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Radio-frequency (RF)-based wireless technology enables three

different basic system functions, namely, wireless communica-

tion (data/voice), wireless sensing (parameter), and wireless
powering (energy). The

first two well-known wireless applica-

tions have been found today in nearly

all social and economic activities,

which have been transforming our

daily life. However, the wireless

power transmission or transfer

(WPT), which is less known at least
publicly, has not yet been well

developed and established as one of

the fundamental driving forces for

wireless applications. Strictly speak-

ing, any natural or man-made electro-

magnetic radiation and transmission

in space should be called WPT,

including today’s popular solar power
harvest systems because sunlight is

just a set of mixed electromagnetic spectra. We often refer to the WPT for the

use of ‘‘electrical-oriented’’ power transmission purposes at RFs that are much

lower than their infrared and optical counterparts. Infrared and optical

frequencies present some challenge for WPT under severe weather conditions

such as foggy and rainy days.

The idea of WPT is not new at all; it was first considered more than a century

ago by Nikola Tesla (U.S. Patent 685 954, November 1901). His experiment was
not successful even though he attempted to demonstrate its feasibility. This failure

was caused by the lack of certain radio-wave technologies at that time. With a

series of technological attempts and historical demonstrations, the wireless power

has finally come out of age. Currently,

four major technological factors have

been driving the research progress of
various wireless power transmission

and technologies for about two dec-

ades, namely high-density power de-

vices, low-power integrated circuits

(ICs), high-efficiency rectennas, and

innovative circuit architectures. In

addition, emerging applications and

markets have been playing critical roles
in the promotion and ‘‘push-forward’’ of

WPT such as the power harvest of

battery-free implanted complementary

metalYoxideYsemiconductor (CMOS)

devices for biomedical engineering,

contactless radio-frequency identifica-

tion (RFID) for security applications

and transportations, and remote charg-
ing and powering of electronic vehicles

and mobile devices.

This special issue focuses on the

historical development, state of the

art, and future outlook of wireless

power technology, transmission, and

applications. A wide range of topics

are covered within 18 papers selected
for this issue, which fall into in the

following three categories: 1) prox-

imity (near-contact) and near-field

power delivery through electrical and/

or magnetic inductions; 2) short-range
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and midrange wireless power transfer
through coupled resonant circuits;

and 3) long-haul wireless power trans-

mission through RF rectifying circuits.

In addition, the research and develop-

ment progress and prospects of solar

power satellite (SPS) technologies and

systems for microwave WPT are pre-

sented. Safety concerns and interfer-
ence assessment are also discussed

with respect to WPT.

As revealed by this special issue,

WPT and its related technology de-

velopment have recently generated

significant interest and applications

around the world. Some startup or

small-size companies have exploited
market-oriented WPT applications. A

number of medium and large-size

corporations have invested significant

R&D manpower and budgets into

the development of their product-

oriented special WPT technologies.

The SPS technology opens up the

possibility of constructing power sta-
tions in space and/or on the moon,

which will be capable of transmitting

power to Earth using microwave

energy beams. The transmitted micro-

wave energy could then be captured

and converted into electricity using a

large array of rectenna receivers on

Earth.
Obviously, WPT could revolution-

ize our energy sector, our information

and communication technology (ICT)

sector, our environment sector, and

our medical sector. First, the pro-

posed SPS would bring clean energy

from natural sunlight in space to power

Earth without using the resources of
our planet. This could fundamentally

change the landscape of resource

planning and energy renewable strate-

gies. Numerous existing devices and

circuits technologies can directly be

used or recycled into the WPT research

and development.

Although a large number of re-
search and development activities

related to WPT are currently going

on and a growing list of applications is

envisaged for immediate and future

use, there is a lack of concentrated

state-of-the-art information on this

very important topic. In fact, most of

the WPT research publications have
been widely scattered in various

journals and magazines, starting

from publications like Science to

Industrial News Reports. In fact, WPT

involves a very wide range of research

and development topics such as device

technology, system architecture, an-

tenna systems, material engineering,
transmission safety, interference issue,

application development, and market

economy. It is rather difficult for us to

consider all those aspects in a single

technical journal or magazine. But, this

special issue attempts to fulfil the void

for our community to develop a topical

‘‘overview,’’ present the current re-
sults, and also share our collective

‘‘vision’’ for the future. We are thankful

for the enthusiastic contributions from

various research groups in academia,

industries, research institutions, and

government agencies around the

world. The collective contributions

provided an opportunity to create an
archival reference for furthering and

expanding R&D activities in the field.

As guest editors, we have done our

utmost to reduce the overlap of

technical contents among the selected

papers in the special issue. But in

papers of closely related subjects some

overlap is unavoidable during the
actual presentations and discussions.

Our goal is to cover the widest possible

range of related topics, but we have

excluded infrared and optical power

harvest techniques, as we present WPT

techniques defined in the electrical

and RF spectrum.

