International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181

Vol. 4 Issue 05, May-2015

RF Energy Harvesting for 2110MHz -2170MHz
band

Siddhesh S. Jagdale

Department of Electronics and Telecommunications
Engineering.
St. Francis Institute Of Technology.
Mumbai,India.

Abstract—Telecommunications Industry has been growing
rapidly over the past few years. With the growth and
development in this industry wireless networks are also
developing. The number of mobile phone users has also
increased exponentially. Due to this the number of antennas of
the telecommunication service providers has also increased. This
results in availability of RF energy almost everywhere. RF
energy is a free source of energy and can be harvested just like
wind or solar energy. In this paper an antenna was designed
that resonates at 2.14 GHz and has a bandwidth of 60MHz. This
is the frequency spectrum used by telecommunication service
providers for 3G Networks in India. The energy harvested by
this antenna is given to a Voltage Multiplier Circuit. The output
of the voltage multiplier circuit can be used to energize various
low power devices like temperature sensors etc.

I. INTRODUCTION

Ambient energy is the process where energy is obtained
from the environment. A variety of techniques are available
for energy scavenging, including solar and wind powers,
ocean waves, piezoelectricity, thermoelectricity, RF waves
and physical motion [1]. Fig.1. shows an energy harvesting
power system that includes the energy source, an energy
storage element and a means to convert this stored energy into
a useful regulated voltage. There may also be a need for a
voltage rectifier network between the energy transducer and
the energy storage element to prevent energy from back-
feeding into the transducer [2].
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Fig. 1. Energy Harvesting System Components.

In This paper we implemented recent energy-harvesting
Systems which harvest energy from RF signals. Although RF
energy harvesting gives us very low power, we can power the
devices which have low power requirement. In RF energy
harvesting system an antenna is used to harvest the signal.
This is an AC signal. In order to convert AC signal to
pulsating DC a rectifier circuit is used. The pulsating DC can
be smoothened using an RC filter [3].
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Fig. 2. RF-Energy Harvesting System Components.

Il. RFENERGY HARVESTING SYSTEM DESIGN

This section, deals with the design of the following modules:
an antenna for receiving RF signal, Optimization of Voltage
Doubler stages in RF-DC conversion module, RC filter to
smoothen the pulsating DC [4].

A. Antenna Design

The antenna is a micro strip patch antenna (rectenna). The
topology of the antenna was designed on a FR4 substrate. It is
a grade designation assigned to glass-reinforced epoxy
laminate sheets and printed circuit boards (PCBs). This is one
of the popular industry-wide standard substrate material
formats for electronic circuit boards. The important
specifications chosen in simulation for this design are: the
thickness of substrate 1.59 mm, the thickness of copper 0.035
mm, the relative permittivity 4.4, and the loss tangent 0.02.
The antenna size is characterized by its length, width and
height (L, W, h) The permittivity of the substrate affects the
overall performance of the antenna. It decides the width, the
characteristic impedance, the length and as a result the
resonant frequency. Using a permittivity value of 4.4, the
effective dielectric constant of the antenna is determined from

the Eq.1
For W/h>1,
1
E+1  E-1 h] 2
Ereff = > + > [1 + 12;] (D)

The length of the antenna in xy-plane is extended by AL
due to fringing effects. This AL is a function of effective
dielectric constant E. and width to height ratio W/h. The
length of the antenna is determined with the help of resonant
frequency by using Eq. 2 and Eq. 3 [5].
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AL = 0.412%h X (sreff+0.3)(%+o.264)

(Erefp—0.258)(5+0.8)

The width of the antenna is important in terms of power
efficiency and antenna impedance. It is calculated using the
operating frequency and substrate dielectric constant as shown
in Eq.4.
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The length and width of the antenna are calculated to be 35
and 37 mm respectively. The slot of 3mm in length and 14mm
wide is designed to increase the bandwidth of the antenna. The
antenna is fed at the end of the 25mm transmission line. The
width of this line is 3mm. The transmission line goes 8 mm
inside the patch. This is done for matching purpose [5].
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Fig. 3. Dimensions of the antenna

The simulation of the antenna was done using IE3D. The
output of the simulation is shown in Fig.4.The frequency is
plotted on x-axis and the return loss is plotted on y-axis. The
return loss is less than -10dB for the frequency range between
2110MHz to 2170MHz.
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Fig. 4. Simulation results of IE3D
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Fig. 5. Antenna after fabrication

After fabrication the return loss of the antenna is verified
using a vector network analyzer. Fig.5 is the image of the
antenna after fabrication. The output of the vector network
analyzer is shown in Fig.6. The VSWR of the antenna is 1.2.
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Fig. 6. Vector network analyzer output

B. Rectifier Circuit

The design of the rectifier circuit contains stages of Villard
voltage doubler circuit. The function of the energy
conversion module is to convert the (RF) signals into
pulsating direct-current (DC) voltage at the given frequency
band to power the low power devices/circuits. A 12- stage
Schottky diode voltage doubler circuit is designed, modeled,
simulated, fabricated and tested [6].

