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Abstract 
 

In order to provide long-term power supply for low-power 
consumption and many wireless sensor nodes, it is proposed to 
replace the battery and the power supply line by harvesting 
space radio wave energy to make up for the trouble of 
replacing the battery and reduce environmental pollution. 
Dickson rectifier voltage multiplier circuit is constructed by 
using schottky diode with low conduction voltage when a 
radio frequency of 400 MHz and a voltage amplitude of 5 mV 
is input, the rectified output DC voltage reaches 20 uV. This 
scheme provides a reference for wireless power supply of low 
power class circuits. 
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Introduction 

     
With the depletion of non-renewable fossil resources such as 

oil, coal and natural gas, the development and research of new 
energy has been highly valued by governments and scholars. 
During the use of fossil energy, a large amount of carbon 
dioxide and sulfur dioxide, dust and other polluting gases and 
pollutants will be generated, causing air pollution and 
greenhouse effect, leading to climate warming. 

In order to solve the energy crisis, scientists from all over the 
world are looking for sustainable clean energy. In 1968, 
American scientist Peter Glaser proposed the solar satellite 
program, which was to set up a satellite solar power station, 
use a huge solar array to convert solar energy into electricity in 
space. Bringing powerful solar energy back to Earth through 
wireless transmission [1, 2]. This microwave power 
transmission (MPT) technology reduces the weight and 
volume of energy users. The transmission loss is only 
atmospheric loss, rain attenuation and obstruction loss. Among 
them, the solar energy plan in the concept of wireless energy 
transmission has attracted the attention of governments and 
experts in various countries, and has launched research in 
related fields, which has greatly promoted the development of 
microwave transmission technology. 

The application field of microwave transmission has also 
gradually expanded to many other fields, such as ground 
power supply system [3], wireless sensors [4], wearable devices 
[5] and so on. At present, in the homes of residents, offices and 
other occasions, there are a large number of power supply lines, 
which not only occupy space, but also cause potential safety 
hazards, and also cause waste of resources. There are also 
officers and men stationed in the islands, working at the radar 

station on the mountain, etc., because it is very inconvenient to 
erect wires. Their working and living electricity mainly 
depends on diesel generators, and fuel and other consumables 
are often handled by hand. Therefore, it is feasible to use 
microwave power to supply energy to these areas. 

Many wireless sensor networks currently have many 
network nodes and require real-time detection and data 
processing. The general nodes are all powered by batteries. 
The available power is very limited, and it is very difficult to 
replace the batteries for thousands of nodes. Battery costs are 
high and replacement is difficult, and the environment will be 
seriously polluted, and the solar cells are obviously too bulky. 
If the receiving device in microwave power transmission is 
used to collect the energy of the space radio waves, this 
inexhaustible energy provides a practical method for powering 
the micro system, reducing the recycling and landfill of used 
batteries, and prevents the environmental pollution caused by 
the battery's chemical materials. RF power capture is small, no 
more than a few milliwatts, but this energy harvesting 
technology provides a promising future for low-power 
consumer electronics, wearable devices, implantable medical 
devices, and wireless sensor networks. 

Although wireless transmission technology is in full swing 
at home and abroad, the capturing of space-ready radio wave 
energy is still in the development stage. At present, there is no 
work in this area in China, and there are few reports on this in 
foreign countries. British scholar Pinuela realized the energy 
capturing of DTV, GSM900 and GSM1800, 3G RF waves in 
urban and suburban environments, and designed four 
frequency band dipole antennas respectively, the energy 
collection efficiency reached 40% [6]. Literature [7] reported 
that Japanese scholars used rectennas to capture RF energy 
from base stations of mobile communications to power LCD 
thermometers. Korean scholar Jeong has improved the circuit 
based on CMOS voltage multiplier, so that the output dc power 
of rectifier antenna increases by 160 percent compared with 
that of traditional rectifier antenna at 0 dBm power input 
[8].Two energy capture systems are presented in Reference [9], 
which use RFID readers and TV antennas to capture energy 
and obtain 60 uW of power from 4.1 km away. Reference [10] 
reported capturing a 470-570 MHz RF power using a rectenna 
antenna of a dipole antenna printed on paper. 

