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Abstract: 

There is a number of sources available in the environment like wind power, thermal energy, solar 

power, and RF energy. In this paper, we are discussing mainly on RF energy. For this RF energy 

harvesting, we have a number of antennas but we used the microstrip antenna because 

fabrication is easy, the cost is low, size is small and performance is more compared to other 

antennas. The main theme of the RF energy harvesting is to convert the electromagnetic field 

into electric current. In this we want both domains to design the performance of RF energy 

harvester. In this, the receiving antenna contains both antenna and rectifier circuit. This receiving 

antenna takes energy from outside devices like mobile phones, LANs, etc.   

Keywords: RF energy harvesting, microstrip antenna, rectenna, rectifier, Inductively Coupled 

Antenna. 

1. Introduction 

In nowadays technologies are improving and updated every time. In this process, the life battery 

is decreased. In nowadays technologies are improving and updated every time. In this process, 

the life battery is reduced, because it's very difficult to handle the updated or new technologies. 

New technologies are difficult to handle to the battery because so many energies are in an 

environment like tidal energy, solar energy, and thermal energy. By using different energies the 

lifetime of the battery is reduced. So the life of the battery is increased by using this RF energy 

harvesting based on the microstrip antenna. Harvesting is the process of taking the amount of 

energy from energy sources. The taken energy is converted and store the energy for future usage. 

RF energy harvesting is the most popular technology, especially for wireless communications, 

etc. Many energy harvesting techniques are available such as piezoelectric and thermal etc. The 

frequency range of RF energy is 0.86 to 2GHZ. The harvesting of RF energy with the radiation 

pattern can receive both vertical and horizontal polarized waves [1-8]. This technology has 

advantages, they are 1) energy available freely 2) It is green for the environment. The energy 

harvesting is rectifying by using rectenna. Rectenna is an antenna, which is used to convert the 

electromagnetic energy into electricity. The energy harvesting has different blocks i.e., antenna, 

matching circuit and rectifier. The antenna is used to convert the electrical signals into 

electromagnetic waves and transmits the signal into free space. The matching circuit is used to 

transfer the RF power from a source to load. A rectifier is used to convert AC into DC reduced, 
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because it’s very difficult to handle the updated or new technologies. New technologies are 

difficult to handle to the battery because so many energies are in an environment like tidal 

energy, solar energy, and thermal energy. By using different energies the lifetime of the battery 

is reduced. So the life of the battery is increased by using this RF energy harvesting based on the 

microstrip antenna [9-11]. The technique of converting the raw energy source into electrical 

energy is called energy harvesting. Harvesting is the process of taking the amount of energy from 

energy sources. The taken energy is converted and store the energy for using in small devices. 

RF energy harvesting is the most popular technology, especially for wireless communications, 

etc. Many energy harvesting techniques are available such as piezoelectric and thermal etc. The 

frequency range of RF energy is 0.86 to 2GHZ. The harvesting of RF energy with the radiation 

pattern can receive both vertical and horizontal polarized waves. This technology has 

advantages, they are 1) energy available freely 2) It is green for the environment. The energy 

harvesting is rectifying by using rectenna. Rectenna is an antenna, which is used to convert the 

electromagnetic energy into electricity. The energy harvesting has different blocks i.e., antenna, 

matching circuit and rectifier [12-13]. The antenna is used to convert the electrical signals into 

electromagnetic waves and transmits the signal into free space. The matching circuit is used to 

transfer the RF power from the source to load. The rectifier is used to convert AC into DC. 

There are many advantages by using this RF harvesting, they are 

1) Efficient source of energy.  

2) The conventional power source can be replaced etc. 

Energy harvesting used in many applications like a backup generator in power systems improves 

the reliability and use in communication etc. 

2. Literature review 

In [4]: From previous years we are used many antennas used in RF energy harvesting. In that all 

antennas we use the microstrip antenna because it is less in weight, the cost is less, the profile is 

low and easy to fabricate. The energy is available in nature in different forms in nature i. e, solar 

energy, Thermal energy, and wind energy. Here the different types of microstrip antenna shapes 

are made with explanations of changes in design to achieve the size. The RF energy is explored 

by the out of bands for wireless devices. Multiple transmitting antennas and receivers are used in 

wireless communication like mobile phones is nowadays. The out of band energies used in 

receivers to improve the performance of communication systems. By using the antennas 

harvesting of out of band energy in wireless communication devices are checked. We have an 

opportunity for a couple of integrating the system harvesting to designing the antenna [5]. We 

have used so many antennas for RF energy harvesting. In that one of the antenna is inkjet printed 

wideband planar monopole antenna on cardboard, why we prefer this antenna is low cost and it 

doesn't affect the environment. An antenna on cardboard we placed a small dielectric coating. 

The frequency range of this antenna from 600MHZ to 1500MHZ, where the more numbers of 

strong signals are available in RF energy harvesting. This substrate of cardboard provides more 

than 72% of radiation efficiency and by using this antenna we managed the power [6]. In [7]: 

One of the antenna in RF energy harvesting is a broad cpw fractal antenna is formed by the made 
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the slot of an equilateral triangle. Bandwidth covers by this antenna from 0.88GHZ to 

8.45GHZ,it covers the 2.4GHZ and 5GHZ in WLAN bands used in 2G,3G,4G in mobile 

communication bands. 50 Ω is antenna impedance. In [8]: The rectenna is investigated for RF 

energy harvesting applications. For example, we take a 1×4 antenna array, which is used to 

studied to obtain the enhancement of bandwidth and reached the maximum power transmission 

efficiency in the middle of both 1×4 antenna array and auxiliary antenna. In this we compare the 

reference antenna and newly designed antenna, the newly designed antenna provides more 

bandwidth at the H-plane. In this, we used the rectifier to convert the RF energy into dc energy. 

