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As a result, outdoor travelers, tourists and businessman who utilize
portable electronic devices often experience battery depletion of their
devices without the means of charging their device. The number of Wi-
Fi access point continues to increase. There are many occasions where
it is desirable to acquire energy from many radio frequency stations,
while charging any electronics device through RF-DC circuit with high
efficiency, for example, Wi-Fi hotspot access points. We focus on ambient
radio frequency signals and power available in the ambient. This research
explain, how can we charge portable devices without electrical source
but means of propagating signal generated by Wireless-Fidelity (Wi-Fi)
router. The research will show all the activities addressed to design a
system to recover energy from electromagnetic sources presents around us
like Wi-Fi routers. An energy acquiring circuit includes one loop antenna
to detect RF signals and electronic board for converting RF energy to
DC current. We can use to charge the battery of our portable devices by
acquiring the electromagnetic energy around us.

1 Introduction

Particularly Wi-Fi routers are increasingly used in
many places such as coffeehouse, airport, school, mall,
etc. So, Wi-Fi access point is available and easy to find
in any public place, at home and almost anywhere.
There are many high powered Wi-Fi stations whose
transmitted signals that create a Wi-Fi hotspot to be
implemented are projected to be rather strong signals
[1]–[6] in the future. Currently, when we experience
our portable devices has no battery charge, we lost
an important communication with people around us.
We usually encounter this situation when we travel
or vacation, at the airport, coffee shop, business trip,
etc. Many of us dont know or neglect that energy from
high-frequency radio (RF) signal can be acquire and
used as a power supply to our devices. But in this re-
search show how useful it is. The main objective of this
work is to acquire the Wi-Fi signals and converting the
electromagnetic energy to a DC voltage [7]–[9]. Pro-
viding to charge the batteries of an external electronic
device connected thereto, or to continuously charge
an internal battery within the energy acquiring device
until its storage capacity is full, and that battery energy
can be reused to power our electronic devices, such

as smartphone. From Wi-Fi hotspot and convert the
received signal into DC voltage [10]–[15]. RF energy
acquiring is acquiring the microwave energy around
us and converting it into usable electrical power for
electronic devices as shown in Figure 1.

Figure 1: Conceptual view of radio-frequency (RF)
energy harvesting

This high technology is also named as power scav-
enging and power harvesting. The evident summons
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of acquiring ambient RF energy is that it is essentially
free energy. The purpose of this research is to explain
and to implement one band of the center operating fre-
quency (f0 = 2.45GHz). One square loop antenna can
collect maximum microwave energy from Wi-Fi router
with high efficiency and high directivity. The reflected
microwave energy converted from microwave signal
to DC power. The results are satisfactory and show
the advantage of using a square antenna for acquiring
microwave energy. The efficiency of the antenna is
related to the shape and impedance of the antenna. In
this research, we focus on the possibility of charging
the mobile phone.

The purpose of this work is related to energy con-
servation methods, and more particularly related to
charging the battery of mobile phone by RF acquiring
energy as illustrated in Figure 2.

Figure 2: Conceptual view of WIFI harvesting system

This research is organized as follows: in Section
2: We present the measurements of radio frequency
exposure from Wi-Fi router. Section 3: The antenna
designed method. Section 4: Presents the converter
of Wi-Fi signal to DC power. Section 5: We present
simulation work and experimental results of fabricated
prototype with analyses of data. We describe the simu-
lation and results. Finally, Section 6: Conclusions.

2 Measurements of Radio Fre-
quency Exposure from Wi-Fi
router

First of all we should be measures the Wi-Fi signal that
people are exposed. The measurements of radio fre-
quency exposure generated by Wi-Fi router using the
spectrum and real-time spectrum analyzer SRM3006
[16,17,18,19]. It measures radiating sources at frequen-
cies from 300 MHz to 3 GHz, but it does not display the
frequency. We can measure the Wi-Fi field strength in
Volts per meter (V/m), and the time-average RF power
in uW/m2 as shown in figure 3.

We are measure the quantity of propagated energy
around us and we observe that the quantity is very
high, it is around 600 mW/m2 at operating frequency
(f0 = 2.45GHz). The results obtained after 10 iterations
are shown in Figure 4. The main objective of the re-
search is to supply a device that converts the acquired
energy (600 mW/m2) from Wi-Fi router into DC (di-
rect current) with high efficiency. The DC energy
from which is stored in a super-capacitor (15F/5.6V),

and has the capability to connect into electrical power
source for restoring power [20]–[25].

