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 RF energy harvesting technique is gaining a global attraction from many researchers in 

its fields. As non-renewable resources are in the verge of extinction, we are forced to go 

in search of the available renewable resources, in which Radio Frequencies (RF) are 

given prior importance as it is available abundant. In this paper, we design an energy 

harvesting circuit delivering maximum output to the present load. The components 

present in the circuit are carefully chosen through simulation using Ansoft Designer. 
The simulation results are also verified through practical implementation. 

 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: S. Porselvi, Sanjay Kumar Suman and L. Bhagyalakshmi Harvesting RF Energy for Mobile Charging. Aust. J. Basic 

& Appl. Sci., 9(20): 454-465, 2015 

 

INTRODUCTION 

 

 Now adays, the use of wireless devices such as 

mobile phones, remote sensing, wireless computing, 

etc., is increasing dramatically. Therefore, the 

demand and need for batteries has also increased. 

However, there are certain limitations to the use of 

those batteries because of  its size and deposition as 

it may lead to serious health disorders and  

environmental pollution. To overcome the bad 

effects of batteries in mobile and other electronic 

devices, Energy Harvesting also known as Energy 

Scavenging or Power Harvesting or RF Harvesting 

technique is implemented. Energy Harvesting is a 

method of capturing and storing the energy from 

outside ambient sources. From many experiments 

held by researchers till present, it is demonstrated 

that the power obtained from this technique is very 

low (usually less than few mW). Hence, depending 

upon the range of output produced, low power 

devices are chosen. Since this technique is apt for 

low power devices, researches are ongoing in this 

field. There are many sources that are available in 

plenty around us such as wind, thermal, solar, 

vibration, temperature, Radio Frequency etc. Out of 

several sources we have selected RF harvesting 

technique which is nothing but capturing RF signals 

from the ambient surrounding using an antenna and 

then converting it to DC signal. This paper  focuses 

on the harvesting technique of radio frequency and 

use the harvested energy to charge electronic devices 

such as mobile phones.  

 

Related work: 

 The power of air signals which is as high as 30 

dBm (Decibels –meter) for GSM frequency can be 

used for low power Applications is discussed in 

(Mohammad Asefi, 2008). The circuit of the  

harvester was implemented and simulated in the 

AWR Analog Office software. Small amount of 

work has been done on RF energy harvesting due to 

its low energy density. A Wireless battery charging 

system using radio frequency energy harvesting is 

discussed in (Harrist, 2004). Optimization framework 

for both LPD and HPD circuits  each consisting of 

number of stages varying from 1 to 12 is discussed in 

(Prusayon Nintanavongsa, 2012). In order to 

demonstrate the feasibility for implementing ambient 

RF energy harvesting, four harvesters were designed 

to cover four frequency bands from the largest RF 

contributors  within the ultrahigh frequency (0.3–3 

GHz) part of the frequency spectrum is discussed in 

(Hamid Jabbar, 2010). In paper (Ajay 

Sivaramakrishnan) CMOS based Villard voltage 

multiplier circuits are presented that can be 

implemented in CMOS processes and these circuits 

can also be used for RF harvesting purposes by 

placing it adjacent to RF source. A harvesting circuit 

is proposed in (Soumen Mandal 2011) which can 

capture RF signals from mobile towers and Bluetooth 

devices paired up with portable devices to charge 

mobile phones. In (TARIS Thierry, 2012), 

experimentation was done to know about the 

feasibility of harvesting RF signals without the 

transmitter. Here, the RF signals were received at 

some random locations and was utilised to charge 
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carbon monoxide alarms. In (Sohag Kumar Saha, 

