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ABSTRACT

Radiofrequency (RF) energy harvesting is a promising
alternative for delivering energy to wireless sensor network
(WSN) electronic circuits that demand modest quantities of
power. The design of the reception antenna in RF Energy
Harvesting systems is the most difficult and, in most instances,
a complicated undertaking. As a result, A lot of work is carried
out to optimize the performance of the receiving antenna
characteristics. In this paper, we design a multi-band antenna
for RF energy harvesting systems. The suggested antenna
operates in the 800 MHz, 1800 MHz, and 1900 MHz frequency
bands. The numerical findings show that the proposed design
performs well as a receiving antenna in an RF energy
harvesting system. Finally, we implemented the proposed
antenna to show the congruence between the simulation and the
fabricated antenna.

Keywords

Energy harvesting, Rectenna design, multi-band antenna.

1. INTRODUCTION

The treatment of waste batteries is a crucial issue. Most
batteries end up in landfills, polluting the land and water
beneath. The most effective solution to reduce battery waste is
to avoid using them. The application of WPH technology will
help reduce reliance on batteries, which will ultimately have a
positive impact on the environment. Moreover, the process of
harnessing electromagnetic energy will not generate waste
because it is a clean energy source.

Due to the advanced and recent technologies that are used in
the Internet of Things (IoT) [1], wireless sensor network
(WSN) devices utilize a tiny amount of power [2, 3]. To extend
the operating lifetime of such WSNs, which may be located in
a harsh or dangerous environment, many techniques have been
developed to minimize the battery replacement cycles. One of
the most popular technologies is radio frequency (RF) energy
harvesting (EH), which takes advantage of the surrounding
energy by harvesting it and using it to power the WSN devices
[4,5]. Despite the modernity of this technology in the research
community, it has reserved a leading position in the field of
loT.

Many research projects are focused on improving battery life
by lowering device usage. Other teams, such as those working
on micro-electro-mechanical systems (MEMS), have decided
to reuse ambient energy. Cell phone charging is practical since
the user can do it effortlessly, like with cell devices. However,
for other applications, such as wireless sensor nodes in
difficult-to-access areas, battery charging remains a serious
issue. This problem becomes more severe when the number of
devices is big and dispersed across a vast region or in restricted
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environments. The study on RF energy harvesting gives
plausible solutions to these difficulties.

The microstrip patch antenna has been extensively utilized as
an RF EH system in a variety of applications and frequency
bands [6-9]. It has various comparative benefits, including
simplicity of manufacture, low cost, small size relative to
working frequency wavelength, and medium complexities [10-
12]. As a result, it has emerged as an appealing approach for
RF energy harvesting applications [13]. The reflection
coefficient (S11 parameter), the gain, and the efficiency are the
important performance characteristics of an antenna to harvest
an appropriate amount of energy from the environment [12,13].
However, addressing the multi-band functioning of an antenna
module for an RF energy harvesting system is a difficult and
complex process.

A rectenna is a common component of an RF energy collecting
system. A rectenna system performs the activities of collecting
energy from the ambient (collecting module) and process and
store energy for future use (process and store module) or
(rectifying sub-module). As a result, the phrase "rectenna” is
derived from the combined terms "antenna + rectifier." Rf
transmissions are the primary source of ambient energy in both
outdoor and interior contexts [14]. Common sources of RF
radiation are FM broadcasts and television, besides mobile
communication networks. Although these power sources
experience a constant fluctuation around the clock, it is
available 24 hours a day, seven days a week in metropolitan
areas with a large amount.

The introduction of new generations of mobile phones, such as
5G and B5G, brings a breakthrough in applied technologies and
end-user services [15]. They are anticipated to be the primary
ambient source of energy in metropolitan contexts, similar to
their predecessors (1G to 4G). There is substantial research
work in the literature on creating RF energy harvesting systems
for both outdoor and interior contexts. Most of such systems
operate in one [16, 17] or dual [18, 19] frequency band. The use
of a small antenna structure (such as a patch antenna) has
several advantages in comparison, including simplicity of
manufacture, low cost, and, in most circumstances, medium
complexity.