Figure 3: Measurements of radio frequency exposure
from Wi-Fi access point

Figure 4: Experimental setup (Wi-Fi Spectrum analy-
sis)

In this research, a provide device for acquiring en-
ergy from Wi-Fi access point to power an external
electronic device connected thereto smartphone. It
is yet a further objective of the present research to
supply device for acquiring energy from WIFI power
received and convert into a DC (direct current) with
high efficiency. The power from which is stored in a su-
percapacitor (15F/5.6V) device within the device, and
which further has the capable to connect into a source
of electrical power for storing power. The main objec-
tive of the present work is to provide a device which
acquires energy from the Wi-Fi router. The bandwidth
from 1.45 GHz to 3.6 GHz and the center frequency is
(f0 = 2.45GHz). Wi-Fi spectrum analysis allows iden-
tifying the power of the signals sources then we can
conclude.

3 Wi-Fi harvesting energy antenna

The antennas generating RF electrical signals in re-
sponse to the transmitted RF signals received that way
and only rectifier circuits [26,27,28,29,30]. The loop
antenna collects all energy radio frequency around us
and generating a direct current (DC). The radiation
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field of the loop antenna could be determination using
an electric current model. In the electric current model,
the current is used directly to find the far-field radia-
tion pattern. The sketches of the square loop antenna
is shown below in Figure 5.

Figure 5: Geometry of the proposed square loop an-
tenna

The bandwidth of the loop antenna is from 1.45
GHz to 3.6 GHz and the center frequency is (f0 =
2.45GHz).

3.1 Equivalent Circuit of a Loop Antenna

Frequently, it is assumed that the loss resistance of
loosely harvesting antenna equals the high-frequency
loss resistance of a right copper wire of the same
length as the loop and of the same current distribution
[31,32,33,34,35,36] as shown in Figure 6. In the case
of a uniform current distribution, the high-frequency
resistance is calculated as

Rh = (l/P )×Rs (1)

where :
l : length of the wire,
p : perimeter of the wires cross-section.
Cr : resonance capacitor,
Rl : loss resistance of the loop antenna,
Rr : radiation resistance,
La: inductance of the loop,
Li : inductance of the loop conductor (wire).

Figure 6: Equivalent Circuit of a Loop Antenna

3.2 Design Parameters

The parameters selected for design a square loop an-
tenna are shown in Table 1.

Table 1: Dimensions of loop antenna
Name Parameters Value

Ll Loop length 36.56 mm
WI Loop width 36.56 mm
DW Wire diameter 2 mm
FW Feed section width 0.66 mm

3.3 Simulated and Analysis

In order to construction loop antenna, we use copper
wire diameter of 2 mm and loop length equal approxi-
mately to the width 36.56mm. The antenna is designed
and simulated using Antenna Magus and CST studio
microwave software which uses FEM and tetrahedron
method to solve and simulate complex 3D electromag-
netic (EM) efficiency and uses a feature of the graph-
ical user interface. After simulated our antenna on
Antenna Magus and CST software, we calculated pa-
rameters like Gain, VSWR, SMITH, Radiation pattern
3D etc.

3.3.1 Gain PLOT

The reflection coefficient (dB) of the proposed loop
antenna showing the gain at 2.419 GHz is -26.95 dBi.
The gain plot can be seen in Figure 7.

Figure 7: Reflection coefficient Vs frequency (GHz)

3.3.2 VSWR PLOT

VSWR is a measure of how well matched the loop an-
tenna to the SMA connector impedance 50Ω. A perfect
result would have a VSWR of 1:1. VSWR obtained from
the simulation on antenna magus and CST software
is 1.073 at 2.419 GHz which approximately equals to
1:1 as shown in Figure 8. This present the perfect
impedance matching of the loop antenna with the port
at 50Ω.
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Figure 8: VSWR of proposed antenna

3.3.3 SMITH PLOT

The Smith Chart is very important to estimate the per-
formance of the harvesting antenna [43]. Smith Chart
of proposed antenna shows at radiation frequencies
2.419 GHz, inductance is very low. So, Impedance is
purely resistive circuit were shown in Figure 9.

Figure 9: Smith chart of proposed antenna

3.3.4 Radiation pattern 3D

Figure 10 shows the radiation pattern simulated result
of gain for the proposed harvesting antenna (maximum
E-plane 3.53 dB and minimum E-plane -36.5 dB).

Figure 10: Radiation pattern 3D

3.3.5 Current distribution

Figure 11 shows the simulated current distribution
of the proposed antenna for different polarization at
different phases..

Figure 11: Current distribution of the harvesting an-
tenna

4 RF-DC converter

Figure 12 is a schematic diagram of a first preferred
form of an electrical circuit constructed in accordance
with present work for acquiring energy from Wi-Fi
bands. The energy acquiring circuit, in accordance
with this first embodiment, includes an antenna which
receives Wi-Fi source, and converts the microwave sig-
nals to an electrical signal an RF-to-DC rectifier circuit
[44,45]. The rectifier circuit converts the RF signal to a
DC (direct current) signal on its output. This DC signal
is provided to a first storage device. The first storage
device (super-capacitor) stores and accumulates charge
thereon from the rectified (DC) signal outputted by
the rectifier circuit.

