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Abstract

This paper describes the antenna design for RF power
harvesting system. The design goes through three phases
designing of antenna, matching network and rectifier. A dual
band Microstrip antenna suspended above ground plane is
designed to operate in GSM 1.8 and ISM 2.4 GHz bands. The
antenna incorporates the capacitive feed strip which is fed by
coaxial probe technique where the inductive impedance of
probe is effectively cancelled by the capacitive patch. The
designed antenna provides good frequency response and fairly
directional radiation pattern. For designing and simulation of
proposed antenna we have used IE3D software.

Keywords: IE3D- Integral Equation 3Dimensional software,
MSA- Microstrip antenna, GSM-Global System for Mobile
Communications, EH- Energy Harvesting, ISM-Industrial,
Scientific and Medical Bands, Rectenna.

Introduction

Over past two decades, wireless systems have been developed
and implemented to such an extent that frequency spectrum
has become dense. These systems are Wi-Fi, cellular radio,
radio broadcast and TV broadcast. Large amount of ambient
energy (e.g. wind, solar and tide) is widely available and
large-scale technologies are being developed efficiently to
capture it. Also, there are small amounts of “wasted” energy
that could prove to be useful if captured. Recovering even a
fraction of this energy would have a significant environmental
and economical impact. This is where energy harvesting (EH)
comes in. The concept of energy harvesting is not new rather
it came into picture 100 years back [1]. The method of
extracting energy from environment to generate electricity is
called energy harvesting or energy scavenging. This
technology offers two main advantages a) Energy is freely
available b) It is "green™ for the environment. The ambient
energy present around us can be harvested using a rectifying
antenna, popularly known as rectenna [14]. RECTENNA is a
rectifying antenna that is used to convert electromagnetic
energy into direct current electricity. The components of the
energy harvesting system [7] (antenna, matching network and
rectifier) are usually referred as a Rectenna, which is able to
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harvest high-frequency energy in free space and convert it to
DC power. Harvesting RF energy and converting it into useful
DC power requires careful design:

- An efficient antenna is designed to boost RF signal.

- A matching circuit to transfer maximum RF power from
source to load.

- Rectifying circuit to convert input RF to DC.
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Figure 1: Block diagram of RF energy harvesting system

Related Work

In literature different research works have been presented on
RF energy harvesting systems. Dual-stage RF energy
harvester circuit consisting of seven and ten stage has been
designed for unlicensed ISM band at 915MHz with multiple
antennas to increase the amount of energy harvested [1]. To
harvest energy for GSM 900 band at a distance of 10m from
cell towers electromagnetically-coupled square microstrip
antenna has been proposed using single stage and six stage
voltage doubler RF circuit [2]. This provides an alternative
source of energy and protects people living in nearby areas
from hazards of radiation from towers. Study of different
antenna parameters, feeding techniques, basic concepts of
antenna design, formulas to calculate height and width and
other parameters of antenna, design of broadband antennas
frequency range [3]-[4], [6]. Basics of antenna design, use of
IE3D software tools in designing antenna such as define port,
add feed line etc [5]. An efficient dual band antenna for
boosting reception of ambient RF signals with wide
bandwidth in Wi-Fi bands 2.45GHz and 5GHz has been
investigated in [7] which provides an alternative source to
power sensors in harsh environments and remote places. For
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GSM bands 1800 MHz and 915 MHz the RF energy
harvesting circuit with planar dual band monopole antenna is
designed to support green technology and wireless sensor
network applications [8].Nevertheless, this kind of design
should be improved in terms of bandwidth by increasing
substrate thickness or by adding parasitic elements. For
mobile and portable devices capacitive feed compact
microstrip UWB antenna has been introduced in [9] to reduce
size and increase impedance bandwidth. The capacitive feed
strip design provides with 50% improvement in impedance
bandwidth and reduces spurious radiations. The microstrip
antenna with capacitive fed element having ground plane,
radiating patch and small patch located between ground plane
and radiating patch analyzed using moment method which
gives desired frequency response [10]. To increase bandwidth
the microstrip antenna with capacitive feed, slots across
radiating and non-radiating sides has been presented in
[11].Slotted patch is complex but provides with constant
radiation pattern. For GSM 900 band a differential microstrip
antenna with improved gain for RF energy harvesting has
been presented in [12]. A differential input to rectifier results
in  reduced efficiency of harvesting circuit. So
electromagnetically coupled microstrip antenna  with
improved gain, efficiency and bandwidth has been designed.
RF energy harvesting circuit [13] with broadband bent
triangular monopole antenna with a stable radiation pattern
has been proposed which receives both horizontal and vertical
polarized waves. RF energy harvesting system using
rectifying microstrip antenna to harvest energy from cell
phones in GSM band i.e. 900 MHz has been presented [14]
which is used in low cost devices for wireless power
transmission. To obtain optimum parameters matching and
rectifying circuit has been studied for the energy harvesting
system and multistage rectifiers to produce higher efficiency
[15].In this paper a novel dual band microstrip antenna with
capacitive feed strip is designed to operate in GSM 1.8 and
ISM 2.4 GHz bands. In the following section simulation and
fabrication results of microstrip antenna are discussed and
evaluated. And finally conclusion is drawn from the results.

