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Abstract: A rectangular microstrip patch antenna with
defected ground structure with E-shaped and square shaped slot
on the patch is proposed here. The proposed antenna design
consists of H-shaped defect on the ground plane. The complete
antenna system is constructed on 45.4mm X 45.4mm X 1.6mm,
FR-4 substrate with dielectric constant of 4.4 and substrate height
of 1.6mm. The antenna mainly works in 4-6 GHz band. The
various characteristics parameters of the antenna like return loss,
voltage standing wave ratio, impedance, gain, bandwidth and
radiation pattern are studied. The antennaissimulated using high
frequency structured simulator software , simulated §;4< -10dB,
in the entire operating range of 4-6 GHzThe proposed antenna
design is mainly focused for the wireless applications and is
suitable for IEEE 802.11 WLAN standards in the bands 5.2/5.8
GHz and WIMAX standards in the bands at 5.5 GHz In this
design microstrip linefeeding is used.
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I. INTRODUCTION

The main focus of the next generation wireless system is
higher speed networking services. Microstrip patch antenna
is mainly used for various wireless communication system
because of various advantages such as compact size, light
weight, low cogt, easy to fabricate. The antenna can be more
efficiently used by improving the various parameters such as
high input impedance, bandwidth and gain efficiency.

Antenna miniaturization, improvement of the bandwidth,
higher input impedance and efficiency are the main
parameters for the improvement of the antenna performance
[1-2]. In the recent years, need of the wireless broadband
communication has increased which demands service
quality, security, integrity, and increased throughput for the
wirelesslocal areanetworks[2]. By using the DGS technique
WLAN band can be easily obtained in the compact antenna
system.DGS is analyzed in terms of its superior properties,
that enables the user to easily design the antenna system for
the wireless communication purposes [5,6,9]. DGS suppress
the surface waves and it is a unique technique which is used

Revised Manuscript Received on October 30, 2019.

* Correspondence Author

Pragya Jain, Research Scholar, Department of Electronics and
Communication, Jabalpur Engineering College, Jabalpur (M.P), India
Email: pragyajainbe@gmail.com

Sunil Kumar Singh, Assistant Professor, Department of Electronics and
Communication, Jabalpur Engineering College, Jabalpur (M.P), India
Email: sspjec2007@gmail.com

© The Authors. Published by Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP). Thisis an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Retrieval Number: A1773109119/2019©BEIESP
DOI: 10.35940/ijeat.A1733.109119
Journal Website: www.ijeat.org

6547

to decrease the size of the antenna and also it increases the
bandwidth, therefore it mainly increases the performance of
the antenna system. This technique is efficient for cost also
because it is more convenient that certain design can operate
easily with single element without using multiple antenna
elements[8]. The shielded current distribution on the ground
plane is disturbed by the defect size as well as dimension of
the defect [7]. The shielded current distribution disturbance
affects the input impedance and the flow of the current of
antenna. It a so controls the excitation and propagation of the
electromagnetic waves through the substrate [9].

Here a rectangular microstrip patch antenna with defected
ground structure and line feed is proposed. The main
objective of the design is to reduce the antenna size and the
idea of design is taken from the broadband antenna and thus
the antenna is suitable for the 4-6 GHz frequency band.
Rectangular shaped patch and defected ground structure
techniqueis used because of the high input impedance. In this
design double layer substrate antenna with line feeding is
used to achieve the multiband operation of the antenna for
wireless applications which mainly coves the upper band of
the WLAN.

[I. ANTENNA GEOMETRY

The proposed antenna design is constructed on FR-4
substrate of dielectric constant of 4.4 and substrate thickness
of 1.6mm.

The various antenna dimensions are obtained by using the
below formulas and then they are optimized using the HFSS
simulation software. The overal size of the antenna is
454mm X 454mm X 1.6mm. In the proposed design
rectangular shaped patch isused. On the patch E- shaped and
square shaped slots are constructed. The design also consists
of H-shaped defect on the ground plane.

The substrate dielectric constant €,. is based on the dielectric
material. A substrate of 4.4 dielectric constant and height of
1.6 mm is taken for the presented microstrip patch antenna.
Various parameters are required for the preferred design,
with dielectric constant and substrate thickness are set as
constant values to acquire preferred impedance matching of
the rectangular microstrip patch antenna.

The various antenna dimensions are calculated using the
formulas shown below.

Calculations of the Length of the Patch(L ) —
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f isthe resonant frequency.

W}, iswidth of the patch.

L, islength of the patch.

h isthe thickness of the substrate.

€, isthe substrate dielectric constant.

