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WIRELESS POWER TRANSFER 

TAI CHI FANTASY

https://www.youtube.com/watch?v=EnbW7-uEJLs 警告︓ 純粹江湖賣藝  請勿信以為真
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WIRELESS POWER TRANSFER 

KUNG FU FANTANSY FILM “Buddha's Palm” 如來神掌，FEBRUARY 1964
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OVERVIEW



Electric Power Transfer
Very important process 
Key design objectives:

• Convenient

• Safe

• Efficient
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Disadvantages

Metal contacts required

Possible sparks

Poses safety issues in 
certain environments, like 
premises with flammable 
gases, oil extraction 
plants, etc. 

Conventional 
methods:

• Metal direct 

contacts

• Sockets

•Sliding contacts 

(commutations) for 
moving systems



conventional contact type 
Hong Kong trams (since 1904)

in-motion electric vehicle wireless power transfer 

Electric Power Transfer
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Advantages to go wireless
Convenient to use:  contactless, not restrained by a wire, allowing 
mobility of the device powered

Safe to use: no hazard of sparks or electric shocks due to contacts 
with high potential points

Readily used in adverse conditions: good for hostile 
environments (presence of flammable gases) and bad weather 
(heavy rain) due to absence of metal contacts

Low maintenance cost: free from dust and contact wearing

Easy to power movable devices: moving objects can be 
powered without contacts
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Market
The Global Wireless Charging Market is poised 
to grow at a compound annual growth rate 
(CAGR) of around 56.0% Over the next decade 
to reach approximately $160.2 billion by 2025.


Research and Markets, Nov 2017

https://globenewswire.com/news-release/
2017/11/29/1210545/0/en/Global-In-car-Wireless-Charging-
Market-2017-2025-Growth-Trends-Key-Players-Competitive-
Strategies-and-Forecasts.html
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First RPEV 1894
1894

Road 
Powered 
Electric 
Vehicle

French Patent
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https://en.wikipedia.org/wiki/Hainan_University


  The first IPT design with high power pick-up coils patented, but was not implemented!   



Timeline
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Surveyed by Qianhong Chen, NUAA, China

YEAR�	
�

Tesla coil lighted 
up a gas lamp 25 
miles away

����

Marin Soljacic of 
MIT lighted up a 
60W bulb at 2 m 
distance 

�	��

FARADAY:
Induction �	
�

First 
wireless 
powered 
train 
patented

���	

WPC 
established

A4WP and PMA,
2 of the 3 
consortia, mergedWPC 

announced the 
Qi standard

����

Wireless charging began 
commercial development 
from 2010

����

����

Society of Automotive 
Engineers (SAE) 
announced WPT 
charging standard
“J2954” for power 
and frequency

IEC61580
EV charging 
standard

�����
���
�
�	

A.D. Brown
Si rectifier 
power laser 
microwave 
transfer

�
�	

H. J. G. Bolger, F. A. Kirsten 
and L.S. Ng, “Inductive power 
coupling for an electric 
highway system,” Vehicular 
Technology Conference, Vol.
28, pp.137-144, March 1978

�
	��

1987—
SHARP 
microwave-
powered 
aircraft

1989-1996
PATH 
(transportation 
project) USA

�

��
University of 
Auckland 
launched 
first WPT 
charger for 
EVs

    W.C.
rectenna



Types of WPT 
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Inductive coupling Capacitive coupling

MIT Resonant type

High frequency

Longer distance

Magnetic coupling

Low frequency

Short distance

Others

• Laser

• Microwave


Long distance



MIT Demo 2007
Resonant Power Transfer


Advanced devices


Improved understanding 
of electrical circuits


High-efficiency power 
converters


MIT demo : efficiency = 
45% at 2 m distance
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Two copper helices, with diameters of 60 centimeters, are separated from each other by a distance of about 
two meters. One is connected to a power source–effectively plugged into a wall–and the other is connected 
to a lightbulb waiting to be turned on. When the power from the wall is turned on, electricity from the first 
metal coil creates a magnetic field around that coil. The coil attached to the lightbulb picks up the magnetic 
field, which in turn creates a current within the second coil, turning on the bulb.

