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Abstract 

The search for “inexhaustible” energy resources to satisfy long term needs is a high priority. Solar Power Satellites answer 

mankind’s energy needs in the 21st century. Can, infact directly convert solar energy into electrical energy with the use of solar 

cells, but sunlight diffuses at night time from the earth. If the need arises for 24 hours power supply. The solution is wireless 

power transmission from space through a system consisting of Solar Power Satellite and RECTENNA (RECtifying anTENNA) 

by Microwaves. The principal advantage of the space location is its independence of weather and day-night cycle and is pollution 

free. Modern techniques enables us to create a platform in space carrying solar batteries, generators converting electric current 

worked out by them into the Electromagnetic field energy of ten centimeter range (microwaves) and antenna forming 

electromagnetic wave beam. On the earth, the other antenna (rectenna) receives the beam and it is converted into electric current 

again. Space solar power stations are costly because of the great size of their radiating and receiving antennas. It is shown that a 

correct choice of the field distribution on the radiation antenna allows us to increase the wireless power transmission efficiency 

and to lessen its cost. Antenna and Rectenna sizes are chosen such that the rectenna is situated in the antenna’s Fresnel’s area 

(but not in the far area as in the ordinary radio communication). This paper thoroughly describes the construction of spacetenna 

and rectenna to increase the effectiveness of WPT. Compared to today's energy sources, the SPS and rectenna system is an 

economically competitive large scale energy source, and in fact appears to offer a much less expensive energy source once 

significant space-based infrastructure is established. In addition, the SPS and rectenna system has strong advantages in terms of 

environmental issues.     

Keywords: WPT, SPS, RECTENNA 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Compared to today's energy sources, the SPS and rectenna system is an economically competitive large scale energy source, and 

in fact appears to offer a much less expensive energy source once significant space-based infrastructure is established. In 

addition, the SPS and rectenna system has strong advantages in terms of environmental issues. 

 Theoretical Background: A.

     The electromagnetic energy also associated with the propagation of the electromagnetic waves. It can use theoretically all 

electromagnetic waves for a wireless power transmission (WPT). The difference between the WPT and communication systems 

is only efficiency. 

      The Maxwell’s Equations indicate that the electromagnetic field and its power diffuse to all directions. Although we transmit  

the energy in the communication system, the transmitted energy isdiffused to all directions. Although the received power is 

enough for a transmission of information, the efficiency from the transmitter to receiver is quiet low. Therefore, It won’t call it 

the WPT system. 

     Typical WPT is a point-to-point power transmission. For the WPT, we had better concentrate power to receiver. It was proved 

that the power transmission efficiency can approach close to 100%. It can more concentrate the transmitted microwave power to 

the receiver aperture areas with taper method of the transmitting antenna power distribution. Famous power tapers of the 

transmitting antenna are Gaussian taper, Taylor distribution, and Chebychev distribution. These taper of the transmitting antenna 

is commonly used for suppression of sidelobes. It corresponds to increase the power transmission efficiency. Concerning the 

power transmission efficiency of the WPT. 

     Future suitable and largest application of the WPT via microwave is a Space Solar Power Satellite (SPS). The SPS is a 

gigantic satellite designed as an electric power plant orbiting in the Geostationary Earth Orbit (GEO). It consists of mainly three 

segments; solar energy collector to convert the solar energy into DC (direct current) electricity, DC-to-microwave converter, and 

large antenna array to beam down the microwave power to the ground. The first solar collector can be either photovoltaic cells or 

solar thermal turbine. The second DC-to-microwave converter of the SPS can be either microwave tube system and/or 
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semiconductor system. It may be their combination. The third segment is a gigantic antenna array. Table shows some typical 

parameters of the transmitting antenna of the SPS. An amplitude taper on the transmitting antenna is adopted in order to increase 

the beam collection efficiency and to decrease sidelobe level in almost all SPS design. A typical amplitude taper is called 10 dB 

Gaussian in which the power density in the center of the transmitting antenna is ten times larger than that on the edge of the 

transmitting antenna. The SPS is expected to realize around 2030. Before the realization of the SPS, we can consider the other 

application of the WPT. In resent years, mobile devices advance quickly and require decreasing power consumption. It means 

that we can use the diffused weak microwave power as a power source of the mobile devices with low power consumption such 

as RF-ID. The RF-ID is a radio IC-tug with wireless power transmission and wireless information. This is a new WPT 

application like broadcasting. 
Table - 1 

 

 History of Wireless Power Transmission: B.

