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addition

er activities, IEC publishes International Standards, Technical Specifications, Technical Reports, Puplicly
ble Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their preparation-is enftrusted to

ical committees; any IEC National Committee interested in the subject dealt with may participate’ jH this

ratory work. International, governmental and non-governmental organizations liaising with*~the IEC glso

ipate in this preparation. IEC collaborates closely with the International Organizatien for Standardizgtion

in accordance with conditions determined by agreement between the two organizations;

pbrmal decisions or agreements of IEC on technical matters express, as nearly as pOssible, an internationd|
nsus of opinion on the relevant subjects since each technical committee has-fepresentation from 4l
sted IEC National Committees.

Publications have the form of recommendations for international use and\are accepted by IEC Nationgl
hittees in that sense. While all reasonable efforts are made to ensurecthat the technical content of IEC
Lations is accurate, IEC cannot be held responsible for the way in) which they are used or for apy
erpretation by any end user.

Her to promote international uniformity, IEC National Committees undertake to apply IEC Publication

oY

Cation and the corresponding national or regional publicatiomshall be clearly indicated in the latter.

self does not provide any attestation of conformity. dndependent certification bodies provide conformity
sment services and, in some areas, access to IEC ‘marks of conformity. IEC is not responsible for apy
es carried out by independent certification bodies,

ers should ensure that they have the latest edition of this publication.
hbility shall attach to IEC or its directors,.employees, servants or agents including individual experts ang¢l

ion is drawn to the Normative.references cited in this publication. Use of the referenced publications i
ensable for the correct application of this publication.

Hraws attention to the™pessibility that the implementation of this document may involve the use of [a)

ed to implement.this document. However, implementers are cautioned that this may not represent the

b held responsible for identifying any or all such patent rights.

b63<10 has been prepared by technical area 15: Wireless Power Transfer, [of

barently to the maximum extent possible in their national and regional publications. Any divergence betweer| any IEC

bers of its technical committees and IE€ National Committees for any personal injury, property damage gr other
ge of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expg¢nses
g out of the publication, use of,\.or reliance upon, this IEC Publication or any other IEC Publicatipns.

t(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights ip respect
bf. As of the dateof ‘publication of this document, IEC had not received notice of (a) patent(s), which may |be

latest

hation, which/~may be obtained from the patent database available at https://patents.iec.ch.|IEC shall

IEC

technical committee 100: Audio, video and multimedia systems and equipment. It is an

Interna

tional Standard.

It is based on Qi Specification version 2.0, MPP System Specification and was submitted as a
Fast-Track document.

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

Draft Report on voting

100/4254/FDIS 100/4275/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
stability date indicated on the IEC website under webstore.iec.ch in the data related| to the
specifi¢ document. At this date, the document will be

e recpnfirmed,
e withhdrawn, or

e rev|sed.
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DISCLAIMER

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

RELEA!

of interpretation, contact: info@wirelesspowerconsortium.com.

bE HISTORY

Sp¢

cification Version Release Date Description

2.0 April 2023 First release of this v2:0 specification.
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General Description

1.1 Introduction

1.1.1 Scope

This specification defines MPP (Magnetic Power Profile), an extension to Qi v1.3 BPP (Baseline Power Profile).

Manufacturers can use this specification to implement PTx and/or PRx that are interoperable.
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magnetic fields within the region of the magnet array, keeping most of the strong fields away from the magnetic shielding

material of the power transfer coils.

Because of the consistent accurate alignment, the magnetic state-space that the system must be designed to work across is
reduced. Figure 2.1.3: 2 shows data from a study where 99.9% of placements aligned the PTx and PRx within a 2mm radius

!. By reducing the state-space, the design of features like foreign object detection is simplified.

! The placement study used a case with integrated magnets as shown in Figure 2.1.3: 1
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Benefits

The benefits of MPP also extend further than just wireless charging: it enables an ecosystem of powered and unpowered
accessories. Because of the convenience of magnetic attach, it is expected that a new category of portable charging products
will arise, and with this in mind, MPP has been designed to ensure that charging at 360 kHz will not cause interference with
vehicle key fobs. All these benefits and experiences have been enabled in MPP while also being compatible with Qi 2.0 BPP
and having nearly 100% backwards compatibility with Qi 1.x BPP.

Figure 2.1.3: 1 Multipole magnet design that tightly couples strong permanent magnetic fields within the region of
the magnet array .

\
case module \T 2 !
charge through /] /

Tx module

Figurel 2.1.3: 2 Accurate magnetic alignn@ut within a 2mm radius (without case and with silicong] case).
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P and MPP interoperability
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Backward compatibility with PRx or PTx that do not support MPP is achieved by operating in BPP atup to 5 W:

MPP PTx support operation as a BPP PTx (i.e., 5 W)

MPP PRx support operation as a BPP PRx (i.e., up to 5 W)

To support both MPP and BPP, the system uses dynamic re-tuning. Dynamic re-tuning is achieved by switching appropriate
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1.2 Architectural overview

1.2.1 System Description

Figure 2.2.2: 3 and Figure 2.2.2: 4 show the MPP system architecture. Some elements are identical to those found in BPP.
The system consists of the following blocks:

Exte
Vari

rnal power source - in many cases a separate adapter such as a USB PD brick.
able Voltage Supply - for voltage control of the power signal

Inve]
Resd
and
FSK|
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recti
Extel

When the MR
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Power sign
If MPP is sup
to mitigate in
range and the)
Because of th

Control of
To control th
modulation o
power transfe

Communig
To facilitate |
FSK modulat|
MPP uses the
cycles per bit

Communig

l[ﬁer - AC/DC conversion

rter - a full-bridge DC/AC converter to produce the AC power signal
nant circuit - switched capacitors in series with the coil to boost power transfer capability and to sy

BPP modes

(de-)modulator - enables communication from PTx to PRx using FSK
(de-)modulator - enables communication from PRx to PTx using ASK

rollable input current power converter - DC/DC converter that controls both its\iniput current (draw
ier) and output voltage
Imal power load - typically a battery and its associated host system e.g., dpplication processor and {j
P system starts up, it will initially operate in Qi BPP frequency band t0¢negotiate and determine wh
both support MPP.

al frequency
ported, the system will restart and operate at a fixed powertransfer frequency of 360kHz, which W
erference with nearby vehicle key fobs. This operatiig frequency is outside of the existing BPP fr

power transfer

b magnitude of power transfer, the D@ voltage of the inverter is regulated and controlled. Addition
F the phase shift between the inverter's two half bridges may also be used at light loads. The detailg
r is further discussed in the Power Delivery section.

ation

idirectional communication, both FSK and ASK are used. On the PTx side, communications to th
on of the power transfer frequency. The PRx side modulates its load to affect ASK communicatio
same authentication scheme as EPP, but to speed up the authentication process, MPP uses fast FS

ation protocol

There are ma

ynddditional features that have been implemented as part of MPP to enhance the user experience s

is, both the PTx and PRx features switchable tuning capacitor banks to support both MPP and BPP.

of data transferred. § 6 Communications Physical Layer specifies the changes to the physical layet.

pport MPP

n from the

eripherals
ether the

as selected
bquency

refore requires different tuning capacitors on both the PTx and PRx for high and efficient power tifansfer.

D

ally,
relating to

t PRx uses
h to the PTx.
K with 128

ich as: free-

air ping as pre-power FOD, enhanced power accounting as during-power FOD, thermal cloaking, data streams and new

control loops. To enable these features, many changes have been implemented to the communications protocol which take

effect after the system has switched into MPP mode. This protocol is in the document "MPP Communications Protocol."

Foreign Object heating
When an electrically conductive or ferromagnetic (with a high coercivity) Foreign Object (FO) is placed into the active area
of the wireless power transfer (WPT) system, the AC magnetic field can cause the FO to heat up. If the FO reaches elevated
temperatures this can compromise the system or its users. Foreign Object Detection (FOD) methods are implemented to

prevent this from happening. MPP supports two FOD methods: open-air ping and MPP power loss accounting (MPLA).
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Open-air ping

The open-air ping method takes place before power transfer, and it aims to detect FOs that are on the PTx surface before the

IEC 63563-10:2025 © IEC 2025

PRx is placed. The advantage of this method is that there is no influence or impact by the PRx device, which is outside of the

control of the PTx designer. Because this method is only dependent on the PTx, FOD performance can be guaranteed by

design for this use case. This method is described in Annex B in the Foreign Object Detection book.

MPP power loss accounting (MPLA)

The second FOD method is applied during power transfer and can detect FOs regardless of when it is introduced into the

WPT system. This method uses an enhanced power loss accounting model to estimate the magnitude of power loss that is

causing FO heating and can throttle the power transfer magnitude to ensure the power lost in the FO won't cause excessive

heating. One key feature of the improved model is the ability for PTx to adapt its model to consider the impact of the PRx on
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provide a staiting point for PTx or PRx designs, a compliant implementation may differ internally, if they compl

externally ob

r FOD method) .

es and vice versa. This is important because the coil design and friendly metal on the PRx can alsg
coil and friendly metal losses on the PTx. By taking this into account the FOD performancerean/bd
and PRx combinations in the ecosystem. This method is described in § 7.3 MPP Power Loss Acc

pral circumstances under which a PRx may want to request that wireless charging be paused or stoj
is when the PRx's battery temperature is too high. Another scenario is atthe end of the battery cha
charging is inefficient and it may be more desirable to wait until the PRX.is further discharged befd
arging. The cloaking feature is described in § 5.12 Cloak and in thé.document MPP Communicati

frol
the (voltage) XCE control loop that is used to control power transfer, the PRx also regulates the cy
attery. Typically, the battery charger current control loop+is slow, but there are cases where the loa

(i.e. "load dump"). This can cause over-voltage omthe PRx. To manage this, the battery charger ¢
tes with the XCE control loop to avoid over-voltage and other control instabilities. The two contro
.10 Power Transfer Control .

m models and requirements are coyered in § 4 Coil Design . This section includes details on the ¢
bnet array, orientation magnets and externally observable compliance requirements in terms of ma
formance and the electrical parameters to enable BPP and MPP compatibility.

m models provide noniinal implementation models of an MPP PTx and MPP PRx. These are the b
mally observable reqhifements for compliant implementations of MPP PTx and PRx. While the sys

ervable requirements in the specification.

temr block diagrams

cause a
improved
unting (in-

bped. One
rge cycle

re

bns Protocol.

rrent

1 power can
hrrent control
loops are

bil winding,
bnetic

hsis for
tem models
y with the

B “shOws the system-level diagrams for a typical MPP system. There are also functional diagrams f}

br three sub-

1.2.2 Sys
Figure 2.2.2:
blocks:

MPP PTx: Figure 2.2.2: 4

MPP accessory: Figure 2.2.2: 5

MPP PRx: Figure 2.2.2: 6
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Figure 2.2.2: 3 System block diagram.
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MPP PTx
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>

permanent
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>

) —

MPP PRx

MPP y

Bl s 5o

P‘(HH .

Figure 2.2.2: 4 MPP PTx functional diagram.

External power load

L Open-air Ping =——m——

Inverter phase

PTx

Control  =——p

Unit

Equivalent
P Variable Vin ) Vi Resonant sl
\g_:;g;: el Inverter — Cireuit —
A A A I

_I—b Phase control

FSK
modulator

(L% |360kHZ
Primary Coil _>

B

|permanent

ASK

demodulator | |

=P K-estimator -I

Authentication
Secure
Storage Sub-

system C)

O

MPP PTx

Figlire 2.2.2:6Q'$accessory functional diagram (e.g., PRx case, wallet, automotive dash-moynt).

NFC*

C) B| B|360 kH
\Q/ 360 kHz Non-magnetic -
keep-out area
| Bl ermanent
permanent MPP Accessory ;
Magnet Array
Bl 13.56 MHz
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* Independent NFC applications can co-exist with MPP by interrupting power transfer. Same applies to the PTx (not shown

Bl;-l'_‘U kHz

Figure 2.2.2: 6 MPP PRx functional diagram.

in the picture).

PLJUZ

||7\-\: manerft

B

13.56 MH

1.3  Glpssary

1.3.1 Definitions

Magnetic PoperProfile (MPP): An extension to BPP that features magnets that guarantee tight alignment of tlje power

v Controllable
’ Dual Resonant ifi — i l
Secondary Coil * et — Rectifier p;ml:t:ul::r\:ee::er‘
_l _l & A
MPP PRx :
Magnet Array £ FSK L = Mea:n.:rgment =
"~ | demodulator (Vrect)
= NFC*
PRx
<o ASK
Control " modulator
Unit
MPP PRx

transmitter and receiver, which enables safe power transfer up to 15W while also mitigating key fob interference

MPP power loss accounting (MPLA): An extension to power loss accounting (used in BPP), that uses a model of the
physics of the wireless power system to improve accuracy. It enables the PTx and PRx to take temperature and the impact of

friendly metal into account (i.e., compensate for these), with a large ecosystem in mind.

Extended Received Power Packet (PLA): The packet that an MPP PRx sends to an MPP PTx containing the received

power and rectified power values
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Open-Air Ping: The open-air Q test provides a method for detecting Foreign Objects placed on top of a Power Transmitter

Product before a Power Receiver Product is brought into the Operating Volume. Refer to Annex B in the Foreign Object
Detection book for further detail.

Sub Harmonic Oscillation (SHO): Oscillation at a sub-harmonic frequency of the operating frequency induced by

saturation of the PRx ferrite.

System Model: A theoretical nominal implementation which functions as the basis for deriving requirements of compliant
MPP PTx and PRx implementations.

2x2 cylinder: A cylinder with a radius of 2mm and a height of 2mm, from the center of the PTx coil. This cylinder is the

magnet attach state-space and is used in Figure 4.3.2.1: 27 to define the 15W power delivery region. See § 5.1.3.1 for the

definition of

1.3.2 Ac
Term

PTx

PRx

TPT

TPR

| iy +las Lol
Al 1 UusvVUu ITUT UITS \4] TIITUCT .
Fonyms

Meaning
Power Transmitter
Power Receiver
Test Power Transmitter

Test Power Receiver

1.3.3 Symbols

Symbo
Vin

fop

Vinv

Vrect
LTx and L'Tx

LRX and L'RX

R‘[X and R'Tx

RRX and R'RX

Name
PTx Inverter Input DC Voltage
PTx Inverter Switching Frequency
PTx Inverter Duty Ratio ”
PTx Inverter Phase Shift

PTx Equiyalent Inverter Voltage

LPRX rectified DC output voltage

)The inductance of PTx coil module when it's in

open air (Ltx) or when it's mated with a PRx (L'rx)

Commeént

Comment

0=0° means the full-bridge inverter is
complementary mode. See § 5.3.1.1 1
inverter phase 0

Equivalent inverter voltage that consi
inverter phase shift and duty cycle. S¢

operating in
Definition of

lers the
e§594.1

The inductance of PRx coil module when it's in
open air (Lrx) or when it's mated with a PTx (L'rx)

The resistance of PTx coil module when it's in
open air (Rtx) or when it's mated with a PRx
(R'rx)

The resistance of PRx coil module when it's in
open air (Rrx) or when it's mated with a PTx
(R'rx)


https://iecnorm.com/api/?name=5448667bc1c4345e9d8fa1c4a51ed9a8

K

1.4 System Model vs Spec

Inductive coupling factor

Resistive coupling factor
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It's an unitless quantity between 0 and 1. Mutual
inductance then is equal to %V ErxLax

See § 8.4 Resistive Coupling Factor
for the definition of K, and explanation of why it's
needed

In the rest of the MPP System Spec book, we will go through different subsystems that together ensure a safe and efficient

power delively experience in MPP.

In general, mpst sections include the following subsections:

e Systpm Model: this subsection describes the system model design for this subsystem. It is not-required put can be

used|
e Sped

as a reference design.

ifications: this subsection (or a set of subsections) includes the specifications that®MPP device shalll meet.

Some sectionp only have the system model description but no specs. This indicates that the ¢otresponding subsyftem is not

required (but fecommended).
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2  Authentication Protocol

2.1 Authentication

Introduction
An MPP PTx shall implement Authentication to provide tamper-resistant identity of its:

e Qi certification (Qi ID number).
e  Manufacturer name (PTMC value).

Specificati¢gns

Refer to the Hooks "Qi v2.0 Authentication Protocol" and "MPP Communications Protocol".
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3  Coil Design

3.1 Introduction and Background

This section describes the MPP Tx and Rx coil system models.
The coil system models are nominal designs from which the MPP specifications are derived.

It is recommended that MPP PTx or PRx implementations follow these coil system models as closely as possible to minimize
the differences with the TPT#MPP1-coil and TPR#MPP1-coil compliance test tools.

Each of the c¢il system model sub-sections are split into two sections: qﬁO
e Mechanical specification of the individual components, full assembly, and materials. (19
e Nonjinal electrical parameters in free-air and mated conditions. ,\Q :

The final subtsection specifies the coil requirements for PTx and PRx implementations. @(b’

o
©
3.2 PTx Coil System Model

3.2.1 Mdchanical Construction

@)
N
3.2.1.1 Ov¢rview Q

The overall dpsign of the PTx coil system model is shown in Figu@ 1.1: 7.

It consists of fhree main components: \\'QQ)
e atop enclosure that defines the interface surface$
e acofl module Q’\
e aboftom enclosure (e)

Figure 4.2.1.1:7-Exploded view of PTx coil system model.
‘\\0

e—— Top Enclosure

e—— Transmitter Module

e—— Bottom Enclosure
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3.2.1.2 Top Enclosure

The top enclosure is constructed with plastic.

3.2.1.3 Coil Module (AC magnetics)

The exploded view of the coil module for the PTx coil system model is shown in Figure 4.2.1.3: 8 . The coil module consists

of four components:

circular wound coil
ferrite shield

magnet ring

permeable magnet shunt

The side view

The coil is 11
diameter copj

The magnetid
The purpose

Practically, a
implementati

Key mechani

of the coil module is shown in Figure 4.2.1.3: 9 .

turns constructed with Type-1 Litz wire with each turn consisting of 65 strands of individually'ins|
er wire.

shielding in the coil module is constructed using DMR95 ferrite.
f the magnets is to ensure tighter alignment between the transmitter and receiy&rcoils.

cutout in the PTx ferrite is needed to allow the external routing of the coil leads. In Figure 4.2.1.3:
n of the ferrite cutout in the system model is shown.

bal dimensions of the coil module are in Table 4.2.1.3: 1 .

Figure 4.2.1.3: 8 Exploded view of the Coil Module for the PTx Coil System Model.

/—-\

ulated 80pm

10, the

D — (Coil
——— Ferrite
——— Magnet Ring
> —

Permeable Magnet Shunt
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Figure 4.2.1.3: 9 Side view of PTx Coil Module.

i Center of Coil _
i » Wry3
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Table 4.2.1.3: 1 Mechanical dimensions for the coil module of the PTx coil system model.

3.2.1.4 Coi]l Module (permanent magnets)

The magnet 1

Details of the]
42.1.4:11,§

The dimensio
the impact onj
surface along

The magnet a
The permeab
permeability.

Description Nominal Value

I Inner radius of transmitter coil 10.73 mm

Io Outer radius of transmitter coil 19.65 mm
WTx1 Radius of ferrite center post 9.58 mm
W Inner radius of ferrite outer post 20.33 mm
WTx3 Outer radius of ferrite outer post 21.20 mm
dn1 Thickness of ferrite base 1.15 mm )
dno Overall thickness of ferrite 2.15mm \
dn3 Thickness of transmitter coil 1.03 mm
wsltl Vertical offset of ferrite cutout slot -8-.26 mm
wslt2 Horizontal offset of ferrite cutout slot 4.18 mm
s Horizontal offset of outside edge of ferrite N0 7 16mm

cutout slot

hodule consists of a permeable magnet shunt and magnets arranged in a circle around the coil mod

permanent magnet and shunt dimensiens (shown in top view and cross-section view) are illustrate
4.2.1.5 Magnet shunt top view and Figure 4.2.1.5: 12 .

ns and orientation (North or South) of the four poles in each magnet array element are essential for
the AC magnetics. For the PTx system model, the B-field are measured in z- and xy-directions on
S1-S8 as defined in Figur¢ 4.2.1.4: 11 . The values of B-field thus measured are provided in Table

rray is constructedwusing NdFeB N48H grade magnets. The magnet array has a Ni-Cu-Ni plating 13
e magnet shufitis constructed with DT4. The material is chosen for high saturation flux density an
The key ntagnetic parameters of these materials are given here.

le.

1 in Figure

minimizing
the interface
42.1.5:2.

yer of 10um.
1 high

_C(_)I;q-)onent Material parameter Typical values
' Br 1.39T
Hcb >1.054 x 10% A/m
>1.353 x 108
M t i
agnet array Hcj A/
3.7x10°
BHmax TeA/m
Permeable shunt Bsat >20T
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Figure 4.2.1.4: 11 Magnet Array top view.
2 54.10 mm

S4

L d

4. 21° magnet
angular span

@ 46.00 mm

S6 ~ 92 83
A
S7 T

@)
%Q 2X 10.00° magnetgap ST
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3.2.1.5 Magnet shunt top view

@ 53.90 mm @ 46.20 mm
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i~—DEVICE

MAGNET TI

ADHESIVE THICKNESS

(0.05)

-30 -

Figure 4.2.1.5: 12 Magnet assembly (Cross-section).

4.05

2.875

-ari

INNER POLE WIDTH

OUTER POLE WIDTH
o
(1.175)

1.175

NON MAGNETIZED ZONE
| B2 | < BOmT

—

I

(WD

A

HICKNESS

1.10

ARRAY MAGNET

(1

.85)

liny

Dc

* The z=0 plg

3.2.1.6 Bot]

The bottom ¢
with the ferrit
The dimensio

The cross-seq

DC SHIELD
0.70

\)
Pl
Q .

DC SHIELD WIDTH

IELD TO MAGNET 3.89
RADIAL OFFSET
0.10 section A - A

Table 4.2.1.5: 2 Magnetic field specificationz(f@magnet array.

Radial Position (mm) QQZ (T) Bxy (T)
r<19.5 \:}\\ 0 0.025
195<r<23 RQ N/A 0.075
23 <r<24 \\'Q@ 20185 N/A
24.5<1<25.5 Y N/A 0.1925
26<r<27 ) 0.185 N/A
27 <r<30 N/A 0.075
r>30 \,O 0 0.025

ne refers to the interface sur@,ce{nd =0 refers to the center of the magnetic array.

