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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THE QI WIRELESS POWER TRANSFER SYSTEM
POWER CLASS 0 SPECIFICATION -

Parts 1 and 2: Interface Definitions

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all[ national electrotechnical commiitees (IEC National Commitiees). The objeci of TEC is fo prpmote
infernational co-operation on all questions concerning standardization in the electrical and electronic fielfls. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred)to as| “IEC
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested
in|the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC)cellaborates dlosely
with the International Organization for Standardization (ISO) in accordance with cohdijtions determined by
agreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express, as nearly aspossible, an interngtional
copsensus of opinion on the relevant subjects since each technical committee~has representation fr¢m all
inferested IEC National Committees.

3) IEL Publications have the form of recommendations for international us€ and are accepted by IEC National
Cgmmittees in that sense. While all reasonable efforts are made to efisure that the technical content ¢f IEC
Pyblications is accurate, IEC cannot be held responsible for the, way”in which they are used or fqr any
misinterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or'regional publication shall be clearly indicgdted in
the latter.

5) IE[ itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, access tg»|lEC marks of conformity. IEC is not responsible f¢r any
sefvices carried out by independent certification bodies.

6) All users should ensure that they have the latesf\edition of this publication.

7) Ngq liability shall attach to IEC or its directors, employees, servants or agents including individual exper{s and
members of its technical committees and tEC National Committees for any personal injury, property damage or
other damage of any nature whatsoevien, whether direct or indirect, or for costs (including legal feeq) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pyblications.

8) Atjention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct.application of this publication.

9) Atiention is drawn to the.poassibility that some of the elements of this IEC Publication may be the subject of
pattent rights. IEC shall'netbe held responsible for identifying any or all such patent rights.

A PAS is a technical specification not fulfilling the requirements for a standard, but made
availpble to the-public.

IEC PAS,63095-1 has been processed by subcommittee 15: Wireless Power Transfer, of IEC
techrlnical committee 100: Audio, video and multimedia systems and equipment.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
100/2826/PAS 100/2864/RVDPAS

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.
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General

Introduction

Nireless Power Consortium (WPCQC) is a worldwide organization that aims to develop and pr

2017

mote

globdl standards for wireless power transfer in various application areas. A first application

desig
and tpblet computers. The Wireless Power Consortium maintains the Qi logo for this application ared.

1.2

This

Scope

document, Parts 1 and 2: Interface Definitions, defines the interface(between a Power Transn

and a Power Receiver, i.e. Power Class 0 Base Stations and Mobile Devices. Power Class 0 is the

designation for flat-surface devices, such as chargers, mobile phonesjtablets, cameras, and battery g
in the Baseline Power Profile (< 5 W) and Extended Power Profile\(< 15 W).

1.2.

The

docu

= P

= P
= P

NOTE
partid
docurf

into t

1 Current Specification structure (introduced in version 1.2.1)

Qi Wireless Power Transfer System for Pewer Class 0 Specification consists of the follg

ments.

arts 1 and 2: Interface Definitions (this document)
Part 1: Primary Interface Definition

Part 2: Secondary Interface Definition

irt 3: Compliance Tésting

irt 4: Reference Designs

WPC publications prior to version 1.2.1 were structured differently, and are listed in Section 1.2.2 bel
ular,/the Low Power and Medium Power publications were divided into separate System Descr]

hentss Beginning with version 1.2.1, the Low Power and Medium Power System Descriptions have been m

area,

nated Power Class 0, is wireless charging of low and medium power devices, such as mebile phiones

hitter
WPC

acks,

wing

bw. In
ption

erged

e Specification structure shown In this section. Additionally, the terms Low Fower and Medium Powe

have

been replaced in the current Specification by the terms Baseline Power Profile and Extended Power Profile

respectively.
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1.2.2 Earlier Specification structure (version 1.2.0 and below)

Before release 1.2.1, the Wireless Power Transfer specification comprised the following documents.

1.3| Main features of the Qi Wireless Power Transfer System

System Description, Wireless Power Transfer, Volume I: Low Power, Part 1: Interface Definition.

System Description, Wireless Power Transfer, Volume I: Low Power, Part 2: Performance

Requirements.
System Description, Wireless Power Transfer, Volume I: Low Power, Part 3: Compliance Testing.

System Description, Qi Wireless Power Transfer, Volume II: Medium Power.

A[method of contactless power transfer from a Base Station to a Mobile Device that is based on
field magnetic induction between coils.

A[Baseline Power Profile supporting transfer of up to about\5 W and an Extended Power P
supporting transfer of up to about 15 W of power using an appropriate Secondary Coil (hav
typical outer dimension of around 40 mm).

Operation at frequencies in the 87...205 kHz range.

Support for two methods of placing the Mobile Dévice on the surface of the Base Station:

= | Guided Positioning helps a user to preperly place the Mobile Device on the surface of a

Station. The Base Station provides power through a single or a few fixed locations on that surf]

= | Free Positioning enables arbitrary placement of the Mobile Device on the surface of a Base St

The Base Station can providé power through any location on that surface.

Alsimple communicatiens .protocol enabling the Mobile Device to take full control of the p
trpnsfer.

Considerable designflexibility for integration of the system into a Mobile Device.

Very low stand-by power is achievable (implementation dependent).

near-

rofile
ing a

Base

ace.

htion.

ower
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Conformance and references

1 Conformance

2017

All provisions in The Qi Wireless Power Transfer System, Power Class 0 Specification are mandatory,

unleg
of pr
clarit]
Qi W
perm
parti
prefe
actio
the 1

indic

1.4.

For

publj
a list
In ad|

Powd

= Py
sq

s specifically indicated as recommended, optional, note, example, or informative. Verbal expré

y, the word “shall” indicates a requirement that is to be followed strictly in order to gonform t
ireless Power Transfer System, Power Class 0 Specification, and from which~ho deviati
itted. The word “should” indicates that among several possibilities one \i$ recommendsg
Cularly suitable, without mentioning or excluding others, or that a certain course of acti
rred but not necessarily required, or that in the negative form a certain possibility or cout
h is deprecated but not prohibited. The word “may” indicates a course of action permissible W
mits of The Qi Wireless Power Transfer System, Power Class 0" Specification. The word

htes a possibility or capability, whether material, physical, or ¢ausal.

2 References

indated references, the most recently published Specification applies. The most recent

cations can be downloaded from http://wwWw:wirelesspowerconsortium.com. (See Section 1.2

dition, the following documents are-referenced within The Qi Wireless Power Transfer Syste

r Class 0 Specification.

ction)

Product Registratioh"Manual, Logo Licensee/Manufacturer
Product Registration Manual, Authorized Test Lab

wer Recéiver Manufacturer Codes, Wireless Power Consortium

he International System of Units (SI), Bureau International des Poids et Mesures

bvisions in this Specification follow the rules provided in Annex H of ISO/IEC DirectivesPart 2.

ssion
For
b The
bn is
d as
bn is
se of
fithin

”

‘can

WPC
1 for

of documents included in The Qi Wireless'Power Transfer System for Power Class 0 Specificafion.)

m for

oduct Registration Procedure Web page (WPC Web site for members, Testing & Registrjation
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1.5 Definitions

Active Area

The part of the Interface Surface of a Base Station or Mobile Device through which a

sufficiently high magnetic flux penetrates when the Base Station is providing p
to the Mobile Device.

ower

Base|Station

Baseline Power Profile

Cominunications and Control Unit

Control Point

Dete¢tion Unit

Digital Ping

Extended Power Profile

A device that is able to provide near field inductive power as specified in T
Wireless Power Transfer System, Power Class 0 Specification. A Base Station c4
a logo to visually indicate to a user that the Base Station complies. with T

Wireless Power Transfer System, Power Class 0 Specification.

The minimum set of features applying to Power Transmitters and Power Recg

that can transfer no more than around 5 W of power.

The functional part of a Power Transmitter or Power Receiver that control

power transfer.

NOTE With regard to implementation, the Communications and Control Unit m
distributed over multiple subsystéms of the Base Station or Mobile Device.

The combination of voltage and current provided at the output of the P
Receiver, and other.parameters that are specific to a particular Power Red

implementation.

The functional part of a Power Transmitter that detects the presence of a P

Receiver on the Interface Surface.

The-application of a Power Signal in order to detect and identify a Power Receit

The minimum set of features applying to Power Transmitters and Power Rece

that can transfer power above 5 W.

he Qi
Irries

he Qi

ivers

s the

hy be

ower

eiver

ower

fer.

ivers

Free Positioning

Foreign Object

A method of positioning a Mobile Device on the Interface Surface of a Base Station

that does not require the user to align the Active Area of the Mobile Device t

Active Area of the Base Station.

Any object that is positioned on the Interface Surface of a Base Station, but i

part of a Mobile Device.

o the

S not
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Foreign Object Detection

Friendly Metal

2017

A process that a Power Transmitter or Power Receiver executes in order to

determine if a Foreign Object is present on the Interface Surface.

A part of a Base Station or a Mobile Device in which a Power Transmitter’s magnetic

field can generate eddy currents.

1D
GuargamteedPower

Guid¢d Positioning

Interface Surface

Maximum Power

Mobile Device

Operpting Frequency,

OperptingPoint

Fheamountof outputpower-of armrappropriate Teference Power Receiverthg
Power Transmitter ensures is available at any time during the power transfer'p
For Power Transmitters that comply with the Baseline Power Profile, therefe
is TPR#1A, which is defined in Part 3: Compliance Testing. For Power*Transm|
that comply with the Extended Power Profile, the reference is, TPR#MP1B, w

also defined in Part 3: Compliance Testing.

A method of positioning a Mobile Device on the Interface Surface of a Base St
that provides the user with feedback to properly align the Active Area of the M

Device to the Active Area of the Base Station.

The flat part of the surface of a Base Station that is closest to the Primary Coil

the flat part of the surface of the Mobilg\Device that is closest to the Secondary

The maximum amount of power.that a Power Receiver expects to provide
output throughout the power/transfer phase. The Maximum Power serves
scaling factor for the Received Power Values that a Power Receiver reports

Received Power Packets!

A device that is able to consume near field inductive power as specified in T

Wireless Power Transfer System, Power Class 0 Specification. A Mobile D

t the
hase.
rence
tters

ich is

ation

obile

S), or

Coil.

at its
as a

in its

he Qi

evice

carries a logo to visually indicate to a user that the Mobile Device complies with the

Specification.

The oscillation frequency of the Power Signal.

The combination of the frequency, duty cycle, and amplitude of the voltage t

hat is

applied to the Primary Cell.

Packet

A data structure for communicating a message from a Power Receiver to a P

ower

Transmitter or vice versa. A Packet consists of a preamble, a header byte, a message,

and a checksum. A Packet is named after the kind of message that it contains.
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Potential Power

The amount of output power by an appropriate reference Power Receiver that the

Power Transmitter can make available during the power transfer phase. For Power

Transmitters that comply with the Baseline Power Profile, the reference is TPR#1A,

which is defined in Part 3: Compliance Testing. For Power Transmitters that comply
with the Extended Power Profile, the reference is TPR#MP1B, which is also defined

in Part 3: Compliance Testing.

Powedr Conversion Unit

Powsdr Factor

Powsgr Pick-up Unit

Powedr Receiver

Powg¢r Signal

The functional part of a Power Transmitter that converts electrical’ energy| to a

Power Signal.

The ratio of the active power consumed and the apparent pewer drawn. The gctive

power is expressed in watts. The apparent power typically is expressed in
amperes (VA).

volt-

The functional part of a Power Receiver that converts a Power Signal to eledtrical

energy.

The subsystem of a Mobile Device that ‘acquires near field inductive power

and

controls its availability at its output,‘as defined in The Qi Wireless Power Transfer

System, Power Class 0 Specification. For this purpose, the Power Redeiver

communicates its power requiféments to the Power Transmitter.

The oscillating magnetic® flux that is enclosed by a Primary Cell and possi
Secondary Coil.

Powdr Transfer Contract

Powdr Transmitter:

A set of \boundary conditions on the parameters that characterize the p
transfer from a Power Transmitter to a Power Receiver. Violation of any of

boundary conditions causes the power transfer to abort.

The subsystem of a Base Station that generates near field inductive powel
controls its transfer to a Power Receiver, as defined in The Qi Wireless P

Transfer System, Power Class 0 Specification.

bly a

ower

these

and

ower

Primary-€elt

Primary Coil

A 3 la Daa: Lol L 43 £ P LCailedlhat P2 'S
T STITSTC T TTIITAT y~ GUTT UT—a COTITOTITATIUIT UT T TTITAT y - GUTTS tUTat artaStUtOpPTUo

sufficiently high magnetic flux through the Active Area.

A component of a Power Transmitter that converts electric current to magnetic

ide a

flux.
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The total amount of power dissipated inside a Mobile Device, due to the magnetic

field generated by a Power Transmitter. The Received Power includes the power

that the Power Receiver makes available at its output for use by the Mobile Device,

any power that the Power Receiver uses for its own purposes, as well as any power

that is lost within the Mobile Device.

RefererrceQuatity Factor
4 Y

Resppnse

Secondary Coil

Shielfing

Specification

Trangmitted Power

WPII

1.6 Acronyms

The quality-factor of Test Power Transmitter #MP1’s Primary Coil at an_Operating

Frequency of 100 kHz, with a Power Receiver positioned on the Interface Syrface

and no Foreign Object nearby.

A sequence of eight consecutive bi-phase modulated bits trahsmitted by a P

Transmitter in response to a request from a Power Receiver.

The component of a Power Receiver that converts‘magnetic flux to electrom
force.

A component in the Power Transmitter(that restricts magnetic fields t
appropriate parts of the Base Stationg{or*a component in the Power Receivel

restricts magnetic fields to the appropriate parts of the Mobile Device.

The set of documents, Parts(l, through 4, that comprise The Qi Wireless B
Transfer System, Power Class 0 Specification (see Section 1.2.1).

The total amount of power dissipated outside the Interface Surface of a Base St

due to the magnéti¢'field generated by the Power Transmitter.

A 48-bit number that uniquely identifies a Qi-compliant device.

ower

otive

the
that

ower

htion,

AC Alternating Current

ACK Acknowledge

AWG American wire Gauge
BSUT Base Station Under Test
CEP Control Error Packet

DC Direct Current

DCR Direct Current Resistance
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EM

EMC

EMF

EPT

Electro Magnetic
Electro Magnetic Compatibility
Electro Magnetic Fields

End Power Transfer

ESR

FET

FOD

FSK

LSB

MSB

MDU[T

N.A.

NAK

ND

PID

PRx

PTx

RMS

TPR

UART

Equivalent Series Resistance
Field Effect Transistor
Foreign Object Detection
Frequency-Shift Keying
Least Significant Bit

Most Significant Bit

Mobile Device Under Test
Not Applicable
Not-Acknowledge
Not-Defined

Proportional Integral Differential
Power Receiver
PowenTransmitter

Root Mean Square

Test Power Receiver

Universal Asynchronous Receiver Transmitter

USB

WPID

Universal Serial bus

Wireless Power Identifier



https://iecnorm.com/api/?name=342a22783babab77bbc1c2d667e54b83

- 16— IEC PAS 63095-1:2017 © IEC 2017

1.7 Symbols

Ca Capacitance parallel to the Secondary Coil [nF]

Cm Capacitance in the impedance matching network [nF]

Cp Capacitance in series with the Primary Coil [nF]

Cs Capacitance in series with the Secondary Coil [nF]

d Duty cycle of the inverter in the Power Transmitter

d Distance between a coil and its Shielding [mm]

d, Distance between a coil and the Interface Surface [min]

fok Communications bit rate [kHz]

fa Resonant detection frequency [kHz]

Jop Operating Frequency [kHz]

fs Secondary resonance frequenéy [kHz]

In Primary Coil current medulation depth [mA]

I, Power Receiver eutput current [mA]

Ip Primary Ceilgurrent [mA]

Lm Inductance in the impedance matching network [pH]

Lp Primary Coil self inductance [pH]

Lg Secondary Coil self inductance (Mobile Device away from Base Station) [uH]
Ly Secondary Coil self inductance (Mobile Device on top of Base Station) [uH]
Pro Power loss that results in heating of a Foreign Object [W]

Ppr Total amount of power received through the Interface Surface [W]
Ppr Total amount of power transmitted through the Interface Surface [W]
Q Quality factor

tdelay Power Control Hold-off Time [ms]
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teLk

tr

~

S~

Communications clock period [us]
Maximum transition time of the communications [us]
Rectified voltage [V]

Power Receiver output voltage [V]

1.8

This

Powd

1.8.

Unley

1.8.

Infor

1.8.

Term

Conventions

section defines the notations and conventions used in The Qi Wireless Power,Transfer Sy

r Class 0 Specification.

1 Cross references

s indicated otherwise, cross references to sections include the subsections contained therein.

2 Informative text

mative text is set in italics, unless the complete Sectionis marked as informative.

3 Terms in capitals

s having a specific meaning in the contéxt of The Qi Wireless Power Transfer System, Power C

Specification are capitalized and defined-in Section 1.5.

1.8.

Phys

1.8.

The d

A Units of physical quantities

cal quantities are expressed in units of the International System of Units.

5 Decimalseparator

ecimal-separator is a period.

Stem,

ass 0
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6 Notation of numbers

2017

= Real numbers are represented using the digits 0 to 9, a decimal point, and optionally an exponential
part. In addition, a positive and/or negative tolerance indicator may follow a real number. Real
numbers that do not include an explicit tolerance indicator, are accurate to half the least significant
digit that is specified.

E3

cd

_

= Single bit values are represented using the words ZERO and ONE.

1.8.

The §

signif

.23; a specified value of 1.23 comprises the range from 1.225 through 1.234999...; and a specified va
.p3+19% comprises the range from 1.107 through 1.353.

CAMPLE A specified value of 1.23*3:51 comprises the range from 1.21 through 1.24; a specified value of.2

mprises the range from 1.23 through 1.24; a specified value of 1.23_; y, comprises the range from &:21°th

teger numbers in decimal notation are represented using the digits 0 to 9.

and are prefixed by “0x” unless explicitly indicated otherwise.

teger numbers in binary notation and bit patterns are represented using sequences of the di
d 1, which are enclosed in single quotes (e.g. ‘01001"). Ira sequence of n bits, the most signil

(MSB) is bit bn-1 and the least significant bit (LSB)yis.bit bo. The most significant bit is shov
e left-hand side.

limbers that are shown between parentheses are informative.

7 Bit ordering in a byte

braphical representation of a bytelis such that the most significant bit is on the left, and the

icant bit is on the right. Figure 1*defines the bit positions in a byte.

Figure 1. Bit positions in a byte

MSB LSB

b7 b6 b5 b4 b3 b2 bl b0

1.8.

3+001

rough

ue of

teger numbers in hexadecimal notation are represented using the hexadeeimal digits 0 to 9 and A to

rits 0
ficant
n on

least

8.Byte numbering

The bytes in a sequence of n bytes are referred to as Bo, By, ..., Bn-1. Byte Bo corresponds to the first byte in

the sequence; byte Bs-1 corresponds to the last byte in the sequence. The graphical representation of a

byte sequence is such that Bo is at the upper left-hand side, and byte Bn-1 is at the lower right-hand side.
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1.8.9 Multiple-bit fields

Multiple-bit fields are used in the ID Packet. Unless indicated otherwise, a multiple-bit field in a data

structure represents an unsigned integer value. In a multiple-bit field that spans multiple bytes, the MSB
of the multiple-bit field is located in the byte with the lowest address, and the LSB of the multiple-bit field
is located in the byte with the highest address.

NOTH

1.9

This
Syste

1.9.

The {

1.9.

The 5
the M

1.1

All m|

preci

rigure Z provides an example of a 10-bit field that spans two bytes.

Figure 2. Example of multiple-bit field

bo | bs b7 | be | bs | ba | bz | b2{Yb1 | bo

Bo Bl

Operators

m, Power Class 0 Specification. The commonly used opérators have their usual meaning.

1 Exclusive-OR

ymbol ‘@’ represents the exclusive-OR opgration.

2 Concatenation

ymbol ‘||’ represents the concatenation of two bit strings. In the resulting concatenated bit s
SB of the right-hand side operand directly follows the LSB of the left-hand side operand.

D Measurement equipment

easurements shall be performed using equipment that has a resolution of at least one quarter

sionlofithe quantity that is to be measured, unless indicated otherwise.

section defines less-commonly used operators that are,used in The Qi Wireless Power Transfer

fring,

f the

EXAM

FLE Gtart=15 MS mMeans that the equipment shall be precise 1o U.25 ms.
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PART 1: Primary Interface Definition
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2

2.1

A Po
2.1.1

2.1.

The d
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2.1.

The ¢
its P
mear
Devig

posit]

Mechanical interface

Power Receiver design requirements (PRx)

er Receiver design shall include a Secondary Coil, and an Interface Surface as defined in S

ction

In addition, a Power Receiver design shall include an alignment aid as defined in Section 0.

1 Interface Surface

d d, = 2.5 mm across the bottom face of the Secondary Coil.

Figure 3. Secondary Coil assembly

Mobile
Device
dz
| I I | \I/
Shu.eldmg Secondary
Interface (optional) )
Coil
Surface

2 Alignment Aid

esign of a Mobile Device shall include means that helps a user to properly align the Secondary (
bwer Receiver t¢ the Primary Coil of a Power Transmitter that enables Guided Positioning,
s shall provide the user with directional guidance, i.e. to where the user should move the M
e, as well\as alignment indication, i.e. feedback that the user has reached a properly al
on.!

NOTE

istance from the Secondary Coil to the Interface Surface of the Mobile Device(see Figure 3) shall not

oil of
This
obile
gned

An example of such means is a piece of hard or soft magnetic material, which is attracted to the m

agnet

provided in Power Transmitter design Al. The attractive force should provide the user with tactile feedback when

placing the Mobile Device on the Interface Surface.

NOTE The Mobile Device cannot rely on the presence of any alignment support from the Base Station other than the

alignment aids specified in Part 4: Reference Designs.

1 The design requirements of the Mobile Device determine the range of lateral displacements that constitute proper
alignment.
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2.2 Power Transmitter design requirements (PTx)

The design requirements for each Power Transmitter type are defined in Part 4: Reference Designs.
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3 Electromagnetic interface

3.1 Power Receiver design requirements (PRx)

Figure 4 jllustrates an example of a functional block diagram for a Baseline Power Profile Power Rec

iver.

Pow

rer Pick-up Unit

Figure 4. Functional block diagram for a Baseline Power Profile Power Receiver

Secondary Coil

—)

Re Ctiﬁcation ﬁ

circuit

Voltage sénse

Communications
modulator

¥

Output
disconnect
r— _1 -
| Load l<
I | Sensing & control
I_ —

Communicat
& Control U

ons
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In this example, the Power Receiver consists of a Power Pick-up Unit and a Communications and Control

Unit. The Power Pick-up Unit on the left-hand side of Figure 4 comprises the analog components of the

Power Receiver:

= A dual resonant circuit consisting of a Secondary Coil plus series and parallel capacitances to enhance
the power transfer efficiency and enable a resonant detection method (see Section 3.1.1, Dual resonant
circuit).

= A
di
3.
ey

Cl

fr
= A

The
of th
comt]

in bo

that jeasures the temperature(of,a rechargeable battery.)

