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WIRELESS POWER TRANSFER

KUNG FU FANTANSY FILM “Buddha's Palm” @12k ##% > FEBRUARY 1964
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Electric Power Transfer

Very important process
Key design objectives:

® Convenient

e Safe

® Ffficient

Conventional
methods:

e Metal direct
contacts

e Sockets

e Sliding contacts
(commutations) for
moving systems

Disadvantages
&) Metal contacts required
&) Possible sparks

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



Electric Power Transfer

in-motion electric vehicle wireless power transfer

v
s |
www.bmo.hk/etfs
T

4 &

— I4. =~

conventional contact type
Hong Kong trams (since 1904)




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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160B

100B

40B

Market

Global In-car Wireless Charging System Market Revenue and Growth, 2015 - 2025 (US$
Mn) (Y-0-Y %)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

s Revenue (US$ Bn)  —8-Y-0-Y%

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 o M. Hustin and M. Leblanc (1894) : Transformer system for electric railways
- The first patent on RPEV concept: being powered when running

Road
Powered R e e =
. B =775+t |
Electric : = e p—
veh iCle __J htt s://emedia.or ;wiki/Hainan Univérsi — 'K
v 3 |
French Patent S ' — &

The first IPT design with high power pick-up coils patented, but was not implemented!
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© M. Hustin and M. Leblanc (1894) : Transformer system for electric railways
- The first patent on RPEV concept: being powered when running

=

Timeline

Wireless charging began

i e commercial development
from 2010 N
First H.J. G.Bolger, F. A. Kirsten ® N . A
e et e varn soiacot ()
poyvered highway system,” Vehicular MIT lighted up a 94\?{; ar;’d PMA,
train Technology Conference,Vol. ~ 60W bulbat2m  wrc s orthe
patented 28, pp.137-144,March 1978 Jictance announced the consortia, merged
FARADAY: Qi standard 2015
Induction 1894 1978 2007 2010
1 1 1 ; 1 1 I >
1831 ! | | 1990s | | |
1891 1964, 1980s University of 2008 2013 2014 YEAR
Tesla coil lighted 1968 1987— Auckland WPC ' Society of Automotive IEC61580
up a gas lamp WC Brown SHARP launched established Engineers (SAE) .
miles away Si rectenna microwave- first WPT announced WPT EV charging
power laser powered charger for charging standard standard
microwave aircraft EVs "J2954" for power
transfer and frequency
1989-1996
PATH
(transportation
project) USA

Surveyed by Qianhong Chen, NUAA, China

RECENT KEY CONTRIBUTORS
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Michigan Dearborn, USA
Utah Univ., USA

Oak Ridge National Lab, USA
GIST, Korea

Hong Kong Univ.

Hong Kong Polytech. Univ.
Waseda Univ., Japan

Kyoto Univ., Japan

Sojo Univ., Japan

Nat. Yokohama Univ., Japan
Univ. Zaragoza, Spain
NTUST, Taiwan

NUAA, China

Southeast Univ., China
Harbin IT, China

SCUT, China

HUST, China

Tianjin UT, China

Zhejiang Univ., China



Types of WPT

Inductive coupling Capacitive coupling
. C4 .
Oscillator Rectifier
- %
E %
Magnetic coupling VS v *
Low frequency . C,c—y
Short distance Power Load
Source
Others
e lLaser
MIT Resonant type e Microwave
High frequency Long distance

Longer distance
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MIT Demo 2007

Wireless Power Transfer via Strongly Resonant Power Transfer

Coupled Magnetic Resonances

André Kurs,l: Aristeidis Karallis,2 Robert Moffatt," ]. D. Joannopoulos,* .
Peter Fisher,” Marin Soljaci¢ Ad Va n Ce d d eVI Ce S
Using self-resonant coils in a strongly coupled regime, we experimentally demonstrated efficient
nonradiative power transfer over distances up to 8 times the radius of the coils. We were able
to transfer 60 watts with ~40% efficiency over distances in excess of 2 meters. We present a
quantitative model describing the power transfer, which matches the experimental results to within
5%. We discuss the practical applicability of this system and suggest directions for further study.