-

tom enclosure O

hclosure is m: rom 6061 grade aluminum. A cut-out is added to the bottom enclosure. This cutq

e cutout sh in Figure 4.2.1.3: 10 . This is to expose the coil leads and allow connection to exte

n of thg@ut is shown in § 4.2.1.7 Top view of bottom enclosure .

IEC 63563-10:2025 © IEC 2025

CENTER ———=

ut is aligned
mal circuit.

ti(é&\d top view of the bottom enclosure is shown in Figure 4.2.1.6: 13 .

Mechanical d

TMCNSIONS Of 1e DOITOM CNCIOSUTe are specinea mTabic 421773
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Figure 4.2.1.6: 13 Side view of Bottom Enclosure.

ECenter of Coil
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3.2.1.7 Top view of bottom enclosure

0 mm

0 mm

Tqble 4.2.1§Tﬂechanical dimensions for the bottom enclosure of the PTx coil system modeel.

A\ €hemeT O Fmm
denc2 Enclosure inner wall thickness 0.55 mm
denc3 Enclosure outer wall thickness 0.7 mm
@l Height of enclosure outer wall 3.25 mm
dencs Height of enclosure inner wall 3.04 mm
Wencl Inner radius of enclosure inner wall 22.12 mm
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Wenc2 Inner radius of enclosure outer wall 27.48 mm

3.2.1.8 Overall Assembly

The assembly of the individual transmitter components described above is outlined below. A side view of the overall
assembly of the reference transmitter is shown in Figure 4.2.1.8: 14 . The description and specifications of the key
dimensions of the reference transmitter assembly is given in Table 4.2.1.8: 4

Figure 4.2.1.8: 14 Side view of PTx coil system model assembly.

Interface Surface

Table 4.2.1.8: 4 Assembly dimensions of PTx coil system model.

N\
Description s\\>\ Nominal Value
d. Distance from top surface of€oil to interface
1.20 mm
surface
o - S
do Distance frgm t(}x@magnet surface to 0.95mm
interface surface
d Dist fi \tt f ferrite to interf:
o istance ‘rm&.bo om of ferrite to interface 3 Amm

(_\\ surface

3.2.1.9 PTY Orientation\Magnets

As discussed [in previouslyssections, the magnet array in the PTx system model follow a ring shape around the c¢il module
and therefore[provides-radial alignment between the transmitter and receiver coils but allows for rotation around|the center of
the magnet ripg./To-ensure the PTx and PRx only aligns in a particular angular direction, an "orientation magnefarray" is

added to the dystein model

3.2.1.9.1 Transmitter-side Orientation Magnet

The top surface of the transmitter orientation magnet is in-plane with the main magnet array discussed in § 4.2.1.4 Coil
Module (permanent magnets) . The positioning of the orientation magnets with respect to the main magnet array is shown in
Figure 4.2.1.9.1: 15 , wherein the orientation magnet is labeled "clocking magnets". The center of the orientation magnet is
aligned with the center of the magnet ring of the PTx coil system. The cross-section of the orientation magnet is shown in
Figure 4.2.1.9.1: 16 . The DC shield used in the orientation magnet should use the same material as the DC magnet shunt
used in the main magnet array. The B-field strengths in z- and xy-direction are shown in Table 4.2.1.9.1: 5 .
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Figure 4.2.1.9.1: 15 Transmitter orientation magnets (Top View).

N __ARRAY MAGRET

SHOWN.. FOR™REFERENCE
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i
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Figure 4.2.1.9.1: 16 Transmitter Orientation Magnet Dimensions and Polarity.

LDEVICE

rn—(l.lsv)—{ -|=7(1.167)4=|-' -|n—l.ls7—n1

MAGNET THICKNESS /
ADHESIVE THICKNESS Lt
(0.05)
')

(1.75)
i ?
DC SHIELD
0.80
3
DC SHIELD TO MAGNET -
RADIAL OFFSET a\l
iyl 4.83 q/\,
DC SHIELD WIDTH al
S.80 \\)
6.00 ——

SECTION - @
66 5

©
\<</Q

Table 4.2.1.9.1: 5 Flux density at 0.85mm from PTx %ieaation magnet surface.

Maximum x Minim@Qz Bxy

X <-5.0 mm \§» 0.025

-5.0 mm < x <4.5 mm RS N/A
-4.5mm < x <-3.0 mm \\'QQ) N/A 0.075T

-3.0mm <x <-2.0 mm $ 0.170 T N/A
-2.0mm < x <-0.5 mm A‘\Q N/A 0.190 T

-0.5mm <x 0.5 mm -0.250 T N/A
0.5mm <x<2.0mm _, & N/A 0.190 T

2mm <x <3.0 mrK\('\}~ 0.170 T N/A
3.0mm<x<4.0 N/A 0.075T

4.0mm < x <&.0.mm 0 N/A
X > 0 0.025

* The z=0 plgne refers to th@{g&ace surface, and x=0/y=0 refers to the center of the magnetic array.

Q~

O
3.2.2 Ele ctr'@ﬁProperties

3.2.2.1 Elet

When the mechanical components are assembled as specified above, the PTx coil system model has the electrical parameters
described in Table 4.2.2.1: 6 .

(@

These values are valid under free-air conditions where there is no metallic or magnetic object present in the vicinity of the
PTx.
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Table 4.2.2.1: 6 Electrical Parameters of the PTx Coil System Model in Free-Air.

IEC 63563-10:2025 © IEC 2025

Measurement Description Nominal Value
Frequency
N/A DC resistance between coil terminals of the PTx coil 41 mO
system model
360kHz Self-inductance between coil terminals of the PTx coil 7.42 uH
system model
360kHz AC resistance between coil terminals of the PTx coil 260 mQ

system model

3.2.2.2 Pre

The presence

For proper op
magnetic saty

Proper power
Shielding mai

The risk of sa
the number o

This makes T]
saturation dug

For MPP, the]
A LITPR#MPP
A LITPR#MPP

Where 4 L',
the PTx (r=0x

A L rprympp

venting Saturation of PRx Shielding
of magnets in an MPP PTx induces a DC bias flux in the Shielding of a PRx unit;

eration, the magnetic Shielding must be operated in the non-saturated part of-their B-H curve, awa
ration inflection point.

delivery will be impeded if the Shielding of a PRx is allowed to satiwrate. For typical nano-crystall
erials, the saturation flux density is greater than 1T.

turation is defined with reference to the TPR#MPP3, whicl{is identical to TPR#MPP1 in all ways
[ nanocrystaline layers have been reduced to 3.

PR#MPP3 more sensitive to strong magnetic fieldsé@nd a better candidate to evaluate the risk of PK
to the PTx magnets.

Fe is a risk of saturation if either of the follewing are true:

<0.2
00

< -0.3
@2

bRt MPP3(00)iS the normalized change of inductance of TPR#MPP3 when it is placed directly and in

hm, z=0mm).

L -L
TERWMPP3 ™ = TPREMPP3 L, 5,
L

00

TPREMPP3 o0 a1

from their

ne (NC)

bxcept that

*x shielding

he center of

t of 2mm

And A L'7p

upmw)iq the normalized change of inductance of TPR#MPP3 when it is placed with a radijal offs

from the center of the PTx and a 2mm spacer is present between the TPR and PTx. (r=2mm, z=2mm).

A L rprempp3

2,0,2).

A L rpramprs

e

L -L
TPREMPP3 5~ LTPREMPP3., . 0.

ey L
TPREMPP3 ., o i

2)is the minimum value when measured in all four directions e.g. (X, Y,Z) =(0,2,2), (0,-2,2), (2,0,2) and (-


https://iecnorm.com/api/?name=5448667bc1c4345e9d8fa1c4a51ed9a8

IEC 63563-10:2025 © IEC 2025 -37 -

The rationale of using AL' to detect saturation is as follows: under normal, unsaturated scenarios, AL' is positive as the
ferromagnetic material on PTx helps to increase the inductance of PRx. But if the dc magnet saturates the PRx shielding (e.g.,
nano-crystalline shielding), then it effectively neutralizes the positive effect on PRx inductance brought by the shielding
material and thus AL' will reduce. Additionally, the metallic material in PTx will also reduce AL' through the eddy-current
effect. The compound effect will bring AL' down to zero or even negative.

Since (2,2) position has more offset than (0,0), it generally may introduce my saturation, that's why AL'tprampr3(2,2) 1s smaller

than AL'tprampp3(0,0)

3.3 PRx Coil System Model

3.3.1 Mdchanical Construction

3.3.1.1 Ovg¢rall Assembly

The overall dpsign of the PRx coil system model is shown in Figure 4.3.1.1: 17 . It consists of fourymain comporents:

bott¢m enclosure that defines the interface surface

metgl support plate

coil module for wireless power transfer

metgl structure above the coil module defined as a “friendly-metal block”

In Figure 4.3]1.1: 17 the “friendly-metal block™ is opaque, to denote that it is net'intended to be part of a "real-world" PRx
design (but it inclusion in the PRx coil system model is critical in ensurig@\nteroperability). More details regarfling the
“friendly-mefal block™ are provided in § 4.3.1.6 Friendly Metal Block *
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Figure 4.3.1.1: 17 Exploded view of PRx coil system model.

Bottom E

.

>

N

-

3.3.1.2 Botftom Encl@&

The bottom e 1closur§@)nstmcted using glass.

3.3.1.3 Sup]\ late

Friendly Metal

lile

late

hclosure

The support plate of the PRx System Model is constructed using 6061 aluminum. The mechanical dimensions o
plate can be found in Table 4.3.1.7: 11 .

3.3.1.4 Coil Module

The coil module of the PRx coil system model consists of four components:

copper shielding
magnetic shielding
coil

magnet array

the support
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An exploded view of the receiver coil module is shown in Figure 4.3.1.4: 18 .
A cross-sectional view of the coil module is shown in Figure 4.3.1.4: 19 .

The copper shielding aids to decouple the magnetic parameters of the PRx coil module from other system modules that may
be present behind the coil module. Additionally, it also aids to minimize coexistence issues between the inductive charging
system and other system modules.

The magnetic shielding in the PRx coil system model consists of a base layer and a center post. The base layer is constructed
by stacking 7 layers of circular nano-crystalline sheets above the PRx coil. The center post is constructed by stacking 4 layers
of nano-crystalline sheets. The specifications for the mechanical dimensions of the Shielding can be found in Table 4.3.1.4: 7

Figure 4.3.1.4: 18 Exploded view of the coil module for the PRx coil system model.

Gopper Shielding

Magnetic Shiglding

Charging Caoil
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This diagram|shows one twgglt multiple strands in parallel. See Table 4.3.1.4: 8§ .
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Figure 4.3.1.4: 19 Cross-section of the coil module for the PRx coil system model.

WRx2
_WRX3 :

Wria

Table 4.3.1.4: 7 Assembly specifications of coil module for the PRx coil system modeﬁo

Q
|

WRxl Radius of Shielding center post Smm

WRx2 Radius of Shielding base layer (-o(b 21.60mm

wees  Radius of Cu shield Q/O 21.60mm

drai Center post shielding material thickness 6\\ 80um

dr2 Base layer shielding material thickness QOQ 179 pm

dry3 Cu shielding material thickness \§ 30pum
Z

s@

dross-sectional view of the PRx coil system\?nodel is shown in Figure 4.3.1.4: 21 and Figure 4.3.1.4: 20,
The receiver coil consists of a l—layeg@‘ copper wires wound in 13 turns. To facilitate access to the coil

Figure 4.3. 1@)%0055 sectional view of coil for the PRx coil system model.

Q~
cn Wei2

y

<

practical designs, a cut-out exists jnithe Shielding to expose the coil leads. As shown in Figure 4.3.1.4: 21 , one
edge of the cytout is aligned with the geor@ﬁc center of the Shielding. The mechanical dimensions of the PRx
found in Table 4.3.1.4: 8 .

Coil can be
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Figure 4.3.1.4: 21 Top view of PRx coil system model.
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Description

Outer radius of PRx coil
Inner radius of PRx coil

Height of shielding cutout

Width of shielding cutout

Offset of shielding cutout from coil center
Diameter of Cu Wire
Diameter of wire with insulation

Nominal Value

21.00 mm

9.50 mm

4.50 mm

4.85 mm

4.21 mm

114pm

131pum
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N Number of turns 13
Number of strands in parallel per turn
(See Figure 4.3.1.4: 20)

3.3.1.5 Coil Module (permanent magnets)

Details of the magnet module dimensions are outlined in Figure 4.3.1.5: 22 , and Figure 4.3.1.5: 23 . The magnet module
consists of magnet array elements arranged in a circle around the coil module.

The magnetic field values, as measured at the interface surface of the PRx Coil System Model, have been defined in Figure
43.1.5:24.

In Figure 4.3]1.5: 22 , an additional magnet (labeled "orientation magnet") is also included below the circuldr magnet array.

The orientatign magnet assembly consists of a N48SH magnet and a thin shield above the magnet. The‘cross-sedtional view
of the PRx orjentation magnet is shown in Figure 4.3.1.5: 25 .

The choice of materials for the construction of the permanent magnet module (including the'€ircular magnet arrgy and the
orientation mpgnet) are outlined in Table 4.3.1.5: 9 .

Table 4.3.1.5: 9 Magnet properties of the PRx coil system model.

Component Material parameter ) _A ' "fy.pical values
Br O 1.39T
Hcb >1.054 x 10 A/m
>1.671 x 108
M t i
agnet array Hcj A/m
3.7x10°
BHmax TeA/m

Permeable shunt Bsa‘g A ) >20T
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Figure 4.3.1.5: 22 Magnet of the PRx coil system model (top view).
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&Figure 4.3.1.5: 23 Magnet of the PRx coil system model (side view).
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Figure 4.3.1.5: 24 Magnetic field of the PRx coil system model.

Radial Position (mm)
r<19.5
19.5<r<23
23<r<24
245<r<255
26 <r<27
27 <r<30
r>30

.

Figure 4.3.1.5: 25 Orientation magnet of the PRx coil system model (side vie

Bz (T) Bxy (T)
0 0.025
N/A 0.050
-0.0875 N/A
N/A 0.0825
0.0875 N/A
N/A 0.050
-0.025 0.025
nter of the mqgnpﬁr\ aray

qig

NS,

MAGNET
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3 T

3.3.1.6 Frig

In a practical
PCB), hereaf
coil system nj

endly Metal Block

er referred to as “friendly metal”. The frie
odel to represent such metallic componen{s.

In the PRx co

metal block i$ 4.30mm. C}\O
3.3.1.7 Ovg¢rall Assembly ‘.
The assembly| of the individual CO@E

A side view g
dimensions o

dZ1

dzo

il system model, the friendly met(lé‘teock is made from 316 grade stainless steel. The thickness of {

nts of the PRx coil system model are outlined below.

f the overall as y of the PRx coil system model is shown in Figure 4.3.1.7: 26 . Description af
[ the assem n be found in Table 4.3.1.7: 10 .

F@ 4.3.1.7: 26 Cross-sectional view showing assembly of PRx coil system model.

7

PRx implementation, it is likely that the coil m&&e is surrounded by metallic components (such g

etal block shown in Figure 4.3.1.1: 17 is includeq

N THICKNESS

s battery,
in the PRx

he friendly

1d

dzs dzs
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Table 4.3.1.7: 10 Assembly specifications for the PRx coil system model.

da1 Distance from bottom of coil surface to Interface surface 0.660mm
d» Distance from bottom of magnet surface to Interface surface 0.660mm
dz Distance from bottom of support plate to Interface surface 0.700mm
dz4 Distance from bottom of friendly metal block to Interface surface 1.23mm

Qv
Table 4.3.1.7: 11 Mechanical dimensions of support plate. Qq/
N

U,
0.2 mm

Thickness of support plate (b

@0@
;\\

Radius of inner cutout of support plate 26.73 mm

)
. . X
3.3.2 Eldctrical Properties QO
N\

N
3.3.2.1 Elegtrical Parameters of PRx Coil System M&l}l

With the mechanical components assembled as specified abo@%e PRx coil system model has the electrical pafameters
described in Table 4.3.2.1: 12. $

)
These values fare valid under free-air conditions. For th\\electrical parameters of the PTx coil system model wheh it is mated
to the PRx cojil system model refer to § 4.4 Propa@s of Mated Coil System Models .

Table 4.3.2.1: 12 EIec@'ﬁ‘arameters of the PRx Coil System Model in Free-Air.

Rk . DC resistance of the receiver measured at the coil 200 mQ
terminals

Lk $O3 60kHz Self-inductance of the rec.eiver measured at the coil 9.01 uH
Q/C) terminals

RAC 360kHZ AT TCSISTAIICT O1 UIC ITCCIVCT ITITASUITU dl UIC COIT 751 mQ

terminals
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3.4 Properties of Mated Coil System Models

3.4.1 Electrical measurement under mated conditions

The electrical parameters for the PTx and PRx coil system models under mated conditions are presented as a guideline for the
design of compliant MPP PTx and PRx implementations. To this end, two cases are presented:

The descriptipn of these parameters and their expected values for both test cases are given in Table4.4.1: 13 an

14

PRx|(e.g., a protective case) while charging.
In b¢th test cases, the PTx and PRx coils should be aligned (radial offset r = Omm).

The electrical parameters to be measured under mated conditions include: LD(',L Rx‘ s RD(', R RX' R Kl,and K-

In the first scenario, the PRx coil system model is placed directly on the surface of the PTx coil system model. This
case (referred to as “z=0mm” test case), represents the nominal usage case where there is no spacing between the
transmitter and the receiver and the two coils are aligned.
In the second scenario, an air gap of 2mm is introduced between the PRx and PTx coil system models. This case
(referred to as “z=2mm” test case), represents the usage scenario where a user may have an accessory attached to the

Table 4.4.1: 13 Mated electrical parameters (Test case: r=0,2=0 mm).

Description Freﬁh(gg/cy Nominal Value
I./’ _. . . .
X Self-inductance at the coil terminals of the PTx coil 360kHz 14.80 uH
system model
Il'rx Self-inductance at the coil terminals of the PRx coil 360kHz 17.86 ull
system model
R'tx  AC resistance at the coil terminals of the,RTX coil 360kHz 1208 O
system model
R'rx  AC resistance at the coil terminals 0fthe PRx coil 360kHz 1.938 O
system mode}
Ki  Magnetic coupling betweenthe PTx and PRx coil 360kHz 0.887
systeahnodels ’
K.  Resistive coupling between the PTx and PRx coil 360kHz 0.870

system models

Table 4.4.1: 14 Mated electrical parameters (Test case: r=2, z=2 mm).

| Table 4.4.1:

\
\Q/ Description Frequency Nominal Value
L'rx  Self-inductance at the coil terminals of the PTx coil 360kHz 10.09 ul
system model
L'rx Self-inductance at the coil terminals of the PRx coil 360kHz 12.09 uH
system model
R'tx  AC resistance at the coil terminals of the PTx coil 360kHz 0630 Q
system model
R'rx AC resistance at the coil terminals of the PRx coil 360kHz 1254 Q

system model
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Ki  Magnetic coupling between the PTx and PRx coil 360kHz 0.700
system models
K; Resistive coupling between the PTx and PRx coil 360kHz 0.760

system models

3.5 Coil Specifications

A MPP Magr

etic Boundary (MPPMB) is defined to increase the confidence of certified devices interoperability

boundary conisists of a set of individual boundaries defined for pairs of highly correlated parameters (L'rx,-L1x. |

R'rx). Low cd
between para

Table 1: Indy|

The MPPMB
parameters sh
including all

It is recommg
MPPMB whe

3.5.1 PR

4.5.1.1

rrelation parameter(s) (K;) are defined with minimum and maximum limits. Table 1 lists the correl
meters set.

ctive parameter set correlation

Set Parameter Correlation _,
1 LIR)(, LITX and Ki High _
2 R'Rx and R'Tx ngh.
3 K Low

is defined at 128kHz and 360kHz for positions (0,0) and (2:2),) The product-to-product mated coil
all fit within the MPPMB to guarantee feature performancé with all certified PTxs and PRxs. A co
brocess and mechanical tolerances shall meet all the frequency and position boundaries.

nded that the mated coil parameters should not.bé'close to the edges of the boundary as it risks fall
n mated to other certified devices.

x Coil Specifications

Specification | Description

Whenplacing the PRx onto the TPT-Coil, it shall be aligned by the PRx
magnets’so that the center of the PRx coil is within a 2mm radius of the cent
of'the TPT-Coil.

“The following TPTs shall be used for this test:

' TPT#MPP1-COIL1

TPT#MPP2-COIL1

TPT#MPP2-COIL2

TPT#MPP2-COIL3

r The inductance of the PRx coil module when it is mated with PTx at positio

PRx Coil Spec
1

The overall
K; and R'rx,
ation

magnetic
1 design

ing out of the

cr

=3

? (0,0) at 360kHz, L'tx(0,0), shall fit within the boundary defined below.

4512

[ —

)
/

7

e

PRx Coil Spec
2

-

The L'rx to L'tx boundary is described with the equation.
((L 7= L xriginy) €0S(T = @) * (L' re = L rigin) SIN(7 = @) )7 . ((L 7= L rxprigin) €OS(T = @) = (L' rx = L xriginy) SIN(T = @) )2 -
a? b? -
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Specification

45.13

45.14

45.1.5

where,

(L'RX(origin)» L TX(origin)) 1S the origin of the boundary at (14.7622,17.6911)

a is the length of the long axis, 3.1774

b is the length of the short axis, 0.8585

o is the rotation from the horizontal axis in radians, 0.6449.

The inductance of PRx coil module when it is mated with PTx at position (2,2)
at 360kHz, L'rx(2,2), shall fit within the boundary defined below.

PRx Coil Spec
3

PRx Coil Spec
4

Rkx = 1.2395% R' 1, +0.3597Q +0.25340Q
for:0.80000Q < R'7x < 1.66190Q

ETR ‘

The L'rx to Ltx boundary is described with the equation.
(L~ Loxprgn) 0OS(T = @)+ (L o~ L rergn) SN = &))" (L'~ L rxergn) OOS(T = )~ (L'~ L ) ST~ @))° _ .
a? b? -

where,
(L'RX(origin)» L TX(originy) 1S the origin of the boundary at (9:9505, 11.5787)
a is the length of the long axis, 1.9938

b is the length of the short axis, 0.6790

o is the rotation from the horizontal axig ip ¥adians, 0.3601.