NOTH
sectig
in Fig|
circui
the C

purpd

oyitput. Moreover, the output disconnect switch minimizes the power that the Power Receiver d

rectification circuit that provides full-wave rectification of the AC waveform using, for examp]e]
odes in a full-bridge configuration or a suitable configuration of active components (see.Se

ample, the rectification circuit provides power to both the Communications and Control Unit
wer Receiver and the output of the Power Receiver

communications modulator (see Section 3.1.4, Communications modulator). On the DC side ¢
wer Receiver, the communications modulator typically consists of a resistor in series with a sy
h the AC side of the Power Receiver, the communications modulator typically consists of a caps
series with a switch (not shown in Figure 4).

h output disconnect switch, which prevents current from flowing to the output when the P
pceiver does not provide power at its output. In addition,(the output disconnect switch pre
rrent backflow into the Power Receiver when the Power Receiver does not provide power

pm the Power Transmitter when a Power Signal is first applied to the Secondary Coil.
rectified voltage sense.

lommunications and Control Unit on the ¥ight-hand side of Figure 4 comprises the digital logi
e Power Receiver. This unit executes thérelevant power control algorithms and protocols, drivg
hunications modulator, controls th€)output disconnect switch, and monitors several sensing ci

th the Power Pick-up Unit and- the load. (A good example of a sensing circuit in the load is a c

This version of the Specification minimizes the set of Power Receiver design requirements defined i
n. Accordingly, compliant Power Receiver designs that differ from the sample functional block diagram s
Lire 4 are possible. For example, an alternative design includes post-regulation of the output of the rectifi
L (e.g., by using.a buck converter, battery charging circuit, power management unit, etc.). In yet another d

mmunications and Control Unit interfaces with other subsystems of the Mobile Device, e.g. for user int

Ses.

four
ction

1.2, Rectification circuit). The rectification circuit may perform output smoothing as‘well. In this

f the

f the
vitch.
citor

ower
vents
at its
raws

part
s the
rcuits

rcuit

n this
hown
Cation
esign,
brface

Figur

o5 illustrates an- exampleof g functicnal-block-diaaram—for-an—Extended-Power Profile P
HSHa < P o B £ e Al

ower

Receiver. The communications demodulator enables the communication of data from the Power

Transmitter to an Extended Power Profile Power Receiver. The presence of a communications

demodulator is the only difference with the functional block diagram of a Baseline Power Profile Power

Receiver.
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Figure 5. Functional block diagram for an Extended Power Profile Power Receiver

Power Pick-up Unit

Secondary Coil q Rectification

circuit

Voltage sense

Communications modulator o
Gommunicatigns

& Control Unjit

Communications demodulator

Output
disconnect
r— _l_ -
| Load le
| Sensing & control
—

_;_J

Powagr Pick-up Uniticomponents are described in the subsections below.

A Power Receiver design shall include a dual resonant circuit as defined in Section 3.1.1, a rectifidation

circujt as-defined in Section 3.1.2, sensing circuits as defined in Section 3.1.3, a communicdtions

modllllator as defined in Section 3.1.4, and an output disconnect switch as defined in Section 3.1.6.

A Power Receiver design for the Extended Power Profile shall also include a communications
demodulator as defined in Section 3.1.5, and shall be able to function meaningfully if the Power

Transmitter restrictions limit the output of power from the Power Receiver to 5 W; see Section 3.1.7.
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3.1.1 Dual resonant circuit

The dual resonant circuit of the Power Receiver comprises the Secondary Coil and two resonant

capacitances. The purpose of the first resonant capacitance Cs is to enhance the power transfer efficiency.

The p

urpose of the second resonant capacitance Cjy is to enable a resonant detection method.

Figure 6 illustrates the dual resonant circuit. The switch in the dual resonant circuit is optional. If the

switdh 1s not present, the capacitance (4 shall have a fixed connection to the Secondary Coil Lg.
switdh is present, it shall remain closed? until the Power Receiver transmits its first Packet
Sectipn 5.1.3.1).

The d

In th

a Poy

Sec01|1dary Coil without magnetically active material that is not part of the Power Receiver design clg

Figure 6. Dual resonant circuit of a Power Receiver

Cs
|| .
[

Ls

ual resonant circuit shall have the following.resonant frequencies:
fsE 1 = 100¥ kHz
2m I - Cs Y

= 1000%10% kHz.

bse equations, Lg is the self inductance of the Secondary Coil when placed on the Interface Surfz

ver Transmitter and—if necessary—aligned to the Primary Cell; and Lg is the self inductance

f the
(see

ce of
f the
se to

the Secondary Coil (e.g. away from the Interface Surface of a Power Transmitter). Moreover, the

tolerances x and y on the resonant frequency fsare x =y = 5% for Power Receivers that specify a

Maximum Power value in the Configuration Packet of 3 W and above, and x = 5% and y = 10% for all

other Power Receivers. The quality factor Q of the loop consisting of the Secondary Coil, switch (if

2 The switch shall remain closed even if no power is available from the Secondary Coil.
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present), resonant capacitance C; and resonant capacitance C,;, shall exceed the value 77. Here the quality

factor Q is defined as:

wher

_Zn'fd'Ls
- R

e R is the DC resistance of the loop with the capacitances C5 and C4 short-circuited.

Figui
The g
has a
the c
the p
Rece
of thq
attra
deter

e 7 shows the environment that is used to determine the self-inductance Lg of the Secondary
rimary Shielding shown in Figure 7 consists of material PC44 from TDK Corp. The primarty Shie
square shape with a side of 50 mm and a thickness of 1 mm. The center of the Secondary Co
enter of the primary Shielding shall be aligned. The distance from the Receiver.nterface Surfz
rimary Shielding is d, = 3.4 mm. Shielding on top of the Secondary Coil.is present only

ver design includes such Shielding. Other Mobile Device components thatjinfluence the induc
b Secondary Coil shall be present as well when determining the resorant frequencies—the mag
Ctor shown in Figure 7 is an example of such a component. The_éxcitation signal that is us

mine Lg and Lg shall have an amplitude of 1 V RMS and a frequency of 100 kHz.

Figure 7. Characterization of resonant frequencies
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3.1.2 Rectification circuit

The rectification circuit shall use full-wave rectification to convert the AC waveform to a DC power level.

3.1.3 Sensing circuits

The |

3.1.4 Communications modulator

The |

as dd

loadihg method as a design choice to the Power Receiver. Typical metheds/include modulation

resis

the Power Receiver.

3.1.5 Communications demodulator

For {
Rece
frequ
up to

3.1.p Output disconnect

The Power Receiver shall have jthe means to disconnect its output from the subsystems conn

therd
amol

comi]

The 1]
first

oper

ower Receiver shall monitor the DC voltage V; directly at the output of the rectification circuif,

ower Receiver shall have the means to modulate the Primary Cell current and Brimary Cell v(

fined in Section 5.3.2.1, Modulation scheme.3 This version of the Specification leaves the sp|

ive load on the DC side of the Power Receiver and modulation of a capacitive load on the AC s

he Extended Power Profile or for the Baseline ‘Power Profile with FOD extensions, the B
ver shall have the means to demodulate frequency-shift keying (FSK) data from the Power §
ency as defined in Section 5.3.2.1, Modulation'scheme. This Specification leaves the specific m

the designer of the Power Receiver.

to. If the Power Receiver-has disconnected its output, it shall ensure that it still draws a suff
nt of power from jthe Power Transmitter, such that Power Receiver to Power Transn

hunications remain possible (see Section 5.2.2.1, Modulation scheme).

Power Receiver shall keep its output disconnected until it reaches the power transfer phase fd

fime after a Digital Ping (see Section 5.1, System Control). Subsequently, the Power Receiver

ltage
ecific

of a
de of

ower
ignal
ethod

bcted
cient

hitter

r the

may

te(the’output disconnect switch any time while the Power Transmitter applies a Power Signal.

NOTE The Power Receiver may experience a voltage peak when operating the output disconnect switch (and

changing between maximum and near-zero power dissipation).

3 NOTE The dual resonant circuit as depicted in Figure 6 does not prohibit implementation of the communications
modulator directly at the Secondary Coil.
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3.1.7 Meaningful functionality

A Power Receiver shall be able to function meaningfully if the Power Transmitter restrictions limit the

output of power from the Power Receiver to 5 W. Meaningful functionality includes:

= Charging a connected battery at a rate that is lower than intended.

= Providing a clear and unambiguous indication to the user that the Power Receiver cannot draw the

ahount of power from the Power Transmitter that it needs to function properly. See Section 13,2

in
N
th

3.1.

An if

magi]

teraction with a Mobile Device.

DTE The following are cases in which the Power Receiver cannot provide a desired amount of power g
an 5 W to its output.

The Power Receiver is positioned on a Baseline Power Profile Power Transmitter (see the J

Transmitter designs in Part 4: Reference Designs).

The Power Transmitter is powered by an external power supply that is‘designed to provide no moryg

5 W of power.

8 Shielding

etic field on the Mobile Device. Stray magnetic fields could interact with the Mobile Device

User

reater

ower

than

hportant consideration for a Power Receiver desigher is the impact of the Power Transmitter’s

and

potemtially cause its intended functionality to deteriorate, or cause its temperature to increase due to the

powsd

It is

r dissipation of generated eddy currents.

recommended to limit the impact of-magnetic fields by means of Shielding on the top face d

Seconpdary Coil, as shown in Figure 3»This Shielding should consist of material that has parani

simil
comy]

depe

NOTE

hr to the materials listed in.Part 4: Reference Designs. The Shielding should cover the Secondar
letely. Additional Shielding/beyond the outer diameter of the Secondary Coil might be nece

hding upon the impaet.of stray magnetic fields.

The Power Receivér design examples discussed in Part 4: Reference Designs include Shielding.

f the
eters
 Coil
ssary
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Power Transmitter design requirements (PTx)

1 Load step and load dump (informative)

2017

A Mobile Device may perform load steps and dumps that are beyond the control of its Power Receiver. A

load

the P
(whi
befor
that

impld
Desig

Powgq

3.2.

3.2.2

The
Stati

1. P

C(

2. E

4. C

5 V
C

an initial load of 32 €, a Power Control Hold-off Time of t4.1,, = 100 ms, and an interval time bet]

3. C]:ange the load from its\initial value to 127 Q and regulate the rectified voltage to V. = 7¥2% V.,

Step or dump causes an immediate impedance change, which is reflected from the Secondary, G
rimary Coil and results in a change of the rectified voltage. Due to the latency of the control
h is mainly due to the time that is required to communicate Control Error Packets), it'takes a
e the rectified voltage is readjusted to a (new) desired value. The Power Transmifter should e
the established Power Transfer Contract is not terminated during such an‘event. Therefor
mentation of a Power Transmitter—following one of the designs defined in Part 4: Refe|
ns—should meet load steps from 10% to 100% of the Maximum Power-(as communicated b

r Receiver in the Configuration Packet) and load dumps from 100% to.10%.

2 Load step test procedure

.1 Baseline Power Profile load step test

following procedure is recommended to verify\that the Power Transmitter contained in a

n is able to handle load steps and dumps:

sition Test Power Receiver #1 in configuration B on the Interface Surface of the Base Station|

nsecutive Control Error Packets of t;,ierva = 250 ms.

tablish communication ar{d regulate the rectified voltage to V. = 7¥2% V.

ange the load frem 127 Q to 10 Q, At; = 50 ms before a sending a Control Error Packet.

brify that the-Test Power Receiver continues to regulate and that the Base Station responds t

ntrol Errer Packets by adjusting V.

easure the rectified voltage (Vy, V;, and V,;,) with timings as shown in Figure 8, where 4

oil to
loop
While
sure
e, an
rence
y the

Base

with

ween

o the

jtz =

1800Mms:

7. Verify that the measured values comply with the limits provided in Table 1.
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Figure 8. Load step test diagram

)

4t
44
44
Pals)
o —
V] —— eeemeecaaa :: Control Error :}—
Vih ——m Control Error
Table 1. Load step limits
Voltage Minimum Target f Maximum Unit
Vo 6.9 7.0 7.1 \Y
Viin 4.0 7.0 7.1. \Y
Vi 6.0 Vs 7.1 \Y
3.2.2.2 Extended Power Profile load step test
1. Position the Test Power Receiver on the Interface Surface of the Base Station, with an initial lojad of
R}.i, a Power Control Hold-off Time of t4e,, = 100 ms, and an interval time between consedutive
Control Error Packets of t;,;orva = 250 ms. See Table 2 for relevant parameters.
2. Establish communications and regulate the rectified voltage to V.
3. Change theload from its initial value to Ry, and regulate the rectified voltage V.

4. CTange the load from Rjgy to Ryeayy at Aty = 50 ms before a sending a Control Error Packet.

5. Verify that the Test Power Receiver continues to regulate and that the Base Station responds to the

Control Error Packets by adjusting V..

6. Measure the rectified voltages V,, V;, and V,,;;, with timings as shown in Figure 8 above, where At, =
1800 ms.

7. Verify the measured values with the limits provided in Table 1.
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Test Power Initial Load Light Load Heavy Load Rectified Voltage
Receiver Rinit Rijgne Rpeavy v,
TPR#1B 320 127 Q 10 Q 7E2% Yy

TPR#MP1B 72 Q 96 Q 10 Q 12%2%y

Table 3. Load step limits
Test Power Voltage Minimum Target Maximum
Receiver & vi vi vi
Vo 6.9 7.0 7.1
TPR#1B Vorin 4.0 7.0 7.1
/4 6.0 Vo 7.1
Vo 11.8 12.0 12.2
[PR#MP1B Vinin 6.9 12.0 12.2
/4 10.3 Vo 12.2
3.2.3 Load dump test procedure
3.2.3.1 Baseline Power Profile load.dump test
1. Pgsition Test Power Receiver #1 inconfiguration B on the Interface Surface of the Base Station,|with

C

cansecutive Control Error Paekets ti,erva; = 250 ms.

Contral Error Packets by adjusting V.

Establish communication and regulate the rectified voltage to I, = 732% V,
C]:ange the load from its initial value to 10 Q and regulate the rectified voltage to V. = 7¥2% V.

ange theload from 10 Q to 127 Q, At; = 50 ms before a sending a Control Error Packet.

an initial load of 32 €, a Power.Control Hold-off Time t4e,y, = 100 ms, and an interval time between

Verify(that the Test Power Receiver continues to regulate and that the Base Station responds to the

Measure the rectified voltage (V,, V;, and V,;;;,) with timings as shown in Figure 9. Load dump test

diagram, where At, = 1800 m:s.

Verify that the measured values comply with the limits provided in Table 4.
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Figure 9. Load dump test diagram

Control Error

V] —— =eececnens :: Control Error N——
A J

A[l Atl
At]
b At
Table 4. Load dump limits (Baseline Power®Profile)
Voltage Minimum Target Maximum Unit
Vo 6.9 7.0 7.1 \Y
Viin 6.9 7.0 12.0 \Y
Vi 6.9 ¥ 8.0 \Y

3.2.3.2 Extended Power Profile load dump test

= Pgpsition the Test Power Receiver-on the Interface Surface of the Base Station, with an initial load of
Rii» @ Power Control Hold-off Time of 4.,y = 100 ms, and an interval time between consedutive

Control Error Packets ofiti erva = 250 ms. See Table 5 for the relevant parameters.
= Establish communjeations and regulate the rectified voltage to V.
* Change the load-from its initial value to Ry.,,, and regulate the rectified voltage V.
]:ange thedoad from Rycayy tOR)gh: at At; = 50 ms before a sending a Control Error Packet.

= Verify that the Test Power Receiver continues to regulate and that the Base Station responds to the
C ntrol Error Packetc hy ar‘juci’ing ‘4

= Measure the rectified voltages V,, V;, and V,,;, with timings as shown in Figure 9 above, where At, =
1800 ms.

= Verify the measured values with the limits provided in Table 5.
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Table 5. Load dump definitions (Extended Power Profile)

Test Power Initial Load Light Load Heavy Load Rectified Voltage
Receiver Rinit Rijgne Rpeavy v,
TPR#1B 320 127 Q 10Q 7E2% Yy

TPR#MP1B 72 Q 96 Q) 10Q 12%2%

Table 6. Load dump limits

Test Pf)wer Voltage Minimum Target Maximum
Receiver vi vl (vl
Vo 6.9 7.0 7.1
TPR#1B Vinin 6.9 7.0 12.0
A 6.9 Vo 8.0
Vo 11.8 12.0 12.2
PR#MP1B Vinin 11.8 12.0 20.5
V; 11.8 Vo 13.7
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3.2.4 Power Receiver over-voltage protection

A Power Transmitter shall limit the amplitude of its Power Signal (or magnetic field strength) such that it

does not generate a rectified voltage higher than 20V at the output of a properly designed Power

Receiver.

NOTEF

set off

Recei

The |

prim

certa

appr
exist

In on|
subsg
user
dowr

and §

In ei
befor
highd
Rece
Prim
sudd
drive

subst

Many
volta

comi]

and llhe coupling between the Primary Coil and Secondary Coil. Whereas the Pewer Receiver can-

Test Power Receivers defined in Part 3: Compliance Testing are also examples of properly designed|

yers.

ower Signal depends on the amount of current that runs through the Primary Ceily'This amo

hrily determined by the Power Transmitter’s Operating Point, the Power Receitver’s load imped

priate Control Error Packets, it has little control over the coupling, As a consequence, scen

in which a higher-than-expected voltage can result at the Power/Reeeiver’s output.

e scenario the user initially places the Power Receiver at,a position where the coupling is poo
quently moves it to a position where the coupling is stxong. In practice this can happen whe
keeps the Power Receiver hovering at a small distance above the Interface Surface before sett
, or when the user places the Power Receiver with a large misalignment between the Primary

econdary Coil and subsequently slides it into better alignment.

ther case, the Power Transmitter can.detect the Power Receiver and establish communica
e the coils are properly aligned. The-Power Receiver can then start to control its output voltag
r level, such as 12V, in order to*prepare for connecting its load. If the coupling is poor, the P
ver typically can reach its:tapget voltage only by driving the power Transmitter to use a
hry Coil current (and therefore a strong Power Signal or high magnetic field). If the co

bnly improves substantially, as in the above scenarios, the Power Receiver does not have ti
the Power Transmitter back to a lower Primary Coil current. As a result, its output voltag

antially increase—up to tens of volts if no special precautions are taken.

Power. Réceiver implementations that are based on common IC technology cannot handle

bes, with 20 V being a safe upper limit. Moreover, design constraints often are of such a naturg

In, the
ower

int is
ance,

—to a

n extent—control its load impedance and the Power Transmitter’s Operating Point by transmjtting

arios

I and
n the
ing it
7 Coil

tions
b to a
ower
high
pling

e to

P can

such
b that
odes

honly used solutions for over-voltage protection cannot be applied. For example, large Zener d

or dummy loads that can handle the excess power typically are too bulky to fit in space-limited designs.

Accordingly, the Power Receiver typically has no alternative but to rely on the Power Transmitter to keep

its voltage below the safe limit.
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Whereas a Power Transmitter can hold its Primary Coil current to a sufficiently low level, placing a hard
limit on the Primary Coil current can prevent a Power Receiver from reaching its target power level when
it has connected its load. A better solution is to define more than one limit according to the amount of
power that is transmitted: the Power Transmitter should use a low current limit if the Transmitted Power
is low to prevent an over-voltage from occurring in the Power Receiver, and it should use a high current

limit if the Transmitted Power is high to enable the Power Receiver to reach its target Operating Point

withgut creating an over-voltage in the Power Receiver. The system model and analysis below explain

this gqpproach in more detail.

Figure 10 illustrates a simplified model of the system comprising a Power Transmitter omnthe left ind a
Powdr Receiver on the right. For clarity, the load circuit is drawn separately from the-Power Reckgiver.

The Power Transmitter consists of a power source (U, fop), @ capacitance C,, an-inductance L,, and a

op’
resistance R,. The power source supplies a sinusoidal voltage u,, at a frequency f;,. The Power Redeiver

consists of a capacitance C;, an inductance L;, and a resistance R,. A lead having an impedancq Z;, is

conngcted to the output terminals of the Power Receiver. The symbols w, i, i, and k,, represent the
load YVoltage, load current, Primary Coil current, and coupling factor.
Figure 10. Simplified system{model
& &
PTx PRx Load Circuit

For s

fqas

affect the results discussed below. The effect of the rectifier is described at the end of this section.

Table 7 lists the parameters associated with the system model in Figure 10. Instead of the resonant
capacitances C, and C;, and the resistances R, and R, the resonant frequencies f, and f;, and quality

factors Q, and @, are provided. The relations between these parameters are as follows:

1 1 _ 2nfyl, 0. = 2 fLg

= Q= =

h=5—"F—
* 2m /LG, 2m,[LC,

p
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The Power Transmitter controls the amount of power it transfers by adjusting the amplitude of its

voltage and frequency in the ranges given in Table 7. At start-up, it uses the ping voltage u;,; and ping

frequency fing. To control the power up, it decreases its frequency while keeping its voltage constant at

the maximum value. To control the power down, it increases the frequency at constant voltage, and after

reaching the maximum frequency value decreases the voltage while keeping the frequency constant at

that maximum.

At st

elect

reacl] its target Operating Point as given by the target voltage u; and target current ij..

Table 7. Parameters of the simplified model

e PTx only uses'the part of its operating frequency range where the Primary Coil current decr
hile the operating frequency increases. This constraint ensures that the Control Error Packets

DTE:/ A positive Control Error Value directs the Power Transmitter to increase its voltage, or to decres

hrt-up, the Power Receiver uses a load impedance Z;,,, which represents the load of its/cqntrol

fonics such as a microprocessor. After start-up, the Power Receiver can adjust its load im{pedarjce to

Power Transmitter Power Receiver
L, 25 pH L 35 puH
fo 100 kHz A 100 kH
(p 100 Qs 40
Lop 2..24 V (pk) Uy, 12 V (rngs)
fop 100...200 kHz i 1.5 A (rms)
ping 24 V (pk) Z 0.1..1000 Q
bing 175 kHz Zping 800 Q
r Transmitter operation is subject to these constraints:

bases
from

e Power(Receiver have a consistent effect: a positive Control Error Value causes the Primary Coil
rrent to-increase, and a negative Control Error Value causes the Primary Coil current to decreage.

se its

operating frequency if the voltage has reached its maximum value. A negative Control Error Value directs the

Power transmitter to increase its operating frequency, or to decrease its voltage if the operating frequency has

reached its maximum value. This method of power control is used by many of the Power Transmitter designs

provided in Part 4: Reference Designs.

=  The PTx limits the amount of power that it takes from its power source. In the simplified model, the

m

aximum average power is 24 W.
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= The PTx limits the amount of Primary Coil current. Two examples are discussed below. In the first
example, the Primary Coil current is limited at the fixed value of 3 A rms. In the second example, the
Primary Coil current limit depends on the Transmitted Power, increasing from 0.75 A (rms) at near
zero Transmitted Power up to about 2.7 A (rms) at near maximum Transmitted Power.

The diagram on the left in Figure 11 illustrates the full operating space of the Power Transmitter in terms

of its Primary Coil current and the power it takes from its power source. The diagram on the right

illust
black
in th
repré
coup
valug
Powe
powsd
and

Tran

Powd

The
coup

[Fates the operating space of the Power Recelver In terms of 1ts load current and voltage. 1hne
lines in the Power Transmitter’s diagram indicate its power and current limits. The solid 'blag
e Power Receiver’s diagram indicates its target Operating Point. The colors of the different ¢
sent different coupling factors. The red curve corresponds to a coupling factor of 0.56

ing). The yellow, green, blue, and purple curves correspond to 80%, 60%, 40%and 20% of the

r Receiver for the associated coupling factor (for the parts of the contour that coincide wit|
r limit, the current limit, or the diagram axes this may be difficult to’see). The Power Transn
Power Receiver can reach any point within a contour given appropriate values of the P
bmitter’s operating frequency and voltage. Finally, the stars indiedte the ping Operating Points

r Transmitter and Power Receiver.