Marin Soljacic, Science, 2007 A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P. Fisher, and M. Soljačić, “Wireless Power Transfer via Strongly Coupled 
Magnetic Resonances,” Science, vol. 317:83~86, July, 2007.




With Power Electronics 2010–
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Hunter H. Wu, Aaron 
Gilchrist, Ky Sealy, and Daniel 
Bronson, "A High Efficiency 
5kW Inductive Charger for 
EVs using Dual Side Control." 
IEEE Trans. Industrial 
Informatics, vol. 8, no. 3, pp. 
585-95. August 2012.
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Fei Lu, Hua Zhang and Chris Mi, “A Review on the Recent Development of Capacitive 
Wireless Power Technologies,” Energies, vol. 10, pp. 1752—1-30, November 2017.

Capacitive Power Transfer
Advantages:

• Low cost

• Low weight

• Low eddy current loss in nearby 

metals



Capacitive Power Transfer
Jiejian Dai, Daniel C. Ludois, “Wireless Electric Vehicle Charging via Capacitive 
Power Transfer Through a Conformal Bumper,” IEEE APEC 2015.
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Buck-boost converter CPT circuit for EV charging

Input voltage: 340 V; Output voltage: 196 V

Output current: 5.21 A; Frequency: 540 kHz


Efficiency: 83%; Air gap: 100 µm (max coupling cap 20.4nF) 



Inductive Power Transfer
• Applications have rapidly become popular


• Biomedical device charging

• Portable device charging

• IoT power

• EV charging
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Confusing Terminology

Inductive Power Transfer 

(short distance and low frequency)


Via a transformer (coupled inductors)
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Wireless Power Transfer 

Resonance Power Transfer 

(long distance and high frequency)


EM radio propagation


↘︎↘︎

Well coupled 

(very short distance)


inductive mode (Qi)


• Same circuit as resonant mode, 
but not at the compensation 
point


• Load reflected to the source side

Poorly coupled 

(short distance)


resonant mode (Qi)


• compensation designed for this 
mode using LC resonance to 
cancel reactive power


• Load reflected to the source side

↘︎ ↘︎



Microwave Power Transfer (Future?)
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1996 University of Kyoto 
MILAX project

rectenna

Microwave Power Transfer is the most commonly proposed method for 
transferring energy to the surface of the Earth from solar power satellites or 
other in-orbit power sources. MPT is occasionally proposed for the power 
supply in beam-powered propulsion for orbital lift space ships.


Disadvantages


Large area of transmission medium


High frequency


High loss



Wireless Charging and EV

• The question is when and how rapidly EV 
will replace gasoline vehicles.


• EV is 6 times cheaper in running cost 
(USA: $0.02 per mile), and EV emits 20% 
less CO2 (around 0.8 lb per mile from 
electricity generated from coal)


• But EV has very limited range (~1/3 of 
typical gasoline car)
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EV is going to make a big impact 
on the whole electricity supply 
infrastructure and market.

https://www.zap-map.com/uk-moves-closer-to-wireless-ev-charging-reality/

電
動
車
何
時
可
取
代
汽
車



What limits its range?
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• Battery too heavy
• Battery too costly

• Tesla Model S battery 70kWh, 
making the vehicle weight 
around 2000kg

  Battery Density Trend      

At this rate, EVs will match gasoline cars in 2047!! 



Cost of Battery
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A 70kWh battery for 400km range EV costs 
30,000 USD ≈ 220,000 HKD. It needs to 
drop 4 times to be competitive. 

PREDICTION:

EVs won’t match 
the price and range 
goal before 2035!!



Are there other factors that drive EV penetration?
Convenience of charging / charging stations is crucial
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More charging stations 
encourages EVs with smaller 
batteries, hence lowering cost/
price.

BATTERY 
IMPROVEMENT (2035 
beyond)

Charging system 
improvement likely to 
come sooner as 
devices improve much 
faster! MOSFET — SiC

Time

#EV
#slow charging stations

#fast charging stations

Number

2013 2017 2025



Direct charging:

Tesla superchargerBattery

EV CHARGER DC

Charger

 converter  

AC

Wireless

EV Charging System

25

Power Supply 
PFC + LLC

More efficient way

Charger is not a voltage source, but a complex converter 
that delivers current at the initial stage and voltage at the 
final charging stage, following a certain charging profile.