2013), an E- shaped micro strip patch antenna was 

designed to check for its wideband frequency 

operation and was analysed both experimentally and 

through simulation. In (Zahriladha Zakaria, 2013), 

simulation was done using IE3D software to analyse 

the performance of various antennas for harvesting 

RF signals. It was found that hexagonal spiral 

antenna was comparatively better in terms of packing 

conformality. In (TARIS Thierry, 2012), an efficient 

impedance matching circuit was designed to enhance 

the performance of the RF harvester system. The 

module operates efficiently at ISM band at frequency 

902 MHz Indoor and outdoor measurements were 

taken to see the sensitivity of the circuit. In paper 

(Patale 2014), a software control method that 

maximizes the sensing rate of wireless sensor 

networks that solely powered by RF power.  In this 

paper, we introduce an adaptive duty cycle control 

scheme optimized for RF energy harvesting. This 

method maximizes the sensing rate by taking into 

account the leakage problem. In paper (Sechang, 

2014), a rectenna system delivers, collects, and 

converts RF energy into direct current to power the 

electronic devices or recharge batteries. It consists of 

an antenna for receiving RF power, an input filter for 

processing energy and impedance matching, a 

rectifier, an output filter, and a load resistor. In Paper 

(Arseny Dolgov, 2010), a “smart” microcontroller-

based power management system with online power 

stage efficiency optimization and maximum power 

point tracking (MPPT). The system is experimentally 

evaluated 

 Using a new, more accurate four-quadrant 

rectenna model and circuit realization that enables 

rigorous testing of the power management system for 

a wide range of rectenna arrays and power 

characteristics. In Paper (Maurice Roes, 2013), first, 

we propose a dual-stage energy harvesting circuit 

composed of a seven-stage and ten-stage design, the 

former being more receptive in the low input power 

regions, while the latter is more suitable for higher 

power range. Second, we fabricate our design on a 

printed circuit board to demonstrate how such a 

circuit can run a commercial Mica2 sensor mote. In 

Paper (Minhong, 2009), multiple energy-harvesting 

antennas in essentially one space or area are 

proposed and experimentally studied as a means to 

increase the energy or power/area ratio. Four 

cooperating antennas are proposed in a square area 

that is less than twice the area required for a single 

antenna. 

 

System Description: 

 Figure 1 shows the components of our proposed 

energy harvesting circuit. The incident RF power is 

captured using a monopole antenna. The impedance 

matching network consists of inductors and 

capacitors which are used to match the impedance of 

the antenna with the voltage doubler circuit, thus 

ensuring maximum power delivery to the load. The 

output of the antenna is a RF signal which is 

subsequently fed to the charge pump. The charge 

pump acts as both a rectifier and voltage doubler 

circuit. It is also referred to as Energy conversion 

module. The charge pump converts the RF signal 

into DC signal and ultimately increases the level of 

the input signal whose output will be higher than that 

compared to the rectifier. The resultant output is 

stored in a super capacitor so that continuous supply 

of current to the load is ensured. It is noted that by 

increasing the number of stages of voltage doubler, 

output voltage increases exponentially but 

experiences negative resistance (i.e.) as voltage 

increases, current decreases. This results in an 

unacceptable delay in charging. On the other hand, if 

there are fewer stages of voltage doubler circuit, the 

output voltage that we get is insufficient to charge 

any low power devices. In addition, a small variation 

in the matching circuit parameters alters significantly 

the frequency range in which the efficiency of the 

energy conversion is maximum, around several 

megahertz. Hence, RF harvesting circuits involve a 

complex interplay of design choices, which must be 

prioritized. 

 

 
 

Fig. 1: Block Diagram of Energy Harvesting Circuit. 

 

A. Antenna and Matching Circuit: 

 The RF signals can be captured using a 

Multiband antenna as shown in Fig. 2. Micro strip 

antennas are widely available in the market because 

of its size and cost. These antennas operate at 900 

MHz or 1800MHz/1900MHz/2.4GHz. These are of 

usually whip type, but small size such as printed, 

patch, spiral antennas are also testable. Tunable 

capacitor, Ctune, is used to capture the maximum 

power at the required frequency range. Using the 

tunable capacitor, antennas can be tuned to its 

resonant frequency. The tuning Capacitor (Ctune) can 
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be verified using following Equation. 1 to resonate 

with antenna inductance (Lantenna), where f is the 

frequency of operation. 

f =
1

2π Lantenna ×Ctune
                     (1) 

 Low values of inductance are difficult to 

construct in hardware for frequencies around 800 or 

1900 MHz but it is efficient if we construct inductors 

along with capacitors. Resonant frequency is also 

influenced by diode capacitance as it is related to 

reverse diode voltage and input voltage. 

