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A low-profile planar antenna for wireless sensor network
with rotated A-shaped patch and defected ground plane
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A rotated A-shaped antenna working at around 2.45 GHz is presented for a wireless sensor network application. The
studied antenna is comprised of an A-shaped patch and a small defected ground plane and is printed on both sides of the
FR4 substrate material. One I-shaped parasitic slit is added to the tip of a rotated A-shaped patch to form a matching circuit
that helps the studied antenna to excite at around 2.45 GHz. The experimental result shows that for Si1 < -10dB, the
presented antenna achieved an impedance band ranging from 2.3 to 2.57 (270 MHz) GHz. The studied antenna also
attained appreciable gain, efficiency and exhibits a stable omnidirectional radiation pattern over the working band, which

makes it suitable for sensor nodes.
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1. Introduction

Wireless sensor network (WSN) is the most standard
service used in agricultural, commercial, environmental,
industrial, medical, and military applications. The WSN
consists of a large number of independent, spreading, low-
powered devices called sensor nodes that are employed to
observe the humidity, position, pressure, sound,
temperature, vibration of the surroundings. In WSN, a
group of nodes gathers data from the surroundings to
achieve  particular  application  purposes  [1-3].
Communication among the nodes is done with the help of
transceivers. The transceiver of the sensor nodes is
normally equipped with omnidirectional antennas. One of
the main challenges of WSN is the node size. The node
size, as well as the overall sensor size, can be small when
the antenna size is small. The smaller the antenna size, the
lesser will be power consumption for transception. The
design of an appropriate antenna for sensor nodes is a
challenging task. Since the antenna occupies the most area
of the entire node and it is, therefore, necessary to lessen
the antenna size without negotiating its performance.
Moreover, to transceive the signal in all directions, the
radiation characteristics of the node antenna should be
omnidirectional. Microstrip planar antennas have drawn
much attention due to their low profile, lightweight, ease of
mass production. They are simple and inexpensive to
manufacture using currently available PCB technology.

Typically, the frequencies used for WSN include 315
MHz, 433 MHz, 868 MHz, 915 MHz, and 2.45 GHz. The
2.45 GHz industrial scientific medical (ISM) band offers
application affability due to the accessibility of large
numbers of commercially available RF devices in this
band. As the ISM antenna operates with the other
narrowband wireless standards such as IMT band (2.3 - 2.4
GHz), WiFi (2412 - 2.4835 GHz), Zigbee (2.4 GHz),
Bluetooth (2.402 - 2.48 GHz), WiMAX (2.30 - 2.40 GHz
and 2.496 - 2.69 GHz) and WLAN (2.4 - 2.483 GHz), a
wideband antenna that can cover all these narrowband
services is therefore necessary. Different antennas have
been studied for 2.45 GHz band applications [4-16]. For
example, in [5], a textile PIFA antenna was presented for
ISM band applications. By introducing slots both in the
radiator and ground plane, the designed antenna attained
dual operating bands centered at 433 MHz and 2.4 GHz.
However, the design has a large size of 140 x 80 mm?. The
antenna presented in [6] is comprised of a patch at the top
layer, a ground plane with a slot in the middle layer, and a
feedline at the bottom layer and can work at 2.42 - 2.48
GHz band. However, it possesses a large dimension of 100
x 100 mm? In [7], a Durer pentagon-shaped antenna was
presented for cellular communication and Bluetooth/ RFID
applications. With an overall size of 102 x 83 mm?, the
designed antenna achieved a working band ranging from
2.433 to 2.449 GHz. For 2.45 GHz RFID application, in
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[9], a circularly polarized antenna was reported that uses a
set of slits and slots. However, the antenna is prototyped on
an FR4 substrate of dimension 100 x 70 mm% For
microwave power transmission, in [10], a wideband slot
antenna was presented. With an overall size of 80 x 70
mm?, the studied antenna can work over the 2.16 to 2.88
GHz band. In [11], an antenna was presented to operate in
the 2.45 GHz ISM band. The studied antenna is prototyped
on the FR4 substrate and the beam switching was achieved
by the four-pin diodes. However, it occupies a large area of
80 x 60 mm In [12], a PIFA antenna was reported for
ISM applications. Using a shorting pin and a curved slot,
the designed antenna attained a bandwidth of 2.39 - 2.55
GHz. However, this design is implanted on a test board of
100 x 40 mm?. In [13], a planar antenna was reported to
operate at dual operating bands. To resonate at 2.4 GHz, it
uses a microstrip line while the higher resonance at 3.5
GHz is achieved by the use of two vias. In [14], a modified
PIFA was studied to operate at 2.3 GHz. However, the
antenna has a 3D structure with a volumetric size of 30 x
28 x 4 mm® and is not suitable for portable
communications devices. In [15], a simple broadband
microstrip patch antenna was presented. It is comprised of
a four-sided radiating element and a ground and can
operate at 2.4 GHz. However, it occupies an area of 118.23
x 134.04 mm? in the Styrofoam dielectric substrate. For
ISM band application, in [16], a Z-shaped loop antenna
was proposed. The presented antenna is bounded by eight
unit cells and is prototyped to work at 2.45 GHz. However,
the radius of the presented design is 45 mm and it requires
a complex switching structure to achieve reconfigurability.
Despite the attainment of the 2.45 GHz band, many of the
above-mentioned antennas have the disadvantages of a
complex structure, larger dimension, 3D profile. Moreover,
some of them operate over two or more frequency bands,
which may create unnecessary interference with
neighboring narrowband services.

