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Abstract— This work focuses on designing, measuring and 
testing each component of a Rectenna. A rectenna consists of 
an antenna and a rectifier circuit that is optimized for 
incoming signals of low power density. Objective of this work 
is to construct a rectenna to harvest electric energy from the 
RF signals that have been radiated at: 5 GHz. To collect 
electromagnetic power a modified Pentagonal patch antenna is 
designed and simulated. A Radial Stub Based Low pass filter 
designed to suppress the higher order harmonics generated by 
antenna. Since rectifier requires a single frequency to rectify 
therefore filter must have Sharp Cutoff Frequency response. 
Ordinary filter have a gradual Cutoff response, in this work an 
Elliptical Low Pass filter designed and simulated further 
which is converted in Radial stub based stepped impedance 
Filter. A rectifier circuit is designed and simulated; this circuit 
uses Schottky Diode for High Frequency rectification and a 
matching circuit. Finally, by using Harmonic Balance analysis 
the conversion Efficiency measured and analyzed. 
Keywords— Solar Power Satellite (SPS), HFSS, ADS etc. 

I.  INTRODUCTION  
Rectifying antenna, rectifies received microwaves 

into DC. A Rectenna comprises of a mesh of dipoles and 
diodes for absorbing microwave energy from a transmitter and 
converting it into electric power .Its elements are usually 
arranged in a mesh pattern, giving it a distinct appearance 
from most antennae .A simple rectenna can be constructed 
from a schottky diode placed between antenna dipoles as 
shown in Fig. 1.1.The diode rectifies the current induced in the 
antenna by microwaves. Rectenna are highly efficient at 
converting microwave energy to electricity. In laboratory 
,efficiencies above 90% have been observed with regularity. 
In future rectenna will be used to generate large scale power 
from microwave beams delivered from orbiting SPS satellites. 

 

 
Fig.1 A simple Rectenna 

The typical Rectenna basically consists of four elements: 
antenna, low pass filter (LPF), diodes and DC pass capacitor 
for the antenna integrated with nonlinear circuits, such as 

diodes and Field Effect Transistors, it is well known that 
harmonics of the fundamental frequency would be generated. 
The unwanted harmonics cause problems of harmonics re-
radiation and efficiency reduction of Rectenna; then the LPF is 
required to suppress harmonics to improve system 
performance and prevent harmonics interference. To suppress 
re-radiation and to maximize the power conversion, LPF is 
placed between antenna and rectifier setup. The cut-off 
frequency for Low Pass Filter has been selected such that 
second harmonic signals are rejected and after the filter 
matching circuit is put which provide the impedance matching 
between the low pass filter and antennas input impedance by 
which rectifier setup provides the maximum conversion, i.e. 
maximum power transmission. 

After this match circuit the rectifying diode is placed 
for rectification followed by DC pass filter which consists of 
capacitor for reducing ripples also called smoothing capacitor 
followed by load. The conversion efficiency depends on this 
DC pass filter set up i.e. its value and position. Wireless 
multimedia systems are receiving increasing research and 
application interests. But improvements are still required to 
provide higher data-rate links, for instance, the transmission of 
video signals. Therefore, ultra-wideband (UWB) 
communication systems are currently under investigation and 
the design of a compact wideband antenna is very essential. 
To overcome the inherently narrow bandwidth of microstrip 
antennas, various techniques have been developed to cover the 
entire UWB bandwidth, such as L/F shaped probe to feed the 
patch, triangular patch, U/V slot monopoles, in others. 

And, why don’t we use the same antenna to collect 
the energy that is being radiated at various frequencies? 
Clearly it is much more effective to harvest the energy of 
several services at the same time than collecting only one 
service energy; this is why the idea of an UWB antenna for 
harvesting energy is entirely feasible. The meaning of Energy 
Harvesting (also called energy scavenging or power 
harvesting), is the process by which energy from different 
sources is captured and stored. Generally, this definition 
applies when we talk about autonomous devices that require a 
low amount of energy to function. Another advantage of this 
kind of technology is that, unlike the generation of large-scale 
power, we can consider that the energy source is free if you 
take into account the electromagnetic energy of transmitting 
mobile stations and radio and TV broadcasting antennas. 
The use of batteries has two demerits: the lifetime of the 
batteries is very limited even for low-power battery, requiring 
impractical periodical battery replacement, the use of 
commercial batteries usually overkills the power requirements 
for µW sensor nodes, adding weight and size while creating 
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the problem of environmental pollution due to the deposition 
of these battery, as well as increases significantly the cost 
overhead of disposable nodes. 

This work focuses on incident low-power density; 
designing, measuring and testing a Rectenna to harvest electric 
energy from the RF signals that have been radiated by public 
communications systems (GSM-900 and GSM-1800) and the 
2.4 GHz ISM band; also the work is motivated by two types of 
applications: powering low-power sensor networks and RF 
energy recycling. 