In 1864, James C. Maxwell predicted the existence of radio waves by means of mathematical model. In 1884, John H. Poynting 

realized that the Poynting Vector would play an important role in quantifying the electromagnetic energy. In 1888, bolstered by 

Maxwell's theory, Heinrich Hertz first succeeded in showing experimental evidence of radio waves by his spark-gap radio 

transmitter. The prediction and Evidence of the radio wave in the end of 19th century was start of the wireless power 

transmission. 

 
Fig. 1 
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 At the same period of Marchese G. Marconi and Reginald Fessenden who are pioneers of communication via radio waves, 

Nicola Tesla suggested an idea of the wireless power transmission and carried out the first WPT experiment in 1899. He said 

“This energy will be collected all over the globe preferably in small amounts, ranging from a fraction of one to a few horse-

power. One of its chief uses will be the illumination of isolated homes”. He actually built a gigantic coil which was connected to 

a high mast of 200-ft with a 3 ft-diameter ball at its top. He fed 300 kW power to the Tesla coil resonated at 150 kHz. The RF 

potential at the top sphere reached 100 MV. Unfortunately, he failed because the transmitted power was diffused to all directions 

with 150 kHz radio waves whose wave length was 21 km. To concentrate the transmitted power and to increase transmission 

efficiency, we have to use higher frequency than that used by Tesla. In 1930s, much progress in generating high-power 

microwaves, 1-10 GHz radio waves, was achieved by invention of the magnetron and the klystron. After World War II, high 

power and high efficiency microwave tubes were advanced by development of radar technology. We can concentrate a power to 

receiver with microwaves. We call the wireless power transmission with microwaves as microwave power  transmission (MPT). 

II. RECENT TECHNOLOGIES AND RESEARCHES OF WIRELESS POWER TRANSMISSION – ANTENNAS AND 

TRANSMITTERS  

 Antennas for Microwave Power Transmission: A.

All antennas can be applied for both the MPT system and communication system, for example, Yagi-Uda antenna, horn antenna, 

parabolic antenna, microstrip antenna, phased array antenna or any other type of antenna. To fixed target of the MPT system, we 

usually select a large parabolic antenna, for example, in MPT demonstration in 1975 at the Venus Site of JPL Goldstone Facility 

and in ground-to-ground MPT experiment in 1994-95 in Japan (See Fig.2.2 and Fig.2.6). In the fuel-free airship light experiment 

with MPT in 1995 in Japan, they changed a direction of the parabolic antenna to chase the moving airship. 

     However, we have to use a phased array antenna for the MPT from/to moving transmitter/receiver which include the SPS 

because we have to control a microwave beam direction accurately and speedy. The phased array is a directive antenna which 

generate a beam form whose shape and direction by the relative phases and amplitudes of the waves at the individual antenna 

elements. It is possible to steer the direction of the microwave beam. The antenna elements might be dipoles, slot antennas, or 

any other type of antenna, even parabolic antennas. In some MPT experiments in Japan, the phased array antenna was adopted to 

steer a direction of the microwave beam (Fig.3.1). All SPS is designed with the phased array antenna. It consider the phased 

array antenna for all following MPT system. 

 

 Recent Technologies for Transmitters: B.