Figure 11. Operating space with a fixed-maximum Primary Coil current
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Hiagram (©on ‘the right shows that the Power Receiver can reach its target Operating Point

ing factor greater than about 0.3, because that Operating Point lies well within the green contd

. Each curve forms a closed contour limiting the operating space of the(Power Transmitter

solid
k dot
irves
good
‘red”
and
h the
hitter
ower
f the

for a
ur (a

reach

coup

ing/factor of 60%-0.56). The diagram also makes clear that the load voltage can potentially

levels well above Z0 V (rms) for coupling factors greater than 0.3. For example, the top left corner of the

yellow curve, representing a coupling factor of 80%-0.56 and a load impedance of 1 kQ, reaches a load

voltage of 30 V (rms).


https://iecnorm.com/api/?name=342a22783babab77bbc1c2d667e54b83

IEC PAS 63095-1:2017 © IEC 2017 -39-

The solid curves in Figure 12 illustrate the “trajectories” that the Power Transmitter and Power Receiver
follow through their operating space when controlling from the ping Operating Point to the target
Operating Point at different coupling factors. Each trajectory starts from the ping Operating Point, which
is indicated by a star. The Power Receiver first controls its load voltage to a value just over 12 V (rms). In
the Transmitter’s diagram this is the slightly slanted line near the bottom (less than 1 W of input power).

In the Power Receiver it is the steep line close to the vertical axis. Next the Power Receiver changes its

load [from the ping load impedance to the target load impedance (12V /1.5 A =8(1). This load step
increpses the Power Transmitter’s power and Primary Coil current, and it decreases the load yoltage. For
the lpwest coupling (purple curve) the Primary coil current even exceeds the limit. In this examplg, the
Powgr Transmitter does not enforce its current limit instantly, but instead controls its.@perating Point
back|to the limit after completion of the load step. Finally, the Power Receiver contrels its voltage fo the
targeft value, which is possible for the highest coupling factors only (red, yellow, and’green curves). At the
lower coupling factors (blue and purple curves), the Power Transmitter hits7s current limit. The|solid

squares indicate the final Operating Point for each coupling factor.

Figure 12. System control with a fixed-maximum Primiary Coil current (1)
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As a [lear illustration of-the'scenarios described earlier in this section, the dashed and dotted curyes in
Figure 12 show the trajectories that the Power Transmitter and Power Receiver follow if the coupling

factof changes befween zero and 0.56. The load impedance and the Power Transmitter’s Operating [Point

are fixed on these trajectories (i.e. the Power Transmitter does not enforce its limits during the coupling
step)} As shown in the diagram on the right, the load voltage can reach values up to about 20 V (rms) at

the trgetload impedance of 8 Q. To reach this voltage, the input power and Primary Coil current exceed

their limits substantially (see the left diagram). The behavior is radically different at the ping impedance
of 800 (), where the load voltage can reach values well over 20 V (rms). Corresponding trajectories are
not visible in the diagram on the left because the coupling step causes hardly any change in the Primary
Coil current and input power. Even if the Power Transmitter would instantly enforce its limits, the load
voltage would reach these high levels. This is clearly visible in Figure 13, where the maximum load
voltage is much reduced at the target load impedance but not at the ping impedance. In fact, the
maximum reachable load voltages can be read directly from the red contour in Figure 11 (diagram on the
right).
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Figure 13. System control with a fixed-maximum Primary Coil current (2)
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voltages reached using this limit stay well below 20 V (rms). This example also illustrates that the c

this 3
Point

Oper

e 14 illustrates that a Primary Coil current limit that depends on the Transmitted Power (or on the

power) is a means to mitigate high load voltages in the Power Recejver. Clearly, the highest load

bst of

pproach is a reduced coupling range over which the Power Rec€iver can reach its target Operating
(the green curve representing a coupling factor of 60%0:56 does no longer reach the target

hting Point). This means that proper alignment of the‘Power Transmitter and Power Redeiver

becomes important. Different shapes of the current limityield a different trade-off between maximum

load

As a

poltage and the coupling range.

Figure 14. System control at power-dependent maximum Primary Coil current (1)
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final example Figure 15 illustrates the full operating space that results from the power-dependent

current limit; the trajectories that result if the Power Receiver scales its power back from its target to

load powers of 10 W, 5 W, and 3 W; and the maximum voltages that result from coupling steps at these

additional Operating Points. In most cases, the maximum voltage does not exceed 20 V (rms), and where

it does exceed 20 V (rms) it is not by much.
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Figure 15. System control at power dependent maximum Primary Coil current (2)
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2.5

actical Power Receiver implementations use a rectifier as part of the load-circuit shown in Figulre 10
plso Section 3.1.2). Moreover, most Power Receiver implementations\include a capacitor directly

this rectifier to smoothen the ripple on the rectified voltage. In, combination with a high|load

impefance (low load current), this smoothing capacitor typically charges to a level approaching the|peak

voltape that is present at the input to the rectifier. When determining the appropriate (power-depenfent)

currqg

Tran

volta

exam

bmitters that use duty-cycle control (instead of fréquency or voltage control), because the

Powgr Transmitter’s power source.)

nt limit this effect should be taken into account. Special‘care should be taken in designing Power

peak

be in those designs can be substantially higher than the rms voltage that is used in the gbove

ples. (The voltage waveform at the input to the rectifier resembles the waveform generated by the
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Thermal interface

Interface Surface temperature rise

Base Station shall limit the top surface temperature of the thermal Test Power Recejver

2017

TPR-

THERMAL, defined in Part 3: Compliance Testing) to at most 12 °C above the ambient temperature,

TPR-

THERMAL is operating at its desired Control Point for 1 hour in an environment thatis shi

against spurious thermal contributions due to air flow, radiation, etc. It is recommended\that the

Stati

n limits the Interface Surface temperature to at most 5 °C above the ambientctemperature,

powdring TPR-THERMAL for 1 hour.

while
blded
Base

While
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5

5.1

As n

(power transfers up to 5 W) and the Extended Power Profile (power transfers greater than 5 W)\
much of the information presented in this Specification applies to both power profiles, there are

diffetences. Those differences are identified in this specification as they occur.

This

nego

Foreign Object Detection. Support for FOD extensions is optional in the.Baseline Power Profil

mandatory in the Extended Power Profile:

= B

= E

5.1.

From a system control perspective, power transfer from a Power Transmitter to a Power Red
comgprises four phases in the Baseline Power Profile, namely selection, ping, identification & configur
and power transfer. Figure 16 illustrates thie relation between the phases. The solid arrows ind
transiitions, which the Power Transmitter initiates; and the dash-dotted arrows indicate transition

the Power Receiver initiates. By definition, if the Power Transmitter is not applying a Power Sign3g

syste]
phas

xtended Power Profile Power Transmitters and Power Regeivers shall support the FOD extensid

Information interface

System Control

oted in Section 1.4.2, this Power Class 0 Specification includes both the Baseline Power P

ofile

Specification also describes FOD extensions, which use bidirectional communications

hseline Power Profile Power Transmitters and Power Receiversimay support the FOD extension

1 Overview (informative)

m is in the selection phasesThis means that a transition from any of the other phases to the selé

e involves the Power Transmitter removing the Power Signal.

While

some

and

iation between the Power Transmitter (PTx) and Power Receiver (PRx) tolenhance the options for

b but

S.

ns.

eiver
tion,
icate
that
1, the

ction
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Figure 16. Power transfer phases—Baseline Power Profile
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sdlection In this phase, the Pewer Transmitter typically monitors the Interface Surface fof the
placement and removal of objects. The Power Transmitter may use a variety of methods fof this
plirpose. See Section 10, Object Detection (Informative) for some examples. If the Power Transmitter
discovers one or moréwebjects, it should attempt to locate those objects—in particular if it supjports
ree Positioning. Jn‘addition, the Power Transmitter may attempt to differentiate between Power
Receivers and Foreign Objects, such as keys, coins, etc. Moreover, the Power Transmitter should
attempt to select a Power Receiver for power transfer. If the Power Transmitter does not initially|have
sufficient.information for these purposes, the Power Transmitter may repeatedly proceed to the ping
and subsequently to the identification & configuration phases—each time selecting a different Primary
Cell&and revert to the selection phase after collecting relevant information. See Annex B, Hower
Reeceivertoeahization{Hrformativeltorexamples—inaty—itthe Powe ansartter—sete a—Rrmary
Cell, which it intends to use for power transfer to a Power Receiver, the Power Transmitter proceeds
to the ping phase and eventually to the power transfer phase. On the other hand, if the Power
Transmitter does not select a Power Receiver for power transfer and is not actively providing power
to a Power Receiver for an extended amount of time, the Power Transmitter should enter a stand-by
mode of operation.* See Section 9 for performance requirements on such a mode of operation.

4

Note that it is up to the Power Transmitter implementation to determine whether this stand-by mode of operation
is part of the selection phase or is separate from the selection phase.
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= ping In this phase, the Power Transmitter executes a Digital Ping, and listens for a response. If the
Power Transmitter discovers a Power Receiver, the Power Transmitter may extend the Digital Ping,
i.e. maintain the Power Signal at the level of the Digital Ping. This causes the system to proceed to the
identification & configuration phase. If the Power Transmitter does not extend the Digital Ping, the
system shall revert to the selection phase.

= jdentification & configuration In this phase, the Power Transmitter identifies the selected Power
Receiver, and obtains configuration information such as the maximum amount of power that the

ey
b

R
R
in
cq

Sq
tn

P3
NOTE

NOTH

phase.

At aif
recog
viola
and t|

Thro
powsd
whic
curre
Powsd
deter]

phase. Finally, the system may also leave the power transfer phase’on request of the Power Rec

at characterize the power transfer in the power transfer phase. At any time before proceeding
wer transfer phase, the Power Transmitter may decide to terminate the extended Digital Pin
ample, to discover additional Power Receivers). This reverts the system to the seléction phase.

wer transfer In this phase, the Power Transmitter continues to provide ‘power to the P
bceiver, adjusting its Primary Cell current in response to control data that-it receives from the P
bceiver. Throughout this phase, the Power Transmitter monitors the parameters that are cont
the Power Transfer Contract. A violation of any of the stated limits on any of those param
uses the Power Transmitter to abort the power transfer, and/returns the system to the selq

ction 5.1.2 defines the system control protocols in the ping, ‘identification & configuration, and p
ansfer phases from a Power Transmitter perspectivenSection 5.1.3 defines the system ca
otocols in these four phases from a Power Receiver perspective.

This version of the Specification does not define thé$ystem control protocol in the selection phase.

From a power transfer point of view, the Power'Receiver remains passive throughout most of the se]

y time a user can remove a Mobile Device that is receiving power. The Power Transmitte

nize such an event from a time-out in the communications from the Power Receiver, or fi

he system reverts to the selection phase.

ighout the power.transfer phase, the Power Transmitter and Power Receiver control the amot
r that is transferred. Figure 17 illustrates a schematic diagram of the power transfer control

h basically Operates as follows: the Power Receiver selects a desired Control Point: a desired o

r Receiver determines its actual Control Point. The Power Receiver may use any approa

mine a Control Point. Moreover, the Power Receiver may change this approach at any time d

ower
ower
hined
eters
ction
Piver.
ower
ntrol

pction

' can

om a

ion of the Power Transfer-Contract. As a result, the Power Transmitter aborts the power transfer

nt of
loop,
utput

nt and/or-voltage, a temperature measured somewhere in the Mobile Device, etc. In addition, the

ch to

uring

the power transfer phase. Using the desired Control Point and actual Control Point, the Power Receiver

calculates a Control Error Value—for example, by simply taking the (relative) difference of the two output

voltages or currents. The result is negative if the Power Receiver requires less power in order to reach its

desired Control Point and positive if the Power Receiver requires more power in order to reach its

desired Control Point. Subsequently, the Power Receiver transmits this Control Error Value to the Power

Transmitter.
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The Power Transmitter uses the Control Error Value and the actual Primary Cell current to determine a

new Primary Cell current. After the system stabilizes from the communications of the Control Error

Packet, the Power Transmitter has a short time window to control its actual Primary Cell current towards

the new Primary Cell current. Within this window, the Power Transmitter reaches a new Operating Point:

the amplitude, frequency, and duty cycle of the AC voltage that is applied to the Primary Cell.

Subsequently, the Power Transmitter keeps its Operating Point fixed in order to enable the Power

Rece

Powg

Feececccccccscccccccsccccncccscnenacaaaaan

ver to communicate additional control and status information. For details, see Section 5.1.2.6.1,
r transfer control.
Figure 17. Power transfer control loop
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5.1.1.1 FOD extensions

The FOD extensions add a negotiation phase, a calibration phase, and a renegotiation phase to the basic

system control functionality, as shown in Figure 18.

Figure 18. Power transfer phases—Extended Power Profile
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Selection START
Object
No response | detected
or no power Negotiation failure
needed ! or error condition
Ping Negotiation Calibration
Negotiation
successful
h
Power Receiver Calibration
present successful

A 4
Identificam
Erfor @g W Negotiation
copdition requested

btiation

Renegotiation
completed
No negotiation requested Renegot:at:oz
(<5 W Power Receiver only) requeste
» P <

ower Transfer
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These additional phases mostly deal with improved Foreign Object Detection capabilities, as descfibed
below:

= Selectiomphase. In this phase, the Power Transmitter typically monitors the Interface Surface fqr the

10, Object Detection (Informative) and Annex B, Power Receiver Localization (Informative). If the Power
Transmitter detects a Foreign Object on its Interface Surface, it should stay in the selection phase and
should not provide a Power Signal in order to avoid heating up the Foreign Object.

= Negotiation phase. In this phase, the Power Receiver negotiates with the Power Transmitter to fine-
tune the Power Transfer Contract. For this purpose, the Power Receiver sends negotiation requests to
the Power Transmitter, which the Power Transmitter can grant or deny. In addition, to improve its
initial assessment of whether Foreign Objects are present, the Power Transmitter can compare the
quality factor reported by the Power Receiver with its own measurement (see Section 11.3, FOD based
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on quality factor change). If the Power Transmitter detects a Foreign Object, it should return to the
selection phase.

Calibration phase. In this phase, the Power Transmitter can improve its ability to detect Foreign
Objects during power transfer. In particular, the Power Transmitter can adjust parameters of the
power loss method (see Section 11.4, FOD based on calibrated power loss accounting). Hereto, the
Power Receiver provides its Received Power at two different load conditions.

Power f'rnncfar phncn In-this ph:\cn, the Power Transmitter continues to check if news Fnraign ﬂhjects

have been placed on its Interface Surface. Hereto, it may use, e.g. the power loss method| (see
Section 11.4, FOD based on calibrated power loss accounting). The Power Receiver may also‘chegk for
the placement of new Foreign Objects. If the Power Transmitter or the Power Recgiver detqcts a
Foreign Object, the Power Transmitter and/or the Power Receiver should either reduce the Power
Signal or remove the Power Signal and return to the selection phase.

Renegotiation phase. In this phase, the Power Receiver can make adjustmentsto the Power Transfer
Contract, if so desired. If necessary, this phase may be aborted prematutély without changing the
Ppwer Transfer Contract.

This section defines a protocol that the Power Transmitter~shall execute to transfer power to a Power

Recelver. Note that three of the seven phases are applicable only to the Extended Power Profile |f the

Powdr Transmitter supports the FOD Extensions.
1.

2.

Selection phase. Section 5.1.2.1 defines the protocol to select a Power Receiver for the power trangfer.
Ping phase. Section 5.1.2.2 defines the Digital Ping.

Identification & configuration phase(Section 5.1.2.3 defines the part of the protocol that the Power
Transmitter shall execute in order to identify the Power Receiver and establish a default Power
Transfer Contract. This pratocol extends the Digital Ping in order to enable the Power Receiver to

cgmmunicate the relevant information.

Negotiation phase(FEOD extensions only). Section 5.1.2.4 defines the part of the protocol thdt the
Power Transmifter shall execute if the Power Receiver requests to negotiate changes to the de¢fault

Power Transfer-Contract.

Calibration phase (FOD extensions only). Section 5.1.2.5 defines the part of the protocol that the

Popwet, Transmitter shall execute in the calibration phase. The Power Transmitter can usg¢ the

information obtained from the Power Receiver in this phase to Improve its ability to detect Foreign

Objects during power transfer.

Power transfer phase. Section 5.1.2.6 defines the part of the protocol that the Power Transmitter shall
execute during power transfer. In this part of the protocol, the Power Transmitter controls its Primary

Cell current in response to control data received from the Power Receiver.

Renegotiation phase (FOD extensions only). Section 5.1.2.7 defines the part of the protocol that the

Power Transmitter executes to update the Power Transfer Contract during power transfer.
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Many provisions in Section 5.1.2 refer to the start and/or the end of a Packet, or to the start of a Packet’s

preamble. In the case of a Packet that is sent from the Power Receiver to the Power Transmitter:

= The start of the Packet is defined as the instant that the Power Transmitter receives the first edge of
the start bit of the Packet’s header byte.

= The end of the Packet is defined as the instant that the Power Transmitter receives the second edge of
the stop bit of the Packet’s checksum byte.

= T
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In thg
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he start of the Packet’s preamble is defined as the instant that the Power Transmitter rec€ive
'st edge of the first preamble bit.

 case of a Packet or Response that is sent from the Power Transmitter to the Power Receiver:

e start of the Packet or Response is defined as the instant of the first zero crossing of the first P
onal cycle in which the Operating Frequency changes in accordance with~the FSK modul
quirements.

e end of the Packet or Response is defined as the instant of the first Zero crossing of the first P
onal cycle in which the Operating Frequency changes back to the-original Operating Frequen
cordance with the FSK modulation requirements. This occurs after the final transition of the P
Response.

Base Station can take its input power from a USByMicro-B or Micro-AB receptacle, the P
bmitter can potentially not provide the requested amount of power to a Power Receiver. If a P
ver has made at most three unsuccessful attempts to initiate and maintain power transfer—e.
nated the power transfer three times in a‘row with an End Power Transfer Packet—the P
smitter shall refrain from entering the;power transfer phase until the Power Receiver has

ved from the Interface Surface of the-Base Station.

1 Selection phase (PTx perspective)

e selection phase the Power Transmitter determines if it will proceed to the ping phase
ting the placement-of*an object. This Specification does not define how the Power Transn

s this determination.

Base Statioh-can take its input power from an adapter that has a lower wattage rating tha
r Transmitter’s rating, the Power Transmitter may not provide the requested amount of powe

r Receiver. If a Power Receiver has made at most three unsuccessful attempts to initiatg

main|

s the

ower
ation

ower
cy in
hcket

ower
ower
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ower

been

after

hitter

h the
rto a

and

tain“a power transfer, the Power Transmitter shall refrain from entering the ping phase unt

il the

Power Receiver has been removed from the Interface Surface of the Base Station. An example of an

unsuccessful attempt is when the Power Receiver has terminated the power transfer three times in a row

with an End Power Transfer Packet containing an End Power Transfer Code of 0x08 (No Response) or

0x0A

(Negotiation Failure).
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5.1.2.2 Ping phase (PTx perspective)

2017

In the ping phase, the Power Transmitter shall execute a Digital Ping. This Digital Ping shall proceed as

follows, with conditions appearing earlier in this list taking precedence over conditions appearing later.

= The Power Transmitter shall apply a Power Signal at the Operating Point defined for the particular
Power Transmitter design (see Part 4: Reference Designs).

= [f|the Power Transmitter correctly receives a Signal Strength Packet, the Power{Transmitter
pyoceed to the identification & configuration phase of the power transfer, maigtaining the P
Signal at the Operating Point as defined for the particular Power Transmitter design. See Figure 1
If| the Power Transmitter does not proceed to the identification & configuration phase, the P

NOTH The thick line in Figure 19 represents’'the amplitude of the Power Signal, which is zero at the left-hand s

the d

Trangmitter shall ignore as a result ofithe above conditions.

Primary Cell current amplitude reaches 50% of the stable level, the Power Transmitter shalkre
the Power Signal (i.e. reduce the Primary Cell current to zero) within te;minace- Se€ Figure 19(a).

S¢e Figure 19(c).

styucture) within the time interval tg,; after the start of the first Packet, the Power Transmitter
rgmove the Power Signal within t,. minate- S€€ Figure 19 (dJ.

shall remove the Power Signal within ¢, minate aftér the end of the Packet. See Figure 19 (e).

the Power Transmitter does not detect the start of a Packet in the time window t afte

ping

ransmitter shall remove the Power Signal within ¢, after the start,of the Signal Strength P:

the Power Transmitter does not correctly receive the first\Packet (see Section 5.2.2.4, P

the Power Transmitter correctly receives any other*Packet than a Signal Strength Packet, a
rticular if the Power Transmitter receives an End Power Transfer Packet, the Power Transn

the Power Transmitter does not proceed to the identification & configuration phase, the P
fansmitter shall revert to the selection phase.

agrams. The dashed line represents possible communications from the Power Receiver, which the }

r the
move

may
ower
9(b).
ower
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nd in
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ower

ide of

ower
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Figure 19. Power Transmitter timing in the ping phase
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Table 8. Power Transmitter timing in the ping phase
Pararpeter Symbol Minimum Target Maximum Uit
|
Digital Ping window Thing 65.0_, 65 70.0™ ms
Power Signal termination time Lierminate N.A. N.A. 28.0%° ms
First Packet time out Ehirst N.A. N.A. 20.0%° ms
Power Signal expiration time texpire N.A. N.A. 90.0*° ms
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5.1.2.3 Identification & configuration phase (PTx perspective)

2017

In the identification & configuration phase, the Power Transmitter shall identify the Power Receiver and

collect configuration information. For this purpose, the Power Transmitter shall correctly receive the

following sequence of Packets in the order shown and without changing its Operating Point.

1. If the Power Transmitter enters the identification & configuration phase from the ping phase, an

I

entificationPackat

2. If]

3.0

The

const

L]
p—

=] ctr e <

the Ext bit of the preceding Identification Packet is set to ONE, an Extended IdentificationRacke

b to 7 optional configuration Packets from the following set (the order in which the P

fansmitter receives these Packets, if any, is not relevant):

A Power Control Hold-off Packet. If the Power Transmitter receives multiple)Power Control

off Packets, the Power Transmitter shall retain the Power Control Holdzoeff Time ¢4, contain

the last Power Control Hold-off Packet received (see below).

Any Proprietary Packet (as listed in Table 26). If the Power{Transmitter does not know h
handle the message contained in the Proprietary Packet, the Power Transmitter shall ignor¢

message.

Any reserved Packet (as indicated in Table 26). The Power Transmitter shall ignore the me

contained in the reserved Packet.

Configuration Packet. If the number of optional’configuration Packets, which the Power Transn
s received, is not equal to the value contained in the Count field of the Configuration Packe
wer Transmitter shall remove the Power Signal within ¢, minate ms after receiving the stop bit

nfiguration Packet’s checksum byte) and return to the selection phase.

ower

Hold-
ed in

w to
that

ssage

hitter
I, the
f the

Power Transmitter shall receive the above sequence of Packets subject to the following timing

raints:

f the Power Transmitter does not detect the start bit of a next Packet’s header byte in the seqyence

yithin the time, interval ¢, after the end of the Packet directly preceding it in the sequenc
ower Trangmitter shall remove the Power Signal within e minate- See Figure 20(a). In this co
he Packet.directly preceding the Identification Packet is the Signal Strength Packet, which the P

rapsmitter has received in the ping phase.

b, the
htext,

ower

o |

the Fower Iransmitter does not correctly receive a Facket 1n the sequence within the time 1n

erval

tnax after the start of that Packet, the Power Transmitter shall remove the Power Signal within

Ererminate- S€€ Figure 20(b).

= If the Power Transmitter correctly receives a next Packet that does not comply with the above
sequence, the Power Transmitter shall remove the Power Signal within ¢, minate after the end of that
Packet. See Figure 20(c).
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In addition to these timing constraints, if the Power Transmitter does not receive a Packet correctly (see

Section 5.2.2.4, Packet structure), the Power Transmitter shall remove the Power Signal within t..minate

after

detecting the error.