Improved understanding

Two copper helices, with diameters of 60 centimeters, are separated from each other by a distance of about Of eleCtrical circuits

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  H |g h_efﬂciency power
field, which in turn creates a current within the second coil, turning on the bulb.

converters

A S
Oﬁ & - - Wﬁi MIT demo : efficiency =
/\/

45% at 2 m distance

Light-bulb

A. Kurs, A. Karalis, R. Moffatt, J. D. Joannopoulos, P. Fisher, and M. Soljaci¢, “Wireless Power Transfer via Strongly Coupled

Magnetic Resonances,” Science, vol. 317:83~86, July, 2007.



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.

vdc C

IEEE TRANSACTIONS ON INDUSTRIAL INFORMATICS, VOL. 8, NO. 3, AUGUST 2012

A High Efficiency 5 kW Inductive Charger for

Abstract—This paper presents the design of a 5 kW inductive
charging system for electric vehicles (EVs). Over 90% efficiency is
maintained from grid to battery across a wide range of coupling

itions at full load. i show that the
magnetic field strength meets the stringent International Commis-
sion on Non-Ionizi iati ion (ICNIRP) guidelines for
human safety. In addition, a new dual side control scheme is pro-
posed to optimize system level efficiency. Experimental validation
showed that a 7% efficiency increase and 25% loss reduction under
light load conditions is achievable. The authors believe this paper is
the first to show such high measured efficiencies for a level 2 induc-
tive charging system. Performance of this order would indicate that
inductive charging systems are reasonably energy efficient when
compared to the efficiency of plug-in charging systems.

Index Te harging, i ive power transfer, res-
onant power conversion.
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EVs Using Dual Side Control

Hunter H. Wu*, Member, IEEE, Aaron Gilchrist, Kylee D. Sealy, Member, IEEE, and Daniel Bronson

Voltage drop portion of IGBT.

Voltage drop portion of secondary rectifier diodes.
AC bridge inductor current of LCL converter
(Fig. 4).

Capacitor current through C; of LCL converter
(Fig. 4).

Primary track current (or current flowing through
inductor coil).

Maximum primary track current in LCL converter.
Current measured when secondary IPT pad is short
circuited.

Secondary receiver pad inductor current (Fig. 5).
AC current through secondary rectifier (Fig. 5).
DC inductor current through Lgc (Fig. 5).

DC output current of secondary decoupling circuit
(Fig. 5).

Quality factor of primary LCL resonant converter.
Total quality factor of the secondary resonant
circuit [1].

Voltage quality factor of the secondary resonant
circuit [2].

Current quality factor of the secondary resonant
circuit [2].

0.24
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Capacitive Power Transtfer

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.

energies MDPY)

Review
A Review on the Recent Development of Capacitive
Wireless Power Transfer Technology

Fei Lu “/, Hua Zhang and Chris Mi *

Department of Electrical and Computer Engineering, San Diego State University, San Diego, CA 92182, USA;
feilu@sdsu.edu (FL.); hzhang@sdsu.edu (H.Z.)
* Correspondence: mi@ieee.org; Tel.: +1-619-594-2654

Received: 17 October 2017; Accepted: 30 October 2017; Published: 1 November 2017

Abstract: Capacitive power transfer (CPT) technology is an effective and important alternative to
the conventional inductive power transfer (IPT). It utilizes high-frequency electric fields to transfer
electric power, which has three distinguishing advantages: negligible eddy-current loss, relatively
low cost and weight, and excellent misalignment performance. In recent years, the power level and
efficiency of CPT systems has been significantly improved and has reached the power level suitable for
electric vehicle charging applications. This paper reviews the latest developments in CPT technology,
focusing on two key technologies: the compensation circuit topology and the capacitive coupler
structure. The comparison with the IPT system and some critical issues in practical applications
are also discussed. Based on these analyses, the future research direction can be developed and the
applications of the CPT technology can be promoted.

Advantages:
* Low cost
e |ow weight
e Low eddy current loss in nearby
metals
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Capacitive Power Transtfer

Jiejian Dai, Daniel C. Ludois, “Wireless Electric Vehicle Charging via Capacitive
Power Transfer Through a Conformal Bumper” IEEE APEC 2015.