The technology employed for the generation of microwave radiation is an extremely important Fig.3.1 Phased Array Used in 

Japanese Field MPT Experiment (Left : for MILAX in 1992, Right : for SPRITZ in 2000) subject for the MPT system. We need 

higher efficient generator/amplifier for the MPT system than that for the wireless communication system. For highly efficient 

beam collection on rectenna array, we need higher stabilized and accurate phase and amplitude of microwave when we use 

phased array system for the MPT. 
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     There are two types of microwave generators/amplifiers. One is a microwave tube and the other is a semiconductor amplifier. 

Trew reviewed microwave generators/amplifiers, frequency vs. averaged power as shown in Fig.3.1. These have electric 

characteristics contrary to each other. The microwave tube, such as a cooker-type magnetron, can generate and amplify high 

power microwave with a high voltage imposed. Especially, magnetron is very economical. The semiconductor amplifier generate 

low power microwave with a low voltage (below fifteen volt) imposed. It is still expensive currently. Although there are some 

discussion concerning generation/amplifier efficiency, the microwave tube has higher efficiency (over 70%) and the 

semiconductor has lower efficiency (below 50%) in general. We have to choose tube/semiconductor case by case for the MPT 

system. 

 
Fig. 3.1: Average RF Output Power versus Frequency for Various Electronic Devices and Semiconductors 

III. RECENT TECHNOLOGIES AND RESEARCHES OF WIRELESS POWER TRANSMISSION – BEAM CONTROL, 

TARGET DETECTION, PROPAGATION 

 Recent Technologies of Retrodirective Beam Control: A.

A microwave power transmission is suitable for a power transmission from/to moving transmitters/targets. Therefore, accurate 

target detection and high efficient beam forming are important. Retrodirective system is always used for SPS. A corner reflector 

is most basic retrodirective system. The corner reflectors consist of perpendicular metal sheets, which meet at an apex 

(Fig.4.1(a)). Incoming signals are reflected back in the direction of arrival through multiple reflections off the wall of the 

reflector. Van Atta array is also a basic technique of the retrodirective system. This array is made up of pairs of antennas spaced 

equidistant from the center of the array, and connected with equal length transmission lines (Fig.4.1(b)). The signal received by 

an antenna is re-radiated by its pair, thus the order of re-radiating elements are inverted with respect to the center of the array, 

achieving the proper phasing for retrodirectivity. Usual retrodirective system have phase conjugate circuits in each 

receiving/transmitting antenna, (Fig.4.1(c)) which play a same role as pairs of antennas spaced equidistant from the center of the 

array in Van Atta array. A signal transmitted from the target is received and re-radiated through the phase conjugate circuit to the 

direction of the target. The signal is called a pilot signal. We do not need any phase shifters for beam forming. The retrodirective 

system is usually used for satellite communication, wireless LAN, military, etc. There are many researches of the retrodirective 

system for these applications (Fig.4.2). They use the almost same frequency for the pilot signal and returned signal with a local 

oscillator (LO) signal at a frequency twice as high as the pilot signal frequency in the typical retrodirective systems (Fig.4.1(c)). 

Accuracy depends on stability of the frequency of the pilot signal and the LO signal. Prof. Itoh’s group proposed the pilot signal 

instead of the LO signal. 
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Fig. 4.1: (A) Two-Sided Corner Reflector, (B) Van Atta Array, (C) Retrodirective Array With Phase 

Conjugate Circuits 

 Environmental Issues: B.

 Interferences to Existent Wireless System: 1)

Most MPT system adopted 2.45 GHz or 5.8 GHz band which are allocated in the ITU-R Radio Regulations to a number of radio 

services and are also designated for ISM (Industry, Science and Medical) applications. Conversely speaking, there is no allowed 

frequency band for the MPT, therefore, we used the ISM band. The bandwidth of the microwave for the MPT do not need wide 

band and it is enough quite narrow since an essentially monochromatic wave is used without modulation because we use only 

carrier of the microwave as energy. Power density for the MPT is a few orders higher than that for the wireless communication. 

We have to consider and dissolve interferences between the MPT to the wireless communication systems. 