The design of a compact antenna to work as the first stage for
an RF energy harvester is considered the most difficult stage in
a power harvester. The task is more complicated when the
design is required to work on dual- or multi-bands. In the
literature, many scientific papers, published in ranked journals,
have proposed a design for multi-band antennas. For example,
in [20], the authors suggested an L-probe microstrip antenna
that operates in the frequency ranges of GSM-900, GSM-1800,
and UMTS-2100. Another design was presented in [21], where
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they designed a tri-band differential antenna that operates in the
UMTS-2100, WLAN/WiFi 2.4 GHz, and WiMAX frequency
bands.

In this paper, we propose and optimize a multi-band microstrip
batch antenna. The remainder of the paper is organized as
follows. Section Il covers the study of the proposed antenna
design. Section 1l provides a detailed discussion about the
antenna performance and its simulated results. Finally, Section
IV concludes the results of the paper.

2. ANTENNA CONFIGURATION

Figure 1 depicts the proposed multi-band antenna structure.
This antenna is designed to be used in the 800, 1800, and 1900
MHz frequency bands for EH applications. The developed
antenna's basic construction consists of an E-like shaped
rectangular patch with a suitable feeding line and a dielectric
material of FR-4 substrate with relative dielectric constant of
4.4 and a loss tangent of 0.017. The following are the original
dimensions of the planned antenna: The substrate length is
L _sub=210.75 mm and the width is W_sub= 150.7mm. The
complete set of antenna dimensions is listed in Table 1. Ansoft
simulation tools, High Frequency Structure Simulator (HFSS)
is used to study and optimize the proposed antenna. Section 3
contains the findings of this research.

In this paper, we propose and improve a Tri-band patch antenna
for RF EH in urban areas. The developed antenna is tuned to
function in the GSM-900, GSM-1800, and 1900 MHz
frequency bands. The antenna is optimized using the HFSS,
which is an interactive application for analyzing the electro-
magnetic behavior of a structure. It is a well-known
electromagnetic modelling tool for antenna design as well as
the design of sophisticated RF electrical circuit parts such as
filters, and transmission lines.

3. SIMULATION RESULTS

Figure 2 illustrates the graphical results of the reflection
coefficient (S11) versus the frequency for the designed tri-band
patch antenna. From the figure, we can notice that the plot
indicates that the antenna harvests the ambient energy received
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over three different bands. The first band extended from 850
MHz to 868 MHz that lies within the LoRa frequency band with
a—20.9 dB reflection coefficient at 860 MHz. The second band
extended from 1821 MHz to 1855 MHz that lies within the
GSM-1800 range with a—21.7 dB reflection coefficient at 1840
MHz. finally, the third band extended from 1931 to 1966 that
lies within the UMTS-2100 frequency band with a —39.02 dB
reflection coefficient at 1950 MHz.

Figure 3 portrays the simulation 3D polar plot results of the
proposed patch antenna when operates at 800 MHz frequency
band. Figure 3 (a) shows the radiation pattern, we can notice
that the maximum values of 1.64 dB. Following in Figure 3 (b),
the simulation process shows the maximum gain values of the
antenna are 3.01 dBm at the same frequency band.

Figure 3 portrays the simulation 3D polar plot results of the
proposed patch antenna when operates at 800 MHz frequency
band. Figure 3 (a) shows the radiation pattern, we can notice
that the maximum values of 1.64 dB. Following in Figure 3 (b),
the simulation process shows the maximum gain values of the
antenna are 3.01 dBm at the same frequency band.

Also, Figure 4 portrays the simulation 3D polar plot results of
the proposed patch antenna when operates at 1800 MHz
frequency band. Figure 4 (a) shows the radiation pattern, we
can notice that the maximum values of 1.39 dB. Following in
Figure 4 (b), the simulation process shows the maximum gain
values of the antenna are 2.71 dBm at the same frequency band.

