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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Ql SPECIFICATION VERSION 2.0 -
Part 6: Communications Protocol
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It is based on Qi Specification version 2.0, Communications Protocol and was submitted as a
Fast-Track document.

The text of this International Standard is based on the following documents:

Draft Report on voting

100/4251/FDIS 100/4281/RVD
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Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

The structure and editorial rules used in this publication reflect the practice of the organization
which submitted it.

This document was developed in accordance with ISO/IEC Directives, Part 1 and ISO/IEC
Directives, IEC Supplement available at www.iec.ch/members_experts/refdocs. The main
document types developed by IEC are described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stabilityrdate—ndicatedonmthetE€—websiteunder—webstoreecch—imthe—data—retated to the
specificldocument. At this date, the document will be
e recgnfirmed,

e withdrawn, or

e reviged.
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DISCLA

IMER

The information contained herein is believed to be accurate as of the date of publication,
but is provided “as is” and may contain errors. The Wireless Power Consortium makes no
warranty, express or implied, with respect to this document and its contents, including any
warranty of title, ownership, merchantability, or fitness for a particular use or purpose.
Neither the Wireless Power Consortium, nor any member of the Wireless Power
Consortium will be liable for errors in this document or for any damages, including indirect
or consequential, from use of or reliance on the accuracy of this document. For any further
explanation of the contents of this document, or in case of any perceived inconsistency or ambiguity

RELEASE HISTORY
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ification Version Release Date Description
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.0 Final Draft April 2023 Initial release of the v2.0'Qi Specification.
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1 General

1.1

The Wireless Power Consortium (WPC) is a worldwide organization that aims to develop and
promote global standards for wireless power transfer in various application areas. A first
application area comprises flat-surface devices such as mobile phones and chargers in the
Baseline Power Profile (up to 5 W) and Extended Power Profile (above 5 W).

Structure of the Qi Specification

General documents
Introduction

Glossary, Acronyms, and Symbols

System description documents
Mechanical, Thermal, and User Interface
Power Delivery
Communications Physical Layer
Communications Protocol
Foreign Object Detection
NFC Tag Protection

Authentication Protocol
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1.2 Scope

1.3

1.4

The Qi Specification, Communications Protocol (this document) defines the messaging between a
Power Transmitter and a Power Receiver. The primary purpose of this messaging is to set up and
control the power transfer. As a secondary purpose, it provides a transport mechanism for higher-
level applications such as Authentication. The communications protocol comprises both the
required order and timing relations of successive messages.

All provisions in the Qi Specification are mandatory, unless specifically indicated as recom(]nended,
pptional, note, example, or informative. Verbal expression of provisions in this Specificati
the rules provided in ISO/IEC Directives, Part 2.

n follow

Table 1: Verbal forms for expressions of provisions

Provision Verbal form

requirement “shall” or “shall not”

recommendation “should” or “should not”

permission “may” or “may not”

capability “can” or “cannot”
References

For undated references, the most recently published document applies. The most recent WPC
publications can be downléaded from http: //www.wirelesspowerconsortium.com.
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1.5 Conventions

1.5.1 Notation of numbers

Real numbers use the digits 0 to 9, a decimal point, and optionally an exponential part.
Integer numbers in decimal notation use the digits 0 to 9.

Integer numbers in hexadecimal notation use the hexadecimal digits 0 to 9 and A to F, and are
prefixed by "0x" unless explicitly indicated otherwise.

Single bit values use the words ZERO and ONE.

1.5.2 [Tolerances

Unless indicated otherwise, all numeric values in the Qi Specification areexactly as specifief and do
not have any implied tolerance.

1.5.3 Fields in a data packet

A numeric value stored in a field of a data packet uses, a‘big-endian format. Bits that are njore
significant are stored at a lower byte offset than bits.that are less significant. Table 2 and figure 1
provide examples of the interpretation of such fields.

Table 2: Example of fields in a data packet

b, bg b, b, b, b, b, b,
B, (msb)
16-bit Numeric Data Field
B, (Isb)
B, Other Field (msb)
B, 10-bit Numeric Data Field (Isb) | Field

Figure 1. Examples of fields in a data packet

16-bit Numeric Data Field

b15 b14 b13 blZ |:)11 b10 b9 bS b7 bE b5 b4 b3 bZ bl bO

By B,

10-bit Numeric Data Field

by by b, | b by b, by b, b, b,

|
|
i
B, B,
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1.5.4 Notation of text strings

Text strings consist of a sequence of printable ASCII characters (i.e. in the range of 0x20 to 0x7E)
enclosed in double quotes (). Text strings are stored in fields of data structures with the first
character of the string at the lowest byte offset, and are padded with ASCII NUL (0x00) characters
to the end of the field where necessary.

EXAMPLE: The text string “WPC” is stored in a six-byte fields as the sequence of characters 'W', 'P’, 'C', NUL,

NUL, and NUL. The text string “M:4D3A” is stored in a six-byte field as the sequence 'M', "', '4', 'D’,
'3',and A'.

1.5.5 Short-hand notation for data packets

[n many instances, the Qi Specification refers to a data packet using the followingyshorthahd
notation:

<MNEMONIC>/<modifier>

[n this notation, <MNEMONIC> refers to the data packet's mnemonic defined in the Qi Specification,
Communications Protocol, and <modifier> refers to a particular'valtie in a field of the data packet.
The definitions of the data packets in the Qi Specification, Comamunications Protocol, list the
meanings of the modifiers.

For example, EPT/cc refers to an End Power Transfer data packet having its End Power Tfransfer
code field set to 0x01.
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1.6 Power Profiles

A Power Profile determines the level of compatibility between a Power Transmitter and a Power
Receiver. Table 3 defines the available Power Profiles.

BPP PTx: A Baseline Power Profile Power Transmitter.
EPP5 PTx: An Extended Power Profile Power Transmitter having a restricted power transfer

capability, i.e. PP =5 W.

DD DT A A NS dod D D £1 in} T e
LI T TA. AAII GALCIIUTU T UVWCUT T TUITIT T UVWUT 1T1TdIISITITULTCT.
BPP PRx: A Baseline Power Profile Power Receiver.

EPP PRx: An Extended Power Profile Power Receiver.

Table 3: Capabilities included in a Power Profile

Feature BPP PTx EPPS PTx EPP PTx BPP PRx EPP|PRx
Ax or Bx design Yes Yes No N/A N/A
MP-Ax or MP-Bx design No No Yes N/A N/A
Baseline Protocol Yes Yes Yes Yes Yes
Extended Protocol No Yes Yes No Yes
Authentication N/A Qptional Yes N/A Optlonal
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2 Overview

2.1

When a user places a Power Receiver within the Operating Volume of a Power Transmitter, the two

start to communicate with the aim to configure and control the power transfer. The Power Signal

provides the carrier for all communications. The Qi Specification, Communications Physical Layer
defines the low-level formats of data bits, data bytes, and data packets. The Qi Specification,
Communications Protocol (this document) defines the payloads of the data packets and their use in

the power control protocols.

Protocol phases (19‘150

The Qi Specification defines two communications protocols. ,% ’

Baseline Protocol—the original protocol introduced in version 1.0 of¢§)Qi Power Clg

directional communications and enhanced Foreign Objec&@&tection (FOD) features.
1.3 of the Qi Specification adds data transport stream @ onality and authentication

As shown in Figure 2, the communications protocol @ises several phases. The negoti
>

Figure 2. P@tocol phases
X

phase is not present in the Baseline Protocol.

. Q Power
Configuration

-

smitter tries to establish communications with a Power R

Transfer

L Ping phase. The Power@f@
ically performs measurements to determine if there are object

Before doing so, it ty:
bankcards, coin ther metals, which can damage or heat up during the power tra
These meas nts proceed without waking up the Power Receiver. See the Qi Spec

Power D@er, for restrictions on such measurements.

NOT@% Power Transmitter typically postpones a conclusion whether detected metals are
% bjects or Friendly Metals to the negotiation phase, after obtaining design information|
C) Power Receiver. See the Qi Specification, Foreign Object Detection, for details about recon

Specification, which uses Power Receiver to Power Transmitter c unications only.

ss0

Yy

L Extended Protocol—added in version 1.2 of the Qi Power Cl g&peciﬁcation to support bi-

Version
options.

ation

eceiver.
such as
hsfer.

fication,

Foreign
from the
hmended

Q/ methods.

- Configuration phase. The Power Receiver sends basic identification and configuration data to

the Power Transmitter. Both sides use this information to create a baseline Power Transfer

Contract. Moreover, the Power Transmitter and Power Receiver decide whether to co
with the Baseline Protocol or the Extended Protocol.

NOTE: A Power Receiver can only make use of features such as enhanced FOD, data transport
and authentication if it implements the Extended Protocol.

ntinue

streams,


https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

-14 - IEC 63563-6:2025 © IEC 2025

- Negotiation phase. This phase is not present in the Baseline Protocol. The Power Transmitter
and Power Receiver establish an extended Power Transfer Contract containing additional
settings and limits. The Power Receiver also provides design information to the Power
Transmitter, which the latter can use to complete FOD before switching to the power transfer
phase. See the Qi Specification, Foreign Object Detection, for details about this information.

- Power transfer phase. This is the phase in which the power transfer to the Power Receiver’s
Load occurs. In the Extended Protocol, the Power Transmitter and Power Receiver perform a
system calibration at the start of this phase. See the Qi Specification, Foreign Object Detection,
for details about calibration. Occasional interruptions of this phase may occur to renegotiate

an element of the Power Transfer Contract. However, the power transfer continues,dyiring
such renegotiations.

Table 4 summarizes the main features of the two protocol variants.

Table 4: Comparison of the Baseline Protocol and the Extended Protocol
Feature Baseline Protocol Extended/Protocol
Power [ransmitter design Type Ax and type Bx designs All designs
only
Power Receiver to Power Load modulation at a fixed 2 Load modulation at a fixed 2 kHz flock

Transmlfitter Communications | kHz clock

Power [ransmitter to Power N/A Frequency shift keying at a frequgncy

Receivgr Communications dependent clock offop/512

Operat|ng phases Ping, configuration, and power Ping, configuration, negotiation, and
transfer power transfer

Power [evel calibration N/A At the start of the power transfer[phase

Authentication N/A Using data transport streams in the

power transfer phase
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2.2 Power Transfer Contract

A Power Transfer Contract comprises the settings and limits governing the power transfer. The
Power Receiver sets up an initial Power Transfer Contract as applicable to the Baseline Protocol.
The first part of Table 5 shows the elements of this initial (or baseline) Power Transfer Contract.
The Power Transmitter receives all information to duplicate the baseline Power Transfer Contract
in the configuration phase of the protocol.

Some elements of the Power Transfer Contract are negotiable, enabling the Power Transmitter and
ower Receiver to determine new values for these elements in the negotiation phase of the

protocol (Extended Protocol only). In the Baseline Protocol, all elements of the Power Trgnsfer
Contract keep their values until the power transfer ends.

The Extended Protocol makes use of an extended Power Transfer Contract that.Contains the
ndditional elements shown in the second part of Table 5. See the Qi Specification, Power Delivery,
hnd Section 6, Negotiation phase, for details about the use of these elemerits.

Table 5: Power Transfer Contract

Element Symbol | Unit | Negotiable Comment

Elements of a baseline Power Transfer Contract

The reference power level for RP8 and RP data
packets. The CFG data packet provides the iritial
value. See Section 8.14, Received Power—RA8
(0x04; status update), for an example of its Usage.

Referenke Power Pﬁref) W Yes'

Received Power

windowl size tuindow ms NG The properties of the time window for measpring

the Received Power. The CFG data packet provides

these values. See Figure 62 in Section 7.3, Pdwer

Receivef Power -
Coffset ms No transfer phase timings.

window| offset

The delay between the CE data packet and the

Power Gontrol ¢ ms No power level adjustment window. Defaults to[5 ms.
Hold-of deldy See Figure 61 in Section 7.3, Power transfer phase
timings.
Received Power . .
reportirg N/A N/A Yes' The resolution of the reported Received Power.
. Defaults to 8 bit (RP8 data packet).
resolutipn

Additiohalelements nf an extended Pawer. Trnncfpr Cantract

Power Transmitter to Power Receiver
communications parameters. The CFG data packet
N/A N/A Yes provides the initial values for the polarity and
modulation depth. The number of cycles per bit
defaults to 512.

FSK polarity,
modulation depth,
and number of
cycles per bit

The highest Guaranteed Load Power level the Power
Transmitter can negotiate. No default. See Section
2.2.1, Load Power level negotiation, and the

Qi Specification, Power Delivery, for details.

Potential Load

(pot) W No
Power P
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Table 5: Power Transfer Contract (Continued)

Element Symbol | Unit | Negotiable Comment
Guaranteed Load The negotiated power level. Defaults to 5 W. See
Power P(Lgtd) W Yes Section 2.2.1, Load Power level negotiation, and the
Qi Specification, Power Delivery, for details.
E
Re-ping delay ¢ ms Yes The delay between an EPT/rep data packet and the

reping

next Digital Ping. Defaults to 12.6 second.

“In the negotiation phase of the Extended Protocol
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2.2.1 Load Power level negotiation

A Power Receiver can typically operate at multiple target power levels. To determine the most
appropriate one, the Power Receiver negotiates a Guaranteed Load Power level with the Power
Transmitter. Figure 3 shows the steps involved.

Figure 3. Load Power levels

GRQ/cap SRQ/gp Power Transfer Contract

Potential Load Power

Requested Load Power (1)

X

Negotiable Load Power

Requested Load Power (2) ‘/ Guaranteed Load Power

A

The Potential Load Power level is the highest Load power Jevel the Power Transmitter cap
negotiate at any time. The Negotiable Load Power levelds'the highest Load power level the Power
Transmitter is willing to negotiate at a given time. Usually, the Negotiable Load Power level is equal
to the Potential Load Power level. However, in some'conditions, the Power Transmitter maly set the
Negotiable Load Power level to a lower value. Afirst example of such a condition is an opgrating
temperature that can cause the Power TranSmitter to overheat when transferring power at the
highest level. A second example is an ingiifficiently capable power supply driving the Powjer
Transmitter. The Power Receiver canetrieve the Potential Load Power level and the Negptiable
[Load Power level from the Power*Transmitter using a GRQ/cap data packet.

The Requested Load Power isthe Load power level at which the Power Receiver intends fo
pperate. [t provides this power level to the Power Transmitter using an SRQ/gp data packet. If the
Requested Load Powerlevel is less than or equal to the Negotiable Load Power level, the poyver level
negotiation is successful, and both the Power Transmitter and Power Receiver store the Rgquested
[Load Power level as a Guaranteed Load Power level in their copies of the Power Transfer Contract.

Section 6,.Né€gotiation phase, Section 8.18.3, SRQ/gp—Guaranteed Load Power: parameter field and
respongses,-and Section 9.4, Power Transmitter Capabilities—CAP (0x31), provide details and
examples of power level negotiation sequences.

ThetoadPowertevelaPowerFransmittercanrsupportdependsonrseveratHfactors:
The designs of the Power Transmitter and Power Receiver

The position of the Power Receiver in the Operating Volume

The power supply of the Power Transmitter

The Load of the Power Receiver

The operating temperature
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The Potential Load Power, Negotiable Load Power, and Requested Load Power levels used in the

negotiation process are meaningful only if the Power Receiver has a design that is “similar” to one

the reference designs listed in Table 6. See the Qi Specification, Power Delivery, for details.

NOTE: A Power Receiver may attempt to draw more power than the Guaranteed Load Power level, and a

Power Transmitter may provide more power than the Guaranteed Load Power level or Potential Load
Power level. However, the system operation is undefined in those cases. See the Qi Specification, Power
Delivery, for details.

Table 6: Power Levels

Power Level Reference Power Receiver’
5W Power Receiver example 1,
Power Receiver example 2
8 W Power Receiver example 3
12w Power Receiver example 5
15W Power Receiver example 4
2.2.2 [Examples
Table 7, Table 8, and Table 9 provide examples of Power Transfer Contracts. In the Extended
Protocol, the initial Power Transfer Contract contains the elements of the baseline Power Transfer
Contract plus the elements of the extended Power Transfer Contract.
Table 7: Example of a baseline Power Transfer Contract when leaving the configuration phase
Elementt Symbol | Power Receiver Value Power Transmitter Value
Reference Power Piref) 5W 5W
Receiveld Power windownsize tindow 8 ms 8 ms
Received Power, window offset Eoftoet 8 ms 8 ms
Power (ontrol Hold-off Cdelay 5ms 5ms
Received Power reporting resofution N7A 8 bit 8 bit
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Table 8: Example of an extended Power Transfer Contract when entering the negotiation phase

reping

Element Symbol | Power Receiver Value Power Transmitter Value
Reference Power Piref) 5W 5W
Received Power window size tindow 8 ms 8 ms
Received Power window offset Toftset 8 ms 8 ms
Power Control Hold-off Eielay 5ms 5ms
Receiveld Power reporting resolution N/A 8 bit 8 bit
FSK polgrity, modulation depth, and - i

12 12
numbe of cycles per bit N/A Positive / Category 0/5 Positivé /ACategory 0/5
Potentigl Load Power Pi""t) Unknown 15 W
Guaranteed Load Power Pigtd) 5w 5w
Re-pingldelay treping 1000 ms 1000 ms

Table 9: Example of an extended Power Transfer Contract when'leaving the negotiation phase

Elementt Symbol | PowerReceiver Value Power Transmitter Value
Referer|ce Power Piref) 10w 10w
Receiveld Power window size Lindow 8 ms 8 ms
Receiveld Power window offset Toftset 8 ms 8 ms
Power Control Hold-off Cdelay 5ms 5ms
Receiveld Power reporting resolution N/A 16 bit 16 bit
FSK polgrity, modulation depth, and . .
numbe of cycles per hit N/A Positive / Category 0/512 | Positive / Category 0/512
Potentigl Load<Power P(Lp"t) 15 W or unknown’ 15 W
Guaranteedload Power Pf_gtd) SW SW
Re-ping delay t 500 ms 500 ms

* If the Power Receiver does not request the CAP data packet in the Extended Protocol, the Potential Load

Power remains unknown in the Power Receiver’s copy of the Power Transfer Contract.
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Data packet types

Whereas the Power Transmitter starts the communications protocol by applying a Digital Ping (at
the end of the ping phase), the Power Receiver drives the execution of the remaining phases of the
protocol. This means that the Power Receiver initiates all data packet communications, and that the
Power Transmitter waits to send a data packet or Response Pattern until explicitly invited to do so.

NOTE: Although itis the Power Receiver that drives the communications protocol, the Power Transmitter
may adjust the power level or stop the power transfer completely at any time if it considers that
necessary to ensure safe system operation. For additional information, see the Qi Specification, Power

Delivery.

The Power Receiver can send four kinds of data packets:
Status update—the Power Transmitter does not reply to these data packets;

Power control—the Power Transmitter adjusts the power level in response to these data
packets.

L Simple query—invites the Power Transmitter to reply with a ReSponse Pattern (ACK, NAK, ND,
ATN).
Data request—invites the Power Transmitter to reply with a full data packet.
NOTE: The Baseline Protocol uses status update and powep-control data packets only.

The Power Transmitter should not respond to data'packets that suffer from communicatipns

errors. The reason is that data packet corruption could result in the Power Transmitter pfoviding
the wrong type of response, confusing the Power Receiver. The lack of a response is a clear pignal to
the Power Receiver that something wentwrong and that it should resend the data packet
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2.4

High-level messages and data transport streams

The purpose of most communications in the protocol is to configure and control the power
transfer. However, the Extended Protocol also supports data transport streams, which can pass
high-level messages (often unrelated to the power transfer) between the Power Transmitter and
Power Receiver. Examples of such messages include the authentication messages that the Power
Transmitter and Power Receiver can use to verify each other's credentials in a tamper-resistant
manner.

NOTE: The goal of authentication is to ensure that the Power Transmitter and/or the Power Receiver have

passed independent tests certifying safe operation.

A Power Receiver to Power Transmitter data transport stream consists of a sequenté)of simple-
query data packets, with the payloads of these data packets carrying the high-level'messqge data.
The Power Receiver can initiate a data transport stream at any time in the péwer transfei| phase.
Conversely, when a Power Transmitter has a high-level message to send tothe Power
Receiver—and has ensured that the latter can process that message—£itean draw the Power
Receiver's attention by responding with an ATN Response Pattern to/an incoming simple{query
data packet in the power transfer phase. This signals the Power Receiver to transmit a seyies of
data-request data packets enabling the Power Transmitter; td.send a data transport streain.
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2.5 Backward compatibility

Table 10 summarizes the key differences between previous versions and version 1.3 of the

Qi Specification, Communications Protocol (this document), other than those associated with the

new data transport stream and authentication functionalities. Power Transmitters and Power

Receivers should examine their counterpart’s version number to handle these differences

appropriately.

NOTE: Prior to version 1.3, the definition of the communications protocol was contained in section 5 of the Qi
Wireless Power Transfer System, Power Class 0 Specification, Parts 1 and 2, Interface Definitions.

