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Abstract 
  
Progressions made in innovation during the most recent two decades have 

brought forth another field of reaping sun-oriented force accessible in wealth 

in space through Solar Power Satellite (SPS) to conquer the issues of 

producing and disseminating influence on the world's surface making harm 
and debasement condition. The serious issue despite everything lies in the 

way that the SPS needs power for their interior tasks and working. Thus, 

optional SPS should be set alongside the essential SPS for feeing capacity to 
the principle SPS. So as to upgrade the degree of got capacity to its most 

extreme, the optional satellites have been put at the vertices of a triangle with 

the essential SPS at the in-focus of the triangle. In the current correspondence  
a shared inductance-based force moves conspire has been proposed with a 

force scope of 480 – 1920 Watts with a productivity of over 75%. 

Roundabout loops as transmitter and recipient curls have been considered for 
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the structure and standard scientific articulations gave in different 

examination study. This paper gives different detail investigation of different 

difficulties in Microwave Power Transmission to be utilized in Solar Power 
Satellite. 
             
Key words: Mutual Inductance, IPT, WPT, SPS, Microwave Power 

Transmission. 
 

1 Introduction 
 

Wireless Electrical Power Transfer (WEPT) or Wireless Electrical 

Energy Transfer (WEET) commonly known as Wireless Power 

Transfer/Transmission (WPT) is the technology and means of transferring 
electrical power from source to electrical load without using conducting 

medium in between avoiding the cost of physical infrastructure required for 

individual devices for the transfer of electrical power. 
 

2 Organization of Paper  
 

Requirement of WPT is explain in Section 3, Different types of WPT is 

explain in Section 4, Advantages of WPT is explain in section 5, What are 
the different types of WPS reported by scholar Microwave Oscillator 

Microwave Amplifier , Transmitting Antenna and Rectenna   are explained in 

section 6, Compression of different WPT and issue and challenges of WPT  

is  explain in section 7,  Conclusion of paper is in section 8  

 
3 Why WPT is Required 

 

Power or energy has unavoidably become part and parcel of human life 

out of which electricity or electrical energy is proved to be the major 
cornerstone of modern human civilization. Unfortunately, the power 

generating sources are immoveable and cannot reach each end every load 

with ease. Moreover, WPT technology [1] is an innovation with 

multidisciplinary facets and thus draws the attention of researchers in the 
allied fields. Most of the devices of daily use need electrical energy for their 

activation and workings and hence they need to be fed with electrical energy 

at regular interval thus causing interruption in usage of those devices. WPT 
has emerged as a very popular technology and is expected to be used with 

plenty of technological devices. WPT framework [2] totally diminishes the 

overburden of using the power transmission links, distribution sub-stations 
and allied infrastructure between the producing units and the customers thus 

reducing the cost of energy being consumed.  
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The energy can be easily distributed to the consumers where physical 

transmission lines cannot be erected. More importantly, the power can be 

distributed under adverse weather conditions like storm, heavy rains, 
cyclones or any other natural disaster. 

 

4 What are the Types of WPT 
 

The type of WPT technology to be exploited differs for the application 

concerned. The type of WPT to be used depends on many factors like the 
distance between source and load, amount of power to be transferred, 

obstacles coming in between the source and the load, electrical 

characteristics of the load, placement status of the load whether it is static or 

dynamic, biological and environmental safety considerations etc. [3]. out of 
which distance is the main concern to select the type of WPT. Generally, for 

close distance, Inductive coupling, resonant inductive coupling or air 

ionization is very much popular techniques. Whereas for long distance 
Microwave Power Transmission (MPT) and laser power transmission draw 

the attention of the researchers in this field.  

Inductive coupling is the technology mainly used for charging low 

powered gadgets like mobile, shavers, laptops and other portable instruments 
including biomedical devices. It works on the principle of transformer where 

the principle of mutual induction makes the energy transfer. It is useful only 

for a very close proximity between the source and the load. Resonant 
inductive coupling also works on the same principle with the primary and 

secondary coils resonate at the same frequency.  In air ionization technique, 

conduction is done using air as the medium. High electromagnetic field is 
generated to ionize the air molecules thus a conducting path is created for the 

electrical energy to flow through that.  