 Safety on Ground: 2)

One of the characteristics of the MPT is to use more intense microwave than that in wireless communication systems. Therefore, 

we have to consider MPT safety for human. In recent years there have been considerable discussions and concerns about the 

possible effect for human health by RF and MW radiation. Especially, there have been many research and discussions about 

effects at 50/60 Hz and over GHz (microwave). These two effects are different. There is long history concerning the safety of the 

microwave. Contemporary RF/microwave standards are based on the results of critical evaluations and interpretations of the 

relevant scientific literature. The SAR (specific absorption rate) threshold for the most sensitive effect considered potentially 

harmful to humans, regardless of the nature of the interaction mechanism, is used as the basis of the standard. The SAR is only 

heating problem. The scientific research results have indicated that the microwave effect to human health is only heating 

problem. This is different from the EMF research. Famous guideline, the ICNIRP (International Commission on Non-Ionizing 

Radiation Protection) guidelines, are 50 or 10 W/m2 for occupationally exposed vs. the general public, at either frequency. The 

corresponding limits for IEEE standards for maximum permissible human exposure to microwave radiation, at 2.45 or 5.8 GHz, 

are 81.6 or 100 W/m2 as averaged over six min, and 16.3 or 38.7 W/m2 as averaged over 30 min, respectively, for controlled and 

uncontrolled environments. The controlled and uncontrolled situations are distinguished by whether the exposure takes place 

with or without knowledge of the exposed individual, and is normally interpreted to mean individuals who are occupationally 

exposed to the microwave radiation, as contrasted with the general public. In future MPT system, we have to keep the safety 

guideline outside of a rectenna site. Inside the rectenna site, there remains discussion concerning the keep out area, controlled or 

uncontrolled area. 

 Interaction with Atmosphere: 3)

In general, effect of atmosphere to microwave is quite small. There are absorption and scatter by air, rain, and irregularity of air 

refraction ratio. In 2.45 GHz and 5.8 GHz, the absorption by water vapor and oxygen dominate the effect in the air. Especially, it 

is enough to consider only absorption by the oxygen in the microwave frequency. It is approximately 0.007 dB/km. In the SPS 

case, the amount of total absorption through the air from space is approximately 0.035 dB. When elevation is 47 degree in the 

middle latitude, for example, in Japan, the total absorption is approximately 0.05 dB. Attenuation factor by rain is shown in 

Fig.4.3. The attenuation factor by rain whose intensity is 50 mm/h and 150 mm/h is 0.01 dB/km and 0.03 dB/km in 2.45 GHz 

and 0.3 dB/km and 1.2 dB/km in 5.8 GHz, respectively. In assumption that rain cell size is 5km at 50 mm/h and 3km at 150 

mm/h, respectively, and that the elevation is 47 degree in the Japanese SPS case, we calculate the rain attenuation as follows; 

When rain intensity is 50 mm/h and 150 mm/h, the attenuation is 0.01 (dB/km) x 5 (km) x sec 47 (degree) = 0.07 (dB), 0.13 (dB) 

in 2.45 GHz, and 1.3 (dB) and 5.2 (dB) in 5.8 GHz, respectively. Scatter by irregularity of air refraction ratio is quite smaller 

than the absorption and scatter by air and rain. It was estimated below 0.0013 dB in the 2.45 
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 Recent Technologies and Researches of Wireless Power Transmission – Receivers and Rectifiers: C.

Point-to-point MPT system needs a large receiving area with a rectenna array because one rectenna element receives and creates 

only a few W. Especially for the SPS, we need a huge rectenna site and a power network connected to the existing power 

networks on the ground. On contrary, there are some MPT applications with one small rectenna element such as RF-ID. 

IV. RECENT TECHNOLOGIES OF RECTENNA 

The word “rectenna” is composed of “rectifying circuit” and “antenna”. The rectenna and its word were invented by W. C. 