Based on result rectenna 50% efficient than the incident angle in the middle of the 38 degrees to 

35 degrees. This antenna provides a slotted microstrip antenna has a ground plane for the 

frequency range 204GHZ. The antenna has a slotted patch it takes a feed from the coaxial feed 

line. This antenna contains both return loss and gains at the frequency of 2.39GHZ to 2.43GHZ. 

It has a gain of 9.7dB and it contains return loss 29.19dB at the frequency of 2.4GHZ. This 

designed antenna is collecting the energy from wireless communicating devices like Bluetooth 

and Wi-Fi etc [9]. In this paper, we have used the rectenna for the harvesting of RF energy. 

When it is in simulation It wants the dc voltage of approximately 328mv. During the perform the 

task of their obligation cycle, it requires low power. The energy administration circuit, the 

number of sensors is operated by the user of the RF energy of rectenna. By using remote sensors 

we collect RF energy is a very critical problem so in this we learn the many points [10].   The 

1800MHZ frequency is required operate the RF harvesting circuit. This RF harvesting circuit 

depends on the bow-tie dipole antenna design, the RF energy is extracting from the cellular band 

of 1800MHZ. The CST software is designed the antenna which is works at 1.8GHZ and 

implemented the novel AMC which is an increased gain of the antenna to be 10.4dBi with the 

characteristics of broadside radiation. The rectifier is designed by ADC software by using the 

technique of harmonic balance analysis. To measure the RF energy harvesting rectifier is 

integrated with antenna [11]. In [12]: The antenna i.e, novel compact dual-band antenna provides 

the efficient RF energy from the frequency range is 2.45GHZ WIFI band and 3.5GHZ WiMAX 

band. The wide load range is provided by the rectenna from 0.9 to 20kΩ at the low power levels. 

Under the input power 0dB, we can obtain an efficiency of 60% at 2.45GHZ and 53% at 

3.5GHZ. Compared to previous antennas, it has a better performance at a particular frequency 

band. In [13]: 

Different types of designs depending on the performance of the rectifier. The main target of this 

antenna and rectifier is to maximize the performance of the harvester. The improved by body 

voltage control. After the implementation of RF harvester operating 868MHZ. The rectifier is 

fabricated the 0.13um by using CMOS technology. 

3. Methodology section 

 There is a number of methods are used for RF energy harvesting. Let we discuss some methodologies 

3.1 Wireless power transfer system 

RF systems contain a number of core components and that components are used to allow the energy flow 

between the source point and destination points in free space. A base station we produce an RF energy-

based on the magnetron. This choice is taken based on the application. Between the source and 
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destination, the energy is propagated by the base station through the channel, in this process harvesting 

node capture that energy. The harvesting node contains the circuit of energy conversion at the receiving 

antenna. It contains the band pass filter, filtering circuit and low pass filter [14]. 

 

Figure 1: Energy harvesting circuit 

From the figure, a combination of the band pass filter, rectifying circuit and low pass filter is called 

energy harvesting circuit. The band pass filter is used to allow certain bands and eliminate the harmonics. 

The rectifying circuit is used to convert the RF energy into electrical energy. A low pass filter is used to 

allow the low-frequency components and reject the high-frequency components. 

3.2 RF energy harvesting principles 

In new harvesting circuits use the rectifiers based on the semiconductor, different methods convert the RF 

energy into dc power. The small number of powers are handled by the semiconductor. In previous 

methods are used in the conversion of RF to dc are thermionic diodes and microwave principle with 

closed space. The Schottky diodes are used for SPS systems because it has low threshold voltage and low 

capacitance compare to PN diodes. Choose Schottky diodes it has low threshold voltage, this threshold 

voltage provides more efficient working at low powers. Capacitance has increased the frequency of a 

diode. In RFID the CMOS is connected with transistors, it increases the efficiency at low powers [14]. 

3.3 Diode rectifier behavior and energy harvesting characterization 

The modeling of the diode depends on the nonlinear relationship. The characterization of the I-V curve 

there is three major regions. The diode is in lower voltage below the reverse breakdown Vbr. In that 

above point, the diode is in reverse bias and it will be conducting reverse direction. When the diode is off 

then the small leakage current is flow. Voltage is above the Vpt, the diode in forwarding bias and the 

diode starts the flowing of current. The voltage across diode Vodc then the reverse break down voltage is 

Vodc=Vbr/2 

 

Figure 2: I-V characteristics of typical diode. 
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The maximum dc power is given by [11] 

Pdcmax=Vbr^2/4Rl  

3.4 Diode parameter behavior 

 In [14], the Schottky diode is delivered the power at the 5.8GHZ from 50Ω source. In the place of the 

CMOS technology, we use the Schottky diode. 

 

Figure 3: Input power and efficiency based on Vt effect. 

In characteristics a single parameter change is showed by each subplot, remaining plots are constant. In 

that we have loss parameters are based on the threshold voltage of diode and junction capacitance and 

resistance of the diode. 

 

Figure 4: Diode model of schottky. 

4. Conclusion 

In this paper, we are mainly focused on RF energy based on the microstrip antenna. In this, we are using a 

microstrip antenna because of the low cost, it is easy to fabricate and small in size. In the above pages, we 

are discussed different methodologies like wireless power transfer system, RF energy harvesting 

principles, etc. As a result, we have different frequency ranges that frequencies depend on the size of 

CMOS and the design of the antenna. For achieving high frequencies in place of CMOS technology we 

use the Schottky diode. This process is also achieved by the use of CPW antenna, this is used in wideband 

bandwidth and it covers the frequency is 2.4G and 5G WLAN. It is used in 2G, 3G and 4G mobile 

communication bands also.  
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