The AC resistance between the coil terminals of the PRx coil module when ft
is mated with PTx at position (0,0)4p360kHz, R'rx(0,0), shall fit within the
boundary defined below.

N L —

N - s . " L L ! s —,

The rélationship between R'rx, and R'rx, can also be described with the
equdtion below:

The AC resistance between the coil terminals of the PRx coil module when {t
is mated with PTx at position (2,2) at 360kHz, R'rx(222), shall fit within the
boundary defined below.

Pl v iy o pontion (2.2 o4 00 ke

PRx Coil Spec
5

Em——,

The relationship between R'rx, and R'rx, can also be described with the
equation below:

R'rx=1.2208% R 1, +0.4691Q +0.1956Q
for:0.40000 < R'; < 0.87190
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Specification

The magnetic coupling between the PRx coil module and PTx at position (0,0)
at 360kHz, K (0,0)> given an Loy (0,0)- shall fit within the boundary
defined below.

v o omton 6.1 ot 300 ote

PRx Coil Spec g

6 ke % - & & Em——

45.1.6

The L |-,—Xto K jboundary is described with the equation.

(K1~ Kipngn) COS(T = 0) + € 1~ L g ST = ) (€1~ Kigrgn) 0T = )~ € 1~ L g} sin( - a) |
a? b? o

where,

(Ki(on'gin) , L'Tx(mgl_n)) is the origin of the boundary at (0.8873,14.6523)

a is the length of the long axis, 2.0474

b is the length of the short axis, 0.0202

o is the rotation from the horizontal axis in radians,-0.0132.

The magnetic coupling between the PRx coil miedule and PTx at position (0

=)

)
at 360kHz, K i2.2) given an L X (2,2) shall fit within the boundary

defined below.

PRx Coil Spec N

45.17 7 E — == * S = == R —

The L ITXto K jboundary is described with the equation.

(K= Kol ST = &) + & 1= L'rxergn) ST = ) (= Kiprgn) 0057 = @) = € 1= L e} sin(m = @) _
a? b? N

1

_where,
. (K,-bn.g,.n) ) /_'D(bn,gl_n)) is the origin of the boundary at (0.7012, 9.9533)

a is the length of the long axis, 0.9533
b is the length of the short axis, 0.0264
L o is the rotation from the horizontal axis in radians, 0.0291.
PRX Coil Spec  The resistive coupling between PRx coil module and PTx at position (0,0),
R K+0,0), shall be within 0.80643 and 0.91013 when measured at 360kHz.
“PRx Coil Spec  The resistive coupling hetween the PRx coil module and PTx at position (2.2)
9 Ks(2,2), shall be within 0.68114 and 0.81445 when measured at 360kHz.

4.5.1.8

4519 ’
The magnetic coupling between the PRx coil module and PTx at position (0,0)
at 360kHz, Ki,0), given an L'rx(o,0), shall fit within the boundary defined
below.

PRx Coil Spec

4.5.1.10 10
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Specification

45.1.11

4.5.1.12

4.5.1.13

A .

(
\

The L'rx to K; boundary is described with the equation.
((K;= Kipriginy) €0S(T = @)+ (L rx = L pgriginy) SN = @) )° . ((Ki = Kiprginy) €OS(T = @) = (L x = L i) SIN(T = @)? .
a? b? -

PRx Coil Spec
11

PRx Coil Spec
M2

at\\28kHz, L'rx(0,0), shall fit within the boundary defined below.

oo

(Ki(origin) » L'RX(origin)) 18 the origin of the boundary at (0.8876,17.6294)
a is the length of the long axis, 2.6099

b is the length of the short axis, 0.0197

o is the rotation from the horizontal axis in radians, 0.0105. X
The magnetic coupling between the PRx coil module and PTx+at position (2J2)
at 360kHz, Ki@22), given an Lrx(2.2), shall fit within the beutidary defined
below.

The L'rx to K; boundary is described with the equation.
((K;= Kiprginy ) OS(TT = a)+(LIRX-LIRangn))'Sin("- a))? . ((K; = Kigrigin)) cOS(IT = a)_(LIRX_L'RXwign))‘Sin(”_ a)? =1
a? b? N

where,

(Kicorigin) » LIRx(origin)) is the origin of the boundary at (0.7013,11.6579)
a is the lengthofthe long axis, 1.7823

b is the length-of the short axis, 0.0355

o is th_e r_otation from the horizontal axis in radians, 0.0104.

The inductance of PRx coil module when it is mated with PTx at position (0}0)

N
7z

i

i

PRx Coil Spec
13

The L'rx to L'tx boundary is described with the equation.
(L = L e €08~ 00+ (L = L) 007~ 00)? (0= 9507 = )~ (L= L sgny ST =00
a? b? -

where,

(L'RX(origin)» L TX(origin)) 1S the origin of the boundary at (14.8551,17.8023)

a is the length of the long axis, 2.7763

b is the length of the short axis, 0.7990

o is the rotation from the horizontal axis in radians, 0.5926.

The inductance of PRx coil module when it is mated with PTx at position (2,2)
at 128kHz, L'rx(2,2), shall fit within the boundary defined below.
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Specification

The L'rx to L'tx boundary is described with the equation.

(L' = L xpriginy ) €0S(1T = @) + (L'x = L' pxrign) ) sin( = @) N (L'~ L rxpriginy ) €08( = @) = (L ¢ = L prign) SN (T = @) ) -

a? b?

where
(L'RX(origin)s L'TX(originy) is the origin of the boundary at (9.9548, 11.5261)
a is the length of the long axis, 1.7311
b is the length of the short axis, 0.6556
o is the rotation from the horizontal axis in radians, 0.3473. A
The AC resistance between the coil terminals of the PRx coilmiodule when 1t
is mated with PTx at position (0,0) at 128kHz, R'rx(0,0), shallfit within the
boundary defined below.

45114 PRx Coil Spec S . ¢ o

14 K¢
X

The relationship between R'gx, and R'rx, can also be described with the
equation below:
R'rx = 1.1500% R 1, #0.2767Q +0.1536Q
for:0.1000 0 <R < 0.4903 Q
The AC resistafiee between the coil terminals of the PRx coil module when {t
is mated with-PTx at position (2,2) at 128kHz, R'rx(2.2), shall fit within the
boundary.defined below.

45115 PRx Coil Spee

15
: The relationship between R'rx, and R'rx, can also be described with the
) equation below:

R'gx=1.0572% R 1+ 0.3248Q +0.12450
for:0,10000Q < R < 0.3084 Q

451.16 PRx Coil Spec  The magnetic coupling between the PRx coil module and PTx at position (0,0)

16 at 128kHz, Ki,0), given an L'tx(0,0), shall fit within the boundary defined below.
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4.5.1.17

4.5.1.18

4.5.1.19

4.5.1.20

L'YX vs K, at position (0,0) at 128 kHz
17

165

16

PRx Coil Spec
17
PRx Coil Spec
18

PRx Coil Spec
19

[——MPP Magnetic Boundary

L L
0.85 0.86 0.87 0.88 0.89 09 091 092 093
K

The L'tx to K; boundary is described with the equation.
((K;= Kiriging) €OS(T = @)+ (L1 = L 1)) SN (17 = @) )° . ((K; = Koriginy) €08 = @) = (L 1= L' rigiy) SN(ITS, @) -
a? b? -

where,

(Kiorigin) » L Tx(originy) 18 the origin of the boundary at (0.8885, 14.8270)

a is the length of the long axis, 1.6571

b is the length of the short axis, 0.0164

o is the rotation from the horizontal axis in radiarts, 0.0130

The resistive coupling between PRx coilimédule and PTx at position (0,0),
K+(0,0), shall be within 0.61893 and 0.78638 when measured at 128kHz.
The resistive coupling between PRX ¢oil module and PTx at position (2,2),
Kr@,2), shall be within 0.53604 and\0.68450 when measured at 128kHz.
The magnetic coupling between 'the PRx coil module and PTx at position (0
at 128kHz, Ki(,0), given anGxo,0), shall fit within the boundary defined
below.

The L'rx to K; boundary is described with the equation.

((K;= Kiprginy ) OS(TT = a)+(L'px~ LIRangn))'Sin(" -a) )2 . ((Ki = Kiriginy) cOS(IT = @) = (L're= L’Rxon'gn))‘Si"(” - U))Z -1
a? b? N

where,
(Ki(origin) > L'RX(originy) 18 the origin of the boundary at (0.8889, 17.7432)
a is the length of the long axis, 2.3698
b is the length of the short axis, 0.0153
TATAYA YN

PRx Coil Spec
20

1ot tots £ tha l o +al fo da O
TS CTOTa O T OTH T OTIZ0TItar a TS T ratrarts; v oy

The magnetic coupling between the PRx coil module and PTx at position (2,

at 128kHz, Ki@22), given an L'rx(2,2), shall fit within the boundary defined
below.

2)
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The L'rx to K; boundary is described with the equation.
((K;= Kipriginy) €0S(T = @)+ (L rx = L pgriginy) SN = @) )° . ((Ki = Kiprginy) €OS(T = @) = (L x = L i) SIN(T = @)?
a? b? -

where;

(Kiorigin) > L'RX(origin)) 18 the origin of the boundary at (0.6999,11.5812) <Q
a is the length of the long axis, 1.6185 Qq/
b is the length of the short axis, 0.0363 q/

o is the rotation from the horizontal axis in radians, 0.0132 Y\Q

The magnetic coupling between the PRx coil module an%ﬁjt position (2
at 128kHz, Kj.2), given an LTX(2 2), shall fit within the b

v, o omton 5.2 o 128 ot

N

)
ry defined belpw.

57

C)
s\\(</
T <>
PRx Coil Spec 4 ( e | QQ L

21 .

4.5.1.21

The Ltx to K; boundary is desb{ib\ed with the equation.

((K; = Kipriginy)" €0S(T = @)+ (L' = L 1 priginy ) sin(TP; ")) (K= Kirginy) €0S(T = @) = (L1~ L xrigi)) SN(T ~ ) _
a2 \\'Q b2 -
where,

(Kiorigin) » L TX(originy Kl e origin of the boundary at (0.7011, 9.9551)
a is the length of the ong axis, 0.8069

b is the length@the short axis, 0.0254

o is the ro@}&cn from the horizontal axis in radians, 0.0336

3.5.2 PTk Coil Speciﬁcat'ong)

Specification | Description

When placing the TPR-Coil onto the PTX, it shall be aligned by the PTx
@' magnets so that the center of the TPR coil is within a 2mm radius of the cenfer
Q‘ of the PTx coil.

SO The following TPRs shall be used for this test:

452.1 oil Spec 1 e TPR#MPPI-COILI

e TPR#MPP2-COILI

o TPR#MPP2Z-COILZ

e TPR#MPP2-COIL3
The PTx shall ensure that the magnetic shielding of the TPR#MPP3 is not
saturated by the PTx magnets.
Note: For this to be true, the following conditions need to be met when the
4522 PTx Coil Spec 2 TPR is placed on the PTx:

AL TPR#MPP3 ) = 2 0.2

N

AL 2 -0.3
TPR#MPP3 )
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The inductance of PTx coil module when it is mated with the PRx at position

4523

4524

4525

4526

PTx Coil Spec 3

(0,0) at 360kHz, L'tx(0.0), shall fit within the boundary defined below.

. )
//

v,

The L'rx to L'tx boundary is described with the equation.

PTx Coil Spec 4

{PTx Coil Spec 5

((Lx-L TXb,g,,,,) cos(m - a)+ (L gy— L RX@,W))'sin(n— a)) . ((Lx-L Tx‘wmycos(n —a)-(Lpx-L m(l,‘,w))sin(n— a)) -
a? b? N

where,

(L'RX(origin» L' TX(origin)) 1S the origin of the boundary at (14.7622,17.6911)
a is the length of the long axis, 3.1774

b is the length of the short axis, 0.8585

o is the rotation from the horizontal axis in radians, 0.6449:

The inductance of PTx coil module when it is mated with the PRx at positio
(2,2) at 360kHz, L'tx(.2), shall fit within the boundary‘defined below.

G

The L'rx to L'tx boundaryis described with the equation.
((L" 7= L 1xpriginy ) €0S(m = @) + (L gy — L oty SN (7 = a)y? . ((L'TX—L'TXme)-cos(n— a)—(L'm(—L'RXb,w))-sin(n— a)y? -
a2 b2 -

where,

(L'Rx(origin)» L x(osieiny) 18 the origin of the boundary at (9.9505, 11.5787)

a is the length of the long axis, 1.9938

b is the.léngth of the short axis, 0.6790

o is therotation from the horizontal axis in radians, 0.3601.

The AC resistance between the coil terminals of the PTx coil module when 1

“miated with the PRx at position (0,0) at 360kHz, R'tx0.0), shall fit within the
"boundary defined below.

Pl v i o postin 00 ot 300 ke

=3

t 1s

PTx Coil Spec 6

b= . : L 3! | . ! Eme—",

The relationship between R’rx, and R'rx, can also be described with the
equation below:

R rx = 1.2395x R 1+ 0.3597Q +0.25340
for:0.80000 < R'; < 1.66190

The AC resistance between the coil terminals of the PTx coil module when i
mated with the PRx at position (2,2) at 360kHz, R'rx2,2), shall fit within the
boundary defined below.

tis
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4.5.2.7

45238

Pl v Py o pastion 2.2 ot 00 ke

——,

The relationship between R’rx, and R'rx, can also be described with the
equation below:

R'gx = 1.2208% R 1, +0.4691Q +0.1956Q

PTx Coil Spec 7

? PTx Coil Spec 8

for:0.40000 < R'7 < 0.87190Q
The magnetic coupling between the PTx and the PRx at position (0,0) ay”
360kHz, K; (0,0) &iven an L,y (0,0)- shall fit within the boundary define

below.

v b, o oston 6.0 o 300 ot

- n 1 L " NN

The L ITXto K jboundary is described with the equation.

(K1~ Kigrgny COS(T = 0) + € 1~ L g ST 00 (€1~ Kigrgn) 08T = )~ € 1~ Lo} sin( = @) f
a? b? -

where,

(Kibrigin) , L'TX(Dn,gin)) isithe origin of the boundary at (0.8873, 14.6523)
a is the length of the'long axis, 2.0474

b is the length«0fthe short axis, 0.0202

o is the rotatien from the horizontal axis in radians, 0.0132.

The magnetic coupling between the PTx and the PRx at position (0,0) at

360kHz, K i 2.2)° given an L 'TX 2.2)° shall fit within the boundary define

~below.

—

The L |TXtO K jboundary is described with the equation.

(K= Kongn) COS(T = &) + & 1= L rxprgn) ST = ) (= Kigrgn) 0057 = @) = € 1= L e} sin(m = @) _
a? b? -

1
where,
(Kl_bngl_n) , L'TXbrigin)) is the origin of the boundary at (0.7012, 9.9533)

a is the length of the long axis, 0.9533
b is the length of the short axis, 0.0264
o is the rotation from the horizontal axis in radians, 0.0291.
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4529

4.5.2.10

4.5.2.11

4.5.2.12

4.5.2.13

PTx Coil Spec 9

The magnetic coupling between the PTx and the PRx at position (0,0) at
360kHz, Ki(.0), given an L'rx(0.0), shall fit within the boundary defined below.

i

The L'rx to K; boundary is described with the equation.

(K= Kiriging) €08(1T = @) + (L x = L pypriginy) SN (T = @) ) . (K= Kigriging) €0S(IT = @) = (L rx = L gypriginy) SIN(IT = Q)) -1
a? b2

where,

(Kicorigin) > L'rRX(originy) 18 the origin of the boundary at (0.8876,17.6294)

a is the length of the long axis, 2.6099

b is the length of the short axis, 0.0197

o is the rotation from the horizontal axis in radians, 0.0105¢

The magnetic coupling between the PTx and the PRx-atposition (2,2) at
360kHz, Kj.), given an L'rx(22), shall fit within the boundary defined below.

PTx Coil Spec . > B
10 o o

The L'rx to K; boundary is déscribed with the equation.

((K;= Kipriginy) €0S(IT = @)+ (L rx = L gy SN = @) )° . ((K; = Kioriging) €OS(T = @) = (L' = L o prginy) SIN(T = @) »

a? b?

where,

(Kiorigin) » LRX(etieln)) is the origin of the boundary at (0.7013,11.6579)

a is the length-of the long axis, 1.7823

b is the-length of the short axis, 0.0355

o is the-fotation from the horizontal axis in radians, 0.0104.
PTx Coil Spec  The.resistive coupling between PTx and the PRx at position (0,0), Kr,0), shdl
11 _( be within 0.80643 and 0.91013 when measured at 360kHz.
PTx Coil Spee) The resistive coupling between PTx and the PRx at position (2,2), K;¢,2), shdl
12 PN be within 0.68114 and 0.81445 when measured at 360kHz.

The inductance of PTx coil module when it is mated with the PRx at positiof

(0,0) at 128kHz, L'tx(0.0), shall fit within the boundary defined below.

‘ B

PTx Coil Spec I al
13 &

The L'rx to L'tx boundary is described with the equation.
(L = L xengny » €OS(T = @)+ (L o= L rcprgm SN0 = 0))? (L= L rxgrgm ) S0S(T = 0) = (L'~ L pcprgm) ST = ))* .
a? b? -

where,
(L'RX(originy L TX(origin)) is the origin of the boundary at (14.8551,17.8023)

=

-
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4.5.2.14

4.5.2.15

4.5.2.16

4.5.2.17

a is the length of the long axis, 2.7763
b is the length of the short axis, 0.7990
o is the rotation from the horizontal axis in radians, 0.5926.

The inductance of PTx coil module when it is mated with the PRx at position
(2,2) at 128kHz, L'rx(2,2), shall fit within the boundary defined below.

PTx Coil Spec
14

PTx Coil Spec
15

The L'rx to L'tx boundary is described with the equation.
(L= L 'rxpriginy) €0S(T = @) + (L' = L prigny ) Sin (17 = a))? . (L7 = L xprigin ) cOS(T = a)‘(L‘w(_L'm(pr)gm)'s"‘(”' o))’ a
a? b? -

where,
(L'RX(origin)» L TX(origin)) 1S the origin of the boundary at (9.9548)11.5261)
a is the length of the long axis, 1.7311

b is the length of the short axis, 0.6556

o is the rotation from the horizontal axis in radigns;-0.3473.

The AC resistance between the coil terminal§ ofithe PTx coil module when it is
mated with the PRx at position (0,0) at 128kHz, R'rx(0,0), shall fit within the
boundary defined below.

Pl ve iy o a8 e

| ——,

The relationship between R’rx, and R'rx, can also be described with the
equation below:

R gx £ 11500% R 1+ 0.2767Q +0.1536Q
for; 0:1000 Q < R'7x < 0.4903 Q

Tfhg: AC resistance between the coil terminals of the PTx coil module when it is
mated with the PRx at position (2,2) at 128kHz, R'rx(22), shall fit within the
boundary defined below.

Pl v Py o pastion 2.2 ot 120 ke

. PTx Coil Qppr\

16

PTx Coil Spec
17

——,

The relationship between R'rx, and R'rx, can also be described with the
equation below:

R'gx =1.0572% R 1+ 0.3248Q +0.12450Q
for:0.1000Q < R’y < 0.3084 Q

The magnetic coupling between the PTx and the PRx at position (0,0) at
128kHz, Ki(,0), given an L'tx(,0), shall fit within the boundary defined below.
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L'YX vs K, at position (0,0) at 128 kHz
17

165

16

N

[——MPP Magnetic Boundary
125 I I I I I I

0.85 0.86 0.87 0.88 0.89 09 091 092 093
K

The L'tx to K; boundary is described with the equation.
((K; = Kiriginy ) COS(IT = a)+(L'x- L‘D(pngin;)‘Sin("_ )y . ((K; = Kipriginy) €OS(IT = a)_(L'TX_L.Txpnym))'Si"(”' a)’ -1
a? b? -

where,

(Ki(origin) » L Tx(originy) 18 the origin of the boundary at (0.8885, 14.8270)

a is the length of the long axis, 1.6571

b is the length of the short axis, 0.0164

o is the rotation from the horizontal axis in radiarts, 0.0130

The magnetic coupling between the PTx and the PRx at position (2,2) at
128kHz, Kix2), given an L'tx(22), shallLfitdvithin the boundary defined below].

= s
¢

ot XS //
A A

PTx Coil Spec - ( N\ -

452.18 P ok - "—:—.:f = ks 2 ks ' Evr——,

18 #

The L'rx to K; boundary is described with the equation.

((Kr'Kip,gm))'Cos("‘ a)+ (L'~ L‘D(bngmj)'Sin(n_ a) )2 . ((Ki = Kipriginy) cos(im = a)_(LITX_LID(bligin))'Sin(ﬂ_ U))Z -1
a2 b2 -

where,
(Korigin) » LITX(Origin)) is the origin of the boundary at (0.7011, 9.9551)
"a1s the length of the long axis, 0.8069
"bis the length of the short axis, 0.0254
o is the rotation from the horizontal axis in radians, 0.0336
The magnetic coupling between the PTx and the PRx at position (0,0) at
128kHz, Ki(,0), given an L'rx(,0), shall fit within the boundary defined below(.

)]

i

PTx Coil Spec

19 T ¢

4.5.2.19

|,

The L'rx to K; boundary is described with the equation.
((K;= Kiriginy ) COS(TT = a)‘*(LVRX_L.RXbrigm)'Sin(”_ a)) . ((K; = Kirigin ) COS(IT = a)_(LIRX_L'RXW'gn))'Si"("_ a)? -1
a? b? N

where,
(Kicorigin » L'RX(originy) 18 the origin of the boundary at (0.8889, 17.7432)
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4.5.2.20

45221

45222

a is the length of the long axis, 2.3698

b is the length of the short axis, 0.0153

o is the rotation from the horizontal axis in radians, 0.0095

The magnetic coupling between the PTx and the PRx at position (2,2) at
128kHz, Ki(,2), given an L'rx(2,2), shall fit within the boundary defined below.