Table 10{ Backward compatibility
Version Backward compatibility notes
1.0.x Baseline Protocol differences to version 1.3
= The value contained in an RP8 data packet represents a rectified-power level rather than a
Received Power level.
1.1.x —
1.2.x No Baseline Protocol differences to version 1.3
Extended Protocol differences to version 1.3
= A Power Transmitter does not support a defined-delay between the removal of the Hower
Signal and the next Digital Ping
= A Power Transmitter does not support ailPower Receiver aborting the negotiation phase and
proceeding to the power transfer phase of the baseline protocol
= A Power Transmitter does not support FOD/rf data packets (but it should be resilien{ to
receiving such data packets)
= Inthe negotiation phase, a Power Transmitter responds with ND to simple-query data
packets having one or morereserved bits set to ONE rather than ignoring those bits
« A Power Transmitter.doés not accept additional SRQ/en data packets after sending gn ACK
Response Pattern to.the first SRQ/en data packet at the end of the negotiation phasg. If a
Power Receiver.sends a second SRQ/en data packet, the Power Transmitter interrupts the
power transfer. Note that there is no power transfer interruption when both the Power
Receiver{and Power Transmitter are v1.3 compliant.
= A Power Receiver does not recognize ATN Response Patterns. Accordingly it will not $end
DSR‘data packets inviting the Power Transmitter to send CAP data packets with the dim to
trigger the Power Receiver into renegotiating.
£ N A Power Transmitter may send CHS, PROP, and/or reserved data packets while
calibrating (that is, before sending its first RP/0 or RP/4 data packet in the power trarllsfer
phase):
1.3.x Extended protocol differences to version 2.0
= A Power Transmitter does not support a reduced number of cycles per FSK bit.
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3 Power Receiver and Power Transmitter identification

A Power Receiver identifies itself to a Power Transmitter with the following information.
- The version of the Qi Specification with which the Power Receiver complies.
- A Power Receiver Manufacturer Code (PRMC) identifying the Power Receiver's manufacturer.

= Abasic device identifier identifying the Power Receiver among multiple Power Receiver's
present in the Operating Volume.

NOTE: The basic 1dentifier may change from time to time as defined in section 8.11, Identijicafion—ID
(0x71; status update).

. An optional extended device identifier providing additional information.
t  Optionally a Wireless Power ID (WPID). See Section 6.4, Wireless power dDy for detailg.

In the Extended Protocol, the Power Receiver can request the Power Transmitter to identify itselfto
the Power Receiver with the following information.

+ The version of the Qi Specification with which the Power Trdn$mitter complies.

t A Power Transmitter Manufacturer Code (PTMC) identifying the Power Transmitter's

manufacturer.
A Power Transmitter Certificate. See Qi Specification, Authentication Protocol, for details.

NOTE: In the Baseline Protocol, a Power Receiver cannot retrieve a PTMC from the Power Transmitter.
However, this does not mean that the latter\does not have an associated PTMC. The produc
registration of the WPC requires the manufacturer of the Power Transmitter to submit a self-
declaration form listing the PTMC,
A Power Transmitter shall not use the PRMC in any way that limits the design freedom of the Power
Receiver. Conversely, a Power Receiver shall not use the PTMC in any way that limits the design

freedom of the Power Transmitter.

The purpose of the PRMC and PTMC is to enable Power Transmitters and Power Receivers of the
same manufacturerrécognize Proprietary (PROP) data packets more easily.

As an example, a\manufacturer can have multiple Power Receiver Products with substantjally
different design properties such as coupling factor, Friendly Metal arrangement, etc. Wheh using
knowledgeof the PRMC only, a Power Transmitter can therefore easily make incorrect assumptions
about these properties. By adjusting its operation based on its assumptions, such as adjusting
thresholds etc., interoperability failure is likely to occur.
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4 Ping phase

At the start of the ping phase, the Power Transmitter does not yet know whether a Power Receiver
is present within its Operating Volume. The Power Receiver is not aware of the Power Transmitter
either, because its systems are typically inactive due to the lack of a Power Signal.

Figure 4 illustrates the stages of the ping phase. In the first three stages (dotted arrows), the Power
Receiver is not active. Moreover, the Power Transmitter should ensure that any signals it uses in
these phases do not wake up the Power Receiver. In the fourth stage (dashed arrow), the Power

TTanSMITIeT attempts t0 Wake Up the POWer ReCelVer: 1N the 1ast stage (Solld arrtow]J, the fower
Receiver starts its communications.

Figure 4. Stages of the ping phase

Power Transmitter Power Receiver

Analog Ping

NFC Tag Protection

Examine Operating Volume <

Foreign Objéct'Detection

Digital Ping

Wake Up Power Receiver | — =T =¥F - - === === —-——— >

SIG or EPT

Indicate Presence

Before initiating a Digital Ping.to solicit a response from a Power Receiver, the Power Trapsmitter
should go through the following stages.

Detect objects. Eot this purpose, the Power Transmitter can use Analog Pings or a variety of
alternative nmethods. The Qi Specification, Power Delivery, provides a number of examjples.

t Optionallyrapply NFC tag protection as defined in the Qi Specification, NFC Tag Protection.

The QiSpecification, NFC Tag Protection, provides recommendations about how to executg the
pbove Steps.

NOTE: Instead of performing NFC tag detection, a Power Transmitter may limit the Power Signal thfoughout
the power transfer to levels that do not damage NFC tags. The Qi Specification, NFC Tag Protection,
provides guidelines and methods to determine safe power levels.

- Collect information that helps to decide whether Foreign Objects are present in addition to a
Power Receiver. For this purpose, the Power Transmitter can use a variety of methods
commonly known as pre-power FOD methods. The Qi Specification, Foreign Object Detection,
defines these methods.
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After performing the above steps and determining that there potentially is a Power Receiver in its
operating Volume, the Power Transmitter initiates a Digital Ping to solicit a response from the
Power Receiver, which is either a Signal Strength (SIG) data packet or an End Power Transfer (EPT)
data packet. If there is no such response, the Power Transmitter stays in the ping phase and should
repeat the above steps.

NOTE: Power Transmitters employing multiple coils to enable a greater positioning freedom for a Power
Receiver typically initiate a Digital Ping multiple times using different coil. Typically, such Power
Transmitters abort the protocol after receiving the SIG data packet from the Power Receiver until they
have determined the optimum coil to use for the power transfer. The Qi Specification, Power Delivery,

A 1 £l L.
pProvIatSeXampreS ortniS approact:



https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

4.1

begi

-26- IEC 63563-6:2025 © IEC 2025

Ping phase state diagram

The Qi Specification, Communications Protocol (this document) describes the protocol usi
diagram that apply to both the Power Transmitter and the Power Receiver. In most states

ng state
, the

Power Transmitter or Power Receiver can send or receive a data packet. Depending on this data

packet, the Power Transmitter and Power Receiver switch to the next state. In the case of

communications errors, the Power Transmitter and Power Receiver can switch to different states.

The power transfer protocol provides mechanisms to resynchronize the Power Transmitter and

Power Receiver to the same state.

indicated by their labels. Most of these transitions relate to error conditions such a$§ time
unexpected content in a received data packet. Additionally, some state transitions list mu
conditions. Satisfying any one of those conditions is sufficient to follow such atsansition to
State.

Some state transitions apply only to the Power Transmitter or only to the Power Receivey} as

buts or
tiple
the next

The description of state transitions that apply to both the Power Transmitter and the Power

Receiver use the data packet sender's perspective. The data packét receiver's perspective|of these
transitions simply is to have received the data packet correctlyifthe data packet receiver {loes not
receive the data packet correctly, a transition that is associated with an appropriate timegut
applies.
The state diagram shown in Figure 5 applies to both:the Baseline Protocol and the Extended
Protocol.
Figure 5. State diagram of the ping phase
0 PRx -> PTx; data packet
G’

° PTx - PRx; Response Paftern

@ PTx - PRx; data packet

@ No comms

<label> applies to both PRx arld PTx
s SIG configuratidn phase

»

I

F <
power transfer phasu

Ll
configuration phase

negotiation phase
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4.1.1 Transitions from state 0

4.1.2

State 0 is the first state of the protocol. The Power Transmitter switches to this state after

completing its power-up initialization functions. In this state, the Power Transmitter attempts to

detect the presence of a Power Receiver, NFC tags, and Foreign Objects. The following transitions

are possible from this state.

PTx: Analog Ping. The Power Transmitter has attempted to detect objects using an Analog Ping

or an alternative method. See the Qi Specification, Power Delivery, for details.

PTx: NFC tag detection. The Power Transmitter has attempted to detect NFC tags in the

Transitions from state 1

State 1 is the first state of the.protocol in which the Power Receiver participates actively.
following transitions are-possible from this state.

Operating Volume. See the Qi Specification, NFC Tag Protection, for the recommended
approach.

PTx: Digital Ping. The Power Transmitter has found an object that is likely to'contain
Receiver and therefore has initiated a Digital Ping.

PTx: Foreign Object detected. The Power Transmitter has detected a Foreign Object, or
which prevents it from initiating a Digital Ping. See the Qi Specification, Foreign Objec
Detection, for examples.

PTx: no power. The Power Transmitter has discovered thab it cannot sustain a power
to the Power Receiver.

NOTE: The Power Transmitter may conclude that it cannot sustain a power transfer when the|
Receiver repeatedly requests it to termindte the power transfer using EPT/nr or EPT/3
packets (in the negotiation phase and/er power transfer phase). For example, the Pow
Transmitter cannot sustain a powertrahsfer is when the Power Transmitter is plugged
underrated USB power source.

SIG. The PowerReceiver has sent a SIG data packet.
PRx: EPT. ThePower Receiver has sent an EPT data packet.
PTx: EPT."The Power Transmitter has received an EPT data packet.

PTxrillegal data packet. The Power Transmitter has received a data packet other thar
EPT.

h Power

NFC tag,
r

fransfer

Power

n data

br

into an

[he

SIG or

PTx: ping timeout. The Power Transmitter has not detected the start of a data packet

the Digital Ping timeout ¢,,..

before

See Section 4.2.3, Digital Ping timeout, for the timeout value.

PRx: no response. In exceptional cases, the Power Receiver may choose not to respond to a

Digital Ping.
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4.1.3 Transitions from state F

In state F, the Power Transmitter resolves any fault condition that can occur in execution of the

protocol. The Power Transmitter can reach this state from any of the other protocol phases, in

particular when
»  Itreceives an EPT data packet.
- Ittimes out on a data packet from the Power Receiver.

- It detects a protocol error (e.g. on receiving an unexpected data packet).

It decides to abort the protocol for internal reasons (e.g. when executing consecutive
Pings on multiple coils).

NOTE: Reception of an EPT data packet does not necessarily mean that a fault has occurred. For e3
can involve a request from the Power Receiver to delay restarting the protocol.See Section
Extended Identification—XID (0x81; status update), for a list of error codes.

Upon entering state F, the Power Transmitter shall remove the Power(Signal within the ti

window tterminate'

PTx: fault resolved: The Power Transfer has resolved the fatilt eonditions and is ready t
execution of the protocol.

Digital

ample, it
8.8,

me

D restart
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4.2 Ping phase timings

4.2.1

-29-

Table 11: Timing constraints in the ping phase

Table 11 provides an overview of the timing constraints that apply to the ping phase.

Parameter Side Symbol Minimum Target Maximum Unit
Detection time window PTx Cdetect N/A N/A 5,000 ms
Wake-up window PRx ke 19 40 64 ms
Digital Ping timeout PTx toing 65 65 70 ms
Power termination window PTx Lierminate N/A N/A 28 ms
Reset window PRx treset N/A 25 28 ms
No Power Signal window PTx Eropower 32 N/A N/A ms
See Table 25\f/Section 8.7, End Power
Next Digital Ping win PT Coextoi ’
ext Digital Ping window X nextping Transfer==EPT (0x02; power control)
For the timing details and other properties of the AnalogPings the Power Transmitter may use to
detect objects, see the Qi Specification, Power Delivery.
Power Receiver detection
The Power Transmitter shall initiate a\Digital Ping at ¢, from the user placing a Power Receiver
within its Operating Volume.
Figure 6. Detection time window
| tdelect i
Power Receiver Digital Ping
placed
NOTE: The black line represents the Power Signal, which initially is zero and increases when the Power
Transmitter initiates the Digital Ping. The Power Transmitter may apply Analog Pings before|initiating
thaDigital Ping Such AnalaaDinacwunuld chau achiiafdanarturac afthao bhlacl inag fram tha ero level
the Digital Pina Such-Analog Dinaswould showasbriefdeparturesofthe black ine fromthey .
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Power Receiver wake-up

If the Power Receiver intends to engage with the Power Transmitter, it shall send a SIG data packet
at t,,. after the Power Transmitter has initiated the Digital Ping. If the Power Receiver does not

intend to engage with the Power Transmitter, it shall either send an EPT data packet at ¢,

the Power Transmitter has initiated a Digital Ping, or not respond at all.

after

NOTE: A Power Transmitter may use multiple Digital Pings to enhance the positioning freedom of a Power

Receiver. A Power Receiver should therefore respond consistently with a SIG data packet to

such

Digital Pings. See Section 8.17, Signal Strength—SIG (0x01; status update), for an explanation of how

the Paower Roceiver should determine the Cngql erongflf\ Valuein the SIG data p')r‘lzaf

Wake-up window

Lwake |

SIG or EPT

Digital Ping

NOTE: See the Qi Specification, Communications Physical Layer, for the efefence time of the start o
packet.

Digital Ping timeout
[f the Power Transmitter has not detected the startof a data packet at ¢, it shall removsg
Power Signal at t,,.....- The start of the Digital Ping timeout is the application of the Powg¢

Figure 7.\Digital Ping timeout

tlmpow(‘r

tping Lterminate Lreset |

| Data packet |

Digital Ping

NOTE: See Section4!2.5, Power Receiver reset, for details about ¢,.s and ¢,gpoyer-

f a data

the
r Signal.

Digitdl Ping
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4.24

4.2.5

End Power Transfer (EPT) data packet

A Power Transmitter shall remove the Power Signal at t,,.pinate from the end of an EPT data packet
and switch to state F of the ping phase, regardless of the End Power Transfer Code contained in the
data packet. After removing the Power Signal, the Power Transmitter shall initiate a first Digital
from the end of the EPT data packet. The value of ¢ depends on the value

nextping

Ping att,

extping

contained in the EPT data packet.
Figure 8. End Power Transfer data packet timing

L

Lterminate Lreset |

EPT

DigitalPing

After sending a first EPT data packet, the Power Receiver should eontinue to send EPT datd packets
while the Power Signal is present. The transmission of these data packets shall comply with the
timing constraints for consecutive data packets provided iri,Section 5.2.2, Consecutive datd packets.

NOTE: Consecutive EPT data packets may contain different yaltes in their End Power Transfer Codle fields.

Power Receiver reset

The Power Transmitter shall not apply an Analog Ping or initiate a Digital Ping in the time window

Eopower After removing the Power SignakThe Power Receiver shall discard the Power Transfer

Contract at ¢, after the Power Transmitter removes the Power Signal. If the Power Signa

==}

reappears before the Power Receiver has discarded the Power Transfer Contract, it may dontinue
with the protocol from the state it was in when the Power Signal disappeared.

NOTE: The time window.t,

opower APPLi€S in particular to consecutive Digital Pings in Power Transmifters that

use multiple eoils'to enable a greater positioning freedom for Power Receivers.
Figure 9. Reset time window

tlmpowcr |

Lreset |

A\
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4.2.6 lllegal data packet

The Power Transmitter shall remove the Power Signal at ¢, it after receiving an illegal data

packet.
Figure 10. lllegal data packet timeout

ttcrminatc Lreset

—| lllegal data packet —\

NOTE: If the time to receive the first data packet in the ping phase takes longer than the time\to rec¢ive a SIG
or EPT data packet, the Power Transmitter should treat that data packet as an illegal"data packet and
remove the Power Signal without waiting to receive the remainder of the datapacket.
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5 Configuration phase

The configuration phase is the part of the protocol in which:
- The Power Receiver identifies itself to the Power Transmitter.

«  The Power Receiver and Power Transmitter establish a baseline Power Transfer Contract. See
Section 2, Overview, for details about the information contained in the Power Transfer
Contract.

The Paower Receiver and Power Transmitter determine the pr‘nfnr‘n] varianttousein the

power transfer.

[n the configuration phase, the Power Transmitter and Power Receiver continue to)operate using
the Digital Ping parameters. This means that the power and current levels in both the Powyer

Transmitter and Power Receiver change only if a user moves the Power Receiver from its position
within the Operating Volume.

NOTE: Multi-coil Power Transmitters may proceed into the configuration’phase to obtain the Powgr
Receiver's identification data before executing a new Digital Pirig'with a different coil configuration.
This enables such Power Transmitters to discriminate betweén multiple Power Receivers lpcated
within their Operating Volumes. See the Qi Specification/Bower Delivery, for examples of this
approach.

Figure 11 summarizes the data flow in the configuration phase. The Power Receiver identiffes itself
using an Identification (ID) data packet and optionrally an Extended Identification (XID) daty packet.
[t provides data for use in the Power Transfer-Centract using an optional Power Control Hold-off

(PCH) data packet and a Configuration (CFG) data packet. In the final step, the Power Trajsmitter
hcknowledges Extended Protocol (if applicable).

Figure 11( Data flow in the configuration phase

Power, Transmitter Power Receiver

> Identify

¢~ Build Power Transfer Contract

CEG

ACK

(Extended Protocol only)

Confirm Extended Protocol

Baseline Power Transfer Contract
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Configuration phase state diagram

The state diagram shown in Figure 12 applies to both the Baseline Protocol and the Extended
Protocol.

NOTE: For details about how to interpret this diagram, see Section 4.1, Ping phase state diagram.

Figure 12. State diagram of the configuration phase

PCH
f ping ? ping ?ping /)
phase phase phase

baseline protocol
ping phase mready power trinsfer phase
» 5 >

[

ping phase
PRx = PTx; data packet
i ACK i

PTx - PRx; Response Pattern king phase negotfation phas;

No comms

(&)
[
@ PTx -> PRx; data packet
®

<label> applies to both PRx and PTx

baseline protocol
power transfer phase

Transitions from state 2

[n state 2, the Power Receiver identifies itself to the Power Transmitter. The following trapsitions
are possible from this'state.

t  ID. The PowerReceiver has sent an ID data packet with its Ext bit set to ZERO. See Sectjon 8.11,
Identification—ID (0x71; status update), for the meaning of the Ext bit.

ID/x, The Power Receiver has sent an ID data packet having its Ext bit set to ONE.

PTx: illegal data packet. The Power Transmitter has received a data packet other thar] ID.

«  PTx: next-timeout. The Power Transmitter has not detected the start of a data packet from the
Power Receiver before the next data packet timeout ¢,,,. See Section 5.2.2, Consecutive data

packets.

= PTx: abort. The Power Transmitter may abort further execution of the protocol for internal
reasons. For example, a multi-coil Power Transmitter may execute Digital Pings on several
coils in order to determine the optimum coil configuration for the power transfer, aborting the
protocol after receiving the SIG data packet. See Section 5.1.6, Examples, for details.

When switching to the ping phase, the Power Transmitter enters state F (and removes the Power
Signal).
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5.1.2

5.1.3

Transitions from state 3

In state 3, the Power Receiver provides optional extended identification data. The following

transitions are possible from this state.

XID. The Power Receiver has sent an XID data packet.

PTx: illegal data packet. The Power Transmitter has received a data packet other than XID.

PTx: next-timeout. The Power Transmitter has not detected the start of a data packet from the

Power Receiver before the next data packet timeout ¢, .

See Section 5.2.2, Consecutive data

When switching to the ping phase, the Power Transmitter enters stated§ (and removes th
Signal).

Transitions from state 4

[n state 4, the Power Receiver provides the elements.ofthe baseline Power Transfer Contrg
Power Transmitter. The following transitions are,possible from this state.

NOTE: The state diagram doeshot provision for the Power Receiver to send proprietary data pack

packets, 1or the timeout value.

PTx: abort. The Power Transmitter may abort further execution of the protocolforin
reasons. For example, a multi-coil Power Transmitter may execute Digital Pings’on se
coils in order to determine the optimum coil configuration for the powergransfer, abo
protocol after receiving the ID data packet. See Section 5.1.6, Examples,for details.

PCH. The Power Receiver has sent a PCHdata packet.

PTx: PROP. The Power Transmitter hasteceived a PROP data packet. See Table 17 in S
Power Receiver data packets, for the'list of proprietary data packets. The Power Trang
shall ignore all unsupported PROP data packets, but still include them in the count of
data packets.

configuration phase. The requirement that the Power Transmitter ignore all proprietary dat
enables a future'enhancement of the protocol in which the Power Receiver may send proprig
packets intheconfiguration phase. However, plans for such an enhancement of the protoco
currentlyexist.

