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ABSTRACT—The aim of this paper is to illustrate the possibility
of recovering electrical energy by using the concept of energy
harvesting from signals around i.e., to receive Radio Frequency
(RF) and Microwave signals present in the atmosphere and
converting these signals into DC, in order to store it or power
some circuit like charging a cell phone. To implement this
concept, a receiver or an antenna is required to capture RF and
microwave frequencies of Wi-Fi and GSM signals in the
atmosphere. Designing an antenna is the main objective in
realization of wireless cellular charging device. RF signals cannot
be used directly to drive a load such as a mobile phone battery.
Therefore, rectification and a boost up is done as Voltage
Rectification and Boosting. A complete system is being proposed
in this paper using GSM-900 and GSM-1800 signals for charging
a cellular phone. The research paper is a contribution towards
the concept of wireless energy transmission at the same time it
proves the idea of collecting, converting and utilizing.
Keywords: Energy Harvesting, Radio Frequency (RF), Global
System for Mobile, Wi-Fi, Voltage Doublers, Charge Pump,
Computer Simulation Technology (CST), EMC, EMI, Digital
Network.

I.
INTRODUCTION
he main sources of electricity production available are
natural resources like coal, natural gas, petrol, etc. The
world is running short of all the natural resources due to
their continuous utilization around the globe. So, there is a
need for an alternate way for the production of electricity. RF
energy in the ambient or the areas close to transmission towers
or Wi-Fi hotspot provides an opportunity to harvest that
energy. Some of the most prominent sources are FM radio
systems (transmitted power is few tens of KW), TV
Transmission (transmitted power is few tens of KW), Cell
Tower Transmission (10 to 20 W per carrier), Wi-Fi and AM
Transmission (transmitted power is few hundreds of KW), etc.
Energy harvesting from RF and microwave signals is meant
for the extraction of energy from the surrounding and then
transforming it into some usable form. Atmosphere is filled
with wide range of frequency signals which are used for
different purposes. By capturing them and converting to a
useful form, we would be able to achieve enough power to
drive a relatively low power circuit.

II. SOURCES OF RF AND MICROWAVE
SIGNALS
There are different types of electromagnetic waves including
RF and Microwaves which exist with different frequencies in
this world. Radio frequencies are between 3KHz to 300GHz
and Microwaves frequencies are between 300MHz (0.3GHz)
to 300GHz. RF frequencies used for AM and FM radio waves,
microwaves used by mobile phone networks, for television
channels broadcast, Wi-Fi, Bluetooth transmission are
commonly used ones present in environment. Cell towers can
be used as continuous sources of renewable energy as they
transmit for full 24 hours a day. A cell tower transmits 10 to
20W per carrier; there may be 3 to 4 carriers and 3 to 4
operators on a single tower or they may spread over the roof
top of buildings.
A. Free Space Path Loss:
Path Losses are the losses in transmission from transmitter to
receiver given by the Equation (1).

T

Where,
’ the signal wavelength
f = frequency
d = distance between transmitter and receiver
c = speed of light.
III.

ANTENNA DESIGN

To receive the RF signals and Microwave signals from the air,
a receiver or an antenna with appropriate gain is required. The
received signal from the antenna is passed through a charge
pump in order to convert it to DC and make its level sufficient
enough to charge a small circuit (cell phone, in our case).
Design of all the required equipment is discussed in detail in
this section.
A. Antenna:
‘Rectangular Patch Antenna’ was designed in our case, as this
type of Antenna is easy to design and fabricate. It is low
profile and has a very low fabrication cost. Main parameters of
the patch antenna depend on the substrate used in the
fabrication, dielectric constant and height of the substrate.
Using this information, the width and length of the patch at a
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desired frequency can be calculated. For an efficient radiator,
the width can be found using Equation (2).

Where,
v0 = free space velocity of light
fr = resonant frequency of the micro strip patch antenna.
It is the function of antenna length given in Equation (3).

IV.

Where,
Vo = open circuit voltage
RL = load voltage
Ro = internal resistance
N = number of stages
When load is connected at output, the voltage drop is
given by Equation (6).

VOLTAGE DOUBLER
Where,

Antenna captures high frequency RF signal. RF signal is
rectified to charge a device. To generate high DC voltage from
low voltage AC, charge pump is used. Thus charge pump has
two main functions: it rectifies the AC signal and generates
high voltage DC signal at output. Charge pump is not an
amplifier but has stages of voltage doublers. The basic
schematic of a voltage doubler is shown in Figure2.

f = operating frequency
c = stage capacitance
n = number of stages
Equation shows that number of stages can be increased to
specific number as voltage drop becomes more significant at
stages.
ENERGY HARVESTING PERFORMANCE

V.