Brown in 1960’s. The rectenna can receive and rectify a microwave power to DC. The rectenna is passive element with a 

rectifying diode, operated without any power source. There are many researches of the rectenna elements (Fig.5.1). Famous 

research groups of the rectenna are Texas A&M University in USA, NICT(National Institute of Information and 

Communications Technology, past CRL) in Japan, and Kyoto University in Japan. The antenna of rectenna can be any type such 

as dipole, Yagi-Uda antenna, microstrip antenna, monopole, loop antenna, coplanar patch, spiral antenna, or even parabolic 

antenna. The rectenna can also take any type of rectifying circuit such as single shunt full-wave rectifier, full-wave bridge 

rectifier, or other hybrid rectifiers[8]. The circuit, especially diode, mainly determines the RF-DC conversion efficiency. Silicon 

Schottky barrier diodes were usually used for the previous 

rectennas. New diode devices like SiC and GaN are expected to increase the efficiency. The rectennas with FET or HEMT 

appear in recent years. The rectenna using the active devices is not passive element. 

     The single shunt full-wave rectifier is always used for the rectenna. It consists of a diode inserted to the circuit in parallel, a 

λ/4 distributed line, and a capacitor inserted in parallel. In an ideal situation, 100% of the received microwave power should be 

converted into DC power. Its operation can be explained theoretically by the same way of a F-class microwave amplifier. The 

λ/4 distributed line and the capacitor allow only even harmonics to flow to the load. As a result, the wave form on the λ/4 

distributed line has a π cycle, which means the wave form is a full-wave rectified sine form. The world record of the RF-DC 

conversion efficiency among developed rectennas is approximately 90% at 4W input of 2.45 GHz microwave. Other rectennas in 

the world have approximately 70 – 90 % at 2.45GHz or 5.8GHz microwave input. The RF-DC conversion efficiency of the 

rectenna with a diode depends on the microwave power input intensity and the connected load. 

      It has the optimum microwave power input intensity and the optimum load to achieve maximum efficiency. When the power 

or load is not matched the optimum, the efficiency becomes quite low (Fig.5.2). The characteristic is determined by the 

characteristic of the diode. The diode has its own junction voltage and breakdown voltage. If the input voltage to the diode is 

lower than the junction voltage or is higher than the breakdown voltage, the diode does not show a rectifying characteristic. As a 

result, the RF-DC conversion efficiency drops with a lower or higher input than the optimum. 

 
Fig. 5.1: Various Rectennas (a) Brown’s Rectenna (2.45GHz)  (b) Brown’s Thin-Film Rectenna (2.45GHz) (c) Hokkaido University’s 

Rectenna (2.45GHz) (d) Kyoto University’s Rectenna (2.45GHz) (e) Texas A&M University’s Rectenna (35GHz) (f) CRL’s Rectenna 

(5.8GHz) (g) Denso’s Rectenna for Microrobot (14-14.5GHz) (h) University of Colorado’s Rectenna (8.5-12.2GHz) 
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 Recent Technologies of Rectenna Array: D.

The rectenna will be used as an array for high power MPT because one rectenna element rectifies a few only. For usual phased 

array antenna, mutual coupling and phase is the distribution are problems to solve. For the rectenna array, problem is different 

from that of the array antenna because the rectenna array is connected not in microwave phase but in DC phase.When we 

connect two rectennas in series or in parallel, they will not operate at their optimum power output and their combined power 

output will be less than that if operated independently. This is theoretical prediction. 

 
Fig. 5.3: Large Rectenna Array Used for (a) G-to-G Experiment in Goldstone in 1975, (b) G-to-G Experiment in Japan in 1994-95 , (c) fuel-

free airship experiment in 1995 , (d) Experimental Equipment in Kyoto University 

It is caused by characteristic of the RF-DC conversion efficiency of the rectenna elements shown in Fig. 5.1.  

 It was experimentally and theoretically reported that the total power decrease with series connection is more than that with 

parallel connection. It was further confirmed with simulation and experiments that current equalization in series connection is 

worse than voltage equalization in parallel connection. There is the optimum connection of the rectenna array. 

