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In recent trend Rectenna (Rectifier Antenna) have received a great deal of attention especially for the standards to 
mitigate worse environment condition. Rectenna is widely explored since it gives more benefit than the conventional 
antennas which supports multiple operation. A design, simulation and implementation of an efficient Rectenna will 

be proposed for energy harvesting. The antenna and its integrated rectifying circuitry for specific resonant frequency can produce dc power 
from received electromagnetic waves. 3D electromagnetic field solving software like – Computer Simulation Technique (CST) studio or National 
Instrument’s Applied Wave Research (AWR) will be utilized for the simulation and optimization of the proposed Rectenna design structure. 
Radiation pattern and its parameters like – Gain, Directivity, etc. of Rectenna will be tested with the help of available compact range measurement 
facility and 2-D experiment results like – Return Loss, Voltage Standing Wave Ratio (VSWR), impedance, etc. will be measured using Standard 
Vector/Power Network Analyzers.  

ABSTRACT

INTRODUCTION
SINCE the last century, space solar power transmission (SPT) and 
microwave wireless power transmission (WPT) has become an in-
teresting topic to been discussed as renewable energy in the future. 
WIRELESS power transmission has received special attention recently 
for the implementation of low-cost and low-power battery-less oper-
ated sensors [4]. Since ambient energy is available in many frequency 
bands, RF energy harvesters capable of operating in multiple bands 
are of great importance. Rectifying antenna or rectenna is one of the 
most important components in the application of SPT and WPT [1]. 
Nowadays, various approaches for designing rectennas have been 
considered in the literature including single-band operation [8], 
broadband approaches, and multiband designs [4]. Generally recten-
na is a device that converts microwave or electromagnetic (RF) energy 
to direct current (DC) power. It is useful as the receiving terminal of a 
power transmission system where DC power needs to be delivered to 
a load through free space, where physical transmission lines are not 
feasible. It is also useful in applications where DC power needs to be 
distributed to a large number of load element in an array. The power 
distribution is achieved by the distributed nature of microwave ener-
gy in space, eliminating the need for a large number of physical inter-
connects to individual load elements. Rectenna was use as receiving 
terminal in ground to ground, ground to space and space to space 
transmission system.

The main important part in this project is an antenna. During the 
past years, different structures of antenna such as dipole, microstrip 
patch, loop, spiral, coplanar patch and parabolic have been used in 
designing the rectenna [2]–[8]. Rectifiers are generally made of di-
odes and matching elements. Rectifiers have different topologies 
depending on the configurations of diodes used for rectification 
purpose, which include single series, single shunt [9], [10], voltage 
doubler, and [11] and bridge type [12], [13]. The frequency selected 
for antenna is 5.8 GHz which means the antenna should be able to 
operate in that frequency. Frequency 5.8 GHz were selected as oper-
ating frequency of this rectenna because the probability to get high 
efficiency rectenna is high [3]. The second part in this project is to 
design the stub that act as filter to suppress harmonics signal. This 
part must be design to match the antenna and diode impedance, 
so that the rectenna could rectify effectively. Then the rectenna will 
convert the RF energy into DC power by using rectifier circuit.Rec-
tifier circuit is consisting of diode and the load resistor for power 
measurement. This project will be focusing on the ability of recten-
na to convert EM energy to DC power.

MICROSTRIP PATCH ANTENNA DESIGN

Fig. 1  Antenna geometrical configuration

The geometry of the proposed antenna along with its parameters is 
shown in Fig. 1. The antenna was initially designed and developed on 
0.787-mm thick FR-4 substrate and fed by a coaxial probe which is 
operating at 5.8 GHz frequency.

Steps required for calculating antenna parameters:
Calculation of the width W of antenna:
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rf  = resonant frequency

ɛr = Dielectric constant of the substrate

Calculation of Effective dielectric constant ( reffε ):

Calculation of Effective Length ( effL ): The effective length is 
calculated from the known frequency to which antenna is to be de-
signed and dielectric constant of material
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Calculation of Length Extension ( L∆ ): The extension length 
due to fringing field effect in the radiating patch is calculated given 
by
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Calculation of Actual Length (L): From the fringing length the ac-
tual length of the patch is calculated given by 

LLL eff ∆−= 2

Antenna parameters are calculated from the given equations and 
they are as under.

Parameters Values 

rf 5.8 GHz 

W 13.5

L 11.7 

h 1.6 

t 0.035

4.3 

Dielectric substrate FR-4

Table 1. Antenna  parameter and its value

Fig. 2  CST view for proposed antenna

RECTENNA DESIGN
Rectenna is an important component for the energy harvesting. 
Rectenna consist of antenna and rectifier circuit which converts EM 
wave in DC power. We are using single diode and lumped element 
like register and capacitor for rectifier circuit. More specifically, a sche-
matic representation of the circuit used for rectification is given in Fig. 
3, it is a single diode half-wave rectifier.

 

Fig. 3  schematic representation of the circuit used for recti-
fication

Fig. 4  CST view for proposed Rectenna

RESULTS
MICRO STRIP PATCH ANTENNA
We are using CST studio for the simulation of proposed antenna and 
rectenna design. Simulated results for simple antenna are as under. 
First we are calculating S-Parameter and VSWR for simple micro strip 
patch antenna. Simulated results for micro strip patch antenna are as 
under.

Fig. 5  S-Parameter

A representation of S-parameter vs. frequency , at resonant frequency 
5.8 GHz, for simple micro strip patch antenna as shown in figure 5.For 
same VSWR representing in figure 6.

