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Abstract

This paper presents review work on rectangular shaped microstrip
patch antennas. In this paper four rectangular microstrip antennas
have been studied and analyzed. We start our work with a reference
rectangular patch which has six parallel slits of Smmx37mm, and
then we proceed with variation in length and width of those slits.
We examine our results on two configurations, single layer and
multilayer. With single layer rectangular microstrip patch antennas
we obtained dual band broadband antenna which has a maximum
bandwidth of 15.13% with a gain of 4.7dBi. Then we shifted our
work on multilayer configuration. With multilayer configuration
we obtained a multi frequency dual band broadband antenna (in
comparison to single layer configuration) which have four resonant
frequencies and have maximum bandwidths 0f 27.08% with a gain
of 5.69dBi. All four antennas are simulated in IE3D simulation
software, and all Antennas are designed on FR4 substrate.
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I. Introduction

Now days the communication plays an excellent role in the
worldwide society and almost all the communication systems are
changing rapidly from wired to wireless. Wireless communication
is much more flexible way of communication and antenna is the
most important part of it. Recently the microstrip antenna is very
useful due to its low cost, ease of Installation and integration
with feed networks, low profile and small size [1-9]. On the
move internet browsing, E banking, digital cable TV, etc. and
small handheld devices, it is often required that the antenna to
be achieved low profile good gain and wideband/multi-band
characteristics. A number of approaches have been reported to
obtain compact dual band micro-strip antenna such as loading
of rectangular, circular and triangular patches by shorting pins,
crossed slot and the use of a rectangular ring [2]. But the microstrip
patch antenna has one serious drawback of narrow bandwidth as
it limits the useful frequency band [2-3].

Review work is carried out in following steps:

1. Collection of Data.

2. Analyzed the Data.

3. Obtain Conclusion from collected Data.

In this paper data is collected from papers of international journal
IJARCSSE, IJERSTE and from the papers of National and
International conferences. All these papers are on rectangular
shaped microstrip patch antennas. After data are collected, we
reviewed each paper and then obtained conclusion. The Conclusion
is obtained on the basis of Reflection coefficient graph, Bandwidth
Plot, Smith chart and Gain v/s Frequency curve of respective
antennas.
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Il. Geometries of Microstrip Antennas

In this paper, we proposed four antenna geometries, all are
rectangular shaped with rectangular slits cut in it. First, we analyzed
all these five geometries and then we discuss about their results.

A. Microstrip Antenna Geometry Patch 1

The overall dimension of patch 1 is 53mm x79mm as shown in
fig. 1. This patch has six rectangular parallel slits cut parallel
to each other in it. Dimension of all slits is equal and given as
37mm x Smm.
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Fig. 1: Patch 1

This patch is taken from the paper [5]. This patch is designed on
FR4 substrate. Because of FR4 substrate is used, Z top is 1.6mm
and dielectric constant is 4.4. FR4 is a lossy substrate and its loss
tangent is given as 0.025. We took patch 1 as our reference patch.
Simulation work is carried out using IE3D simulation software.

B. Microstrip Antenna Geometry Patch 2

The overall dimension of patch 2 is 53mm x 79mm as shown in
fig. 2. This patch has six rectangular parallel slits cut in it.

This patch was taken from the paper [6].
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Fig. 2: Patch 2
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This patch is designed on FR4 substrate. Simulation work is carried
out using IE3D simulation software.

C. Microstrip Antenna Geometry Patch 3

The overall dimension of patch 3 is equal to patch 1 and patch 2
that were 53mm x 79mm and it is shown in fig. 3.

This patch has six rectangular parallel slits, each of them has
dimension of 37mm x 3mm. This patch is taken from the paper [7].
Simulation work is carried out using IE3D simulation software. In
all patch antennas we used probe feed technique, reason behind
that is impedance matching can be easily achieved with this
feeding technique.
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Fig. 3: Patch 3

D. Microstrip Antenna Geometry Patch 4

Patch 4 is a multilayer geometry. In this geometry we use two
single layer microstrip antennas, one of which is our main patch
and second is the substrate only. These two patches are placed
with an air gap of 0.2 mm between them.
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Fig. 4(a): Patch 4
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This patch is taken from the paper [8]. Simulation work is carried
out using IE3D simulation software.

lil. Result Analysis and Discussion

In this paper we presented review work of five microstrip patch
antennas. Out of five microstrip antennas four antennas are on single
layer configuration and one is on multilayer configuration.

The result analysis is done on the basis of Reflection coefficient
graph, Bandwidth, Smith Chart and Gain vs Frequency curve of
each antenna. We took each geometry one by one and analyzed
1t.

A. Result Analysis of Patch 1

Reflection coefficient curve for patch 1 is shown in fig 5. From
reflection coefficient we observe that patch 1 is resonant at two
frequencies 1.65GHz and at 2.30GHz with respective bandwidths
of 6.76% and 12.5%.

—s— dB[3[1.1]]

()

1 1.25 15 175 2 2.25 25
Frequency (GHz)

2.75 3

Fig. 5: Reflection Coefficient Curve for Patch 1

Impedance matching at both resonant frequencies is nearby 50, 0
ohm. Peak gain achieved with this antenna is 6dBi.