After the Power Transmitter has received the Configuration Packet, the Power Transmitter shall execute

the following steps, in the order shown.

1 If s (min) < < (max) . s . ction
p\tase. Moreover, if the Power Transmitter reverts to the selection phase, the Power Transmitter| shall

re
T

uj

4. F(

F{(
o1

move the Power Signal within ¢, pinace after the end of the Configuration Packet. Ifj the P

fansmitter has not received a Power Control Hold-off Packet, the Power Transmitter shall proce

_ ,(min)
€ tdelay - tdelay'

the Power Transmitter has correctly received all Packets in the sequence‘{see Figure 20(d)

wer Transmitter shall create a Power Transfer Contract. See below.

DD extensions not supported: If the Power Transmitter has created a Power Transfer Contrag
wer Transmitter may proceed to the power transfer phase.\lf"the Power Transmitter doe
oceed to the power transfer phase, the Power Transmitter.shall remove the Power Signal w
L vire after the start of the Configuration Packet. See Figufe)20(e).

DD extensions supported:

proceed to the power transfer phase without sending a Response.

If the Neg bit in the received Configliration Packet is set to ONE, the Power Transmitter shall

an Acknowledge Response within/t,yonse after the end of the received Configuration Packef

proceed to the negotiation phase. See Figure 21.

DD extensions not.supported: If the Power Transmitter has removed the Power Signal—and
t proceed to the(pawer transfer phase—the Power Transmitter shall revert to the selection pha

to the wegotiation phase, the Power Transmitter shall remove the Power Signal within ¢,

e end of the Configuration Packet. See Figure 20(e).

ower
ed to

the

t, the
5 not
rithin

If the Neg bit in the received Configuration.Packet is set to ZERO, the Power Transmitter should

send

(see

also Section 5.2.3.7, Configuration Packet (0x51)). Subsequently, the Power Transmitter should

does

e.

DD extensions supported: If the Power Transmitter does not proceed to the power transfer phase

after
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Figure 20. Power Transmitter timing in the identification & configuration phase
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Figure 21."Power Transmitter timing in the identification & configuration phase (FOD extensions)
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Table 9. Power Transmitter timing in the identification & configuration phase

Parameter Symbol Minimum Target Maximum Unit

Next Packet time-out Enext 22.0_, N.A. 25.0%0 ms

Maximum Packet length Emax N.A. N.A. 170.0%° ms

Response-Time respoTTSe Q—U N_A 10010 ms

Table 10. Power control hold-off time

Pargmeter Symbol Value Unit

Power Control Hold-off £ (min) 5

Timle delay ms

Power Control Hold-off (max)

Timk tdelay 205 ms
5.1.2.3.1 Creating a Power Transfer Contract
FOD |extensions not supported: Based on the configufation information received from the Power
Recelver, the Power Transmitter can create a Power Transfer Contract. This version 1.2.2 of the

Specification does not define the parameters that.éémprise a Power Transfer Contract for the Bageline

Powse

folloy

= T
M

FOD

Tran

ving parameter:

bmitter shall create alPower Transfer Contract containing the parameters shown in Table 11.

Table 11. Initial Power Transfer Contract

r Profile. However, it is recommended.that the Power Transfer Contract contains at least the

he maximum power that the Power” Receiver intends to provide at its output (as obtained from the
aximum Power field of the Configuration Packet).

extensions supported: At the end of the identification & configuration phase, the Power

Parameter

Value

Gupranteéd Power

S5W

ra-tla

Dok dfFe LV HPCE TN D) 2 1lal Btataad-in.
DCTTVCO 1T OTIT CITCIVIaXTIIITOIIT T OV T varaC CoTrcartrC ot crrc

Maximum Power

Configuration Packet

Received Power Packet Format

Header of the 8-bit Received Power Packet (0x04)

FSK Polarity / Modulation Depth

Value contained in the Configuration Packet
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5.1.2.4 Negotiation phase—FOD extensions only (PTx perspective)

In the negotiation phase, the Power Transmitter receives a series of Packets that contain requests to

update the Power Transfer Contract. In response to each Packet, the Power Transmitter shall send either

= a Response to indicate whether it grants the request, denies the request, or does not recognize the

request; or

= apata Packet that contains the requested information.

Priorto receiving the requests to update the Power Transfer Contract, the Power Transmitter,shall dreate

a temporary copy of the Power Transfer Contract. The Power Transmitter shall use this temporary|copy

to stqre updated parameters until successful completion of the negotiation phase.

5.1.2.4.1 Timing constraints

After|transmitting a Response or a data Packet, the Power Transmitter should extend the Digital Pinjg for

a timle interval tegoriate in Order to enable the Power Receiver to trarismit a subsequent request. [f the

Powdr Transmitter does not receive a Packet within this time interval,’it should remove the Power {ignal

withiln t.erminate (S€€ Figure 22(a)).

The Power Transmitter shall start to transmit its Response’or data Packet within ¢eg,onse after the end of

the Ppcket containing the request (see Figure 22(b)).

Figure 22. Power Transmittertiming in the negotiation phase

‘ tnegotiate L tierminate
Sl
(a |
,mmme=ss=esssescccccccocoese N ! Vauhe
<. Response or Packet '}— ----- - —
.......................... -

t

response
(b
—< Packet >—< Response or Packet >—

Table 12. Power Transmitter timing in the negotiation phase

Parameter Symbol Minimum Target Maximum Unit
Next Packet time-out thegotiate 200_, N.A. (250%9) ms
Response interval tresponse 3., N.A. 10+ ms
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5.1.2.4.2 Actions associated with a request

The following Packet types may contain a request:

= Specific Request Packet

= General Request Packet

= FOD Status Packet
= Proprietary Packet
= Reserved Packet

=  WPID Packet

If thd Power Transmitter receives a Packet that is not listed above, it shall remove the Power Signdl and

returp to the selection phase.

If thg Power Transmitter does not receive a Packet correctly, it shodld-ignore the Packet and remgin in

the npgotiation phase without sending a Response or data Packet.

51.24.2.1 Specific Request Packet
The Fower Transmitter shall send an ND Response if

= tHe Request field contains a value listed as res€rved in Table 42; or

= omne or more of the reserved bits in theRequest Value are set to ONE (see Section 5.2.3.13, Specific
Request Packet—FOD extensions only (0x20)).

Othefwise, the Power Transmitter shall send a Response as defined in Table 13.
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Table 13. Power Transmitter responses in the negotiation phase

Packet type Power Transmitter response
Specific Request Guaranteed Power. If the Power Transmitter supports the requested
Packet Guaranteed Power, it shall update the Guaranteed Power in the temporary

Power Transfer Contract and shall send an ACK Response. Otherwise, it shall
send a NAK Response.

Received Power Packet type. If the Received Power Packet Header is 0x31
(24-bit Received Power Packet), the Power Transmitter shall update the

Received Power Packet Format in the temporary Power Transfer Centract and
shall send an ACK Response. Otherwise, the Power Transmitter shall send a NAK
Response.

FSK parameters. The Power Transmitter shall update théxequested FSK
Polarity and Modulation Depth parameters in the temposary Power Transfer
Contract and shall send an ACK Response.

Maximum Power. The Power Transmitter shall update the Maximum Power|in
the temporary Power Transfer Contract and shall send an ACK Response.

Proprietary. If the Power Transmitter does not have a defined Proprietary
Response, it shall send a Not-Defined(IND) Response. Otherwise, it shall send|its
defined Proprietary Response, which may be an ACK Response, a NAK Response,
or an ND Response.

=

End Negotiation. The Powep Transmitter shall return to the selection phase i
the Power Transmitter has.not sent an ACK Response earlier in the negotiatiqn

phase to both
= a Specific RequestPacket with Request = 0x02 (Received Power Packet
Type), and

= an FOD Status Packet.
Otherwisejthe Power Transmitter shall verify that the Count Value matches the
number 6f parameters that differ between the active Power Transfer Contract
and.the temporary Power Transfer Contract.
=_/In the case of a match, the Power Transmitter shall send an ACK Response.
Subsequently it shall copy the temporary Power Transfer Contract to the
active Power Transfer Contract, and proceed to the calibration phase.

= QOtherwise, the Power Transmitter shall copy the active Power Transfer
Contract to the temporary Power Transfer Contract, send a NAK Responsg
and remain in the negotiation phase.

NOTE This action effectively discards all negotiated changes to the Power Transfer

Contract.
General Request The Power Transmitter shall send a Packet containing the information that is
Packet requested by the Power Receiver. If the Request is a reserved value, or a

proprietary value for which the Power Transmitter does not have a defined
Response (see Table 53 in Section 5.3.2.3.2, Header), the Power Transmitter
shall send a Power Transmitter Data Not Available Packet (see Section 5.3.3.1,
Power Transmitter data not available Packet (0x00)).

NOTE Whereas General Request Packets enable a Power Receiver to obtain information
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Packet type Power Transmitter response

from a Power Transmitter, they do not enable the Power Transmitter to modify the
Power Transfer Contract.

FOD Status Packet | If the Mode field is set to a reserved value, or if the any one of the reserved bits
is set to ONE, the Power Transmitter shall send an ND Response and ignore the
content of the Packet. Otherwise, the Power Transmitter shall send

= an ACK Response if it did not detect a Foreign Object; or

= a NAK Response if it did detect a Foreign Object. In this case, the Power
Transmitter shall return to the selection phase within 5 seconds irrespective
of further communications from the Power Receiver.

It is recommended that the Power Transmitter uses the Reference Quality
Factor contained in the FOD Status Packet to determine its Response. For thig
purpose, the Power Transmitter should

= adjustits quality-factor threshold based on the Reference Quality Factor
Value;

= compare its measured quality factor to its adjusted threshold; and

= send an ACK or a NAK Response based on ‘thie comparison.
See Section 11.3, FOD based on quality factor change for details.

WHRID Packet The Power Transmitter shall send

= An ACKresponse if the WPIDPacket was correctly received and the
verification was successful.

= A NAKresponse if theeWPID Packet was correctly received but the
verification failed.

= An ND response\if the Power Transmitter does not support WPID Packets

If the Power Transmitter supports the optional WPID Packets, it shall verify the
Packet conténits using the CRC algorithm described in Section 5.2.3.9.1.

—_—

Praprietary Packet | If the PQwer Transmitter does not have a defined proprietary Response, it shall
send a Not-Defined (ND) Response. Otherwise, it shall send its defined
proprietary Response, which may be an ACK Response, a NAK Response, an ND

Response, or a proprietary data Packet.

Regerved Packet The Power Transmitter shall send an ND Response.

5.1.2.5 (" Calibration phase—FOD extensions only (PTx perspective)

In the calibration phase, the Power TTansmitter should receive information from the Power Receiver that
the Power Transmitter can use to improve the power loss method for Foreign Object Detection (see
Section 11.4, FOD based on calibrated power loss accounting). In particular, the Power Transmitter should

receive Received Power information, with the Power Receiver having attached
= a“light” load; and

= a“connected” load.
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If the Power Transmitter does not receive this information, it should remove the Power Signal and return

to the selection phase. In addition, the Power Transmitter should attempt to use this information to

improve its power loss method only if it has ensured that there is no Foreign Object present.

In the calibration phase, the behavior of the Power Transmitter shall be the same as in the power transfer

phase, with the following additions:

= If

the Power Transmitter receives a 24-bit Received Power Packet with Mode = ‘001’ (calibration

m
Al
N

mlode for a connected load), and the Received Power Value satisfies the Power Transmitter, it
sand an ACK Response and proceed tosthe power transfer phase. Otherwise, it shall send a

CK Response. Otherwise, it shall send a NAK Response.

DTE Examples of reasons for sending a NAK Response include the following.

The system is not sufficiently stable, which is the case if the Control Error Values receivéd from the |

Receiver deviate substantially from zero.

based on calibrated power loss accounting for details).

designer to determine an appropriate threshold.
The Power Transmitter receives the Received Power Packet later than expected.
The Power Transmitter already has received a Received. Power Packet with a Mode field containing a

other than ‘001’ (calibration for a light load).

the Power Transmitter receives a 24-bit Recéived Power Packet with Mode = ‘010’ (caliby

psponse.
DTE Examples of reasons for sending a NAK Response include the following.

The Power Transmitter measires a power loss that exceeds its threshold. It is up to the Power Trans

designer to determine an appropriate threshold.
The Power Transmitter receives the Received Power Packet later than expected.

The Power Transmitter has not yet sent an ACK Response to a Received Power Packet with Mode 5

(calibratiot/fer a light load).

The Power Transmitter considers the connected load not stable yet (e.g. based on the Control Error \

that.is has received so far).

ode for a light load) and the Received Power Value satisfies the Power Transmitter, it shall’sepd an

ower

The Received Power is greater than 15% of the Maximum Power of the Power Reteiver (see Section 11.4, FOD

The Power Transmitter measures a power loss that exceeds its thresheld. It is up to the Power Transmitter

value

ation
shall
NAK

mitter

‘001’

[alues

N

entering the calibration phase, it should remove the Power Signal and return to the selection phase.

TE If the Power Transmitter does not receive a satisfactory Received Power Value within 10 seconds from
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= [f the Power Transmitter receives a 24-bit Received Power Packet with a Mode value other than ‘001’
and ‘010’, it should remove the Power Signal and return to the selection phase.

NOTE In this case, the Power Receiver has not correctly completed the calibration phase.

Figure 23 illustrates the above requirements.

Figure 23. State diagram of the calibration phase

Received Power Packet
(Mode # ‘001’ or ‘010’)
or time-out

phase

5.1.2.6

In the power transfer phase, the Power Transmitter controls the power transfer to the Power Receiy
respgnse to control data that it receives from the latter. For this purpose, the Power Transmitter

receiye zero or more of the following Packets:

= C ntrol Errar Packat
e+ Tackes:

Calibration

Light load NAK

Connected

Received Power Packet
(Mode =“Q01’) & ACK

NAK

load

Received Power Packet
(Mode = ‘010’) & ACK

Power transfer phase (PTx perspective)

= Received Power Packet.
= Charge Status Packet.
= End Power Transfer Packet.

= Renegotiate Packet.

er, in
shall
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Any Proprietary Packet (as listed in Table 26). If the Power Transmitter does not know how to handle
the message contained in the Proprietary Packet, the Power Transmitter shall ignore that message.

Any reserved Packet (as indicated in Table 26). The Power Transmitter shall ignore the message
contained in the reserved Packet.

The Power Transmitter shall receive the above Packets subject to the following timing constraints:

If

the Power Transmitter does not correctly receive the start of the first Control Error Packet within

th
rq

ignal within t,rminate- If the Power Transmitter does not correctly receive the start of a Control

ignal within ¢, minace- If the Power Transmitter does not correctly receive the start of a Rec

e time window ty;eo: after the start of the Configuration Packet, which the Power Transmitfte
ceived in the identification & configuration phase, the Power Transmitter shall remove-the P

hcket within the time window t;,.ouc after the start of the preceding Control Error Packet, the P
ransmitter shall remove the Power Signal within ¢, minate- S€€ Figure 24(a).

the Power Transmitter does not correctly receive the start of the first Receiyed’Power Packet W
e time window ¢, after the start of the Configuration Packet, which ‘the Power Transmitte

ceived in the identification & configuration phase, the Power Transmitter shall remove the P

wer Packet within the time window ¢, after the start of the/preceding Received Power P4
e Power Transmitter shall remove the Power Signal within tginate- See Figure 24(e).

r has
ower
Error
ower

rithin
r has
ower
pived
acket,
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Figure 24. Power Transmitter timing in the power transfer phase
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Table 14. Power Transmitter timing in the power transfer phase

Parameter Symbol Minimum Target Maximum Unit
Control Error Packet time out timeout 700.0_, 1500 1800.0*° ms
Power control active time Lactive N.A. 20 21.0%° ms
Power control settling time <ttt 3.0, 5 7.0+0 ms
Recpived Power Packet time” tpower 8000.0_, 23000 240000 ms

* NO
wit

In ad
= U
dd

TE A Power Transmitter should apply this time-out value also if connected to a Power Receiverthat complies
h revision 1.0.x of the System Description Wireless Power Transfer.

dition to the above timing constraints, the Power Transmitter shall execute tliefollowing actions.

pon receiving a Control Error Value, the Power Transmitter shall-adjust its Operating Point, as
bfined in Section 5.1.2.6.1, during a time window ¢,.;y.. Prior to nraking any adjustment, the Power
ransmitter shall wait for an interval 4|, to enable the Primary.Cell current to stabilize again|after

coammunications. See Figure 24(b).

= If|the Power Transmitter correctly receives a Packet that'does not comply with the above sequence,
tHe Power Transmitter shall remove the Power Signal‘within t,.;pinate after the end of that Packef. See
Figure 24(c).

= Iflthe Power Transmitter receives an End Power<Transfer Packet, the Power Transmitter shall remove

e Power Signal within t ... minae after the end of the End Power Transfer Packet. See Figure 24(d}.

e Power Transmitter shall monitor 'the parameters contained in the Power Transfer Conptract
roughout the power transfer phase) If the Power Transmitter detects that the actual value of any of
ose parameters exceeds the limits contained in the Power Transfer Contract, the Power Transrhitter
all remove the Power Signalwithin t.eminate-

the Power Transmitter has removed the Power Signal, the Power Transmitter shall revert tp the
lection phase.

extensions supported: In this case the Power Transmitter shall also execute the following actipns.

the Power* Transmitter receives a Renegotiate Packet, it shall send an ACK Response] and
bsequently proceed to the renegotiation phase.

the . Power Transmitter receives a Received Power Packet with a format that is different frorp the

fo

rmat that is agreed in the Power Transfer Contract, it shall remove the Power Signal and return to

the selection phase.
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= If the Power Transmitter receives a 24-bit Received Power Packet with Mode = ‘000’, the Power
Transmitter shall send the Response within tresponse after the end of the Received Power Packet. See
Figure 25 and Figure 22 in Section 5.1.2.4.1, Timing constraints. The Response should be an ACK if the
Power Transmitter concludes that there is no Foreign Object present; otherwise, the Response should
be a NAK. The Power Transmitter may use a power loss method, such as described in Section 11.4,
FOD based on calibrated power loss accounting, to determine if a Foreign Object is present.

OTE __If the Power Transmitter determines that 3 Foreign Ohject is present. it may continue transferring y

5.1.2.6.1 Power transfer control

This

ignore the Received Power Value and shall send an ND Response.

reign Object. After issuing several NAK Responses in a row, the Power Transmitter should terminateithe j

hnsfer in order to prevent the Foreign Object from heating up to an unacceptable level.

Figure 25. Timing of the Response to a Received Power Packet

t

response
Received Power Response

the Power Transmitter receives a Received Power Packetwith Mode = ‘001’ or Mode = ‘010, it]

de of 0x0B (Restart Power Transfer), it shall

remove the Power Signal;

Section 11.3); and

within ¢ s = 500 ms proceed to the ping phase.

version of the Specification, defines a specific method, which the Power Transmitter shall u

ower

order to give the Power Receiver the opportunity to reduce the power, and thus reduce the heating pf the

ower

shall

the Power Transmitter receives an End Power Trahsfer Packet that contains an End Power transfer

attempt to detect the presence of a Foreign object (e.g. using the quality factor method defined in

se to

contyfol its Primary,Cell current towards the new Primary Cell current (see Section 5.1.1, Ovefview

(info

illustrated in‘Figure 26.

'mative)). This' method is based on a discrete proportional-integral-differential (PID) algorith

m as
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Figure 26. PID control algorithm
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To execute this algorithm, the Power Transmitter shall execute the steps listed below, in the order of

appe
Pack

wher

hrance. In the definitions of these steps, the index j = 1,2,3, ... labels the sequence of Control

bts, which the Power Transmitter receives.

]l current t(gj)as

€)]
. i1 c
t(g]) = ta(] ). [1 + —128]'

e taU—l) represents the actual Primary Cell current—reached in response to the previous Cd

bon receipt of the j™ Confrol Error Packet, the Power Transmitter shall calculate the new Primary

ntrol

Errot

Packete—and ) rc\pv‘acanfc the Control ExrrorValue contained-in fhujth Control Error-Packet

that téo) represents the Primary Cell current at the start of the power transfer phase.

Note

= If the Control Error Value c) is non-zero, the Power Transmitter shall adjust its Primary Cell current
during a time window t,y.- For this purpose, the Power Transmitter shall execute a loop comprising
of the steps listed below. The index i = 1,2,3, ... i, labels the iterations of this loop.

The Power Transmitter shall calculate the difference between the new Primary Cell and the actual

Primary Cell current as the error
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i) — +U) 3,i-1)
eUb =¢ ) — 70,

where ta(j'i_l) represents the Primary Cell current determined in iteration i — 1 of the loop.

that t,gj 0 represents the actual Primary Cell current at the start of the loop.

The Transmitter shall calculate the proportional, integral, and derivative terms (in any order):

Note

pUD = K - U,

16D = [Gi=D) § K - 0D - ¢

inner’

) —= T

tinner

where K, is the proportional gain, K; is the integral gain, Ky is thie derivative gain, and t;pper

time required to execute a single iteration of the loop. In addition, the integral term /U9 = (,

the error eU'® = 0. The Power Transmitter shall linfit the integral term IU") such that it req
within the range —M, ... + M,—if necessary, the.Power Transmitter shall replace the calcy

integral term /U"Y with the appropriate boundaty value.

The Power Transmitter shall calculate theéssum of the proportional, integral, and derivative ter

PIDGD = pGD 4 G 4 pUD,

In this calculation, the Power Transmitter shall limit the sum PIDY9 such that it remains W

the range - Mpyp ... + Mpip.

The Power Transmitter shall calculate the new value of the controlled variable

pUD = pGi-1) _ S, p[D(i,i)’

where S, is a scaling factor that depends on the controlled variable. In addition, the conti

s the
and

nains
lated

ms:

rithin

olled

variable p0:0 = U~ Limax) with 19 representing the actual value of the controlled variable

t the

start of the power transfer phase, is either the Operating Frequency, the duty cycle of the inverter,

or the voltage input to the inverter. If the calculated vU"® exceeds the specified range (see the

definition of the individual Power Transmitter designs in Part 4: Reference Designs), the P

Transmitter shall replace the calculated vU'? with the appropriate limiting value.

The Power Transmitter shall apply the new value of the controlled variable vU9 to its P
Conversion Unit.

ower

ower
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The Power Transmitter shall determine the actual Primary Cell current t;j A

The maximum number of iterations of the loop i, and the time t;,,., required to execute a single

iteration of the loop shall satisfy the following relation:

See t
thev

5.1.2.

The
phas

imax ' tinner = tactiveJ with 1 ms < tinner < 5 ms.

T

If
P

—_—

f

If]
N
Sé

after the end of the j™ Control Error Packet.

ne Power Transmitter shall determine the Primary Cell current t;j) exactly at telay + tactive T

he definition of the individual Power Transmitter designs in Section 5.1.3.4.2.1, Specific reques
hlues of K, Kj, Kg, M, Mppand S,

7 Renegotiation phase—FOD extensions only (PTx perspective)

ehavior of the Power Transmitter in the renegotiation phase shallbe‘the same as in the negot

e with the following exceptions.

the Power Transmitter receives a Control Error Packet,, Received Power Packet, or Charge S
hcket, it shall discard the temporary Power Transfer Contract and return to the power transfer p

the Power Transmitter receives an FOD Status Packet, it shall send an ND Response.

the Power Transmitter has received a Specific Request Packet with Request = 0x00
bgotiation), it shall base its Response<'oh a verification of the Count Value only
ction 5.1.3.4.2.1, Specific request).

tsettle

t, for

ation

tatus
hase.