Buck—boost converter CPT circuit for EV charglng

Input voltage: 340 V; Output voltage: 196 V
Output current: 5.21 A; Frequency: 540 kHz
Efficiency: 83%; Air gap: 100 um (max coupling cap 20.4nF)

17



Inductive Power Tra nsfer

® Applications have rapidly become popular (consumereieete

® Biomedical device charging
® Portable device charging
® [oT power

® EV charging

SECONDARY SIDE

ower || Compensation

| P
|| Electronics || Toj

opology

1 nmpe tion m
Electromes opology

PRIMARY SIDE
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Confusing Terminology

Wireless Power Transfer

4

Inductive Power Transfer

(short distance and low frequency)

Via a transformer (coupled inductors)

4

Well coupled

(very short distance)

inductive mode (Qi)

® Same circuit as resonant mode, ©

but not at the compensation
point

® | oad reflected to the source side ®

h

Poorly coupled
(short distance)

resonant mode (Qji)

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

Load reflected to the source side

pY

Resonance Power Transfer
(long distance and high frequency)
EM radio propagation

Helical Coil Helical Coil
(Self Resonance) (Self Resonance)

Transfer Loop ' Receiver Loop
(Non Resonance) (Non Resonance)
@ - _coaxial | _ __@
A‘A |
I

RF Generator Load
10MHz (Incandescent Lamp)
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Microwave Power Transfer (Future?

Transmitting
Antenna
Microwave | | Coax- || Waveguide | | Tuner&
Power Waveguide Circulator Directional
Source | Adaptor I | Coupler
Microwave
radiation
Rectifier | Matching | Low Pass | Antenna . .
<:, N i ]:I 1996 University of Kyoto
e MILAX project
Receiving
Output Antenna &
é Ground station
output
Input AC AC
Currents Currents

rectenna

Microwave Power Transfer is the most commonly proposed method for Disadvantages
transferring energy to the surface of the Earth from solar power satellites or @  Large area of transmission medium
other in-orbit power sources. MPT is occasionally proposed for the power @  High frequency

supply in beam-powered propulsion for orbital lift space ships.
@  Highloss

20



Wireless Charging and EV

EV is going to make a big impact yk Moves CLOSER TO WIRELESS ?7_]
on the whole electricity supply ELECTRIC VEHICLE CHARGING 8B
0]

REALITY

infrastructure and market.

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

e EVis 6 times cheaper in running cost
(USA: $0.02 per mile), and EV emits 20%
less CO2 (around 0.8 Ib per mile from
electricity generated from coal) ittt e AT e -c

. . The UK has taken a step forward towards the deployment of wireless charging for electric ——
® B u‘t EV h as ve ry | Im |‘ted ran g e ( ~ 1 /3 Of vehicles with Qualcomm Incorporated, the California-based global mobile and wireless Ei
technology leader, investing in Chargemaster Plc, the UK’s largest manufacturer and operator
‘typ | Ca | g aSO | N e Ca r) of electric vehicle charging points.

21



What limits its range?

- Battery too heavy
* Battery too costly

» Tesla Model S battery 70kWWh,
making the vehicle weight
around 2000kg

Volumetric energy density (WH/1)

8

8

g

g

100

Battery Density Trend

Today’s Tesla Model S has 800 Wh/L energy density

Double every 10 years 450
8% increase annually
Li-ion
360
330 1

300

T
0o

—T |

1985 1990 1995 2000 2005

) i : Year
2://electronicdesign.com/power/here-comes-electric-propulsion

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



Cost of Battery

A 70kWh battery for 400km range EV costs

30,000 USD = 220,000 HKD. It needs to
drop 4 times to be competitive.

Cost of electric vehicle battery storage to consumers in two AEO cases =
2010 dollars per kilowatthour Cla
$1,250

From 2015 onwards, rate of improvement is more subtle at
5% (even on the case of high technology battery)

$1,000
$750
http://www.eia.gov/todayinen
Reference case ergy/detail.cfm?id=6930
$500 $405
\ High Technology
$250 Battery case $150
DOE high-energy battery goals, 1
50 < 2015 and 2030 =S
2012 2015 2020 2025 2030 2035

PREDICTION:
EVs won't match

the price and range
goal before 2035!!