PTx: reserved. The Power Transmitter has received a reserved data packet. See Table
Seetion 8, Power Receiver data packets, for the list of defined data packets and reserv
packets. The Power Transmitter shall ignore all reserved data packets, but still include

rernal
veral
'ting the

b Power

ctto the

bction 8,
mitter
bptional

ets in the
h packets
tary data
| do not

17 in
bd data
them in

the count of optional data packets

CFG/bp. The Power Receiver has sent a CFG data packet with its Neg bit set to ZERO. This

means that the Power Receiver supports the Baseline Protocol only.

CFG/ep. The Power Receiver has sent a CFG data packet with its Neg bit set to ONE. This means
that the Power Receiver supports both the Baseline Protocol and the Extended Protocol.

PTx: illegal data packet. The Power Transmitter has received a data packet not listed on any

one of the transitions of state 4.
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- PTx:illegal value. The Power Transmitter has received a PCH data packet containing a Power
Control Hold-off Time outside the allowed range. See Section 8.12, Power Control Hold-off—PCH
(0x06; status update), for the allowed range. The Power Transmitter has received a CFG data
packet that does not comply with the format defined in Section 8.4, Configuration—CFG (0x51;
simple query). See Section 5.2.4, Illegal value in a data packet, for the timeout value.

«  PTx: next-timeout. The Power Transmitter has not detected the start of a data packet from the
Power Receiver before the next data packet timeout ¢,,. See Section 5.2.2, Consecutive data

packets, for the timeout value.

PFx—ubort-ThePower Fransmitter mayabortfurtherexecutiomrof theprotocotHfor-infernal
reasons. For example, a multi-coil Power Transmitter may execute Digital Pings on’sgveral
coils in order to determine the optimum coil configuration for the power transfex-abofting the
protocol after receiving the Identification (ID) or Extended Identification (XID) data. See
Section 5.1.6, Examples, for details.

t  PTx: CFG/ep. A Power Transmitter that does not support the Extended Protocol shall gwitch to
state 5, regardless of the value of the NEG bit in the CFG data packet. In exceptional cgses, a
Power Transmitter that does support the Extended Protocol\hay decide to continue |n the
Baseline Protocol (not sending an ACK Response Pattern), even if the Power Receiver
indicates that it supports the Extended Protocol.

NOTE: In this case, the Power Receiver goes through state‘6’to’the power transfer phase of the Bageline
Protocol.

When switching to the ping phase, the Power Transmitter enters state F (and removes the Power
Signal).
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5.1.4 Transitions from state 5

5.1.5

In state 5, the Power Transmitter verifies the Count field of the received CFG data packet.

The

Power Receiver follows the ready transition (unconditionally). The following transitions are

possible from this state.

»  Ready. The Power Receiver and the Power Transmitter switch to the power transfer phase of

the Baseline Protocol. Prior to switching, the Power Transmitter shall verify that the Count
field of the CFG data packet matches the number of PCH, PROP and reserved data packets

received in state 4.

PTx: invalid count. The Power Transmitter has received a CFG data packet containing
field that does not match the number of optional data packets received in state(4, See
5.2.4, lllegal value in a data packet, for the timeout value.

When switching to the ping phase, the Power Transmitter enters state F (and-removes th
Signal).

Transitions from state 6

[n state 6, the Power Transmitter decides whether to use the Baseline Protocol or the Ext
Protocol. The following transitions are possible from tHis state.

ACK. The Power Transmitter has agreed to continue using the Extended Protocol.

NOTE: The Power Transmitter may decide to use the Baseline Protocol and not send an ACK, ¢
supports the Extended Protocol.

NOTE: Ifthe Power Transmitter respondsto the CFG data packet with ACK, it switches to the ng
phase of the Extended Protoeol*However, if the Power Receiver does not receive the A
correctly, it times out and §witches to the power transfer phase of the Baseline Protocq
result, there is an operating phase mismatch between the Power Transmitter and Power]
But when the PowerReceiver sends its first data packet in the power transfer phase (e.g.
packet), the PowerTransmitter discovers the mismatch and switches to the power trans
of the Baselifte Protocol as well. See Figure 22 in Section 6.6, Negotiation phase state diq|
additional'details on this mechanism. Alternatively, the Power Transmitter may switch
in theping phase (and remove the Power Signal) to resolve the mismatch.

PTx: invalid count. The Power Transmitter has received a CFG data packet containing
field(that does not match the number of optional data packets received in state 4. Se¢
524, lllegal value in a data packet, for the timeout value.

a Count
Section

b Power

ended

ven if it

lsotiation
LK

l. As a
Receiver.
a CE data
fer phase
gram, for
ko state F

a Count
Section

L\ (PRx: response-timeout. The Power Receiver has not detected an ACK response to its (

FG data

packet before the response timeout ¢,qonsetimeous Presumably because the Power Tran

smitter

does not support the Extended Protocol. See Section 5.2.3, Configuration (CFG) data packet, for

the timeout value.

- PRx: NAK/ND/ATN. The Power Receiver has received an unexpected response.

When switching to the ping phase, the Power Transmitter enters state F (and removes the Power

Signal).
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5.1.6 Examples

5.1.6.1 Optimum coil selection in a multi-coil Power Transmitter

Figure 13 and Figure 14 provide examples of communications sequences of a multi-coil Power

Transmitter executing multiple Digital Pings to select an optimum coil for the power transfer. In the
example of Figure 13, the Power Transmitter repeatedly goes through state 0 (executing a Digital
Ping), state 1 (receiving a SIG data packet), state 2 (storing the Signal Strength data and aborting the
Digital Ping), and state F (resolving the issue, which in this case means selecting a different coil for

the next Digital Ping). Eventually, the Power Transmitter has collected a sufficient number, pf Signal
Strength Values from multiple coils. It then selects the optimum coil for the power transfer fpr use in
the final sequence, in which it continues to receive the CFG data packet.

[n the example of Figure 14, the Power Transmitter retrieves ID data packets.(irraddition to|SIG data
packets), in order to discriminate between multiple Power Receivers thatcan be positioned in its
Operating Volume.

Figure 13. Example of a communications sequence in a multi-coilPower Transmitter to select a coil

@O0 ©OLJO® WOL]O® WOIO = 10[]

Figure 14. Another example of a communications sequence in a multi-coil Power Transmitter to
select a-coil

@O0~ 100 OOL|@-10C0 ©©OL-]O[ =10
OOl O ]O[]
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5.2 Configuration phase timings

5.2.1

Table 12 provides an overview of the timing constraints that apply to the communications and
other actions in the configuration phase.

Table 12: Timing constraints in the configuration phase

responsetimeout

Parameter Side Symbol Minimum Target Maximum | Unit
Silent window PRx Eeilent 6 7 N/A ms
Next data packet window PRx oiart 11.5 N/A 19 ms
Next data packet timeout PTx Trext 22 N/A 25 ms
L . Table 11 in Section 4.2y Pi h
Power termination window PTx Lierminate S.ee. avle L2 In section 1ng pRass
timings
Table 11 lon 4.2, Pi h
Reset window PRx o S.ee. able 11 in Seétion 4.2, Ping phase
timings
Response start window PTx response See Tablé 14 in Section 6.7, Negotiatiof phase
Response timeout PRx t tinysi

Generic constraints

Figure 15. Generic timing constraints

NOTE: Most figures inthe Qi Specification, Communications Protocol (this document) do not show fhe
preamble explicitly. See the Qi Specification, Communications Physical Layer, for the referen
definingthe start and end of a data packet.

Lsilent

A Power Receiver shall start to transmit the preamble of a next data packet at ¢
the data packet directly preceding it.

Preamble | Data Packet |

silent from thie end of

fe times
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Consecutive data packets

A Power Receiver shall start sending the next data packet at ¢, from the end of the preceding data

packet. The SIG data packet sent in the ping phase counts as a preceding data packet. See
Qi Specification, Communications Physical Layer, for the reference times defining the start
of a data packet.

the
and end

If the Power Transmitter has not detected the start of a data packet at t,,,,,, it shall remove the

Power Signal at ¢t

Figure 16. Timing of consecutive data packets

Lstart |

tsilcnl
—| Data packet Next data packet l—

tllCX[ ttcrminatc tl'(‘S(‘I ‘
| =t
—| Data packet Next data packet| :

Configuration (CFG) data packet

A Power Transmitter shall start to transmit its response at ¢

response frOM the end of a simpl

data packet or a data-request data packet:

Figure 17:,Power Transmitter response timing

‘ trcsponsc

CFG

[f a Power Receiverhas not detected the start of a Response Pattern or data packet at ¢,
from the end of asimple-query or data-request data packet, it shall switch to the power t
phase of the.Baseline Protocol.

Figure 18. Power Receiver response timeout
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5.2.4 lllegal value in a data packet

5.25

The Power Transmitter shall remove the Power Signal at ¢,

containing an illegal value.

erminate

Figure 19. lllegal value timeout

ttcrminate

treset

—| Data packet with illegal value ‘\

after receiving a data packet

packet.

lllegal data packet

The Power Transmitter shall remove the Power Signal at ¢, after reeeiving an illegal

Figure 20. lllegal data packet timeout

| Lterminate

LraSeg |

lllegal data packet

data
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6 Negotiation phase

The negotiation phase is the part of the Extended Protocol in which the Power Transmitter and
Power Receiver can make changes to the Power Transfer Contract. There are two flavors of this
phase:

- Negotiation phase. The negotiation phase follows directly on the Configuration phase and
serves to create the initial extended Power Transfer Contract. It also serves to complete the
pre-power FOD functionality; see the Qi Specification, Foreign Object Detection for details. The

lengtn or the negotiation pnase 1s not restricted.

L Renegotiation phase. A renegotiation phase may interrupt the power transfer phase multiple
times, and typically serves to adjust a single element of the Power Transfer Contract. The FOD/
qf, FOD/rf,and SRQ/rpr data packets are illegal in a renegotiation phase. Fhe constraints on the
CE data packets of the power transfer phase limit the length of a renegétiation phase| see
Section 7.3.2, Control Error (CE) data packets, for details.

The Power Receiver negotiates changes to the elements of the extended Power Transfer (ontract
using a question and answer approach, wherein the Power Receivér sends a simple-query data

packet and the Power Transmitter replies with a Response Pattern. For example, the Power
Receiver can ask whether the Power Transmitter supports a particular power level, and the Power
Transmitter responds with yes (ACK) or no (NAK).

[f the Power Transmitter and Power Receiver cantiet successfully negotiate a new Power Transfer
Contract, they may abort the negotiation phase%@nd switch to the power transfer phase wjithout
making any change to the Power Transfer Contract. Aborting the negotiation phase means|that the
power transfer phase continues using the Baseline Protocol and the baseline Power Tranfer
Contract. Aborting a renegotiation phase means a switch back to the power transfer phasg of the
Extended Protocol and an unchanged Power Transfer Contract.

NOTE: Aborting the negotiatioh.phase and switching to the power transfer phase of the Baseline Hrotocol
implies that renegotiation at a later stage is not possible, unless the power transfer is termigated and
restarted fromthesselection phase.

[n addition to simple-queries, the Power Receiver can use data-request data packets to retrigve more
information fromr the Power Transmitter. For example, the Power Receiver can request that the

Power Trafismitter provide its identification (GRQ/id), its capabilities (GRQ/cap), and its extended
capabilities (GRQ/xcap).
NOTE:~ The Power Transmitter's ID data packet provides information about the version of the Qi Specification

to which it is compliant. The Power Receiver should verify that the version number is at ledst 1.3
before attempting to use data transport stream functionality.
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Figure 21 summarizes the data flow in the negotiation phase. The Power Receiver uses FOD Status

(FOD) data packets to inform the Power Transmitter about the effect its presence has on the

selected properties of a reference Power Transmitter. The Power Transmitter can use this

information to configure its FOD functionality as explained in the Qi Specification, Foreign Object

Detection. The Power Receiver can optionally use a General Request (GRQ) data packet to retrieve

the identity of the Power Transmitter's manufacturer in a Power Transmitter Identity (ID) data

packet. The Power Receiver and Power Transmitter build the extended Power Transfer Contract

using GRQ/cap and GRQ/xcap data packets (recommended) and one or more Specific Request
(SRQ) data packets. To confirm the extended Power Transfer Contract and end the negotiation

phase, the Power Receiver uses an SRQ/en data packet.

Power Transmitter

FOD

NOTE: Figure 21 does not imply any particular required order or number of occurrences oxder,of
packets used in the negotiation phase (except for the SRQ/en data packet).

Figure 21. Data flow in the negotiation phase

Power Receiver

— FOD Helper Data

ACK/NAK

SRQ

ACK/NAK

SRQ/en

Confirm Extefdéd-Power Transfer Contract

ACK

Extended Power Transfer Contract

>~ Build Extended Power Transfe]

Confirm Extended Power Transfer

the data

I Contract

Contract

from the Power Transmitter (not shown in Figure 21).

The Power Receiver may Send an EP 1 data packetatany tme i the negotation phase to d

sengage


https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

6.1

-44 - IEC 63563-6:2025 © IEC 2025

Negotiable elements of the Power Transfer Contract

The Power Transmitter and Power Receiver can negotiate the following elements of the Power
Transfer Contract:

= Reference Power. The CFG data packet provides the initial Reference Power level. For
compatibility with Power Transmitters supporting the Baseline Protocol only, this factor is at
most 5 W.

NOTE: A Reference Power level of 5 W in the Power transfer Contract corresponds to a value of 10 in the
CEGand SRO /ro data packets see Section 8.4 Conficuration——CEG (0x51: simple auery) and
~/ T F r 7 4 J T C 4 r 1 4

Section 8.18.7, SRQ/rp—Reference Power: parameter field and responses. The RP8 afnd)RP data
packets are limited to report a Received Power level up to twice the Reference Poweft l¢vel. A
Power Receiver intending to operate at a target power level of 10 W should therefore n¢gotiate a
Reference Power level close to 10 W (e.g. using a value of 20 in the SRQ/rp data packet).

FSK Polarity and Modulation depth. The CFG data packet provides the igitial FSK properties. The
Power Receiver should choose initial properties that optimize FSK.communications ip the
negotiation phase. In the latter phase, the Power Receiver mayadjust the FSK properties to
optimize FSK communications in the power transfer phase:

NOTE: The Power Receiver should renegotiate the FSK propertiés when it encounters commuhications
issues in the power transfer phase.

Number of cycles per FSK bit. A lower number of.cy€les per FSK bit increases the throughput of
Power Transmitter to Power Receiver communications. The Power Receiver should negotiate
a lower value when it intends to retrieve aSubstantial amount of data from the Powey
Transmitter (such as during authentication, see the Qi Specification, Authentication Pfotocol).

Received Power reporting data packet. The Extended Protocol uses a 16-bit Received Power
resolution. Since the initial Power Transfer Contract has this element set to 8-bit, it i
necessary to update this element in the negotiation phase using an SRQ/rpr data packet.

Guaranteed Power. Thé Bower Receiver can use two approaches to negotiate an appropriate
Guaranteed Load Rower level. In the recommended approach, it requests the CAP datp packet
to determine thehighest level the Power Transmitter is willing to negotiate. In the altprnative
approach, ituses a trial-and-error approach, requesting several levels using SRQ/gp ¢lata
packets until'the Power Transmitter agrees to a requested level. The Qi Specification, |Power
Delivery, provides details about approaches to determine the appropriate Guaranteed Load
Power level.

NOTE: The alternative approach leaves the Potential Load Power level in the Power Receiver'q copy of

thaDaotar Teoncfar Coptract sl oz A DorvarDacatiuarcholdebarafora ok 1 £hic b roach
the-Pewer Fransfer-Contractunknown—APowerReceivershould-therefore notuse-this-App .

«  Re-ping delay. The Power Receiver can set a re-ping delay if it expects to have to interrupt the
power transfer temporarily. An example of a reason to interrupt the power transfer
temporarily is that a Power Receiver intends to use NFC communications, which the Power
Signal can distort.
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6.2 Updating the Power Transfer Contract

Both the Power Receiver and the Power Transmitter shall keep track of the elements of the Power
Transfer Contract that have changed. One way to do this is for both to duplicate the Power Transfer
Contract and apply the changes to one of the copies only. See Table 13 for an example.

Table 13: Example of duplication of an extended Power Transfer Contract

Element Old value New value
Reference Power TOW 15 W {negotiated)
Received Power window size 8 ms 8 ms
Received Power window offset 8 ms 8 s

Power Control Hold-off 5ms 5ms
Received Power resolution 8 bit 16 bit (negotiated)
FSK polarity, modulation depth, and Positive/Category 0/ Positive/Category 1/6%
number of cycles per bit 512 (negotiated)
Potential Load Power 15W 15w
Guaranteed Load Power 8SW 12 W (negotiated)
Re-ping delay 500 ms 500 ms (not negotiategl)

When the Power Receiver exits the negotiation or a renegotiation phase using an SRQ/en|data
packet, it compares the two copies, counits the elements that are different between the two, aind uses
this count as a parameter to the SRQ)en data packet. In the example of Table 13, the count is four.
When the Power Transmitter hasverified that it has the same change count (by comparing its own
two copies), it shall acknowledge the SRQ/en data packet. Moreover, it shall start to use the copy
containing the changes as the new Power Transfer Contract when it receives a data packet from the
power transfer phase:The Power Receiver shall start to use the copy containing the changes when
it has received thie ACK Response Pattern following the SRQ/en data packet.

NOTE: A change'to one or more of the FSK polarity, modulation depth, and number of cycles per bit founts as
a single change.

Whenaborting the negotiation phase, both the Power Transmitter and the Power Receivgr
continue to use the copy that does not contain the changes, i.e. they continue to use the efisting

ower ITansier Contract.
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Foreign Object Detection support

In the negotiation phase, the Power Receiver supplies the Power Transmitter with design
information, which the latter can use to determine whether Foreign Objects are present within its
Operating Volume. The Power Receiver shall send FOD/qf and FOD/rf data packets to provide this
information. See the Qi Specification, Foreign Object Detection, for reccommended methods.
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6.4 Wireless powerID

In addition, to the identification data the Power Receiver provides in the configuration phase, it may
also send its unique Wireless Power ID (using WPID /hi and WPID/lo data packets). The Power
Transmitter may use this Wireless Power ID for various purposes.

NOTE: The WPC is not currently managing the uniqueness of the Wireless Power ID. Accordingly, any use of
this functionality is proprietary.
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NFC tag protection support

In the negotiation phase, the Power Receiver may request the GRQ/xcap data packet to determine
whether the Power Transmitter supports NFC tag protection, whether it has performed NFC tag
protection, and whether it has detected an NFC tag in the Operating Volume. The Power Receiver
may also perform NFC tag protection. See the Qi Specification, NFC Tag Protection, for specific
details of the protocol steps involved.
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6.6 Negotiation phase state diagram

The state diagram shown in Figure 22 applies to the Extended Protocol only.
NOTE: For details about how to interpret this diagram, see Section 4.1, Ping phase state diagram.

Figure 22. State diagram of the negotiation phase (Extended Protocol only)
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Transitions from state 7

State 7 is the main state of the negotiation phase. In this state, the Power Receiver can send data

packets to negotiate properties of the extended Power Transfer Contract. In addition, it can send

data packets to provide other miscellaneous functionality. The following transitions are possible

from this state.

SRQ. The Power Receiver has sent a SRQ data packet. The Power Receiver shall send at least

one SRQ/rpr data packet in the negotiation phase. It shall not send an SRQ/rpr data pa

cketina

renegotiation phase. See Section 6, Negotiation phase, for the differences between the

negotiation phase and a renegotiation phase.

FOD. The Power Receiver has sent an FOD/qf or FOD/rf data packet. See the Qi(Specif
Foreign Object Detection, for details about the use of this data packet. The PowerRecei
send both FOD/qf and FOD /rf data packets in the negotiation phase. It shall'not send g
or FOD/rf data packets in a renegotiation phase. See Section 6, Negotidtion phase, for]
differences between the negotiation phase and a renegotiation pliase.

WPID. The Power Receiver has senta WPID /hi or WPID/lo data‘packet. A Power Recei
send either both or none of the WPID data packets

PROP. The Power Receiver has sent a PROP data packet.

PTx: reserved. The Power Transmitter has receivéd a reserved data packet.

cation,
ver shall
FOD/qf
the

ver shall

PRx: EPT. The Power Receiver has sent an EPT\data packet, requesting the Power Trafismitter

to remove the Power Signal.
GRQ. The Power Receiver has requested the Power Transmitter to send a specific dat

SRQ/en. The Power Receiver hassent an SRQ/en data packet to finalize the negotiate
Transfer Contract.

PTx: EPT. The Power Transmitter has received an EPT data packet.
PRx: aborted negotiation. This transition applies in four cases:

- The PowerReceiver has not been able to terminate a renegotiation phase succes
before timing out on the Control Error interval ¢, or Received Power interval
see-Section 7.3.2, Control Error (CE) data packets, and Section 7.3.3, Received Pow
and'RP8) data packets. The Power Receiver shall switch to the power transfer pha
Extended Protocol.

h packet.