PTx Coil Spec
20

PTx Coil Spec
21
PTx Coil Spec
22

The L'rx to K; boundary is described with the equation.
((K; = Kiriginy) cOs(11 = a)‘*(LVRX_L.RXbrgm)-Sin(”_ a) )2 . (K= Kiriginy) COS(IT = a)_(LIRX_L'RXw'gn))ISi"("— U))z i
a? b? N

where,

(Kicorigin) > L'RX(originy) 18 the origin of the boundary at (0.6999,11.5812)
a is the length of the long axis, 1.6185

b is the length of the short axis, 0.0363

o is the rotation from the horizontal axis in radidns,0.0132

The resistive coupling between PTx and the RRX at position (0,0), Ky,0), shd
be within 0.61893 and 0.78638 when measured at 128kHz.
The resistive coupling between PTx andhthe PRx at position (2,2), Ki2,2), shg
be within 0.53604 and 0.68450 whe/measured at 128kHz.

—
=

—
oy



https://iecnorm.com/api/?name=5448667bc1c4345e9d8fa1c4a51ed9a8

IEC 63563-10:2025 © IEC 2025 -61-

4  Power Delivery

Unless otherwise stated, all contents in the chapter applies to power delivery in MPP mode instead of BPP mode.

4.1 Power Profiles (BPP + MPP)

4.1.1 Specifications

Section Specification |Description
Th PTx shall provide a BPP PRx with at least SW of rectified power for Qmi

=

Power Delivery

5.1.1.1 Spec 1 <z <3mm, Omm <r < 8mm (Figure 4.3.2.1: 28 ).
p Note: See § 5.1.3.1 for the definition of z and r. i2)
5112 Power Delivery The PTx shall provide a MPP PRx with at least 15W of rectified power inside
T Spec 2 the 2x2 cylinder (0mm < z < 2mm, Omm <r < 2mm) Figure 4.3.2.1: 27 .
Power Delivery The PTx shall provide a MPP PRx with at least SW of rectified power for 0 £ z
5.1.1.3
Spec 3 < 3mm, Omm <r < 4mm.

4.1.2 Retommendations

Specification

Power
Capability In MPP mode; For z> 3mm & r > 4nim,) load power delivery should gradually
Reduction Spec  decrease from 5W as distance from the center increases.
1

5.1.2.1

4.1.3 Specification Notes

Specification

MPP devices are required to provide guaranteed performance with respect td
externally obsetvable features of the design such as distance between the
contact sugface of PTx to the contact surface of the PRx. Thus, in the specifipd
powerydelivery volume below and throughout the MPP specification, when '|z"
distance’is specified it indicates surface-to-surface separation rather than, fo
instance, the coil-to-coil separation.

Definition of z (" Hor example, Figure 4.3.2.1: 29 shows how z gap between a PTx and PRx i

and r "defined in the system model. In this example, the PTx and PRx have the sanje
mechanical stack-up as the § 4.2 PTx Coil System Model and § 4.3 PRx Cg¢il
System Model .
The origin r=0 is defined as the location corresponding to maximum couplifg
when z=0.

5.1.3.1

Figure 4.3.2.1: 27 MPP minimum power delivery requirement shall be Pl > 15W for Omm < z < 2mm, Omm < r <

2mm .
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Figure 4.3.2.1: 28 An MPP PTx shall be able to deliver Pl > 5W to an BPP system model PRx for Omm < z < 3mm,
Omm <r <8mm.

R ———

v
NO

Figure 4.3.2.1: 29 Cross section view of the system model indicating th@ebﬁ gap.

PRx

Case

PTx

T« ferrite

xO

z: distance{ﬁ\)% transmitter surface to receiver surface
. Coil-to-coil distance is larger than z.

O
4.2 Powetﬁeceiver Functional Block Diagram

4.2.1 SystemrMuodel

4.2.1.1 System model PRx circuit topology
The system model PRx circuit topology is presented in Figure 5.2.1.1: 30 and in Table 5.2.1.1: 15 .

During digital ping and BPP mode S1 is open. After MPP handshake PTx will turn off and switch to 360kHz, when PRx
detects 360kHz it will turn on S1 to enter MPP power delivery mode.

PRx comprises:
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e  Series impedance tuning network for BPP and MPP

e  Parallel resonant for detection

e Ideal full-bridge rectifier
Additionally, the system model PRx the assumption that the load has a power converter (e.g. Buck converter) for converting
between the optimal Vrect regulation voltage, to the 4V battery voltage. It has the following properties:

e  The input current limit (Ilim) is controllable and used to control the maximum rectified power (see § 5.10.2.3 Ilim
Loop (PRx) ).
e The output voltage is regulated to battery voltage when Vrect >4V

Figure 5.2.1.1: 30 System model PRx circuit topology (with BPP and MPP compatibility).

Example Toad

PRx System Model : : (not part of PRx)
on@ st Vrect - Buck ;
—i— £ :- |
Crx1 ‘
} ACH { !

AC2

%m == == E—:| Batt

Ll
N
gl

.|};
L
f
L
f

Table 5.2.1.1: 15 PRx-series tuning configuration .

S1 Transmitter Power transfer
frequency mode
open A ;‘i2-8kHz 128kHz digital ping
open 128kHz BPP power transfer
closed O 360kHz MPP 360kHz digital ping and

power transfer

4.2.1.2 Systetivinodel PRx resonance tuning in BPP mode

Following the system model mechanical design in § 4.2 PTx Coil System Model , § 4.3 PRx Coil System Model and WPC
v.1.2.4 part 1, spec 3.1.1, we can tune the BPP mode capacitors Crx1 to series resonant frequency:

1
- _100KHz+5%
fo= o Ty Crat ’

PRx coil inductance, mated with § 4.2 PTx Coil System Model in Qi frequency range:
Lrx' = 14.6uH

So, the series resonant capacitor Crx1 is:
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Crx1 =174nF

In practical designs, the recommended tolerances of Lrx' and Crx1 are both +5%.

Parallel reson:

PRx coil indu

So

ant frequency

1
2 \/LRX (s +2)

ctance without PTx ferrite present (Free air inductance) Lrx:

Jo =

LRX = 917UH

IEC 63563-10:2025 © IEC 2025

In practical d

4.2.1.3 Sys

Following thd
select the PR}

In practical d

Note that the
model PRx rd
the PRx coil {
coupling is re
Ctx consideri
methodology

4.2.1.31

The rule of th
including ref]]
Figure 5.2.1.3

Cd =2.7nF

psigns, the recommended tolerance of Lrx is +0.6uH, and Cd is £10%.

tem model resonance tuning in MPP mode
system model mechanical design in § 4.2 PTx Coil System Model and § 4.3_PRx'Coil System M
K resonant capacitor to be the following value based the mated inductance:
Crx = Crx1+Crx2 =710nF

psigns, the observed tolerance of L'rx is £1.55uH and Crx is £10%:

Crx value at 360kHz MPP mode is higher than Crx1 used for128kHz BPP mode (174nF, see § 5.2
sonance tuning in BPP mode ), despite that the MPP frequitency is higher. In BPP mode, Crx1 is ch
0 be close to the resonant point; this method works by minimizing the PRx reactance, and works w
latively low. When the coupling is high, as in the case with 360kHz MPP mode, Crx needs to be c}
hg PTx and PRx as a whole system, instead of just PRx in isolation. The following subsections exp
of how Crx and Ctx values are selected for the'system model in MPP mode.

Rule of thumb

umb in selecting resonant capacitot-at 360kHz in the system model is to have its equivalent capaci
ected Crx, to resonant with the\leakage inductance on the PTx side. Consider the Cantilever equiva

1:31:

Figure 5.2.1.3.1: 31 Cantilever Equivalent Circuit.

odel , we

1.2 System
bsen to tune
ell when the
osen with
lain the

ance,
lent circuit in

- Lix(1—K})

Ct.r

Cy
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Ctx and Crx should be selected so that the Irx current branch (dotted blue) is close to resonance. The total equivalent

capacitance is

Cog =

1 n2

Cix Crz

We have two different resonant frequencies:

1. Tx resonant frequency:

1

T = o Oy

2. Power transfer resonant frequency:

And capacito

Since we are
lower than Cj
locations.

Using the res
chosen with 1

4.2.1.3.2

In the system

15W
ZVS
Opti
This section

Essentially, s

1.
2.
3.

FHA
Tim
Prac

4.2.1.3.3

The first step
written as in ¢

Z.,;H(S) = R{T

where

x1 in BPP mode: the leakage inductance is much lower than the self-inductancés¢specially at high)

huch more careful design considerations. Please see § 5.2.1.3.2 Selection of resonant capacitors .

Selection of resonant capacitors

1

Ir= 277\/08111:",1")((1 - Ka.z)

s can be chosen correspondingly to tune the resonance points.

uning the equivalent capacitance with regard to the leakage inductance, the Crx yala¢ chosen in MIPP mode is

nance equations only give an initial set of Ctx and Crx values. The firfal'values used in the system

model, the resonant capacitors are selected to meet the following primary design goals:

power delivery within 2x2 cylinder;
(zero voltage switching) is guaranteed for low EMI;
hnization for efficiency.

ives a summary of the design exercise leading to the selection of the capacitors in the system mod¢

arting from the capacitor values indicatédiin § 5.2.1.3.1 Rule of thumb , there are three steps:

(first harmonic approximation) tefselect initial capacitor values,

b-domain sweeps of worst-case @pérating conditions to optimize the values,
ical design considerations td, finalize the values.

FHA analysis: selecting initial values of Ctx

(FHA analysis) can be done analytically. The equivalent total input impedance at the transmitter si
q. 1.

1
§ Ct:l:

Zy

!
x + SLTX + R, ' ’ 1
irscom T SLrx + Brx + 52

coupling

model are

—

de can be

eq. 1

(see

Znis

§ 2.3.3 Symbols)

Cuis the PRx parallel capacitor (see Figure 5.2.1.1: 30)

total mutual impedance. With inductive coupling Kiand resistance coupling X,

Zn & SKi\/LITXLiRX + K, \/Ra"thX

can be estimated as 72

Based on eq.

V2

rect

Precif

8 .

1, the system gain can be derived:

Lrx, Lrx» Rrx, Rrxare the mated PTx inductance, PRx inductance, PTx resistance and PRx resistance, respectively

Riis the equivalent AC resistance of the load. In FHA, assuming the rectifier is in continuous conduction mode, it
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rs Vrect 1 ZM Rl

G(s) = .
Vin . Zin(8) Ry+(1+5Ca- Ri) (Rpx + 5L + 33 )

eq. 2

A valid set of resonant capacitor values should meet the following criteria for all possible magnetic parameters within the 2x2
cylinder:
1. The phase of Zn(s)(eq. 1) is less than 20 degrees to ensure ZVS

2. To reach the desired Vrect (14V, see Figure 5.2.1.5: 35 ) at 15W, the gain G(s)(eq. 2) should be big enough such that
the needed Vin that's less than the maximum (Table 5.3.1.3: 18 )

On top of meeting 1 and 2, an optimized set of capacitor values should yield as high efficiency as possible.

The worst-case scenario of criteria 1 and 2 may be achieved at different operating conditions. For example, with all other

— Y S R S PR : R IR P :
parameters equat; tiTe WOTSt=Case SCEITArTo Of CITtEITOIT 1 TS Teaciied at MTaX U K57 WITIE tiTe WOTSt=tase Ot CITteron 21s

reached at mipimum K.
A sweep of al]l operating conditions is then done to decide the best choice of Ctx and Crx:

e Tuning Crx to PRx coil resonance leads to suboptimal Crx values. A much higher Crx is ne¢ded. This if evident by
lookjng at the efficiency (Figure 5.2.1.3.3: 32), Zin (Figure 5.2.1.3.3: 33 ) and gain (Figute 5.2.1.3.3: 34 ). This
confjrms the first principles shown in § 5.2.1.3.1 Rule of thumb .

e In the system model, a single selection of Ctx isn't possible to meet both criteria{so-two different Ctx vhlues are
used/ depending on the range of K.

Figure 5.2.1.3.3: 32 Efficiency vs Crx: sweep of Crx at the maximum coupling.position in the system mpdel shows
that efficiency is low when Crx < 300nF (syster/is capacitive) .

0.89 )V 146
o~ R - 14.5
0.885 1
- 144
0.88 N 143
g
g - 142
20875
& 141 £ —+Ef
w -&\Vin
0.87 S 14
F 39
0.865 w"r.
138
0.86_ % 13.7
0 200 400 600 800 1000

Crx /nF
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Figure 5.2.1.3.3: 33 Bode plot of Zin(s) at maximum coupling location with two different Crx values. With Crx=60nF,
the system impedance is capacitive, which is undesirable.

360kHz 4

Magnitude (dB)
w B (4]
o o o
T

[
o

50 -

Phase (deg)
o
T

1
S0 ! Crx: 60nF
! 360kHz Crx: 710nF
L | L [ . | T T
10* 10° 108 107

Frequency (Hz)

Figure 5.2.1.3.3: 34 Bode plot of G(s) at maximum coupling locatign*with two different Crx values. CrxF710nF has
~1.4dB higher gain than*Crx=60nF.
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42134 Time-domain sweep

Once the ranges of values of Ctx and Crx capacitances are down selected, time-domain simulations are run to fine-tune the

values. Time-domain simulations help to capture harmonic effects that are neglected in FHA. The third harmonic frequency

is particularly impactful since it resonates with Cd, which is further explained in § 5.11 Mitigation of Side Effects of Cd at

MPP Frequency .

4.2.1.3.5

Other design considerations

To determine the final values of the system-model Ctx and Crx capacitance, there are a few other design considerations:

e  With Crx >> Ctx, the tolerance on Crx is reduced. The is very beneficial, as due to space limitations, PRx usually
has to use lower quality X5R capacitors (compared to COG capacitors in the PTx).

o With
e Cap
are 1

4.2.1.4 PR}

Table 5.2.1.4
min/max valy

PRx
MPH

PRx
BPP

Para
capal

higher Crx value and lower Ctx value, ASK modulation depth on Verx 1s increased.
citor values are rounded to the closest standard values. For example, the following table shows)he
punded:

Ki Optimal equivalent Ctx Final value

range o
>0.81 100nF 101nF (68nF + 33nF), (~
<0.81 65nF 68nF

 electrical properties

16 shows the electrical properties of the PRx system model. Nominal values are from the system
es represent recommend tolerances for practical designs.

Table 5.2.1.4: 16 PRx electrical properties (system model).

Min Nominal Max
coil tuning capacitor Crx1+Crx2 1639nF 710nF 781nF
mode (Table 5.2.1.1: 15
coil tuning capacitor Crx1 156.6nF 174nF 191nF
mode (Table 5.2.1.1: 15
lel capacitor Cd (ificluding circuit parasitic 2.43nF 2.7nF 3nF

Citances)

v Ctx values

imodel, and

4.2.1.5 System model PRx Vrect setting

The intended rectified voltage regulation range of the system model PRx is presented as an example in Figure 5.2.1.5: 35 .

e Rectified voltage target is selected based on L.« (With hysteresis) for optimal wireless link efficiency and to limit

max
e The

over voltage during load transients.
initial Vrect target is selected in § 5.9 Set Pr_max .
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4.3

4.3.1 Sys

Power transnj

Figure 5.2.1.5: 35 System model PRx Vrect/Irect profile.

Vrect target
A

14V 4
12v A 4

Power Transmitter Functional Block Diagram

InB
128K
Afte
seleq
that
mod|
The
trang
Pow|
Ope
Imp

> Irect
0.5A. 0.7A 1.07A

tem Model

itter power stage configuration is presented in Figuse 5.3.1: 36 and in Table 5.3.1.2: 17 .

PP mode and during 128kHz digital ping switchés S1 and S2 are closed. See § 5.6 Digital Pings
Hz/360kHz .

he phase delay between the voltage and phase fundamental tones is always higher than 20 degrees
e of operation and minimum powet delivery is 15W inside 2mm cylinder. See § 5.7 K Estimation
cystem model PTx employs full-bridge converter with input voltage control and phase-shift contro
mitted power. Whenever, possible, the system model PTx prefers voltage control over phase contrg
er Transfer Control .

ation frequency isfixed at 360kHz, with no variable frequency operation.
dance tuning citcuit comprising Ctx1, Ctx2, Cx3, S1 and S2 is controlled as described in Table 5.3

 MPP handshake, starting with the 360kHz digital ping, PTx transfers to 360kHz operation mode gnd will
t Ctx capacitor based on coupling estimation. Coupling estimation threshold, Ctx1 and Ctx2 are sefected such

for inductive

to regulate
1. See § 5.10

1.3:18.
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4.3.1.1 Def]

The inverter
- when 6=0°,
- when 6=18(

See Figure 5.

i | Cbd g
P i Cte2 91%
Phase E ! Dlul1
Vin Control_ ! "
Control : | Lex
—(/ ' |
. i
\ — — [
[l ]

inition of inverter phase 0

hase 0 is defined as follows:

he effective output voltage of the full-bridge inverter isianaximized

°, the effective output voltage of the full-bridge invertet is minimized (close to zero)

B.1.1: 37 for an illustration of the definition of 6.

Figure 5.3.1.1: 37.Refinition of inverter phase 6.

Full-bridge inverter

6=0°

SWi1

swe

6=180°

’ Sw2

4.3.1.2 PTx resonant capacitor selection

In the system model, the PTx resonant capacitor is selected in conjunction with the PRx capacitor. Please see § 5.2.1.3

System model resonance tuning in MPP mode .
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S1

closed

open

closed

* HHith

in the digital

4313

Table 5.3.1.3

Input voltage

Table 5.3.1.2: 17 PTx power stage capacitor switches configuration.

S2 Transmitter Power transfer
frequency mode
closed 128kHz Digital ping 128kHz and power transfer
open 360kHz Digital ping 360kHz and power transfer
(low coupling)
open 360kHz Digital ping 360kHz and power transfer
(high coupling)
couptngand*“fow*Toupting S dTermimned by e K CSUTATION STagt (STC § 9.7 K ESUIMATON ) WITITHT

PT

Tol¢]
Valy
Ok _th
cons

bing phase. The value of k separating low and high coupling is given in the Table 5.3.1.3: 18 .

( electrical properties

18 shows the PTx electrical properties of the system model. Notes:

rances are shown in brackets and are based on observations on a practi¢al implementation of the sy
es of all Ctx capacitors: Ctx1 = 68nF, Ctx2 = 33nF, Ctx3 = 390nF;

shold 18 Tead from the XID packet (see MPP communication pretocol book). In the system model, of
tant of 1.

Table 5.3.1.3: 18 PTx electrical properties (system*model), during power transfer.

Value

range 11V-19V
Capped at 18V in low-k 1
5.9.2.3.4 Low-k Mode )

s performed

stem model;

lk_threshold isa

mode (See §

Amplitude mpdulation resolution 30mV

Duty cycle 50%

Max Vin with} phase shift control 11v

0 (PTx invertpr phase shift) control range 0- 50 degrees

6 (PTx invertpr phase shift) control resolution 0.5 degrees
Primary coil tuning capacitor 101nF (96-106nF)

Ctx1+Ctx2 at high coupling > 0.81* ou_hreshold
(MPP mode, see Table 5.3.1.2: 17)
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Primary coil tuning capacitor Ctx1 at low coupling < 0.81* 0k ¢hreshold 68nF (64.6-71.4nF)
(MPP mode, see Table 5.3.1.2: 17 )

Primary coil tuning capacitor 491nF (466.7-515.5nF)
Ctx1+Ctx2+Ctx3
(BPP mode, see Table 5.3.1.2: 17)

44 Operating Frequency

4.4.1 System Model

The system njodel PTx uses a crystal oscillator and has a PWM clock frequency of d44MHz. The system model|PTx also
employs freqfiency dithering with 16 power cycles to reduce EMI.

In a practical |design, PTx manufacturers can pick their clock frequency and’eptionally employ dithering with 2, 4, 8 or 16
cycles as long as the frequency specifications ( § 5.4.2 Specifications )@pesmet. RCOs are generally not recomnjended as
they won't mget the specifications.

4.4.2 Specifications

Specification

PTx Frequency The PTx operating\fréquency, when averaged over 16 consecutive cycles, sHall

421 Spec 1 be within +0.15% of 360kHz.
PTx Frequenc The PTx FSK modulated frequency Fmoq , when measured and averaged ovef
5422 Spec 2 qUeNCY 16 consechitive cycles, shall be within £0.15% of the nominal modulation
P frequéncy Fmod (see § 6.2 Frequency Shift Keying (PTx to PRx) ).
PTX F The PTx cycle periods, measured as 71, ..., T16 across 16 consecutive cycles,
5493 Ditherirr?qléeneccy ~shall satisfy that |1/T;-f] < 10 kHz for any i=1,...,16, where f is 360kHz without
T 1 &SP L_FSK modulation or Fmoa (see § 6.2 Frequency Shift Keying (PTx to PRx) )
..~ with FSK modulation.
5494 PDii(ei;quer;y The PRx shall be capable of operating in MPP mode in the presence of PTx
o 1 &SP frequency dithering.

4.5 Object Detection

4.5.1 System Model

While power is applied to the PTx it will enter a low-power standby mode. In this mode, analog pings will be emitted
periodically to detect the presence of a PRx. A simplified flow diagram (see Figure 7.2.1: 73 ) of the analog ping is shown in
§ 7.2 Open-air Q-Test (pre-power transfer FOD method) . It is not required to implement open-air Q test but the same flow
diagram as well as the information presented about measuring Q and ping frequency (see § 7.2.6.1 Measuring Q ) can be
used as the basis for the analog ping.
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In the object detection phase, the motion of the phone placement should be considered to prevent early detection of the

placement (leading to, perhaps, k-estimation at an intermediate position) or false FO detection. These topics are considered in
§ 7.2.7 PRx movement and digital ping and § 7.2.6.4.2 PRx misplaced then replaced .

4.5.2 Specifications

Specification

5.5.2.1

PRx Q
Deflection Spec  area for the PRx to be detected.
1 See eq. 3 for how Q deflection is calculated.

The PRx shall generate a Q-deflection (AQ) greater than 20% within the active

4.6 Di

4.6.1 Ne

After object d
yet know whd
known as ded
power signal
After the PTX
response fron

In Figure 5.6
are two sets g

Digital Ping |

[ ]
"Ide
"Cof

Digital Ping 3

° llDig
"Ide

"Cot
Please note th

rital Pings 128kHz/360kHz

ed For Digital Pings 128kHz / 360kHz

etection (See § 5.5 Object Detection ) detects arrival of an object within its operating volume, the
ther the arrived object is a valid PRx or a foreign object. The PRx may be comptetely out of energ
d battery. Even if the PRx is alive, it is not aware of being close to the PTx,(as the PTx might have
Lo conserve energy.

determines that there may be a PRx within its operating volume, the"PUX initiates a Digital Ping tq
| the PRx.