Fig. 6  VSWR



GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS  X 3 

Volume-4, Issue-3, March-2015 • ISSN No 2277 - 8160

REFERENCES [1] Miao Li, Petri S. Heljo, and Donald Lupo, “Organic Rectifying Diode and Circuit for Wireless Power Harvesting at 13.56 MHz”, IEEE 
Transactions On Electron Devices, Vol. 61, No. 6, June 2014. | [2] Shabnam Ladan, Ajay Babu Guntupalli, and Ke Wu, “A High-Efficiency 24 
GHz Rectenna Development Towards Millimeter-Wave Energy Harvesting and Wireless Power Transmission”, IEEE Transactions On Circuits 

And Systems—I, 1549-8328 © 2014 IEEE. | [3] Alexandru Takacs, Herve Aubert, Stephane Fredon, Laurent Despoisse, and Henri Blondeaux, “Microwave Power Harvesting for 
Satellite Health Monitoring”, IEEE Trans. Microw. Theory Tech., Vol. 62, No. 4, April 2014. | [4] Kyriaki Noitaki, Sangkil Kim, Seongheon jeong, Ana Collado, Apostolos Georgiadis, 
and Manos M. Tentzeris, “A Compact Dual-Band Rectenna Using Slot-Loaded Dual Band Folded Dipole Antenna ”, IEEE Antennas And Wireless Propagation Letters, Vol. 12, 2013 
| [5] Thomas Peter, Tharek Abd Rahman, S. W. Cheung, Rajagopal Nilavalan, Hattan F. Abutarboush, Antonio Vilches, “A Novel Transparent UWB Antenna for Photovoltaic Solar 
Panel Integration and RF Energy Harvesting”, IEEE Transactions On Antennas And Propagation, Vol. 62, No. 4, April 2014. | [6] Jui-Hung Chou, Ding-Bing Lin, Kuo-Lin Weng, and 
Hsueh-Jyh Li, “All Polarization Receiving Rectenna with Harmonic Rejection Property for Wireless Power Transmission”, 0018-926X © 2013 IEEE | [7] Sajina Pradhan, Guen-Sik 
Kim, Prakash Prasain, Sun-Woong Kim, Sun-Kok Noh, Dong-you Choi, “Electromagnetic Energy Harvesting for Rectenna”, Advanced Science and Technology Letters, Copyright 
© 2013SERSC | [8] Y. J. Ren and K. Chang, “5.8-GHz circularly polarized dual-diode Rectenna and Rectenna array for microwave power transmission” IEEE Trans. Microw. Theory 
Tech., vol. 54, no. 4, pp. 1495–1502, Apr. 2006. | [9] J. Akkermans, M. van Beurden, G. Doodeman, and H. Visser, “Analytical models for low-power rectenna design,” IEEE Antennas 
WirelessPropag. Lett., vol. 4, pp. 187–190, 2005. | [10] Q. He and C. Liu, “An enhanced microwave rectifying circuit using HSMS-282,” Microw. Opt. Technol. Lett., vol. 51, no. 4, pp. 
1151–1153, Apr. 2009. | [11] D. H. Li and K. Li, “A novel high-efficiency rectenna for 35 GHz wireless power transmission,” in Proc. 4th Int. Microw. Millimeter-Wave Technol. Conf., 
2004, pp. 114–117. | [12] A. J. Cardoso, L. G. de Carli, C. Galup-Montoro, andM. C. Schneider, | “Analysis of the rectifier circuit valid down to its low-voltage limit,” | IEEE Trans. 
Circuits Syst. I, Reg. Papers, vol. 59, no. 1, pp. 106–112, | Jan. 2012. | [13] W. B. Lawrance and W. Mielczarski, “Harmonic current reduction in | a three phase diode bridge rectifier,” 
IEEE Trans. Ind. Electron., vol. | 39, no. 6, pp. 571–576, Dec. 1992. | [14] Garg, R, Ittipiboon, A,“Microstrip Antenna Design Handbook”, Artech House, 2001. | [15] Balanis,"Antenna 
Theory - Analysis and Design, 3rd edition, Wiley,  2006. | 

RECTENNA
After connecting a rectifier circuit to the antenna we get the simulat-
ed results in for the rectenna circuit are as under. Figure 7 represent-
ing the S-parameter at the resonant frequency 5.8GHz. In this figure 
green line represent S-parameter when diode in OFF condition and 
red line represent S-parameter when diode is in ON condition. VSWR 
for rectenna circuit is shown in figure 8.

Fig. 7  S- Parameter for Proposed Rectenna

Fig. 8  VSWR for Proposed Rectenna

CONCLUSION

In this paper, the performance of a compact rectenna for the electro-
magnetic energy harvesting, in wireless applications, with better effi-
ciency and performance has been described.

This paper describes the original work on designing a rectenna for 
energy harvesting. Rectenna is the device that uses to capture and 
convert microwave signal into DC power and it is use as receiving ter-
minal. This project is undertaken as a solution to generate the power 
without using either electricity or solar because in some places, this 
two power source is not available due to some limitation. For exam-
ple a network with large number of micro electronics devices they 
need battery or power supply but instead of this we can also use 
microwave or radio frequency to generate power. So, in this project 
we are design a 5.8 GHz rectenna to capture and convert microwave 
signal into DC power. Generally, rectenna consist of an antenna and 
rectifying circuit and both of them will determine the overall perfor-
mance of rectenna. Rectenna was design by using CST microwave 
studio software and fabricated on FR-4 board because the printed 
rectenna is low cost and easy to manufacture. Measurement experi-
ment is carried on by transmitting different input power by using Mi-
crostrip patch antenna and being measured at different load.