Microwave power transmission (MPT) is useful where the source and 

load are at long distance apart [4]. Typically, this system contains microwave 
transmitter which generates microwaves using an antenna. Receiver contains 

a Rectenna [4] which converts microwaves back to electricity. One of the 

major drawbacks with this method is it needs very large-scale antennas and 
hence the cost gets escalated. Laser power transmission is also used for long 

distance but it works only on line of sight cases. Here the power is converted 

into laser beam and transmitted from the source. The laser is then received at 
the receiver and using photovoltaic cells, the laser beam is then converted 

back into electrical energy. However, this process is highly directional and 

needs accurate adjustment also there can be an adverse effect on the human 

body due to high power of the laser beam under use. The efficiency of the 
system depends on atmospheric absorption, environmental scattering [5] and 

weather condition of the medium through which the laser beam passes.  
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5 Advantages of WPT 
 

Compared to wired transmission of power, wireless power transmission 

technology poses many advantages and thus being proved to be the future of 

transmission system. The major advantages can be outlined as: Power can be 
conveyed to areas where physical transmission lines cannot be laid down at 

the same time wireless power is not perilous like wired force where naked 

conductors are used for transmission. WPT provides mobility of the devices 

which needs electrical power for their operation and the users can get rid of 
using power cords, power plugs and power supplying adaptors. WPT offers 

better spatial freedom. With the implementation of highly efficient WPT 

system, the losses occurred during transmission can be reduced. It is more 
economical since transmission and distribution infrastructure get diminished 

and making it free from maintenance cost of infrastructure. Gadgets can be 

liberated from chargers as gadgets can be charged from anyplace. It is a 
secure system as far as the power burglary is concerned. 

 

6 What is SPS 
 

Conceptually SPS is very simple. It is a colossal satellite equipped with 

gigantic solar panels and power transmitting section orbiting the earth meant 
for supplying solar power to earth in a safe and environmentally friendly 

manner. It can be considered to be the solar power generating station in space 

[6]. The major hurdle in implementing space power station is to convey the 
power generated at the space to the earth. Fortunately, WPT proves to be an 

amicable solution of this problem.  

The concept of carrying solar power collected in space to earth for 

fulfilling the demand of consumers was conceived by Peter Glaser [7].  His 
works was based on the basic concepts of James C. Maxwell (1864) who 

envisaged the existence of radio waves through mathematical model and 

reinforced the realization of John H. Poynting (1884) that Poynting vector 
could be utilized as a measure of the energy content in electromagnetic 

waves. The first experimental implementation of these two theories was 

carried out by Heinrich Hertz reinforced by Maxwell‟s theory during the fag 
end of 19th century laying the corner stone of transfer of energy without 

using any physical conductor, i.e., wireless power transfer technology. 

However, Nikola Tesla in 1891 led the way to transfer power from one 

physical location to another through his “experimental station” at Colarado 
using resonant circuit. William C. Brown, in 1964, demonstrated the practical 

implementation of power transmission wirelessly using microwave by 

powering a helicopter from a distance after his invention of rectenna to 
convert microwave power into DC power [8]  
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Peter Glaser suggested through his intense research works that the solar 

power grabbed in space and transmitted through suitable antenna located in 

the solar panels in the satellites on orbits like GEO, MEO, LEO can be 
wirelessly transferred via space and earth‟s atmosphere to the rectifier 

antenna on the earth‟s surface.  Since then MPT technology has drawn the 

attention of many researchers and is intensively developing [9] His works 

have provided an impetus to the researchers for various schemes and 
alternatives for conveying power from space-to-earth, earth-to-space, space-

to-space and between two separate locations distant apart on the earth‟s 

surface.Susumu Sasaki et.al. [10] presented the idea of SPS as well as 
microwave power transmission techniques essential for SPS paving the path 

for commercial usage of SPS. According to them, SPS is capable of 

generating highly concentrated with lower losses and extremely efficient in 
harvesting solar power than its counterpart of solar power generation on 

terrestrial surface. 