(End
(see
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5.1.3 Power Receiver (PRx) perspective

This section defines the protocol that a Power Receiver shall execute to receive power from a Power

Transmitter. Each of the seven phases is defined in a separate subsection of this section:

= Selection phase. Section 5.1.3.1 defines the initial Response of the Power Receiver to the application of

and

a
C

= P

(0]

= g
ey
dd

"=

Many

preainble. In the case thatia-Packet is sent from the Power Receiver to the Power Transmitter,

= th
st
= th
st

Qo 1_A 4 £l aatial-R +lo AnY R - 1 LN al - 43
UVV Il uxsucu. 00 Pdl'tULIUIIS THIUIA INTOPUTIOT, LITT TTUVVET INCTLTIVETD VWARTS UP 1L GUIHITITUIIITAtTIULT

ntrol Unit—if that is not already up and running.

ject.

entification & configuration phase. Section 5.1.3.3 defines the Response of{a,Power Receiver
tended Digital Ping. In this phase, the Power Receiver identifies itself and-provides information
efault Power Transfer Contract.

pgotiation phase (FOD extensions only). Section 5.1.3.4 defines the-part of the protocol in whig
wer Receiver negotiates changes to the default Power Transfer Contract. In addition, the P
bceiver verifies that the Power Transmitter has not detected ‘@Foreign Object (so far).

wer Receiver shall execute during the calibrationphase. In this phase, the Power Receiver pro
formation that the Power Transmitter can use toiiniprove its ability to detect Foreign Objects d
wer transfer.

pwer transfer phase. Section 5.1.3.6 defiries the part of the protocol that the Power Receiver
ecute during power transfer.

bnegotiation phase (FOD extensions only). Section 5.1.3.7 defines the part of the protocol thg
wer Receiver can execute to request modification of the Power Contract.

provisions in this section Tefer to the start and/or the end of a Packet, or the start of a Pa

e start of a Packet'is defined as the instant that the Power Receiver transmits the first edge d
art bit of theyPacket’s header byte;

e end of\aPacket is defined as the instant that the Power Receiver transmits the second edge
op,bit of the Packet’s checksum byte; and

ng phase. Section 5.1.3.2 defines the Response of a Power Receiver to a Digital Ping. This Response
eIsures the Power Transmitter that it is dealing with a Power Receiver rather than some unk

lown

to an
for a

h the
ower

libration phase (FOD extensions only). Section 5.1:3,5/defines the part of the Protocol that the

vides
uring

shall

t the

ket’s

f the

f the

= th

edge of the first preamble bit.
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In the case of a Packet or Response sent from the Power Transmitter to the Power Receiver,

= the start of the Packet or Response is defined as the instant of the first zero crossing of the first Power
Signal cycle in which the Operating Frequency changes in accordance with the FSK modulation
requirements; and

= the end of the Packet or Response is defined as the instant of the first zero crossing of the first Power
nal cycle in which the Operating Frequency changes back to the original Operating Frequency in

Si

aq

In addition to the timing constraints given in the next subsections, the Power Receiver shall return t

ion phase within the time window ¢, (see Table 15) after the Power Transmitter removes the

selec

Powgq

Primgry Cell crosses 50% of the stable level.

NOTE

remo

es the Power Signal.

Table 15. Power Receiver reset timing

cordance with the FSK modulation requirements following the final transition of the Pdcket or
Response.

o the

r Signal. Here, the time window t . starts from the instant that the current amplitude df the

This Specification does not define how the Power Receiver should detect that the Power Transitter

Parameter

Symbol Minimum Target Maximum Urit

Poy

ver Receiver reset time treset NA. 25 28.0%0 mfs

More

Rece

NOTE
user I
Trang

to tra

ver may stop transmitting Packets to the/)Power Transmitter at any time.

as removed the Power Receiver from the Interface Surface. The recommended behavior for directing the |
mitter to remove the Power Signal (if a user has not removed the Power Receiver from the Interface Surfz

hsmit an End Power Transfer Packet.

over, and notwithstanding the timing constraints provided in this section (5.1.3), the Power

This behavior should cause the Power Transmitter to remove the Power Signal under the assumption fthat a

ower

ce) is
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5.1.3.1 Selection phase (PRx perspective)

As soon as the Power Transmitter applies a Power Signal, the Power Receiver shall enter the selection

phase if the Power Receiver is not in the selection phase already.>

NOTE This Specification does not define how the Power Receiver should detect that the Power Transmitter applies

a Power Signal.

If thg Power Receiver considers the rectified voltage V. to be sufficiently high, the Power Receiver|shall
proceed to the ping phase, such that the first Packet (see Section 5.1.3.2, Ping phase (PRx‘perspective))
starts$ at t,,- Here, the time t,,,. starts from the instant that the Primary Cell current amplitude crpsses
50% pof the stable level. See Figure 27 and Table 16.
If th¢ Power Receiver does not proceed to the ping phase, the Power Receiver_shall not transmit any
Packet.
Figure 27. Power Receiver timing in the selection’phase
Lwake |
/  First Packet
Table 16. Power Recgiver timing in the selection phase
Parlameter Symbol Minimum Target Maximum Unit
Walke up time tovake 19.0_, 40 64.0%° mis

5 NOTE If the Power Receiver needs time to start up its Communications and Control Unit, the Power Receiver
shall consider itself to be in the selection phase during that start-up time. In general, the Power Receiver may
consider itself to be in the selection phase whenever it is not in any of the other phases: the ping phase, the
identification & configuration phase, the negotiation phase, the calibration phase, the power transfer phase, or the

renegotiation phase.
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Until further notice, Proprietary Packets shall not be contained in the sequence of

Packets. The reason is that some early Base Station implementations cannot

handle such Packets. This restriction may be removed in the future.
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5.1.3.2 Ping phase (PRx perspective)

2017

If the Power Receiver responds to the Digital Ping, the Power Receiver shall transmit either a Signal

Strength Packet or an End Power Transfer Packet as its first Packet. The Power Receiver shall transmit

this first Packet immediately upon entering the ping phase.

- 28 Power Receiver timing in the ning ol

After
the id
Pack

Powd

5.1.3

In th
Pack

= f]
Id

n
—
-

the Power Receiver has transmitted a Signal Strength Packet, the Power Receiver shall proce

fentification & configuration phase. After the Power Receiver has transmitted-an End Power Tra

ed to

nsfer

bt, it shall remain in the ping phase. In that case, the Power Receiver should transmit additional End

r Transfer Packets.6

.3 Identification & configuration phase (PRx perspective)

e identification & configuration phase, the Power Receijver, shall transmit the following sequer

PtS:

the Power Receiver enters the identification\& configuration phase from the ping phas
entification Packet.

the Ext bit of the preceding Identification-Packet is set to ONE, an Extended Identification Packe

b to 7 optional configuration Packets from the following set (the order in which the Power Red
ansmits these Packets, if any, is notrelevant):

A Power Control Hold-off Packet. The Power Control Hold-off Time tg,y, contained in this P

(min)

tomy < tgelay < L. See Table 10.

shall satisfy the relation.t delay

Any Proprietary-Packet (as listed in Table 26).

Configuration-Packet.

ce of

.

eiver

acket

6 The Power Transmitter can miss the first End Power Transfer Packet, e.g. due to a communications error, and
continue to apply the Power Signal.
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The Power Receiver shall transmit the above sequence of Packets subject to the following timing

constraints:

in

terval tge,c after the end of the directly preceding Packet in the sequence.

The next Packet in the sequence shall start at ¢, after the end of a preceding Packet.

The Power Receiver shall not start the preamble of the next Packet in the sequence within the time

N
With
confi
Sign4
Tablg

FOD

Powgq

DTE  See the definition of the start of a Packet in Section 5.1.3.

respect to the above timing constraints, if the Power Receiver has entered the identificat]
juration phase from the ping phase, the Packet directly preceding the Identification Packet i
| Strength Packet, which the Power Receiver has transmitted in the ping phase-See Figure 2
17.

extensions not supported: After the Power Receiver has transmitted a_Configuration Packe

r Receiver shall proceed to the power transfer phase.

Figure 29. Power Receiver timing in the identification & configuration phase

1 <%

Preceding Packet

Table 17. Power Receiver timing-in the identification & configuration phase

Liléne

fon &
s the
D and

t, the

Parameter Symbol Minimum Target Maximum Unit
Silgnt time* Lsilent 6.0_, 7 — S
Staft time tstart 11.5, N.A. 19.0%0 mis

]

minimum value of £gj ;-

'he maximum number) of preamble bits depends on the difference between the value of tg,. and

the
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FOD extensions supported: The Power Receiver shall not send Proprietary Packets during the
identification & configuration phase. Moreover, if the Maximum Power of the Power Receiver exceeds
5W, it shall set the Neg field in its Configuration Packet to ONE and monitor for a Response from the
Power Transmitter. If the Maximum Power of the Power Receiver does not exceed 5 W, it may set the Neg
field in its Configuration Packet to ONE and monitor for a Response from the Power Transmitter. If the
Power Receiver does not receive an ACK Response within t,esponsetimeout after the end of the Configuration
Packet, it shall:

= agsume that the Power Transmitter is not able to negotiate;
= agsume that the Power Transmitter supports a Guaranteed Power of 5 W only; and

= proceed to the power transfer phase.

Othefrwise, the Power Receiver shall proceed to the negotiation phase. See Figute 30 and Figure 24.

Figure 30. Power Receiver timing in the identification & configuration‘phase (FOD Extensions)

tresponsetimeout
Configuration Résponse

Table 18. Power Receiver timing in the identification & configuration phase (FOD extensions)

Pafameter Symbol Minimum Target Maximum Unit

Repponse time out Eresponsetimeout 15.0,, (30.0%9) (50.0%9) mis

At thejend of the identification & configuration phase, the Power Receiver should create a Power Transfer Contract containing fhe
paramjeters shown in Table 19.

Table 19. Initial Power Transfer Contract

Parameter Value

Gugranteed Power 5W

Derived from the Maximum Power Value contained in the

MagimumP r . .
arimpErrowe Configuration Packet

Redeived Power Packet Format 8-hit Received Power Value (hpqdpr ﬂY(M-)

FSK Polarity / Modulation Depth Value contained in the Configuration Packet
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Negotiation phase—FOD extensions only (PRx perspective)

In the negotiation phase, the Power Receiver shall send a series of Packets that contain requests to update

the Power Transfer Contract. In response to each Packet, the Power Receiver should receive either

= a Response, which indicates whether the Power Transmitter grants the request, denies the request, or
does not recognize the request; or

= apata Packet, which contains the requested information.

Priorto transmitting the requests to update the Power Transfer Contract, the Power Receiver|shall dreate

a temporary copy of the Power Transfer Contract. The Power Receiver shall use this tenmporary copy to

storelupdated parameters until successful completion of the negotiation phase.

5.134.1

Timing constraints

In the negotiation phase, the Power Receiver shall transmit its Packets subject to the following tfming

consfraints (see Figure 31 and Table 20):

= T

= T

he Power Receiver shall not start to transmit the preamble of the next Packet within the

interval tg. after receiving the end of a Response or Packet from the Power Transmitter.

he Power Receiver shall transmit the first start bit.ef the next Packet within the time interva

after receiving the end of a Response or Packet from'the Power Transmitter.

Figure 31. Power Receiver timing in the negotiation phase (transmit)

Response ‘or Pa

tsbart

Lilent

et )

cket )

4 Packet —

Table20. Power Receiver timing in the negotiation phase (transmit)

Parameter Symbol Minimum Target Maximum Urit
Silgnt time Lsilent 6.0_, 7 N.A. mfs
Stapt.time totart 11.5, N.A. 19.0%° s

If the Power Receiver does not detect the start of a Response or Packet from the Power Transmitter

within £ esponsetimeout after the end of its transmitted Packet, it should assume that its transmitted Packet

has not been received by the Power Transmitter. It is recommended that in this case the Power Receiver

resends its transmitted Packet as quickly as possible. If, after three retries, the Power Receiver still does

not receive a Response or Packet, the Power Receiver should assume that the Power Transmitter does not

support its request.
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Figure 32. Power Receiver timing in the negotiation phase (receive)

t}esponsetimeout
Pac@—< Response or Packet >—

se (recejve)

Parameter Symbol Minimum Target Maximum Unit

Sildnt time tresponsetimeout 15.0_, (30.0%9) (50.0%9) mis

5.1.3.4.2 Actions associated with a request

In thle negotiation phase, the Power Receiver shall send a sequence of-Packets that may contaip the
folloying Packet types:

= Specific Request Packet
= General Request Packet
= FOD Status Packet

= Proprietary Packet

=  WPID Packet

NOTH In order to direct the Power Transmitter to remove the Power Signal, the Power Receiver may also send an
End Power Transfer Packet with any End Rower Transfer Code, or any other Packet that is not contained in the pbove
list.

5.1.34.2.1 Specific request

The Power Receiver can)use a Specific Request Packet in order to negotiate changes to the Power
Trangfer Contract.

If the Power Receiver receives an ND Response to this Packet, it shall assume that its request is not

suppprted-bythe Power Transmitter.
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Table 22. Power Receiver responses to Specific Request Packets

Packet type

Power Transmitter response

Guaranteed Power

The Power Receiver can use this request to change the Guaranteed Power
the Power Transfer Contract.

If the Power Receiver receives an ACK Response, it shall update the
Guaranteed Power in its temporary Power Transfer Contract

in

Regeived Power
Pagket type

The Power Receiver can use this request to change the Received Power:
Packet Format in the Power Transfer Contract.

The Power Receiver shall set the Received Power Packet Header'field of thiis

request to 0x31 (24-bit Received Power Packet).

The Power Receiver shall transmit this request at least once during the
negotiation phase.

If the Power Receiver receives an ACK Response, it shall update the Receiv]
Power Packet Format in its temporary Power Transfer Contract.

ed

FSK parameters

The Power Receiver can use this request to change the FSK Polarity and
Modulation Depth parameters in the Power{Pransfer Contract.

If the Power Receiver receives an ACK Response, it shall update the FSK
Polarity and Modulation Depth paraimeters in its temporary Power Transf¢
Contract.

P

Makimum Power

The Power Receiver can use this request to change the Maximum Power in
the Power Transfer Contract.

If the Power Receiver receives an ACK Response, it shall update the
Maximum Power in its temporary Power Transfer Contract.

Prgprietary

The Power Receiver can use one of the proprietary requests to change a
proprietary parameter in the Power Transfer Contract.

Endl negotiation

The Power Receiver shall use this request to finalize the negotiation phase

The Power Receiver shall set the Count Value in this request to match the
number of parameters that differ between the active Power Transfer
CGantract and the temporary Power Transfer Contract.

If the Power Receiver receives an ACK Response, it shall copy the tempora
Power Transfer Contract to the active Power Transfer Contract.
Subsequently, it shall proceed to the calibration phase.

If the Power Receiver receives a NAK Response, it shall copy the active Poy
Transfer Contract to the temporary Power Transfer Contract to discard all
negotiated changes. Subsequently, it may

Yy

ver

ed

»__remainin the negatiation phqcp and attempt to again negotiate its desi

changes to the Power Transfer Contract; or

= send an End Power Transfer Packet with End power Transfer Code =

0x0A (Negotiation Failure) that should direct the Power Transmitter to

remove the Power Signal.
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5.1.3.4.2.2 General request

2017

The Power Receiver can use this request to obtain information from the Power Transmitter. See

Section 5.2.3.12, General Request Packet—FOD extensions only (0x07), and Section 5.2.3, Logical layer, for

detai

Is.

5.1.3.4.2.3 FOD Status Packet

The |

priot{to receiving this FOD Status Packet.

The |
See §
detai

The Fower Receiver shall transmit this request at least once during the negetiation phase.

If the)
than

happ
5.1.3

The

send

The H

5.1.3

S.

Power Receiver receives a NAK Response or an ND Response, it'should not attempt to provide

en within 5 seconds).
4.2.4 WPID Packets

Power Receiver can optionally use a WPID PRacket to identify itself to the Power Transmitt

ng a unique identification number.
ower Receiver should interpret responses to WPID Packets as follows:

the Power Receiver receives an/ACK Response, it should assume the Power Transmitter succes
ceived the Packet and verified.the CRC data.

the Power Receiver receives an ND Response, it should assume that the Power Transmitter dog
pport WPID.

the Power Receiver receives a NAK Response, it should assume that a communication
curred and-it:should resend the WPID Packet. The WPID value is transferred in two Packets
e Packet(s) that received a NAK should be resent.

4.25%5)" Proprietary Packet

Power Receiver can use this request check if the Power Transmitter has detected a Foreigh\(bject

ower Receiver shall set the Reference Quality Factor field of this request to an appropriate yalue.
ection 5.2.3.13.5, Maximum Power (0x04), and Section 11.3, FOD based on quality-factor changg, for

more

5 W of power at its output until the Power Transmitter reroves the Power Signal (which should

er by

sfully

S not

error
only

The Power Receiver can use Proprietary Packets for proprietary negotiation purposes. Before

transmitting such Packets, the Power Receiver should verify that the Power Transmitter can handle those

Packets. Hereto, the Power Receiver should transmit a General Request Packet with Request = 0x30

(Power Transmitter Identification Packet).
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5.1.3.5 Calibration phase—FOD extensions only (PRx perspective)

NOTE

In the calibration phase, the Power Receiver sends information to the Power Transmitter, which the

latter

can use to improve its power loss method for Foreign Object Detection (see Section 11.4, FOD based on calibrated

power loss accounting). In particular, the Power Receiver transmits Received Power information, with the Power

Receiver having attached a “light” load and a “connected” load.

In the calibration phase, the behavior of the Power Receiver shall be the same as in the power transfer

phas

= T

li

5 seconds from the start of the Specific request with Request = 0x00 (End Negotiation). The P

e, with the following additions.

e Power Receiver shall initially have a “light” load attached and use 24-bit Received Power P4
ith Mode = ‘001’ (calibration mode for a light load). See Section 11.4, FOD based on calibrated ¢
ss accounting, for details. The Power Receiver shall use a time interval ¢ . civeq 0Of@t most 0.5 se
r these Packets. The Power Receiver shall transmit the first ReceivedPewer Packet w

bceiver shall continue to use 24-bit Received Power Packets with Mode.= 001’ (calibration moc
'ht load) until it receives an ACK Response from the Power Transmitter.

ckets
ower
onds
rithin
ower
le for

= Suibsequently, the Power Receiver shall connect its load (i.e. close, its output disconnect switcl, see

Sq

o~

T

R
A

=  Subsequently, the Power Receiver shall procegd\to the power transfer phase.

5.1.3

In th
by m
trans|

= C
P

n{
C

Ul

= R

1.1, Overview (informative), and 5.1.2.6.1, Power transfer control.

ction 3.1.7, Meaningful functionality), and shall start to use«24-bit Received Power Packets

L ceiveq Of at most 2.0 seconds for these Packets. The Power Receiver shall continue to use the 2
bceived Power Packets with Mode = ‘010’ (calibration‘mode for a connected load) until it receiv
CK Response from the Power Transmitter.

.6 Power transfer phase (PRx:-peérspective)

e power transfer phase, the Power‘Receiver controls the power transfer from the Power Transny
eans of control data that it transmits to the latter. For this purpose, the Power Receiver

mit zero or more of the following Packets:

ntrol Error Packet-The Power Receiver shall set the Control Error Value to zero if the actual Cqg
int is equal to the)desired Control Point. The Power Receiver shall set the Control Error Valu
poative valuectorrequest a decrease of the Primary Cell current. The Power Receiver shall sg
ntrol ErrorValue to a positive value to request an increase of the Primary Cell current. See Sed

bcéived Power Packet.

with

Mode = ‘010’ (calibration mode for a connected load). Thé,Power Receiver shall use a time inferval

4-bit
les an

itter,
shall

ntrol
b to a
t the
tions

= Charge Status Packet.

= End Power Transfer Packet.

= Any Proprietary Packet (as listed in Table 26).
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The Power Receiver shall transmit the above Packets subject to the following timing constraints:

= The Power Receiver shall not start to transmit the preamble of any Packet within the time window
tsilen: after the end of the Packet directly preceding it. As an additional constraint, the preamble of any
Packet shall not start within the time window tgejay + teoneror after the end of a Control Error Packet,
where tge15y is the Power Control Hold-off value, which the Power Receiver has transmitted using the
last Power Control Hold-off Packet in the identification & configuration phase. If the Power Receiver
h&s ot transmitted a Power Control Hold-oIf Packet to the Power Iransmitter, the Power Redeiver

shall use tgejay = té:i;;,) (see Table 10).

= The first Control Error Packet shall start within the time window &, after the start of the
Configuration Packet. A next Control Error Packet shall start within the time window)t;,ic;va after the
start of the preceding Control Error Packet. As an additional constraint, the average-of the time t{;erval
between consecutive Control Error Packets shall be at most 260 ms.

» It|is recommended that the Power Receiver determines its actual ConttelPoint at tyejay+teontrofafter
the end of a Control Error Packet.

= The first Received Power Packet shall start within the time, Window t . .iveq after the start df the
Configuration Packet. A next Received Power Packet shall start'within the time window ¢ ...jveq after
the start of the preceding Received Power Packet.

= The Power Receiver shall determine the average power received through its Interface Surfacg in a
time window of length ¢t,;,40w, Which precedes the.start of the corresponding Received Power Packet
by a time ¢ It is recommended to use at least, four samples for the averaging. The window length
and offset shall be chosen such that the time window does not overlap with the preamble df the
Received Power Packet or a preceding Packet. See Section 11, Foreign Object Detection.

See Higure 33 and Table 23.

Moreover, if the Power Receiver has transmitted an End Power Transfer Packet, the Power Receiver|shall
remalin in the power transfer phase until the Power Transmitter removes the Power Signal. Furthernore,
the Hower Receiver should\transmit additional End Power Transfer Packets if the Power Transmitter
does|not remove the Poweér Signal.” For battery-charging applications, it is recommended that the Power
Receljver sends an End-Power Transfer Packet containing an End Power Transfer Code 0x01 on detdcting

that the battery{S:fully charged.

NOTH If the;Pewer Receiver remains in the power transfer phase, a situation could occur in which charging and

power transfer indicators on the Mobile Device and Base Station, respectively, provide conflicting messages fo the

user. Eor nvqmp]n' the Mobile Device indicates that the. haffnr‘y is-not r‘harging but-the Base Station-indicatels that
power transfer is in progress. Note that the Power Receiver can restart power transfer after receiving a next Digital
Ping from the Power Transmitter and the Power Receiver detecting that the charging level of the battery has dropped

below some threshold.

7 The Power Transmitter can miss the first and possibly subsequent End Power Transfer Packets, e.g. due to
communications errors, and continue to apply the Power Signal. However, the Power Transmitter should
eventually remove the Power Signal due to a time-out as defined in Section 5.1.2.6, Power transfer phase.
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Figure 33. Power Receiver timing in the power transfer phase
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Table 23. Power Receiver timing in the power transfer phase

Parameter Symbol Minimum Target Maximum Unit
Interval* tinterval — 250 350.0%° s
Comtroller time tcontrol 24.0_g 25 N.A. mfs
Regeived Power Packet time treceived — 1500 4000.0 S
*Th minimum possible interval depends on the value of t4day and the number of preamble bits.
5.1.3.6.1 FOD extension support
The fpllowing applies to Power Receivers that support the FOD extensions, either as additions or changes
to the¢ above.
= A|Power Receiver shall not,transmit an End Power Transfer Packet with End Power Transfer Cpde =
0x07.
= Iff{the Power Receiver transmits a Renegotiate Packet, it shall proceed to the renegotiation phpse if
(dnd only if) jtreceives an ACK Response.
=  The Poweér'Receiver shall transmit its first Control Error Packet within t;,;erva from

the'start of the Configuration Packet if it reached the power transfer phase from the identificagion &

confiaurationnhase or
J r 4

from the start of the Specific Request Packet with Request = 0x00 (End Negotiation) if it reached

the power transfer phase from the negotiation phase.

