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Abstract: Sustainable development will require replacement of older technologies and increased use of both renewable 
energy and wireless technology. What if there was a way we could harvest the energy that is being transmitted and use it as a 
source of power for handhelds? And also that to from Non-conventional energy source like solar power. This paper deals 
with a system that enables you to charge your handhelds wirelessly form zero pollutant solar energy. 
  A system that to be presented will be using a receiving antenna and charge pump technology to charge a handhelds battery 
without wires. The base station which is a transmitter of power is powered from solar energy. The solar energy which is 
trapped is transmitted as radio frequency from the base station. At the receiving end we contain antenna that is tuned to 
transmitted frequency and a charge pump to charge up the battery of Handhelds. 
 
 
I. INTRODUCTION 
 

Global warming from greenhouse gases, mainly 
CO2, is one of today’s most important environmental 
issues. Electricity production is often a source of CO2 
emissions, for instance when fossil fuel is combusted 
in power plants. So Non-conventional energy source 
like solar power solves this problem. At present use 
of hand held also increased and power consumed by 
these devices also increased rapidly. However, as 
technology has advanced and made our phones 
smaller and easier to use, we still have one of the 
original problems: we must plug the phone into the 
wall in order to recharge the battery. Most people 
accept this as something that will never change, so 
they might as well accept it and carry around either 
extra batteries with them or a charger.  
 

Either way, it’s just something extra to weigh a 
person down. There has been research done in the 
area of shrinking the charger in order to make it 
easier to carry with the phone. One study in particular 
went on to find the lower limit of charger size. But as 
small as the charger becomes, it still needs to be 
plugged in to a wall outlet. How can something are 
called “wireless” when the object in question is 
required to be plugged in, even though periodically? 
 

What if there was a way we could use solar 
energy to charge the mobile but the next question is 
where to place the solar panels. Practically it is 
impossible to have solar panels in each handheld 
because handheld are usually very less exposed to sun 
light. Another alternative is to trap the solar power at 
some possible place and transmit power wirelessly to 
the handheld to charge up the handheld devices. The 
potential exists for cellular phones, and even more 
complicated devices - i.e. pocket organizers, person 
digital assistants (PDAs), and even notebook 
computers to become completely wireless and not 
using wire even for charging purpose. 
 
 

II. SYSTEM OVERVIEW 
 

The system to be presented here is presented 
with two modules. In the first module we see about 
solar powered base station which transmit power 
wirelessly and in the second module we see energy 
harvesting and charge pump circuitry. In solar power 
powered base station is where you trap the solar 
energy and you transmit the solar power. It consists 
of solar array, Battery backup system, Power 
regulator, Base station equipments and a Transmitting 
antenna. 
 

At the receiving end we have energy harvesting 
and charge pump circuitry where the transmitted 
power is harvested and using the charge pump the 
voltage level is raised and is used to charge the hand 
held 
 
III. SOLAR POWERED BASE STATION 
 

Solar powered base station is where the solar 
energy is trapped and transmitted. The main 
components of it are solar arrays, Power regulation 
system, Battery backup System base station 
equipments with Antenna. 
 

The various components of the Solar Powered 
Base Station are shown in the block diagram and the 
purpose and the usage of each component are 
explained in detail below Block diagram: Solar 
powered base station 
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IV. SOLAR ARRAY UNIT 
 

Solar Array is the unit that traps the solar power 
from the sun. It converts solar power in to electrical 
energy. The solar array units are placed at certain 
angle to get the maximum power. Two or more solar 
arrays are set in parallel to have the rated power. The 
solar power output is then given to the power 
regulation unit. 
 
V. POWER REGULATION UNIT 
 

Power regulation unit regulates the power during 
various time of operation. This unit regulates the 
power to the base station equipments. It traps 
maximum output from the solar array using matching 
network. This unit also maintains the voltage level as 
per the requirement for the operation level of other 
devices. During daytime this unit supplies power to 
the base station equipments from the solar source and 
during night time it supplies power from the battery 
backup unit 
 
VI. BATTERY BACKUP SYSTEM 
 

During night time and during less sunny seasons 
battery supplies power to the base station equipments 
through power regulation unit. Battery power should 
last for a week and at least 4 days. 
 
VII. BASE STATION EQUIPMENTS AND 

ANTENNA 
 

Base station equipments include crystal 
oscillators and power amplifier. Oscillators generate 
the carrier signal and power amplifier amplifies that 
signal to our needed value. The amplified signal is 
then given to the antenna for transmission. Since 
there is no information signal to be passed there is no 
need for modulation etc. So the circuitry becomes 
very simple. 

 
VIII. CHARGE PUMP AND ENERGY 

HARVESTING CIRCUIT 
 

The second module of the paper is the charge 
pump and energy harvesting circuitry. 
 