0 Power

sfully
t

received’

er (RP
se of the

hase but

NOTE: If the Power Receiver has sent an SRQ/en data packet to finalize a renegotiation p

has not received an ACK Response Pattern, the renegotiated elements of the Power Transfer

Contract can differ between the Power Receiver and the Power Transmitter. Accordingly, the

Power Receiver should renegotiate these elements again in a next renegotiation phase. For

an example, see Section 6.6.5.10 , Resolution of a renegotiation failure (alternative
approach).
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= The Power Receiver has received a Response Pattern that violates the requirements
provided in Qi Specification, Communications Protocol (this document). The Power
Receiver shall switch to the power transfer phase without updating the Power Transfer
Contract. See Section 8, Power Receiver data packets, for the permitted Response Patterns
per data packet.

NOTE: The above requirement implies that if the violation occurs in the negotiation phase directly
following the configuration phase the Power Receiver switches to the power transfer phase
of the Baseline Protocol

- The Power Receiver has detected an unrecoverable error in the negotiation phasg. For
example, it has not been able to conclude the negotiation phase successfully-witHin
reasonable time.

t  PTx: CE/RP/RP8. The Power Transmitter has received a CE or RP8 datd packet, which
indicates that the Power Receiver has aborted the negotiation phase-Alternatively, thie Power
Transmitter has received an RP data packet, which indicates that the Power Receiver|has
aborted the renegotiation phase. The Power Transmitter shall discard all changes to the
Power Transfer Contract and switch to the power transfer.phase.
NOTE: If the Power Receiver has aborted the negotiation'phase, the Power Transmitter switches to the

power transfer phase of the Baseline Protocol. {ff thé Power Receiver has aborted a renegotiation
phase, the Power Transmitter switches to the.power transfer phase of the Extended Prptocol.
PTx: negotiation-timeout. The Power Trangmitter has not detected the start of a data|packet

from the Power Receiver before the negetiation timeout ¢,

negotiate: S€€ Section 6.7.1, Confsecutive

data packets, for the timeout value.
NOTE: The negotiation time out issimilar to the next data packet timeout ¢, in the configuratjon phase.

PTx: illegal data packet. The:Power Transmitter has received a data packet not listed pn any
one of the transitions pf state 7.

When switching to thetping phase, the Power Transmitter enters state F (and removes thg¢ Power
Signal).
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6.6.2 Transitions from state 8

6.6.3

n arenegotiation phase, the Power Transmitter shall send ND when the last received dat

query data packet. The following transitions are possible from this state.

In state 8, the Power Transmitter sends an appropriate Response Pattern, replying to a simple-

ACK/ATN/NAK/ND. The Power Transmitter has replied to the last received data packet. See
the data packet definitions in Section 8, Power Receiver data packets, for the appropriate

responses. If the received data packet is a reserved data packet or an unsupported PROP data

packet, the Power Transmitter shall reply with ND.

packet

was an SRQ/rpr, FOD/qf or FOD/rf data packet.

Transitions from state 9

[n state 9, the Power Transmitter sends an appropriate data packet in response to the GR|
packet. The following transitions are possible from this state.

PRx: response-timeout. The Power Receiver has not detected a reply to its simple-quel
packet before the response timeout ¢,ggonsetimeou Presumably because the Pgwer Trary

did not receive the data packet correctly. See Section 6.7.2, Simple-query,and data-reqy
packets, for the timeout value.

CAP/XCAP/ID/PROP. The Power Transmitter has'replied to the GRQ data packet with
requested data packet.

NULL. The Power Transmitter has returned the NULL data packet because the reques
packet is not a CAP, ID, or PROP datgpacket.

PRx: response-timeout. The Power Receiver has not detected a reply to its GRQ data p
before the response timeout ¢ e onsetimeour Presumably because the Power Transmitter
receive it correctly. See-Section 6.7.2, Simple-query and data-request data packets, for
timeout value.

y data
smitter

estdata

) data

the

ted data

hcket
did not

the
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6.6.4 Transitions from state 10

In state 10, the Power Transmitter sends an appropriate Response Pattern, replying to the SRQ/en
data packet. The following transitions are possible from this state.

ACK. The Power Transmitter has verified that
It has received and acknowledged an SRQ/rpr data packet.
It has received and acknowledged FOD/qf and FOD/rf data packets.

The count value in the SRQ/en data packet is equal to the number of elements of the Power
Transfer Contract that have changed.

After switching to the power transfer phase, it shall use the updated Power Transfér Contract.

NAK. The Power Transmitter has determined that the conditions for sendingdn ACK
Response have not been satisfied. It shall discard all changes to the Power Transfer Cpntract
(and stay in the negotiation phase).

PRx: ND/ATN. The Power Receiver shall abort the negotiation phase, discard all changgs to the
Power Transfer Contract, and proceed to the power transferphase of the Baseline Prptocol.
Alternatively, the Power Receiver shall abort the renegotiation phase, discard all charnges to
the Power Transfer Contract, and proceed to the powef transfer phase of the Extendgqd
Protocol.

PRx: response-timeout. The Power Receiver haswot detected a reply to its SRQ/en dath packet
before the response timeout ¢,..onsetimeouy PFeSUMably because the Power Transmitter did not
receive it correctly. See Section 6.7.2, Simple-query and data-request data packets, for [the

timeout value.

This timeout results in an operating phase mismatch, with the Power Receiver remaihing in
the negotiation phase and the Power Transmitter switching to the power transfer phfse. The
Power Receiver shall resolve this mismatch by repeating the SRQ/en data packet untfl it
receives an ACK or NAKresponse. In a renegotiation phase, repeating the SRQ/en dath packet
may lead to a violation of the timing constraints on the transmission of CE and/or RP/0 data
packets.

NOTE: IfthePower Receiver has to resend the SRQ/en data packet too often, it should start sengling EPT/
afrdata packets. It is the Power Receiver's decision how many times it will retry the SRQ/en data
packet.

See Sedtion 6.2, Updating the Power Transfer Contract, for information about when to starnt using
the ipdated parameters.
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6.6.5 Examples

6.6.5.1 Recommended negotiation approach

Figure 23 shows an example of a data packet sequence in the negotiation phase. The underlined

data packets are mandatory in the negotiation phase. All other data packets are optional.

Figure 23. Recommended negotiation approach

GRQ/id 1D FOD/rf ACK FOD/af ACK SRQ/rpr ACK GRQ/cap CAP GRQ/xcap XCAP SRQ/rp ACK SRQ/gp ACK SRQ/en ACK

fersion 1.3 PON=15W  PIN=10W P =10 W Count =3

Plreel =12 W
[n this example, the Power Receiver uses the GRQ/id data packet as the first data packet i
negotiation phase. The purpose hereof is to determine whether the Power Transmitter's
supports the FOD/rf data packet. Next, the Power Receiver sends the FOD /¢, ahd FOD/qf]
packets to help the Power Transmitter discriminate between Foreign Objeets and Friendly
The Power Transmitter acknowledges both data packets, meaning that-it did not detect a
Object. Subsequently, the Power Receiver sends the following data packets:

An SRQ/rpr data packet to set the Received Power resolution in the Power Transfer (
to 16 bit.

A GRQ/cap data packet to retrieve the Power TransSmitter's capabilities such as its Po

PPy pine).

Load Power level and Negotiable Load'Rower level

A GRQ/xcap data packet to retrieve the Power Transmitter’s additional capabilities, sy
NFC tag protection information and-status.

An SRQ/rp to send an appropriate Reference Power level Pﬁreﬂ .

An SRQ/gp data packetterequest a particular Guaranteed Load Power level P(Lreq) (b
the information obtained from the CAP data packet).
An SRQ/en data packet to exit the negotiation phase. (In the example, the count is th

because of.theupdates to three elements of the Power Transfer Contract, namely the H
Power resolution, the Reference Power level, and the Guaranteed Load Power level.)

n the
version
data

r Metals.
Foreign

ontract

tential

chasits

hsed on

ce
teceived
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6.6.5.2 Alternative negotiation approach (not recommended)
Figure 24 shows an example of the alternative approach to negotiate a Guaranteed Load Power
level.

Figure 24. Alternative negotiation approach

GRQ/id D FOD/rf ACK FOD/af ACK SRQ/rpr ACK SRQ/gp ACK SRQ/gp ACK SRQ/rp ACK SRQ/en ACK

Version 1.3 P, lredl =8 W plred =12 W plrefl = 14 W Count=3

The first four data packets sent in this sequence are the same as in the previous example. Instead of
retrieving the Power Transmitters' capabilities, the Power Receiver uses a trial and error approach

to determine an appropriate Guaranteed Load Power level by sending the following data packets:

A first SRQ/gp data packet to select a Guaranteed Load Power level of P%td) = 8 W, which the

Power Transmitter accepts.

L A second SRQ/gp data packet to select a higher Guaranteed Load Péwer level of P%gtd) =12W,

which the Power Transmitter accepts as well.

t  An SRQ/rp data packet to set the Reference Power level at Pfreﬂ =14 W.

An SRQ/en data packet to exit the negotiation phase-(Similar to the preceding example, the
count is three even though the sequence updates'the Guaranteed Load Power level tWice.)

6.6.5.3 Abort to the Baseline Protocolbecause of an FOD trigger

Figure 25 shows an example of an abortedinegotiation sequence in which the Power Recdiver
decides to continue with the Baseline-Protocol, because the Power Transmitter has indicqted that
it detected a Foreign Object by responding with a NAK Response Pattern to an FOD/qf or [FOD /rf
data packet. To avoid that the Pogwer Transmitter removes the Power Signal, the Power R¢ceiver
switches to the power transfer phase of the Baseline Protocol.

NOTE: In the latter phasesthe Power Transmitter continues FOD and may still remove the Power Jignal if
necessary.

Figure 25. Aborted to the Baseline Protocol because of an FOD trigger

SIG—ID—CFG—ACK— |GRQ/id—ID—FOD/rf—ACK—FOD/qf ~NAK |~ CE—CE—RP8CE—CE

Version 1.3

Ping and configuration phases Negotiation phase Baseline power transfer phase
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6.6.5.4 Resolution of an operating-phase mismatch

Figure 26 shows an example of a negotiation sequence in which the Power Receiver times out on a
corrupted ACK response to the SRQ/en data packet. In this case, the Power Receiver repeats the
SRQ/en data packet until it receives the ACK from the Power Transmitter correctly and only then
switches to the power transfer phase. The Power Transmitter has already switched to the power
transfer phase after it ACK'ed the first SRQ/en data packet.

NOTE: Once Power Receiver has sentan SRQ/en data packet and times out on the response, the protocol does
not allow the Power Receiver to fall back to the Baseline Protocol (see the requirement in the PRx:

L o PRy 4 TEL £ fora 7 Tl iedlhot il o D T Y
aborted-hegotiationtransitionfronstate 7 Thereasenis-thatthe Power Fransmitter-mayave
already switched to the power transfer phase of the Extended Protocol. However, the Poywer|Receiver
can fall back to the Baseline Protocol by restarting the power transfer by sending an appropfiate EPT

data packet.
Figure 26. Resolution of an operating-phase mismatch
SIG ID CFG ACK GRQ/cap—CAP-—SRQ/rp—ACK—SRQ/gp—ACK—SRQ/en M SR@Jen ACK | CE-CE
Ping and configuration phases Negotiation phase PRx: Power trarfsfer phase

PTx: Power transfer phase

6.6.5.5 Power-Receiver initiated renegotiation

Figure 27 shows an example of a renegotiation sequence, in which the Power Receiver quickly
updates an element of the Power Transfer Contract and resumes with the power transfer|phase.

Figure 27. Power Receiver initiated renegotiation

CE—CE—RP/0—ACK—CE—NEGO—AQK® [SRQ/gp—ACK—SRQ/en—ACK| —CE—CE—RP/0—ACK—CE—CE

Count=1

Powentransfer phase Renegotiation phase Power transfer phase

6.6.5.6 Power-Transmitter initiated renegotiation

Figure 28 showsanéxample of a renegotiation sequence initiated by the Power Transmittgr. In this
example, theGlilaranteed Load Power level in the Power Transfer Contract is Pﬁétd) =12 W (not
shown inkigure 28) and the system operates at a Received Power level of about P, = 13 W. When
Power<Iransmitter needs the Power Receiver to reduce its power consumption because itjis about
Lo oyerheat, it requests permission to communicate by responding to an RP/0 data packeft with
TN. The Power Receiver grants this permission by sending a DSR/poll data packet, enabling the
Power Transmitter to send its CAP data packet. Because the Negotiable Load Power level reported
in this data packet is lower than the Guaranteed Load Power level in the Power Transfer Contract),
the Power Receiver initiates a renegotiation phase to update the Guaranteed Load Power level in

the Power Transfer Contract.

Figure 28. Power Transmitter initiated renegotiation

CE-CE-RP/0-ATN- CE-DSR/poll--CAPCE--NEGO-ACK [ SRQ/gpACK-SRQ/en-—ACK| - CE-RP/0-ACK CE

P,=13.2W PP =15 W plreal =5 W Count=1
P (ne8) =5 W

Power transfer phase Renegotiation phase Power transfer phase
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6.6.5.7 Repeated renegotiation

Figure 29 shows an example of a repeated renegotiation sequence. The Power Receiver can use a
sequence like this to determine if a higher Guaranteed Load Power level is possible again after the
Power Transmitter has reduced it to avoid overheating (see the preceding example). The Power
Receiver uses multiple attempts to increase the Guaranteed Load Power level in the Power Transfer
Contract. After each unsuccessful attempt, the Power Receiver switches back to the power transfer
phase in order to satisfy the constraints on the CE data-packet timeout ... See Section 7.3, Power
transfer phase timings, for details. The Power Receiver does not end the first and second of the

anagaotiation nwhacac i tho o
eRegotatteRprasesH+e-S

arith SDO) /an haca
T Ho

caitdid not v len changnc 40 tha Power
o e BecausSetata ot haKke-enaRgesto+tie

Transfer Contract.

Figure 29. Repeated renegotiation

CE NEGO ACK |SRQ/gp NAK| CE NEGO ACK [SRQ/gp NAK| CE NEGO ACK [SRQ/gp ACK)SRQ/en ACK|| CE

P lreal = 15 W Plreal =12 W P rea) = T Count=1

Renegotiation phase Renegotiation phase Renegotiation phase

Power transfer phase Power transfer phase Power transfer phase,

6.6.5.8 Renegotiating to a higher power level

Figure 30 shows an example of a renegotiation phase/in‘which the Power Receiver attempts to
update the Guaranteed Load Power level in the PowerTransfer Contract. In this example, the Power
Transmitter denies the update. The reason for this denial could be that the Power Transnjitter
heeds some time to reconfigure its power supply. When the Power Transmitter is ready t¢ grant
the request, itasks for permission to communicate by responding to an RP/0 data packet wjith ATN.
The Power Receiver then enables the Power Transmitter to send its CAP data packet, which the
Power Receiver takes as a signal to(feattempt negotiating the Guaranteed Load Power leviel.

NOTE: The Power Receiver doesmot use an SRQ/en data packet to terminate the aborted negotiation.

Figure 30. Renegotiating to a higher power level

CE- NEGO ACK | SRQYgp* NAK| CE .. CERP/O ATN- CE DSR/poll- CAP CE NEGO ACK |SRQ/gp ACK SRQ/enACK| [E

Wissf = 12 W P,=5.6W PlPot) = 15 W pleal=12W  Count=1
Plredl =12 W

Renegotiation phase Renegotiation phase

Power transferphase Power transfer phase
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6.6.5.9 Resolution of a renegotiation failure (recommended approach)

NOTE: This section applies only if the Power Receiver aborts the renegotiation phase after sending one or

more SRQ/en data packets and before receiving an ACK Response Pattern.

Figure 31 and Figure 32 shows examples of renegotiation sequences in which communications

errors can result in a mismatch between the Power Transmitter Contracts of the Power
Transmitter and the Power Receiver. In the data packet sequence of Figure 31 a mismatch

initially

occurs because the Power Transmitter sends its ACK Response Pattern and starts using the new

Power Transfer Contract, while the Power Receiver does not receive the Response Pattern correctly

the

anrd-thereforecontinttesto-use-the-otd Power-Fransfer-Contract—Toresotve-the-mistmateh
Power Receiver should resend its SRQ/en data packet as often as necessary to obtainra’Ry
Pattern. As indicated in Section 7.3.2, Control Error (CE) data packets, and Section7:3!3, R
Power (RP and RP8) data packets, the Power Receiver may violate the timing constraints o
RP data packets to resolve the renegotiation failure. However, when failingto’obtain a Re
Pattern after five or six retransmissions of the SRQ/en data packet, the Pewer Receiver sho
EPT/rep data packets to restart the power transfer.

NOTE: When restarting the power transfer following an EPT/rep data,patket, the Power Transmitt
suppress potentially distracting user interface events than can alarm the user, see Section g
Power Transfer—EPT (0x02; power control). The Power Receiver should do likewise to silent
the issue.

When there is a communications error when ending.a renegotiation phase in which the B
Receiver changes the properties of the FSK comrmunications channel, the Power Receiver
hlternate between the new properties and the.gld properties of the channel when resolvi
failure. The reason is that the missed ACK Response Pattern can also result from a commun
error in the SRQ/en data packet itself,:see Figure 32.

As a detailed explanation of the exafmiples, in Figure 31, the Power Transmitter receives the
data packet and sends its ACK Response Pattern. Subsequently, it returns to the power trg
phase and starts to use the négative FSK polarity. However, the Power Receiver has not recq
ACK Response Pattern and therefore continues in the renegotiation phase. Because it knoy
can be a mismatch in‘the power transfer contracts, it starts to use alternate between nega
positive FSK polarity"when receiving a Response Pattern. When the Power Receiver uses a
FSK polarity,.it'does not receive the Response Pattern, and a new communications error
However, when it uses a negative FSK polarity, it can receive the Response Pattern correctl
there are further communications errors (as indicated by the dashed crosses).

Figure 31. Resolution of a communications error at the end of a renegotiation phase
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PRx: Power transfer phase | Renegotiation phase Power transfer phase

Use Use Use Use Use Use Use
positive positive negative positive negative positive negative
polarity polarity polarity polarity polarity polarity polarity

CE  NEGO ACK SRQ/fsk ACK SRQ/en x SRQ/en RC‘]( SRQ/en M SRQ/en AGK SRQ/en IXSRQ/EH ACK CE
Use | Set Use Use Use Use Use Use
positive | negative positive negative negative negative negative negative

polarity | polarity polarity polarity polarity polarity polarity polarity

PTx: Power transfer phase | Renegotiation phase Power transfer phase
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In the example of Figure 32, there is initially no mismatch because the Power Transmitter does not
receive the SRQ/en at packet terminating the renegotiation phase. However, because the Power
Receiver cannot distinguish this case from the example in Figure 31, it starts to alternate between
the negative and positive FSK polarity. This decision causes a mismatch to occur with the Power
Transmitter returning to the power transfer phase and starting to use the negative FSK polarity, and
the Power Receiver staying in the renegotiation phase until it receives the ACK Response Pattern
(which it eventually does).

Figure 32. Resolution of a communications error at the end of a renegotiation phase (ll)

|
PRx: Power transfer phase | Renegotiation phase Power tfansfer phase
Use Use Use Use Use Use
positive negative positive negative positive negatife
polarity polarity polarity polarity polarity pafahith
CE NEGO ACK SRQ/fsk ACK S%n SRQ/en ){ SRQ/en M SRQ/en— A€k SRQ/en M srRa/kfyAck ce
Use | Set Use Use Use Use, Use
positive | negative positive negative negative negativg negative
polarity | polarity polarity polarity polarity polufity polarity
PTx: Power transfer phase | Renegotiation phase Power transfer phase

6.6.5.10 Resolution of a renegotiation failure (alternative approach)

NOTE: This section applies only if the Power Receiver abofts the renegotiation phase after sending one or
more SRQ/en data packets and before receiving atrACK Response Pattern.

Figure 33 shows an example of an aborted renegotiation sequence, which results in a migmatch
between the Power Transfer Contracts of the Power Transmitter and Power Receiver. In the first
renegotiation phase, the Power Receiver;requests the Power Transmitter to change the
Guaranteed Load Power level to 12 W.Due to a communications error, the Power Receiver floes not
receive the ACK Response Pattern«to’the SRQ/en data packet confirming that the Power
Transmitter has updated its Pewer Transfer Contract. Because of the timing constraint or} the CE
data packet (see Section 7(3.2; Control Error (CE) data packets, for details), the Power Redeiver
cannot retransmit its SRQ /en data packet. Accordingly, the Power Receiver aborts the renegotiation
phase without changing its Power Transfer Contract, and a mismatch occurs between the|two
Power Transfer Contracts.