Transmitting antenna installed in space on the satellite along with the 

solar panels and rectifying antenna placed on the ground acting as the 
receiver of the harvested power are the main focusing points of research for 

enhancing efficiency of the MPT system.The initial credit of designing, 

installing and testing of MPT goes to CRC (Candian Research 
Communication) group which was carried out at an altitude of 100 meters in 

1987. They utilized a 4.5 m parabolic antenna to transmit 10 kW of power at 

2.450 GHz to the rectenna placed on an airship[11]. Though the experiment 

was not meant for power harvesting from SPS yet the work opens the door of 
many research areas in this direction. 

 

6.1 Microwave Oscillator 
 

The DC power obtained from the solar panels deployed on the SPS is 

first converted into microwave signal.Magnetron is extensively used or the 
generation of microwave of suitable frequency for power transmission from 

SPS.      Brown [12] designed and developed a cooker type magnetron with 

voltage-controlled oscillator (VCO) and phase locked loop (PLL) for the 

generation of stabilized and phase-controlled microwave signal. It was 
observed that the spurious emissions from this generator with a stable DC 

supply were very low. This feature made the magnetron most suitable for 

MPT with higher efficiency.An experimental study conducted by Yang et. al. 
in 2017 [13] developed a 5.8 GHz power-variable phase-controlled 

magnetron (PVPCM) which controls the phase of magnetron output by a 

phase shifter and controls the power by the anode current of the magnetron. 
They utilized an injection technique and a PLL by the anode current. The 

results obtained by the authors clearly exhibited that the developed PVPCM 

had a variable output power with 1% power stability from 160 W to 329 W, 

the phase accuracy was nearly ±1°, and the response time was less than 
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100 µs. Stable output power, high phase-controlled accuracy, and fast 

response speed microwave sources based on the PVPCMs are suitable for 

phased array system for MPT. In 2018, Shinohara [14] confirmed through his 
experiments that magnetron with controlled phase could be effectively used 

as microwave generator at frequencies 2.45 GHz and 5.8 GHZ for use with 

MPT. 
 

6.2 Microwave Amplifier 
 
The microwave signal generated by the magnetron with proper phase 

controlled needs to be amplified by    microwave amplifier for feeding the 

same to the transmitting antenna of MPT. Generally, semiconductor 

amplifiers or vacuum tube amplifiers are utilized for this purpose. However, 
semiconductor-based amplifiers have got an edge over its vacuum tube 

counterpart due to its controllability and lower production cost. The most 

popular in this group of amplifiers is Active Integrated Antenna (AIA) due to 
its tiny size, thin structure, lower weight and multifunctionality and is used 

widely in space antenna as a part of the transmitter in MPT system.        

Kawasaki [14,15] fabricated a thin multilayer AIA and made a detailed study 

of the same. It was revealed that the    AIA proved to be very effective in 
SPS technology in constructing the amplifier system to be best suitable for 

microwave power transmission.  

 

6.3 Transmitting Antenna 
 
In order to transmit the microwave directed towards earth‟s surface an 

antenna system with highest transmission and aperture efficiency having high 

power handling capability with low bandwidth is very much required. Also, 

the antenna system must have low weight and high transmission to weight 

ratio. In this aspect slotted waveguide antenna supersedes its counterpart like 
slotted waveguide and parabolic dish antenna due to its inherent capabilities 

matching with the requirement for MPT. William Coburn et. al. [16] 

developed an antenna array made up of thousands of slotted waveguide 
antenna to meet the desired performance objectives in terms of gain in a 

reasonable size and weight. They observed that such an array provides high 

aperture efficiency (>94%) and the power handling capability was quite high 
in the S-band. 

 

6.4 Rectenna 
 
The directed beam at microwave frequency need to be captured, filtered 

and rectified to obtain DC power. This can be achieved by the receiving 

antenna array placed on earth‟s surface.  
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Such antennas fitted with rectifiers are commonly known as „Rectenna‟. 
The idea of rectenna was coined by W. C. Brown [17].The proposed rectenna 

contained an antenna, a low pass filter and a rectifying element working in 

the microwave range. It was observed that the receiving efficiency of the 
overall system of rectenna was above 84% in the experimental environment.      