     The SPS requires a rectenna array whose diameter of over km.Only rectenna arrays were developed and used for experiments 

(Fig.5.3). The maximum rectenna array in the is that used for a ground to ground experiment in Goldstone by JPL, USA, in 1975 

as shown in the section of MPT history. 

 Recent Technologies of Cyclotron Wave Converter: E.

If we would like to use a parabolic antenna as a MPT receiver, we have to use Cyclotron Wave Converter (CWC) instead of the 

rectenna. The CWC is a microwave tube to rectify high power microwave directly into DC. The most studied cyclotron wave 

converter (CWC) comprises an electron gun, a microwave cavity with uniform transverse. 
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Fig. 5.4: Schematic Picture of Cyclotron Wave Converter 

 Electric field in the gap of interaction, a region with symmetrically reversed (or decreasing to zero) static magnetic field and a 

collector with depressed potential as shown in Fig.5.4. Microwave power of an external source is converted by this coupler into 

the energy of the electron beam rotation, the latter is transformed into additional energy of the longitudinal motion of the electron 

beam by reversed static magnetic field; then extracted by decelerating electric field of the collector and appeared at the load-

resistance of this collector 

     The first CWC experiment was carried out by D. C. Watson, R. W. Grow, and C. C.Jonson. The first CWC could rectify only 

1-1.5 W input with 56% efficiency. At Moscow State University, a variant of the CWC was tested and its efficiency was 70-74% 

at 25-25W. The TORIY Corporation and Moscow State University collaborate to create a several high power CWC with the 

efficiency of 60-83% at 10-20 kW. They demonstrated the CWC at the WPT’95 conference in Kobe, Japan. Vanke’s group 

continue to improve the CWC in present. European group planed to apply the CWC for a ground-to-ground MPT experiment in 

Re-union Island. 

 
Fig. 5.5: CWCs Developed in Russia 

 The overall configuration of the spacetenna is a triangular prism with a length of 800 m and sides of 100 m as shown in 

Figure. The main axis lies in the north-south direction, perpendicular to the direction of orbital motion. The transmitting antenna 

on the horizontal under-surface faces the Earth, and the other two sides of the prism carry solar arrays. The faces of the prism are 

embedded with photovoltaic cells. These Photovoltaic cells would convert sunlight into electrical current, which would, in turn, 

power an onboard microwave generator. The microwave beam would travel through space and the atmosphere. On the ground, 

an array of rectifying antennas, or “rectennas”, would collect these microwaves and extract electrical power, either for local use 

or for distribution through conventional utility grids 



Wireless Power Transmission and Reception using Rectenna  
(IJSTE/ Volume 2 / Issue 3 / 021) 

 

 All rights reserved by www.ijste.org 
 

153 

 
Fig. 6: 

 The Spacetenna has a square shape whose dimension is 132 meters by 132 meters and which is regularly filled with 1936 

segments of sub array. The sub array is considered to be a unit of phase control and also a square shape whose edges are 3 

meters. It contains 1320 units of cavity-backed slot antenna element and DC-RF circuit. Therefore, there will be about 2.6 

million antenna elements in the spacetenna. The spacetenna is composed of pilot signal receiving antennas followed by detectors 

finding out the 

 
Fig. 7 

 

location of the rectenna on the earth, power transmission antenna elements and phase control systems. The left and right hand 

sides in the figure below correspond to parts of power transmission and direction detection, respectively. The antenna elements 
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receiving the pilot signal have a polarization perpendicular to the antenna elements used in the power transmission so as to 

reduce effectively interactions between both antenna elements. Moreover, the pilot signal frequency and a frequency for the 

energy transmission are different from each other. Using two kinds of frequency for the power transmission and the pilot signal 

prevents each other from interfering and makes it possible to find out the accurate direction of a specified rectenna. 