Figure 33. Resolution of a renegotiation failure

CE- NEG@=ACK SRQ/gp ACK —SRQ/en x CE NEGO ACK |SRQ/gp ACK SRQ/en NAK| CE NEGO ACK |SRQ/gp ACK SRQ/er| ACK| CE

p eal = 12 W Count=1 Pled =12 W Count=1 plred) = 12 W Count o

Renegotiation phase Renegotiation phase Renegotiation phase

Power transfer phase Power transfer phase Power transfer phase
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To repair the mismatch, the Power Receiver engages in a new renegotiation phase immediately
after sending the CE data packet. In this example, the Power Receiver repeats its request to change
the Guaranteed Load Power level to 12 W. Because the Power Transmitter has already changed the
Guaranteed Load Power level in its Power Transfer Contract (it has sent an ACK Response Pattern
to the SRQ/en data packet in the initial renegotiation sequence), the Power Transmitter sends a
NAK Response Pattern in the second renegotiation sequence. The Power Receiver may take this as
a signal to change the Guaranteed Load Power level in its Power Transfer Contract, resolving the
mismatch that occurred due to the communications error. To make completely sure, the Power
Receiver engages in a third renegotiation sequence and repeats its request for a Guaranteed Load

ower level of IZ W one more time. Because the Guaranteed Load Power level In its Power ['ransfer
Contract is set to12 W already; it terminates the renegotiation sequence with a Count®valug of zero
in the SRQ/en data packet. Since the Power Transfer Contract of the Power Transfiitter aso
contains a Guaranteed Load Power level of 12 W, and no change occurs, the Power Transmitter
sends an ACK Responds Pattern in this renegotiations sequence.
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6.7

Negotiation phase timings

Table 14 provides an overview of the timing constraints that apply to the communications and
other actions in the negotiation phase.

Table 14: Timing constraints in the negotiation phase

Parameter Side Symbol Minimum Target Maximum | Unit
Silent window PRx Lstent See Table 12 in Section 5.2, Configuration
Next data packet window PRx tart phase timings.

Negotiation timeout PTx Eregotiate 300 N/A 500 ms
Response start window’ PTx tresponse 3 N/A 10 ms
Response timeout PRX | tresponsetimeout 15 N/A N/A ms

Power termination window PTx Lrerminate See Table 1Xin,Section 4.2, Ping phasd

timings.

Reset window PRx trosset

FOD grace window PTx top NYA N/A 5,000 ms

The number of cycles the Power Receiver can usg te determine the operating frequency f,, befdre
the start of the Response Pattern is N, = 3 - f5,, With f,, in kilohertz. For example, at f,; = 125 kHz,
N, 375.

cycles —
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6.7.1 Consecutive data packets

A Power Receiver shall start to transmit the preamble of a next data packet at t,,. from the end of
the data packet directly preceding it. See the Qi Specification, Communications Physical Layer, for
the reference times defining the start and end of a data packet. See Section 5.2, Configuration phase

timings, for an illustration.

A Power Receiver shall start sending the next data packet at ¢, from the end of the preceding
Response Pattern or Power Transmitter data packet. The ACK response sent to the CFG data packet
counts as a preceding Response Pattern.

Figure 34. Timing of consecutive data packets

tsturt |

tsilom
Response Pattern or PTx data packet PRx data packet l—

| tnegnti;lt(- | tlcrmilmlc trcscl |

Response Pattern or PTx data packet I PRx data packet

[f the Power Transmitter has not received a data packet at ¢, 4y, it shall remove the Powgr Signal
At ¢,

erminate*
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6.7.2 Simple-query and data-request data packets

A Power Transmitter shall start to transmit its response at ¢

response (1OM the end of a simple-query

data packet or a data-request data packet.

Figure 35. Power Transmitter response timing

tl‘(‘SpOIISC
—| Simple-query data packet

L
TESpOTST
—| Data-request data packet PTx Data packet

[f a Power Receiver has not detected the start of a Response Pattern or data packet at ¢ . bnsetimeout

from the end of a simple-query or data-request data packet, it should assufirtg'the Power
[ransmitter did not receive its data packet. In that case, it should retry sending its simple-guery or
data-request data packet at least once. If it has not detected a Response Pattern after two retries, it
should abort the negotiation phase and proceed to the power tramsfer phase of the Baseline

Protocol. Alternatively, if it has not detected a Response Patternafter two retries, it should gbort the
renegotiation phase and proceed to the power transfer piase of the Extended Protocol.

Figure 36. Power Receiver response timeout (recommended behavior)

tl
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NOTE: When the Power Receiver fails to detect the Response Pattern or Power Transmitter data packet, there
is a risk of collisions between further Power Transmitter and Power Receiver communicatipns. The
Power Transmitter and PowenrReceiver should take the following precautions to prevent sych
collisions:

(Power Receiver) Delay.sending the next data packet until after the expected end of the failed
Response Pattern or Power Transmitter data packet

(Power Receiver) Continuously monitor the FSK communications channel and delay sending
the next data-packet until there are no FSK communications ongoing

(Power Transmitter) Continuously monitor the Power Signal for an incoming data patket and
abort any FSK communications after detecting a preamble
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End Power Transfer (EPT) data packet

A Power Transmitter shall remove the Power Signal at ¢, from the end of an EPT data packet

and switch to state F of the ping phase, regardless of the End Power Transfer Code contained in the

erminate

data packet. After removing the Power Signal, the Power Transmitter shall initiate a first Digital
from the end of the EPT data packet. The value of ¢

Pingat¢, nextping d€pends on the value

extping
contained in the EPT data packet.

Figure 37. End Power Transfer data packet timing

tnextping

Lterminate Lreset |

EPT

Digital Ping

After sending a first EPT data packet, the Power Receiver should continue to send EPT datg packets
while the Power Signal is present. The transmission of these data‘packets shall comply with the
timing constraints for consecutive data packets provided in Séotion 5.2.2, Consecutive datd packets.

NOTE: Consecutive EPT data packets may contain different.values in their End Power Transfer Codle fields.

lllegal data packet

The Power Transmitter shall remove the Poweér Signal at after receiving an illegal |[data

tterminate

packet.
Figure 38. lllegal data packet timeout

Lterminate Lreset |

—| lllegal data packet ———
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6.7.5 FOD grace window

A Power Transmitter shall remove the Power Signal at t,;, when:

- the Power Transmitter has replied with a NAK Response Pattern to one or more FOD/qf or
FOD/rf data packets, indicating that it has detected a Foreign Object; and

- the Power Receiver has not switched to the power transfer phase of the Baseline Protocol in
response to the first NAK Response Pattern. Reception of an RP8 data packet is a clear
indication to the Power Transmitter that the Power Receiver has made this switch.

e o o N P T T S RPN Rt SR -

NUTL. TIICTOWCT RELCIVET LA SWILLITTU ULUIC pUWCET LUHAISICT PIIdST DY TUHHUWITG UIC FRX. UDUTLed 1l yOtlathH
transition from state 7 in the state diagram shown in Figure 22 in Section 6.5, NFC tagprotection
support.

Figure 39 shows an RP8 data packet arriving too late for the Power Transmitter toyreceive |t within
the FOD grace window tg,p. Accordingly, the Power Transmitter removes the Power Signall.

Figure 39. FOD grace window timeout

| trop

oo NS

negotiation phase*| power transfer phase
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7 Power transfer phase

The power transfer phase is the part of the protocol in which actual power transfers to the Power
Receiver's Load. The power transfer proceeds subject to the conditions in the Power Transfer

Contract created in the negotiation phase. The Power Receiver controls the power level by sending
control error data, which is a measure for the deviation between the Power Receiver's target and
actual operating points. The Power Transmitter and Power Receiver aim to drive the control error
data to zero, at which point the system is operating at its target power level. See the Qi Specification,

ower Delivery, for details ahout power control

[n addition to control error data, the Power Transmitter and Power Receiver exchangeinformation
intended to facilitate FOD. The Power Receiver regularly reports the amount of pewer it
receives—the Received Power level—and the Power Transmitter can signal whéther it hgs
detected a Foreign Object. The recommended method for FOD in the power/transfer phase is
power-loss accounting. In this approach, the Power Transmitter compares-the Received Hower
level as reported by the Power Receiver with the amount of power it transmits—the Transmitted
Power level—and signals the Power Receiver when the differencé€xceeds a threshold. See the

Qi Specification, Foreign Object Detection, for details about FOD.in the power transfer phage.

[f circumstances so require, the Power Transmitter or the'\Power Receiver may request
renegotiation of the Power Transfer Contract. Examples of such changed circumstances ipclude:

The Power Receiver requires (substantially)anore power than previously negotiated,
The Power Transmitter has detected that-its operating at a low efficiency.

The Power Transmitter is no longer able to sustain the current power level because df an
increased operating temperature (or vice versa, it allows the Power Receiver to operate at a
higher power level after cooling)down sufficiently).

The Power Transmitter and P@wer Receiver can exchange application-level data throughgut the
power transfer phase by initidting data transport streams. An important common applicdtion is
huthentication, where both sides can verify their counterpart's credentials in a tamper refistant
manner.

For example, aRower Receiver may want to verify the credentials of a Power Transmitter tp ensure
that it can tfust the latter to operate safely at elevated power levels—having the proper crgdentials
implies-having passed compliance testing.

Aceordingly, a recommended approach to the power transfer is to start at a low power levgl (e.g. at

b hoad Power of P, <5 W), and control the power to a higher level only after successfully

completing the authentication protocol.

NOTE: Itis recommended that the Power transmitter and Power Receiver first negotiate a Power Transfer
Contract for the low power level, and after successful authentication renegotiate a Power Transfer
Contract for the higher power level.
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Figure 40 and Figure 41 summarize the data flow in the power transfer phase as explained above.
The Power Receiver typically sends Control Error (CE) data packets several times per second. It
sends Received Power data packets (RP8 in the Baselines Protocol and RP in the Extended
Protocol) typically once every 1.5 second.

In the Extended Protocol, the Power Transmitter may reply to an RP data packet with an Attention
(ATN) Response Pattern to request permission to send a data packet.

The Power Transmitter and Power Receiver may use Data Stream Response (DSR), Power
Transmitter Capability (CAP), and Renegotiate (NEGO) data packets to initiate renegotiation of an
lementin-the PowerTransfer-Contract{typicall-the-Guaranteed-boad-RowerFEinaly-they may

use Auxiliary Data Control (ADC), Auxiliary Data Transport (ADT), and DSR data packetsito
exchange application-level data.

Figure 40. Data flow in the power transfer phase (Baseline Protocol)

Power Transmitter Power Receiver

CE

Adjust Opefrating Point

RP8

Report ived Power
(FOD Helper Data)

Figure 41. Data flow in the power transfer phase (Extended Protocol)

Power Transmitter Power Receiver

CE

Adjust Operating Point

Report Received Power
(FOD Helper Data)

NOTE: Figure 40 and Figure 41 do not imply any particular required order or number of occurrences of the
data packets used in the power transfer phase.
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7.1 Power transfer state diagram

Figure 42 and Figure 43 show the state diagrams governing the Baseline Protocol and Extended
Protocol, respectively. Apart from the additional features available in the Extended Protocol, there

are a few differences between the two:

In the Baseline Protocol, the power transfer phase follows the configuration phase. In the
Extended Protocol, it follows the negotiation phase.

In the Baseline Protocol, the Power Receiver uses short RP8 data packets. In the Extended

Protocot; ituses tong RPdata packets:

NOTE: For details about how to interpret this diagram, see Section 4.1, Ping phase state dia@.

Figure 42. State diagram of the power transfer phase (Baseline Pro%:(a}‘)
0{

0)9 PRx - PTx; data gacket

65 o PTx -> PRx; Respgnse Pattern

ping phase

® PTx - PRx; data gacket

O
\@ @ No comms

Os\ <label> applies to both|PRx and PTx

configuration phase ping pHase

ping phase
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Figure 43. State diagram of the power transfer phase (Extended Protocol)
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7.1.1 [Transitions from state 11 .Q§
N\

State 11 is the main state in the p&@r transfer phase. In this state, the Power Receiver cgn send
data packets to control the po and provide data transport stream functionality. The fofllowing
kransitions are possible fr is state.

NOTE: See the Qi Specifi tion, Foreign Object Detection, for restrictions on the use of data packets at certain
stages of the eﬁﬁ" transfer phase.

.t CE.The Pow@)(eceiver has sent a CE data packet. See Section 7.3, Power transfer phqse

timing he timing requirements.

RP @e Power Receiver has sent a short RP8 data packet. See Section 7.3, Power trapsfer
e timings, for the timing requirements.

\QﬁOTE: This transition exists in the Baseline Protocol only.

- RP/4.The Power Receiver has sent an RP/4 data packet. See Section 7.3, Power transfer phase
timings, for the timing requirements.

NOTE: This transition exists in the Extended Protocol only.
«  CHS. The Power Receiver has sent a CHS data packet.

»  PROP.The Power Receiver has sent a PROP data packet. The Power Transmitter shall ignore all
unsupported PROP data packets.

NOTE: In the case of proprietary data packets that the Power Transmitter does support, it may switch to
state 13 or state 15, depending on the intended use of the proprietary data packet.
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PRx: EPT. The Power Receiver has sent an EPT data packet, requesting the Power Transmitter
to remove the Power Signal. The Power Receiver should set an appropriate error code to
enable the Power Transmitter taking appropriate corrective action.

PTx: reserved. The Power Transmitter shall ignore all reserved data packets.
PTx: EPT. The Power Transmitter has received an EPT data packet

PTx: comms-loss-timeout. The Power Transmitter has not correctly received a CE, RP8, or RP
data packet from the Power Receiver before the associated timeouts. See Section 7.3.6, Comms-
loss-timeout (Power Transmitter), for the timeout values.

PTx: illegal data packet. The Power Transmitter has received a data packet not listéd,pn any
one of the transitions of state 11.

NOTE: The Power Transmitter can receive an illegal data packet when a user quicklyseplaces the Power
Receiver with another one. In this scenario, the other Power Receiver staftsithe protoco] from the
ping phase, typically sending the following data packet sequence: SIG—~ID—CFG—... T¢ avoid
damaging the Power Receiver due to too high a Power Signal, the Power Transmitter shpuld stop
the power transfer as quickly as possible if it detects a Power Receiver swap.

RP. The Power Receiver has sent an RP data packet. See Section 7.3, Power transfer phase

timings, for the timing requirements.

NOTE: See the Qi Specification, Foreign Object Detection, for'the use of other modes of the RP dajta packet.

ADC. The Power Receiver has sent an ADC datapacket to control the transmission of f data
transport stream. See Section 7.2.1, Data transport stream format, for the format of a[data

transport stream, and Section 8.1, Auxiligry-Data Control—ADC (0x25; simple query), for the
available control options.

ADT. The Power Receiver has sentan ADT data packet in a Power Receiver to Power
Transmitter data transport stréam. See Section 7.2.1, Data transport stream format, fpr the

format of a data transport stream. This section also provides details about the odd/even header
mechanism used to recoyver from communications errors.

NOTE: The odd/even states associated with the mechanism shown in the state diagram of Figfire 48 in
Section 723, Data transport stream format, represent two manifestations of states 11 ajnd 13. To
avoid €lutter, Figure 43 does not show these odd/even states explicitly.

PTx: SRQ¥en: The Power Transmitter has received an SRQ data packet to end the negqtiation
phasenn state 13, it shall send an ACK Response Pattern.

NOTE: The Power Transmitter receives this data packet only in the case of an operating phase miismatch,
with the Power Receiver still being in the negotiation phase.

DSR. The Power Receiver has sent a DSR data packet to progress a Power Transmitter to
Power Receiver data transport stream. See Section 7.2.1, Data transport stream format, for
more information about data transport streams.

NEGO. The Power Receiver has sent a NEGO data packet to request permission to enter a
renegotiation phase.
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7.1.2

7.1.3

expected action in response to:
= ANAK'ed RP data packet.

= An ATN response to a simple-query data packet.

PTx: action-timeout. The Power Transmitter has not observed the Power Receiver taking the

- A Power Transmitter data packet sent in response to a DSR data packet (e.g. DSR/ack—

ADT).

- Arequest for renegotiation.

ANOTE AD T 3
NOTLS

oS rlo D n H FPNE TPV ES e L

—ARewerFransmittereanrrequestthe PowerReeeiverto-inttiate-arenegotiationpt

transmitting a CAP data packet in response to a DSR data packet. See Section 6:6'5)
Transmitter initiated renegotiation, for an example.

See Section 7.3.7, Action-timeout, for the expected actions and associated timiihgs.

When switching to the ping phase, the Power Transmitter enters state F faid removes th
Signal).

Transitions from state 12

[n state 12, the Power Transmitter adjusts the power levelbased on the control error dat
received. The Power Receiver waits until the Power Transmitter has finished controlling th
level. See the Qi Specification, Power Delivery, for details about the power control. The foll
transition is possible from this state.

t  Ready. The Power Transmitter has finished adjusting the power level.

NOTE: The Power Receiver can use a timer to'determine when the Power Transmitter has finished
the power level because the length'of the time window for adjusting the power level is fixe
Section 7.3.2, Control Error (CE)data packets, for the length of the time window.

Transitions from state’' 13

[n state 13, the Powey Transmitter sends an appropriate Response Pattern, replying to a §
query data packet.The following transitions are possible from this state.

L ACK/NAK/ND. The Power Transmitter has replied to the received data packet. See Se
8.18X5,)SRQ/rcs—Recalibration support: parameter field and responses, Section 8.1, A
Dapa Control—ADC (0x25; simple query), and Section 8.2, Auxiliary Data Transport—A

ase by

b , Power-

b Power

h it
e power
pwing

hdjusting
.See

imple-

Ction
xiliary
DT

¢multiple header codes; simple query) for the appropriate responses.

«  ATN. The Power Transmitter has requested attention from the Power Receiver, e.g. because it

has a data packet to send.

NOTE: When giving this reply, the Power Transmitter should ignore the contents of the received data

packet because it cannot give an appropriate ACK, NAK or ND response. The Power Receiver

should retransmit its data packet later (e.g., after it has given the Power Transmitter th
opportunity to send its data packet).

e
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PRx: response-timeout. The Power Receiver has not detected a reply to its simple query data
packet before the response timeout ¢,qonsetimeouy Presumably because the Power Transmitter

did not receive the data packet correctly. See Section 6.7, Negotiation phase timings, for the
timeout value.

7.1.4 Transitions from state 14

7.1.5

In state 14, the Power Transmitter sends an appropriate Response Pattern, replying to a simple-
query data packet. The following transitions are possible from this state.

Transitions from state 15

packet. The following transitions are possible from this state.

ACK. The Power Transmitter has agreed to switch to a renegotiation phase of the protocol.

ATN. The Power Transmitter has requested attention from the Power Receiveft; e:g. bdcause it
has a data packet to send. Both the Power Receiver and the Power Transmittér'shall r¢main in
the power transfer phase.

PRx: response-timeout. The Power Receiver has not detected a reply before the response
timeout &gy onsetimeou Presumably because the Power Transmitter,did not receive the NEGO

data packet correctly. See Section 6, Negotiation phase, for th€ timeout value.

NOTE: If the Power Receiver did not receive the ACK ResponsePattern, a mismatch occurs between the
operating states of the Power Transmitter and Power*Receiver. They automatically resyrjchronize
their states when the Power Receiver sends itstnext CE or RP data packet, because eithpr of the
latter data packets result in an aborted renegotiation phase, as defined in Section 6, Nedotiation
phase.

NAK/ND. The Power Receiver shall ignote these Response Patterns and stay in the pgwer
transfer phase.

[n state 15, the Power Tran§mitter sends an appropriate data packet, replying to a data-reqyest data

ADC/ADT/CAP.The Power Transmitter has replied to the DSR data packet with an appfopriate
data packet ofits own choice. See Section 7.2.1, Data transport stream format, on how to
construot'a Power Transmitter to Power Receiver data transport stream using ADC apd ADT
datalpackets. This section also provides details about the odd /even header mechanisnj used to
recover from communications errors.

NOTE: The odd/even states associated with the this mechanism shown in the state diagram of Figure 49

in Section 7.2.1, Data transport stream format, represent two manifestations of states 11 and 15.
To avoid clutter, Figure 43 does not show these odd/even states explicitly.

NULL. The Power Transmitter has returned the NULL data packet because it does not support

the requested data packet.

NOTE: The main use of the NULL data packet is replying to the DSR/ack data packet that the Power
Receiver uses to acknowledge closure of a Power Transmitter to Power Receiver data stream

when the Power Transmitter has no further data to send. See Section 7.2.1, Data transport stream
format, for an example.

PROP. The Power Transmitter has sent responses to PROP data packets it recognizes.
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7.1.6

= PRx: response-timeout. The Power Receiver has not detected a reply to its data request packet

before the response timeout ¢, presumably because the Power Transmitter did not

esponsetimeout’

receive the data packet correctly. See Section 6, Negotiation phase for the timeout value.

«  PRx: reserved. The Power Receiver has received a reserved data packet. It shall ignore the

contents of this data packet.

NOTE: The requirement given in Section 7.3.7, Action-timeout, with respect to the timing of the
transmission of the next DSR data packet still applies, however.