Antenna Design

The geometry of the proposed antenna is shown in “Fig.3.”
The substrate material is FR4 as one of the most accepted
industry-wide standard substrate material for electronic circuit
boards.
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Figure2: Basic geometry of capacitive fed Microstrip antenna
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The configuration is basically suspended micro strip antenna
in which the radiating patch and feed strip are placed above
the substrate of thickness “h”mm. A SMA connector is used
to connect feed strip which capacitively couples energy to
radiating patch. The specifications for the design are given in
table 1.

All parameters are optimized using IE3D software. The
antenna is designed and optimized to capture the energy

from the ambient at radio frequency range of ISM 2.4GHz and
GSM 1800 band. The challenge is to design an antenna able to
operate in both 2.4GHz and 1.8 GHz band. This antenna is
highly desired for system flexibility. The design is based on
suspended capacitive fed MSA. The antenna substrate is
placed above the ground plane with height *h> with an air
gap’g’. The idea behind capacitive fed is simple. At
resonance, probe capacitance and inductance inherent to
antenna equivalent circuit cancel out each other leaving real
impedance.

The specifications for the design is as follows

Table 1: Design values of the Antenna

Parameter Value
Length and Width of patch 42.8X53 mm
Length and Width of ground plane 80X80 mm
Length of feed strip(s) 6.2 mm
Width of feed strip(t) 1.8 mm
Separation of feed strip from patch(d) 0.5mm

Air gap(g) 19.2 mm
Dielectric constant 4.4

Loss tangent 0.02
Thickness of substrate 1.6 mm

Figure 3: Geometry of the dual-band Microstrip antenna

Simulation Results

With the objective of efficient RF energy harvesting, we
focused on the fabrication and development of a dual-band
antenna.

Return Loss
The S11 graph of simulated design is shown in below “Fig.4”
below. The S11 graph gives us the relationship between return
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loss and frequency. From the result it is observed that the
antenna is resonating at 1.8 GHz and 2.34GHz with return
loss below 12 dB.
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Figure 4: Simulated S11(dB) Vs Frequency (Ghz)

VSWR (Voltage Standing Wave Ratio)

The simulated VSWR plot for micro strip feed antenna is
shown in “Fig.5”.The VSWR or Return Loss determines the
matching properties of antenna. It indicates how efficiently
antenna is transmitting and receiving electromagnetic wave
over particular band of frequencies. VSWR lie in the range of
1-2 which has been achieved for the frequency 1.8GHZ,
2.34GHZ, which is near the operating frequency value. The
value of VSWR is 1.11and 1.2 resp.
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Figure 5: VSWR plot of Microstrip antenna

Radiation Pattern

Microstrip patch antenna has radiation patterns that can be
calculated easily and it can be said that the power radiated or
received by the antenna is the function of angular position and
radial distribution from the antenna. The shape of radiation

differs. According to frequency pattern, a directional radiation
is obtained.
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Figure 6: 3D Radiation pattern of Microstrip antenna

Smith chart

The value of impedance should be near 50Q to perfectly
match the port with the antenna. The impedance for this
antenna is 51.89Q. The results of the simulated impedance are
shown in “Fig.7” above. The real part of the impedance at the
resonant frequencies is close to 50Q, 51.33Q,and 57.76Q
forl.8 GHz and 2.34GHz, respectively.

—e— s{1,1)
431920000 o oo
13/2230/ . ’L'_\JEG o
9793
j24.051
120331
15,503
186,673
9.094
. {283,591
15.565 o SRl E
el 8/ g 5o G 502 038
- - w o = o o -
7 ST Gk gohg s
725 =
) 2E B ity
B S8 5o L7240 007
nr 2 3 =1 S 2 3
5\555 s-Ts = 2552 % sz 038
B
] 0.50
49.094 j288.501

-15.503

24,051

EeEkxc A
-jd3. 1923 000

-j67.005

J1§6.672

Figure 7: Smith chart of Microstrip antenna
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Figure 8: 3D Pattern and gain of Microstrip antenna
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The antenna gain defines the antenna’s ability to radiate in
particular direction when connected to a power source. Gain is
usually calculated in the direction of maximum radiation. The
gain of proposed antenna is 6.28 dB.

