-field components of equal amplitude (and 90 degrees out of phase). Because the components are equal
magnitude, the axial ratio is 1 (or 0 dB).
The VSWR is always a real and positive number for antennas. The smaller the VSWR is, the better the antenna is matched
to the transmission line and the more power is delivered to the antenna.
The minimum VSWR is 1.0. In this case, no power is reflected from the antenna, which is ideal. Often antennas must
satisfy a bandwidth requirement that is given in terms of VSWR. For instance, an antenna might claim to operate from 100200 MHz with VSWR < 3. This implies that the VSWR is less than 3.0 over the specified frequency range. This VSWR
specifications also implies that the reflection coefficient is less than 0.5 over the quoted frequency range.
For a radio (transmitter or receiver) to deliver power to an antenna, the impedance of the radio and transmission line must
be well matched to the antenna's impedance. The parameter VSWR is a measure that numerically describes how well the
antenna is impedance matched to the radio or transmission line it is connected to. The min. VSWR is obtained at the
operating frequency i.e. 2.71904 GHz.

Fig. 17 Smith Chart
The Smith Chart is a fantastic tool for visualizing the impedance of a transmission line and antenna system as a function
of frequency. Smith Charts can be used to increase understanding of transmission lines and how they behave from an
impedance viewpoint. Smith Charts are also extremely helpful for impedance matching. Fig. 17 shows the Smith Chart for
the simulated structure.
VIII.
Conclusion
A microstrip or patch antenna is a low profile antenna that has a number of advantages over other antennas it is
lightweight, inexpensive, and easy to integrate with accompanying electronics. The properties of Probe Feed Square Shaped
Patch Antenna have been analyzed thoroughly with the help of appropriate simulation results. A detailed knowledge of Gain
and Directivity is necessary in order to design a Probe Feed Patch Antenna. Choosing a substrate for antenna design also
plays an important role. Selecting a suitable substrate, may fulfil the antenna requirements. Among all other substrates,
RO4003 is a standard substrate from Rogers - Corp with a dielectric constant of 3.4 and loss tangent of 0.002 is capable of
providing optimum simulation results. In near future, various other substrate materials will be considered and the antenna
characteristics will be analyzed with generalized and quantized results and simulations.
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