Finally, Figure 5 illustrates the simulation 3D polar plot results
of the proposed patch antenna when operates at 1900 MHz
frequency band. Figure 4 (a) shows the radiation pattern, we
can notice that the maximum values of 1.16 dB. Following in
Figure 5 (b), the simulation process shows the maximum gain
values of the antenna are 2.54 dBm at the same frequency band.
Now, we have to indicate that the proposed antenna exhibits
relatively low gain values. However, this gain is sufficient for
a receiving module in a rectenna system to harvest a sufficient
amount of ambient energy from the surroundings [13,22].

Table 1: Variables describing antenna geometry.
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Figure 1: Configuration of proposed tri-band antenna
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Figure. 2. Return loss S11 of the proposed design.
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Figure. 3. The proposed antenna 3D far-field results at 800 MHz
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Figure. 4. The proposed antenna 3D far-field results at 1800 MHz

(a) Radiation patterns

(b) Total gain
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Figure. 5. The proposed antenna 3D far-field results at 1900 MHz

(a) Radiation patterns

4. CONCLUSION

With the rapid development of WSN and 10T technologies and
applications, the RF EH antennas design witnessed technology
breakthrough. The design of a dual-band antenna at these
wavebands has become more and more important. In the
present paper, the proposed modified E-shaped antenna with
dual-band working frequency is proposed. Its performance is
analyzed and optimized using the HFSS. The simulation results
illustrate the designed antenna satisfy the current application
requirements.

5. REFERENCES

[1] Kanoun O, Bradai S, Khriji S, Bouattour G, EI Houssaini
D, Ben Ammar M, Naifar S, Bouhamed A, Derbel F,
Viehweger C, Energy-Aware System Design for
Autonomous Wireless Sensor Nodes: A Comprehensive
Review. Sensors 2021, 21, 548.

[2] Harb A. Energy harvesting: State-of-the-art. Renew.

Energy 2011, 36, 2641-2654.

Ibrahim H.H, Singh M.S.J, Al-Bawri S.S, Islam M.T,
Synthesis, Characterization and Development of Energy
Harvesting Techniques Incorporated with Antennas: A
Review Study. Sensors 2020, 20, 2772.

Lu X, Wang P, Niyato D, Kim D.I, Han Z, Wireless
Networks With RF Energy Harvesting: A Contemporary
Survey. IEEE Commun. Surv. Tutor. 2015, 17, 757-789.

Niotaki K, Kim S, Jeong S, Collado A, Georgiadis A,
Tentzeris M.M, A Compact Dual-Band Rectenna Using
Slot-Loaded Dual Band Folded Dipole Antenna. IEEE
Antennas Wirel. Propag. Lett. 2013, 12, 1634-1637.

(3]

(4]

(5]

[6] Visser H.J, Vullers RJ.M, RF Energy Harvesting and
Transport for Wireless Sensor Network Applications:
Principles and Requirements. Proc. IEEE 2013, 101,

1410-1423.

Sim Z.W, Shuttleworth R, Alexander M.J, Grieve B.D,
Compact Patch Antenna Design for Outdoor RF Energy
Harvesting in Wireless Sensor Networks. Prog.
Electromagn. Res. 2010, 105, 273-294.

[7]

[8] Arrawatia, M, Baghini, M.S, Kumar, G. Differential
Microstrip Antenna for RF Energy Harvesting. IEEE

Trans. Antennas Propag. 2015, 63, 1581-1588.

(b) Total gain

[9] Georgiadis, A, Andia, G.V, Collado, A. Rectenna design
and optimization using reciprocity theory and harmonic
balance analysis for electromagnetic (EM) energy
harvesting. IEEE Antennas Wirel. Propag. Lett. 2010, 9,
444-446.

[10] Boursianis A.D, Papadopoulou M.S, Gotsis A, Wan S,
Sarigiannidis P, Nikolaidis S, Goudos S.K, Smart
Irrigation System for Precision Agriculture—The
AREThOUS5A IoT Platform. IEEE Sens. J. 2020.

