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ABSTRACT

There are various types of microstrip antenna that can be used for many
applications in communication systems. This paper presents the design of a
folded shorted patch antenna (FSPA) for the application of Radio Frequency
(RF) energy harvesting system capable of receiving radio frequency of GSM-
900 band (860MHz to 960MHz). The antenna is designed using microstrip
technology on an FR-4 substrate with a dielectric constant of 4.4 and a
thickness of 1.6. The antenna was designed and simulated using FEKO, the
Electromagnetic solver software. One slot is incorporated into the upper patch
of the FSPA. Simulated results show that this antenna can attain an impedance
bandwidth of 32MHz from 884MHz to 916MHz at the center frequency of
900MHz with the slot. The results also reveal the good unidirectional radiation
pattern and the stable gain over the operating frequency. This antenna is well
compatible with using RF energy harvesting to receive the signal of the GSM-
900 band.

KEYWORDS: Folded Shorted Patch Antenna (FSPA), Microstrip, RF Energy
Harvesting, and GSM-900 band

L INTRODUCTION

There are so many energy harvesting sources such as Radio Frequency (RF)
energy sources, wind energy, water energy, acoustic noise, thermo-electric,
vibration, piezoelectric, mobile phone base station, etc., having different power
densities from where we can get electric power if it is harvested very effectively.
It is where different types of electromagnetic waves are used to transmit and
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RF energy harvesting systems have been developed and
widely used in the mobile radio, Wi-Fi systems, radio,
television broadcasting system, wireless LANs (WLANs),
GSM-900, GSM-1800, LTE, Wi-Fi, and WiMax and rectified
into a usable DC voltage. Energy harvesting is a process by
which energy obtained from the environment can be
converted into usable power that is used for any kind of low
power devices.

RF energy harvesting system consists of three parts. An
efficient antenna for maximizing the reception of the RF
signals. The matching network uses to achieve the maximum
power delivery from the antenna to the rectifier.
Optimization of the rectifier circuit for RF to DC
conversion.[1]
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Figurel.Block Diagram of RF Energy Harvesting
System

The receiving antenna is an essential element for having
harvesting of RF energy as it is used for absorbing energy
from any nearby sources which are radiating energy. Folded
Shorted Patch Antenna (FSPA) is proposed and designed for
the application of Radio Frequency (RF) energy harvesting.
FSPA has wide impedance bandwidth in the lower and

receive information from long distances.

upper-frequency band and high gain. A compact and
wideband antenna is desirable for all modern wireless
communication systems. FSPA antenna is used to reduce the
physical size of the patch. [2] Therefore, it is capable to cover
the operating bandwidth of several wireless communication
systems. This antenna can be used as a receiving antenna for
capturing the signal of GSM 900 band. In this paper, new
HUE-slotted FSPA is presented that covers the frequency
ranges from 884MHz to 916MHz thatis equivalent to 32MHz
impedance bandwidth. These results indicate that this
antenna can be performed as harvesting antenna for
receiving the signal of GSM 900 band at the range of 860
MHz to 960MHz. It is also observed from the results of
radiation pattern and gain that radiation pattern is
unidirectional and good over the operating ranges of
frequencies and the value of gain is not stable in the same
range of frequencies.

IL Antenna Parameters

The design of receiving antenna is vital since the parameters
of the antenna such as return loss, impedance bandwidth,
radiation pattern and gain can affect the volume of
harvestable energy. [3]

A. Return Loss
Return loss is the difference between transmitted and
reflected power in a system. For a well-designed antenna,
the return loss should be at least -10dB.

RL=-20log 1 |dB
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B. Voltage Standing Wave Ratio (VSWR)
Voltage Standing Wave Ratio (VSWR) is the ratio of the
transmission line. It is the function of the reflection
coefficient which describes the power reflected from the
antenna. It is always a real and positive number for
antennas. The smaller the VSWR, the better the antenna is
matched to the transmission line and more power is
delivered to the antenna. The minimum VSWR is 1.0.
mzzrrli :1;

rrli’ll n 1 -

=

1(no mismatch loss) = VSWR =2(more mismatch loss)

II1. Antenna Geometry
The top view and side view geometry of the FSPA designed
in FEKO are shown in Figure 2.
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Figure 2.Complete Geometry of the Proposed Antenna (a)
Top View of the Proposed HUE-Slot FSPA with Labeling (b)
Side View of the Proposed FSPA with Labeling

There are two rectangular-shaped patches are positioned on
the top of the ground plane. Among the two patches, the
patch near to the ground plane is called lower patch and the
other remaining patch is called upper patch. The media
between the ground plane & lower patch and also the lower
and upper patch are air. The material used for making the
ground plane and the patch is copper. The thickness of the
ground plane and both patches is 1.6 mm. The one end of the
lower patch is shorted with the ground and the other end of
the patch is folded back for connecting with the upper patch
in the middle of a square ground plane. The feeding
technique used for exiting this proposed antenna is a coaxial
feed technique. There is also one shorting post has been used
between the ground plane and the lower patch. The shorting
post and the coaxial feed cable are placed in the middle
position of the patch along the x-axis.[5]One slot having
HUE-shape is added into the upper patch of the folded

shorted patch antenna proposed here. HUE-slot has a great
impact on the performance of the designed antenna.