B. Result Analysis of Patch 2

Reflection coefficient curve for patch 2 is shown in fig. 6. Patch
2 is a modified form of patch 1, in which we modified length and
width of all slits.
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Fig. 4(b): Side view of Antenna with Airgap

Only substrate is placed first then over substrate we produce an
airgap of 0.2 mm and over this airgap we placed our main patch.
This arrangement is shown in fig. 5. Main patch contains six
rectangular parallel slits, dimension of which is 37mm x 3mm.
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Fig. 6: Reflection Coefficient Curve for Patch 2

From reflection coefficient we observe that patch 2 is resonant
at two frequencies 3.97GHz and at 5.30GHz with respective
bandwidths of 3.53% and 14.94%.smith chart for patch 2 is shown
in fig. 7.
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Fig. 7: Smith Chart for Patch 2

The value of impedance at both frequencies is 52.85, 3.4ohm
and 53.62, 1.440hm, hence patch 2 is well matched microstrip
patch antenna.
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Fig. 8: Gain Curve for Patch 2

Gain at both resonant frequencies is obtained from Gain curve
which is shown in fig 8. Gain at both frequencies is 4.15dBi and
3.39dBi.

C. Result Analysis of Patch 3

In patch 3, we modify patch 1 in terms of width only; i.e. width
of all slits is 3mm instead of Smm. Reflection coefficient curve
for patch 3 is shown in fig. 9.
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Fromreflection coefficient we observe that patch 3 isresonant at two
frequencies 2.68GHz and at 4.87GHz with respective bandwidths
of 10.79% and 15.13%, since both bands are broadband we can
say that designed patch is dual band broadband patch.
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Fig. 10: Smith Chart for Patch 3

Value of impedance obtained from smith chart shown in fig. 10
is 44.7, 7.73ohm and 52.12, 0.42ohm. Gain at both resonant
frequencies is 1.93dBi and 3.82dBi, as shown in gain curve in
fig. 11.
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Fig. 11: Gain Curve for Patch 3

Now in next analysis we examine a multilayer rectangular shaped
patch with airgap.

D. Result Analysis of Patch 4

Patch 4 is a multilayer extension of patch 3. Airgap between two
layers is equal to 0.2mm.

Reflection coefficient for patch 5 is shown in fig. 12.
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Fig. 9: Reflection Coefficient Curve for Patch 3
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Fig. 12: Reflection Coefficient for Patch 4
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From reflection coefficient we observe that this patch is resonant
at four frequencies 4.52GHz, 5.67GHz, 6.17GHz and at 6.72GHz.
Patch 5 has two broad bands one is 17.61% (4.52GHz and
5.67GHz) and second is 27.08% (6.17GHz and 6.72GHz). Hence
we can say that patch 5 is a multi frequency dual band broadband
microstrip antenna.
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Fig. 13: Gain Curve for Patch 4

Gain at all Resonant frequencies obtained by fig. 13 (gain curve).
At 4.52GHz, gain is 5.69dBi, at 5.67GHz 4.12dBi, at 6.17GHz,
3.29dBi and at 6.72GHz gain is 3.70dBi.
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Fig. 14: Smith chart for Patch 4

Impedance matching at all Resonant frequencies is also ideal,
according to smith chart in fig 14 values of impedance are
50.09, 3.11ohm, 57.03, 0.530hm, 48.50, 1.67ohm and 47.92,
-0.07ohm.

IV. Conclusion

In this paper, we examine five microstrip patch antennas with
single layer and multilayer configuration. We start our work
with reference patch 1, which have a maximum bandwidth of
12.5% with dual band performance and have a peak gain of 6dBi.
Then we modified it in terms of length and width of the slits
and obtained more and more enhanced results. For single layer
configuration maximum achieved bandwidth is 15.13% on patch
3 with a dual band broadband performance and have a maximum
gain of 4.7dBi.
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At multilayer configuration maximum achieved bandwidth is
27.08% with multi resonant dual band broadband performance
with a maximum gain of 5.69dBi.

Considering antenna parameters graph, we conclude that microstrip
antenna patch 4 is more appropriate in comparison to remaining
antennas.
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Table 1: Concluding Table

Resonant Freq. Bandwidth Gain
Patch no. Geometry (GHz) (%) (dBi) Performance
1.65GHz 6.76% .
1 E 2.30GHz 12.5% 6dBi Dual Band
3.97GHz 3.53% 4.15dBi
2 Z 5.30GHz 14.94% 3.34dBi Dual Band
2.68GHz 10.79% 1.93dBi Dual Band
3 4.87GHz 15.13% 3.82dBi Broadband
4.52GHz 5.69dBi
. 17.61% .
. H 4.12dB
4 . >-67GHz dBi Multi Resonant Dual Band
Broadband
! 6.17GHz o 3.26dBi
6.72GHz 27.08% 3.70dBi
Graph:

Performance Evaluation Graph of All Four Patch Antennas

HBandwidth m Gain{dbi) = Performance

40

Patch 1 Patch 2 Patch 3 Patch 4

Performance scale is taken as:

For single band broadband = 10

Dual band = 20

Dual band & broad band = 30

Multi resonant, dual band & broad band = 40

(Values of Gain and Bandwidths were taken as the max value of gain and bandwidths of each patch antenna.)

www.iject.org INTERNATIONAL JOURNAL OF ELECTRONICS & COMMUNICATION TECHNOLOGY 55



1JECT Vo. 7, Issue 2, ApriL - June 2016

Application of Different Patches

Patch no. Applications

Patch 1 WLAN and Wi-Max

Patch 2 C Band

Patch 3 S Band and C Band

Patch 4 Wi-Max

Patch 5 WLAN Band, IMT Band, Wi-Max and C Band
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