1: 38 , adopted from Figure 3.1 of MPP Communication Proto¢ols Document Rev. 3.0 dated 08/19
f operations: (1) Digital Ping 128kHz and (2) Digital Ping'360kHz. See Figure 5.6.1: 39 .

28kHz includes:

"Digital Ping" phase, shown in Figure 5.6.1: 40

htification 128kHz" phase, shown in Figure 5§36:1: 41 , and
ifiguration” phase, shown in Figure 5.6.1:343’.

60kHz includes:

ital Ping" phase, shown in Figur¢ 5:6.1: 40
htification 360Hz" phase, shgwirin Figure 5.6.1: 42 , and
ifiguration” phase, shown in Figure 5.6.1: 43 .

at the "Digital Ping" phase and the "Configuration" phase are the same between 128kHz and 360k]

IPTx does not
- also
removed the

initiate a

2022, there
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Figure 5.6.1: 38 MPP Power Negotiation Flow.

PTx

| Digital Ping @128kHz |
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T |
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| Digital Ping @360kHz |
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In "Digital Ping" phase (Figure 5.6.1: 40 ):

e Inverter turns on and the duty ratio (or phase shift) is ramped up.
e  PTx expects the first ASK packet.
e PTx handles scenarios such as no-packet arrival, invalid packet, and valid SIG or EPT packets.

The "Identification" phase is different between Digital Pings 128kHz / 360kHz:
In Digital Pings 128kHz, "Identification 128kHz" phase happens (Figure 5.6.1: 41 .).

PTx expects the ID and XID packets.

PTx makes decision based on different scenarios depending on the ID and XID.

If needed, PTX performs k-estimation

PTx|decides the next operation conditions for the inverter: frequency, phase, and inverter configuration

In Digital Pinjgs 360kHz, case, the "Identification 360kHz" phase happens (Figure 5.6.1: 42).

e  PTx|[expects the ID and XID packets.
e PTx|makes decision based on different scenarios depending on the ID and XID.
e PTx|decides the next operation conditions for the inverter.

The "Configyration" phase (Figure 5.6.1: 43 ):

e PTx}handles the cases with CFG, PCH and Proprietary packets.
e PTxJadjusts the FSK parameters, if applicable.
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Figure 5.6.1: 40 Digital Ping Flowchart.

Inverter Operation Parameters are defined in subsequent sections.

act [Activity] Digital Ping[ Digital Ping])

O

%
Fetch Inverter Operation
Parameters

)

%
‘ Enable Inverter J

«structured»

- _ (/2N

_____ ~

|
|
[Packet=="SIG' && SIG>0] |
|
|

Receive Packet (SIG) within Timeout Limit

| [Packet=="EPT] | [élse]

f
|
|
|
|
|
|
)

\
(IIIegalPacket_DP) ( SIG_Zero )

stp_timer
Signal = [SIStart_T_Stable_Startup

v ( E\!P/T j
N

Start_T_Stable_Startup via
result

|
T result ‘ result
O

\
| Set Boot-Loop Timer Flag |

LBody = T_stable_startup_active=trueJ

N

Transition to Identification

: Disable and Discharge

Inverter

th

v |i\ ErrorCode
Transition to Idle

Signal = EIT_dpid / Signal = [SIT_dp_idle )
=T

result
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Figure 5.6.1: 41 Identification 128kHz Flowchart.

act [Activity] Identfication 128kHz( Identification 128kHz ] J
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Figure 5.6.1: 42 Identification 360kHz Flowchart.

act [Activity] Identification 360kHz[ Identification 360kHz ])
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act [Activity] Configuration[ Configuration ])
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Decode with Timeout Limit

: Decode Packet X after (t_next)
th 9<?e - !

_ ~ - —

| [Packet=="CFG' &&
XID=="MPP_Full_Mode']
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/

S

th

|
|
|
|
|
| ErrorCode

T_act_flt via protocol
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N

Fail."

Documentation = "Configuration

/

|
|

4.6.2 Specification

-

4.6.2.1 PTH

There are foul

¢ Dig

ité(B%g Specifications

Ity @ digital pings, separated by InverterConfig:
Mrpnnﬁn —'O1 HB I ouw")
o G — 7

o 128K

e 128kHz HB High Ping (InverterConfig =="'Qi_HB_High")
e 128kHz FB_High Ping (InverterConfig =='Qi_FB'")

e 360kHz FB Ping (InverterConfig == 'MPP_FB')

They are shown as different branches in Figure 5.6.1: 41 .

4.6.2.2 PTx Digital Ping Specifications - 128kHz Ping HB_Low

Son | Sttt

5.6.2.2.1 PTx DP 128kHz PTx shall ensure its Viyy settles to 11.5V
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Specification

HB_Low Spec
1

PTx DP 128kHz

-81-

PTx shall select the 491nF series resonant capacitor bank (shown in Figure

3:622.2 ?B—LOW SPeC 5 31.36 ) according to Table 5.3.1.2: 17 .
PTx DP 128kHz
56223 HB Low Spec  PTx shall start operation in half-bridge mode with H=5% and fsw=128kHz.
3
56224 Ile gx II?P %SkHZ PTx ramps up pto 25% in 6msec and then keeps operating with 5=25% for
6.2.2. _Low Spec
4 65msec.
PTx DP 128kHz QD
5.6.2.2.5 HB Low Spec  PTx shall follow the flowchart in Figure 5.6.1: 41 . Qq/
> v
4.6.2.3 PTx Digital Ping Specifications - 128kHz Ping HB_High ,'\
Specification | Description )
PTx DP 128kHz (b
56231 HB_High Spec  PTx shall ensure its v, settles to 13V. C)
: \Z
N
56232 ggx gi’ﬁzsiljjz PTx shall select the 49 1nF series resonant citor bank (shown in Figure
T - 5.3.1: 36 ) according to Table 5.3.1.2: 1(<
2
PTx DP 128kHz
56233 HB_High Spec  PTx shall start operation in half-b{k e mode with p=5% and fsw=128kHz.
3 QO
PTx DP 128kHZ pTy ramps up nto 50% 'nég{sec and then keeps operating with 7=50% for]
5.6.2.3.4 HB_High Spec PP D \;\ bs operaiing Witk D=5
4 msec.
PTx DP 128kHz N4
5.6.2.3.5 HB_High Spec  PTx shall follg)\ghe flowchart in Figure 5.6.1: 41 .
5
o
4.6.2.4 PTx Digital Ping Specificdtions - 128kHz Ping FB
Speciﬁcation Description
5.62.4.1 IEEXSDP 1128k Tx shall ensure its /__is stable at 11.5V.
pec .
56240 PTx DP, z PTx shall select the 491nF series resonant capacitor bank (shown in Figure
e FBS 5.3.1: 36 ) according to Table 5.3.1.2: 17 .
5.62.43 PﬁB) 1328kHZ PTx shall start operation in full-bridge mode with =50% and fSW:128kHz
2 pec
5.62.4.4 \ l"BXbDP 1428kHZ PTx ramps up phase shift in 6msec and then keens aperating for 65msec
pec T T r r (=4
5.6.2.45 PTx DP 128kHZ b1 chall follow the flowchart in Figure 5.6.1: 41 .
FB Spec 5

4.6.2.5 PTx Digital Ping Specifications - 360kHz Ping FB

Specification

5.6.2.5.1

5.6.25.2

PTx DP 360kHz
FB Spec 1

PTx DP 360kHz

PTx shall ensure its V,.niS stable at 10V.

PTx shall select the 68nF series resonant capacitor bank for low coupling Kest
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Specification

FB Spec 2 (shown in Figure 5.3.1: 36 ) according to Table 5.3.1.2: 17 .
56253 PTx DP 360kHz PTx shall select the 101nF series resonant capacitor bank for high coupling
T FB Spec 3 (shown in Figure 5.3.1: 36 ) according to Table 5.3.1.2: 17 .
56254 PTx DP 360kHz pTx shall start operation in full-bridge mode with p=50% and f_ =360kHz.
e FB Spec 4 sw
5.6.2.5.5 E]gxslsel:’c3560kHz PTx ramps the phase shift down to 0 degree with rate of 650 degrees/msec.
5.6.2.5.6 PTx DP 360kHZ pr chall follow the flowchart in Figure 5.6.1: 42 .
FB Spec 6
46.2.6 PR tioms

4.6.2.7 PRx Digital Ping Specifications

st

56271 PRx DP Spec | MPP PRx shall apply 50+5mA of current to Vrect within 101a$ after power

signal is applied. LA

56272 PRx DP Spec 2 The current shall be stable within 42-58mA with 29mse¢atter power signal |s
applied. .

56273 PRx DP Spec 3 MPR PRx shall re-measures Vrect with high préeision starting 10ms after
sending ID packet. .

5.6.2.7.4 PRx DP Spec 4 MPP PRx shall measure high precision Vreet for a period of 3ms.

56275 PRx DP Spec 5 MPP PRx sends the high precision Viggct value to PTx in XID packet (See

MPP Communications Protocol Book, Section 7.1.22)

47 K Estimation

4.7.1 System Model

4.7.1.1 Nedd For K Estimation

In MPP systems, PTx and PRx collaboratively estimate the inductive coupling factor, K;:
K= M

where M' is the mutual inductance.

In MPP, the dalculation’of'the estimated inductive coupling factor, Kest, takes place in PTx.

The potential|use ¢ases for Kest include:

Selegtioit of Cry for 360kHz operation (to deliver the full power and having ZVS)

Selection of proper PTx side slew-rate capacitors for EMI mitigation (both at light and heavy loads)
Prediction of deliverable power

Better selection of in-band communication parameters (e.g. a channel equalizer)

5. Selection of different ballast load for light-load OVP mitigation during load release.

bl ol B

Estimating K; is a shared responsibility (see § 5.7.1.2 Kest Calculation Formula for definitions of the symbols used below):
PRx:

e informs PTx that it is of MPP type.
e selects proper timing (to ensure PTx has settled at 50% duty ratio) and then measures Vrect with high precision.
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7.1.22)

send
PTx:

4.7.1.2 Keg

The equation

where:

Vrect: The D
Vin: the meaf
VCTX _PP: is

The Kest forr
range. See § ]

4.7.1.21

Figure 5.7.1.2
are generated

s its specific oo & irx to PTX.

finds out that PRx is of MPP type.

applies 50% duty ratio.

measures Vin and VCTX_PP with high precision.
receives Vrect and aorx & o coefficients from PRx.
Calculated p variable

Calculates Kest by using stored Eoxg & Eixg, received oo & o coefficients from PRx, and calculated p variable.

sends the high precision Vrect value to PTx, in 20mV steps (see MPP Communications Protocol Book, Section

o 8 A L 4
to estimate K; is as follows:

Kest = E, . p+ E;

_ ‘Vrect
VCTX_PP+V,

p
gital Ping voltage reported by RX
ured dc voltage to the inverter

the measured peak to peak CTX voltage

hula is fit over a preferential k range from 0.72 to 0.88, i.e:{Eo and E, are chosen to be most accura
.7.1.2.1 EO and E1 Fit Example for an example.

£0 and E1 Fit Example

.1: 44 illustrates an example linear fit to caleulate Eg and E;. Figure 5.7.1.2.1: 45 shows how the
in simulation for this figure.

te in this

lata points
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Figure 5.7.1.2.1: 44 EO and E1 Fit Example.

%

rect

0.86 Where: p = %
inv T Vorxpp
0.84

0.82

k (actual) 038

0.78
0.76

0.74

037 0.39 041 043 0.45 047 0.49

& o)
: \<2 :
Figure 5.7.1.2.1: 45 Kest EO 1 Extraction Flow.

\\'Q k (actual) range: 0.8 +10%)

Circuit Simulation & i

Vinet Versm

{ FEA Toleranceq
128kHz Kest (D=50%)

- an
@ !

FEA Tolerancef: Lx’, Lrx', Rrx', Rrx’, Ki,(Kr tolerances obtained by Finite Element Analysis for each position
Circuit Toleranges: Ctx, Crx, Rdson ©f switches, load current, ...
K (actual): obtgined from VNA for sition

Q~
&
NS

4.7.1.3 Eco-system Scaling

Circuit Tolerancq

slope)
intercepi)

Section § 5.7.1.2 Kest Calculation Formula shows how we calculate Kest for a pair of PTx and PRx. In this section, we show
how this formula is scaled to different PTx and PRx designs.

The base eigen fit coefficients Eoxg & Eix present the system-model PTx/PRx pair (see § 5.7.1.3.1 Subscript nomenclature
for the nomenclature of subscripts used). To scale the parameters to allow different PTx and PRx designs, the scaled Kest
formula is as follows:

Kest = Eyy, - Oppy - P+ Epyp - Oy
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The assumption is: if for each position an PRx show higher coupling to the system-model PTx compared to the system-model

PRx, then it is going to have higher coupling to any PTx compared with the system-model PRx; and the effect is

proportional.

For more information see § 5.7.1.3.2 Calculation of Kest Scaling Factors .

4.7.1.3.1

Subscript nomenclature

Eigen Coefficient Eay by (c:

e a{0orl}
o 0: the slope of linear curve fit
o 1: the intercept of linear curve fit

e b: PTX“g*“Tmeans the SySem-mode! PIX (1P 1AM P T and X “TIeans @ generar P1X.

e c: PRx. "g" means the system-model PRx (TPR#MPP1) and "y" means a general PRx.
Scaling factof oayrx
d: {Oorl}

e  0: the slope of linear curve fit

e 1: the intercept of linear curve fit
4.7.1.3.2  Calculation of Kest Scaling Factors
For a PRx, thp Kest alpha scaling factors are obtained by getting the slope (Eo) and\intercept (E;) of the PRx and TPT. This
set of coefficfents are named eigen coefficients of TPT#MPP1 (subscript: g) vs PRx (subscript: y) EOgy and Elgy,
respectively.
o for PRx afe calculated by the following equations:

Olorx™ E0gy / EOgg
0f«lrx:Elgy / Elgg

where, Eoge=1.5926, E1g=0.1043 which are eigen coeffi¢ients of TPT#MPP1 (g) vs TPR#MPP1I (g).
oorx and alirx afe encoded in the XID packet (see MPP)YCommunications Protocol Book, Section 7.1.22) and sent fo PTx.
For a new PT[x new eigen coefficients Eox, and E'1xg are obtained by finding the slope (Eo) and intercept (E;) of pew PTx vs
TPR#MPP1 gnd stored in non-volatile memory of PTx.
See § 5.7.1.2J1 EO and E1 Fit Example\for obtaining eigen coefficients for TX and RX pair.
4.7.1.4 Errjor stack-up
The Kest progess is sensitiye'to errors. § 5.7.1.4 Error stack-up demonstrates the error stack-up for an example PTx/PRx pair

for Kest.
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Figure 5.7.1.4: 46 Example PTx/PRx Kest Error Stack-up.

k (u+40) (%)

1
Eco-system 1 Kest = By Gy P+ @y - By
Y 10.151% d e Pag

scaling X

t

Kest Fit error

1st order

4.46% Kest = Ey.p+E,

Sub-total Combined Error: 0.012 %

1

vrect

P = Vot VCTT Sub-total sum of Error: 0.543.%

Vinv meas.

Error Dist.(%): N

0.176%

Jlormal(0,0.5)

47.2 Sp

pcifications

PTx KEST Spec

T

T I 4 ]
k-to-pk alg ! XID packet !
B P g ! 0.002% VCTkapK = P ! 0%% 20mV ropinding
________ d_ _ — _ — 1 Vmax-Vmin JE N I
Error Dist.(%): Normal(0,0.0625) J L Protocol: 20mV/LSB
a 4 |

Measurement error
with Normal distribution
1%, o %)

|~

|
VCTX meas. | 0.025% VREET meas. ' 0.324%

Etfor Dist.(%): Normal(0,0.5)
\_ X

Error Dist.(%): Normal(0,0.5)

Specification

MPP PTX unit shall Know its specific eigen coefficients of PTX vs TPR which
are named Eox, and*E 4,

5.7.2.0.1 ) Eoxg and Eiyg af¢-Characterized by testing PTx on the test receiver that
implements'the system model PRx (TPR), and stored in PTx nonvolatile
memory:
57200 PTx KEST Spec  MPP PTx unit shall increase the duty ratio from 25% to 50% within 1ms aft¢r
B 2 reception of ID packet (header 0x71), if not already at 50%.
57203 PTx KEST Spe¢ :MPP PTx unit shall measure the inverter DC voltage, Vin with 4c < 2% after
e 3 N duty ratio has settle down to 50%.
PTx KESTSpec MPP PTx unit shall measure the peak-peak voltage across the compensating]
5.7.2.04 4 capacitor CTX, VCTX PP, with high precision (40 < 2%) after duty ratio hps
N\ settle down to 50%.
57205 , PTXKEST Spec MPP PTx unit shall extract the Vrect and g, and q, coefficients from XII]
\ ) packet (header 0x81).
MPP PTx unit shall calculate:
57206 PTx KEST Spec Vrect

6

Kest = Pous - o yery_pp 4 vipy s+ B

Specification

5.7.2.0.7

5.7.2.0.8

PRx KEST
Spec 1

PRx KEST
Spec 2

MPP PRx unit shall know its specific coefficients Ao and o i Qo and
a,, are characterized by testing PRx on the test transmitter that implements
the system model (TPT) and stored in PRx nonvolatile memory.

PRx shall wake up when v _exceedsv . _ . tp - Threshold"
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Specification

5.7.2.09

5.7.2.0.10

5.7.2.0.11

48 Ou

4.8.1 Sy

4.8.1.1 Slo}

Figure 5.8.1.1
see the Vrect
relationship a

where a is the
steep output i
like to avoid

L réce

° réce

e cont
Therefore, wg

(See an exam|

Vrect - WakeUp - Threshold is3.5V.

PRx KEST PRx shall send ID packet (header 0x71).

Spec 3

PRx KEST The PTx shall measure Vrect within 2ms before sending XID packet.

Spec 4 Note: VRECT value is in 20 mV units as defined in MPP Communications

p Protocol Book, Section 7.1.22.

The PRx shall send its measured VRECT, Ao and g . coefficients in the XID
packet.

PRx KEST Note: Vrect is in 20mV units and coefficients . and g, are encoded as

Spec 5 Oorx 1

sianed 8.bit fields as shown inthe XID par\]{pf definitionin MPP.
5
Communications Protocol Book, Section 7.1.22.

itput Impedance and Load Transients

tem Model

pe of the output Impedance

147 shows a typical plot of the relationship between Vrect and Irect, with regard to fixed Vin and
vs Irect is almost a straight line for each Vin and 6 combinatiofie Specifically, this means that we ¢
3

Vrect=a - Irectkd

slope of the linear line. So we can use the conceptof slope to describe the output impedance. Speqd
Inpedance means that with a small change of Irect, we can observe a big change in Vrect. In geners
L steep output impedance, because it increases'the risk of power disconnect and termination via:

ver over-voltage in the event of load release,
ver brown-out in the event of load inctease, and
Fol instability in general.

could use load step/dump procedures to verify that the slope of output impedance is within accept
ple in § 5.8.1.2 Worst-case tests to measure the slope of the output impedance ).

0. We can
in write their

ifically, a
1, we would

hble limits
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Figure 5.8.1.1: 47 Typical Output Impedance Plot (Vrect vs Irect) .

26

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
Irect/A

Note: 1) Each line represents fixed Vin voltage and 0; 2) the initial steep slope is cau§ed by 3rd harmonic resongnce with Cd
(see § 5.11 Mitigation of Side Effects of Cd at MPP\Fréquency )

4.8.1.2 Wopst-case tests to measure the slope of the output impedance

When designing an MPP PTx, it's important to measure the slop&’of the output impedance. MPP PTx designers ¢an refer to
the following|load step procedure ( § 5.8.1.2.1 Load step procedure ) and load dump procedure ( § 5.8.1.2.2 Lopd dump
procedure ) tq create worst-case test scenarios to test thedoad step of their designs.

4.8.1.2.1 |Load step procedure

The following procedure can used to measure alMPP PTx's slope of output impedance at a worst-case load stef] event:

1. Placg system model PRx on the system model PTx to position X=3 mm, Y=3mm, Z=3mm

2. The PTx should be set in MPR low coupling mode (S1 open S2 open, see Table 5.3.1.2: 17)

3. Set ipitial load to 50mA

4. Estaplish communication,and set Vrect target to 15V +/-0.5V, with 560ms interval between consecutivg XCE
packets

5. Change the load£0.550mA dt1 = 50ms after sending XCE packet as presented in Figure 5.8.1.2.1: 48

6. Monitor that RR% ‘continues to regulate Vrect by sending error packets at the rate of dt2=80ms and PTx|responds to

XCH packets-by increasing Vin / decreasing phase (i.e, increasing equivalent Vinv as defined in § 5.9.411)
7. Meapure rectified voltage reaches regulation point within dt3=2s

The Vrect voltage in the system model is:

Vrect Value

Vo 14.5-15.5V
Vmin 7V

V1 14.5-15.5V
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Figure 5.8.1.2.1: 48 Vrect timing diagram during load step procedure in the system model .

dt3

dt1

Vo —————<XCE > R
Vi —— < XCE >———

48.1.22 [Load dump procedure

The following procedure can used to measure an MPP PTx's slope of output impedance at a $yorst-case load dunpp event:

1. Placg system model PRx on the system model PTx to position X=0mm, Y=0mm;-Z=Imm

2. The PTx should be set in MPP high coupling mode (S1 closed S2 open, seg’ Fable 5.3.1.2: 17)

3. Set ipitial load to 580mA as presented in Figure 5.8.1.2.2: 49

4. Estaplish communication and set Vrect target to 12V +/-0.25V, with 560ms interval between consecutiye XCE
packets

5. Change the load to 100mA dtl = 50ms after sending XCE packet

6. Monlitor that PRx continues to regulate Vrect by sending error packets at the rate of dt2=80ms and trangmitter
resppnds to XCE packets by decreasing Vin / increasing phase’ (i.e. decreasing equivalent Vinv as defined in §
594.1)

7. Meapure rectified voltage reaches regulation point within dt3=2s

The Vrect voltage\in the system model is:

Vrect Value

Vo > 11.75-12.25V
,LV_ma); 19V

V1 14.25-15.75V

Higure 5.8.1.2.2::49-Vrect timing diagram during load dump procedure in the system model].

dt3

di2

\Vmax ~ YOE < NOE

dt1

N e REE

VO ————— XCE =
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49 Set Pr_max

4.9.1 Background

Set Pr_max is an optional stage in the MPP protocol that aims to aid the PTx and PRx pair to find its best operating point. It

IEC 63563-10:2025 © IEC 2025

occurs after the PRx has been identified as an MPP receiver, and at the beginning of the MPP power transfer stage before the

PRx delivers power to its system load. It is used in the system model for PRx to find its initial Vrect target and maximum
Prect that satisfy the needs of both PTx and PRx. The Vrect target set by this stage is an initial value. Afterward, Vrect target
can change. The system model updates its Vrect target according to Figure 5.2.1.5: 35 .