The microwave power at the tolerant site is amended to give dc power using 

assortments of reviewing radio wire (rectenna) with Schottky diode. The 

power change efficiency for single rectenna outperforms 80% in a power 
broaden more than 50 mW. In any case, further research is required to 

improve the power viability for 1 mW class input and rectenna display all in 

all [1]Rectenna is a gadget used to catch RF surrounding signs and changes 
over them into a DC voltage to control low power gadgets, for example, 

remote sensor .Rectenna, in its fundamental structure, comprises of four 

components [3]A rectenna is helpful as the accepting terminal of a force 
transmission framework where dc power should be conveyed to a heap, 

through free space, for which physical transmission lines are not doable. it is 

likewise appropriate in applications where dc power should be conveyed to 

increasingly number of burden component that are spatially disseminated. 
Such force appropriation is accomplished by the dispersive idea of 

microwave vitality in space, killing the requirement for physical 

interconnections to singular burden components.  

 

7 A Comparison between far field wireless transmission 
systems 
 

In order to transmit the solar power generated by the SPS and 
considering the distance between the generator and the consumer of solar 

power, it is necessary to deploy far field wireless transmission system. There 

are mainly two types of far field WPT systems: Microwave Power 
Transmission (MPT) and Laser Power Transmission (LPT). A comparison[1, 

2, 3, 12, 14] between the performances of these two systems will reveal the 

suitability of the WPT system for space based solar power generation and 

transmission to earth. 
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      Table 1: Comparison between far field wireless transmission systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1 Why MPT is most suitable for SPS 
 

As discussed earlier, Microwave Power Transmission (MPT) being a 
subset of WPT is one of the key solutions to the hurdles faced in transmitting 

power in far field region It can be efficiently exploited to carry the power 

from space power generating station to earth [18]. As the distance between 
the SPS and earth is very large, MPT is proved to be the best technology to 

perform WPT. Basically, MPT contains a microwave transmitter that radiate 

microwave power at ISM band which is to be collected by rectifier and 

antenna array placed on earth‟s surface to convert the microwave power into 
usable power for distribution through power grid to reach the consumer. 

Motivation for using MPT. Expected energy crisis due to steep gradual 

shortage of fossil fuels, huge emissions of greenhouse gases, warning of 
global warming, effectiveness in power distribution, concept of global power 

house, safeguarding of the power generating units, less maintenance cost etc. 

are the major motivation for carrying out research works in the area of 

microwave power transmission. 
 

 

 
 

 

MPT LPT 

Pros Cons Pros Cons 

Atmospheric attenuation is 

negligible 

Large sized 

transmitter 

and receivers 

are required 

Ideal for line 
of sight 

transmission 

hence most 

suitable for 

transmission 

in space 

Suffers 

atmospheric 

attenuation High transmission efficiency 

No hindrances during 

transmission due to physical 

obstacles 

Energy 

density is low 

Transmission 

efficiency is 

low due to 

multiple 

conversion 

process 

Well-developed and 

experimentally implemented 

technology 
Design of 

efficient 

electronic 

circuits are 

required to 

wipe off the 

sidelobes of 
the signal 

High energy 

density and 

thus the beam 

is very much 

focused 
Ideal for non-line of sight 

transmission 

Suitable 

cooling 

system is 

required 

Safe if operated in the ISM 

band of frequency  
Small sized 

transmitter 
and receiver 

units required 

Dangerous to 

living bodies 
as well as 

environment 
Can be easily controlled 
electronically 
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7.2 Design Issues and Challenges 
 

Signal power communication in the microwave range serves mainly two 
purposes: Telecommunication over a long distance and power transmission 

from a distant source wirelessly commonly known as Microwave Power 

Transmission (MPT). However, the application of microwave-based 

telecommunication and microwave-based power transfer mainly differ in the 
following issues: i) purity in spectrum, ii) elevated power level, iii) high 

efficiency of generation, transmission and back conversion, iv) precise beam 

control, v) size and weight of the transmitting and receiving antenna systems. 
Hence the microwave telecommunication system functional units cannot be 

used as it is in MPT system. A good number of issues as described below 

need to be addressed in implementing MPT: 
MPT system demands exceedingly highly efficient and effective power 