IX. ENERGY HARVESTING 
 

Energy harvesting is the idea of gathering 
transmitted energy and either using it to power a 
circuit or storing it for later use. The concept needs an 
efficient antenna along with a circuit capable of 
converting alternating-current (AC) voltage to direct-
current (DC) voltage. The efficiency of an antenna, as 
being discussed here, is related to the shape and 
impedance of the antenna and the impedance of the 
circuit. If the two impedances aren’t matched then 
there is reflection of the power back into the antenna 

meaning that the circuit was unable to receive all the 
available power. Matching of the impedances means 
that the impedance of the antenna is the complex 
conjugate of the impedance of the circuit. This paper 
is based on a very simple concept, capture RF energy 
using an antenna, input it into a charge-pump and use 
this energy to power some other circuit RF energy is 
transmitted to the circuit and the charge pump stores 
the energy in a large capacitor. When the amount of 
charge is large enough, the LED uses the stored 
energy to light for a moment. This is called a charge-
and-fire paper, the monopole antenna was the antenna 
of choice because of its relative ease of use. A 
monopole antenna basically consists of a system. 
 
X. ANTENNA 
 

For this piece of copper wire with one end 
connected to the circuit, and the other left open. 
Probably the best reason for using an antenna such as 
this is that it fits nicely into the chosen stands. The 
wire is attached to the circuit and then wound once 
around the inside of the case; making sure that it does 
not touch any other part of the circuit or itself. 
Another good quality of this type of antenna is that its 
operating frequency range is fairly large. For this 
research, this is helpful because precise tuning of the 
antenna is not required. 
 
XI. THE CHARGE PUMP 
 

At this point, it is necessary to explain what 
exactly a charge pump is, and how it works. A charge 
pump is a circuit that when given an input in AC is 
able to output a DC voltage typically larger than a 
simple rectifier would generate. It can be thought of 
as a AC to DC converter that both rectifies the AC 
signal and elevates the DC level.  
The charge pump circuit is made of stages of voltage 
doublers. This circuit is called a voltage doubler 
because in theory, the voltage that is received on the 
output is twice that at the input. The schematic in 
Figure .1. represents one stage of the circuit. 

 
Figure 1:   1-Stage Voltage Doubler 

The RF wave is rectified by D2 and C2 in the positive 
half of the cycle, and then by D1 and C1 in the 
negative cycle. But, during the positive half-cycle, the 
voltage stored on C1 from the negative half-cycle is 
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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. 
 
SYSTEM SPECIFICATION 
 

There are many variables in the system that can 
change the voltage that is developed. The stage 
capacitors need to be optimized. The number of 
stages needs to be determined that, combined with the 
capacitor values for each stage, will result in a 
sufficiently high voltage level to turn on the phone 
and charge the phone’s battery. Also, a capacitor can 
be used across the output as a filter to provide a flat 
DC signal and store charge. The value of that 
capacitance also needs to be determined. There really 
are no fixed parameters for any of these values. The 
only specified value for any element in this research 
is the frequency that is being transmitted to the 
station. 
 
NUMBER OF STAGES 

The number of stages, as shown in Figure .2, in 
the system has the greatest effect on the output 
voltage. The capacitance, both in the stages and at the 
end of the circuit, affects the speed of the transient 
response and the stability of the output signal. The 
number of stages is essentially directly proportional 
to the amount of voltage obtained at the output of the 
system. Generally, the voltage of the output increases 
as the number of stages increases. This is due to how 
the voltage doubler works as explained in the 
previous chapter. 

 
Figure 2: 2-Stages of Voltage Doubler  

 
STAGE CAPACITANCE 

The stage capacitance, Figure .3, is difficult to 
work with. Sometimes, minimal changing of the 
capacitance will have a drastic effect on the output 
voltage. But, other times the change is negligible. The 
capacitance parameter is definitely very sensitive. 
There are a couple of different values that can be used 
for the capacitance. The first and most obvious is to 
keep all the values in all the stages the same. A 
second way is to gradually decrease the value of the 
stage capacitors as the number of stages increases. 
Each stage uses two capacitors, and those are kept the 
same, but the change is made from one stage to the 
next. If the first stage uses 100pF capacitors, then the 
next stage would use 50pF. To halve the previous 
stage capacitor seemed to be reasonable mainly for 
ease of testing, and availability of parts. This comes 

from the equation for charge in a capacitor, Equation 
(1).  
                   Q= c.v (t)……………1 
 
In Equation (1), the voltage in a capacitor is inversely 
proportional to the capacitance with relation to the 
charge. This being the case, if the voltage in a system 
increases, it would stand to reason that a lower 
capacitance value would be needed to keep the same 
charge. These two different methods of using the 
stage capacitance were simulated. 