The power captured by the antenna was observed using a
spectrum analyzer. It was observed that the power received
by the antenna at a distance of 50m from the transmitting
antenna was in the range between -49.3 dBm to -52 dBm
which is shown in Fig.7 and 8 respectively. As the distance
from the transmitting antenna was reduced a significant
increase in power was observed.
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Fig. 8. Spectrum Analyzer Output of -52.1 dBm

A single stage of the voltage doubler circuit consists of two
Schottky diodes and two capacitors [7]. The Schottky diodes
used are HSMS-2860 by Agilent technologies. The reason for
using these diodes is low forward voltage drop, high
operating frequency and the typical tangential sensitivity of
the diode is -56dBm. Chip capacitors of 3.3nF have been
used for all stages. A single stage voltage doubler is shown in
Fig.9 [8].
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Fig. 9. Single stage of Voltage Doubler [6]

In order to increase the voltage to a sufficient level a 12-
stage voltage doubler circuit was designed. The estimated
voltage output of the voltage doubler circuit was 3.764V.
However, the observed voltage was 1.53V. This loss was due
to the losses introduced by the SMA connectors as well as the
losses in the co-axial cable. An image of the 12-stage voltage
doubler is shown in Fig.10.
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Fig. 10. 12-Stage Voltage Doubler

C. Filter

The output of the voltage doubler circuit is a pulsating DC.
In order to smoothen the pulsating DC an RC filter is used .
The resistor used is of 100kQ and the capacitor used is of
47nF. The capacitor charges and discharges completely in 5
time constants. Thus the capacitor reduces the fluctuations
giving a smooth DC voltage [9].

I11. CONCLUSION.

RF energy harvesting system for powering low power
devices has been analyzed, discussed, designed, and tested.
An antenna was designed for the frequency range of
2110MHz to 2170MHz. Furthermore, a rectifier circuit of 12
stages was designed, simulated and implemented. The
observed voltage is less than the calculated voltage. The
reason for the loss in power is due to use of SMA connectors.
A single SMA connector has a loss of 3dB. If these SMA
connectors are eliminated and the antenna and rectifier circuit
are fabricated on the same PCB using a matching network, a
significant increase in the power can be obtained.

REFERENCES
[1] Ungan, T. and L. M. Reindl, \Concept for harvesting low
ambient RF-sources for microsystems,”

http://www.imtek.de/content/pdf/public/2007/powermems 2007
paper ungan.pdf, Accessed on April 9, 2009.

[2] Le, T., K. Mayaram, and T. S. Fiez, \Efficient far-field radio
frequency power conversion system for passively powered
sensor networks," IEEE Custom Integrated Circuits Conference
(CICC), 293{296, Sep. 2006.

[3] Yang, F., X. X. Zhang, X. Ye, and Y. Rahmat-Samii, “Wide-
band E-shaped patch antennas for wireless communications,”
IEEE Trans. Antennas Propagat., Vol. 49, No. 7, 1094-1100,
July 2001.

[4] D. W. Harrist, “Wireless Battery Charging System Using Radio
Frequency Energy Harvesting,” M.S. Thesis, University of
Pittsburgh, Pittsburgh, 2004

[5] N. M. Dinl, C. K. Chakrabartyl, A. Bin Ismaill, K. K. A.
Devi2, and W.-Y. Chen2 “Design of RF Energy Harvesting
System for ENERGIZING LOW POWER DEVICES”

[6] Kavuri Kasi Annapurna Devi, Norashidah Md. Din, Chandan
Kumar Chakrabarty , “ Optimization of the Voltage Doubler
Stages in an RF-DC Convertor Module for Energy Harvesting «

www.ijert.org 7

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



(7]

(8]

IJERTV 415050126

Yan, H., Macias, J.G., Montero, Akhnoukh, A., De Vreede,
L.C.N. and Burghartz, J.N.: “An Integration scheme for RF
Power harvesting”, Proc. STW Annual Workshop on
Semiconductor Advances for Future Electronics and Sensors,
Veldhoven, Netherlands, November 2005. Pages 64-66.

Visser, H. J., A. C. F. Reniers, and J. A. C. Theeuwes,

“Ambient RF energy scavenging: GSM and WLAN power
density measurements,” Proceedings of the 38th European
Microwave Conference, 721{724, Netherlands, Oct. 2008.

(9]

Www.ijert.org

International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181

Vol. 4 Issue 05, May-2015

Visser, H. J., A. C. F. Reniers, and J. A. C. Theeuwes,Ambient
RF energy scavenging: GSM and WLAN power density
measurements,” Proceedings of the 38th European Microwave
Conference, 721{724, Netherlands, Oct. 2008.

B. Emmanuel, J. Gaubert, P. Pannier and J. M. Gaultier,
“Conception of UHF Voltage Multiplier for RFID Cir- cui,”
IEEE North-East Workshop on Circuits and Sys- tems,
Gatineau, June 2006, pp. 217-220.
doi:10.1109/NEWCAS.2006.250961

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