¢ isthe speed of light : 3* 108 m/s

Width of the ground plane (W) and length of the ground
plane (L) are calculated by using the below formulas [1]:-

W, =6h +W, (6)
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Fig.l. (@) Top View of the Proposed Antenna Design
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Fig .1. (b) Bottom View of the Proposed Antenna Design

Table 1: Optimized Dimensions of the Microstrip

Antenna
Parameter Description Dimensions of the
Parameters

Substrate of antenna FR-4
Dielectric Constant of substrate, €,. 44
Substrate thickness, 1.6 mm
Input impedance of antenna, Z, 50 Q

Width of theground , W, 45.4mm
Length of the ground, L, 45.4mm
Width of the patch, 1-1-;, 35mm
Length of the patch, L, 34.7 mm
Width of the microstrip feed , 1-1-'jr 3mm
Length of the microstrip feed, L¢ 6.7mm
Square slot_side 5mm
E-shaped ot length 9 mm

E- shaped slot width 4 mm
Length of the substrate 454 mm
Width of the substrate 454 mm
Width of H-shaped defect 9mm

L ength of the H-shaped defect 10mm
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The various parameters and dimensions of those parameters
are shown in Tablel. These parameters are calculated based
on the above formulas and then these parameters are
optimized using the HFSS software. Based on these
dimensions the antenna is designed and then is ssimulated for
obtaining the various results.

1. SIMULATION RESULT AND ANALYSIS

The simulation of the proposed antenna is done by Ansoft
HFSS simul ation software and the results of the simulation of
the antenna are shown in the below figures.
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A.Return Loss Analysis

Return lossismainly the loss of power in the signal reflected
back by a discontinuity in the transmission line. The return
loss should be as low as possible. The proposed design return
loss is -24.49 dB at frequency 5.27 GHz, -27.48 dB at
frequency of 5.5 GHz and and -28.46dB at afrequency of 5.8
GHz.
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Fig. 2. Return Loss Plot of the Proposed Antenna

B.Voltage Standing Wave Ratio(VSWR) Analysis

Itisameasure of how efficiently power transmitted, from any
source through atransmission line into the load. The VSWR
of the antenna should be less than 2. The proposed design
VSWR is observed as 1.12, 1.08, 1.07 at frequencies of
5.27GHz, 5.5 GHz and 5.8 GHz respectively.
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Fig. 3. VSWR Plot of the Proposed Antenna

C.Bandwidth Analysis

It is mainly the frequency ranges through which the antenna
can operate correctly. The bandwidth of the proposed antenna
is 120MHz ,140 MHz and 140 MHZ at frequencies of 5.27
GHz, 5.5 GHz and 5.8 GHz respectively.
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Fig. 4. Bandwidth Plot of the Proposed Antenna

D.Impedance Analysis

The antennawith areal input impedance of 50 ohm is said to
be perfectly matched. The fig 5 shows the input impedances
of theantennaat 5.27 GHz, 5.5 GHz and 5.8 GHz frequencies
which isvery close to 50 ohms.

XY Plot3 nevidesign 2 4

800.00

600.00

400.00

£ 20000

0.00

-200.00

400‘0%

00 425 450 4.75 525 550 575 6.00

5.00
Freq [GHz]

Fig. 5. Input Impedance Plot of the Proposed Antenna

E.Radiation Pattern

Radiation pattern plot of the proposed antennais shown in the
Fig 6.
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Fig. 6. Radiation Pattern Plot of the Proposed Antenna

F.3D Polar Plot
The polar plot of the proposed design is shown in the Fig.7.
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Fig.7. 3D Polar Plot of the Proposed Antenna

V. CONCLUSION

A rectangular microstrip patch antenna with defected ground
structure and E-shaped and square shaped slot on the patch is
proposed in this paper. The H-shaped defect is taken as a
defective ground structure. By using the slots and defect the
various parameters of the antenna like return loss, VSWR,
bandwidth, gain and efficiency are improved. The antenna
resonates at 5.27GHz, 5.5 GHz and 5.8 GHz. Thefrequencies
5.27GHz and 5.8 GHz are used for WLAN and 5.5 GHz is
used for WiMAX applications. Thus the antenna mainly
focused on wireless applications. The proposed design return
loss is -24.49 dB at frequency 5.27 GHz, -27.48 dB at
frequency of 5.5 GHz and and -28.46dB at afrequency of 5.8
GHz.The VSWR is below 2 at al above frequencies.
Bandwidth of the antennais aso improved by using the DGS
and 4.53 dB of gain is aso obtained.
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