To make the presentation logical
and sequential, we organized the

articles in groups based on work

frequency, power level, wireless range,

and operating technique. The special

issue begins with the first group of

three papers that address the proximity

power transfer issues with induction

techniques based on the kilohertz-
frequency range for relatively high

power applications. Following a gener-

al presentation on various near- and

far-field issues and deployments by the

two subsequent papers, the second

group of four papers examines differ-

ent techniques on coupled resonance

technologies operating over the mega-
hertz range, even though a possible

extension into gigahertz is also ad-

dressed. Such coupled resonance tech-

niques are based on near-field

scenarios for delivering midlevel pow-

er. The third group of seven papers

focuses on the rectenna-based long-

range WPT techniques including SPS
and discusses fundamental issues,

technological advancements, and po-

tential applications. Compared to the

induction- and coupled-resonance-

based WPT, which have been capital-

ized by industry through industrial

standards and forums, the long-range

wireless powering is still subject to
academic research, and has not been

well exploited yet by the end users and

industry. This is because there are a

number of challenging problems such

as wireless power level and dynamic

efficiency issues. The last group of two

papers is concerned with human

exposure and EMC- and EMI-related
problems with respect to electromag-

netic fields through WPT, which is

important and cannot be ignored for

large-scaled commercial applications

of WPT.

The first paper, ‘‘Inductive power

transfer’’ by Covic and Boys, details

the historical background, technolog-
ical issues, and engineering applica-

tions of inductive power transfer. A

comprehensive analysis on the func-

tions of inductive power transfer is

given. The authors share their vision

and arguments on the engineering

challenges and future developments

such as roadway powered systems.
The second paper, ‘‘Planar wire-

less charging technology for portable

electronic products and Qi’’ by Hui,

begins with the importance of wire-

less power charging and its historical

roots. The author then discusses

recent system platforms based on

planar charging as well as its critical
issues and related technologies. The

information on the first wireless power

standard ‘‘Qi’’ is then presented with

future trends and development predic-

tions in this field with examples.

The third paper, ‘‘An overview of

technical challenges and advances of
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inductive wireless power transmis-
sion’’ by Mayordomo et al., empha-

sizes the technical issues in connection

with design parameters. The authors

briefly discuss the principle of induc-

tive coupling and then present a

number of related applications. Subse-

quently, WPT-based projects, mainly

developed in Germany, are presented
to highlight the importance of induc-

tive WPT.

In the fourth paper, ‘‘Issues and

initiatives for practical deployment of

wireless power transfer technologies in

Japan’’ by Shoki, various WPT-related

social/political issues, technical pro-

blems, and commercial applications in
Japan are addressed. Three basic WPT

techniques are briefly discussed in

connection with tradeoff and usage

models as well as practical problems.

The author highlights Japanese activi-

ties with focus on the development of

WPT regulations. WPT-related stan-

dards and industrial consortia in Japan
are also presented.

The fifth paper, ‘‘Wireless power

transmission: From far field to near

field’’ by Garnica et al., addresses the

historical issues of WPT and then

examines techniques and applications

from far-field to near-field WPT plat-

forms. The authors review technolog-
ical advances in the short-range and

midrange near-field systems with a

series of examples and results. They

point out the advantages of near-field

WPT for practical applications.

The sixth paper, ‘‘Coil design and

shielding methods for a magnetic

resonant wireless power transfer sys-
tem’’ by Kim et al., starts with the

presentation of basic principle of WPT

based on magnetic field resonance with

parametric effects. The authors look

into the electromagnetic field noise

from WPT and related shielding and

cancellation methodologies. Different

application scenarios are described
with design considerations.

The seventh paper, ‘‘Enabling seam-

less wireless power delivery in dynamic

environments’’ by Sample et al., re-

views magnetically coupled resonance

techniques and related challenging

problems. In particular, this paper

discusses various methods used to
adapt to the variations in range,

orientation, and load, using both wide-

band and fixed-frequency techniques.

A dynamically adaptive system is

demonstrated with optimal efficiency.

Also with the platform of coupled

resonance technique, the eighth paper,

‘‘Wireless power transfer: Metama-
terials and array of coupled resonators’’

by Wang et al., reports the use of

metamaterials in the WPT design.

With theoretical and experimental

validations, it is shown that the power

transfer efficiency and coupling can be

enhanced by this scheme as well as the

use of arrayed resonators can extend
the range. With a particular interest of

WPT in implantable systems, the ninth

paper, ‘‘Midfield wireless powering

for implantable systems’’ by Ho et al.,
presents special advantages of high-

efficiency midfield wireless powering

when the source and the receiver are

weakly coupled. An overview of differ-
ent implants is provided and theoretical

investigations are carried out to model

the behavior of midfield power transfer

systems.

The tenth paper, ‘‘Microwave

power transmission: Historical mile-

stones and system components’’ by

Strassner and Chang, presents a com-
prehensive overview of the key his-

torical developments of microwave

power transmission (MPT) in chro-

nological detail, covering space solar

power (SSP) and SPS background,

rectenna invention as well as WPT

experiments and demonstrations in

many countries. Key components and
design techniques are discussed to

achieve high-efficiency MPT with spe-

cial emphasis on long-range rectenna-

based system developments, which are

supported by many examples.