23



Are there other factors that drive EV penetration?

Convenience of charging / charging stations is crucial et e
' . Charging Level Power Supply Charger Power "1":3;{3'3‘6‘,?%‘;’ BEV ' PHEV
More charging stations it | e A | imies | v | 7Hou
encourages EVs with smaller :,..2.;‘.‘.‘.’.‘1)’.‘,?.,‘4 " A TR T
batteries, hence lowering cost/ B '{ 02X | 6.6+ kW (on-board) ~17 - 20 milos ABHoum | ~14Hows
price. vcrmcime | MWLl | ssuwionsom | pori 0 thme <0 45Mne| 10 Mo
12000-$15000

BATTERY

IMPROVEM 2 (2035 Number

beyond) #slow charging stations

Charging system
improvement likely to
come sooner as

. . ast charging stations
devices improve much

faster! MOSFET - SiC

2013 2017 2025 Time



Power Supply
PFC + LLC

EV CHARGER J»¢

converter

Wireless

b
o

Cell voltage (V)
(o i
o o

o
=)

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!!!!

Charge current (%)

100 2.5
80 2.0
60 1.5
40 1.0
20 0.5

0 0

EV Charging System

Tesla supercharger

More efficient way
Direct charging:

————=——w=——w= 100

7~ 7 Constant voltage 90
< 80
/ —
7 —) 70 £
— Charge capacity Charger float voltage >
7 60 &
Constant current 50 §
o
! / ! 40 9
/ &+ Charge current g
71 — 2 5
Charge rate =1C
7 20
v \ 10
\\ X
0 0.5 1.0 1.5 2.0 25 3.0
Charge time (hr)
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General System Structure

PRIMARY M SECONDARY

o Wi Vo
. -

A ]

c PFC 1T
SINGLE OR CONVERTER INVERTER RECTIFIER :
3-PHASE .

o0— rQ—I vy
o | o
DRIVER | | 1| All
CIRCUIT | 1| 1 | SECONDARY
i I | | FEEDBACK
I R | CIRCUIT
CONTROL | | : | I| temp|] V
e it 1l Y Vv v
PRIMARY | |
RECEIVING Y& FVC |<— FILTER | | BUFFER |«— VCO
CIRCUIT
L e e — — | | _ _ - _—_—__—__—_—_C




Some developments

POWER (kW)

COMPANY COLLABORATORS

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

Stockholm
— e e P
Toshiba, Japan KAIST, Korea |
ANA Facilities at Haneda Airport City of Gumi
Airgap: 10 cm Air gap: 23 cm
Power: 44 kW Power: 5x20 kW

(2017) (2013)




Industry Standards

Wireless Power Technologies: Inductive vs. Resonant

@@

Primary Primary
Coil Coil
B-field B-field
Inductive Power Transfer Resonant Power Transfer
Depends on close proximity and Depends only on secondary colls

significant portion of the primary coil B intersecting a reasonable amount of

fields intersecting the secondary coil primary coil flux lines
Inductive technology, which is a closely coupled solution, is the The other wireless power technology, resonant, is considered a
type of compliance used by Qi. This technology transfers power loosely coupled solution. Primarily championed by the AirFuel
using low-frequency resonant tanks (100-205kHz) over very short  Alliance, this technology uses a high-frequency resonant tank
distances (mostly anything under 10mm). In 2009, the first (6.78MHz) to transmit power over long distances (multitudes of
standard for Qi had a 5W power requirement (“Low Power”). In feet). Resonant technology offers the ability to charge multiple
2015, that was increased to 15W capability (“Medium Power”). This devices at the same time, with a capability of up to 22W for
year, Qi is hoping for over 100W (“High Power”). Those are upcoming systems.

currently in testing and should be rolled out later this year.

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

bloa detail electronics in action 100415.php



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.