The Power Receiver shall continue to transmit a next Control Error Packet with a time interval

tinterval from the start of the preceding Control Error Packet, even if it proceeds to the renegotiation

phase in between two consecutive Control Error Packets.
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= [f the Maximum Power in the Power Transfer Contract exceeds 5 W, the Power Receiver shall use a
treceiveq interval of at most 2.0 seconds.

= The Power Receiver shall continue to transmit a next Received Power Packet with a time interval
treceived from the start of the preceding Received Power Packet, even if it proceeds to the renegotiation
phase in between two consecutive Received Power Packets.

= The Power Receiver may set the Mode field of the 24-bit Received Power Packet to either ‘000’

(

NOTH
deter
powe

user.

5.1.3.7 Renegotiation phase—FOD extensions only (PRx perspective)

= T
P

T
= T
P

td return to the power transfer phase without changing the\Power Transfer Contract.

and treceived-

ormadl value, Response requested) or 1UU (Normmdl vdlue, N0 Response requested]j.

ine if a Foreign Object is present. If it suspects that a Foreign Object may be present, it may reduce its d

F, transmit an End Power Packet with End Power Transfer Code = 0x0B (Restart Power Transfer), or invol

e renegotiation phase, the behavior of the Power Receiver shall be the same as in the negot:

p, with the following exceptions.
e Power Receiver may send a Control Error Packet, Received’Power Packet, or Charge Status P

e Power Receiver shall ensure that the last andfirst Control Error Packet and Received P
hcket that it sends before and after the renegotiation phase comply with maximum values of t

he Power Receiver should not send an FOD'Status Packet.

he Power Receiver should not send.a Specific Request Packet with Request = 0x02 (Received P
hcket Type).

If the Power Receiver uses a Mode = ‘000’ field, it can use the Response of the Power Transmitfer to

utput

e the

ation

hcket

ower

nterval

ower
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5.1.4 State diagram (informative)

— 83—

Figure 34 provides a summary of the transitions between the protocol’s seven phases.

Figure 34. State diagram
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Powgq
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Signdl to provide a Power Receiver to Power Transmitter communications channel.

5.2.
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Tran
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the H
state
ts mq

Tran
= T

= T
cl
di

= T

During a transition the Primary Cell current and Primary Cell voltage are undefined. See Figure 3%

Tablg
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Power Receiver to Power Transmitter communications

interface

1 Introduction

2017

Power Receiver communicates to the Power Transmitter using backscatter modulation:\Fo

[n other words, the Power Receiver and Power Transmitter use an amplitude<modulated P

2 Physical and data link layers (PRx to PTx)

section defines both the physical layer and the data link layer”of the Power Receiver to P

Emitter communications interface.

1 Modulation scheme

rimary Cell current and/or Primary Cell woltage assume two states, namely a HI state and
8 A state is characterized in that the amplitude is constant within a certain variation A for at
. If the Power Receiver is properly-aligned to the Primary Cell of a type A1l or MP-A1 P

bmitter, and for all appropriate loads, at least one of the following three conditions shall apply:®

e difference of the amplitude of the Primary Cell current in the HI and LO state is at least 15 m/

he difference of the Primary Cell current in the HI and LO state is at least 15 mA. The Primar)
rrent is measured (@tjihstants in time that correspond to one quarter of the cycle of the control s
iving the half-bridge inverter.10

he difference-of the amplitude of the Primary Cell voltage in the HI and LO state is at least 200 m

24

hse, the Power Receiver modulates the amount of power that it draws from the Power| Signal.

" this
The

r Transmitter detects this as a modulation of the current through and/or voltage acress the Primary

ower

ower

ower Receiver shall modulate the amount of power that it draws from the Power Signal, such that

a LO
least

ower

y Cell
ignal

V.

and

8 NOTE The HI and LO states do not correspond to fixed Primary Cell current and/or Primary Cell voltage levels.

9 The design requirements of the Mobile Device determine both the range of lateral displacements that constitute
proper alignment and the range of loading conditions on its Power Receiver.

10 The start of the cycle corresponds the closing of the top switch in the half-bridge inverter. See Part 4: Reference
Designs.
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Figure 35. Amplitude modulation of the Power Signal

ts ts
tr tr
— >
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e L
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R o N O
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100%

Primary Cell current
Primary Cell voltage

Table 24. Amplitude modulation of the Power-Signal

P3rameter Symbol Value Unit

Maximum transition time tr 100 us

Mjnimum stable time tg 150 us

Cyrrent amplitude variation A 8 mA

Voltage amplitude variation A 110 mV
5.2.2.2 Bit encoding scheme
The Power Receiver shall use (@ differential bi-phase encoding scheme to modulate data bits ontp the
Powagr Signal. For this purpose, the Power Receiver shall align each data bit to a full period tcik jof an
interpal clock signal, suelirthat the start of a data bit coincides with the rising edge of the clock signalf This
interpal clock signal shall have a frequency fo x = 2%4% kHz.
NOTH A ripple.onthe Power Receiver’s load yields a ripple on the Power Transmitter’s current. As a result, uch a
rippld can lead\to’bit errors in the Power Transmitter. The number of bit errors can be particularly high if this fipple
has a frequency that is close to the modulation frequency f¢; k.
The Receiver shall encode a UNE DIt using two transitions in the Power signal, such that the first

transition coincides with the rising edge of the clock signal and the second transition coincides with the

falling edge of the clock signal. The Receiver shall encode a ZERO bit using a single transition in the Power

Signal, which coincides with the rising edge of the clock signal.
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Figure 36. Example of a differential bi-phase encoding scheme

% ek
I e o A A D

| oNE | zERO | ONE | ZERO | ONE | ONE | zERO | ZERO |

5.2.2.3 Byte encoding scheme

The Power Receiver shall use an 11-bit asynchronous serial format to transmit a’data byte. This fgrmat
consists of a start bit, the 8 data bits of the byte, a parity bit, and a single stop-bit."The start bit is a ZERO.
The grder of the data bits is LSB first. The parity bit is odd. This means that\the Power Receiver sh3ll set
the pprity bit to ONE if the data byte contains an even number of ONE bits. Otherwise, the Power Redeiver
shall|set the parity bit to ZERO. The stop bit is a ONE. Figure 37 shows the data byte format—inclfiding

the djfferential bi-phase encoding of each individual bit—using th€ywalue 0x35 as an example.

Figure 37. Example of the asynchronous serial format

| start | bo | b | b | e b | obs | be | by | Parity! Stop |

5.2.2.4 Packet structure

The Rower Receiver shall communieate to the Power Transmitter using Packets. As shown in Figure|38, a
Packet consists of 4 parts, namely a preamble, a header, a message, and a checksum. The pregmble
consists of a minimum of ¢Iand a maximum of 25 bits, all set to ONE, and encoded as defined in Sdction
5.2.2| Physical and datd link layers. The preamble enables the Power Transmitter to synchronize with the

incorping data and.accurately detect the start bit of the header.

The leader, message, and checksum consist of a sequence of three or more bytes encoded as defined in

Sectipn 5.2.2:3, Byte encoding scheme.11

Figure 38. Packet format

Preamble Header Message Checksum

11 The Power Receiver should turn off its communications modulator after transmitting a Packet. This may cause an
additional HI state to LO state or LO state to HI state transition in the Primary Cell current.
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The Power Transmitter shall consider a Packet as received correctly if:

= The Power Transmitter has detected at least 4 preamble bits that are followed by a start bit.

= The Power Transmitter has not detected a parity error in any of the bytes that comprise the Packet.
This includes the header byte, the message bytes, and the checksum byte.

=  The Power Transmitter has detected the stop bit of the checksum byte.

= T
C

If thd
Pack

NOTH

which

5.2.3

The
provi

from

Tablg

contg

e Power Transmitter has determined that the checksum byte Is consistent (see Section 5Z]
hecksum).

Power Transmitter does not receive a Packet correctly, the Power Transmitter shall 'discar

bt and not use any of the information contained therein.

In the ping phase as well as in the identification and configuration phase, this typically leads to a tim

causes the Power Transmitter to remove the Power Signal.

4.1 Header

header consists of a single byte that indicates the Packet type.”In addition, the header imp
des the size of the message contained in the Packet. The number of bytes in a message is calcu

the value contained in the header of the Packet, as shown)in the center column of Table 25.

Table 25. Message size

Header Message Size” Comment

0x00...0x1F 1 + (Header.<£0) / 32 1 x32 messages (size 1)
0x20...0x7F 2+ (Head(;— 32) /16 6 x 16 messages (size 2...7)
0x80...0xDF 8+ (Header -128)/8 12 x 8 messages (size 8...19)
0xEO...OxFF 7207+ (Header - 224) / 4 8 x 4 messages (size 20...27)

*Values in this column)are truncated to an integer.

26 lists thePacket types defined in this version of the Specification. The formats of the mes

ined in>each of these Packet types are defined in Section 5.2.3, Logical layer. The format g

pgescontained in Packet types, which are listed as Proprietary, is implementation depen

2.4.3,

d the

e-out,

icitly
lated

sages
f the
dent.

that have one of the reserved values as the header.

ackets
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Table 26. Packet types (PRx to PTx)

Header" Packet Types Message Size
0x01 Signal Strength 1
0x02 End Power Transfer 1
0x03 Control Error 1
0x04 8-bit Received Power 1
0x05 Charge Status 1
0x06 Power Control Hold-off 1
0x07 General Request 1
0x09 Renegotiate 1
0x18 Proprietary 1
0x19 Proprietary 1
0x20 Specific Request 2
0x22 FOD Status 2
0x28 Proprietary 2
0x29 Proprietary 2
0x31 24-bit Received Power 3
0x38 Proprietary 3
0x48 Proprietary 4
0x51 Configuration 5
0x54 WPID((imost significant bits) 5
0x55 WPID (least significant bits) 5
0x58 Proprietary 5
0x68 Proprietary 6
Ox71 Identification 7
0x78 Proprietary 7
0x81 Extended Identification 8
x84 Preprietary 8
OxA4 Proprietary 12
0xC4 Proprietary 16
OxE2 Proprietary 20

* Header values not listed in this table correspond to reserved Packet types.
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5.2.2.4.2 Message

The Power Receiver shall ensure that the message contained in the Packet is consistent with the Packet

type indicated in the header. See Section 5.2.3, Logical layer, for a detailed definition of the possible

messages. The first byte of the message, byte Bo, directly follows the header.

5.2.2.4.3 Checksum

The

€rroif

wher
the n

If thd

Tran

5.2.

This

comi]

5.2.

LD

Tabld

Signs
the H

thecksum consists of a single byte that enables the Power Transmitter to check for transmi

s. The Power Transmitter shall calculate the checksum as follows:

C:ZH 69 BO ea Bl ea e ea Blast'

e C represents the calculated checksum, H represents the header byte, and Bo, Bj,..., Blast repr

essage bytes.

calculated checksum C and the checksum byte contained in.the Packet are not equal, the B

bmitter shall determine that the checksum is inconsistent.

3 Logical layer (PRx to PTx)

section defines the format of the messages used by the Power Receiver to Power Transn

hunications interface.
.1 Signal Strength Packet (0x01)
27 defines the format of the message contained in a Signal Strength Packet.

Table 27. Signal strength

b7 bs b5 b4 b3 bz bl bO

Bo Signal Strength Value

1l Strength Value. The unsigned integer value in this field indicates the degree of coupling bet

rithary Cell and Secondary Coil, with the purpose to enable Power Transmitters that use

ssion

psent

ower

hitter

ween

Free

Posit

oming to determine thePrimmary Celtthat provides optimmumm power transfer—{see—atso A

ex B,

Power Receiver Localization (Informative)). To determine the degree of coupling, the Power Receiver shall

moni

tor the value of a suitable variable during a Digital Ping. Examples of such variables are:

= The rectified voltage.

= The open circuit voltage (as measured at the output disconnect switch).

= The received Power (if the rectified voltage is actively or passively clamped during a Digital Ping).
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The variable that is chosen shall result in a Signal Strength Value that increases monotonically with an

increasing degree of coupling. The Signal Strength Value is reported as

Signal Strength Value=

max

- 256,

where U is_the monitored variable and U, .. is the maximum value that the Power Receiver expects

during a Digital Ping.

NOTE

5.2.3.2 End Power Transfer Packet (0x02)

Tabld

End

in Table 29. The Power Receiver shall not transmit End Power Transfer Packets that contain any

Table 28. End Power Transfer

The Power Receiver shall set the Signal Strength Value to 255 in the case that U > U,,,.

28 defines the format of the message contained in an End Power Transfer Packet.

b7‘be‘bs‘b4‘b3‘bzi‘b1‘bo

Bo

End Power Transfer’'Code

valugs that Table 29 lists as reserved.

Power Transfer Code. This field identifies the reasen for the End Power Transfer request, as

isted
f the
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Table 29. End Power Transfer values

Reason Value Recommended usage of the values (Informative)
The Receiver may use this value if it does not have a
specific reason for terminating the power transfer or if

Unknown 0x00 none of the other values listed in this table is
appropriate.

The Receiver should use this value if it determines tha
the battery of the Mobile Device is fully charged~On
receipt of an End Power Transfer Packet containing this

Charge Complete 0x01 value, the Transmitter should set any “charged”
indication on its user interface that is as§eciated with ghe
Receiver.

The Recei his value if-it-h

Internal Fault 0x02 e Receiver may use this value ifit-has encquntered
some internal problem, e.g. a software or logic error.
The Receiver should use thisivalue if it has measured a

Oyer Temperature 0x03 temperature within the Mobile Device that exceeds a
limit.

Over Voltage 0x04 The Receiver should use this value if it has measured 4

8 voltage within the Mobile Device that exceeds a limit.

Over Current 0x05 The Regeiver should use this value if it has measured 4
current within the Mobile Device that exceeds a limit.

Bdtterv Failure 0x06 The Receiver should use this value if it has determined a

y problem exists with the Mobile Device battery.
The End Power Transfer Value = 0x07 (reconfigure) hgs

Rgserved 0x07 been deprecated, and should not be used. It may resulfin
unpredictable Power Transmitter behavior.

The Receiver should use this value if it determines tha

Nd Response 0x08 the Transmitter does not respond to Control Error

p Packets as expected (i.e. it does not increase or decreage
its Primary Cell current appropriately).

Rgserved 0x09 -

Nggotiation Failure A Power Receiver should use this value if it cannot

(Ektended Power 0x0A negotiate a suitable Guaranteed Power level.

Prpfile only)

A Power Receiver should use this value if sees a need fpr

Rdstart Power Foreign Object Det.ection with no power trans'fer in

Transfer progress (see Section 11.3, FOD based on quality facto

Extended P 0x0B change). To enable such detection, the power transfer

(Ex _en edrower has to be terminated. Typically, the Power Transmitter

Profile only) then performs Foreign Object Detection before
restarting the power transfer.

Reserved 0x0C to OxFF —
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5.2.3.3 Control Error Packet (0x03)

Table 30 defines the format of the message contained in a Control Error Packet.

Cont
betw

Tran

persgective) for more details. Values outside the indicated range are reserved and-shall not appea
Control Error Packet.

5.2.3

Tablg

(FOI extensions not supported) Received Power Value. The unsigned integer contained in this

indic

the time window indicated in the Configuration Packet. This amount of power is calculated as follows:

Here
Secti

Rece

Table 30. Control Error

b7‘b6‘bs‘b4‘b3‘bz‘b1‘bo

2017

Bo Comtrot Error Vatue

rol Error Value. The (two’s complement) signed integer value contained in this field r3
ren -128...+127 (inclusive), and provides input to the Operating Point controller of the P

bmitter. See Sections 5.1.2.6.1, Power transfer control, and 5.1.3.6, Power(trdnsfer phase

.4  8-bit Received Power Packet (0x04)
31 defines the format of the message contained in a Received Power Packet.

Table 31. Received-Power

b~ bs bs b4 b3 b2 b1 bo

Bo Received Power Value

htes the average amount of power that the Power Receiver receives through its Interface Surf3

Received Power Value) y <Maximum Power Value

Preceived = ( 128 2 ) x 1 QPower Class y\7.

Maximum¢{Power Value and Power Class are the values contained in the Configuration Packe
bn 5.2.3vA-Configuration Packet (0x51)). Section 11, Foreign Object Detection, defines how a P

ver shall determine its Received Power Peceived-

nges
ower
(PRx

rin a

field

ce in

(see

ower

(FO

extensions supported) Received Fower value. The formula to calculate the keceived

Preceiveq Value is:

Received Power Value .
Preceived = < 128 ) X Maximum Power.

ower
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In this calculation, the Power Transmitter uses the Maximum Power that is contained in the Power

Transfer Contract. The result P...iveq iS in watts. Section 11, Foreign Object Detection, defines how a

Powe

r Receiver shall determine its Received Power P ceived-

NOTE These formulas yield the same result regardless of whether the FOD extensions are supported. This can be

understood by considering the following: the Power Class field in the Configuration Packet is always set to zero, i.e.

10PowerClass — 1 [ addition, the Maximum Power value contained in the Power Transfer Contract has a numerical

value fthatis-half-ofthe-value-contained-in-the-MadmumPower-value-field:

5.2.3

Tabld

Charge Status Value. If the Mobile Device contains a rechargeable energy storage device, the uns
integer contained in this field indicates the charging level of{that energy storage device as a percentd

the flilly charged level. For clarity, the value 0 means an empty energy storage device and the valu

mear

storage device or if the Power Receiver cannot provide charge status information,!2 this field shall coj

the value OxFF. All other values are reserved and shall not appear in the Charge Status Packet.

5.2.3

Tablg

Powg

in m

.5 Charge Status Packet (0x05)
32 defines the format of the message contained in a Charge Status Packet.

Table 32. Charge Status

b7 be bs b4 b3 b2 b1 bo

Bo Charge Status Value

gned
ge of
e 100

s a fully charged energy storage device. If the Mobile Device does not contain a rechargeable energy

.6 Power Control Hold-off Packet (0x06)
33 defines the format of the thessage contained in a Power Control Hold-off Packet.

Table 33. Power control hold-off

b7 be bs ba b3 b2 b1 bo

Bo Power Control Hold-off Time

er Control Hold-off Time. The unsigned integer contained in this field contains the amount of

ntain

time

lliseconds after receipt of a Control Error Packet that the Power Transmitter shall wait b

efore

adjusting the Primary Cell current.

12 NOTE The Charge Status Packet is optional, which means that the Power Receiver may elect not to send the
Charge Status Packet.
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5.2.3.7 Configuration Packet (0x51)

Table 34 defines the format of the message contained in a Configuration Packet.

Table 34. Message in a Configuration Packet

Powg

Maximum Power Value

(FoD

outp

(FOD
Rece
Secti

exten

it expects to previde at its output. For backward compatibility with Power Transmitters that have

desig
most

this 11eld indicates the maximum amount of power,that the Power Receiver expects to provide 4

b~ be bs b4 bs b> b1 bo
Bo Power Class Maximum Power Value
B1 Reserved
B2 Prop Reserved ZERO Count
B3 Window Size Windew Offset
B4 Neg* Polarity* Depth* ReServed

* Applicable to the FOD extensions only. Without FOD extension support,these bits are Reserved.

b1 Class This field shall be set to ‘00’.

extensions not supported) Apart from a scaling‘factor, the unsigned integer value contain

t of the rectifier. This maximum amount of power is calculated as follows:

Maximum Power
Pmax =

> ) X 10Power Class Ww.

extensions supported) The integer value contained in this field provides a scaling factor fd
ved Power Value ‘that a Power Receiver reports in a Received Power Packet (see
bns 5.2.3.4, 8-bit(Received Power Packet (0x04) and 5.2.3.11, 24-bit Received Power Packet—

sions only (0x31)). A Power Receiver should set this field to twice the Maximum Power in watt

ned according to an earlier revision of this Specification, the value contained in this field shall
10:

ed in
t the

r the
also
-FOD
5 that
been
be at

NOTE This value corresponds to an expected output power of 5 W. A Power Transmitter stores this value in the

Power Transfer Contract, and subsequently uses that stored value to calculate the Received Power, Pyeceiveq- If

necessary, the Power Receiver can request the Power Transmitter to update the value contained in the Power

Transfer Contract during the negotiation phase of the protocol (see Section 5.1.2.4, Negotiation phase—FOD

extensions only (PTx perspective)).
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Prop If this bit is set to ZERO, the Power Transmitter shall control the power transfer according to the

method defined in Section 5.1.2.6.1, Power transfer control. If this bit is set to ONE, the Power Transmitter

may control the power transfer according to a proprietary method instead of the method defined in

Section 5.1.2.6.1. However, if this bit is set to ONE, the Power Transmitter shall continue to ensure that

the received Control Error Packets comply with the timings defined in Section 5.1.2.6.

NOT

This implies that a Power Transmitter terminates the power transfer if it times out while waitin

for a

Contr
from

Trang

Neg
folloy

nego

Pola
FSK
Secti

Dept]

pl Error Packet. Moreover, this implies that setting the Prop bit to ONE does not relieve the Power/Re
transmitting Control Error Packets on a regular basis. Finally, if the Prop bit is set to ZERQ, ‘the |
mitter could still decide to abort the power transfer based on information contained in a Proprietary Pack

ving the end of the Configuration Packet indicating to the Power Receiver! that it is enterin|
iation phase. See Section 5.1.2.3, Identification & configuration phase (PTx perspective).

ity (FOD extensions only) A ZERO in this bit indicates to the Power{Iransmitter to use the d

bn 5.3.2.1, Modulation scheme, for details.

h (FOD extensions only) The unsigned integer contained in this field selects the FSK modul

depth as defined in Section 5.3.2.1.

Rese|

Coun
Pack

rved These bits shall be set to ZERO.

t This field contains an unsigned integer.value that indicates the number of optional configur

bts that the Power Receiver transmits in‘the identification & configuration phase.

Window Size The unsigned integer contained in this field indicates the window size for averaginl

Rece

Powe

ved Power in units of 4 ms..Jts.value shall be greater than 1. See also Figure 33(b) in Section 5.

r transfer phase (PRx perspective).

Window Offset The unsighed integer contained in this field indicates the interval between the wi

for a

eraging the Received Power and the transmission of the Received Power Packet, in units of

See dlso Figure 33(b) in Section 5.1.3.6. To ensure that there is no overlap with the preamble, the

contg

ined in thig field shall be greater than n/8, where n represents the number of preamble bits.

polarity. A ONE in this bit indicates to the Power Transmitter«o use a reversed FSK polarity.

Feiver
ower
pt.

FOD extensions only) If this bit is set to ONE, the Power Transmitter shall seridyan ACK Response

g the

bfault

See

ation

ation

g the
1.3.6,

hdow
4 ms.

value
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Table 35 defines the format of the message contained in an Identification Packet.

Table 35. Identification

—96 -

IEC PAS 63095-1:2017 © IEC 2017

b7 be bs ba b3 b2 b1 bo
Bo Major Version Minor Version
B1 (MSB)
Manufacturer Code
B2 (LSB)
B3 Ext (MSB)
Basic Device Identifier
Bs (LSB)

Major Version. The combination of this field and the Minor Version field identifies to which revision of

this $pecification the Power Receiver complies. The Major Version field shall contain the binary doded

digit falue 0x1.

Mingr Version. The combination of this field and *the Major Version field identifies to which rhinor

revisjon of this Specification the Power Receiver\eomplies. The Minor Version field shall contai
binany coded digit value 0x2.

h the

Manufacturer Code. The bit string contained in this field identifies the manufacturer of the Power

Recelver, as specified in the Power Receiver Manufacturer Codes, Wireless Power Consortium.