 The output power of RF devices is limited by 

regulations imposed by Federal Communications 

Commission (FCC), USA due to safety and health 

concerns offered by EM radiations. The maximum 

theoretical power available for RF energy harvesting 

is 7.0 W and 1.0 W for 900 MHz and 2.4 GHz 

frequencies respectively for a free space distance of 

40 meters. The main challenge faced in RF 

harvesting is free space path loss. The path loss of 

signals will be different in the environment when 

compared to free space. The received power 

decreases as the square of the distance between 

transmitter and receiver increases as shown in the 

Equation. 2. 

Pr = PtGtGr
λ

2

(4πR)2              (2) 

 When we tested this setup practically for mobile 

frequency, the output obtained was low, based on the 

above equation. Hence, to improve the amplify the 

output obtained; we introduced a circuit known as 

charge pump. 

 

 
 

Fig. 2: Antenna and Matching circuit. 

 

 
 

Fig. 3: Peak Detector. 

 

B. Charge Pump: 

 Charge pump is a circuit that acts as both 

rectifier and a voltage doubler. When the RF signal is 

given to the charge pump, it converts the RF to DC 

signal and also increase the level of the signal 

derived from the matching circuit. The peak detector 

or half wave rectifier is one of the simplest circuits to 

implement charge pump as shown in Fig. 3. This 

circuit consists only of a capacitor and a diode. 

Thereby, cost is also reduced. The peak detector 

produces output only in the positive half cycles. 

Normally AC wave has two halves, one positive and 

the other negative half cycle. During the positive half 

cycle, the diode turns on and the current flows 

thereby charging the capacitor. During the negative 

half cycle, the diode turns off, obstructing the flow of 

current in the capacitor .Thus the capacitor has a 

voltage built up which is equal to the peak of the AC 

signal. Without the load on the circuit, the voltage 

would hold indefinitely on the capacitor and look 



457                                                                  S. Porselvi et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(20) June 2015, Pages: 454-465 

like a DC signal, assuming ideal components. In the 

presence of load, however, the output voltage 

decreases during the negative cycle of the AC input, 

as shown in Fig. 4. This figure shows that voltage 

decreases exponentially with respect to RC time 

constant. This circuit produces a lot of ripple, 

resulting in noise, on the output DC of the signal. 

With more circuitry, that ripple can be reduced. 

 

 
                                

Fig. 4: half wave Peak Rectifier Output Waveform. 

 

 To overcome disadvantages caused by half wave 

rectifiers, full wave peak rectifier are introduced. 

This rectifier produces an output during both positive 

and negative half cycles. The circuit is complex and 

requires transformer. The next topology presented in 

Fig. 5 is a full-wave rectifier. The previous circuit 

only captures the positive half cycle; here both 

halves of the input are captured in the capacitor. 

 

 
 

Fig. 5: Full Wave Rectifier. 

 

 From the Fig. 6, we see that in the positive half 

of the cycle, D1 is on, D2 is off and the charge is 

stored in the capacitor. But, during the negative half, 

the diodes are reversed, D2 is on and D1 is off. The 

capacitor doesn’t discharge as much as in the 

previous circuit, hence, the output produced has 

lesser ripples and noises are reduced dramatically. It 

produces a cleaner DC signal compared to half-wave 

rectifier, but the circuit itself is much more 

complicated with the introduction of a transformer. 

This essentially rules out this implementation for this 

research because of the space needed to implement it. 

So we go for charge pump circuit which is made of 

stages of voltage doublers, as shown in Fig. 7.This 

circuit is called a voltage doubler because in theory, 

the voltage that is received at the output is twice that 

of the input. 
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Fig. 6: Full Wave Rectifier Output Waveform. 

 
 

Fig. 7: Voltage Doubler Schematics. 