[11] Wagih M, Weddell A.S, Beeby S, Millimeter-Wave
Power Harvesting: A Review. IEEE Open J. Antennas
Propag. 2020, 1, 560-578.

[12] Boursianis A.D, Papadopoulou M.S, Pierezan J, Mariani
V.C, Coelho L.S, Sarigiannidis P, Koulouridis S, Goudos
S.K, Multiband Patch Antenna Design Using Nature-
Inspired Optimization Method. IEEE Open J. Antennas
Propag. 2020, 2, 151-162.

[13] Wagih M, Weddell A.S, Beeby S, Rectennas for Radio-
Frequency Energy Harvesting and Wireless Power
Transfer: A Review of Antenna Design [Antenna
Applications Corner]. IEEE Antennas Propag. Mag. 2020,
62, 95-107.

[14] Kim S., Vyas R., Bito, Niotaki K., Collado A., Georgiadis
A., and Tentzeris M. M., Ambient rf energy-harvesting
technologies for self-sustainable standalone wireless
sensor platforms, Proceedings of the IEEE, vol. 102, no.
11, pp. 1649-1666, 2014.

[15] T. S. Rappaport, S. Sun, R. Mayzus, H. Zhao, Y. Azar, K.
Wang, G. N. Wong, J. K. Schulz, M. Samimi, and F.
Gutierrez, “Millimeter wave mobile communications for
Sg cellular: It will work!” IEEE Access, vol. 1, pp. 335—
349, 2013.

[16] H. Sun, Y. Guo, M. He, and Z. Zhong, “Design of a high-
efficiency 2.45-ghz rectenna for low-input-power energy
harvesting,” IEEE Antennas and Wireless Propagation
Letters, vol. 11, pp. 929-932, 2012.

[17] M. Arrawatia, M. S. Baghini, and G. Kumar, “Differential
microstrip antenna for rf energy harvesting,” IEEE
Transactions on Antennas and Propagation, vol. 63, no. 4,
pp. 1581-1588, 2015.

[18] B. Li, X. Shao, N. Shahshahan, N. Goldsman, T. Salter,
and G. M. Metze, “An antenna co-design dual band rf

16



energy harvester,” IEEE Transactions on Circuits and
Systems I: Regular Papers, vol. 60, no. 12, pp. 32563266,
2013.

[19] H. Sun, Y. Guo, M. He, and Z. Zhong, “A dual-band
rectenna using broadband yagi antenna array for ambient
rf power harvesting,” IEEE Antennas and Wireless
Propagation Letters, vol. 12, pp. 918-921, 2018.

[20] S. Shen, C. Chiu, R.D. Murch, “A Dual-Port Triple-Band
L-Probe Microstrip Patch Rectenna for Ambient RF
Energy Harvesting,” IEEE Antennas Wirel. Propag. Lett.
2017, 16, 3071 3074.

[21] S. Chandravanshi, S.S. Sarma, M.J. Akhtar, “Design of
Triple Band Differential Rectenna for RF Energy
Harvesting,” IEEE Trans. Antennas Propag. 2018, 66,
2716-2726.

IJCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)
Volume 185 — No. 8, May 2023

[22] S. Shen, C. -Y. Chiu and R. D. Murch, "Multiport Pixel
Rectenna for Ambient RF Energy Harvesting," in IEEE
Transactions on Antennas and Propagation, vol. 66, no. 2,
pp. 644-656, Feb. 2018, doi: 10.1109/TAP.2017.2786320.

[23] Yuan, G., Yang, S., & Mittal, G. (n.d.). Tracking control
of a mobile robot using a neural dynamics-based
approach. Proceedings 2001 ICRA. IEEE International
Conference on Robotics and Automation (Cat.
No0.01CH37164). doi: 10.1109/robot.2001.932547

[24] Dierks, T., & Jagannathan, S. (2007). Control of
Nonholonomic Mobile Robot Formations: Backstepping
Kinematics into Dynamics. 2007 IEEE 22nd International
Symposium on Intelligent Control. doi:
10.1109/isic.2007.4359798

17