This stage helps the system model PRx to:

e reco
seleq

voltd

Accordingly,

¢ §59
§5.9

matg

Sy

4.9.2

9

N

4.9.2.1 Thg

System mode]

1. Vred
2. Prn

To set both v
defined as thg

where Vrect i
higher power
loop to oversl

Most of the p
be impractica
conditions. T

bnize the power-stage gain at the current coupling position; and consequently,
2e;
the remaining sections are organized in the following way:

.2 System Model : describes how the system model sets Pr_max;

d PRx performs the procedure to set Pr_max.

tem Model

ory of Operation

| PRx uses power contract to decide on the initial values of,

t target: the target Vrect voltage to run the § 5.10.2.2-Virect_target Loop (PRx+PTx) against.
hax: the maximum rectified power that the PRx can-draw.

gain and potentially a more strongly-coupled inductive link, but also indicates that it's easier for th
hoot.

| to sweep all loads and voltages. In practice, we measure two gains: G1 and G2, under two differe
he final decision is based on both Gs, or whichever is available. i.e., the G1 and G2 we are measuri

Vrect V'rect
Gy =

Vim} light load Vim} mid load

G2

t an operating point that may have a higher efficiency, better control-loop stability, and/or lower ri

.3 PTx Specifications : contains requirement specifications that any MPP PTx $hall meet in the caj

hlues, a good indicator of the current operating point for PRx is the power-stage gain G. Specificall
ratio of two end-to-end dc voltages, i.e.
G _ V’rect
Vén'u

5 the PRx rectified voltage, and-Vinv is the equivalent dc input voltage (See § 5.9.4.1 ). A bigger (4

bwer contract flow is'to measure G. Since G is dependent on the PRx load and PTx input voltage, 4

sk of over-

se when a

lv, G can be

indicates a
e control

nd it would
ht load
hg are:

4.9.2.2 PRx ballast current
During the digital ping sequence, a 50mA load current is required on the PRx ( § 5.6.2.7.1 ). The system model PRx

implements this as a "ballast current" that's directly applied to the dc nodes of the rectifier. This ballast current is present

during power

[ ]
then
[ ]

transfer as well, and has the following properties:

the ballast current is in effect and rounds the total equivalent dc current up to 50mA;

If the load is connected and is drawing more than 50mA, then the ballast current is not effective.

During the Set Pr_max flow, the PRx will

If the load (e.g., battery with a battery charger) is not connected, or is connected but with very low current (<50mA),
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1. start with no load connected and a 50mA ballast load, and then,
2. connect the load and set a 400mA load limit for the load to ramp up.

G1 and G2 are measured under these two different load conditions. If we run into any failure, we'll set the operating point to
the "safe mode" with Vrect target =12V and Pr max = 5W.

At the end of the Set Pr_max flow, the load is already connected, so the PRx can smoothly transit to power transfer mode.

4.9.2.3 Set Pr_max Flow

Based on § 5.9.2.1 Theory of Operation , System model PRx power contract follows the following flow:



https://iecnorm.com/api/?name=5448667bc1c4345e9d8fa1c4a51ed9a8

4.9.2.3.1

-92-

Overall Flow
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Figure 5.9.2.3.1: 50 Set Pr_max Overall Flow .

act [Activity] Power Contract[ Power Contract ] )

Vrect target—15 5V, ]

lload=50mA

Wait for Regulatlon j

Set XCEV-O until flow
ends

|
[
[
[

Measure Gain G1 J

Connect system load,
set llim=100mA for 2s
[ up to 3s

Set llim = 400mA wait J

[Isns<0.36]

&

%

[ Measure Gain*G2 }

Not Regulated [Vrect<15]

[Failure]

(= EseT

[G1>1.25]

[Failure]

I
|
l
[
|
|
1
= — T
\V \
[ Vrect_target=12V,

Pr_max=5W
N

} _

Set Vrect_target and
B Pr_max based on G1*G2

L Set Vrect_target & Pr_max
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Figure 5.9.2.3.1: 51 Example Time Sequence .

Closed loop regulation

Regulate to 15V , pre-charge ,  Power Policy

Note: In the t

Ilim
The
The
sche

4.9.2.3.2
The "Measur

System mode
inverter volta

1. PRx
2. The

If gain measy

Vrect
‘A Measure
: 2
v 400mA : &
ronbd B Z1- - 360mA
oo ﬁ
ILIM 50mA : :
: - —=
Isns : : :
— 3 :
: 2s :
Vinv
GET Vinv i
ASK — : GET Viny XCE XCE
Vinv: e — O O
FSK o - Vinv:
O

me sequence example diagram:

is the load current limit and Isns is the sensed load current:

ramp-up steps in Isns are caused by practical limitations,on how fast the load current can ramp up.
drop of Ilim and Isns at the beginning of the closed-loop regulation is typical and is caused by the §
hne in Ilim control loop (see § 5.10.2.3.2 Ilim Et¢eze and Anti-Crash Mechanism ).

Gain Measurement
Gain" block in the overall flowchart is the same for G1 and G2.

| utilizes the GET ASK packet and INV FSK packet from MPP Communication Protocols to obtai
be Vin from PTx (see § 5.9.4-1\)xThere are two possible ways that this flow can fail:

tries reaches maximum and still cannot get a valid INV packet from PTx, or
pverall flow takes moroithan 3 seconds.

rement fails, we'llfollow the failure branch in the overall flow.

nti-crash

W equivalent
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Figure 5.9.2.3.2: 52 Gain Measurement Flow .

act [Activity] Measure Gain[ Measure Gain ])

1T
)
a
<l
n
o
=

49233

The final blo
shown as foll

Inverter voltage | [retry==9]
I

|

| @ Failure
[ Send GET packet for ] |

I

I

% .
Receive INV packet [Failure] Retry, ++
from PTx — — —
I
%

[ G=Vrect/Vinv

®

Success

Setting initial Virect target and Pr_max based on G1*G2

k in the overalliflowchart for system model PRx, "Set initial Vrect target and Pr_max based on G

*G2", is
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Figure 5.9.2.3.3: 53 Set initial Vrect_target and Pr_max based on G1*G2 .

act [Activity] Set Vrect_target and Pr_max based on G1*G2[ Set Vrect_target and Pr_max based on G1*G2 ] )

[G1*G2>1.25] Vrect_target=14V,
- Pr_max=15W

I[else]
|
% [G1*G2>=1.1] Vrect_target=14V,
- Pr_max=50*G1*G2-47.5
I[else]
I
[G1*G2>=1.05] Vrect_target=12V,
- 0 = Pr_max=50*"G1*G2-47.5
I[else]
v

Vrect_target=12V,
Pr_max=5W

Any Vrect tajjget value set in this flowchart serves as the initial value in the system model. During power transfe

model update

Using the for

5 Vrect target according to Figure 5.2.1.5: 35 .

Figure:5(92.3.3: 54 Pr_max vs G1*G2 .

Vrect target=12V Vrect_target=14V

Rr_max

15W

5W

mula in the flowchart, Pr_max exhibits a lifi€ar relationship with gain in the normal operating rangg:

r, the system

49234

1.05 1.1 125 Grre2

Low-k Mode

When the measured gain is low, it indicates that the coupling between PTx and PRx is low, and the system model PRx sets
the "Low-K power profile" field in the SRQ/pcp packet (MPP Protocol spec 8.1.11) to inform PTx.
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The system-model PRx sets the low-k field when G1*G2 < 1.05, i.e. when Pr_max is 5W in Figure 5.9.2.3.3: 54 . This would
occur when the PRx is outside of the 2x2 cylinder and with a steep load line. In this case, a load release event can lead to
OVP and consequently a disconnect. To prevent this, when the system-model PTx receives an SRQ/pcp packet with the low-
k field set, it reduces the maximum allowed Vin from 20V to 18V (see Table 5.3-17). This is to avoid over-voltage caused by
the steep output impedance (See § 5.8.1.1 Slope of the output Impedance ) at the top range of Vin when the coupling is low.

4.9.3 PTx Specifications

Specification

PTx Pr_max PTx shall send a VINV packet reply when it receives a GET INV packet from

3:9.3.0.1 Spec 1 the receiver ( § 5.9.4.1).

50300 PTx Dr_mnv TTpnn w:r\piving 2 GET INV w:r}npcf the PTx shall hold its Vinv level for 20
R Spec 2 or until a non-zero XCEV, whichever comes first. o

494 PTk Specification Notes

Specification

Equivalent Vinv is defined as a value equal or proportionalo the first
harmonic of PTx's inverter voltage output. For examplé}the system model P|
follows the full-bridge design in Figure 5.3.1: 36 , and.the following is a val
definition of Vinv:
2
AR

0
’”Vi"(l_ 2 94 \2

where the definition of phase 6 follows the definition in § 5.10.2.1.1 Systen
level block diagrams .

59.4.1 Equivalent Vinv o
Vinw = Vipsin

1

5

0

2
)m4 , T2
T

s a

410 Po

4.10.1Int

The purpose
control flows

MPP PTx/PR|

(PT>
(PT5
(PT5
(PRY
(PRY
and the folloy

(PR3

wer Transfer Control

ro and Background (Informgtive)

f this section is to describe the MPR. énd-to-end (E2E) closed-loop control, including: principle, al
state machines, system modelingsand guidance on the design of controllers.

K system generally should camprise of the following hardware components:

) Wall adapter facing BC/DC converter
) DC/AC Inverter

and PRx) Coil Medule

) AC/DC Rectifier

) Battery eharger

ying conttol components:

porithms,

WEharger Ilim loop

(P

N L — o1 13700 —
L VITUTTATECTTOUP dIIU AT T ZUITICT AlIOIT

(PTx) XCE to inverter drive (Vin and phase) conversion

A generic system-level hardware and control block diagram is shown in § 5.10.2.1.1 System-level block diagrams .

4.10.2System Model

4.10.2.1

Background and Assumptions

The following sections depict the design of end-to-end power delivery control system between PTx and PRx in the system

model. Desig

ners of custom MPP PTx and PRx can use the following design as a reference.
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In the system model below, we make the following assumptions to the underlying hardware:

PTx uses a full-bridge inverter, such that we can adjust inverter input voltage (Vin) and phase (0) to increase or
decrease drive to PTx coils.
PRx can limit the current going into the load (battery and systems) by setting Ilim.

Designers should make their end-to-end control systems design is customized to their hardware needs, as long as the design
meets the requirement spec set forth in § 5.10.3 End-to-End Control Specifications .

4.10.2.1.1 System-level block diagrams

High-level hardware block diagram:

Power
Adapter

In the system

End-to-end ¢

—

N

* Please see

4.10.2.1.2

System mode

Set Vin/p

Fast
Fast
High
High

DC/DC

Vin

N
P

R

hase

Vin/phase
Command

Inverter

model, we use a full-bridge inverter.

ntrol systems block diagram:

SR

Rectifier | =~

Battery

Charger

Battery

()

_| Charger

S

Lim is

s

r S

Prect Target
Power Throttle iLim Loop
Logic
PLA
Protection RPP Estimation
XCE
Convert XCEV to Vrect target Loop

inverter Vin and

\ phase* Y

Design considerations

convergencéte steady states
ramp up.to_target power

resiltence to physical motion and system load fluctuations
efficiency to reduce the thermal significant loss (TSL) and improve charging time

Calculate XCEV

2.3.3 Symbols for the definition of inverter Vin and phase (0)

['s E2E closed-lpop-control pursues the following objectives:

"| updated

N

Wid

No power adapter brownout during power ramping up or physical motion

However, the E2E control is complicated by several system interactions, including:

Slow in-band comm
Load fluctuations
Nonlinear gain of inductive DC-DC system (load and coupling dependences)
Limited power sink capacity with high state of charge of battery

Physical motion of Rx and Tx
Tx voltage/power controllability
Limited power adapters (low power rating or loose USB-C connection)

b rangp n{:pn\xrpr r‘nnfrn”ahi“fy to accommaodate wide sustem load and Tx-Rx r‘nnpﬁngc
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The objective of the Vrect target loop is to increase or decrease the power from PTx with a fastest possible way while still

maintaining stable operation. The PRx requests increasing or decreasing the PTx Vboost voltage or inverter phase by sending
the XCE packet to the PTx. Based on the received XCE value (XCEV), PTx will adjust the Vin and phase to increase or

decrease inve

rter drive.

XCEV is calculated as proportional to the difference between target Vrect (Vrect target) and measured Vrect.

Specifically, in the system model, Vrect is sampled by a calibrated ADC every 10ms, outside of comms (ASK and FSK), and

averaged between two consecutive XCE packets. XCEV can be calculated as:

where I.X Jis t

4.10.2.2.1

With inverter
XCE packets

(Vin
(pha)
PHA

In the system

Usually, VIN
limited by Z

The system nj
by adjusting )

e inp}
Systq
in V|
VIN]
The transitior]

From control
proportionally
and passed p4
next XCE pad

1

2

VrecT.TARGET — VRECT
VRECT TARGET

XCEV = {128 X

|

he floor function that takes the largest integer no larger than the floating-point value x!

PTx Control

frequency fixed, PTx controls the power by adjusting the voltage applied to(the inductive ac link bj
from PRx. This can be achieved by either

control mode) adjusting the inverter input voltage Vin to the inverter between VIN._ MIN and VIN|
ke control mode) adjusting the inverter phase 0 (see § 5.3.1.1 Befinition of inverter phase 0 ) betw
SE_MIN and PHASE MAX.

model, both legs of the full-bridge inverter always maintain 50% duty cycle.

| MIN and VIN_MAX are determined by the dc/dc converter and the system requirement, and PHA
S constraints and non-monotonic behavior of theinverter.

odel only changes inverter phase 0 to be above' PHASE MIN when it's not possible to reach the dg
Vin only. Therefore,

ase shift control mode and when jnverter phase 0 is reaching PHASE_MIN (i.e., requesting more |
m will fix the phase to be PHASE,"MIN and switch to Vin control mode; and

n control mode and when Vin 18 reaching VIN_MIN or less (i.e., requesting less power), Vin will
| MIN and switch to phage control loop.

diagram is summarized:in Figure 5.10.2.2.1: 55 .

systems perspective, the system model employs a simple proportional controller, where we adjust
to Vrect confrol error received. Vin or phase shall be adjusted in hardware after the ASK packet y
rity and oliecksum check. It should leave enough time for Vrect to stabilize and reach steady state

ket is.feceived. See Chapter 4.2 in MPP Communications Protocol for the exact timing requirement.

ased on the

| MAX, or
pen

[SE_MIN is

sirable drive

ower), the

be fixed at

Vin or phase
vas decoded
before the
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In the system|model, the parameters used in the flow~charts are:

A few notes qn Figure 5.10.2.2.1: 55 :

Figure 5.10.2.2.1: 55 Tx Voltage Control Flow Chart .

XCEV = max(min(XCEV, XCEV_MAX),
-XCEV_MAX)

phase_step = XCEV*Phase_gain

Compute Phase and Gain Steps vin_step = XCEV*Vin_gain

6 == PHASE_MIN yes — Vin = min(VIN_MAX, Vin.+'vir_step|

no

¢

0 = max(PHASE_MIN, 6 + phase_step)

XCEV <0 yes yes 5= 6 =min(PHASE_MAX, 0 + phase_stdgp)

no

no

¥

STOP Vin = max(VIN_MIN, Vin +win_step)

[VIN_MIN, VIN MAX]=[11V, 19V]
[PHASE_MIN, PHASE MAX] =10 50°]
Phage gain=-0.16°

Vin [gain = 16mv

XCHV_MAX =64

Pleape note that the inverter phase 6 and Vin affect inverter power in opposite directions:
o <as the inverter phase 0 increases, the inverter output decreases

O as Vil INcreases, the IMverter output increases
If the inverter phase 0 reaches PHASE MIN and Vin reaches VIN. MAX, the "Status" field in the RCS packet
should be set to 3, indicating that we've reached the maximum supported voltage (MPP Protocol Spec 7.2.2)
In the system model, when the inverter phase 6 reaches PHASE MIN, the remaining balance of CEP value is
discarded and does not apply to a new vin_step remainder; and vice versa when Vin reaches VIN_MIN. So around
6/Vin adjustment boundary, an XCE packet may appear not to be fully acted upon. A practical MPP transmitter may
choose to apply the remainder to fix this, but for the system model we decided to take the simpler approach.
Since both 0 and Vin control has fixed resolutions (See Table 5.3.1.3: 18 ), the calculated Vin or 0 is truncated to a
multiple of its respective resolutions. Any error left will be added to the next calculation. For example, if we receive
XCEV=1 and we are in the Vin adjustment regime, a single step (16mV) is smaller than Vin resolution (30mV); so
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we will need to accumulate two XCEV=1 packets to adjust Vin by 30mV, and the 2mV remainder to be applied to
the next calculation.

It can be seen from Figure 5.10.2.2.1: 55 that Vin is adjusted up or down by vin_step, or phase is adjusted up or down by

phase_step from the current level. Thus, the Vin and phase values are the accumulation of all vin_step and phase_step

adjustments. Hence, the voltage regulation control loop is the integral of the (Vrect target - Vrect) error. The update rate of

the voltage regulation loop is slow compared to the load dynamics and therefore stability of this loop is guaranteed if the

XCEV correction steps are small enough so that the Vrect target is not overshot at any coupling position or regulation

operating point (specifically, there will be no oscillation in the closed-loop response if the open-loop gain is less < 1).

4.10.2.3

Ilim Loop (PRx)

The Ilim loop is designed to maximize the power transfer of the link in whatever physical state it exists. Within this loop, the

§5.10.2.2.1

However, the]

any moment.

and transfer f]

4.10.2.3.1

The system nj
gradually. Tyj

to the battery|and rest of the phone hardware system.
Let Zsus max depote the maximum current sourced by the rectifier over a measurement interval (for instance, maxi
measurementp made over 100ms). At the end of the measurement intervali PRx sets

i ! sns max + A1
where A7 is siall, but larger than the maximum buck converter.fegulation error plus at least 1 LSB (see the systg
PRx block diggram in § 5.2 Power Receiver Functional Block-Diagram ). Specifically, in the system model, 47
the buck conyerter can increase the current load by up to40mA and the maximum power ramp rate is controlled

40mA* VR ECT

ceiling, I1n, I limited also by the maximum powétnegotiated between PTx and PRx.

4.10.2.3.2

In addition to|
limit Ilim inc

1. Ilim
"freg
2. Anti
Ilim
folld

PTx Control and physical coupling are assumed to vary slowly compared to the update rate of thie-l
state of the loop will vary with time, and there is significant uncertainty in the transfer functioen/of
[These challenges suggest the use of an algorithm with limited assumptions and high resilienee to n
inction changes.

I.oad Current Control

odel PRx controls the power ramp up by setting a current input ceiling to the-Joad which is allowe
pically for a phone, the "load" here means a battery charger or a power,rhaiagement system that suf

per measurement interval. The measurement interval is much slower than the charger settling time

[lim Freeze and Anti-CrashiXMechanism

the regular § 5.10.2.3.1 (Load Current Control , the system model employs two additional mechan
ease/decrease to increase' Vrect stability:

freeze: if Ilim valueds increased too aggressively such that Vrect drops much below Vrect target, y
ze" Ilim such that it cannot increase any more, until Vrect rises back through the XCE Loop.
Lcrash: in rar€ Cases, if Vrect continues to drop over the said limit in 1 (i.e., Vrect crashes), then wg
to ramp ‘down as an attempt to bring back Vrect. For example, the power ramp-down can be govert
wing formula:

bop.
the system at
pise, drift,

 to increase
pplies power

mum of 10

m-model

= 40mA, so
to

The current

Isms that

e will

will force
hed by the

Vieeer—V RECT TARGET — 0.8v)
0.5V

AL
T

L L
TSNS MAX '+ =

I IAd
=

However, to avoid large reductions in power and swings in Vrect, we limit this Ilim reduction to 100mA.

Figure 5.10.2.3.3: 56 provides a view of the Ilim control, as well as all the thresholds we use to trigger Ilim freeze and anti-

crash protecti

on.

Additionally, while PRx is in Ilim freeze or anti-crash mode, as an attempt to speed up Vrect recovery to Vrect_target, we

also increase the frequency of XCE packets. Normally, XCE packets are sent every 560ms in the system model; in [lim

freeze or anti-

crash mode, we decrease the XCE packets interval to 80m:s.
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[lim freeze and anti-crash mechanism also provide a practical implementation to meet § 5.10.3.4.5 .

4.10.2.3.3 Loop Update Interval

Normally, Ilim has an update interval of ILIM_TIME MIN = 100ms. Ilim loop does not perform any adjustment while FSK
or ASK is active because VRECT and ISNS are perturbed by frequency change or load change.

Figure 5.10.2.3.3: 56 llim control diagram .