 

 The RF wave is rectified by D2 and C2 in the 

positive half cycle, and then by D1 and C1 in the 

negative half cycle. But, during the positive half-

cycle, the voltage stored in C1 from the negative 

half-cycle is transferred to C2. Thus, the voltage on 

C2 is roughly two times the peak voltage of the RF 

source minus the turn-on voltage of the diode, hence 

the name voltage doubler. 

 The output of voltage doubler circuit is AC 

offset with DC, (i.e.) DC voltage with noise. This is 

shown in Fig. 8. This system uses an output capacitor 

for DC levelling of the output voltage and to holds a 

charge. When the number of stages increase, the 

output voltage increases regardless of the input 

voltage. The output voltage V0 of an n stage Villard 

multiplier can be calculated using Equation. 3. 

Vout =
nV0×RL

nR0+RL
                  (3) 

 Where  V0 - open circuit voltage, R0 - 

internal resistance, RL - load resistance and  n - 

Number of stages. 

 

 C. Number of Stages: 

 The number of stages in the system influences 

the output voltage. The capacitance in the 

intermediate stages and at the end of the circuit, 

affects the transient response and stability of the 

output signal. The number of stages is directly 

proportional to the amount of voltage obtained at the 

output.  
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Fig. 8: Voltage Doubler Waveform. 

 

Simulation: 

 Referring to the previous section, the hardware 

implementation has been made. The primary 

requirement is that the prototype must fit into the 

mobile base station. Thereby surface mounting the 

components on a printed circuit board (PCB) was 

planned for action. However, there were many 

drawbacks as the testing was done mostly by trial 

and error. First, since the components used are very 

small, it was highly difficult to handle and solder 

them on the PCB. Secondly, the pad attached to the 

components is very small such that it could not hold 

the solder and was allowed to be replaced not more 

than four times. The conductive solder covering loses 

its solder when the components are constantly 

soldered and replaced. It also made difficult to place 

new components on the board. Therefore simulation 

software was put into use. The software was selected 

based on its performance with antennas at very high 

frequencies. This program is established by Ansoft. 

The previous models were known as Serenade, but 

the new versions of the software are called Ansoft 

Designer. A screen shot of the designer is shown in 

Fig. 9. 

 

 
 

Fig. 9: Screen Shot of Ansoft Designer. 

 

 One important advantage of Ansoft software is 

that we can tune the variables used in the circuit 

during simulation. With this tuning ability, it is 

possible to see the output for every set of component 

values, hence allowing us to select the desired 

component with its value to produce an efficient 

output. The capacitances that are used in the 

intermediate stages can either be kept fixed or 

variable for each stage and the results of each stage 

can be viewed through simulation. The number of 

stages used cannot be varied during simulation and 

hence for each set of stages a new simulation report 

should be produced. With reference from previous 

papers, the suitable number of stages to be used is a 
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maximum of nine. The simulation started from four 

stages varying up to nine. A simple layout was 

designed to show seven stages of voltage doubler 

stacked from left to right and is shown in Fig. 10. 

 

 
 

Fig. 10: Seven Stages of Voltage Doubler. 

 

 A signal source is present on the left side, 

followed by which the stages of the voltage doubler 

begin. The other stages are stacked in left to right 

fashion. The output capacitor at the end of the stages 

is grounded. The voltage probes are placed before the 

output capacitor to note the readings. 

 

A. Diode Modelling: 

 The diode used in this model is Agilent HSMS-

2820 Schottky diode. The modelling parameters can 

be referred from data sheets supplied by Agilent. 

These parameters are used for modelling purposes 

for simulation. The SPICE parameters are shown in 

Table. I.  

 
 

 

 

Table I: HSMS-282x Spice Parameter. 

PARAMETERS UNITS VALUE 

BV V 15 

CJO Pf 0.7 

EG Ev 0.69 

IBV A 1E-4 

IS A 2.2E-8 

N No units 1.08 

RS Ω 6.0 

PB V 0.65 

P No units 2 

M No units 0.5 

    

 A similar type of simulation is done in Ansoft. 

The modelling is done by transforming the diode into 

its equivalent circuit and the component 

characteristics is presented in the above table. The 

equivalent circuit of diode is shown in Fig. 11. 