Figure 12: Block diagram for Wi-Fi acquiring energy

4.1 Matching circuit using Advanced de-
sign system (ADS)

The maximum microwave power distribution from pro-
posed square loop antenna to the full wave rectifier
circuit is ensured by the matching circuit. We are sure
that the VSWR obtained from the simulation on CST
is 1.073. From the maximum microwave source, the
transfer occurs when the circuit is matched with the
loop antenna, the impedance matching is mostly per-
formed at the particular input signal [19]. The match-
ing circuit design performs impedance transformation
to guarantee maximum power between the antenna
and RF-DC converter circuit. A matching circuit as
show in Figure 13 that operates at 2.450 GHz the input
impedance of 50Ω and the load resistance of 50Ω were
made.
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Figure 13: Input impedance versus frequency

4.2 A full bridge rectifier rectenna circuit

After designing a matching circuit, all components
are optimized by setting two goals at the same time ;
minimizing return loss between 1.4 GHz and 3.6 GHz
and maximizing the DC output voltage. To design the
full wave bridge rectifier using HSMS 2820 diode for
microwave energy circuit, the following components
in figure 14 were used [46]. The output voltages as a
function of time for an input power of 2.450 GHz and
the simulated value. The Pin versus load are presented
in figure 15 and figure 16, respectively. In addition,
figure 17 shows the output current (A) in the load cir-
cuit. The maximum output voltage shows 0.0025A at
6 dBm.

Figure 14: Schematic diagram of microwave harvesting
circuit of full wave bridge rectifier with HSMS 2820
diode (Agilent ADS)

Figure 15: Simulation of the output voltages

The simulation shows the output voltage (V) of the
circuit using the full wave bridge rectifier circuit. It
can be observed that using an HSMS 2820 diode en-
ables to generate a power around 102 mW, as shown
in figure 15.

Figure 16: The simulation output power (w) of one
stage circuit

The Figure 17 shows the output current of the cir-
cuit using the full wave bridge rectifier circuit. It can
be observed that using an HSMS 2820 diode enables to
generate a DC current around 0.0025 A.

Figure 17: The simulation output current (I) of the full
wave bridge rectifier circuit

Figure 18: A voltage booster circuit

4.3 A voltage booster circuit

The voltage on the super capacitor (15F/5.6V) is also
provided to the input of DC-to-DC converter circuit,
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Figure 19: RF harvesting electronic circuit and power changing

which acts as a charge pump. Polarized energy stor-
age capacitor with high capacity. A voltage booster
integrated circuit was used to try to boost the voltage
outputted by the RF/DC circuit to 5 V, can charge the
battery of mobile phone. This integrated circuit can
be used to boost a low-voltage variable input (1.8 V -
9 V) to a constant 5 V can charge the battery of mo-
bile phone. The integrated circuit LP3961EMP-5.0 it is
linear regulators circuit can provide +5V/ 0.8A. The
circuit is shown in Figure 18.

5 Simulation results

More specifically, the antenna is coupled to the rectifier
circuit, which converts the Wi-Fi radiating source into
a DC voltage multiplied. The energy acquiring device
of the present work is capable of receiving microwave
power from 1.440 GHz to 3.6 GHz, and convert the
received signals into electrical energy, as illustrated in
Figure 19.

Figure 20: Method assembly of PCB circuit

Provided above is a general description of the

purpose and implementation of the energy acquiring
method and apparatus of the present research. The
results obtained in the different simulation are remem-
bered in Table 2.

Table 2: Simulated results
Performance parameters Value

Maximum gain value (dBi) 4.013
Minimum gain value (dBi) 2.711

Bandwidth 40 %
VSWR 1.073

This work present propose method assembly of
PCB circuit, the assembly method and the topology
to put the PCB circuit inside the mobile phone. The
circuit are presented in Figure 20 and Figure 21, re-
spectively.

Figure 21: PCB circuit

6 Conclusion and Outlook

In this research, a new method for wireless charging
the mobile phone by acquiring Wi-Fi energy. The idea
is to acquire a maximum energy while other is charging
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or using their electronic devices. The present research
paper we are tested and proven that we can generate
voltage from Wi-Fi access radio frequency to power
and charge a battery of any electronic devices. Future
goals of this work is to acquire energy from any sig-
nal around us like Wi-Fi, GSM, VHF, UHF, etc. We
can change the topology of rectifier circuit and the de-
sign of loop antenna and check if we can acquire more
energy or not. The most important that we have one
prototype for this work and try to improvement in the
future work.
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