Xamples

7.1.6.1 Baseline Protocol

Figure 44 provides an example of a communications sequence in the poweftransfer phage of the
Baseline Protocol. The numbers in the circles refer to the states defined.ifvkigure 43. The rectangles
represent data packets sent from those states. The sequence startsfrom state 11, in which the
Power Receiver sends a CE data packet. Next, the system proceeds’to state 12, in which the Power
Transmitter adjust its coil current as necessary. When the adjustments are ready, the system
proceeds to state 11, and the process can repeat. The majotity of the data packets sent by tHe Power
Receiver consists of CE data packets. At least once evepy few seconds, the Power Receiver §ends an
RP8 data packet, proceeding back to state 11 after eompleting the transmission. At the end of the
sequence, the Power Receiver starts to send EPT /ecdata packets to indicate that itis readywith the
power transfer.

Figure 44. Example of a communications'sequence in the power transfer phase of the Baseline
Protocol
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7.1.6.2 Extended Protocol

Figure 45 provides an example of a communications sequence in the power transfer phage of the
Extended Protocol. In the top two rows, the initial two-point power level calibration happens; see

the Qi Specification, Foreign Object Detection, for details. At position (a) the initial calibratjion is

U Udld Pd O SUSUd € power

cddy. SUDSEqUE Y € POWE
transfer until it is ready with the power transfer, at which point it starts to send EPT/cc data
packets.
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Figure 45. Example of a communications sequence in the power transfer phase of the Extended
Protocol
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For examples involving renegotiation of the Power Transfer Contract, see Section'6,6.5, Examples.
For examples involving data transport streams, see Section 7.2.4, Examples.

Data transport stream

Data transport streams serve to pass application-level data frem'a Data Stream Initiator tp a Data
Stream Responder. Version 1.3 of the Qi Specification supports two applications, namely:

t Authentication, as defined in the Qi Specification, Authentication Protocol.

Proprietary (general-purpose) applications.

Data transport stream format

A Power Receiver and a Power Transmiitter can pass application-level data by means of adata
transport stream. The latter consists of a sequence of data packets with the following strycture:

An initial ADC data packet.opening the stream.

- The type of the message contained in the stream.

- The numbgrof data bytes in the stream.

. Asequence of ADT data packets containing the actual message.
t A finallADC/end data packet closing the stream.

NOTE:“Other data packets, such as CE data packets, may intermix with those of a data transport stregm. These
data packets are not part of the transport data stream.

LPa s 2 IR ul ) : 1 el Lo : e et T TS I V. W i ]
NUTL. TIHTIHIGAIIUTUIT ITUIITOTT UL Udld Uy LTS 1IN d Udld LT dIISPUTIT SUTAIIT IS TIIICU LU 4US 7.

A Power Transmitter—and by implication a Power Receiver—can have at most one outgoing and
one incoming data transport stream open at a time. After acknowledging the initial ADC data packet
and having received the first ADT data packet, the recipient of a data transport stream shall
consider the latter open until

- ithas sentan ACK response to the final closing ADC data packet, or

- atimeout has occurred on a next ADT or ADC data packet in the stream.
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A Data Stream Initiator may prematurely close the stream by sending ADC/end before it has sent
the number of data bytes indicated in the opening ADC data packet. In this case, the Data Stream
Responder should discard all data bytes received in the data stream.

NOTE: A Data Stream Initiator may refuse to open an incoming data transport stream until it has closed its
outgoing stream.

Figure 46 shows two examples of proprietary data transport streams containing two ADT data
packets. The Power Receiver and Power Transmitter communicate the gray data packets as well,

but these data packets are not part of the data transport streams. However, some of these data
ackets support the continued flow of the data transport stream, as shown in Table 15. See Section

B, Power Receiver data packets, and Section 9, Power Transmitter data packets, for details-apout the
data packet names used in the figure.

Figure 46. Example of a data transport stream

Power Receiver to Power Transmitter data stream

A~
ADC ADT ADT ) \ ADC
/prop/8 even/6 odd/2 Jend

Power Transmitter to Power Receiver data stream

ADC ADT ADT W/ ADC NULL
/prop/a even/3 odd/1 [end

Table 15: Data packets and Response Patterns supporting the transport stream

Power Receiver Power Transmitter

Data packets that are part of a data transport stream

ADC ADC

ADT ADT

Data packets and Response Patterns that support a data transport stream, but are
not part of the latter

DSR ACK/NAK/ND/ATN

NOTE: When selecting ADT data packet sizes for transmission in a data transport stream, the Powgr
Transmitter and Power Receiver should ensure not to violate the timing requirements on CE and RP
data packet. See Section 7.3, Power transfer phase timings, for these requirements.



https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

-76 - IEC 63563-6:2025 © IEC 2025

7.2.2 Data model
Figure 47 shows a typical layered architecture for communicating application messages from a
Data Stream Initiator to a Data Stream Responder. The architecture includes an application layer
providing specialized functionality such as authentication, and a transport layer providing the
means to communicate messages.
Figure 47. Data model
Data Stream Initiator Data Stream Responder
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Transmission of an application-level message from a Data Stream Initiator to a Data Stred
Responder typically proceeds as follows.

1. The application layer in the Data Stream Initiator creates the message and stores it in|
2. The application layer submits the message in its buffer to the transport layer.
B. The transport layer, stores the message in a local buffer.
a2

The transport layer attempts to send the message to the Data Stream Responder usir
transport stream.

The transport layer may retransmit any one of the data packets in the stream as nece
address communications errors or errors reported by the Data Stream Responder. [t
lindit the number of retransmissions to at most four times. Moreover, it should provid

m

a buffer.

g a data

ssary to
should
e

feedback to the application layer whether it was able to transfer the message success

fully.

5. When the Data Stream Initiator has closed the data transport stream, the transport layer of the

Data Stream Responder considers the message complete and forwards it to its application

layer.

The transport layer should provide a buffer size of 67 bytes or more.
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7.2.3 Even/odd ADT header mechanism

To ensure the integrity of a data transport stream, a Power Transmitter shall confirm pro

per

reception of all ADT data packets in the stream using ACK Response Patterns. A Power Receiver

shall use DSR/ack data packets for the same purpose. ADT data packets as well as their

confirmations can get lost due to noise on the Power Signal. For example, sudden load changes

during the transmission of a data packet or Response Pattern can cause variations in the

Power

Signal that hamper communications. To help the system to recover from such communications

errors, the ADT data packets in the data transport stream alternately use odd and even hea

ders.Ifa

retransmissions have occurred due to communications errors.

The state diagram in Figure 48 illustrates this mechanism for a Power Receiver to Power
Transmitter data transport stream. Later in this section, Figure 49 provides a similar state
for a Power Transmitter to a Power Receiver data stream.

Figure 48. Odd/even mechanism (Power Receiver to Power Transmitter-data transport st
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begin ( ,‘ <label> applies to both

PRx = PTx; data packet

PTx - PRx; data packet

hse Pattern

PRx and PTx

NOTE: The ACK transition from the begin state to the n=0 state represents the acknowledgement of the ADC

data packet opening the data transport stream.
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The variables n and m in the diagrams represent the sequence number of the next ADT data packets
in the streams to send or receive. The Power Transmitter and Power Receiver do not share these
variables; each holds its own copy. Specifically, in the Power Receiver, the variable n represents the
sequence of the next ADT data packet to send; and in the Power Transmitter, the variable n
represents the next ADT data packet to receive. Likewise, in the Power Transmitter, the variable m
represents the sequence of the next ADT data packet to send; and in the Power Receiver, the
variable m represents the next ADT data packet to receive. Communications errors can cause the
Power Receiver and Power Transmitter to have different values in their variables (e.g. the value of
the Power Transmitter's variable n can be one larger than the Power Receiver's variable n). The

pbdd/even header mechanism enables the Power Transmitter and Power Receiver to restgre their
variables to the same value. Section 7.2.4, Examples, provides examples.

[Transitions from the blue Even state

[n the blue Even state, the Power Receiver sends the next even-headered ADT data packet. The
following transitions are possible from this state.
NOTE: The blue Even state corresponds to state 11 in Figure 43 The dashed parts of Figure 48 reprgsent the

other transitions possible from state 11. An example of such a transition is the transmissiof of a CE
data packet.

NOTE: The first ADT data packet in the data transport stream-uSes an even-header (n = 0.)

ADT(even). The Power Receiver has sent the n"even-headered ADT data packet in it§ open
data transport stream.

NOTE: If the Power Transmitter does not correctly receive the ADT data packet, e.g. due to a
communications error, it does not.éxecute the transition. At this point, the synchronization
between the Power Transmittef-and Power Receiver is lost. The examples below show how
corrective action based on the'odd/even mechanism restores synchronization.

Lt PTx: ADT(odd). The Power-Jratismitter has received an odd-headered ADT data packet.

NOTE: The Power Transmitter can receive an odd-headered ADT data packet in this state if the Power
Receiver has not received the ACK to the previous even-headered ADT data packet due|to a
communications error. It should discard the data from the previously received odd-headpred data
packet, replacing it with the data received in the current odd-headered data packet.

[Transitions ffom blue Odd state

[dentical'to/the blue Even state but with even and odd reversed.
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Transitions from the black Even state

In the black Even state, the Power Transmitter sends the appropriate Response Pattern, replying to

the incoming ADT data packet. The following transitions are possible from this state.

NOTE: The black Even state corresponds to state 13 in Figure 43.

ACK. The Power Transmitter has acknowledged proper receipt of the even-headered ADT data

packet.

ATN. The Power Transmitter has requested permission to communicate because it has a data

packet to send.

[Transitions from the black Odd state

[dentical to the black Even state but with even and-odd reversed.

++n states

The Power Transmitter and Power Receiver increment their local variables n by one and
ko the next state.

--n states

[f n = 0, the Power Transmitter shall discard all data received from the incoming data trar
stream, close the latterand send an ND Response pattern.

NOTE: Figure 48 does-hot show this error condition.

State.

NOTE: Sending the ATN Response Pattern causes the Power Receiver to resend its even-headgred ADT

data packet later because it did not receive an ACK.

NAK. The Power Transmitter has indicated that it was not able to process the-ADT dat

h packet.

NOTE: Ifthe Power Transmitter does notreceive the ADT data packet correctly due to a commujnications

error, it should not send a response as explained in Section 2, Overyiew.
PRx: response-timeout. The Power Receiver has not detected a-Response Pattern befi
response timeout ¢,

value.

re the

esponsetimeout- 9€€ Section 7.3, Power transférphase timings, for the timeout

broceed

sport

Otherwise, the Power Transmitter decrements its local variable n by one and proceed to the next
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Figure 49. Odd/even mechanism (Power Transmitter to Power Receiver data transport stream)

PRx - PTx; data packet
PTx -> PRx; Response Pattern

PTx - PRx; data packet

®©©00

No comms

<label> applies to both PRx and PTx

DSR/ack

[ K
DSR/poll

PSR/nak
PSR/poll

NOTE: The DSR/ack transition from the begin state to the m=0 state represents the acknowledgemgnt of the
ADC data packet opening the data transport stream.

[Transitions from the gray Even state

[n the gray Even state, the Power Transmitter sends the next even-headered ADT data padket. The
following transitions are passible from this state.

NOTE: The gray Even state corresponds to state 15 in Figure 43. The dotted parts of Figure 49 reprgsent the
Power Transmitter having sent other data packets than ADT; see state 15 for details.

NOTE: The firstADT data packet in the data transport stream uses an even-header (m = 0).

. ADT(even). The Power Transmitter has sent the m™ even-headered ADT data packet in|its open
data‘transport stream.

NOTE: The Power Transmitter sends this data packet as a reply to the Power Receiver's DSR/ack data
packetfromnT tie biue odd State oras arepiy to the DSRypottdata packetfrom the biue even state.

NOTE: Ifthe Power Receiver does not correctly receive the ADT data packet, e.g. due to a communications
error, it does not execute the transition. At this point, the synchronization between the Power
Transmitter and Power Receiver is lost. The examples below show how corrective action based
on the odd/even mechanism restores synchronization.

«  PRx: ADT(odd). The Power Receiver has received an odd-headered ADT data packet.

NOTE: The Power Receiver can receive an odd-headered ADT data packet in this state if the Power
Receiver has not received a reply to the previous DSR/ack data packet due to a communications
error. It should discard the data from the previously received odd-headered data packet, replacing
it with the data received in the current odd-headered data packet.
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= Response-timeout—Power Receiver only: The Power Receiver has not detected an ADT data
packet before the response timeout ¢,,,,,s. (Se€ Section 7.3, Power transfer phase timings, for

the timeout value).

Transitions from the gray Odd state

Identical to the gray Even state, but with even and odd reversed.

Transitions from the blue Even state

n the blue Even state, the Power Receiver sends the appropriate DSR data packet, replying to the

incoming ADT data packet. The following transitions are possible from this state.

NOTE: The blue Even state corresponds to state 11 in Figure 43. The dashed parts of Figuré @9 represent the
other transitions possible from state 11. An example of such a transition is the transmissiof of a CE
data packet.

t  DSR/ack. The Power Receiver has acknowledged proper receipt of thé last received ADT data
packet—or ADC data packet.

NOTE: The first DSR/ack data packet acknowledges the ADC data pdcket opening the data trapisport
stream.

DSR/nak. The Power Receiver has indicated that it was'not able to process the last refeived
ADT data packet.

Lt DSR/poll. The Power Receiver has invited the Power Transmitter to send a data packét.

NOTE: The Power Receiver should send a DSR/péll packet after it has experienced a timeout in eceiving
the Power Transmitter's reply to a previous DSR data packet.

NOTE: See the action timeout in Secti¢®y 7.3, Power transfer phase timings, for requiremerfts on the
timing of these transitions,

[Transitions from the blue Odd state

[dentical to the blue Even state but with even and odd reversed.

++m states

The Power Trahsmitter and Power Receiver increment their local variables m by one and proceed
to the next'state.

--m states

fm'=0,the Power Receiver shall discard all data received from the incoming data transport stream,
close the latter and send a DSR/nd data packet.

NOTE: Figure 49 does not show this error condition.

Otherwise, the Power Receiver decrements its local variable m by one and proceeds to the next
state.
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Examples

7.2.4.1 Proprietary Power Receiver to Power Transmitter data transport stream

The first example (Figure 50) comprises an eight-byte proprietary Power Receiver to Power
Transmitter data transport stream containing two ADT data packets.

Figure 50. Resynchronization example; Power Receiver to Power Transmitter data transport stream

PRx:n=0
omo oco=om® “9memo ool e
n=0 even/4 e @ a even/4 n=1 oddya
PTx:n=1 PTx:n=0

O~ omoO ©wO ©©O O omo O

odd/a

Oo~oEm0 GOm0 w0 ©O

odd/4 n=2 Jend

To show how the resynchronization mechanismrjworks, the red crosses in positions (b) and (d)
indicate incorrectly received data packets.

NOTE: Figure 50 shows states 11, 12, and.13)with Even and Odd while the data transport stream i open.
Whether an Even or Odd state is state 11, 12, and 13 can be determined from its color-codipg.

When the Power Receiver opens(the data transport stream, both the Power Transmitter anjd Power
Receiver initialize their locakvariables n to zero.

At transition (a), the Rower Receiver transmits the first ADT data packet in the stream.

At transition (b), the)Power Transmitter acknowledges the even ADT data packet and incfements
its local variable n”However, the ACK Response Pattern is lost, desynchronizing the PoweJr
Transmitterand Power Receiver states (as well as their n values).

At transition (c), the Power Transmitter detects that the Power Receiver retransmitted the
previous ADT data packet, because itreceived an even-headered ADT data packet while beipgin the

pdd.state. Accordingly, it decrements n and goes back to the black even state from where |t

acknowledges the retransmitted ADT data packet. This restores the synchronization with the
Power Receiver's state (and the n values).

The synchronization remains in place until the next communications error at transition (d),
where the Power Receiver's ADT data packet is lost.

There is no loss of synchronization this time because the lost ADT data packet also results in a
missing response (response-timeout) at position (e).

At position (f), the Power Transmitter NAK's the odd ADT data packet from the Power Receiver,
presumably because it is busy.
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/poll

NOTE: The Power Transmitter received the odd ADT correctly, but it was busy and could not process its
content. If the Power Transmitter was too busy to receive data packets, it should have remained silent
until it would have been ready to receive data packets again. The Power Receiver can resolve this

situation in the same way as shown at positions (d) and (e).

After a suitable delay in which the Power Receiver sends a number of CE data packets as well as an

RP/0 data packet, the Power Receiver resends the odd ADT data packet again at position (g). From

that position onward, the data transport stream runs to a successful conclusion without further

communications errors or delays.

NOTE: Itis up to the Power Receiver to determine the length of the delay. It may find that the Power

Transmitter ignores or NAK'S 1ts ADT data packet multiple times If It retries sending the da
too quickly.

7.2.4.2 Proprietary Power Transmitter to Power Receiver data transport s

The second example (Figure 51) comprises a nine-byte proprietary Powet Iransmitter td
Receiver data transport stream containing three ADT data packets. Similar to the previous ¢
the Power Transmitter and Power Receiver initialize their local variables m to zero when
[ransmitter opens the data transport stream.

NOTE: Figure 51 shows states 11, 12, 13 and 15 with Even and QOdd while the data transport strearn
Whether an Even or Odd state is state 11, 12, 13 or 15.can be determined from its color-co

Figure 51. Resynchronization example; Power Transmiitter to Power Receiver data transpor

PRx:m=1

/“\

/prop/9 Jack m =0 even/3 Jack
PTx:m=0

1

dack™ m =1 odd/3 /poll odd/3 Jack m=2 eve

O~®WO GO O omo GoOGEo

/nak even/3

a packet

fream

Power
xample,
Power

nis open.
ling.

[ stream

bEo co=ome’ CeXS g %gmge

ven/3

0 OOCEI0 ©COHOEO OJENO] - [

O GOOOEO OO ®O

Jack m=3 [end Jack

At transition (a), the Power Transmitter transmits the first ADT data packet in the stream.

The Power Receiver's response is lost at position (b), desynchronizing the Power Transmi

tter and

Power Receiver states. The m values are also desynchronized because the Power Receiver—having

acknowledged the even ADT data packet—increments its m value, whereas the PTx does not do so

because it had not received the acknowledgement.


https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

-84 - IEC 63563-6:2025 © IEC 2025

At transition (c), the Power Receiver transmits a DSR/poll data packet because it did not receive a
response to the DSR/ack data packet. This DSR/poll data packet invites the Power Transmitter to
send its ADT/even data packet again.

At transition (d), the Power Receiver receives the previous (even headered) ADT data packet in the
odd state. Accordingly, it decrements its local variable m and goes back to the blue even state. This
restores the resynchronization with the Power Transmitter's state (as well as its m value).

At transition (e), the Power Transmitter receives the acknowledgement and moves on to the next
(odd-headered) ADT data packetin the stream. At transition (f), thisnext ADT data packetislost, but

nnnAo to HM\ nr]A state Hm-nun]n 1—l~ e
&5 trt Sh

o Ano"nnhwnn-wnhnn actho Dounr Do
16 SyrenroZatoiasterower1<ee

response-tlmeout transition.

At transition (g), the Power Receiver enables the Power Transmitter to continue thestregm by
transmitting a DSR/poll data packet, enabling the Power Transmitter to resend‘the lost ofld-
headered ADT data packet.

At transition (h), the Power Receiver sees that synchronization is stillccortrect.

At position (i), the Power Receiver receives the final even ADT data‘packet. However, it is foo busy
pt this time to process its content.

Accordingly, it delays its DSR/nak data packet until it is ready again to receive data packets from the
Power Transmitter at position (j).

The latter resends the even ADT data packet at position (k), after which the data transporf stream
runs to a successful conclusion.

7.2.4.3 Recovery from communications errors when opening a data trangport
stream

Figure 52 and Figure 53 showthow the Power Transmitter and Power Receiver can recovér from
communications errors when opening a data transport stream. There are two cases for stfeams in
either direction. In thetfirst case, the Data Stream Responder did not receive the ADC/auth data
packet, and therefofe\did not take any action. In the second case, the acknowledgement got{lost and
the Data Stream Responder did not consider the stream to be open. In both cases, the Datg Stream
[nitiator resends its ADC/auth data packet—potentially multiple times—until it receives
ncknowledgement that the Data Stream Responder has opened the stream.

Figure:52. Communications error opening a Power Receiver to Power Transmitter data trgnsport
stream

OX0 0 EO0mO O

Jauth /auth

O~ OO O~O0mO ©O

Jauth /auth
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Figure 53. Communications error opening a Power Transmitter to Power Receiver data transport

stream
O EE0 GCOEEO GOICEO 0
/poll Jauth /poll Jauth Jack even
@ @O+ ®E10
/poll [auth Jack /poll /auth
@O CEIO ©0
Jack even

7.2.4.4 Recovery from communications errors when closing a data tfansport
stream

Figure 54 and Figure 55 show how the Power Transmitter and Power Regeiver can recovér from
communications errors when closing a data transport stream. There are’two cases for streams in
either direction. In the first case, the Data Stream Responder did not receive the ADC/end data
packet, and therefore did not close the stream. In the second case, the recipient of the streai closed
the latter, but its acknowledgement thereof got lost. In both cases, the Data Stream Initiatorjresends
its ADC/end data packet—potentially multiple times—uuntil it receives acknowledgement|that the
Data Stream Responder has closed the stream.