 Here Rj is the series resistance and Cj is the 

junction capacitance. The turn on voltage and rise 

time is decided by the above two mentioned 

components. The lower the series resistance, the 

lower the voltage needed to turn on the diode, and 

the lower the junction capacitance the faster the 

voltage will rise. A large Cj and Rs will reduce the 

output voltage, especially with high frequencies, 

such as 915MHz. The resistance Rj is the junction 

resistance and is given by a formula based on other 

parameters from Table 1. This formula also comes 

from the data sheet for the diodes and is given in 

Equation. 4. 

RJ     =
 8.33×10−5×N× T

Ib +IS
             (4) 

 Where, N - ideality factor 

  Is - saturation current  

T - Temperature given in degrees Kelvin.  

Ib -  Bias current 

 Temperature and bias current are supplied by the 

program doing the simulations. Using this 

information, the program can make an accurate 

simulation of the circuit using the model supplied to 

it.  
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Fig. 11: Equivalent Circuit of Diode. 

 

B. Agilent Diode Simulation: 

 Simulations were run starting from four up to 

nine stages. Initially the output capacitance value 

was tested by fixing it to 15nF and it was noticed that 

not much drastic difference was observed by 

changing its value. There by the value of output 

capacitance was fixed for other simulations. 

According to the simulations, the rise time for the 

circuit is under 2 milliseconds. A sample of the 

simulation result can be seen below in Fig. 12 

exhibited for six stage voltage doubler.  

 

 
 

Fig. 12: Simulation Result for Six Stage Voltage Doubler. 

 
 

Fig. 13: Results produced using equal stage capacitance. 

 

 The simulation results are given in Table II. 

Secondly, simulations were done involving the e 

stage capacitances. Initially, the stage capacitance 

values were fixed and then simulations were carried 

out. Then, the values were varied in a way such that 

the consequent stages have capacitance whose value 

is half of its previous stage. Fig. 13 shows a 5-stage 

voltage doubler with equal stage capacitance values 

between stages. The next Fig. 14 has the stage 

capacitance value varied as mentioned above. The 

first stage is 1nF, the second is 0.47nF, the third is 

0.22nF, the fourth is 0.1nF, and the fifth is 0.047nF.  
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Fig. 14: Results produced using varied stage capacitances. 

 

 After observing these two simulations, it can be 

seen that the output voltages are almost equal. The 

only difference between these two graphs is the rise 

time of the circuit with varying capacitance is a bit 

slower. But, it is still under 2ms which can be 

considered as negligible. With this simulation, the 

variation in capacitance research is considered 

completed. 

 
Table II: Simulation Results. 

STAGE            CAPACITORS (nF) STAGES DC VOLTAGE (V) 

0.47 4 42 

1.0 4 42.5 

2.2 4 42.5 

4.7 4 42 

10 4 42.5 

47 4 42 

0.47 5 52.5 

1.0 5 52.5 

2.2 5 52.5 

4.7 5 53 

10 5 52.5 

47 5 52.5 

0.47 6 62 

1.0 6 62 

2.2 6 62 

4.7 6 63 

10 6 64 

47 6 62 

0.47 7 72 

1.0 7 74 

2.2 7 75 

4.7 7 74.5 

10 7 74 

47 7 72.5 

0.47 8 80 

1.0 8 84 

2.2 8 85 

4.7 8 85 

10 8 86 

47 8 85 
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Fig. 15: Testing Board. 

 

C. Simulation Verification: 

 A testing board was designed to verify the 

simulation results that were obtained. The software 

used is Express PCB as it was readily available as 

relatively cheap. It also has a low turnaround time 

and can be used at ease. The screen shot of the 

software is shown in Fig 15. 

 An open circuit test was first performed without 

connecting it to the load to check the accuracy of the 

simulation process. The results obtained are shown in 

Table III. 

 
Table III: Test Results Using Board. 