VRecT = Viaraer - 0.5V

Fteeze ILIM Adjust ILIM

Vrect < Viarger - 1.0V Ium = max{Isns_max + Al, ILIMmax)

\ VRect < VargeT - 1.5V VRect < Varaer - 1.5V

N

Vrect = Y1argeT - 1.5V Vrecr.& Viarger - 0.5V

Crash Protection

Ium = Isns‘wrax + Al- (Vreet - (ViarceT - 0.8V))/0.5V
[lLms reduction < 100mA]

Change in I:
luim - Isns_max

Veecr

Al
V(txsh /Aﬁ,

VRect_taraer - 0.8V

Crash Protection

Notes on Figure 5.10.2.3.3: 56 :

e Each time when Vrect target changes (according to Figure 5.2.1.5: 35), "crash protection" state is disabled for 10s.
This is to prevent false triggers of crash protection during transitions of Vrect target.
e  There is no hysteresis between the "Freeze ILIM" and "Crash Protection" states. This is intentional, because:
o The crash protection formula has a "gained response" where the reduction of Ilim decreases as Vrect
approaches back to Vrect target. It already helps to mitigate oscillation, as what hysteresis would do. It's
unlike the other situation in the diagram where we have hysteresis when Ilim increase is constantly Al.
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o We'd like to limit the region where power decreases, and if we lower power until Vrect >= Vtarget - 1.5V,
there is a risk of too large power reduction.

4.10.2.4 Power throttling

The power throttling is the most outside layer in the control hierarchy where both Tx and Rx are working together to identify
if the power level is sustainable. The Tx available power level is limited by the USB adapter, FOD losses, system thermals
and electrical rating of the Tx hardware. Tx will estimate the available power based on various limits and send it to Rx by in-
band communication. After receiving the available power from Tx, the Rx will set a target power based on the sinking
capability is limited by Rx system thermals, electrical rating of Rx hardware.

There are various sources which may request power throttling:

e Forgign object P_FO over limit
e  Thegmal (PTx/PRx) protection

Each individyal power throttling source will have its own Prect_target output based on the specific algorithm. Tx will

° Dc/{“converter OCP

renegotiate sihgle Prect_target with the minimum Prect_target from all sources. To reduce the comms traffic, Ty shall only
renegotiate ppwer with Rx when the Prect_target delta is greater than £100mW between current and previous tafget values.

If any of the gbove protections are triggered, the "Status" field in the RCS packet should beysct to 2 (MPP Protodol Spec
7.2.2)

4.10.3Enf-to-End Control Specifications

4.10.3.1 [Background

End-to-end control loop stability and predictability is important for a\MPP PTx and PRx to inter-operate corredtly and reach
equilibrium for stable power delivery. We achieve this by requiring PTx and PRx to follow § 5.10.3.2 PTx Spedifications
and § 5.10.3.4 PRx Specifications respectively.

4.10.3.2 [PTx Specifications

Below are thg MPP end-to-end control specifications)for PTx:

When testing|a custom-designed PTx for MPRcompliance, it's mated with a Test PRx (TPR) that follows the PRx
implementatipn in the informative session(( §5.10.2 System Model )

Speciﬁcation Description

Wpon receipt of XCEV > 0, PTx shall increase PTx drive level (See note §
5.10.3.2.1 PTx E2E SP?C_ ! 5.10.3.3.1 for the definition of drive level), unless a protection is triggered.

5.10.3.2.2 PTx E2E)Spec 2 Upon receipt of XCEV < 0, PTx shall decrease PTx drive level.

Upon receipt of XCEV = 0, PTx shall not increase or decrease PTx drive levlel
during normal operation, unless a protection is engaged.
For a constant current TPR load, with any Prect<15W, PTx shall dr1ve Vrect to

5.10.3.2.3 PTxEZE Spec 3

JEL §
'
!

5.103.2.4

Seenote§510331,§510332 §510333 §510334 5
For a constant-current TPR load, with any Prect<15W, PTx shall drive Vrect to
5.10.3.2.5 PTx E2E Spec 5 converge to its target within 30 XCE packets received from PRx. See note §
5.10.3.3.1,§5.10.3.3.2,§ 5.10.3.3.3,§ 5.10.3.3.4.
The slope of the output impedance shall meet the following requirement: with
a constant PTx drive level, during any Prx load release from 7.5W, there will
5.10.3.2.6 PTx E2E Spec 6 be no OVP triggered on Prx.
See § 5.8.1.1 Slope of the output Impedance for the definition of output
impedance.
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Specification

See § 5.11.1.2 Receiver overvoltage protection for the OVP implementation

by the system model PRx.

The PTx shall have a control resolution such that the Vrect on the TPR has a
5.10.3.2.7 PTx E2E Spec 7 maximum step size of 0.25V within £0.5V window of 15V, with a load current

of 50mA at position (0,0).

4.10.3.3 PTx Specification Notes

Specification

In compliance test corresponding to PTx specifications § 5.10.3.2.1 , §
5.10.3.2.2,§5.10.3.2.3,§5.10.3.2.4 and § 5.10.3.2.5 , we create the initial
State of the test by:

1) having the PTx converged, as defined in note § 5.10.3.3.2 ;

2) applying a step change Alload in the PRx load current from converged
steady state, so that Vrect diverges from Vrect target.

After the initial state, TPR will be in a constant-current mode with the new
Iload. It will:

o send XCE packets to PTx as specified in § 5.102:27 Vrect_target
Loop (PRx+PTx) and allow PTx to change its.drive for Vrect to re-
converge to Vrect_target;

e monitor its Vrect as per specified in RTX specifications § 5.10.3.2.1],
§5.103.2.2,§5.103.2.3,§ 5.10.32.4and § 5.10.3.2.5 ; and

e monitor its Prect after PTx has eonverged, as defined in note §

5.10.3.3.1 PTx E2E Note 1 5.10.3.3.2.
Below is a table of how Iload changes to create the initial condition, and what's

the expected range of Prect after ' PTx has converged:

x2) initial cefidition New

’ (Vrect™target,Iload) (Vrect_target,Iload)
(0,0) (12:°0.050) (12, 0.625)
\(12, 0.625) (12, 0.050)
O (14,0.500) (14, 1.071)
o (14, 1.071) (14, 0.500)
(2.2) (12, 0.050) (12, 0.500)
i (12, 0.625) (12, 0.400)
! (14, 0.500) (14, 0.700)
) (14, 1.071) (14, 0.900)

Regulation to Vrect target is indicated by | XCEV| < 3 for 5 consecutive XCH
packets.

An overshoot or undershoot occurs if, after the first instance where Vrect is
regulated (note § 5.10.3.3.2 ), Vrect becomes unregulated again.

All PTx requirements in this section shall hold over the 2x2 power delivery

5.10.3.3.2 PTx E2E'Note 2

4 \)

5.103.3.3 \PTx E2E Note 3

L d
eyhnder:
Increasing or decreasing PTx drive level refers to mechanisms to increase or
decrease the magnetic field that the PTx generates. For a typical PTx design as
demonstrated in figure § 5.10.2.1.1 System-level block diagrams , increasing
PTx drive means increasing Vin or decreasing phase, and decreasing PTx drive
means decreasing Vin or increasing phase. PTx drive level is positively related
t0§5.9.4.1.

A TPR detects PTx drive increase (spec § 5.10.3.2.1 ) by measuring its Vrect
and check if the new Vrect is larger than Vrect-Vhys, where Vhys is an
allowed hysteresis. Similarly, A TPR detects PTx drive decrease (spec §
5.10.3.2.2) if the new Vrect is smaller than Vrect+Vhys; a PTR detects that

5.103.34 PTx E2E Note 4
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Specification

PTx drive remains the same (spec § 5.10.3.2.3 ) if the new Vrect falls within
the range bounded by Vrect+=Vhys. Vhys is defined as 0.5V in MPP
compliance tests for PTx.

4.10.34 PRx Specifications

Below are the MPP end-to-end control specifications for PRx:

When testing a custom-designed PRx for MPP compliance, it's mated with a Test PTx (TPT) that follows the system model (
§ 5.10.2 System Model )

Section Specification | Description
PRx E2E Spec When mated with a TPT, PRx's power transfer control shall converge to dsgt
5.10.3.4.1 | point, without overshoot or undershoot. See note § 5.10.3.6.2 for the test
condition and definition of over/undershoot. 12)
PRx E2E Spec When mated with a TPT, PRx shall reach regulation in less than 30s*after
5.10.3.4.2 5 sending the signal strength packet. See note § 5.10.3.6.2 for the test conditiopn
and definition of reaching regulation.
5.10.3.4.3 13)RX E2E Spec PRx shall limit its load current increase to 40mA/100ms.
510344 PRx E2E Spec  PRx’s Prect shall not be higher than Prect target by max(50mW,
T 4 0.1*Prect_target) sustained for longer than 100.ths’
If PTx drops its equivalent Vin by at least 02V (see § 5.9.4.1 ) asynchronouply
(see § 5.10.3.6.4 ), PRx shall adapt its pwer draw such that PTx observes
510345 PRx E2E Spec  inverter power decrease proportionally within 200 ms.

5 See § 5.10.3.6.3 for the definition.of{proportionality.

See § 5.10.2.3 Ilim Loop (PRx) for the system model's implementation to
meet this spec.

4.10.3.5 |PRx Recommendations

et | | sttt

If PRx releases its load too quickly, then there could be a spike increase of
Vrect voltage; and may trigger OVP (over-voltage protection). Therefore, PRx
shouldlimit how quickly its load can decrease.
Here is-a recommended table:
- Wheh Prect is larger than 7W, maximum APrect should be limited by the
“following rule:
' e  7<Prect<8: APrect<3.2
e 8<Prect<9: APrect <3
5.103.5.1 PRx load e  9<Prect<10: APrect<2.7
releaie e 10<Prect<1l: APrect<2.5
I e 11<Prect<12: APrect <2.3
| e [2<Prect<13: APrect <2.1
' o 13<Prect<14: APrect<1.9
e 14<Prect<15: APrect < 1.6
- when Prect is less than or equal to 7W, PRx should be allowed to release the
load all the way to the minimal current level (SOmA for the system model, see
§ 5.9.2.2 PRx ballast current ) in a single step
Prect Vrect PRx should regulate to steady Vrect target(s). Vrect target should be constant
Target for a given Prect target.
XCEV PRx should implement XCEV proportional to the Vrect target error
proportionality  (Vrect target - Vrect)

5.10.3.5.2

5.10.3.5.3
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4.10.3.6 PRx Specification Notes

Specification

510361 PRx E2E Note  All PRx requirements in this section shall hold over the 2x2 power delivery
o 1 cylinder.
Regulation to Vrect target is indicated by | XCEV| < 3 for 5 consecutive XCE
5103.6.2 PRx E2E Note  packets. An overshoot or undershoot is detected if Vrect target becomes
U 2 unregulated ([ XCEV|>3) again immediately after 5 XCE packets with [ XCEV]|
<3.
PRx E2E Note The definition of proportionality goes as follows: If PTx voltage drops from V;
5.10.3.6.3 3 to V, and the measured PTx inverter power goes from P; to P», then we require
that P, <P; V,/ V), within measurement tolerance.
PRx E2F Note | L 1XS asynchronous adjustment of equivalent Vin is defied as adjustments
5.10.3.6.4 4 that do not correspond to a negative XCE packet. This may happen if, for

4.11 Mi

4.11.1Sys

Cd, the IMH
several challg

Pote]
Susg
Brea

We'll go throy

4.11.1.1.1

Figure 5.11.1
the definition|

example, PTx enters a protection state the requires urgent power reduction.

tigation of Side Effects of Cd at MPP Frequency

tem Model

r parallel capacitor required by Qi, resonates close to the 3rd harmonie of 360kHz. This resonance
nges:
htially non-monotonic Vrect/phase response and steep outpuit impedance at light load;

eptibility of receiver over voltage;
king ZVS, which may cause excessive loss and emisgionproblems.

igh how the system model deals with these challenges in the following subsections.

Non-monotonic Vrect/phase response and output impedance at light load

1.1: 57 shows that at light load, Vrect isi't necessarily monotonic with inverter phase (See § 2.3.3
of inverter phase 0). For monotonicirésponse, maximum inverter phase is limited to 50 degrees.

Having a smgll phase limit also helps in limitifig'the slope of the output impedance, see Figure 5.11.1.1.1: 58 . H

shallow outpt
the output Imj

t impedance slope helps to improve control stability and reduce the risk of over-voltage (see § 5.8.
pedance ).

Figure 5.11.1.1.1: 57 Vrect vs inverter phase at light load .
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Figure 5.11.1.1.1: 58 Output impedance with 50 and 120 degrees inverter phase .
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4.11.1.1.2 Pver-voltage mitigation

Cd increases fhe system gain (Vrect / Vin) especially at IMHz (See Figure §.41.1.1.2: 59 ), making it easier to tjigger over-

voltage prote

tion at the receiver side.

To mitigate tljis risk, in the system model,

max
load

In Figure 5.1

load step is limited in the PRx,
current clamp and rectifier diode mode are added; and

Vredt target voltage is kept low
low-k mode is introduced ( § 5.9.2.3.4 Low-kMode )

.1.1.2: 60 , these are referred to as "niifigations".

Figure 5.11.1:1.2: 59 Gain (Vrect/Vin) with and without Cd .
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Figure 5.11.1.1.2: 60 Load release from 7W to OW, with and without Cd, and with mitigations implemented in the
system model .

— Irect w/ mitigation
= = Irect w/o mitigation
—— \frect w/ mitigation
— = Vrectw/o Cd

-------- Vrect w/ Cd

-------- OVP Threshold

Vrect (V) or |rect (A)

Time (ms)

4.11.1.1.3 Hard switching mitigation

In the system|model, ZVS is generally maintained to reduce,10ss and limit emissions. Having Cd increases the risk of losing
ZVS, and we|mitigate this risk by making sure that the.igput impedance viewed from the PTx side is always indfictive
(impedance phase is always larger than 20 degrees). This is done via selecting the transmitter resonant cap so that the
resonant freqyiency is reduced. See Figure 5.11.1.1:3761 .

Figure 5.11.1.1.3: 61 ZVS state with and-without Cd, and with mitigations implemented in the systerh model .

— Vsw w/ mitigation (ZVS)
—— Vsw w/o Cd (ZVS)
Vsw w/ Cd (no ZVS)

Switching mode voltage (V)

| ov

Time (‘ms)
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Receiver overvoltage protection
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In the system model, if rectified voltage exceeds 21V, PRx protects its circuit by connecting AC1 and AC2 nodes to GND

until Vrect is

below 15V.

To make sure that PRx's over-voltage protection works without damaging PRx circuit, PTx needs to follow § 5.11.2.1 .

4.11.2Specifications

Section

5.11.2.1

412 Cl1

Cloaking lets
transfer can b

Power pause

1. Wirg
2. Wirg
3. Wirg

4.13 Cao

Excessive cof
PRx. PTx ma

Snecification | Descrintion

PTx OCP Spec PTx shall implement over-current protection, such that when TPR connects

! is less than 6.7A, until XCE times out.

pak

a wireless charging system to pause active power transfer while still majfitaining a Tx-Rx link sucl
e resumed any time without going through the entire start up flow and\power negotiation stages.

cloak may be used in scenarios such as

less power system may enter power pause (cloak) to allow-power receiver to perform an NFC scarn
less power system may enter cloak for thermal management
less power system may enter cloak for environmental.reasons such as power savings at end of chai

mmon-mode Noise

nmon-mode noise generated by PTx can interfere with the proper operation of the display and toud
hufacturers should perform due diligence in their design process to avoid this.

ACI and AC2 nodes together, the sustained peak current through the PRx’cqi

h that power

g€

h system on
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S Communications Physical Layer

5.1 Introduction

This section describes the physical communications layer that is implemented in MPP and the corresponding specifications

for an MPP PTx and PRx.

In MPP mode, the PTx communicates to the PRx by modulating the inverter frequency and therefore the power signal
frequency. This can be demodulated on the PRx as part of the synchronous rectification process. The PRx uses backscatter

modulation tqTommmmumicate back to the P X Forthis purpose; the PRx modutates theamptitade of the power signal by
changing its Ipad. The PTx can demodulate this signal by measuring the voltage across the resonant capacitor (Mcrx) - A
figure of the §ystem model is shown in Figure 6.1: 62 .

Figure 6.1: 62 MPP Comms Physical System Model .

_ FSK Modulation FSK De-Modulation _ ASK Modulation
Igpverter Sync Recéd't&
/ | %
™ i ]
i lmoo
Vin Lix Lax VRect | C‘L) Rioan
ASK De-Modulation | ]
3 Crxi | Crxa 3
Crxz ! Crxz ‘ """""""""
c/c | %
Crxa
"

5.2 FregquencyShift Keying (PTx to PRx)

The MPP sysfem model uses the FSK modulation bit encoding scheme as defined in Section 3.1 of the Qi Communications

Physical Lay¢r.Specification v2.0 and uses the following modulation parameters:

Parameter

Power Frequency (Fop)

Modulation Frequency (Fmod)
Polarity/Depth

Number of Switching Cycles Per Bit
(Following CFG packet only)

Value

MPP
(128 kHz digital ping)

127.772 kHz
125.435 kHz
Negative/2

MPP
(360 kHz ramp up ping and
power transfer)

360 kHz
366.412 kHz
Positive/0

512
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Number of Switching Cycles Per Bit
(following any ASK packet other than 128
CFG)

5.2.1 System Model

5.2.1.1 FSK Modulator (PTx)

The system model FSK transmitter is presented in Figure 6.2.1.1: 63 . In general, Power Transmitter varies its operating
frequency to transmit data to the Power Receiver.

When operating at 128 kHz, the PTx performs FSK modulation by switching between the nominal operating frequency, Fop,
of 127.772 kifiz and the modulated frequency, Fumop, of 125.435 kHz.

When operatipng at 360 kHz:

e the BTx performs FSK modulation by switching between the nominal operating frequency, Eop, of 360 kHz and the
modplated frequency, Fumop, of 366.412 kHz

e freqyency dithering is used, with a repetition length of 16 power frequency cycles anda deviation of -7|kHz to +7
kHz

e the frequency dithering deviation is larger than the FSK modulation depth

e  Fop and Fyvop values are the averages measured over a period of 16 cycles

Figure 6.2.1.1: 63 System Model for FSK Transmitter .

SW1

Fae Selection ™

Fuco = 125.43&E_.
Fop = 127.772

Frequency
command

7
[come > ivecr
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3
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Dither Pattgrn o o

} SW2
BF Max: <74 HHz =7
AF Mean: 0 Hz eyl
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5.2.1.2 FSK Recéiver (PRx)

Aol £ DD DL : ; iad oo T £ 19, 24
The system NGt o a T "X oI Trecerver s presenea mrigure =20+

In general, the PRx measures the frequency of the received AC power by measuring the cycle-on-cycle time of the power

switching frequency.
The measured cycle times are then processed in the digital domain. The signal chain consists of:

e amoving average filter is used to filter out noise. The length of the filter is 64 cycles, which is an exact multiple of
the maximum dither period - 16 cycles. This means the moving average filter will both attenuate random noise and
remove dithering signals

o the filtered signal is then passed to a detector / receiver unit
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e finally, the receiver takes whichever is available - and correct - first from the Magnitude and Phase detector /

receiver units.

The detector / receiver unit:

e may be implemented in hardware, software, or a mixture of the two
e removes DC content from the input signal

e applies symbol detection filters; these detect the specific shape of FSK signal waveforms and remove as much noise

as possible
e applies some form of sample timing control such as time counting and peak detection
e samples the incoming data stream to produce a stream of individual encoded bits
e removes the differential bi-phase encoding
e performs packet decoding.

Figure 6.2.1.2: 64 System Model for FSK Receiver .
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In principle, the FSK detector electronics could be as simple a§ a comparator which compares the AC1 or AC2 signal to some

reference.

However, at light load, the coil current waveforms beedme distorted by the presence of harmonic content developed by the
inverter. In particular, the 3rd harmonic of a 360 kflz power frequency (1.08 MHz) may excite a resonance with|the parallel
capacitor Cq flequired to establish a 1 MHz respnance for BPP Analog Ping (refer § 5.2.1 System Model for further
information).|This can cause oscillations of AC1 and AC2 node voltages, and generate extra crossing events on the

comparator ofitput as shown in Figure, 6.2,1.2: 65 .

The FSK recgiver must include appropriate countermeasures to address this situation, which could include the uge of

comparator hysteresis, adaptiye'teference voltage selection or blanking times.

At heavy load, the coil cutrent waveforms are less distorted and extra crossing events tend not to occur.
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Figure 6.2.1.2: 65 Sample Waveform: Digital Ping 360 kHz AC2 node voltage .
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5.2.2 Fré¢quencyShift Keying Specifications
This section detail§ the frequency modulation specifications for MPP PTx and PRx.
Note: when dperating in MPP mode, an MPP Power Transmitter will ignore whatever FSK parameters are requgsted by the

PRx CFG packet and instead use those specified below. Refer to MPP Communications Protocols for further information.

Note: MPP Power Transmitters may employ dithering, as specified in § 5.4 Operating Frequency , which may impact the
design of FSK receiver systems.

Specification

PTx FSK Spec The MPP Power Transmitter shall transmit FSK signals to the Power Receiver
1 p using the same bit encoding method as defined in Section 3.2 of the Qi
Communications Physical Layer Specification v2.0.