V. RECTENNA 

A Rectenna can be considered as a base station for a geo-stationary satellite. Microwaves of 2.45 GHz frequency are used to 

transmit power from the satellite to the rectenna. 

 
Fig. 8 

 It consists of a mesh of an array of dipole antennas connected to diodes to convert the radio frequency energy to DC voltage,  

which is then converted to regular AC electricity and wired to homes, factories, etc.   A simple reflector plane could be added to 

the mesh to improve the efficiency to 50%. 

VI. ORBIT SELECTION 

A 1100km altitude equatorial orbit will be used. This choice minimizes the transportation cost and the distance of power 

transmission from space. 

 
Fig. 9: 
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 The system power is defined by the microwave power transmitted from the satellite, not by the power received on earth. It also 

has to be in low Earth orbit, in order to be low-cost. If it was in GEO (that is, 35,800 kilometers from Earth) then the transmitting 

antenna would have to be 40 times larger than a LEO one - or else the receiving antenna would have to be 40 times larger. 

Consequently the satellite has to orbit above the equator in order to have frequent transmission opportunities. It transmits up to 

10Mwatts of radio-frequency power. Ten satellites placed evenly around the orbit would require only nine minutes of storage 

capacity to provide continuous power. 

VII. FIELD DISTRIBUTION 

The basic drawback of a WPT system is that the essential part of the radiated energy does not reach the given area of space 

because of wave beam diffraction expansion. For an equal phased field distribution the focused field with peak distribution falls 

down to edges as shown by the function   The peak distribution  

 
Fig. 10: 

of the field at  v =1 is close to cos(pi*x/2a) and at v =2 is [cos(pi*x/2a)]^2 which is similar to a GUASSIAN FIELD distribution. 

For a circular aperture, this sort of field distribution falls down to the edges which is  ineffective use of the antenna size. The way 

out is accommodating the receiver with irregular sub-apertures, each of which gives a distribution of field uniform and equal in 

amplitude.  

      The increase of WPT effectiveness with non-equidistant antenna array by the discrete radiating antenna is of the factor where 

2b is the length of the receptor. Size of    is increased if the amplitude of the radiating field falls down to edges and the 

receiver is within the Fresnel’s area. However the efficiency of WPT systems depends not only on the size of  but also on an 

active surface of the radiating antenna. The factor of surface utilization for a square aperture is . 

 
Where U(x) is the field distribution of the radiator  

 Um(x) is the max. allowable field. 

 We require receiving a high factor of energy transfer by saving good operating active surface of the antenna. 

Hence it is necessary to have a high   product, which may be termed as ‘generalized criterion’ for energy transfer. 

      Thus, for a discrete step distribution, we need to have concentrated sub apertures in the centre and their gradual discharge on 

the edges. Thus all the sub apertures are similar and have a uniform distribution of the field with the equal amplitude, which may 

reach maximum admissible value. The optimal distribution form may be reached for the large radiating sub aperture clots in 

places, which corresponds to high field intensity and relieving sub aperture density at the edges of the antenna. This construction 

allows approaching to unit the value both of the co-efficients    and . As a result the effectiveness of WPT system will be 

essentially increased. 
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VIII. EFFICIENCY 

We classify the MPT efficiency roughly into three stages; DC-RF conversion efficiency which includes losses caused by beam 

forming, beam collection efficiency which means ratio of all radiated power to collected power on a receiving antenna, and RF-

DC conversion efficiency. 

 RF-DC Conversion Efficiency: A.

The RF-DC conversion efficiency of the rectenna or the CWC is over 80 % of experimental results as shown in Fig.6.1. Decline 

of the efficiency is caused by array connection loss, change of optimum operation point of the rectenna array caused by change 

of connected load, trouble of the rectenna, and any losses on the systems, for example, DC/AC conversion, cables, etc. However, 

it is easier to keep high efficiency than that on the other two stages. 

 Beam Collection Efficiency: B.