STAGE 
CAPACITORS 

(nF) 

STORE 
CAPACITORS (nF) 

STAGES ANTENNA DC VOLTAGE (V) 

1 1.5 6 1∕4 Whip w∕o  GP ~70 

1 1.5 5 1∕4 Whip w∕o GP ~60 

1 1.5 4 1∕4 Whip w∕o GP ~40 

1 1.5 6 1∕4 Whip w∕o GP ~20 

1 1.5 5 1∕4 Whip w∕o  GP ~10 

1 1.5 4 1∕4 Whip w∕o  GP ~5 

0.1 1.5 6 1∕4 Whip w∕o  GP ~80 

0.1 1.5 5 1∕4 Whip w∕o  GP ~50 

0.1 1.5 4 1∕4 Whip w∕o  GP ~40 

0.47 1.5 7 1∕4 Whip w∕o  GP ~60 

0.47 1.5 6 1∕4 Whip w∕o  GP ~100 

0.47 1.5 5 1∕4 Whip w∕o  GP ~90 

0.47 1.5 4 1∕4 Whip w∕o  GP ~40 

 

 Concentrating on the number of stages used, it 

can be observed that the voltage obtained decreases 

after the sixth stage which contradicts with equation 

4. This is the practical limitation of this project.  We 

can still conclude from the simulation that with a 

stage capacitance of 0.47nF in the 6-stage voltage 

doubler exhibits an efficient output similar to that of 

the 5-stage voltage doubler with a small drop in 

voltage.  

 

Practical implementation: 

 Antenna is connected to the rectifying board 

through the SMA connector. The output from the 

board is sent to the phone through the plug of the 

charger. The practical set up is shown in the 

following Fig. 16. 
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Fig. 16: Test setup. 

 

 For testing purposes, the basic Nokia Mobile 

was used. 

 

A. Observations: 

 During the test, the phone switches on, 

indicating that it is charging. The indication is seen 

on the LCD screen. Charging is done at a slower 

phase.  

 Surprisingly, when the voltage was measured 

across the board using a voltmeter, a voltage drop 

was experienced. Through this observation, it was 

found that there was additional circuitry in the 

mobile phone that was absorbing the charge from the 

board. Gradually, the LCD screen turned off due to 

inadequate power. Hence, before charging the battery, 

the other circuitry in the mobile has to be charged 

first.  

 An alternate method to charge the internal 

battery directly from the circuit board is shown in Fig 

17. 

 

 
 

Fig. 17: Wire connection. 

 

 Using the same output voltage delivered from 

the board, tests were continued. The leads from the 

battery are directly soldered with the wires from the 

board. With this setup, the experiment was conducted 

and measurements were taken and it was observed 

that the voltage increased and the results were better 

than that measured previously. A charging rate of 

about 5-6mV per second , resulting in about 2 hour 

charging time from 3.2 V to 3.9 V  was  achieved by 

using this energy harvesting board. 

 

Conclusion: 

 In this paper, we have conducted an experiment 

using RF signals to charge the electronic devices 

such as mobile phones. We designed a suitable 

harvesting circuit, with desired values of stage 

capacitances resulting in maximum output voltage 

delivery to the load. The board was designed and 

capacitance values were determined through 

simulation. Simulation was done through Ansoft 

designer.  The number of stages to be used was also 

simulated and the design for maximum output was 

determined. The simulation results were also verified 

using practical implementations and satisfied with 

the test results obtained at the charging rate of 5-6 

mV at 2 hour charging time from 3.2V to 3.9V. Our 

future work deals with a more appropriate selection 

of antennas that could capture energy from various 

bands and thereby results is maximised. 

 

REFERENCES 

 

Ajay Sivaramakrishnan, Kailarajan, Jeyaprakash, 

Jegadishkumar, “A Highly Efficient Power 

Management System for Charging Mobile Phones 

using RF Energy Harvesting,” International Journal 



465                                                                  S. Porselvi et al, 2015 

Australian Journal of Basic and Applied Sciences, 9(20) June 2015, Pages: 454-465 

of Information Technology Convergence and 

Services (IJITCS) vol.1 

Arseny Dolgov, Student Member, 2010. IEEE, 

Regan Zane, Senior Member, IEEE, and Zoya 

Popovic, Fellow, IEEE, “Power Management System 

for Online Low Power RF Energy Harvesting 

Optimization”, vol.57, No.7. 