 
Figure 3: Stage Capacitor of Voltage Doubler 

 
OUTPUT CAPACITANCE 

The variable that has the least affect on the 
overall system is the output capacitance as shown in 
Figure .4. Generally, the value of this capacitor only 
affects the speed of the transient response. The bigger 
the value for the output capacitance, the slower the 
voltage rise time. This does not mean, however, that 
the smallest capacitor will work the best, or that no 
capacitor should be used. Without a capacitor there, 
the output is not a good DC signal, but more of an 
offset AC signal, meaning that it will be DC with 
ripple. 
 

 
Figure 4: Voltage Doubler with Output Capacitor 

 
Figure 5:  7-Stage Voltage Doubler 

SIMULATION 
The Simulation started first is to keep all stages 

the same value. This is the simplest. The other way is 
to vary the stage capacitance between stages based on 
the charge in the circuit. The first schematic shown in 
Figure .5. is a seven stage design with all the stage 
capacitors being the same value. 
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Simulations were begun starting with four stages 
of voltage doublers that all had the same stage 
capacitance. The simulations were run from 4 stages 
to 9 stages. In the previous research, the capacitance 
for the stages was 1nF. This is where the simulations 
were started. The input is a power source, which is 
setup to model the RF source used in testing. 
Simulation Results  

Focusing on the Agilent HSMS-2820 Schottky 
diode, simulations were begun starting with four 
stages of voltage doublers that all had the same stage 
capacitance. The simulations were run from 4 stages 
to 9 stages. The input is a power source, which is 
setup to model the RF source used in testing. The 
only value of output capacitance used for these results 
is 15nF. According to the simulations, the rise time 
for the circuit is under 2 milli-seconds. A sample of 
the simulation result can be seen in Figure .6. 
Simulations were performed with other values of the 
output capacitance, but the rise time does not change 
enough to cause any drastic changes to the output 

  
Figure .6: Simulation Result for 6-Stage Voltage Doubler 

 
The value of 15nF was the first one tested, and 
because all other values performed similarly, this 
value was retained. The results of the simulations are 
presented in table 
 

Stage Caps  
(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  

0.47  9  87  
1.0  9  90  
2.2  9  91  
4.7  9  92  
10  9  92  
47  9  91  

 
Figure 7, shows a 7-stage voltage doubler 

and it also shows that changing the number of stages 
does not affect anything else in the circuit except the 
output voltage. The rise time is almost identical to the 
6-stage simulation shown in Figure .7. 

 
Figure 7: Simulation Result for 7-Stage Voltage Doubler 

 
After all the simulations were run using the same 

capacitance for each stage, a simulation was run 
using varied stage capacitances between stages. The 
capacitance was varied in such a way that, from one 
stage to the next, the capacitance was halved. So, if 
the first stage was 1nF, the second was 0.5nF, third 
was 0.25nF, and so on. But, values were used so that 
they matched a component that was available in 
commercial components for testing. This meant that 
the 0.5nF capacitors were actually 0.47nF, and the 
0.25nF capacitors were 0.22nF. The next two figures 
show the difference between these two different ways 
of using the stage capacitance.  

 
Figure 8: 5-Stage Voltage Doubler with Equal Stage 

Capacitance 
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Figure 9: 5-Stage Voltage Doubler with Varied Stage 

Capacitance 
 

The first one, Figure 8, shows a 5-stage voltage 
doubler with equal stage capacitance values between 
stages. The next figure, Figure 9, 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. 

 
After studying these two simulations, it can be 

observed that the resulting voltages are equivalent.  
 

The only difference between these two graphs is 
the rise time of the circuit with modified capacitance 
is a somewhat slower. But, again, it is still under 2ms. 
This difference is negligible. With this simulation, the 
variation in capacitance research was considered 
completed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It can be concluded that the output capacitance 
should not have an effect on the output voltage in 
testing; having equal stage capacitances should be 
work mostly the same if not better than varied stage 
capacitance; and the more stages in the system should 
result in more voltage. The next step is to verify the 
simulation by actually testing the different circuits. 
 
CONCLUSION 
 

In this paper, we submit a first step towards a 
goal that would have profound ramifications on the 
cellular phone industry and the portable electronic 
device industry as a whole. Simulation results show 
that while we were not completely successful at 
achieving our overall goal of having the charging 
circuit in a stand be able to charge the battery of a 
cellular phone while it was within the phone using a 
wireless RF source, we have completed the goal of 
being able to charge the battery while the phone is in 
its stand. Circumventing the proprietary circuitry in 
the charging path will allow future adaptation of the 
wireless RF energy harvesting concept produced by 
this research.  
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