Ext

= If|this bit is set to ZERO;:the bit string

M3nufacturer Code )| | Basic Device Identifier

identjifies the Power Receiver.

= Iffthis bit\s set to ONE, the bit string

M3nufacturer Code || Basic Device Identifier || Extended Device Identifier

identifies the Power Receiver (see Section 0).
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Basic Device Identifier. The bit string contained in this field contributes to the identification of the
Power Receiver. A Power Receiver manufacturer should ensure that the combination of Basic Device
Identifier and Manufacturer ID is sufficiently unique. Embedding a serial number of at least 20 bits in the
Basic Device Identifier is sufficient. Alternatively, using a (pseudo) random number generator to
dynamically generate part of the Basic Device Identifier is sufficient as well, provided that the generated

part complies with the following requirements.

L] e generated part shall comprise at least 20 bits.

e Power Receiver shall not change the generated part while the Power Signal is applied.

he Power Receiver shall retain the generated part for at least 2 seconds gif\the Power Sighal is

T

= All possible values shall occur with equal probability.
T
T

interrupted or removed.

NOTH These requirements ensure that the scanning procedure of a type B1 Power\Transmitter proceeds cortectly.

See Annex B.2, Primary Coil array based Free Positioning.

5.2.3.9 Wireless Power ID Packets (0x54 and 0x55)

Tablg 36 shows the format of the message payload contained in the Wireless Power Identifidation
Packets.

Table 36. WP Identification Packets

b~ be bs bas b3 b2 b1 bo
Bo | (MSB)
B1 WPID
B: (LSB)
B3 (MSB)
CRC
Bs (LSB)

The fjelds of these data Packets have the following purpose:

= CRC=4unsigned integer. This field shall contain the Cyclic Redundancy Check (CRC) of the WPID| field

= D 1 ml cne 1 AT & IS 1 1 1 1L o . e o Wa
INTCITS T dCREC T1Ie CRTCTTI0 vdllute siIdll DE calculatet das aeled 1T SECUOIT J.2:0. 7. 1.

=  WPID—bit string. This field shall contain the 24 most significant bits (Packet 0x54) or the 24 least
significant bits (Packet 0x55) of the identifier that uniquely identifies the Power Receiver. For more
information, see Section 5.1.3.4.2.4.
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The calculation shall use the polynomial that is represented by the bit string ‘1000000100001’ (or
0x1021; and in its reverse form 0x8408)—also known as CRC-16-CCITT. The CRC value shall be
determine as the remainder of the following long division:

‘11111111111111171’ || WPID || ©0000000000000000’

01021

)

wherge the string of 16 ONEs represents the initial value, WPID represents the 24-bit string centain
the Wireless Power ID Packet, and the string of 16 ZEROs represents the padding. As an example, th

valug calculated from the WPID bit string 0OxABCDEF is 0x30A8.

5.2.3.10 Extended Identification Packet (0x81)

Tabld

Extended Device Identifier. The bit string‘contained in this field contributes to the identification

37 defines the format of the message contained in an Extended Identification Packet.

Table 37. Extended Identification

b~

be

bs

bs

b3

b2

b1

bo

Bo

B~

(MSB)

Extended.Device Identifier

(LSB)

Powdr Receiver. See Section 5.2.3.8.

5.2.3.11 24-bit Received Power Packet—FOD extensions only (0x31)

Tabld

38 defines the formatof the message contained in a Received Power Packet.

Table 38. Message in a 24-bit Received Power Packet

b,

bs

bs

b,

bs

b,

b,

bo

Bo

Reserved

Mode

LAACDY
T

ed in
2 CRC

f the

B2

ooy

Received Power Value

(LSB)

Mode. The bit string in this field provides additional information with respect to the Received Power

Value.
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Table 39. Mode field values

Mode Description

‘000’ Normal value; Response requested

‘001’ Light-load calibration value; Response requested
‘010’ Connected-load calibration value; Rpcpnncp rpn‘npcfpd

‘011’ Reserved

‘100’ Normal value; no Response expected

‘101’ Reserved

‘110’ Reserved

‘1171’ Reserved

Resefved. These bits shall be set to ZERO.

Recelived Power Value. The unsigned integer contained in thig-field indicates the average amoynt of
POWEr, Poceivea, that the Power Receiver receives through-its Interface Surface in the time wihdow

indicpted in the Configuration Packet. This is expressed as

Received Power;Value
32768

Preceived = ( ) X Maximum Power.

In thfis calculation, the Power Transmitter uses the Maximum Power that is contained in the Power
Transfer Contract. The result for Pc.iveq iS in watts. Section 11, Foreign Object Detection, defines How a

Powagr Receiver shall determine its'Received Power, Peceived-
5.2.3.12 General Request Packet—FOD extensions only (0x07)
Tablg 40 defines the fermat of the message contained in a General Request Packet.

Table 40. Message in a General Request Packet

b7 be bs ba b3 b2 b1 bo

D £
D0 <eHGHEST

Request. This unsigned integer value indicates the kind of information that is requested. To request a
particular Packet, set the Request field to the header of that Packet. For example, to request a Power
Transmitter Identification Packet, set the Request field to 0x30. See Table 53 for a list of Packet headers.
See Section 5.3.3, Logical layer (PTx to PRx) for the format of the Packets that the Power Transmitter
sends in return.
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5.2.3.13 Specific Request Packet—FOD extensions only (0x20)
Table 41 defines the format of the message contained in a Specific Request Packet.

Table 41. Message in a Specific Request Packet

b~ be bs ba b3 b2 b1 bo

bo rRequest

B1 Request Parameter

Reqyest. The unsigned integer in this field contains the request, as defined, jiny Table 42 See
Sectipn 5.1.2.4.2.1, Specific Request Packet, for details on the expected Response from a Power

Tran$mitter.

Reqyest Parameter. This field contains a parameter of the request. Se€)the following subsectionjs for

details.

Table 42. Request field values

Request Description Request Parameter
0x00 End Negotiation Change count
0x01 Guaranteed Power Guaranteed Power Value
0x02 Received Power Packet Type Received Power Packet Header
0x03 FSK Parameters Polarity and depth
0x04 Maximum Power Maximum Power Value
0x05 to OxEF | Reseryed N.A.
0xF0 to OxFF | Proprietary Proprietary

A

5.2.3.13.1 End_Negotiation (0x00)

Tablg 43 defines'the format of the Request Parameter field contained in the Specific Request Packet.

Table 43. Format of the Request Parameter field

b~ be bs bs b3 b2 b1 bo

B1 Change Count

Change Count. The unsigned integer value contained in this field provides a count of the number of

parameters in the Power Transfer Contract that have been modified during the negotiation phase.
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5.2.3.13.2 Guaranteed Power (0x01)

Table 44 defines the format of the Request Parameter field contained in the Specific Request Packet.

Table 44. Format of the Request Parameter field

b, | be bs‘b4‘b3‘bz‘b1‘bo

Guar]
0.5W
of 5
desig
Guar:

Rese|

5.2.3

A

Tabld

Rece

inten|

A

5.2.3

Tabld

BT Reserved Guaranteed Power vaiue

(. For example, the value 10 serves to query if the Power Transmitter supports a Guaranteed P
V, and the value 30 queries for a Guaranteed Power of 15 W. Based on the~Power Transn
ns defined in Part 4: Reference Designs, a Power Receiver should not attempt to negotiate

hnteed Power greater than 15 W.

rved. These bits shall be set to ZERO.
.13.3 Received Power Packet Type (0x02)
45 defines the format of the Request Parameter field.centained in the Specific Request Packet.
Table 45. Format of the Request Parameter field

b7‘b6‘b5‘mb4‘b3‘bz‘b1‘bo

B1 Received Power Packet Header

ived Power Packet Header. This field shall be set to 0x31 to indicate that the Power Red

ds to use the 24-bit Received\Power Packet in the power transfer phase.
.13.4 FSK Parameters (0x03)
46 defines the.format of the Request Parameter field contained in the Specific Request Packet.

Table 46. Format of the Request Parameter field

b7 be bs ba b3 b2 b1 bo

anteed Power Value. This field contains the requested amount of Guaranteed Powern.in unijits of

ower
hitter

for a

eiver

B1 Reserved Polarity Depth

Polarity. A ZERO in this bit indicates to the Power Transmitter to use the default FSK polarity. A ONE in
this bit indicates to the Power Transmitter to use a reversed FSK polarity. See Section 5.3.2.1, Modulation

scheme, for details.

Depth. The unsigned integer contained in this field selects the FSK modulation depth as defined in
Section 5.3.2.1.
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Reserved. These bits shall be set to ZERO.

5.2.3.13.5 Maximum Power (0x04)

Table 47 defines the format of the Request Parameter field contained in the Specific Request Packet.

Table 47. Format of the Request Parameter field

b~ be bs bs bs b2

b1

bo

B1

Reserved Maximum Power Value

Maximum Power Value. The integer value contained in this field provides an updated scaling fact

r for

the Received Power Value that a Power Receiver reports in a Received Power Packet (see| also
Sectipns 5.2.3.4, 8-bit Received Power Packet (0x04) and 5.2.3.11, 24-bit Received Power Packet—FOD
extenisions only (0x31)). A Power Receiver should set this value to the fwiceé the maximum amoynt of
powadr in watts that it expects to provide at its output (see Section 5.2.3(7,,Configuration Packet (0x51)).

Reserved. These bits shall be set to ZERO.

5.2.3.14 FOD Status Packet—FOD extensions only{0x22)

Tablg¢ 48 defines the format of the message contained¢n'an FOD Status Packet.

Table 48. Message'in an FOD Status Packet

b~ be bs ba b3 b2 b1 bo
B1 Reserved Mode
B: Reference Quality Factor Value

Mode. This field indicates the operating mode of the Power Receiver in which the Reference Quality

Factqr Value applies.

Table 49. Mode field values

Mode Description
‘00’ The Power Receiver ig pm/\mrpd off
‘or Reserved
10 Reserved
“11 Reserved

Reserved. These bits shall be set to ZERO.
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Reference Quality Factor Value. The unsigned integer in this field contains Reference Quality Factor of
the Power Receiver. See Section 11.3, FOD based on quality factor change, for details.

5.2.3.15 Renegotiate Packet—FOD extensions only (0x09)

Table 50 defines the format of the message contained in a Renegotiate Packet.

Table 50. Message in a Renegatiate Packet

b7 be bs b4 b3 b2 b1 bo

Bo Reserved

Reserved. These bits shall be set to ZERO.
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Power Transmitter to Power Receiver communications

interface

1 Introduction

2017

ower Transmitter communicates to the Power Receiver using Frequency Shift Keying, in whig

r Transmitter modulates the Operating Frequency of the Power Signal.

2 Physical and data link layers (PTx to PRx)

section defines both the physical layer and the data link layer of the Pawer Transmitter to P
ver communications interface. The data link layer supports both Packets and Responses. The fg

acket is defined in Section 5.3.2.3. The format of a Response is defined in Section 5.3.2.4.

1 Modulation scheme

dulated state and the Operating Frequency f,,,q41" the modulated state. The difference bet

two frequencies is characterized by two parameters:

larity. This parameter determines whether the difference between f,,q and f,, is positiy
pgative.

DTE In both the Configuration Packet-and a Specific Request Packet that has its Request field set to 0x03
rameters), the Power Receiver.encodes the positive polarity as a ZERO and the negative polarity as a O
dition, note that a negative plolarity typically increases the voltage induced in the Secondary Coil, and the

ould be used with care.
epth. This parameter-determines the magnitude of the difference between f,, and fi,o4-

DTE Both thé'€onfiguration Packet and the Specific Request Packet (Request 0x03, FSK Parameters)) e

thie modulation'depth in a two-bit unsigned integer value.

ny given Operating Frequency f,, and depending on the polarity and depth parameters, f,,q sh

h the

ower

rmat

ower Transmitter shall switch its Operating Frequenty-between the Operating Frequency f;, in the

ween

fe or

(FSK
NE. In

refore

hcode

all be

n'stch that the time difference between a single cycle of f,,.4 and a single cycle of £, is in the

[ange

that is defined in Table 51.

NOTE The minimum time difference in this Table corresponds to a single cycle of a 32 MHz clock.
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Table 51. FSK States

1 1
fmoa for
Polarity Depth Minimum Maximum Unit
pasitive 3 —282.00 —249.00 ns
positive 2 —157.00 —124.00 ns
positive 1 —94.50 —-61.50 ns
positive 0 —63.25 —30.25 ns
negative 0 30.25 63.25 ns
negative 1 61.50 94.50 ns
negative 2 124.00 157.00 ns
negative 3 249.00 282.00 ns

5.3.2.2 Bit encoding scheme

The Power Transmitter shall use a differential bi-phaserencoding scheme to modulate data bits ip the
Powar Signal. For this purpose, the Power Transmitter'shall align each data bit to 512 cycles of the Power

Signdl frequency.

The Power Transmitter shall encode a ONE.bit using two transitions in the Power Signal frequency. The
first fransition shall occur at the start ofithe bit and the second transition shall occur at 256 cycles into the
bit. The Transmitter shall encode a ZERO bit using a single transition in the Power Signal frequency at the
startjof the bit.

Figure 39. Example of differential bi-phase encoding

% E512 cycles % E256 cycles

| oNE | zERO | ONE | ZERO | ONE | ONE | ZERO | ZERO |
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5.3.2.3 Packet structure

The Power Transmitter shall communicate to the Power Receiver using Packets. A Packet consists of a

series of bytes that the Power Transmitter shall send as a contiguous sequence, i.e. there shall be no

pauses in between two consecutive bytes. Section 5.3.2.3.1 defines the format of a byte. As shown in

Figure 40, a Packet consists of three parts, a header, a message, and a checksum. The header, message,

and d

If the

not u

5.3.2

The

form
ZER(
shall

Tran

NOTE

Sectig

The {

necksum consist oI a sequence oI three or more bytes encoded as detned 1n 5.5.4.5.1.

Figure 40. Packet format

Header Message Checksum

ower Receiver shall consider a Packet as received correctly if:

he Power Receiver has not detected a parity error in any of the bytesthat comprise the Packet
cludes the header byte, the message bytes and the checksum byte,

e Power Receiver has detected the stop bit of the checksum byte.

he Power Receiver has determined that the checksum “byte is consistent (see Section 5.3,
hecksum).

Power Receiver does not receive a Packet correctly, the Power Receiver shall discard the Packe

se any of the information contained therein,

.3.1 Byte encoding scheme

Power Transmitter shall use an +1-bit asynchronous serial format to transmit a data byte,
ht consists of a start bit, the 8.data bits of the byte, a parity bit, and a single stop bit. The start b
. The order of the data bits-is LSB first. The parity is even, which means that the Power Transn
set the parity bit to ONE if the data byte contains an odd number of ONE bits. Otherwise, the P
bmitter shall set the-parity bit to ZERO.

For clarity; \Power Receiver to Power Transmitter communications use odd parity, as defin

n 5.2.2.3, Byte encoding scheme.

top bit'is a ONE. Figure 41 shows the data byte format—including the differential bi-phase enc

This

2.3.4,

t and

This
tisa
hitter

ower

bd in

bding

of ea

s in a

Chindividual bit—using the value 0x35 as an example, The Power Transmitter shall send all bit

contiguous sequence without a pause in between two consecutive bits. It shall send the start bit first and
the stop bit last.
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Figure 41. Example of the asynchronous serial format

|start | bo | b1 | by | by | b | bs | be | b, |Parity! Stop |

5.3.3

The
provi

from

Tablg
each
mess
valug

have

.3.2 Header

neader consists of a single byte that indicates the Packet type. In addition, the header imp
des the size of the message contained in the Packet. The number of bytes in a message is calcu

the value contained in the header of the Packet, as is shown in the center column.of Table 52.

Table 52. Message size

Header Message Size* Comment

0x00 to Ox1F 1+ (Header-0) / 32 1 x32.messages (size 1)

0x20 to 0x7F 2 + (Header-32) / 16 6 x-16 messages (size 2 to 7)
0x80 to 0xDF 8 + (Header - 128) / 8 12 x 8 messages (size 8 to 19)
0xEO to OxFF 20 + (Header - 224) /.4 8 x 4 messages (size 20 to 27)

*Values in the Message Size column axeltruncated to an integer.

53 lists the Packet types defined in.this Specification. The formats of the messages contain
of these Packet types are defined\in Section 5.3.3, Logical layer (PTx to PRx). The format d
hges contained in Packet types,that are listed as Proprietary is implementation dependent. H
s that are not listed in Table\53 are reserved. The Power Transmitter shall not transmit Packet

one of the reserved values as a header.

icitly
lated

ed in
f the
pader
5 that
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Table 53. Packet Types (PTx to PRx)

5.3.2

The
Pack
The f]

5.3.2

The ¢
The H

Header" Packet Types Message Size
Negotiation phase
0x00 Power Transmitter Data Not Available 1
0x1E Proprietary 1
0x1F Proprietary 1
0x2E Proprietary 2
0x2F Proprietary 2
0x30 Power Transmitter Identification 3
0x31 Power Transmitter Capability 3
0x3F Proprietary 3
0x4F Proprietary 4
0x5F Proprietary 5
0x6F Proprietary 6
0x7F Proprietary 7
0x8F Proprietary 9

.3.3 Message

.3.4 Chetksum

rst byte of the messSage, byte Bo, directly follows the header.

ower-Transmitter shall calculate the checksum as follows,

*Header values not listed in this table correspond to Reserved Packet types.

Power Transmitter shall énsure that the message contained in the Packet is consistent wit

bt type indicated in the header. See Section 5.3.3 for a detailed definition of the possible mess

hecksum.consists of a single byte that enables the Power Receiver to check for transmission e

h the

ages.

[TOrS.

C:=H @ Bo @ Bl @ @ Blast'

where C represents the calculated checksum, H represents the header byte, and Bo, Bj,..., Blast represent

the message bytes.

If the calculated checksum C and the checksum byte contained in the Packet are not equal, the Power

Receiver shall determine that the checksum is inconsistent.
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5.3.2.4 Response structure

A Response consists of eight consecutive bits. Table 54 defines the Responses.

Figure 42 shows the format of a Response.

NOTE Unlike a byte (see Section 5.3.2.3.1, Byte encoding scheme), a Response does not include a start bit, a parity
bit, and a stop bit. Due to the repeating pattern of a Response, a Power Receiver can use a relatively simple decoding

logic to distinguish between the three different Responses.

Table 54. Format of a Response

Message Description Format
ACK | Acknowledge Accept a request ‘11111
NAK | Not-Acknowledge | Deny arequest ‘00000000’
ND Not-Defined Unrecognized or invalid request | (01010101’
Figure 42. Format of the three defined Respanses
I I I I I I P I I
v o bo bbby by By be by
[ [ [ [ i { [ [ - -TT- f'I’T'I()d
ACK
_— - Fop
I I I I f I I I I
' ONE ! ONE ' ONE ! ONE, " ONE ! ONE ' ONE ! ONE !
NAK

| ZERO | ZERO | ZERO | ZERO | ZERO | ZERO | ZERO ! ZERO |

ND
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5.3.3 Logical layer (PTx to PRx)

This section defines the format of the messages of the Power Transmitter to Power Receiver

communications interface.

5.3.3.1 Power Transmitter data not available Packet (0x00)

Tablg 55 defines the format of the message contained in the Power Transmitter Data Not !Avallable
Packet.

Table 55. Power Transmitter Data Not Available

b7 bs b5 b4 b3 bz bl bO

Bo Reserved

Resefved. These bits shall be set to ZERO.

5.3.3.2 Power Transmitter Identification Packet (0x30)
Tablg 56 defines the format of the message contained in'the Power Transmitter Identification Packet]

Table 56. Power Transmitter Identification

b7 be b5 b4 b3 bz b1 bO

Bo Majoy Version Minor Version

B, (MSB)

Manufacturer Code
B (LSB)

Major Version. The combination of this field and the Minor Version field identifies to which revision of
this Jpecification the'Power Transmitter complies. The Major Version field shall contain the binary doded

digit falue 0x1-

Mingr Version. The combination of this field and the Major Version field identifies to which rhinor

revis ontain the

binary coded digit value 0x2.

Manufacturer Code. The bit string contained in this field identifies the manufacturer of the Power

Transmitter, as specified in the Power Receiver Manufacturer Codes, Wireless Power Consortium.
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5.3.3.3 Power Transmitter Capability Packet (0x31)

Table 57 defines the format of the message contained in a Power Transmitter Capability Packet.

Table 57. Power Transmitter Capability

Power Class. This field shall be set to ‘00’.

Guaranteed Power Value. This field contains the amount of Guaranteed Power in units of 0.5 W.

NOTH

numbler of Power Receivers that the Power Transmitters are serving jointly (see Section 6.1, Available power).

Pote

NOTE

Powe

Not ]
settir

NOTH
with §
set to
espec
frequ
contr
outpu
exhib

Rese|

b7 bs b5 b4 b3 bz b1 bO
Bo Power Class Guaranteed Power Value
B Reserved Potential Power Value
:73 Reserved WPID NeyRes
Sens

If multiple Power Transmitters share a single power supply, the Guaranteed Power Value may depend

htial Power Value. This field contains the amount of‘Potential Power in units of 0.5 W.

The Potential Power depends on the Power Transmitter design only. It does not depend on the num

I Receivers that a Power Transmitter is serving simiiltaneously.

Res Sens. The individual Power Transmitter designs in Part 4: Reference Designs each defin|
g of this bit.

As a general rule, a Power Transmitter design that enables frequency control below a frequency of 15
Power Transmitter Contractthat contains a Maximum Power value greater than 5 W specifies that this
ZERO. The background, of this bit is that at higher power levels the system resonant frequency can s
ally if the Power Receiver’s Shielding becomes saturated. This may cause complications if the system res

bncy becomes greater-than the Operating Frequency. Consequently, knowledge of the Power Transm
1 method may be wtilized by Power Receivers that are sensitive to this situation, for example, to limit
t power if placed on a Power Transmitter that uses frequency control. Power Receiver designs that d

t this sensitivity, such as those with thicker Shielding, may ignore this bit.

rved. These bits shall be set to ZERO.

n the

ber of

e the

0 kHz
bit be
hift—
onant
itter’s

their

0 not

WPID. This bit indicates to a Power Receiver that the Power Transmitter is capable of receiving the WPID

packets.
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PART 2: Secondary Interface Definition
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6 External Power Input (Informative)

6.1 Available power—Extended Power Profile only

To meet the recommended minimum system efficiency (see Section 8.2, Power Transmitter efficiency), the

powdr supply of a Power Transmitter should be able to provide at least 20 W.

Once|the Power Transmitter has completed the negotiation phase, and therefore has established a Hower
Trangfer Contract, its power supply should not reduce the power below the level that isthecessary to| fulfil
the Guaranteed Power in the Power Transfer Contract. Note that this provision typically'is relevant gnly if
multiple Power Transmitters share a single power supply. For example, if two Power Transmitters fhare
a single 30 W power supply, only one of the two at a time can negotiate a Guaranteed Power of 1§ W—
which translates to an input power of 20 W or more. The other one thén has to stick to a Guarapteed
Powdgr of 5 W—which translates to an input power of 7.5 W or more/An-order to make this work reljably,

somg communication should be provided between the Power Transmitters and the power supply.
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7 Power Levels—Extended Power Profile only

7.1 Guaranteed Power

can §
thesg Power Transmitter designs can provide the amount of power that Test Power Receiver#MP1 needs
to function at its intended Control Point. In particular, this means that if Test Power Receiver #MP1 is

positjoned appropriately relative to the Power Transmitter, it can provide
= 8|W of power at its output in configuration A;
= 15 W of power at its output in configuration B; and

= 12 W of power at its output in configuration C.