NOTE: Attempting to close a data transport stream that\is hot open is not an error.

Figure 54. Communications error closing a Power Receiver to Power Transmitter data transport

stream
@[%jes: o @0 omo 0

OIOE0 GO=0Em0O O

/end Jend

Figure 55. Communications error closing a Power Transmitter to Power Receiver data transport

stream
e@ge ®O0=IPEO GOICmO ©O0

OLEEO OXE! 0 OOHEEIO

Jack Jend Jack /poll Jend

@Ol @O0

Jack
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7.2.4.5 Power Transmitter busy scenarios

Figure 56 shows four data packet sequences that may occur in a Power Transmitter to Power
Receiver data stream in the case that a Power Transmitter is busy and does not have data available
upon receiving a DSR data packet.

In sequence (a), the Power Transmitter sends a NULL data packet instead of the next, even-
headered, ADT data packet in the data transport stream. The Power Receiver notices the
interruption, and at a later point in time enables the Power Transmitter to resume sending ADT
data packets by sending a DSR/poll data packet. The Power Receiver may send multiple CE, RP, or

pther data packets before sending the DSR data packet. Alternatively, it may wait for ap AN
Response Pattern from the Power Transmitter before sending the DSR data packet,

[n sequence (b), the Power Transmitter receives and processes the DSR/ack data‘packet, but does
not send a response. The Power Receiver should treat the missing response acommunicgtions
error, and recover by sending a DSR/poll data packet later. See Section 7.2.4:2 , Proprietaiy Power
Transmitter to Power Receiver data transport stream, for a more detailed-description. Whén the
Power Transmitter resumes sending ADT data packets, starting with an even-headered ADT data
packet, the Power Receiver learns that the Power Transmitter did receive and process the DSR/ack
data packet to which there was no response.

Figure 56. Power Transmitter busy scenarios (Power Traismitter to Power Receiver data transport
stream)

PTx is busy

)
@ @l E10O GIEA[O] - 15) IENO] - [€) OP=1©

Jack m  odd /ack m+1 /poll even ack m+2
o @ 10E1O OLx®! @ Ol+10OEI0O Ol~1©@
Jack m  odd Jack m+1 /poll even ack m+2

PRx: m

° @ DT DSR
oZloMEo 0o

/poll odd ack m+1
PTx: m

0 QOO

fack m odd

PRx m+1 PRx: m
o @QJOEIO QW o 2 LIENO] - [ L JIENO)
Jack,_ Jn  odd /ack g odd Jack m+1 even ack m+2

PTx: m PTx: m

In sequence (c), the Power Transmitter receives the DSR/ack data packet, but does not process it.
The Power Receiver should treat the missing response a communications error, and recover by
sending a DSR/poll data packet later. See Section 7.2.4.2 , Proprietary Power Transmitter to Power
Receiver data transport stream, for a more detailed description. When the Power Transmitter
resumes sending ADT data packets, starting with an odd-headered ADT data packet, the Power
Receiver learns that the Power Transmitter did not receive and process the DSR/ack data packet to
which there was no response.
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In sequence (d), the Power Transmitter receives the DSR/ack data packet, but resends the odd-
headered ADT data packet. This is a violation of the state diagram provided in Figure 49. The Power

Receiver should recover from this violation by discarding the data from the first received

odd-

headered ADT data packet, keeping the data from the resent odd-headered ADT data packet,

switching back to the blue odd state, decrementing its m value, and sending a DSR/ack dat

7.2.4.6 Two interleaved data transport streams

a packet.

Figure 57 provides an example of an 8-byte Power Receiver to Power Transmitter data transport

stream, interleaved with a 6-byte Power Transmitter to Power Receiver data transportst
The Power receiver opens its stream at position (a).

The Power Transmitter requests attention at position (b) and opens its stream(ywhen the
Receiver enables the Power Transmitter to talk using the DSR/poll data paeket.

repeats this data packet at position (c).

At position (d), the Power Transmitter has no further information+to send, so it responds
NULL data packet to the DSR/ack data packet, which the Powep Receiver sends to confirm)
Power Transmitter has closed its stream.

Figure 57. Example of two interleaved data transport streams
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7.2.4.7 Authentication

The example provided in Figure 58 shows the use of data transport streams to execute the
authentication protocol.

Figure 58. Simple authentication, Power Receiver authenticating a Power Transmitter
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NOTE: For clarity of illustration, Figure 58 shows only the data packets and responses that are relevhnt to the
data transport streams, leaving out'any data packets that go in between. Furthermore, the figure does
not show the states that the system runs through, nor does it show all ADT data packets thaf are part
of the streams.

The authentication protocol'starts with the Power Receiver opening a data transport str¢am to

send a GET_CERTIFICATE message to the Power Transmitter. After closing this stream, at position

a) the Power Receiver sends a DSR/poll data packet, inviting the Power Transmitter to sgnd its
certificate chain. £the Power Transmitter is not ready to send its certificate data at this timje, it may
respond with'a NULL data packet. In this case, the Power Receiver should repeat its DSR/poll data
packet lafen; Alternatively, the Power Receiver may wait until the Power Transmitter send§ an ATN

Respense Pattern, which serves as a trigger for the Power Receiver to send a DSR/poll dath packet.

[n.this example, the Power Receiver requests that the Power Transmitter send its certificdte chain
in a single data transport stream. Alternatively, the Power Receiver may use multiple
GET_CERTIFICATE messages in separate data transport streams to retrieve the Power
Transmitter's certificate chain in separate segments.

While the Power Transmitter is sending its certificate chain, at position (b) the Power Receiver
tries to open a proprietary data transport stream. However, this Power Transmitter does not
support concurrent outgoing and incoming data transport streams, and therefore responds with
ND. The Power Transmitter already has an incoming and/or outgoing data transport stream open
or does not support the requested data transport stream type; see Section 8.1, Auxiliary Data
Control—ADC (0x25; simple query).
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The Power Receiver therefore delays its proprietary message to position (c) after the NULL data
packet indicates that the Power Transmitter has no more data to send. Following the proprietary
message, the Power Receiver continues with the authentication protocol and sends a CHALLENGE
message. Subsequently, it waits for the Power Transmitter to send an ATN Response Pattern, which
indicates that the Power Transmitter has finished its cryptographic calculations.

Finally, the Power Receiver sends a CHALLENGE_AUTH message to retrieve the Power
Transmitter's response. See the Qi Specification, Authentication Protocol, for details of the
authentication protocol, including recommendations on how to proceed with the power transfer if
authentication fails.

As an alternative to waiting for an ATN Response Pattern, the Power Receiver may send [JSR /poll
data packets to check if the Power Transmitter is ready calculating (with the Power~Trangmitter
responding with a NULL data packet as long as it is not).

7.2.4.8 Data transport stream control

[n the case of an unrecoverable error while processing a data transpert stream, the Powef
Transmitter and Power Receiver can send an ADC/rst data packetto reset and close all open
streams, repeating the ADC/rst data packet until they receive-acknowledgement. Both th¢ Power
Transmitter and the Power Receiver should discard all data associated with their incoming and
putgoing data streams when they send or receive an ADC/rst data packet. Figure 59 provjdes a
oraphical illustration.

Figure 59. Datatransport stream reset

PTx-to-PR ¢stream  ME.DIGRE ACK EESEEDN I ADC [EES New PTx-to-PRx stream

[rst /poll /prop/x
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7.3 Power transfer phase timings

Table 16 provides an overview of the timing constraints that apply to the communications and
other actions in the power transfer phase.

Table 16: Timing constraints in the power transfer phase

Parameter Side Symbol Minimum Target Maximum Unit
Silent window PRx o f;si;’g?le 12 in Section 5.2, Configuration phase
Contro| Error interval PRx tinterval N/A 250 350 me
700" ms

Contro| Error timeout PTx timeout 800 1,500 1,828 ms
Power fontrol window PRx teontrol 24° N/A N/A ms
Power fontrol window PTx toctive N/A 20 21 ms
Receivg¢d Power interval (RP8) PRx treceived N/A 1,500 4,050 ms
?::;;:::::;Z; interval PRX | freconed N/A 1,500 2,050 ms
Received Power timeout PTx Eoower 8,000 23,000 24,028 ms
Power fermination window PTx tierminate SeeJable 11 in Section 4.2, Ping phase timipgs.
Reset Window PRx troset See Table 11 in Section 4.2, Ping phase timipgs.
Resporfse start window PTx response See Table 14 in Section 6.7, Negotiation phdse
Resporfse timeout PRX | tresponssiimeout | LMINGS.
NAK window PRx toak N/A N/A 1,000 ms
ATN wihdow PRx tin N/A N/A 500 ms
DSR wihdow PRx tyor N/A N/A 1,000 ms
Data transport stream window-\| Both Lyis N/A N/A 1,500 ms
Data transport stream timeout | Both Etstimeout 2,000 N/A N/A ms
Renegdtiation windew PRx trenegotiate N/A N/A 5,000 ms

" Applies to_the’Baseline Protocol. Applies to the Extended Protocol as well when one or both of the Power

Tfansmitter and Power Receiver report version 1.2 or lower in their ID data packets.
" Applies to the Extended Protocol when the Power Transmitter and Power Receiver both report version 1.8 or

higher in their ID data packets. A Power Receiver should use t. ;> 350 ms only when necessary to

interval
accommodate data packets sent by the Power Transmitter.

¥ For RP8 and RP data packets, add t,

window

and t,

+ togeer— N - 0.5 ms to the minimum value. Here, t, offset

window
represent the Window Size and Window Offset values provided in the CFG data packet, and n represents the

number of preamble bits in the data packet.

See the Qi Specification, Foreign Object Detection, for the timings related to the power-loss calibration part of
the protocol.
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7.3.1

7.3.2

Generic timing constraints

A Power Receiver shall start to transmit the preamble of a next data packet at ¢y, +E onmo from the
end of a CE data packet directly preceding it, where t,,,, represents the power control hold-off value
contained in the Power Transfer Contract. See Figure 60 for an illustration. The Power Receiver
shall start to transmit the preamble of a next data packet at t,,,, from the end of any other data
packet or Response Pattern directly preceding it. See the Qi Specification, Communications Physical
Layer, for the reference times defining the start and end of a data packet. See Section 5.2,
Configuration phase timings, and Section 6.7, Negotiation phase timings, for illustrations.

Figure 60. Generic timing constraints

t Leontrol ‘
|

delay
[—>
Preamble Body

Data packet

Control Error (CE) data packets

A Power Receiver shall send the first CE data packet at t,,f50m the start of the power fransfer
phase. It shall continue to send CE data packets througheut the power transfer phase with a time
interval ;v

consecutive CE data packets also applies if the PowerReceiver switches to and returns fr¢m a

| between the starts of consecutive CE data packets. This ¢

interval CONStraint on

renegotiation phase in between those data packets.

Figure 61. CE'data packet timing

Lintéd

|
Renegotiation phase
(optional)
t tactive
delay

ttimeout tre set |

@]
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The following rules apply with respect to the timing of CE data packets.

«  With respect to transmission of the first CE data packet in the Baseline Protocol, the reference

time for the start of the power transfer phase is the start of the CFG data packet. In th
Extended Protocol, the reference time is the start of the SRQ/en data packet.

e

«  The time interval ¢, does not need to be constant and may vary within the limits provided

in Table 16.

- Two CE data packets are consecutive even if the Power Receiver sends other types of
packets in between these two data packets.

data

t A Power Receiver may violate the timing constraint on the CE data packets when.ith
repeat sending SRQ/en data packets due to communications errors. See state 10.in Sed
NFC tag protection support, as well as the example in Figure 26 (in Section 6;6.5°4 , Rd
of an operating-phase mismatch).

A Power Transmitter should adjust the power level in the time windowrt, .. This time w
located at ¢, from the end of the CE data packet, where t,,,, representsthe power control
value contained in the Power Transfer Contract. The purpose of the pewer transfer control
delay is to provide a time window for the coil current to stabilize*after the communicatio

A Power Transmitter shall remove the Power Signal at ¢, from the start of the last rec

imeout
data packet. Accordingly, the Power Transmitter should restart any timer associated with

the start of each CE data packet it receives.

NOTE: ¢, 1S part of the comms-loss-timeout trapsjtion shown in the state diagram of the powe
phase (Figure 42 and Figure 43).

1S to
tion 6.5,
solution

ndow is
hold-off
hold-off
1S.

pived CE

ttimeout at

transfer
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7.3.3 Received Power (RP and RP8) data packets

A Power Receiver shall send the first RP or RP8 data packet at t,o.iyeq from the start of the power
transfer phase. It shall continue to send RP or RP8 data packets throughout the power transfer

phase with a time interval ¢,

-eceived DETWeEN the starts of consecutive RP or RP8 data packets. This

teeceived CONStraint on consecutive RP or RP8 data packets also applies if the Power Receiver switches
to and returns from a renegotiation phase in between those data packets.

Figure 62. Received Power data packet timing

Lreceived

|
j RP or RP8 l—
RP or RP8 Renegotiation phase

(optional) twindow

Loffset

tpOWCl' Lrdset |

\
AAAAAAAAA RP or R

-------

The following rules apply with respect to the timing of RP'and RP8 data packets.

With respect to transmission of the first RP data'packet in the Baseline Protocol, the r¢ference
time for the start of the power transfer phase is the start of the CFG data packet. In the
Extended Protocol, the reference time i$\the start of the SRQ/en data packet.

The time interval t,,,.q does not néed to be constant and may vary within the limits grovided
in Table 16.

t  Two Received Power datapackets are consecutive even if the Power Receiver sends dther
types of data packets ifi between these two data packets.

A Power Receiver imay violate the timing constraint on the RP data packets when it has to
repeat sending SRQ/en data packets due to communications errors. See state 10 in Sedtion 6.5,
NFC tag protection support, as well as the example in Figure 26 (also in Section 6.5, NfFC tag
protectighsupport).

A PowerTransmitter shall remove the Power Signal at ¢ from the start of the last received RP or

power
RP8(data packet.

OTE: The Power Transmitter shonld restart any timer associated with fpuwm at the start of each HP or RP8

data packet it receives.

NOTE: This timeout is part of the comms-loss-timeout transition shown in the state diagram of the power
transfer phase (Figure 42 and Figure 43).
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The Power Receiver shall determine its Received Power level in the time window ¢, This time

‘window*
window is located at an offset t . before the start of the RP or RP8 data packet and shall not
overlap with the preamble of the data packet directly following it. The Power Receiver provides the

and tg.. in its CFG data packet.

values of ¢, offse

window

The Power Transmitter should determine its Transmitted Power level in the same time window. See
the Qi Specification, Foreign Object Detection, for details.

7.3.4 End Power Transfer (EPT) data packet

A Power Transmitter shall remove the Power Signal at ¢, from the end of an EPT dath packet

hnd switch to state F of the ping phase, regardless of the End Power Transfer Code cantaingd in the

erminate

data packet. After removing the Power Signal, the Power Transmitter shall initiate & first Digital
from the end of the EPT data packet. The value of ¢

Plng at tnextping nextping

contained in the EPT data packet.

depends on the value

Figure 63. End Power Transfer data packet timing

tucxtping

Lterminate Lreset |

EPT

Digital Ping

After sending a first EPT data packet, the Power Receiver should continue to send EPT datdq packets
while the Power Signal is present. The\transmission of these data packets shall comply with the
timing constraints for consecutive.data packets provided in Section 5.2.2, Consecutive datd packets.

NOTE: Consecutive EPT data packets may contain different values in their End Power Transfer Codle fields.
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7.3.5 Simple-query and data-request data packets

A Power Transmitter shall start to transmit its response at ¢

response (1OM the end of a simple-query

data packet or a data-request data packet.

Figure 64. Power Transmitter response timing

[I'CB])UHSC
—| Simple-query data packet Response Pattern

t
—| Data-request data packet PTx Data packet

[f a Power Receiver has not detected the start of a Response Pattern or data packet at ¢,

esppnsetimeout
from the end of a simple-query or data-request data packet, it should assuniethe Power

[ransmitter did notreceive its Response Pattern or data packet. In thateasg; it should retry|sending
its simple-query or data-request data packet at least once.

7.3.6 Comms-loss-timeout (Power Transmitter)

This is a composite timeout consisting of the CE data patkét timeout value t;,.., and the RP or RP8
data-packet timeout value ¢, See the timing constraints on CE, RP and RP8 data packefs above.



https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

-96 - IEC 63563-6:2025 © IEC 2025

7.3.7 Action-timeout

Power Reduction following a NAK response to an RP/0 data packet

The Power Transmitter may reply with NAK to an RP/0 packet if it can no longer support the
negotiated power level, e.g. because of an increased ambient temperature.

As shown in Figure 65, a Power Receiver should reduce its power consumption at ¢, after
receiving a NAK Response Pattern to an RP/0 data packet. After reducing its power consumption,
the Power Receiver should request renegotiation using the NEGO data packet to determine the

s 1 1 D i dEalas s i ods 1. Al n n 3 h ld
AP plupliattc puvwutlITVTL 111U tU DVVlLLlllllE Ua lClleULlaLlUll Pldot, tIIT 1T UVWUT INTLTIVET ou

enable the Power Transmitter to transmit its CAP data packet by sending a DSR/pollddtal packet.

NOTE: For the recommended method of renegotiating the power level, see Section 6.6.5.6 | Power
Transmitter initiated renegotiation.

Figure 65. Timings associated with a NAK'ed RP/0 data packet

l Lhak

RP/0 NAK

[f the Power Receiver has not reduced its power consumption sufficiently at ¢,,,, the Powgr
Transmitter may remove the Power Signal.

DSR data packet following an ATN Response

A Power Receiver shall send a DSR/pollidata packet at ¢, after receiving an ATN Respons¢ Pattern
ko a simple-query data packet.

Figure 66. Fimings associated with an ATN Response Pattern

[ tatn |

......... [ ——

Simple query, ATN ——

Next DSR data packet following a PTx data packet

As shown in Figure 67, a Power Receiver shall send a DSR data packet at ¢, after receivinjg a data
acKet from the Power Transmitter (in response to a preceding DSR data packet). The following
exceptions apply:

- The Power Transmitter sends a CAP data packet. In this case, the Power Receiver may send a
NEGO data packet instead of a DSR data packet. (See below for additional details.)

- The Power Transmitter sends a NULL data packet. In this case, the Power Receiver does not
have to send a DSR data packet.

NOTE: The purpose of the next DSR data packet is to provide an ACK or NAK the Power Transmitter's data
packet.
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NOTE: The Power Transmitter should not respond with ATN to an RP data packet when it has an outgoing
data transport stream open.

Figure 67. Timings associated with a DSR data packet

l Lasr |

\
-

Response to a renegotiation request

The Power Transmitter may request the Power Receiver to initiate a renegotiation phasé|by
providing a CAP data packet in response to a DSR data packet. If the Negotiable Load Power level
P(Lneg) in this CAP data packet is less than the Guaranteed Load Power level P(Lgtd) in'the Pqwer
Transfer Contract, i.e. P(Lneg) < P%td) , the Power Receiver shall reduce its power’‘consumption within
L renegotiate AfteT receiving the CAP data packet. Hereto, it shall either negotiatea new Guarapteed
Load Power level such that P(Lgtd) < P?eg), or send an EPT/nul data packet. For an additionjl
example, see Section 6.6.5.6 , Power-Transmitter initiated renegotiation. If the Power Receiyer does
not renegotiate a new Guaranteed Load Power level, the Power, Trahsmitter may reduce the power
level or remove the Power Signal.

Figure 68. Timings associated with a Power Transmitter initiated renegotiation requgst

l trcncgutial(‘

(oss HEETR— Mneco IR R e

7.3.8 lllegal data packet

The Power Transmijtfershall remove the Power Signal at ¢, .. after receiving an illegal jdata
packet.

Figure 69. lllegal data packet timeout

Lterminate Lreset

—| lllegal data packet —\
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7.3.9 Data transport stream timing

The initiator of a data transport stream shall send the data packets comprising the stream with a

time interval of t,,, between consecutive data packets.

NOTE: The time interval t,, does not need to be constant and may vary within the limits provided in Table

16.

If the recipient of a data transport stream has not received the next data packet in the stream at

tdtstimeout'

Fioure-76—PRto-PTx-datadt o i

Lats |

ADC or ADT

Ldtstimeout |

\
\
ADC or ADT ADT or ADC I—

Figure 71. PTx-to-PRx data transport stream timing

Lars

Ldtstimeout

ADC or ADT ADT or ADC

| |
\ \
| |
| \

ADT or ADC

it should close the data transport stream and discard all data received therein.

Close the data
transport streagm
and discard thd
received data

Close the data
transport stregm
and discard th(
received data
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8 Power Receiver data packets

Table 17 lists all defined Power Receiver data packets.