Fabrication and Evaluation

The basic objective of this research is to develop a receiving
antenna for energy harvesting to charge passive devices. After
designing and simulating proposed micro strip antenna , next
thing is to implement this microstrip antenna on hardware. In
order to verify the simulated results the proposed antenna was
implemented and fabricated on FR4 substrate. Figure 9, 10
shows the fabricated antenna and comparison of simulated
and measured results. The antenna was tested using Vector
Network Analyzer. The measured return loss is in close
agreement with the simulated return loss.

Figure 9: Photograph of fabricated antenna
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Figure 10: S11 of Measured and Simulated Microstrip
antenna

Conclusion

A microstrip antenna with capacitive feed strip suitable for
dual band applications is simulated and measured which
covers both GSM (1800) and ISM (2.4) bands. The results
obtained indicate good performance of proposed antenna for
required frequency range, return loss better than 12dB with
impedance close to 50 ohm and directional radiation pattern .

Acknowledgement

I express my sincere gratitude to my guide, Sonal Gahankari,
Assistant Professor Dept. of Electronics and Communication
Engineering, Saraswati College of Engineering, Kharghar,

490

Navi Mumbai for the consistence support in successful
completion of this paper.

References

[1] Prusayon Nintanavongsa, Student Member, IEEE, Ufuk
Muncuk, David Richard Lewis, and Kaushik Roy Chowdhury,
Member, IEEE, “Design Optimization and Implementation for
RF Energy Harvesting Circuits”, in IEEE JOURNAL ON
EMERGING AND SELECTED TOPICS IN CIRCUITS
AND SYSTEMS, pp. 24-33, VOL. 2, NO. 1, MARCH 2012.

[2] Mahima Arrawatia, Maryam Shojaei Baghini, Girish
Kumar, “RF Energy Harvesting System from Cell Towers in
900MHz Band”, in IEEE.

[3] C. A. Balanis, “Antennas theory analysis and design”, 2nd
Edition, John wiley & sons. Inc, 1997.
[4] Kumar, G. and K. P. Ray,

Antennas, Artech House, USA, 2003.
[5] IE3D User’s manual, 1999.Z¢land Software, Inc.

[6] Robert A. Sainati, “CAD of Microstrip Antennas for
Wireless Applications”.

[7] A. Bakkali, J. Pelegri-Sebastia, T. Sogorb, V. Llario and
A. Bou-Escriva, “A Dual-Band Antenna for RF Energy
Harvesting Systems in Wireless Sensor Networks”, in
Hindawi Publishing Corporation Journal of Sensors, Volume
2016, 13 December 2015.

[8] Z. Zakaria, N. A. Zainuddin, M. Z. A. Abd Aziz, M. N.
Husain, “Dual-band monopole antenna for energy harvesting
system”, in IEEE Symposium on Wireless Technology &
Applications (ISWTA), pp. 225 — 229, 25 Sept. 2013

[9] S.Sarkar, “Design of a Compact Microstrip Antenna using
Capacitive Feed and Parasitic Patch for Ultra-Wideband
Application”, in International Journal of Scientific and
Research Publications, Volume 3, June 2013.

[10]Guy A.E. Vandenbosch and Antoine R. Van de
Capelle,“Study of the Capacitively Fed Microstrip Antenna
Element”, in IEEE TRANSACTIONS ON ANTENNAS AND
PROPAGATION, pp. 1648-1652, VOL. 42, NO. 12,
DECEMBER 1994,

[11] Piyush Musalel, Sanjay V. Khobragade2, Anitha V. R3.
“Capacitive Feeding for Slotted microstrip patch”,in 2011
IEEE.

[12] Mahima Arrawatia, Maryam Shojaei Baghini, Senior
Member IEEE, and Girish Kumar. “Differential Microstrip
Antenna for RF Energy Harvesting”, in IEEE Transactions on
Antennas and Propagation, pp. 1-8, 2015 IEEE.

[13] Mahima Arrawatia, Maryam Shojaei Baghini, Senior
Member IEEE, and Girish Kumar. “Broadband Bent
Triangular Omni directional Antenna for RF Energy
Harvesting”, IEEE Antennas and Wireless Propagation
Letters, pp. 1-4,2015 IEEE.

[14] B.Hridayeta, P.K.Singhal “RF Energy Harvesting from
Cell Phone in GSM900 Band”, in International Research
Journal of Engineering and Technology (IRJET) pp.420-424,
Volume, 02, July-2015.

[15] M. A. Meor Said, Z. Zakaria, M. N. Husain, M. M.
Yunus, M. Abu, M. H. Misran, “A Review of Rectifier
Designs for RF Energy Harvesting System”, in Australian
Journal of Basic and Applied Sciences, pp.180-188, 10 July
2014,

Broadband Microstrip


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Z.%20Zakaria.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.N.%20A.%20Zainuddin.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20Z.%20A.%20Abd%20Aziz.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20N.%20Husain.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20N.%20Husain.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20N.%20Husain.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6678911
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6678911
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6678911