 

II. PENTAGONAL PATCH ANTENNA  
 

 The antenna proposed here is fabricated on commercially 
available FR4 substrate with h=1.6mm εr =4.4 , and  tan 
δ=0.02. To simplify the design and discussion, the width of 
the feed line is chosen to be 3 mm, which corresponds to the 
characteristic impedance of 50 . The antenna is fed by a 
microstrip line through proximity (electromagnetically) 
coupling. A quarter-wave is used as the matching circuit. The 
HFSS electromagnetic (EM) field simulation tool is used for 
antenna design. Fig. 2 shows the simulated for the proposed 
antenna with different perturbation lengths . The side length of 
the slot is selected to be 23.5 mm. The other parameter values 
used are mm and mm. The impedance matching condition can 
be optimized when mm and mm. In here, the length is altered 
while fixing at 0.7 mm. The simulated results show that an 
increase in the length of the perturbation causes a greater split 
between two degenerated modes and thereby widens the 10dB 
bandwidth. Fig. 3 & 4 demonstrates the CP Performance of 
the proposed antenna when the perturbation length is varied. It 
is observed that the simulated 3-dB axial ratio (AR) bandwidth 
increases a little when the perturbation length varies from 5 to 
8 mm. In this letter, it is observed that minimum AR has the 
optimum value as the length mm. Fig.3 shows the 
performance of the proposed antenna with different widths of 
the perturbation. The other dimensions are the same as the 
above. As increased, so did the 10-dB bandwidth. With the 
width chosen to be 0.6 mm, the CP performance had the 
optimum value in this study. 
 

 
Fig 2 Pentagonal Patch Antenna 

  

III. SIMULATED RESULT FOR ANTENNA  
 

Return loss:-This mathematically designed circular patch 
antenna did not fulfilled the Frequency requirement since 
operating frequency is 5 GHz. that minimum return loss 
obtained is -18.2635dB at 5 GHz. 
 

0.00 2.50 5.00 7.50 10.00 12.50 15.00 17.50 20.00
Freq [GHz]

-45.00

-35.00

-25.00

-15.00

-5.00

0.00

d
B

(
S

(
1

,
1

)
)

1_AntennaS Parameter ANSOFT

m1

Curve Info
dB(S(1,1))

Setup1 : Sw eep

Name X Y
m1 5.0000 -18.2635

 
Fig 3: The S11 (return Loss) response of Pentagonal Patch 

antenna 
 

VSWR: - it is an important property of antenna to fulfill the 
requirement of matching. The VSWR of an antenna should be 
less than or equal to 2.the VSWR curve shows that antenna is 
near to 1.2782 at frequency 5 GHz. 
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Fig4 : The VSWR response of Pentagonal Patch antenna 
 

IV. ANTENNA & FILTER RESULTS 
 
A Pentagonal Patch Antenna and a elliptical low pass filter for 
5 GHz has been designed and fabricated. In this section we 
present the structure and results of combination of Antenna 
and Low Pass Filter. 
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Fig.5 Antenna With Filter 
 

Input Impedance & VSWR: This combined unit’s VSWR of 
antenna and it remains 1.5828 at 5 GHz. however for higher 
order harmonics it increases. On the other hand input 
impedance of antenna without filter was found 60.51Ω but 
after using filter it also decreased to 52 Ω which is near 
characteristic impedance. 
 

 
 

Fig 6. Combined antenna & filter in term of VSWR 
 
 

Radiation Pattern: The gain and beamwidth of antenna with 
filter is decreases with minor value than antenna without filter. 
For operating frequency 5 GHz & front to back ratio (FBR) is 
found about 32. 

 

 
Fig 7  Combined antenna & filter response in term of Beamwidth 

& Gain 

V. CONCLUSION 
As a conclusion of this work there are two main aspect to 
mention. First this work shows that  rectennas can be 
simulated using harmonic balance simulation for the circuit by 
chosen properly model-library component, and 
electromagnetic simulators for the antenna part, being careful 
with the greater coupling sensibility between antenna and 
circuit. Second, the measured results presented indicate that 

rectennas will work as RF recyclers with an output power 
level enough to be efficiently stored and reused. 

VI. FUTURE WORK 
Further work would include devices that are able to collect 
and store energy from power levels that correspond to the 
rectenna output. Increase the frequency bandwidth of the 
antenna, achieved an arbitrarily polarized reception are other 
important tasks to do, it might be by multi frequency or 
broadband operation by changing the antenna's design, would 
be by stacking microstrip patches or a more complex designs 
as spiral antenna. Even if only insufficient amount of energy is 
scavenged from single rectenna, it is also possible to arrange 
multiple elements to receive more energy. Shrinking the size 
of the rectenna is another aspect that requires more work. The 
frequency behavior might stay constant if the  of the 
substrate increases with the decreasing size of the antenna. 
Furthermore, measurements of situations with more than one 
incident frequency, as they occur in real life, can be done. 
Two incident waves with different frequencies can interfere 
destructively as well as constructively. As a recommendation, 
in order to increase the RF-DC conversion efficiency; a 
carefully chose of components and build of rectifier circuit are 
vital 
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