For the 2.45 GHz wireless sensor node application, in
this paper, a microstrip planar antenna is presented. The
antenna is made up of a rotated A-shaped patch and a small
ground plane and is fabricated on the FR4 microwave
substrate. To exhibit the resonant mode at around 2.45
GHz, one I-shaped slit is added to the patch and thus the
design is enabled to achieve a simulated operating band
ranging from 2.3 - 2.6 GHz. The studied design not only
has a simple planar structure but also be able to work at
around 2.45 GHz narrow-band and can minimize the
interference with neighboring wireless services.

2. Antenna design and optimization

The layout of the studied antenna is displayed in Fig.
1. It is made up of a rotating A-shaped radiator and a small
ground plane. To achieve the desired operating band, one
I-shaped parasitic slit has been added at the right top edge

of the rotated A-shaped patch. The breadth and length of
the parasitic slit are respectively Wy and L;. All the arms of
the rotated A-shaped patch have the same width of W,
mm. The defected ground plane has a dimension of (W-
W3) x Lg, where Lg denotes the height of the ground. The
breadth and length of the feed line are chosen respectively
as W5 and Ls. The patch and the feed line are etched on
one side of a 1.6 mm-thick FR4 substrate material with &=
4.6, tan 6 = 0.02 while the small ground is etched on the
opposite side.
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Fig. 1. The layout of the proposed antenna

To transmit the signal, the feedline is connected to a
50Q2 SMA connector and a standard SMA model has been
considered in simulation to minimize practical SMA
interference. The studied A-shaped antenna has an overall
size of W x L. The dimensions and parameters of studied
antenna are as follows: W;= 3 mm, L;= 22 mm, W, = 2.5
mm, L, =10 mm, W5 =3 mm, L; = 16.45 mm, W, =5 mm,
L,=18 mm, Lg =7 mm, W =40 mm, and L =40 mm.

To apprehend the design process and working
mechanism of the presented antenna, the simulated S;; of
the different antennas in the evolution process, including
Ant 1 (with square patch and small ground plane), Ant 2
(with triangular patch and small ground), Ant 3 (with
rotated A-shaped patch and ground) and the proposed one
are displayed in Fig. 3 and the steps of the evolution
process are shown in Fig. 2. It is clear to see from Fig. 3
that the impedance matching with Ant 1, Ant 2, and Ant 3
for the desired frequency band is very poor. None of these
designs can achieve any -10dB operating bandwidth. To
achieve the required working band, an I-shaped parasitic
slit is added to the Ant 3 to form the anticipated antenna as
shown in Fig. 2. The desired working band of the studied
antenna is obtained by the fundamental resonant mode of
the vertical parasitic slit which resonates at around 2.49
GHz as shown in Fig. 3.
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Ant 3

Proposed
Fig. 2. The design evolution of the proposed antenna
(color online)