Table 17: Power Receiver data packets

Header Mnemonic Name Type Size
0x01 SIG Signal Strength Status update 1
Ox62 EPT Erd-Power-Tramsfer Powercomntrot 1
0x03 CE Control Error Power control 1
0x04 RP8 Received Power (8 bit) Status update 1
0x05 CHS Charge Status Status-update 1
0x06 PCH Power Control Hold-off Status update 1
0x07 GRQ General Request Data request 1
0x09 NEGO Renegotiate Simple query 1
0x15 DSR Data Stream Response Data request 1
0x16 ADT/1le Auxiliary Data Transport (even) Simple query 1
0x17 ADT/10 Auxiliary Data;Transport (odd) Simple query 1
0x18 PROP/1e Proprietary Multiple 1
0x19 PROP/10 Preprietary Multiple 1
0x20 SRQ Specific Request Simple query 2
0x22 FOD FOD Status Simple query 2
0x25 ARC Auxiliary Data Control Simple query 2
0x26 ADT/2e Auxiliary Data Transport (even) Simple query 2
0x27 ADT/20 Auxiliary Data Transport (odd) Simple query 2
0x28 PROP/2e Proprietary Multiple 2
0x29 PROP/20 Proprietary Multiple 2
0x31 RP Received Power (16 bit) Simple query 3
0x36 ADT/3e Auxiliary Data Transport (even) Simple query 3
0x37 ADT/30 Auxiliary Data Transport (odd) Simple query 3
0x38 PROP/3 Proprietary Multiple 3
0x46 ADT/4e Auxiliary Data Transport (even) Simple query 4
0x47 ADT/40 Auxiliary Data Transport (odd) Simple query 4
0x48 PROP/4 Proprietary Multiple 4
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Table 17: (Continued)Power Receiver data packets

IEC 63563-6:2025 © IEC 2025

Header Mnemonic Name Type Size
0x51 CFG Configuration Simple query 5
0x54 WPID \S/i\g;?;isasnims)r ID (most Multiple 5
0x55 WPID \S/I\g:]lizsn:m;r ID (least Simple query 5
0x56 ADT/5e Auxiliary Data Transport (even) Simple query 5
0x57 ADT/50 Aucxiliary Data Transport (odd) Simple query. 5
0x58 PROP/5 Proprietary Multiple 5
0x66 ADT/6e Auxiliary Data Transport (even) Simple query 6
0x67 ADT/60 Auxiliary Data Transport (odd) Simple query 6
0x68 PROP/6 Proprietary Multiple 6
0x71 ID Identification Status update 7
0x76 ADT/7e Auxiliary Data Transport (even) Simple query 7
0x77 ADT/70 Auxiliary Data Transport (odd) Simple query 7
0x78 PROP/7 Proprietary Multiple 7
0x81 XID Extended Identification Status update 8
0x84 PROP/8 Proprietary Multiple 8
0xA4 PROP/12 Proprietary Multiple 12
0xC4 PROP/16 Proprietary Multiple 16
OxE2 PROP/20 Proprietary Multiple 20

Header values not listed in this table are reserved and shall not be used
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8.1

Aucxiliary Data Control—ADC (0x25; simple query)

ADC data packets control the transmission of data transport streams. Table 18 defines the format of
the ADC data packet.

Table 18: Message field of an Auxiliary Data Control (ADC) data packet

b, by by b, b, b, b, by

B, Request (msb)

B, Parameter (Isb)

Request Set to one of the following values:

All other values are reserved. The PowersReceiver shall not use those values.

Parameter For proprietary (ADC/prop) and authentication (ADC/auth) data transport
the number of data bytes in the stréam. Set this field to zero in ADC/end and ADC/rst data|

Response Pattern

0—ADC/end—close the outgoing data transport stream to the Powef/Transmitter.
2—ADC/auth—open an authentication data transport stream to the Power Transmit

5—ADC/rst—reset all incoming and outgoing data transport streams.

NOTE: The requested action involves discarding all data received.in any open incoming data t
stream, and subsequently closing the latter. It also ifivolves closing any outgoing data t
stream without sending an ADC/end data packet.

0x10...0x1F—ADC/prop—open a proprietary data transport stream to the Power Tra

NOTE: The WPC does not manage the use of these values. Accordingly, the Power Receiver sho
the type and make of the Power Transmiitter before using proprietary data transport st

ACK: The Power Transmitter has executed the request successfully.
NAK: The Power Transmitter has not executed the request.

NOTE: Examples of reasons for not executing the request comprise the Power Transmitter alr|
having received one or more ADT data packets in an open incoming data transport strg
Power Transmitter having an open outgoing data transport stream and not supporting|
simultaneous incoming and outgoing data transport streams; the Power Transmitter b

er.

ansport
ansport

nhsmitter

1d verify
reams.

treams:
packets.

pady
am; the

bing busy.

ND: The Power Transmitter does not support the requested data transport stream ty

pe.

ATN: The Power Transmitter requests permission to communicate.

NOTE: If the Power Transmitter responds with ATN, it has not executed the request.


https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

-102 - IEC 63563-6:2025 © IEC 2025

8.2 Auxiliary Data Transport—ADT (multiple header codes;
simple query)

ADT data packets carry the application layer messages sent in a data transport stream to a Power
Transmitter. Table 19 defines the format of an Auxiliary ADT data packet. ADT data packet sizes

from 1 to 7 are available and each size is available with an odd and an even header. See Table 17.

Table 19: Message field of an Auxiliary Data Transport (ADT) data packet

b; b; b; b, b; b, b; b,

Data

Data Defined by the appropriate application layer.

Response Pattern
ACK: The Power Transmitter has processed the data.in the packet correctly.
NAK: The Power Transmitter has not been ableto process the data in the packet.
NOTE: A Power Transmitter can use this Respanse Pattern if it busy or if it is unable to buffer fhe data.
ND: The Power Transmitter does not have an incoming data transport stream open.
ATN: The Power Transmitter requésts permission to communicate.

NOTE: The Power Transmitter should discard the data received in the packet when using this Response
Pattern.



https://iecnorm.com/api/?name=10faac77128522e20fdcd125294e6deb

IEC 63563-6:2025 © IEC 2025 -103 -

8.3 Charge Status—CHS (0x05; status update)

CHS data packets provide the charging level of a battery in the Load.

NOTE: Itis optional for a Power Receiver to send this data packet.

Table 20: Message field of a Charge Status (CHS) data packet

b, by bs b, b, b, b, by

B, Charge Status Value

Charge Status Value May have one of the following values:

0...100—a percentage of the fully charged level. A value of 100 means that the battery is fully
charged.
OxFF—the load does not contain a battery, or the Power Receiver is et able to obtair] charge
level data.

All other values are reserved. The Power Receiver shall not use these values.
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8.4 Configuration—CFG (0x51; simple query)

The CFG data packet provides basic configuration data:
- All parameters governing the power transfer in the Baseline Protocol.

= All FSK communications parameters used in the Extended Protocol.

- Additional capabilities of the Power Receiver.

Table 21: Message field of a Configuration (CFG) data packet

b, bg b; b, b, b, b, b,
B, ‘00 Reference Power
B, Reserved
B, ZERO Al Reserved 0B ZERO Count
B, Window Size Window Offset
B, Neg Pol Depth Buffer Size Dup

A Power Receiver shall set all reserved bits to ZERO. A Power Transmitter shall ignore all reserved
bits.

(ref)
r

Reference Power Shall be setto G

. The value'contained in this field shall be at mogt 10, i.e.

PrP<sw.
NOTE: Section 8.14, Received Power—RP8{0x04; status update), and Section 8.15, Received Power—RP (0x31;
simple query), provide details about the use of the Reference Power level. A Power Receiver chn report

Received Power levels up td-(but not including) 2 - Pireﬂ . The Received Power level of a Poyver

Receiver should stay below this highest reportable level to avoid false FOD events from occugring (see
the Qi Specification, FoFeign Object Detection, for details). In the negotiation phase of the Exfended
Protocol, the Pawer Receiver can reconfigure the Reference Power level to a higher value uging an
SRQ/rp data‘patket.

Al Authentication functionality is supported (ONE) or not supported (ZERO).
OB Out-of<band communications functionality is supported (ONE) or not supported (ZERO).

NOTE: ‘Version 1.3 of the Qi Specification does not define an out-of-band communications channel,

Count The number of optional data packets present in the configuration phase.

NOTE: All optional data packets contribute to the count, even those that are present multiple times.

t .
Window Size Shall be set to 4% The value contained in this field shall be at least 2, 1i.e.

4 ms
t

window 28 ms.

NOTE: The Received Power window size t,;, 4o,

window in which the Power Receiver measures its Received Power. These values are elements of the
Power Transfer Contract. See Figure 62 in Section 7.3, Power transfer phase timings, for details about
the position of this window relative to the RP8 or RP data packet directly following it.

and Received Power window offset t ., determine the time
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Window Offset Shall be set to a whole number greater than n/8, where n represents the
maximum number of preamble bits used in any RP8 or RP data packet.

NOTE: The Received Power windows offset ¢ .., in the Power Transfer Contract is equal to the value
contained in this field times 4 ms.

NOTE: An 11-bit preamble yields a Window Offset of at least 2 (i.e. t 4. = 8 ms); a 16-bit preamble yields a
Window Offset of atleast 3 (i.e. ¢ = 12 ms); and a 24-bit preamble yields a Window Offset of at least
4 (i.e. t e = 16 ms).

Neg The Extended Protocol is supported (ONE) or not supported (ZERO). If the Neg bit is set to

ZEDO W bhaec ofrba AT OD Ny D Cion DAl oo d Nagsl, aldce choallba oot b 70DN) oo o 7911
TINO; T OTeS OT th C 7, O D, Dup;, DurtCT orZC T o7 ant o Cptr rriCras—Strar o t—Stoto—7aoco ooy .

NOTE: CFG/ep indicates that the Neg bit is set to ONE, and CFG/bp indicates that the Neg bit is set{to ZERO.
Pol The FSK polarity is positive (ZERO) or negative (ONE).

Depth The FSK modulation to use. See the Qi Specification, Communications Physical Layer, for
the defined modulation depths.

NOTE: The FSK polarity and modulation depth are elements of the Power Transfer Contract.
Buffer Size The size of the transport-layer buffer for receiving'd data transport stream |n the

model provided in Section 7.2.2, Data model. The number of bytes in the buffer is equal to| 16 - 2",
with n the value contained in the Buffer Size field.

Dup Simultaneous incoming and outgoing data streams are supported (ONE) or not supported
(ZERO).

Response Pattern

t  ACK: The Power Transmitter has switched to the negotiation phase of the Extended Hrotocol.
Use only if the Neg bit is.setto ONE.

NOTE: The Power Receiver can still decide to switch to the power transfer phase of the Baseling Protocol
instead switthing to the negotiation phase.

No response: The Power Transmitter has switched to the power transfer phase of the Baseline
Protocol.

NOTE:_ The Power Transmitter may refrain from responding with ACK, even if it supports the Extended
Protocol and the Power Receiver has set the Neg bit to ONE.

NAK, ND, or ATN: The Power Transmitter shall not use these Response Patterns.

AT

o B B : I 1 £ 1 £l n 1 B 1 1 .
NUTET TITTTOWET RETTIVET SWILTIIES 10 UTE POWET IdITSIET PITdST O UTE DASTIIIIT TTOLUTUT WITET it

receives one of these Response Patterns; see Section 5.1.5, Transitions from state 6.
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Control Error—CE (0x03; power control)

CE data packets provide feedback about the desired power level.

Table 22: Message field of a Control Error (CE) data packet

b, by by b,

b, b, b,

B, Control Error Value

this value.

deviation between the actual and target operating points of the Power Receiver.

A positive value indicates that the actual operating point is below the target operating po
requests the Power Transmitter to increase the Power Signal. A negative value jndicates {

reduce the Power Signal. See the Qi Specification, Power Delivery, for details on how to def

e for the

nt and
hat the

actual operating point is above the target operating point and requests the\Power Transnpitter to

ermine
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8.6

Data Stream Response—DSR (0x15; data request)

- 107 -

DSR data packets sustain the transmission of a data transport stream from the Power Transmitter.

Table 23: Message field of a Data Stream Response (DSR) data packet

b,

bg

by

b,

b,

b,

By

Type

rejected.

expected.

Response

processed properly.

o Cot & £l £11 H 1
l_ypc JTLU LU UIIT UT L1IT 1UllUVVllls vdlutTo.

0x33—DSR/poll—invites the Power Transmitter to send any data packet:
0x55—DSR/nd—indicates that the last received Power Transmitter data’packet was not

All other values are reserved. The Power Receiver shall net.useé those values.

0x00—DSR/nak—indicates that the last received Power Transmitter data packet has

O0xFF—DSR/ack—confirms that the last received Power Transmitter data packet has

NOTE: For additional details, see the definition of the PowéD Transmitter data packets in Section 9|
Transmitter data packets.

The Power Transmitter shall reply with a data packet. For a list of Power Transmitter data
see Table 43 in Section 9, Power Transmittéy data packets.

been

peen

Power

packets,
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End Power Transfer—EPT (0x02; power control)

EPT data packets provide a request to stop the power transfer and a reason for the request. The
Power Receiver should send this data packet with an appropriate reason if it detects an error
condition.

NOTE: The EPT data packet is considered a power-control data packet because it requests the Power

Transmitter to change the power level (to zero).

Table 24: Message field of an End Power transfer (EPT) data packet

b, by b, b, b, b, b, by

B, End Power Transfer Code

End Power Transfer Code The reason for requesting to stop the power transfer:

0x00—EPT/nul—use if none of the other codes is appropriate.
0x01—EPT/cc—charge complete; use to indicate that the battéry is full.
0x02—EPT/if—internal fault; use if an internal logic error has’been encountered.
0x03—EPT/ot—over temperature; use if (e.g.) the battery’temperature exceeds a limfit.
0x04—EPT/ov—over voltage; use if a voltage excegdsa limit.
0x05—EPT/oc—over current; use if the current\exceeds a limit.
0x06—EPT/bf—Dbattery failure; use if the battery cannot be charged.
0x08—EPT/nr—no response; use if the,target operating point cannot be reached.

0x0A—EPT/an—aborted negotiationjuse if a suitable Power Transfer Contract cann¢t be
negotiated.

0xOB—EPT /rst—restart; useto-restart the power transfer.

NOTE: Typically, a Power Transmitter engages in FOD after stopping the power transfer and before
restarting it. For'details about this procedure, see the Qi Specification, Foreign Object Dgtection.

0x0C—EPT/rep—=re-ping; use to restart the power transfer after a specified delay (thg re-ping

delay t,..i,.)- The Power Transmitter should suppress potentially distracting user intdrface

reping.
events associated with restarting the power transfer.

NOTE: A Power Receiver should use this End Power Transfer Code only if it has verified that the Power
Transmitter complies with version 1.3 or higher of the Qi Specification. A typical use cake is to
interrupt the power transfer to establish an NFC link between the Power Receiver Product and
Power Transmitter Product.

0xOD—EPT/nfc—NFC tag; use if an NFC tag has been detected.
0xOE—EPT/ptxnfc—refer to the Qi Specification, NFC Tag Protection for further information.

All other values are reserved. The Power Receiver shall not use those values.
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4.2.4, End Power Transfer (EPT) data packet, for details.

Table 25: Digital Ping delay time t

until the next Digital Ping after an EPT data packet. See Section

nextping
EPT Code Mnemonic Minimum Typical Maximum Unit
0x00 EPT/nul Implementation dependent
0x01 EPT/cc 7,000 900,000 N/A ms
%62 EPTAE tmptermentationdependent
0x03 EPT/ot 300,000 900,000 N/A ms
0x04 EPT/ov
1,000 2,000 N/A ms
0x05 EPT/oc
0x06 EPT/bf No Digital Ping until the user has removed the Power Receiver
0x07 N/A No Digital Ping until the user Has rémoved the Power Receiver
After the third attempt, no Digital
0x08 EPT/nr 60 Ping until the user has removed the ms
PowerReceiver
0x09 N/A No Digital Ping until the user has removed the Power Receiver
After the third attempt, no Digital
0x0A EPT/an 60 Ping until the user has removed the ms
Power Receiver
0x0B EPT/rst 60 N/A 500 ms
0x0C EPT/rep 80% - treping treping 120% - treping ms
0x0D EPT/nfc Implementation dependent
O0xO0E EPT/ptxnfc Implementation dependent
OxOF...OxFF N/A No Digital Ping until the user has removed the Power Receiver
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8.8 Extended Identification—XID (0x81; status update)

The XID data packet contains additional identification data.

Table 26: Message field of an Extended Identification (XID) data packet

b, by by b, b, b, b,

(msb)

o

[y

N

w

Extended Device Identifier

S

u

Y

~

(Isb)

Extended Device Identifier Providesadditional information’aboutthe Power Receiver's

identity.
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8.9

FOD Status—FOD (0x22; simple query)

The FOD Status data packet contains information that can help the Power Transmitter to determine

whether a Foreign Object is present before the power transfer starts. See the Qi Specification,

Foreign Object Detection, for more information about pre-power transfer FOD.

Table 27: Message field of an FOD Status (FOD) data packet

b, by b, b, b, b, b,

B Reserved Tupe

U T

B, FOD Support Data

A Power Receiver shall set all reserved bits to ZERO. A Power Transmitter shall ignore all réserv
bits.

Type Set to one of the following values:

0—FOD/qf—the FOD Support Data field contains the Reference Quality Factor ereﬁ,

to the nearest whole number. The Qi Specification, Foreign.Object Detection, defines h
determine the Reference Quality Factor.

1—FOD/rf—the FOD Support Data field contains the Reference Resonance Frequenc

/(ref)

encoded as =t
0.5 kH

Z
Object Detection, defines how to determine the Reference Resonance Frequency.
NOTE: A value of zero corresponds to aReference Resonance Frequency in the range of 35.75

(but not including) 36.25 kHz;\and a value of 255 corresponds to a Reference Resonan
Frequency in the range of 163.25 up to (but not including) 163.75 kHz.

All other values are reserved. The Power Receiver shall not use those values.

FOD Support Data Depends on the value contained in the Type field.

Response Pattern

Negotiation‘phase.

ACK: The Power Transmitter considers it unlikely that a Foreign Object is present in i
Operating Volume.

bd

rounded

pw to

— 72 rounded to the neatest whole number. The Qi Specification, Foreign

kHz up to
e

[s

NAK: The Power Transmitter considers it likely that a Foreign Object is present in its
Operating Volume.

NOTE: See the Qi Specification, Foreign Object Detection, for additional information about combining
the Response Patterns to multiple FOD Status data packets into a single verdict about the

likelihood of a Foreign Object being present.

ND: The Power Transmitter does not recognize the Type value.
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»  ATN: The Power Transmitter shall not use this Response Pattern.

NOTE: The Power Receiver switches to the power transfer phase of the Baseline Protocol when it
receives this Response Pattern; see Section 6.6.1, Transitions from state 7.

Renegotiation phase.
ND: The Power Transmitter shall use this Response Pattern.

ACK, NAK, and ATN: The Power Transmitter shall not use these Response Patterns.
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8.10 General Request—GRQ (0x07; data request)

- 113 -

The GRQ data packet requests the Power Transmitter to respond with the indicated data packet.

Table 28: Message field of a General Request (GRQ) data packet

Power Transmitter data packet; see Section 6.6.3, Transitions fromrstate 9.

b, b, b, b, b, b, b, b,
B, Requested Power Transmitter Data Packet
ettheaders
listed in Table 43 in Section 9, Power Transmitter data packets.
Response
The Power Transmitter shall respond with the requested data packet.
NOTE: The Power Transmitter responds with the NULL data packet if it doeg-nof support the Reqyested
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8.11 Identification—ID (0x71; status update)

The ID data packet identifies the Power Receiver.

Table 29: Message field of an Identification (ID) data packet

b, b, b, b, b, b, b, b,
B, Major Version Minor Version
B, (msb)

Manufacturer Caode
B, (Isb)
B, Ext (msb)
B,
Basic Device Identifier

B
Bg (Isb)

ajor Version Shall be setto 1.

inor Version Shall be set to 3 in the Extended Protocol, and to 1, 2, or 3 in the Baselinje

rotocol.

anufacturer Code Shall contain the PRMC that\the Power Receiver's manufacturer h
egistered with the WPC.

qS

xt Indicates the presence (ONE) or abserice (ZERO) of an XID data packet in the configuration

hase.

OTE: ID/x indicates that the Ext bit is set to ONE, and ID indicates that the Ext bit is set to ZERO.

asic Device Identifier In combination with the Manufacturer Code, this identifier engbles a
ulti-coil Power Transmittéx'to recognize the Power Receiver within a set of Power Recejvers
resent in its Operating Volume. To enable such recognition, the Basic Device Identifier should

omprise a 20-bit serial'number. To preserve user privacy, the Power Receiver may dynarpically

enerate the Basje Identifier. However, if the Power Receiver generates this identifier dyn
t shall not chahge it within two seconds after losing the Power Signal.

mically,
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