7.2| Lightload

A Power Transmitter shall be able to continuously provide power at 5% of the Maximum Power leve]l that

is contained in the Power Transfer Contract, with a minimum of 250 mW.

NOTH Power Receivers that operate in stand-by mode; or have a nearly full battery may present such a light lpad to
the Power Transmitter for longer periods of time> The minimum light-load power level that a Power Transmifter is

requifed to support corresponds to a negotiated‘Maximum Power level of 5 W.
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8 System Efficiency (Informative)

The efficiency of a wireless power transfer System depends on the combination of the specific Power

Transmitter and the specific Power Receiver that are used, as well as their alignment. Since the Power

Transmitter and Power Receiver are subsystems of two separate pieces of end equipment that may

origi

fixtuy

help

Testi

8.1

Figu

Tran
(inve
in th
defin

1

e of the other subsystem. Below defines the procedure to measure the system efficiency,wit]

pf the Test Power Transmitters and Test Power Receivers, which are defined in Part 37)Gempl

1g.

Definition

e 43 shows a schematic diagram of a wireless power transfer System, consisting of a P
bmitter coupled to a Power Receiver. As illustrated, P, represents the DC input power t
rter stage of the) Power Transmitter, and Py, represents thetamount of DC power that is cons
e load that is connected to the output terminals of the’Power Receiver. The system efficier

ed as:

n NPoL
el = =
systetn Pin

Figure’43. System efficiency

Power Transmitter Power Receiver

x

e test
ratefrom-different-manufacturers-the-efficieney h-ecan-onbyr-beme e tes

h the
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ower
b the
imed

cy is
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Power Transmitter efficiency

8.2.1 Baseline Power Profile

Table 58 indicates the recommended minimum system efficiency of a Power Transmitter for Baseline

Powse
Testi
AC aq

The {
Part

1. P)
P

2. C

3. R

r Profile devices, as measured with the set of Test Power Receivers defined in Part 3: Comip]
ng. It is also recommended that if the Power Transmitter is to be delivered with an AC adapte

lapter should be Energy Star compliant.

Table 58. Recommended minimum system efficiency (Baseline Power Profile)

. Load Minimum System-Efficiency
Test Power Receiver

[Q] [%]
TPR#1A 3.5 55
TPR#1B 8.7 65
TPR#1C 10 50
TPR#1D 75 25
TPR#1E 5 55

ystem efficiency of the Power Transmittenis measured using Test Power Receiver #1, as defin

B: Compliance Testing. Measurement of'the Power Transmitter efficiency shall proceed as follow]

ace Test Power Receiver #1 on the Interface Surface of the Base Station—as guided by the

wer Receiver’s alignment aid\if necessary.

lculate the Power Transmitter efficiency 7gysiem as:

_ PoL
7Isystem ~ p
mn

bpeat thesabove 2 steps 3 times, and calculate the average Power Transmitter efficiency n,yerage

iance

I, the

ed in

Test

naverage = gZ?zl 7Isystem(i)-
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8.2.2 Extended Power Profile

Table 59 provides recommendations for the minimum system efficiency for Extended Power Profile
devices. Note that this table augments Table 58.

Table 59. Recommended minimum system efficiency (Extended Power Profile)

Test Power - |

Receiver Load Minimum System Load Minimum Sysjem
[Q] Efficiency [%] [Q] Efficiency [%]

TPR#1A 3.5 55 35 55
TPR#1B 8.7 65 8.7 65
TPR#1C 10 50 10 50
TPR#1D 75 25 75 25
TPR#1E 5 55 5 55

THR#MP1A 67 65 42 65

TPIR#MPlB* 128(8V) 65 96 70

TPlR#MP1C* 5(6V) 65 12 75

*Thede Test Power Receivers are designed to operate at adower voltage if paired with a Low Power Transmitter
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Power Receiver efficiency

urement of the Power Receiver efficiency shall proceed as follows:

1. Baseline Power Profile: Place the Power Receiver (Mobile Device) under test on the Interface

Surface of Test Power Transmitter #1 defined in Part 3: Compliance Testing—as guided by the Power

R

Extended Power Profile: Test Power Transmitter #MP1 is used to determine the efficiency of a B

Rece

2. T

C(

bceiver’s alignment aid, if necessary.

ver that negotiates a Guaranteed Power Value of 15 W in the Power Contract.

he power delivered to the load of the Power Receiver must be predeterminéd)or set to a k

ndition Py

3. Measure the amount of power P;, input of the Test Power Transmitter, at-a power dissipation

th

4. C

e load of the Power Receiver under test.

ilculate the system efficiency for the Power Receiver nygem as:

n — Poy
system Pt

ppeat the above 3 steps 3 times, and calculate the average Power Receiver efficiency 1,yerage as:

1 .
r]average = EZiS=1 nsystem(l)-

ower

nown

Por, in
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9

Stand-by Power (Informative)

The purpose of the stand-by mode of operation is to reduce the power consumption of a wireless power

transfer system when power transfer is not required. There are two ways to enter stand-by mode. The

first is when the Power Transmitter does not detect the presence of a valid Power Receiver. The second is

when the Power Receiver transmits only an End Power Transfer Packet. In stand-by mode, the Power

Tran

Base

It is |
Ener
Code

also

mitter only monitors 1I'a Fower Recelver IS placed on or removed 1rom tne Interrace surrace

Station.

ecommended that the Base Station’s power consumption in stand-by mode of operation meef
by Star EPS Requirements for “Energy consumption for No-Load” and the Eurepean Commis
of Conduct of Energy Efficiency of External Power Supplies for “No-load power’consumption.

Fecommended that a Power Receiver is designed in a manner that when-wireless power i

f the

s the
sion,
" It is

5 not

required, the Power Receiver will send an End Power Transfer Packet to puttlie Base Station in stapd-by

modg.

9.1

Meas|

1. D

Cd

g
St
th

Transmitter Measurement Method

urement of the stand-by power shall proceed as follows:

se where there is no Mobile Device presenton'the Interface Surface of the Base Station.

DTE The input source may consist of an'AC adapter in the case of a mains-operated Base Station or

apter in the case of a battery-operated-Base Station, such as in automotive applications.

the case of a Baseline Power Profile Base Station, the next step shall use Test Power Receiver 1
e case of an Extended Power Profile Base Station, the next step shall use Test Power Receiver #

bth Test Power Receivers are defined in Part 3: Compliance Testing.

se where the Test Power Receiver is present on the Interface Surface of the Base Station. If the|
ation can-Serve simultaneous Mobile Devices, multiple Test Power Receivers should be prese]

e Intexface Surface.

N

btermine the average power consumption of the input source to the Base Station over 1 hour in the

a DC

#4. In
MP2.

btermine the average power consumption of the input source to the Base Station over 1 hour in the

Base

nt on

DTE. /The Test Power Receiver always transmits an End Power Transfer Packet with payload 0x01 (Q

harge

Complete) in response to a Digital Ping (see Part 3: Compliance Testing).
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Object Detection (Informative)

2017

A Power Transmitter may use a variety of methods to efficiently discover and locate objects on the

Interface Surface. These methods, also known as “analog ping,” do not involve waking up the Power

Receiver and starting digital communications. Typically zero or more analog pings precede the Digital

Ping,

some

which-tha Paowar Trancmittar avacutac in tha fivct povuor trancfor nhaca Thic cactinyn neaidac
YWea-tHe-rowWer—TTahRSHHtter-execute s Hittre-Histpowert-ahserpaasSe—riis-SectHoht proviaes

analdg ping examples.

10.1 Resonance shift

This

presdnce of a (magnetically active) object on the Interface Surface.

For a|type A1 Power Transmitter, this method proceeds as follows: The'Power Transmitter applies g

short

frequency of the Primary Coil and series resonant capacitance (ifycase there is no object present o

Inter
not a
to th

face Surface). This results in a Primary Coil current /,4-The measured value depends on wheth
h object is present within the Active Area. It is highestdf the resonance frequency has not shifte

e presence of an object. Accordingly, if I,4 is belaw & threshold value /4, the Power Transmitts

conclude that an object is present. Note that the val@es of f,4 and I 4; are implementation dependent.

The Power Transmitter can apply the pulses-at‘regular intervals ¢,4;, where each pulse has a durati

at m

See 4

Iso Figure 44 and Table 60.
Figure'44. Analog ping based on a resonance shift

todi

hnalog ping method is based on a shift of the Power Transmitter’s resonan¢e-frequency, due to the

very

pulse to its Primary Coil, at an Operating Frequency f,4, which corresponds to the resomance

n the
er or
 due

I can

on of

st t,qq 1S. Measurement of the Primaky Coil current I 4 should occur at most t,4,, us after the pulse.

MAALAALAARAAADAN T

%
time

loat Iod
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Table 60. Analog ping based on a resonance shift

-121 -

For t
aver
set ig
ther
(in c
indud
is pr

presg

conclude that an object is present. Note that the values of f,4 and I,§; are implementation dependent.

The |
at m

Figui

Parameter Symbol Value Unit
Object detection interval toai 500 ms
Object detection duration toad 70 us
Qbject detection measurement ot 195 LS.

pe B1 and B2 Power Transmitters, this method proceeds as follows: The Power Transmitter ay
7 short pulse to a set of Primary Coils, which the multiplexer has connected in parallel."\Note th3
not necessarily limited to a Primary Cell. The Operating Frequency f,4 of the puls€ correspon
bsonance frequency of the set of Primary Coils and the capacitance of the impédance matching c
hse there is no object present on the Interface Surface). This results ih-a current /4 throug
tance of the impedance matching circuit. The measured value dependston whether or not an d

bsent within the Active Area. It is lowest if the resonance frequency has not shifted due t

Power Transmitter can apply the pulses at regular intervals ¢,4;, where each pulse has a durati
DSt t,qq LS. Measurement of the current I 4 should\eccur at most ¢4, Hs after the pulse. See
e 44 and Table 60.

nce of an object. Accordingly, if I,4 is above a threshold yalu€'l 4, the Power Transmitter

plies
t this
ds to
rcuit
h the
bject
b the

can

on of

also
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10.2 Capacitance change

2017

This analog ping method is based on a change of the capacitance of an electrode on or near the Interface

Surface, due to the placement of an object on the Interface Surface.

This method is particularly suitable for Power Transmitters that use Free Positioning, because it enables

impld
user.
objed

capa
NOTH

Powe
as th
Prim
Coils
the d

It is
100 f
Pows
that

Rece

mentations that have a very low stand-by power, and yet exhibit an acceptable response tim
The reason is that (continuously) scanning the Interface Surface for changes in the arrangemsg
itance of an electrode can be very cheap (in terms of power requirements).
Capacitance sensing can proceed with substantial parts of the Base Station powered down.
r Transmitters designs that are based on an array of Primary Coils can use'the array of Primary
e electrode in question. For that purpose, the multiplexer should connect all (or a relevant subs
from the driving circuit. Power Transmitter designs that are based on a moving Primary Coil c
etection coils on the Interface Surface (see Annex B.3) as.glectrodes.
recommended that the capacitance sensing circuit is able to detect changes with a resoluti
r Transmitter can conclude that an object isplaced onto or removed from the Interface Surfa

ase, the Power Transmitter should proceed to localize the objects and attempt to identify the P

vers on the Interface Surface, e.g. as discussed in Annex B.

hry Coils in the array to a capacitance sensing unit—and at thé/same time disconnect the Pr;t;nary

e to a

nt of

ts and Power Receivers thereon is a relatively costly operation. In contrast, sensingchanges in the

Coils
et of)

use

bn of

F or better. If the sensed capacitance change exceéds some implementation defined threshold, the

ce. In

ower
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11

Foreign Object Detection

11.1 Introduction

A Bas
Surfq
indug
shap
of thg

A Ba
posit]

ce within or close to the Active Area. Such a temperature rise generally is due to eddy a

ed currents that the Power Signal generates within the Foreign Object, and depends~on the
e, material and surrounding properties of the Foreign Object, as well as on the strength and dur

Power Signal.

Ge Station includes at least one method to limit the temperature rise of Eereign Objects thg

oned on its Interface Surface. Such a method typically involves terminating the power transfe

Mobile Device if the Base Station determines that a Foreign Object is présent, is close to its Active

and i
Base
loss

repof
strat
Obje
meth|

aton

In or

5 being heated by the magnetic field. One method, for example, is to’'monitor the temperature

Station Interface Surface for the occurrence of hot spots. Another possibility is to monitor the p|
hcross the interface between the Base Station and Mobile Device, based on the Received P
ted by the Mobile Device and the Base Station’s knowledge of its Transmitted Power. Yet an
oy is to actively cool the Base Station Interface Suxface, in order to drain away heat from Fo
ts and—as an added benefit—from the Mobile”Device. Other methods or variations on

ods can be applied as well, such as calculating-the system efficiency or detecting abnormal beh

e of the Base Station’s parameters.

der to enable a Power Transmitter to monitor the power loss across the interface as one @

possible methods to limit the temperature rise of Foreign Objects (see Section 4, Thermal interfa

Powse

r Receiver shall report its Received Power to the Power Transmitter.

The Received Power Ppy indicates the total amount of power that is dissipated within the Mobile D

due ]
is av
powd

= th

= th

p the magnetic field produced by the Power Transmitter. The Received Power equals the powe
hilable from the output of the Power Receiver plus any power that is lost in producing that o

r. For exaniple, the power loss includes, but is not limited to:

e power loss in the Secondary Coil and series resonant capacitor,

e'power loss in the Shielding of the Power Receiver,

ation

t are
I'to a
Area,
f the
ower
ower
pbther
reign
these

avior

f the

re), a

evice
- that
utput

= the power loss in the rectifier,

= the power loss in any post-regulation stage, and

= the eddy current loss in metal components or contacts within the Power Receiver.
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Section 11.2 defines a method that a Power Transmitter may use to prevent heating of Foreign Objects.

Section 11.4, FOD based on calibrated power loss accounting, extends this method with calibration of the

Received Power and Transmitter Power (FOD extensions). This calibration is performed after the Power

Transmitter has ensured that no Foreign Objects are present on the Interface Surface. To ensure that the

latter is indeed the case, the Power Transmitter may use the method defined in Section 11.3, FOD based

on quality factor change. This method is based on a measurement of the quality factor of the Primary Coil,

whic

Forelj

This
Howq{
temp
defin
Part

11.

This
Profi

powsd

A Poy
8-bit

NOTH
350 1
Powe
the R

a Forg

NOTE
requi

Recei

gn Objects are nearby.

version of the Specification does not require a Base Station to implement any particular met
bver, in order to comply with this version of the Specification, a Base Statign’ shall limi
erature rise of any one of the Foreign Objects contained in the set of represenitative Foreign OI
ed in Part 3: Compliance Testing when transferring power to a representative Power Receive
B: Compliance Testing for more details.

P Baseline Power Profile without FOD exténsions

r provided at its output and add estimates of any~applicable power loss.

Received Power Packet (0x04)) such thatPreceived — 350 MW < Ppr < Peceived:

W. In particular, this implies thatithe reported Received Power is greater than or equal to the Transmp

[ in the case that there is no Foreign Object present on the Interface Surface. This is because in the lattel

ign Object.

ement (see Bart 3: Compliance Testing), it is recommended that a Power Receiver overestimates the h

bed Power Ppp by at least 24 Prpr.

h changes in a predictable way if a Power Receiver is positioned on the Interface Surface and no

hod.
the

jects
. See

Specification does not define any specific method forfa )Power Receiver using the Baseline Power

e to determine the Received Power, but as an example, the Power Receiver could measure the net

wer Receiver shall report its Received PowenrP,...iveq in @ Received Power Packet (see Section 52.3.4,

This means that the reported Received Power is an overestimate of the actual Received Power Ppg by at most

itted

case,

bceived Power equals the Transmitted Power, and as a result, a Power Transmitter is less likely to falsely ¢letect

In view of the aceuracy APrpy of the Test Power Transmitter that is used to verify compliance to the pbove

ctual


https://iecnorm.com/api/?name=342a22783babab77bbc1c2d667e54b83

IEC PAS 63095-1:2017 © IEC 2017 - 125 -

11.3 FOD based on quality factor change—FOD extensions

The Power Transmitter shall attempt to detect Foreign Objects on its Interface Surface before proceeding

to the power transfer phase. It may apply different methods for such Foreign Object Detection. One of

these

methods is based on the detection of a change in the Primary Coil’s quality factor.

A cha
equiy
(Q-fa
comH
Tran
can b

posit]

The 1

1. Measure the Q-factor of the Primary Coil before power transferistarts. The Power Transmitter s

ol
2. Sq

ng

3. U
T
dg

4. T
Sq

Q-fad
makg
capa
Coil 1

Alter

differences of its Primary Coil and the’Primary Coil of Test Power Transmitter #MP1.

inge in the environment of the Primary Coil typically causes its inductance to decrease and/

alent series resistance to increase. Both effects lead to a decrease of the Primary Coil’s quality {

ination of a Power Receiver and a Foreign Object, the Power Receiver shall provide the P
bmitter with a Reference Quality Factor. This Reference Quality Factor consists of the Q-facto
e measured at the terminals of Test Power Transmitter #MP1’s Primary Coil‘if the Power Recei

oned on its Interface Surface and no Foreign Object is nearby.

hethod consists of the following four steps:

brform this step before it initiates the Digital Ping to wakéup the Power Receiver.

nd the Reference Quality Factor Value. The Power Receiver shall perform this step as part
gotiation phase. See Section 5.1.3.4.2.3, FOD Status)Packet.

be the Reference Quality Factor Value to.determine an appropriate threshold value. The P
fansmitter should perform this step aspart of the negotiation phase. See Section 5.1.3.4.2.

btermine an appropriate threshold value, the Power Transmitter should account for any d

ction 5.1.3.4.2.3. The Power Transmitter should perform this step as part of the negotiation ph4

tor measurements| performed before power transfer can create voltages in the PRx sufficie

the rectifier diodes conduct and charge the filter capacitor. The current passing into the

bw enough/to prevent an increase in leakage current in the PRx.

hatively, the Q-factor measuring methods can employ techniques capable of developing a re

erminate power transfer if‘the’ measured Q-factor of the Primary Coil is below the threshold.

br its

actor

ctor). To enable the Power Transmitter to determine if a measured Q-factor decrease is due to the

ower
" that

ver is

hould

f the

ower
B. To
esign

See

Se.

nt to
filter

itors can affect the Q factor measurements. It is recommended to keep the energy in the Primary

verse

bias

VOIldge aCross tne recutier diodes 11 the FRX. TIIS prevents dil Imcredse 11 Iedkdage current t

ough

the rectifier. If such techniques are used, energy developed in the Primary Coil can be higher but not high

enough to activate the electronics in the PRx.
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11.3.1 Q-factor measurement (Informative)

Multiple methods exist to measure the Q-factor of a coil. Figure 45 describes one of these methods. The
left-hand side shows a schematic diagram of the measurement circuit. It consists of a series connection of
the coil and a resonance capacitor that is driven by a sinusoidal voltage. The inductance value of the

resonance capacitor is chosen such that the resonance frequency of the system is in a suitable range. In

this gxample, the resonance frequency is 100 kHz. The Q-factor of the coil follows from this system 3s the
ratio|of the RMS voltage across the coil and the RMS voltage that is driving the system at thé.resonance

frequency.

Figure 45. Q-factor measurement example
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11.3.2 Expected operation (Informative)

Directly after the Power Receiver is placed on the Power Transmitter, the Power Transmitter measures

the quality factor Qpeasureq Of its Primary Coil. The Power Transmitter uses a sufficiently small amount of

power, such that the Power Receiver does not wake up.

Durilig the negotzatzon pliase, The POwWer ITansmitter receives the FOD Status Packet lUXZZl and usq

ted Reference Quality Factor Value to determine an appropriate FOD threshold level' @y,

repoj
Here

o, the Power Transmitter should account for

= differences between its design and that of Test Power Transmitter #MP1;

= th

= th

e difference between the frequency it uses to determine its quality factor Q szasuteq and 100 kHz

e accuracy of its Q-factor measurement; and

= amy manufacturing tolerances.

Acco

"dingly, the resulting threshold level Qu esholg €an be highercor\lower than the reported Refe

Quality Factor Value. Figure 46 provides an example for a type MP-A1 Power Transmitter design.

value

Figure 46. Quality factor threshold example

Set chreshold setat least
10% below the Reference
Quiality Factor value.

Reference Quality
Factor value

.

b,
" Account for production
and measurement

tolerance

Qmeasured (Without FO nearby)

chreshold

s the

leshold*

fence

Qmeasured (With FO nearby)
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After determining the threshold value Queshoiq from the Reference Quality Factor Value, the Power

Transmitter can decide whether a Foreign Object is present or not. In particular, the Power Transmitter
responds to the FOD Status Packet (0x22) as follows:

Provide an ACK Response if Qpeasured = Qnreshold- A Foreign Object is most likely not present on the
Interface Surface.

P
In

11.3

The |
#MP

Inter

Surfal

A
@

N

D

and select the lowest value.

N
\'

The H

accul

Mpove the Power Receiver without rotating it to an offsetposition of +5 mm along the X and Y axe

acl NAIZ D Y ulaY Va) AT H Olas R 1l 1 4+ 1 i
UVIUT d INAIN INCOPULIST I Wi easured Ythreshold: 4} lUlClsll UVUJTLL 15 lll\Cly WU OT pPIrootlit U

terface Surface.

.3 Definition of the Reference Quality Factor

Reference Quality Factor of a Power Receiver is defined as the Q-factor of Test')Power Transn
|’s Primary Coil at an operating frequency of 100 kHz with the Power Receiver positioned o
face Surface and no Foreign Object nearby. The positioning of the Power-Receiver on the Inte

ce shall be as follows.

ign the Secondary Coil of the Power Receiver with the Primary €oil of Test Power Transmitter 4
e. the center position).

DTE Test Power Transmitter #MP1 defines the direction.of the X and Y axes.

btermine the Reference Quality Factor at theceenter position and in each of the four offset posi

DTE It is recommended to measure the'Reference Quality Factor with a Primary Coil voltage of (0.85 #

'ms.

acy of £10% or better.

1 the

hitter
n the
rface

fMP1

fions,

0.25)

Reference Quality Factor valueias reported in a FOD Status Packet (see Section 5.2.3.14) shall haye an
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11.4 FOD based on calibrated power loss accounting—FOD

extensions

The Power Transmitter may apply different methods for Foreign Object Detection during the power

transfer phase. One of these methods is the power loss method

11.4.1 Introduction

The

Recejved Power Ppy, i.e. Pys = Ppy — Ppg, provides the power absorption in ForeigmQObjects:

= The Transmitted Power Ppr represents the amount of power that leaves the Base Station due t
m

o]

The Rower Transmitter can determine its Transmitted Power Ppr by measuring the power P, provid
its input and subtracting any power Ppross that is' dissipated inside the Base Station. This power }

inclufles, for example:

= tHe power loss in the inverter,

= the power loss in the Primary-Coil,

= tHe power loss in resonance capacitors,

= the power loss in the Shielding of the Primary Coil assembly, and

= tHe power loss«dn ahy metal parts of the Base Station.

T
duie to the magnetic field of the Power Transmitter
T

ield of the Power Transmitter in objects that are neithey part of the Base Station nor of the M
Device.

bower loss P,e, which is defined as the difference between the Transmitted-Power Ppr an

agnetic field of the Power Transmitter

e Received Power Ppp represents the amount of power that is«dissipated within the Mobile D

e power loss P, in Foreign Objects represents the amdunt of power dissipated from the mag

 the

o the

evice

netic
obile

ed at

D
PTloss
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