Standards

Load

Mobile Device

Sensing & Control

Output
Power

\

Power Pick-up

B

Communications

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

Unit & Control Unit H|gh power spec: up to 1 kW
I Secondary .
Coil Power Receiver
HRERENY
R pr Power Transmitter Power Transmitter
P i couts) i
Power Communications Power Communications

Conversion Unit [~

& Control Unit

Conversion unit |~ & Control Unit

L

Input
Power

z
Input
Power

System Unit

Base Station




The Battle Between Wireless Charging Standards
t a n a r S Comes to a Merciful End

e Rhett Jones
WIRELESS EVERYTHING

AirFuel Alliance (201 5) For a while, it's seemed like Apple’s
decision to join the WPC was the

= Power Matters beginning of the end for PMA, and

. Powermat raising the white flag is as
Alliance (PMA) + good a sign as any that resonant

Alliance for Wireless wireless will be the Betamax to Qi's
VHS.
Power (AAWP)

® PMA adopts the A4WP Rezence One of Powermat'’s biggest partners is
specification as the PMA magnetic Starbucks, which has installed wireless
resonance charging specification charging stations at many of its (iheless chiareing has Bech Reldback by poos tech for many yeats, bt now
X . we're seeing major manufacturers integrate it, and it’s becoming a viable
option. The biggest hurdle it currently faces is that there are two standard
for both transmitters and receivers ocations. In light of the news that the
. b h . | d | . d versions of the technology, making it difficult to offer chargers compatible
In both sin g € and multi-mode worl d 's most po p u Ia r ph onhes wou I d with everyone’s device. But in an announcement last week, one key player
co nfl g u rati ons be Qi-ena bled Powermat annou nced basically ended the debate over which standard is the future.
. . . ! . In a press release, wireless charger maker Powermat declared that it will
® A4WP adopts the PMA inductive back in September 2017 that it would join the Wireless Power Consortium (WEC), the group that backs the
o . H 0 . inductive tech of the Qi wireless ecosystem. Until now, Powermat has been
SpeC|f|Cat|On asasu pported Optlon pUSh OUt a SOftwa re update maklng Its the most prominent supplier of the other dominant standard, PMA
for multi-mode ind uctivel mag netic Charging mats com patible with Qi in resonant technology, which is supported by the Airfuel Alliance. A 2016
. . . e study by GM Insights found that Qi had claimed a little over half of the
resonance m p|ementatlons addltlon to PMA. The Company total market, with PMA sharing the rest of it with other players that don’t
. . . . . have a chance. That was even hefore.Annle threwtits hat into the ring with
® A4WP tO CcO | |a bO rate W|th P MA on SWItCh 1 ng Its a I Ila nce to the WPC the=f€W generation of iPhones and its upcoming Qi-powered charging tiiaes
. 1 For a while, it’s seemed like Apple’s decision to join the WPC was the
th eiro pe nn etWO rk AP' fo rn etWO rk doesn t bOde wel I for fUtu re baCkwa rd beginning of the end for PMA, and Powermat raising the white flag is as

se I’Vi ces mana g eme nt com pati b i I ity. gaod a sign as any that resonant wireless will be the Betamax to Qi’s VHS.




Comparison

// AirFuel Alliance

1 WIRELESS POWER :
) Alliance
q CONSORTIUM C Power l;!,mgaam

Driver Many Samsung/Qualcomm Duracell-Powermat
Members 235 150 150
Products >940 1 29
Market Multiple Phone/Tablet Phone/Tablet
Power class 0-2.4kW 0-20W 0-20W
Technology Inductive Resonant Inductive
Qi

There are 235 member companies and more than 940 certified
products associated with Qi. Its power class reaches anywhere from
OW 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 Qj,
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/

bloa detail electronics in action 100415.php



Qi Compliance Specifications

Design | Inductance Type Voltage | Special Requirements Visual
A1 24puH Round 19 Magnet @<
A5 6.3uH Round O Magnet
A6 11.5uH Rectangular 12 Array @
A10 24uH Round 19 No Magnet @ <€
A11 6.3uH Round 5 No Magnet @(

Voltage classes for transmit coils

e 5V: USB applications

® 12V: Automotive applications, and

® 19V: Laptop power supplies

Qi Compliant Standards
Interface definition:

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

e foreign object detection so that the coils know whether another
Qi coils are in the proximity to avoid mis-delivery of power

e 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 1Tcm

o |[f 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

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



Qi Compliance Specifications

Transmitter Receiver

i 1 o
d\?"'\' ----S&n!-- -> (Em’\h

f ganc 3 Mobile device'
-

Power pick-up Communications
& control unit
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http://www.digikey.hk/en/articles/techzone/2018/may/how-to-quickly-implement-qi-standard-compliant-wireless-charging-system




Qi Demo Video

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.
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Qi Components and Subsystems

Components

It is not possible to certify Qi components such as coils, shielding, and ICs. Compliance with the Qi specification can be determined onlyfor
products that are completely functional Qi transmitters or Qi receivers.

Exam

A product with components that have been used succesfully in a Qi Certified product is not automatically compliant. The use of different housing
materials, different locations of coils and shielding, even differences in firmware can interfere with wireless power transfer.

Manufacturers of ICs usually demonstrate the suitability of their IC by certifying a demo product, the so-called *Evaluation Moduie®. Products that
use such IC must be tested for compliance. They are not automatically compliant.

Transmitter Subsystems

A subsystem is a completely functional transmitter product, with coils, shielding, and control system assembled together. It can be operated and
tested without any additional assembly or construction.

Products with an embedded Qi Certified subsystem need not be tested for compliance withi'the Qi specifucation, provided the subystem is
integrated correctly. Be careful. Incorrect integration, with the wrong coil-surfacedistance for example, will make the product non-compliant and
require testing of product.

You can find a list of Qi Certified Subsystems in the_Qi Product Registration Database: "advanced search" and "Subsystem intended for
integration into other products"” = Yes.

A Tx product can be Qi Certified as a "Subsystem intended for integration in other products® only when it meets these criteria:

1. The product must includes the means to attach the Tx into the complete system.
2. The position of coil(s) and shielding relative to the points of attachment must be fixed.
3. The minimum and maximum distance between the top of the sub-system and the surface of the complete system must be specified.
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Receiver Subsystems

Products that contain a receiver subsystem, or module, must always be re-tested because materials used‘in the receiver product are likely to
influence foreign object detection.

Products with an embedded Tx subsystem

Products that contain an embedded Tx subsystem can be registered with a simplified procedure. Testing of the product is not required when the
product meets these criteria:

1. Brand name and type-number of the sub-system must be clearly visiblé on the sub-system.

2. Brand name and type-number of the sub-system do not have to visible e the system. Disassembly of the system may be need to determine
brand name and type-number of the sub-system.

3. The sub-system must be in the product registration database with this brand name and type number.
4. The distance between the top of the sub-system and.the sdriace of the complete system is within the tolerances specified during registration

System (table) surface \ l

Max distance

of the sub-system. Tx subsystem surface //E==I T

Tx Coil

5. The power supplied to the sub-system must meet the specified minimum level.
6. Materials used in the complete system between the sub-system and the surface of the complete system do not influence the magnetic field.

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



Uses of Qi Standard

The standard provides common specifications for transmitters and receivers.

1 Qi Low Power Specifications

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

e Choose between 12 different

transmitter specifications.
Eliminating charging cables to improve Low charge? Qi makes charging at With Qi in offices, you can take clumsy, o

, ) . Thermal test for transmitters.
the hotel experience airports easy and convenient corded charging off the table

¢ Possibility to power a Qi transmitter
with a USB charger.

e Sensitivity of "Foreign Object
Detection". This prevents heating of
metal objects in the neighborhood of
an active transmitter.

. 2 e Optional unique identifier for power
Automobiles receivers (WP-ID)

Charge up your driving experience with From shopping malls to sports Grab a charge while you grab a bite
Qi stadiums, Qi cures battery anxiety with Qi wireless power
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Interim Conlusion

® WPT will surely be the future main technology for charging and other contactless power transfer
applications.

e Key elements:
%k Transformer being leaky, i.e., high leakage inductance, low coupling
X Necessary compensation involving complete new circuit theory application
% Optimization of efficiency, offset sensitivity, minimal reactive power circulation
* Control methods under multiple constraints
X Contactless transformer pads design

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