The beam collection efficiency depends on the transmitter and receiver aperture areas, the wavelength, and the separation 

distance between the two antennas as shown in the section 1. For example, it was calculated approximately 89% in the SPS 

reference system with the parameters as follows; the transmitter aperture is 1 kmφ, the rectenna aperture is 10x13 km, the 

wavelength is 12.24 cm (2.45GHz), and the distance between the SPS and the rectenna 36,000 km. They assume 10dB Gaussian 

power taper on the transmitting antenna. The beam pattern on the ground is shown in Fig.6.2. 

     Decline of the efficiency is caused by phase/frequency/amplitude error on a phased array. Phase/frequency/amplitude error on 

a phased array causes difference of beam direction and rise of side lobes. If we have enough large number of elements, the 

difference of the beam direction is negligible. The rise of the side lobe decreases antenna gain and beam collection efficiency. If 

antenna planes separate each other structurally, grating lobes, whose power level is the same as main beam, may occur and 

power can not be concentrated to the rectenna array. This problem occurs in module-type phased array. The idea of random array 

has risen in order to suppress the grating lobes. 

 DC-RF Conversion Efficiency: C.

If we do not have to steer a microwave beam electrically in a MPT, we can use a microwave transmitter with high DC-RF 

conversion efficiency over 70-80 % like microwave tubes. However, if we need to steer a microwave beam electrically without 

any grating lobes, we have to use phase shifters with high loss. Especially in the SPS ystem, the optimum and economical size of 

the transmitting phased array and microwave power are calculated as around a few km and over a few GW, respectively. It 

means that microwave power from one antenna element is much smaller than that from one microwave tube or high power (over 

a several tens watts) semiconductor amplifier. 

 
Fig. 11: Implementation Of Microwave Transmission With A High Power Microwave Oscillator And Phase-Shifters For High Precision 

Control Of Microwave Beam Direction To Large Angles Without Grating Lobes 

 It also means that phase shifter have to be installed after the microwave generation/amplification (Fig.6.3) if microwave beam 

will be steered to directions of larger than 5 degrees without grating lobes. In that case, development flow loss phase shifter is 

very important for construction of a phased array with high efficiency. 
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Fig. 12: Implementation of Microwave Transmission with Phase-Shifters and Low Power Amplifiers 

For High Precision Control of Microwave Beam Direction without Grating Lobes 

 In present, the power loss of the phase shifter is over 4-6 dB. It means that DC-RF conversion efficiency in the MPT system in 

Fig.6.4 is below 20% if we use over 70% efficiency high power oscillator/amplifier. However, the phase shifter problem will be 

solved if microwave beam will be steered to directions within 0.1 degree because the phase shifters do not need to be installed 

without grating lobes with large sub-array. Another way to solve the phase shifter problem is use of low power amplifiers after 

the high loss phase shifters (Fig.6.4). 

IX. ADVANTAGES 

1) Unaffected by day-night cycle, weather or seasons. Optimized advances may enable 21 hour power supply per day. 

2) This is an eco-friendly, renewable and maintenance free energy resource unlike the conventional fuels. 

3) As the equipment is positioned in space, it is occupies no land area and remains unaffected by harsh weather conditions. 

Rectennas can share land with farms. 

4) The spacetenna could direct energy to any rectenna on earth within the range of its steering angle, which could satisfy 

the energy requirements of all the equatorial countries. 

5) Waste heat is re-radiated back into space, instead of warming the biosphere. 

6) Will be a boon as we are running out of fossil fuels. 

 

X. CONCLUSION 

Synthesizing the wireless power transmission, it make the SPS concept commercially viable, it becomes a priority to improve its 

efficiency and the cost per watt. If can be achieved by: 

1) Placing the Rectenna within the Fresnel area of the transmitter. 

2) Placing the transmitting antenna in the LEO orbit to reduce installation cost and the distance of transmission. 

3) Using a discontinuous equidistant array with quasi Gauss distribution. 

4) Using a discontinuous non-equidistant array with uniform distribution. 
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