transmission between the source and the recipient. The size and weight of the 

transmitter and receiver are of prime importance. Since the enormous cluster 

of antenna is necessary for higher efficiency which may lead the diameter of 
the antenna to the tune of few kilometers and number of constituting antenna 

in the array may be billions to achieve an efficiency of 90% [18].In 

communication applications, the energy in the sidelobes and grating lobes do 
not affect much in retrieving the information or message whereas in MPT, 

the power content in the sidelobes and grating lobes greatly reduces the 

power content and thus decrease the efficiency of transmission as well as 

may cause safety issues. This required characteristic of MPT makes the 
antenna system more complex.In MPT, the directed microwave containing 

power must be very accurately coordinated to the rectenna site. The issue of 

pointing the beam with an accuracy of nearly 300 Mts from the location of 
the SPS at a distance of around 36000 KMs (Geostationary orbit) from the 

earth‟s surface corresponding to the beam divergence of about 0.0005o at the 

transmitting antenna requires very precise design of the antenna systems.The 
number of phase shifters in the transmitting antenna is to be limited since use 

of more phase shifters lead to more losses and the antenna array becomes 

uneconomical. If vacuum tube transmitters are to be used then the number of 

power dividers is also to be kept limited due to the same reason.As per the 
requirements of efficient MPT system, power transmitters with fewer 

harmonic are desirable. Thus, design of the transmitter must conform to the 

fact that the numbers of harmonics generated must be low and the low weight 
to power ratio is maintained at the same time. The power densities received 

at the rectenna site does not maintain uniformity. Hence the rectifying 

devices must be highly proficient from rectification under different incoming 
power conditions.The output of the rectenna needs to be connected to 

existing power distribution grid and hence need precise matching circuits for 

maximum power transfer to the grid. 
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Telemetry system needs to be installed for automatic measurement and 

calibration of the antenna system for better performance. 

Selection of microwave frequency is a crucial factor since the microwave 
power is to travel a very long distance from space to reach the earth‟s 

surface. Atmospheric absorptions and ionospheric scintillation cause losses 

to the microwave power transmitted thus greatly reducing the overall 
efficiency of the system. Adverse biological effects on the lives of the human 

beings as well on the livestock, effects on flora and fauna need to be avoided 

while selecting the transmission frequency. 
Interference of microwave used in MPT with the signals used for 

microwave communication is another issue of concern. Any sort of 

interference among this two may cause losses to information being 

transmitted and the whole communication system will be at stake. 
 

8 Conclusion  
 

Obviously, the above issues pose a great challenge to the implementation 

of MPT for the use in SBSPS. Many researchers have worked out in this field 
to overcome the challenges faced in designing and implementing MPT 

suitable for SBSPS. Some of them have provided an amicable solution and 

implemented effectively. In the present communication, some issues have 
also been taken up as the subject matter and implemented through simulation 

the result of which will be proved to be useful for experimental verification. 

Progressions made in innovation during the most recent two decades 

have brought forth another field of reaping sun-oriented force accessible in 
wealth in space through Solar Power Satellite (SPS) to conquer the issues of 

producing and disseminating influence on the world's surface making harm 

and debasement condition. The serious issue despite everything lies in the 
way that the SPS needs power for their interior tasks and working. Thus, 

optional SPS should be set alongside the essential SPS for feeing capacity to 

the principle SPS. So as to upgrade the degree of got capacity to its most 

extreme, the optional satellites have been put at the vertices of a triangle with 
the essential SPS at the in-focus of the triangle. In the current correspondence 

a shared inductance-based force moves conspire has been proposed with a 

force scope of 480 – 1920 Watts with a productivity of over 75%. 
Roundabout loops as transmitter and recipient curls have been considered for 

the structure and standard scientific articulations gave in different 

examination study. This paper gives different detail investigation of different 
difficulties in Microwave Power Transmission to be utilized in Solar Power 

Satellite. 
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Teaching. It was formally presented to him on the Teacher's day celebration 

by Dr Raman Singh (Honourable Chief Minister of Chhattisgarh State). 
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Optoelectronics and Luminescence. 
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