So, this arrangement is inevitably inefficient!!!!



General System Structure
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Some developments
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COMPANY COLLABORATORS
POWER（kW）

3.3 6.6 10-22 22-60 100-250

Qualcomm (UK) Mercedes, BMW, Nissan X X X

WiTricity (US) Toyata, Mitsubishi, Delphi X

Evatran (US) Yazaki Corp., Google X

Conductix (Germany) Factory/Bus X X X

KAIST (Korea) SUV/Bus X X X

Bombardier (Canada) Factory/Bus X

Showa Denki Corp (Japan) Nissan X X X

ZTE (China) Dongfeng, Daewoo X X X X

Surveyed by Qianhong Chen, NUAA, China



Some latest wireless charged buses
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Toshiba, Japan

ANA Facilities at Haneda Airport


Air gap: 10 cm

Power: 44 kW


(2017)

KAIST, Korea

City of Gumi


Air gap: 23 cm

Power: 5x20 kW


(2013)

Stockholm

London



Industry Standards 

Wireless Power Technologies: Inductive vs. Resonant
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Inductive technology, which is a closely coupled solution, is the 
type of compliance used by Qi. This technology transfers power 
using low-frequency resonant tanks (100-205kHz) over very short 
distances (mostly anything under 10mm). In 2009, the first 
standard for Qi had a 5W power requirement (“Low Power”). In 
2015, that was increased to 15W capability (“Medium Power”). This 
year, Qi is hoping for over 100W (“High Power”). Those are 
currently in testing and should be rolled out later this year.

The other wireless power technology, resonant, is considered a 
loosely coupled solution. Primarily championed by the AirFuel 
Alliance, this technology uses a high-frequency resonant tank 
(6.78MHz) to transmit power over long distances (multitudes of 
feet). Resonant technology offers the ability to charge multiple 
devices at the same time, with a capability of up to 22W for 
upcoming systems.

http://www.we-online.com/web/en/passive_components_custom_magnetics/blog_pbcm/
blog_detail_electronics_in_action_100415.php



Standards
                   Qi Standard


Wireless Power Consortium — 
formed in Dec 2008, based 
in Piscataway, New Jersey, USA. It 
officially published the Qi interface 
standard and the low-
power specification in August 2010.


The company has over 235 
companies as its members, with 24 
of those companies in the 
official board of management, 
called the "Steering Group”. When 
Apple joined the WPC in February 
of 2017, the number of board 
members was increased to 25.
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Devices that operate with the Qi standard 
rely on electromagnetic 
induction between planar coils.


Low power spec: up to 15W

Medium power spec: up to 120 W

High power spec: up to 1 kW 



Standards
AirFuel Alliance (2015)

= Power Matters 

Alliance (PMA) + 
Alliance for Wireless 
Power (A4WP)


• PMA adopts the A4WP Rezence 
specification as the PMA magnetic 
resonance charging specification 
for both transmitters and receivers 
in both single and multi-mode 
configurations


• A4WP adopts the PMA inductive 
specification as a supported option 
for multi-mode inductive, magnetic 
resonance implementations


• A4WP to collaborate with PMA on 
their open network API for network 
services management
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For a while, it’s seemed like Apple’s 
decision to join the WPC was the 
beginning of the end for PMA, and 
Powermat raising the white flag is as 
good a sign as any that resonant 
wireless will be the Betamax to Qi’s 
VHS.

 … … …

One of Powermat’s biggest partners is 
Starbucks, which has installed wireless 
charging stations at many of its 
locations. In light of the news that the 
world’s most popular phones would 
be Qi-enabled, Powermat announced 
back in September 2017 that it would 
push out a software update making its 
charging mats compatible with Qi in 
addition to PMA. The company 
switching its alliance to the WPC 
doesn’t bode well for future backward 
compatibility.