The following two papers review

and discuss the long-range far-field

wireless power harvesting through low
ambient power sources and specially

dedicated RF and microwave sources.

Immediate applications of this low-

power can be found in powering

wireless sensors. In the eleventh paper,

‘‘Low-power far-field wireless powering

for wireless sensors’’ by Popovic et al.,

the far-field powering issues are ad-
dressed for low-power and low-duty

cycle wireless sensors with low inci-

dent power density. It is found that

the codesign of wireless powering and

power management modules should

be made to achieve optimal efficiency.

Various technical details and design

examples are examined in connection
with low-power rectenna and power

management system. Similarly, the

twelfth paper, ‘‘RF energy harvesting

and transport for wireless sensor

network applications: Principles and

requirements’’ by Visser and Vullers,

reviews the principles and technical

aspects of RF energy harvesting or
transport (delivery) for powering

wireless sensors. Application-oriented

discussions are provided with devel-

opment considerations. Design issues

and technical details of RF harvesters

are also examined with some exam-

ples of applications in the end.

The next two papers review the
development of SSP and address

various technical aspects and provide

an outlook into the future of this

large-scaled project. The thirteenth

paper, ‘‘Energy conversion and trans-

mission modules for space solar

power’’ by Jaffe and McSpadden,

reviews an exhaustive and historical
background of SSP developments in

connection with U.S. Department of

Energy (DOE)/National Aeronautics

and Space Administration (NASA)

projects. Basic concepts of MPT used

for SSP transmission and conversion

as well as technical parameters and

enabling technologies are discussed,
such as beaming control and sandwich

module. Recent advances and efforts

have been also detailed. On the other

hand, the fourteenth paper, ‘‘Micro-

wave power transmission technolo-

gies for solar power satellites’’ by

Sasaki et al., looks into the concept

and historical background of SPS and
discusses various technological issues

and other aspects for such SPS

applications in connection with

MPT. The authors present the past

demonstrations of SPS and discuss

also a recent Japanese project that

involves a number of technical
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parameters and design considerations.
A technology roadmap is revealed to

highlight the R&D directions of SPS.

Arrayed transmitting power sta-

tions and receiving rectenna systems

are generally used for high-power

wireless delivery, which are examined

by the following two papers. The

fifteenth paper, ‘‘Beam control tech-
nologies with a high efficiency phased

array for microwave power transmis-

sion in Japan’’ by Shinohara, sum-

marizes the past and recent Japanese

efforts in the development of MPT.

Particular interest is placed on phased

array technologies for MPT develop-

ments with reference to the past and
current projects. A wealth of examples

is shown with both solid-state- and

magnetron-based power technologies.

In the sixteenth paper, ‘‘Array designs

for long-distance wireless power trans-

mission: State-of-the-art and innovative

solutions’’ by Massa et al., a number of

long-range WPT array design issues are
covered with theoretical formulations

and analyses. A review of those array

techniques is provided with recent

advances and future trends. Design

techniques for transmitting antennas

are developed for optimized array

architectures. Synthesis issues of rec-

tenna arrays are detailed with examples
and discussions.

The last two papers focus on the

pressing issues of electromagnetic

safety and security when it comes to

the practical applications of WPT or

wireless power systems (WPSs). The

seventeenth paper, ‘‘Assessing human

exposure to electromagnetic fields

from wireless power transmission sys-
tems’’ by Christ et al., reviews the

safety guidelines, standards such as

SAR, and interactions between human

body and near fields. Then, the authors

present various models, numerical

methods, and experimental techniques

for assessing the risk issues of human

exposure to electromagnetic fields
(EMFs). The evaluation of an applica-

tion case suggests that more long-term

studies are required. In particular, a

number of open issues are raised,

which must be addressed in the

community. With the biological effects

of EMF in mind, the last (eighteenth)

paper, ‘‘Cellular and molecular re-
sponses to radio-frequency electromag-

netic fields’’ by Miyakoshi, examines

the human exposure to nonionized

EMF in connection with WPT applica-

tions. The author discusses results of

recent cellular studies on RF EMF

effects and their physiological impacts

from alternative viewpoints of life
sciences with references to the com-

mon perception and general knowl-

edge of electrical engineers about EMF

safety. Various biological and biomed-

ical aspects are highlighted in connec-

tion with DNA, mutation, cell, gene,

and others.

The WPT, wireless power harvest-
ing techniques, and applications are

generating huge renewed R&D inter-

ests in both academia and the indus-

try. The current efforts can be seen in

three directions. One is to further

develop the near-field-based wireless

power transfer techniques for larger

coverage, better efficiency, and higher

power, and also to standardize the
coupled resonance WPT. The second

direction is to exploit high-power SPS

or SSP-related techniques for massive

wireless power transfer. The third

direction is to investigate low-power

and high-efficiency wireless power

harvesting techniques for recycling

the weak ambient electromagnetic
sources, which requires innovative

rectenna schemes and high-efficient

radio-frequency to direct current (RF-

to-dc) power conversion even if the

incident RF power is low, usually at

microwatts level. We hope that this

special issue will serve as a funda-

mental reference source for research-
ers and practitioners in the field for

many years to come. h
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