To clearly understand the working mode, the surface
current distribution at 2.45 GHz on the Ant 3(without
vertical slit) and the proposed design are shown in Fig. 4.
As shown in Fig. 4 (a), the currents are very weak both in
the A-shaped patch and the ground plane which indicates a
mismatch between them resulting in a poor impedance
bandwidth as shown in Fig. 3. On the contrary, in the
presented antenna as shown in Fig. 4(b), at around 2.45
GHz the current concentration in the I-shaped slit as well
as in the A-shaped patch and feedline is stronger. That is
to say, the inclusion of a parasitic slit increases the
inductive effect of the studied antenna and enlarges the
current path, and hence the slit and the patch form a
matching circuit. As shown in the figure, the current
concentration at sections ABC and EFG of the radiator is
higher than other parts of the antenna. Thus, the resonance
at 2.45 GHz is mainly generated by section EFG with the
help of section ABC. In section ABC, the current is strong
at point A and weak at point C, while in section EFG the
current is weak at both points E and G and strong in
between them. Therefore, the antenna works at around
0.25-A mode of section ABC and around 1.5x0.25-A mode
at the section of EFG.
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Fig. 3. Simulated Sy, for different antenna steps
(color online)

Fig. 4. Current distribution at around 2.45 GHz (a) on Ant 3

and (b) on the proposed antenna (color online)
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The proposed antenna is optimized and simulated
using CST microwave studio. The size of all the
parameters, including length and width of the parasitic slit,
length, and breadth of the feedline, length of the ground
plane, and size and position of the rotated A-shaped patch
is optimized to get the requisite operating band. Fig. 5(a)
shows the variation of S;; with feedline breadth, Ws. It is
clear to see from the figure that increasing and decreasing
the value of W; from its optimized value of 3 mm results
in a decrement of bandwidth. Moreover, the center
frequency moves towards the higher frequency band with
Ws. The dependency of impedance bandwidth on ground
plane length, Lg is displayed in Fig. 5(b). It is revealed that
the longer ground plane can exhibit wider bandwidth with
a poor value of S;;. In the studied antenna, a length of 7
mm is taken as the final value to realize the required
impedance bandwidth with a good Sy; response.
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3. Results and discussion

The optimized design parameters have been found
after a comprehensive study of the effect of different
structural parameters on antenna performance. A set of the
prototype of the anticipated rotated A-shaped antenna has
been fabricated for experimental validation and is
displayed in Fig. 6. The input impedance characteristics of
the studied antenna are measured using the PNA N5227A
vector network analyzer. The measured Sy, is plotted with
a simulated one in Fig. 7. For S;; < -10 dB, the measured
impedance bandwidth is 270 MHz (2.30 - 2.57 GHz) and
the measured result is very much close to the simulated
one. The achieved operating band is wide enough to cover
the required bandwidths of 2.4 - 2.5 GHz for the ISM
band, 2.3 - 2.4 GHz for the IMT band, 2.402 - 2.48 GHz
for Bluetooth, 2.4 GHz for Zigbee, 2.412 - 2.4835 GHz for
WiFi, 2.30 - 2.40 GHz and 2.496 - 2.69 GHz for WIMAX,
2.4 - 2.483 GHz for WLAN and 2.484 - 2.491 GHz for
Globalstar satellite phone uplink. The slight mismatch
between the two results is mainly due to the deficient
soldering effects of the SMA connector.
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Fig. 6. The prototype of the proposed antenna top view (left)
and bottom view (right) (color online)
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Fig. 7. Measured and simulated S;, of the studied antenna
(color online)

The radiation characteristics of the fabricated A-
shaped planar antenna have been measured using MVG’s
StarLab near field antenna measurement equipment as
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depicted in Fig. 8. The StarLab is capable of measuring the
frequency from 650 MHz to 18 GHz. The baseline
configuration is obtained by connecting StarLab to a
vector network analyzer for passive antenna
measurements. The StarLab has the capabilities to measure
the gain, efficiency, directivity, beamwidth, radiation
patterns, and polarization patterns [17]. Fig. 9 illustrated
the measured and simulated peak gain at boresight
(positive z) while Fig. 10 shows the radiation efficiency of
the fabricated A-shaped antenna. From Fig. 9 it is seen that
in the operating band the prototype antenna achieved an
average gain of 2.14 dBi with a maximum of 2.40 dBi.
The proposed A-shaped antenna also achieved an average
radiation efficiency of 835 % and the maximum
efficiency is 86.4 % as shown in Fig. 10. The lower value
of the peak gain of the studied antenna is mainly due to the
small effective radiating area. Moreover, it could be due to
the high loss of FR4 substrate material that can be
improved using a more expensive microwave substrate
material rather than standard FR4 material.