Numerous radio waves in free space are inexhaustible RF 
energy sources. The use of rectennas to capture the radio wave 
energy of space can just make up for the shortcomings of 
traditional MPT technology. Captured space radio frequency 
(RF) energy can be used to power a wide range of low-power 
devices such as Microsystems and sensor networks. The most 
critical part of wireless energy harvesting is the rectenna, 
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which consists of a receiving antenna, a matching circuit, a 
rectifier diode, and a DC load. 

 
RF energy harvesting system 

 
 
 
 
 
 
 
 

The emerge harvesting system is shown in Fig.1. It mainly 
comprises a receiving antenna, a radio frequency signal 
rectifying circuit, a matching circuit and an energy storage 
circuit. The receiving antenna is generally a planar antenna or 
an omnidirectional antenna. It works for multi-frequency 
operation or ultra-wideband, and mainly collects various radio 
frequency signals from base stations of mobile communication, 
GPS, DTV and various radio stations. The matching circuit 
performs impedance matching between the receiving antenna 
and the RF rectifying circuit to improve the efficiency of RF 
energy collection and the output voltage. The rectifier circuit 
has the functions of rectification and boosting, converts the RF 
signal into DC, and stores it in the energy storage circuit for 
DC output. 

Since the energy of various radio wave signals in space is 
very small, the voltage is generally smaller than the conduction 
voltage of the ordinary rectifier diode, and the ordinary 
rectifier diode cannot complete the rectification function of the 
space electromagnetic wave. The Schottky diode is a 
metal-semiconductor structure formed by 
metal-to-semiconductor contact, characterized by short reverse 
recovery time, very fast switching transition, very low turn-on 
voltage, low junction capacitance and low equivalent series 
resistance. It can be used as a rectifier diode and a small signal 
detection diode in microwave circuits. It can also be used as a 
rectifier diode in radio wave collection, which is the core of the 
rectenna. 

     
 Design of the rectification circuit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The Schottky HSMS-2852 diode is used as the rectifier tube, 
and the structure of the Dickson voltage multiplier is shown in 
Figure 2. 

The radio signal in free space is very weak. To enable the 

rectifier diode to start, the Schottky diode with low turn-on 
voltage must be used. Such a weak signal, the output DC after 
RF-DC conversion is also small. To increase the output 
voltage, a multi-stage diode rectification boost circuit is 
required. Increasing the number of voltage multipliers can 
provide a higher voltage at the load, but after the number of 
stages of the diode rectification boost circuit reaches a certain 
number, the voltage gain decreases as the voltage 
multiplication series increases due to the parasitic effect of the 
capacitance. The DC voltage is no longer raised. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 is a DC voltage output from the second-order 
Dickson rectifier circuit shown in Figure 2. When the 
frequency of the electromagnetic wave collected by the 
receiving antenna is 400 MHz and the voltage amplitude is 5 
mV, after the rectification boost circuit, the DC voltage of the 
output reaches 250 nV at about 100 us; after about 800 us, the 
output DC voltage reaches 2 uV. Such DC voltages are not 
sufficient to enable low-power circuits to start, and to supply 
power to low-power devices and circuits, a larger DC voltage 
must be provided. Therefore, the second-order Dickson 
rectifier circuit is increased to the ninth order, and the 
simulated output DC voltage curve is shown in Fig. 4. After 
8.5 ms of radio wave energy collection, the output DC voltage 
has reached 20 uV, indicating that the output voltage will 
increase as the order of the rectified voltage multiplier 
increases. 
 

 

Fig.2 the rectifier circuit 

 
Fig.3 The direct current output from the second-order rectifier 
circuit, When the amplitude of the collected electromagnetic 
wave is 5mV. 

 
Fig. 4 The direct current output from the nine-stage rectifier 
circuit,when the amplitude of the collected electromagnetic 
wave is 5mV.
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Fig.1 the system of the energy harvesting 
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Conclusion 
 

Space radio waves are an inexhaustible off-the-shelf RF 
energy source that can be converted into DC energy through a 
rectenna to supply low-power (sensor nodes) and 
micro-system devices. Power supply systems for low-power 
intelligent electronic devices such as wearables and 
micro-weapons are widely used; wireless sensor networks and 
the Internet of Things, etc.; instead of batteries, a series of 
power sources that cause serious pollution and cost to the 
environment. In the future, not only small power appliances, 
common household appliances, medical equipment, power 
tools, office appliances and kitchen appliances can be 
wirelessly powered. In the future, the development trend of all 
power-consuming equipment must be wireless. 
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