There are many analysis methods for the design of antenna
which are discussed in previous. The following equations are
the basic formulas for the design of the antenna.[4]

Step 1: Calculation of the width of the patch (W)
The width of the Microstrip patch antenna is given as:

-

If ) gl

=100.32mm (1)

where c = velocity of light
f- =resonant frequency
£. =relative dielectric constant

Step 2: Calculate the Length (L)
Effective dielectric constant (&)
i

frope =254 I [1 2] @

=4.26

where z. = the relative dielectric constant
h =thickness of the substrate
W = the width of the patch

Effective length (L, sf)
The effective length is: which is found to be
Ly;‘f‘f = ? =0.07986 (3)

where c = velocity of light
fr =resonant frequency

Ews5 = effective dielectric constant

Length extension ( AL)
AL = h(0.412) —

.irz_,"_;'

= 0.7447m

where h = thickness of the substrate
W = the width of the patch
z..¢r = effective dielectric constant

Calculation of actual length of the patch (L)

L= Lyz¢r —24L = 7837mm (5) where, AL =length
extension

L, gif = effective length

Step 3: Calculate the length and width of the ground

plane
L, = 6h + L=87.97mm (6)
ii; =6k + W =109.92mm (7

The antenna is designed using microstrip, RF technology on
an FR-4 substrate with a dielectric constant of 4.4 and
thickness of 1.6 and the center frequency of 900MHz. The
optimized dimension of the proposed antenna is given in
Table L. [6]
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Table I Parameters for FSPA

Parameters Description Value(mm)
L Length of the lower patch 95.0
h Height of each patch 7.00
w Width of both patch 95
d Diameter of feed 1.30

edge Length of edge 30
feed Length of the feed to the 24.5
center
post Length of the post 47.5
side Length of side 30.0
L1 Length of the upper patch 62.0
Laze Length of the parallel arm 16.0
of the H slot, U slot, and E
slot
Loy Length of the other arm of 8
the H slot, U slot, and E
slot
Wio Width of the slot 3.00
T The thickness of patch 1.6
and ground plane
IV. Results & Discussion

By using above the antenna parameters, the FSPA antenna is
designed by CADFEKO and the resultis shown in POSTFEKO.
In FEKO, the result of the return loss, directivity and
radiation pattern are shown in Figure 4, 5, 6 and 7.
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Figure 3.Top and Side View of the FSPA Geometry Designed
by FEKO (a) Top View of the Proposed HUE-Slot FSPA
Designed by FEKO (b) Side View of the Proposed HUE-Slot
FSPA Designed by FEKO The return loss of the antenna for
the optimized dimensions as given in Table I is shown in
Figure 4. The figure shows the maximum return loss is -22dB
atthe frequency of 900MHz it is observed that the proposed
FSPA covers the frequency range from 884MHz to 916 MHz
for the return loss below -10dB.Single-band obtained at
900MHz, which is in the range of GSM-900 band. So the
impedance bandwidth of this antenna is 32 MHz that is
equivalent to 4% at the center frequency of 900 MHz.The
result describes that this antenna is well suited for receiving
the signal for RF energy harvesting and then this antenna
cascaded with RF energy harvesting circuit for RF energy
harvesting application. [5]
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Figure4. Simulated Return Loss over Frequency for
FSPA

The standard value of the voltage standing wave ratio
(VSWR) for any antenna to receive the signal properly
should be below 2 over the operating ranges of frequency.
The voltage VSWR is below 2 for this antenna over the
frequency ranges from 884MHz to 916MHz.Other important
performance parameters are gain and radiation pattern. The
radiation pattern and gain of this antenna at the frequency of
884MHz and 916MHz has been simulated that are shown in
Figug‘e 5, 6 and 7 correspondingly.
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Figure5. Simulated Directivity of the Antenna

The result of the gain shown in figure 5 is 1.42dBi at the
frequency of 900MHz.

Figure6. 3D Radiation Pattern 0f 900MHz
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Figure7. Theta Gain (Frequency= 900 MHz)
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(a) Phi=0=(b) Phi= 90: From the above result shown in
Figure 5 and Figure 6 radiation patterns for the frequency of
900 MHz are ----------- directional and the -3dB beamwidth of
theta gain is 95 degree at phi o degree and 92 degrees at phi
90 degrees respectively. The value of sidelobe levels at both
frequencies is good since its value is below -15dB. This
antenna leads to use as a part of the full RF energy harvester
circuit for receiving from 860MHz to 960MHz.

V. Conclusions

This antenna represents a folded shorted patch antenna that
can be used as an RF energy harvesting antenna for receiving
the signals of GSM-band (860MHz to 960MHz). This antenna
represents a compact HUE-slot patch antenna that can be
used as an RF energy harvesting antenna for receiving the
signals of GSM-band between884MHz to 916MHz the center
frequency of 900MHz.The compact size device is highly
acceptable since communication technology is growing day
by day.[5]Therefore this antenna proposed in this paper is
mostly compact with comparing to the other folded shorted
patch antenna designed before. This antenna can be
connected with the RF energy harvester circuit for
harvesting RF energy at the frequency ranges from 860MHz
to 960MHz in the future application.
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