=

Fig. 8. Radiation characteristic measurement setup
in MVG'’s StarLab (color online)
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Fig. 9. Measured and simulated peak gain in the
operating band (color online)
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Fig. 10. Simulated and measured efficiency in the
operating band (color online)

The measured radiation pattern of the studied antenna
at 2.45 GHz is demonstrated in Fig. 11. From the plot, it
can be observed that in the E (yz)-plane the pattern is quite
omnidirectional while in the H (xz)-plane slight deep has
been observed in the bore-sight directions. Moreover, in
the H-plane pattern, a higher cross-polarization component
is observed which may be due to the radiation from the
non-radiating edges of the proposed asymmetric shape
antenna. Moreover, since the studied antenna is fabricated
on a microwave substrate with a high dielectric constant,
this cross-polarized component becomes significantly
prominent near the bore-site direction in the H-plane that
is reported in [23-28]. Despite the high cross-polarized
field in the H-plane, from the plot, it can be commented
that the radiation patterns of the anticipated antenna are
stable and omnidirectional, which is a primary requirement
of different narrow-band wireless communication services.
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180
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Fig. 11. Measured radiation patterns at 2.45 GHz. In the

plot, the solid black lines represent the co-polarized

components (Eg) while the dotted red lines represent the
cross-polarized components (E,) (color online)

Table 1. Comparison of the performances of some antennas
operating at around 2.45 GHz band

Ref Total Size Operating BW Gai_n
(mm) Band (MHz) (MHz) (dBi)
[5] 140 x 80 2.273 - 2.582 309 6.1
[6] 100 x 100 2.42-2.48 60 8
[71 102 x 83 2.433 - 2.449 16 NA
[8] 92 x 92 2.44 -254 100 NA
[9] 100 x 70 2.435-2.51 70 7
[11] 80 x60 Cenzt‘jgd o - 19
[12] 100 x 40 2.39-255 160 ~2.7
[18] 50 x 78 2.16 -2.49 330 <3
[19] 60 x 60 2.21-254 330 3.6
[20] 71 x 46 23-26 300 1.44
[21] 53 x 46.7 2.43-2.48 50 2.65
[22] 50 x 40 2.44-2.49 50 NA
vT/ELSk 40 x 40 2.3-257 270 2.4

The performance of the anticipated antenna is
compared with the antennas reported for applications at
the same operating band and is presented in Table 1. In
general, from data, it is revealed that the studied antenna
has the smallest size. Although the antennas reported in [5,
18 -20] have wider bandwidth, their sizes are much larger
than the studied ones. In summary, the studied antenna
surpasses many of the reported designs owing to its small
size, simple footprint, planar profile, and sufficient
operating band to cover the 2.45 GHz ISM band and
existing IMT, Zigbee, Bluetooth, WiFi, WiMAX, and
WLAN wireless bands.

4. Conclusions

In this paper, a low-profile microstrip planar antenna
is proposed for wireless sensor network applications. It is
made up of a rotated A-shaped radiator with a vertical
parasitic slit and a defected ground plane and has an
overall electrical size of 0.331 x 0.33A x 0.012A. The
addition of an I-shaped parasitic slit forms a matching
circuit by enlarging the current path and hence the studied
design can achieve a measured operating bandwidth of 270
MHz (2.30 - 2.57 GHz). Moreover, it achieved satisfactory
gain, efficiency and demonstrates an omnidirectional
radiation pattern which makes it suitable for ISM and
other narrow-band wireless applications including IMT,
Bluetooth, Zigbee, WiFi, WiMAX, and WLAN.
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