Figure1: Voltage doubler
During the positive half cycle, RF signal is rectified by the
upper diode. The first capacitor is charged to peak AC voltage.
During the negative half cycle, RF signal is rectified by the
lower diode and the second capacitor is charged to peak AC
voltage. But, during the negative half cycle, there is series
combination of first capacitor and input signal. Thus, the total
voltage across the second capacitor during negative half cycle
is twice the input voltage.

Output voltage is directly proportional to the number of stages
in the charge pump. In general, N stages of voltage doubler
can be cascaded to produce an output voltage of 2N*Vin.
Charge pump has network of diodes and capacitors and
increased output voltage is achieved by charge transfer to
capacitive load. More stages can be combined to produce three
and four times the input voltage to produce the triple and
quadruple voltage respectively. There are different types of
charge pump circuits like Cockcroft-Walton, Dickson and
Villard voltage multipliers. Output voltage is given by the
relation given in Equation (5), when n-stages are connected in
series

Figure2: Block diagram of the system
As in the block diagram of the system shown in Figure2, RF
signals generated by multiple RF sources are captured by
antenna. Using matching circuits for the antenna along with a
rectifier, generated DC power is used by charging controller to
run mobile device terminal functions or recharge its battery.
This circuit will charge the battery by utilizing the ambient RF
signal. Circuit will convert the RF signal to DC output to
charge the battery. An energy harvesting system was studied
through simulation and experimentally obtained data for
practical design of the Smart energy harvesting circuit.
VI.

RESULTS

The first step was designing the antenna. Secondly, voltage
doubler was implemented and a small Seven-Stage Voltage
Multiplier was developed to demonstrate the concept of
Voltage multiplication.
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A. Antenna Results
Radiation Pattern of the antenna after simulations is shown in
Figure3.

Further, when the stages were increased to five, all the results
obtained across different capacitors are shown in Figure7.

Figure7: Output Voltage of a five stage voltage doubler
Figure3: Antenna Radiation Pattern
B. Single Stage Charge Pump:

From the simulated results, it can be clearly seen that when a
voltage of 700mV was provided in the first stage the voltage
became 1.19V i.e., double of the input. In the second stage, it
rose to 2.7V and then 3.6V, 4.9V and 5.92V in the 3rd, 4th and
5th stages respectively.
C. Seven-Stage Charge Pump:

Figure4: Single-stage Voltage-doubler

Since output voltage is too small for the desired goal, a charge
pump with seven stages was used. The charge pump was
designed for 500mV AC signal and frequency of 1GHz. The
simulated design and simulation results of the charge pump
model are shown in Figure8 and Figure9.

The single stagvoltage doubler are shown in Figure5, where
the input voltage was 5V and an output is around 8.9V was
obtained almost double of the input value.

Figure8: Input Voltage given to charge pump
Figure5: Output Voltage of a single stage voltage doubler
Then the stages were increased to 2 and the voltage results
were found to be four times the input as shown in Figure6.

Figure9: Output voltage of Seven-Stage charge pump
Figure6: Output Voltage of a two stage voltage doubler

After the simulated results, the Seven-Stage charge pump was
fabricated and the results of the charge pump model are shown
in Figure10.
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Table-I: Fabrication results of charge pump model

Figure10: Input-Output voltage graph for different power
levels given to charge pump
Behavior of charge pump was tested by varying the
frequencies and voltage levels at the input and the procedure
was repeated by applying different terminations at the output
of the charge pump.

Finally, the Antenna was integrated with the Charge Pump and
tested before obtaining the resultant voltages at the output due
to the increase in the distance and corresponding increase in
the Free Space Path Loss, which is shown in Table-II.
Table-II: Distance-Voltage Comparison

Figure11: Input-Output voltage for 50 Ohm
termination attached at output port

VII.

CONCLUSIONS

The aim of the proposed paper was to extract energy from the
atmosphere to operate Charge Pump. Using the charge pump,
RF signals that are present in surroundings, were converted to
DC Voltage. This voltage was used to power electric circuits.
In this way energy can be harvested from the atmosphere and
it was used for some supplying power. In the proposed paper,
the concept of utilizing the energy in order to charge a cellular
phone has been successfully implemented and results have
been presented. The Charge Pump is operational at the
minimum power level of 0dB-m (0.221V) which cannot be
easily obtained from the surroundings. However, this problem
can be solved if high gain receiving antennas are designed to
provide sufficient voltage to drive charge pump.
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