Comparison
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Qi

There are 235 member companies and more than 940 certified 
products associated with Qi. Its power class reaches anywhere from 
0W to 2.4kW of power. (It’s important to note that 2.4kW isn’t 
available yet; there are working solutions, but those are considered 
prototypes and are not yet certified to Qi’s own standard). Qi uses 
inductive charging technology for its products.

AirFuel Alliance

In order to compete with the much larger alliance of Qi, 
Rezence and PMA joined forces to create what they call the 
AirFuel Alliance. Together, they have 150 member 
companies.

Rezence, also known as the Alliance for Wireless Power (A 
for WP), is driven primarily by one or two large companies 
and have a more limited range of certified products. 
Rezence uses resonant technology and has only one 
certified product type, which is in the phone and tablet 
market. Thus, Rezence has a fairly limited scope in what it’s 
looking to support.

The PMA, or Power Matters Alliance, is driven primarily by 
Duracell-Powermat. With its later entry into the market, the 
PMA has 29 certified products in the consumer market 
(which are almost all phones and tablets). Like Qi, the PMA 
uses inductive technology for its products.

http://www.we-online.com/web/en/passive_components_custom_magnetics/blog_pbcm/
blog_detail_electronics_in_action_100415.php



Qi Compliance Specifications

Voltage classes for transmit coils


• 5V: USB applications


• 12V: Automotive applications, and 


• 19V: Laptop power supplies

33

Qi Compliant Standards

Interface definition:

• transmitter and receiver design requirements, system control, and 

communications interface

• foreign object detection so that the coils know whether another 

Qi coils are in the proximity to avoid mis-delivery of power

• dictates the operating frequency of the ICs (100-205kHz), 

defines the resonant tank circuit, and defines coil construction 
with both mechanical and electrical parameters.

Performance requirements:


• transmitter and receiver design requirements, system control, and 
communications interface


• ~70% efficiency at 1cm


• If efficiency drops below 70%, the controller will shut off power 
and will not transmit until efficiency reaches 70% again.

Compliance testing:

• specify how products are to be tested for Qi compliance


• four testing locations around the world: one in the U.S., one in 
Germany, and two in Asia.



Qi Compliance Specifications

http://www.digikey.hk/en/articles/techzone/2018/may/how-to-quickly-implement-qi-standard-compliant-wireless-charging-system 


FOR DEVELOPERS



Qi Demo Video
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This video shows a wireless charger that can power all 
standard Qi phones and tablets at any distance 

between 0 and 30 mm.


CAUTION:

So-called “inductive mode” and “resonant mode” within the Qi standard 
are imprecise terminology! From the circuit theory viewpoint, they have 

no difference, except in the extent of compensation performed. For 
“inductive mode”, the transformer is well coupled, and for “resonant 
mode”, the transformer is poorly coupled. Compensation in resonant 
mode suppresses the effect of reactive power due to poor coupling.  




36https://www.wirelesspowerconsortium.com/developers/qi-components-and-subsystems.html

FOR DEVELOPERS



37https://www.wirelesspowerconsortium.com/developers/qi-components-and-subsystems.html

FOR DEVELOPERS



Uses of Qi Standard
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Qi Low Power Specifications


• Transmitters to deliver up to 15 W 
power and the option for receivers 
to obtain up to 15 W.


• Choose between 12 different 
transmitter specifications.


• Thermal test for transmitters.

• Possibility to power a Qi transmitter 

with a USB charger.

• Sensitivity of "Foreign Object 

Detection". This prevents heating of 
metal objects in the neighborhood of 
an active transmitter.


• Optional unique identifier for power 
receivers (WP-ID)

The standard provides common specifications for transmitters and receivers.



Interim Conclusion
• WPT will surely be the future main technology for charging and other contactless power transfer 

applications.


• Key elements:


✴Transformer being leaky, i.e., high leakage inductance, low coupling


✴Necessary compensation involving complete new circuit theory application


✴Optimization of efficiency, offset sensitivity, minimal reactive power circulation


✴Control methods under multiple constraints


✴Contactless transformer pads design


✴Future challenge for popularization: common standard vs. max efficiency
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