Hamid Jabbar, S. Young Song, Taikyeong Ted 

Jeong, 2010. “RF Energy Harvesting System and 

Circuits for Charging of Mobile Devices,”  IEEE 

Transactions on Consumer Electronics, vol. 56, no. 1.  

Harrist, D.W., 2004. “Wireless battery charging 

system using radio frequency  energy harvesting,” 

M.S. Thesis, Univ. Pittsburgh, Pittsburgh, PA. 

Maurice Roes, G.L., 2013. Student  Member, 

IEEE, Jorge L. Duarte, Member IEEE, Marcel A.M. 

Hendrix, and Elena A. Lomonova, “Acoustic Energy 

Transfer”, vol.60, No.1. 

Mengyuan, Guo., 2011. “Radio Frequency 

Energy Harvesting for Carbon Monoxide Alarms,”  

B.S. Thesis, The Ohio State University, Spring. 

Minhong, Mi., H. Marlin Mickle, Chris Capelli 

and Harold Swift, 2009. “RF Harvesting with 

Multiple Antenna in the Same Space”, vol.47, No.5. 

Mohammad Asefi, Soudeh Heydari Nasab, Lutfi 

Albasha and Nasser Qaddoumi, 2008. AUS, 

“Energizing Low Power Circuits by Using an RF  

Signal Harvester,” Serbia, Belgrade.     

Patale,Vijaykumar Bharat and M.Kalyan 

Chakarvarti, 2014. “RF Harvesting circuitry for 

Ambient Backscatter Technology”, International 

Journal of Applied Engineering Research, Vol.9, 

No.19. 

Prusayon Nintanavongsa, 2012. Student Member 

IEEE, Ufuk Muncuk, David Richard Lewis, and 

Kaushik Roy Chowdhury, Member IEEE, “Design 

Optimization and Implementation for RF Energy 

Harvesting Circuits”, vol.2, No.1. 

Prusayon Nintanavongsa, David Richard Lewis 

and Kaushik Roy Chowdhury, 2012. “Design 

Optimization and Implementation for RF Energy 

Harvesting Circuits,”  IEEE Journal on Emerging 

and Selected Topics in Circuits and Systems, vol. 2, 

no. 1. 

Sechang, Oh., Mouli Ramasamy, K. Vijay 

Varadan, 2014. “Efficient RF Energy Harvesting by 

using a Fractal Structured Rectenna System, SPIE 

Proceedings, vol. 9060. 

Sohag Kumar Saha, Amirul Islam Rony, 

Ummay Habiba Suma, Md. Masudur Rahman,
 2013. 

“E-Shape Micro strip Patch Antenna Design 3or 

Wireless Applications,” International Journal of 

Science, Engineering and Technology Research 

(IJSETR) vol. 2, issue 3. 

Soumen Mandal and Santu Kumar Giri, 2011. 

“Comparison of Antennas for Radio Frequency 

Energy Harvesting in 0.2- 2.4 GHz Range,” 3rd 

International Conference on Electronics Computer 

Technology (ICECT 2011). 

TARIS Thierry, VIGNERAS Valérie  FADEL 

Ludivine, 2012. “A 900MHz RF Energy Harvesting 

Module,” in proceedings of IEEE 10
th
 international 

conference of New Circuits and Systems Conference 

(NEWCAS), Canada. 

TARIS Thierry, VIGNERAS Valérie  FADEL 

Ludivine, 2012. “A 900MHz RF Energy Harvesting 

Module,” in proceedings of IEEE 10
th
 international 

conference of New Circuits and Systems Conference 

(NEWCAS), Canada. 

Zahriladha Zakaria, Nur Aishah Zainuddin, 

Mohd Nor Hussain, Mohammad Zoinol Abidin, 

Mohammad Ariffin Mutalib, Abdul Rani Othman, 

2013. “Current Developments of RF Energy 

Harvesting System for Wireless Sensor Networks”, 

AISS vol.5, No.11. 


