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Abstract

A compact and simple design of a CPW-fed planar antenna for
wireless sensor network antenna application with a better size
reduction is presented. The proposed antenna consists of an inverted
& shaped metal patch on a printed circuit board fed by a 50-Q2
coplanar waveguide (CPW). The parametric analysis of length and
width are made. The designed antenna’s physical dimensions are 32
mm (length) x 26 mm (width) x 1.6 mm (height). The antenna
structure has been modeled and fabricated and its performance has
been evaluated using a method of moment based electromagnetic
simulator, 1E3D .The return loss of -22.5 dB and VSWR of 1.34 dB
are noted. The radiation pattern of the antenna proves that it radiates
in all direction. The antenna is fabricated and tested and the
measured results go in good agreement with simulated one.
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1. INTRODUCTION

A wireless sensor network (WSN) is a wireless network
consisting of spatially distributed autonomous devices using
sensors to monitor physical or environmental conditions [1]. A
WSN system incorporates a gateway that provides wireless
connectivity back to the wired world and distributed nodes. The
wireless protocol used depends on the application requirements
[2]. As information needs to be transmitted in real time,
communication between different regions should be easy to set
up and the need of transmission lines should be eliminated.
Consequently, feasible miniature wireless sensors are considered
to be promising candidates for communication devices [3]. As
WSN has tremendous applications, their demand is increasing
now-a-days. There are also many constraints in designing a
wireless sensor network such as power management, cost, size
of sensing nodes, scalability, security etc. Size of the antenna
plays a vital role in sensing node design[4]. Thus antenna
designed for WSN should have a compact size, low profile, low
power, low cost, easy fabrication, and sufficient transmission
range. Planar antennas have attracted much interest due to their
low profile, light weight, conformability and easy manufacturing
though they also have disadvantages such as narrow bandwidth
and low power capacity [5]. There are various feeding
mechanisms. Coplanar waveguide (CPW) feeding is supposed to
be better candidates because of their simple configuration,
manufacturing advantages, repeatability and low cost [6].

The coplanar waveguide was proposed by C.P. Wen in 1969.
A coplanar waveguide structure consists of a median metallic
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strip deposited on the surface of a dielectric substrate slab with
two narrow slits ground electrodes running adjacent and parallel
to the strip on the same surface. This transmission line is
uniplanar in construction, which implies that all of the
conductors are on the same side of the substrate [6]. They have
many features such as low radiation loss, less dispersion, easy
integrated circuits and simple configuration. The CPW fed
antennas have recently become more and more attractive
because of its attractive features such as wider bandwidth and
better impedance match [7]. This paper will focus on design and
analysis of inverted m-shaped patch antenna with CPW feed
which operates in 2.4GHz .The antenna may have miniaturized
size compared to the wavelength at 2.4GHz.

2. ANTENNA DESIGN

The geometry of the proposed antenna has been shown in
Figl. The antenna consists of a rectangular finite substrate with
inverted-n shaped patch. The CPW feeding method is used. The
total length L of the antenna is 32 mm and the width is 26mm.
The FR4 substrate of 1.6 mm thickness is used.

Table.1. FR-4 Substrate Properties

Permittivity(s) 4.4
Permeability(l) 1
Loss tangent 0.02
Dielectric thickness | 1.6mm

26 mm

32mm

Fig.1. Geometry

For the proposed antenna design, IE3D simulation Software
is used, which is full wave electromagnetic Simulation software
for the microwave and millimeter wave integrated circuits. The
primary formulation of the IE3D software is an integral equation
obtained through the use of Green’s function [12]. The
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simulation using IE3D, takes into account, the effect of co-axial
SMA connector, by which the antenna was fed.

2.1 PARAMETRIC ANALYSIS

As the dimensions of the slots are varied, the response of the
antenna also changes. It can be analyzed with the return loss
graph.
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Fig.2. Geometry Analysis

When a rectangular patch is used as in Fig.2(a), the antenna
radiates at two frequencies of 2.4 and 3.8 GHz. In order to make
the antenna resonate at a single frequency, a slot is introduced in
the rectangular patch.

Initially a slot is introduced along the width of the patch as in
Fig.2(b). When the response is analyzed, the return loss is better
at 2.4 GHz. To increase the return loss, another slot is introduced
along the length of the patch in the left side as in Fig.2(c). The
return loss is increased to -23dB at 2.4GHz, but dual band
response is obtained

To make the antenna as a single band antenna, another slot is
introduced in the right side of the patch as in Fig.2(d). Finally,
the antenna resonates at 2.4 GHz with a return loss of -22.5 dB
and VSWR of 1.34.

3. RESULTS AND DISCUSSION

The design of this work gives the following simulation
results; the return loss is -22.5dB at 2.4 GHz and the VSWR
obtained is 1.34dB.The gain of the antenna obtained is 3.22dBi
and the directivity is 3.94dBi. The return loss is a measure of
how well the antenna is perfectly matched. The return loss graph
of the simulated design is shown in Fig.4.
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Fig.3. Return loss analysis
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Fig.4. Return loss

The VSWR value should be very small and between 1 and 2.
The simulated design has VSWR of 1.34 dB at 2.4 GHz as in
Fig.5.
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Fig.5. VSWR

The radiation pattern is related to the directivity and also the
gain of the antenna. For the proposed design an omni-directional
pattern is obtained. The radiation pattern in the 3D view of the
simulated antenna is shown in Fig.6.
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Fig.6. 3D Radiation Pattern
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Fig.7. 2D Radiation Pattern

The 2D pattern of the simulated antenna is obtained as in
Fig.7. The current distribution of the proposed antenna is shown
in Fig.8. The proposed antenna is fabricated (Fig.9) and
analyzed using the network analyzer. The results are compared
with that of the simulated results.

.

Fig.8. 3D Current Distribution Display
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Fig.9. Fabricated antenna

The measured results of the fabricated antenna using the
network analyser are depicted below.
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Fig.10. Measured VSWR

The simulated and the measured results of the proposed
antenna are compared. The deviations in the result are due to the
inaccuracy in fabrication and also SMA losses.

4. CONCLUSION

The CPW feed patch antenna has been designed for WSN
applications. The parametric analysis helps to design an ideal
antenna for wireless sensor network. A size reduction of 21%
can be achieved with respect to physical length of the antenna.
Whereas the expected electrical length of the antenna is 36mm
for 2.4 GHz. From the analysis, it can be concluded that the
antenna has good performance with a return loss of -23dB and
VSWR of 1.34.The 2D and 3D radiation prove that the antenna
has omni-directional radiation pattern. The simulated and the
measured results are found to be in good agreement with each
other.
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