6.2.2.1
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Specification

The MPP Power Transmitter shall transmit FSK signals using a bit period of

6.2.2.2 IZ)TX FSK Spec 128 cycles of the power switching frequency except when transmitted in
response to a CFG packet.
PTx FSK Spec  The MPP Power Transmitter shall transmit FSK responses to the CFG packet
6.2.2.3 . . . o
3 using a bit period of 512 cycles of the power switching frequency.
PTx FSK Spec The MPP Power Trapsmitter shall transmit .data to the Power Rec§iver using
6.2.2.4 4 the same byte encoding scheme as defined in Section 3.3 of the Qi
Communications Physical Layer Specification v1.3.1.
6225 PTx FSK Spec  The MPP Power Tra.nsmitter shall .transmit Response Patterps as.deﬁned in
T 5 Section 3.5 of the Qi Communications Physical Layer Specification v2.0.
6226 PTx FSK Spec  In addition to the existing Qi Response Patterns, the MPP Power Transmitter
o 6 shall transmit the MPP ACK Pattern.
6227 PTx FSK Spec  The MPP Power Transmitter shall transmit Response Patterns with no
o 7 preamble.
6228 PTx FSK Spec  The MPP Power Transmitter shall transmit a preamble consisting, 0f4 ONE
- 8 bits before every FSK data packet. ~
PTx FSK Spec The MPP Power Transmitter shal.l transrpit data packets. to(the Power Recei\ er
6.2.2.9 using the header field as defined in Section 3.4 of the Qi Communications
9 # . .
Physical Layer Specification v2.0.
PTx FSK Spec The MPP Power Transmitter shall t.ransmi.t data packets to the Powe.r R§cei\ er
6.2.2.10 using the message field as defined in Section 3.4 of the Qi Communications
10 # ) .
Physical Layer Specification v2.0.
PTx FSK Spec Thp MPP Power Transmitter shall trgnsmit fiata packets to j[he Power .Rec.ei\ er
6.2.2.11 11 using the checksum field as defined id Section 3.4 of the Qi Communicationfs
Physical Layer Specification v2.0.
PTx FSK Spec The MPP Power Transmitter shallMransmit adjacent bytes within a data paclet
6.2.2.12 12 such that the stop bit of the preceding byte is immediately followed by the sfart
bit of the following byte.
PTx FSK Spec When operating at 128 kHZ, the MPP Power Transmitter shall transmit FSK]|
6.2.2.13 13 signals using Negatiye/2 modulation as defined in Section 3.1 of the Qi
Communications Rhysical Layer Specification v2.0.
PTx FSK Spec When operating.at 360 kHz, the MPP Power Transmitter shall transmit FSK
6.2.2.14 14 signals using-Positive/0 modulation as defined in Section 3.1 of the Qi
Communications Physical Layer Specification v2.0.
6.2.2.15 PRx FSK Spec  The MPRP Power Receiver shall receive and decode FSK transmissions from
1 the.Power Transmitter.
5.3 AmplitudeShift Keying (PRx to PTx)
5.3.1 Mgqdulation Scheme
Similar to the] Qi'specifications defined in Section 2.1 of the Qi Communications Physical Layer Specification v.0, the

system model of the MPP Power Receiver modulates the amount of power it draws from the power signal, such that the
primary resonant capacitor voltage at the MPP Power Transmitter assumes two states.

A state may be expressed in terms of magnitude or phase. A state is characterized by the magnitude and/or phase being
constant - within a certain ripple band A - for at least time t; = 100 us. The magnitude states, My and My o, are measured as
the amplitudes (from zero to peak) of the fundamental component of the capacitor voltage. The phase states, Py and Pro, are
measured as the phase angle between the fundamental component of the primary inverter voltage and the fundamental
component of the primary resonant capacitor voltage.

These definitions are illustrated in Figure 6.3.1: 66 .
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When operating at 360 kHz, the MPP Power Receiver must modulate using real power modulation only. Capacitive
modulation will not meet this requirement.

Figure 6.3.1: 66 (a) Primary Resonant Capacitor Amplitude and (b) Primary Resonant Capacitor Phase Shift .
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5.3.2 Sygtem Model

5.3.2.1 ASK Modulator (PRx)

The system njodel PRx circuit topology is presented in Figure 6.3.2.1: 67 and in Figure 6.3.2.1: 68 . In general, [the PRx
switches somp modulating citcuit-On and off to change the power drawn from the PTx using ASK.

In accordancg with § 5.6.2¢7-1 , the ballast load is set to 50 mA.

When operating at 128-kHz, the PRx performs ASK modulation by switching 33 nF £10% X7R communicationf capacitors
from ACI anfl AC2-to ground. The communications switches:

e are subject to a peak stress of approximately 2( Vrect + diode drop) (also applies to communications capacitors)
e are turned on with zero voltage switching to avoid unnecessary transients
e are turned off immediately to avoid unpredictable behavior at light load.

When operating at 360 kHz, the PRx communicates as follows by switching electronic load current from Vrgcr to ground.
The modulator:

e switches between two currents - for modulator on and modulator off - with a difference MOD DEPTH of
approximately 50 mA
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e the modulator begins in the ON state to help stabilize Vrecr before communications begin
e the modulator current in the OFF state, MOD_BASE, is adjustable, and selected per Table 6.3.2.1: 19 .

Note: the exact MOD_DEPTH and MOD_BASE currents required for successful communication will vary with the PRx
operating conditions. At lighter loads, increasing MOD_BASE can improve signal quality (i.e. SNR). When the PRx load
fluctuates, increasing MOD_DEPTH can improve signal amplitude. It may be appropriate to dynamically adjust
MOD_DEPTH and/or MOD BASE during operation to maintain communications.

Table 6.3.2.1: 19 Selection of MOD_BASE .

Operating Mode | VREcT TARGET ~ . MOD_BASE Benefit

Power Transfer 14V 0 mA .

Power Transfer 12V > 595 mA 0 mA A

Power Transfler 12V <595 mA 70 mA mitigates Vrecr rise if load dmnpoccur
Others 70 mA improves quality of communications signals

Figure 6.3.2.1: 67 System Model for ASK Modulatopat.128 kHz .
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Figure 6.3.2.1: 68 System Model for ASK Modulator at 360 kHz .
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5.3.2.2 ASK Receiver (PTx)
The system njodel of a PTx ASK receivér. is presented in Figure 6.3.2.2: 70 .

In general, thg PTx measures the voltdge across the transmitter series capacitor using a differential amplifier, anglog anti alias
filter and fast{ADC. The intent ofthis circuitry is to digitize the power frequency signal up to a bandwidth of at least 360
kHz. The ADIC requires a¢solution of >10 bits and a sampling rate =10 times fop.

The ADC resplts are then/processed in the digital domain:

e aqupdratore demodulator frequency-shifts the ADC output signal from fop to near DC. The frequency fange of
interestus reduced from > 360 kHz to around 10 kHz. The demodulator outputs a complex signal, consisting of an
In-phase component I and a Quadrature-phase component Q

e alow pass filter and decimator reduce the sampling rate from the ADC rate - some MHz - to an intermediate data
rate - some 10s of kHz. A Cascaded Integrator Comb (CIC) filter may be used here to efficiently filter and decimate
the signal, but other methods are available

e the I and Q signals are converted to Magnitude and Phase signals

e the Magnitude and Phase signals are each connected to independent detector / receiver units

e finally, the receiver takes whichever is available - and correct - first from the Magnitude and Phase detector /
receiver units.

The detector / receiver units:
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e may be implemented in hardware, software, or a mixture of the two
e remove DC content from the input signal (whether Magnitude or Phase)
e apply symbol detection filters; these detect the specific shape of ASK signal waveforms and remove as much noise

as possible

e apply some form of sample timing control. Numerous methods can be used, such as:

o peak detection and timing

o clock recovery using a Phase Locked Loop
e sample the incoming data stream to produce a stream of individual encoded bits

e remove the differential bi-phase encoding

e packet decoding.

Note: a significant advantage of the above approach is that ADC samples are, in effect, averaged over time. This

reduces the impact of system noise, especially switching transients from PTx inverter operation.

TPT Clock
Generator

Fne PWM
Generator

T Coil
Inverter Differential

Amplifier Filter

Single TPT master clock
prevents drift between
TPT | Fopand Fg
Primary

Anti Aliasing

ting
360 kHz)

Figure 6.3.2.2: 70 System Model for ASK Receiver .

G

2o

L

5.3.2.3 ASK Modulation Trends

The signals njeasured at the MPP Power Transmitter depend upon both the operating power level and the modul|
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used. Figure ¢.3.2.3: 71 illustrates - in approximate terms - how a DC load current or switched capacitor modulgtor produces

different results as the powétflow varies.

At light load, |the power flow out of the Power Transmitter's inverter is largely reactive. DC load changes the rea
consumption,|resulfing in a smaller change in the magnitude signal and a larger change in the phase signal. Cony
capacitor modlulafien changes the reactive power consumption, resulting in a larger change in the magnitude sigi

| power
ersely,
nal and a

smaller changein the phase signal.

Because the current version of this specification requires a Power Receiver to use of real power modulation at 360 kHz, an

ASK receiver which is only sensitive to the magnitude of a given signal (such as the series capacitor voltage or coil current)

inside the Power Transmitter may not perform well at light loads.

At heavy load, the power flow out of the Power Transmitter's inverter is largely real. DC load changes the real power

consumption, resulting in a larger change in the magnitude signal and a smaller change in the phase signal. Conversely,

capacitor modulation changes the reactive power consumption, resulting in a smaller change in the magnitude signal and a

larger change in the phase signal.
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Figure 6.3.2.3: 71 ASK Modulation Trends for (a) DC Load Current and (b) Capacitor Modulation .
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5.3.3 ASK Specifications

This section details the amplitude modulation specifications for MPP PTx and PRx.

It is acceptable for a Power Receiver to meet the amplitude modulation set in some positions (or loads) and meet the phase

modulation set in other positions (or loads) provided that at least one is met in every combination of positions and load.

While the Power Receiver is required to only implement real power modulation at 360 kHz, the Power Transmitter is

required to be sensitive to all listed modes of modulation.

Note: the requirement for the Power Receiver to use real power modulation at 360 kHz is an interim measure to provide

confidence in the interoperability of Power Transmitters and Receivers. It has been shown that the use of switched capacitors

for ASK mo

lation can, in some combinations, result in minimal or even zero amplitude gnd phase modulation: this causes

communicati

Note: The req
capacitor) mq
and/or reactiy

ns failure.

PRx ASK Spec

juirement for the Power Transmitter to be sensitive to real (DC load, switched resistor) andreactiv
dulation methods is intended to allow a future revision of the MPP specification to alloW ‘complex
e) power modulation for ASK.

Specification

The MPP Power Receiver shall transmit signals to thelBower Transmitter us
the same bit encoding scheme as defined in Section 3.2 of the Qi
Communications Physical Layer Specificationy2.0.

To guarantee acceptable decoding the noise4njected on the inverter rail shoy
be less than +£30 mV across the 1 - 8 kHZ frequency range.

The MPP Power Receiver shall transtitidata to the Power Transmitter using
the same byte encoding scheme as défined in Section 2.3 of the Qi
Communications Physical Layer-Specification v2.0.

The Power Receiver shall transmit data packets to the Power Transmitter usi
the same range of preamblé\engths as defined in Section 2.4 of the Qi
Communications Physigal Layer Specification v2.0.

The MPP Power Reégiver shall transmit data packets to the Power Transmit
using the same header field as defined in Section 2.4 of the Qi
Communicatiens’Physical Layer Specification v2.0.

The MPP Power Receiver shall transmit data packets to the Power Transmit
using the.same message field as defined in Section 2.4 of the Qi
Commiunications Physical Layer Specification v2.0.

The MPP Power Receiver shall transmit data packets to the Power Transmit

"using the same checksum field as defined in Section 2.4 of the Qi
"Communications Physical Layer Specification v2.0.

The MPP Power Receiver shall transmit adjacent bytes within a data packet
such that the stop bit of the preceding byte is immediately followed by the sf

When operating at 360 kHz, the MPP Power Receiver shall transmit ASK d4

b (switched
i.e. real

ng

1d

When the MPP Power Receiveris placgd on-the Test Power Transmitter

TPT#MPP1 within the 2x2 mm MPP cylinder and operating at 128 kHz, at
least one of the following conditions shall be met:

An amplitude difference between Mpur and My o (peak amplitude of
fundamental component) and a Signal to Noise Ratio (SNR) of at
least 220 mV and 13 dB, respectively, OR

A phase difference between Pyr and Pro (phase shifts of the
fundamental component) and a Signal to Noise Ratio (SNR) of at
least 3.0° and 17 dB, respectively.

6.3.3.1 1
6332 PRx ASK Spec
2
6.3.3.3 ER" ASK Spec
6334 PRx ASK Spec
4
6335 ISJRX ASK Spec
6336 PRx ASK Spec
6
6337 173Rx ASK'Spec
R\ bit of the following byte.
6338 PRx ASK Spec
o R , 8 by varying its real power load.
[ ]
6.3.3.9 I;RX ASK Spec
L]
6.3.3.10 PRx ASK Spec

When the MPP Power Receiver is placed on the Test Power Transmitter
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10 TPT#MPP1 within the 2x2 mm MPP cylinder and operating at 360 kHz, at
least one of the following conditions shall be met:

e An amplitude difference between My and My o (peak amplitude of
fundamental component) and a Signal to Noise Ratio (SNR) of at
least 300 mV and 19 dB, respectively, OR

e A phase difference between Py and Pro (phase shifts of the
fundamental component) and a Signal to Noise Ratio (SNR) of at
least 3.0° and 17 dB, respectively.

PTx ASK Spec  The MPP Power Transmitter shall receive and decode ASK transmissions from

6.3.3.11 1 the Power Receiver.
D
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“bj\Q |
o
©
Q/Q
g\\
e
X
R
N
\$®®
¥
O
&
<
&
&
O
3
NS



https://iecnorm.com/api/?name=5448667bc1c4345e9d8fa1c4a51ed9a8

IEC 63563-10:2025 © IEC 2025

-121 -

6 Foreign Object Detection

6.1 Ba

ckground

MPP uses a two-step approach to foreign object detection (FOD). The most common situation in which an FO arrives
between the PTx and PRx is if it is placed on the PTx first (sequential placement of FO). Compared with the case where the
FO is placed simultaneously with the PRx, the user is more easily exposed to an over-heated FO if power delivery starts.
When the FO is placed on the PTx prior to placement of the PRx it can easily be detected using an § 7.2 Open-air Q-Test

(pre-power tr;
and is not affi
maximum po
In the case th
PRx. In this s
Accurately dg
which is com
maximum.

The followin:

6.2 Of

6.2.1 Int

This section i
on the PTx m|

This open-air|
FOs which ar

hnster FOD method) which 1s executed during the analog ping phase. Because the open-air Q test 1
pcted by the presence of a PRx, it can be used to guarantee there is no FO which will over-heat egve
ver delivery.

it the FO arrives with the placement of the PRx, the open-air Q test is no longer able tg ‘distinguish
ftuation, the § 7.3 MPP Power Loss Accounting (in-power transfer FOD method) isused for FO d
tecting the presence of an FO during power transfer is a challenging task. It may.be the case that F
bletely dependent on in-power transfer FOD will have to limit the power transfer to something low

b table summarizes any power limitations that occur depending on the'x¢sult of the open-air Q test.

ﬁesult

Limit maxinQrh i)bwer delivery to the level
supportedby § 7.3 MPP Power Loss

Open-Air Q Test
Not implemented
PRx placed on PTx prior to power

being applied to PTx Accouriting (in-power transfer FOD method)

FO arri th PR alonerand set the § 7.3.7 FO Detection
arrives wit X Thiesholds

FO detected on PTX “to the IEC62368 compliance level.

No FO detected ! Allow maximum power delivery.

jen-air Q-Test (pre-power transfer FOD method)

roduction

htroduces a pre-power foreign object detection (FOD) method that is useful for detecting foreign o
at prior to thearrival of the PRx.

Q test is\iot a substitute for in-power transfer FOD, nor a mated-Q method. The open-air Q test w
Five on the PTx simultaneously with the PRx, or if the FO is inserted in the power transmitter’s fie

SO accurate
h at

FO from
ttection.

D detection
er than

bjects placed

11 not detect
d after the

PRx has arriv

cd.

The basic functionality of the additional method described in this document consists in comparing the response to an analog

ping when PTx is running, with the stored-in-unit response to analog ping when PTx is in free air.

During the start-up phase, the PTx uses analog ping to measure a deflection to Q defined as:

Q
AQ_1_FO

eq. 3
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Figure 7.2.1: 72 Detection Capability V.S. Thermal Requirements .
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a direct impe
effects such o
operating in f]
When an objg

inferred. A r¢
on the mat. Al

If open-air te
air FO test di
that in-powe

where Qois the calibrated value for open-air Q measured at production and Q is measured by analog ping or cal¢ulated from

lance measurement at run-time. Nqte that AQ, = oif there is no FO present, but it’s not exactly zerjo because of
s temperature drift as discussged later in this document. Component aging will also cause AQ, # owhen PTx is

Fee air.

ct is placed on the-mat; the O will be deflected by some amount. If g Qis large enough, an object cpn be

sponse from digital ping can then be used to distinguish between whether an FO or a power receivd
basic flow~isprovided in Figure 7.2.1: 73 .

r was placed

t is netiniplemented, the open-air FO flag should be set so that the in-power FOD method knows that the open-
I nOt detect the mat clear of FOs. The power contract with PRx should be negotiated to the maximu

m power

AAIRY 4 24l 20 L. 1
T OO0 CAdi gaardtC Wit U T O O VO OCatnTEs
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Figure 7.2.1: 73 Simplified flow diagram for open-air Q test .
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6.2.2 Movement Timer

In the Q-test flow diagram, a movement timer is set once a Q deflection is detected. While this timer is running, analog pings
continue until either (a) a response to the digital ping occurs indicating the presence of a receiver or (b) the movement timer
expires. The purpose of the movement timer is to prevent a receiver placed far enough off-center to be falsely detected as an
FO while the user is sliding the receiver into place. False detection of FO could happen in such a scenario because the Q-
deflection is quite sensitive, more so than digital ping.

The duration of the movement timer should be 1 - 2s. Because of the magnet attach, the receiver will snap into place very
quickly. More information about the movement time is provided in § 7.2.6.4.2 PRx misplaced then replaced .

6.2.3 Settling Timer

Because the § 5.7 K Estimation occurs after successful digital ping, it is important for digital pings to commigncp only after
the Q deflection has settled. The Q deflection being settled indicates that the PRx is now in position andno-longpr moving.
More informdtion is provided in § 7.2.7 PRx movement and digital ping .

6.2.4 Glg¢ssary

Table 7.2.4: 20 Glossary .

o I —

Term ,]\Qscrlptlon
FO Foreign Object
PTx Transmitter K\§\
PRx Receiver
N
Distaneg from the center of the coil that defines the area
wit{@which an FO will heat up beyond its temperature
.\ . limits (70°C for RFO#MPP1) when PTx transfers the
Critical Radius

% maximum rated power to a PRx at any position within the
. C\)j: active volume at that power.
(.\\ The Critical radius depends on the type of Foreign Object
. !

Q-déflection Variation of the Q-factor of PTx from its value when in

free air

@'gest Algorithm that calculates Q-deflection

6.2.5 Oplen-air Q-Test Specifications

If implemented, the open-air Q test should detect the presence of a Foreign

7.2.5.0.1 IS’";:CC%-Test Object within the area defined by the critical radius before power transfer
begins
72500 PTx Q-Test If implemented, the open-air Q test should be performed periodically during
B Spec 2 PTx standby with a maximum period of 1 Qtest/s
PTx Q-Test If implemented, the Q-factor and the natural frequency of the LC tank of the
7.2.5.0.3 Spec 3 PTx in free air should be known to PTx to calculate the Qdeflection with open-

air Q test
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Specification

PTx Q-Test If implemented, PTx should try to initiate communication (via digital ping)
7.2.5.0.4 Spec 4 when Q-deflection (4 @) is higher than free air threshold AQ,,
72505 PTx Q-Test If implemented, A FO flag should be set if communication fails after digital
e Spec 5 ping is sent
PTx Q-Test . . . .
7.2.5.0.6 Spec 6 If implemented, a FO flag should be set if the open-air Q test is not performed
PTx Q-Test If implemented, a FO flag should be set if an FO within the critical radius is
7.2.5.0.7
Spec 7 detected
If implemented, a FO flag should be set if PTx has not measured Q-deflection
72508 IS)TX %—Test (AQ) below free air threshold ( AQ,, ) prior to receiving the digital ping
pec
response. (A
PTx Q-Test If implemented, a FO flag should be cleared if and only if PTx has meaSureq
7.25.0.9 Spec 9 Q-deflection (p @) below free air threshold (AQ,,)
If implemented and the FO flag is set, the maximum power capab_ilit}; shoul
725010 PTx Q-Test be set based on FOD capability of the in-power FOD methodyte prevent the
B Spec 10 from heating up beyond the temperature limit associated, withrthat object an|
placement sequence. O
If implemented, the maximum R A C(total resistance in{free air) of the MPP P
PTx Q-T should be limited to:
x Q-Test
7.2.5.0.11 1
Spec 11 RACSARFO(E -1)
Given the resistance variation causeddythe FO (AR FO) and a desired AQ.
6.2.6 Thpory of Operation

6.2.6.1 Mepsuring Q

In this approd

ch, a pulse of energy is injected into the coiland the decay of the ringing response is measured. Q

estimated frofn the decay envelope. See Estimate Qfrom the decay of the ringing response to a pulse from Anng

s then

Book, Qi Spegification v2.0.
Figure 7.2.6.1: 74 Implementation of how to measure ring response .
Sul
Q1
Q2 Qf 2y Btx Lt
— 1
H H L
Q3 Ctx T
i y Q3 Q4
s N
t-startup - t-discharge * t-response *
t-ping

Figure 7.2.6.1: 74 shows a possible implementation by driving the FETs of the inverter. The different phases can be

described as:

x B, FOD
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During this time, the input voltage of the inverter is allowed to reach the required nominal voltage for the ping.

t-discharge

The purpose of this stage is to discharge the resonant capacitor and to establish the initial conditions for the ping (i.e.
VCtx (0) =0, iLtx (0) =0). This should be done by shorting the resonant tank via the bottom switches of the
inverting bridge (e.g. Q3 and Q4).

t-ping

This is the energy injection stage. During this stage, the DC source is connected across the Tx resonant tank for t-
ping time. This should be done by turning off Q3, turning on Q1, and leaving Q4 on as shown in Figure 7.2.6.1: 74 .

t-response

After energy is being injected into the tank during the ping stage, the tank should be shorted via the low side
switches to allow for free oscillation of the resonant tank. This should be done by turning off Q1 and turning on Q3.

The

atural response of the tank (e.g. the voltage across the Tx tuning cap) is then sampled and process

ed.

Estimating Q
offset from th
Annex B.2, F

6.2.6.1.1

When not all
diode(s) of c4
capacitors thg

requires accurate sampling of the waveform peaks to obtain its envelope. To eliminate the impdet
e decay estimate the envelope amplitude can be measured as the peak-to-valley difference. Please
DD Book, Qi Specification v2.0.

Note on PTx with multiple resonant capacitors
Fesonant capacitors are used, a negative bias voltage is required to pre-chargeth€unused capacitor

t will be used during the ping phase. See Figure 7.2.6.1.1: 75 .

Figure 7.2.6.1.1: 75 bias ping configuration .

A

p the selection FET(s). After the pre-charge phase, another discharge phase\iS)fequired to discharg¢

f the DC
efer to

5 via the body
the

6.2.6.1.2

Please refer t

6.2.62Q ¢

This section

| 02:| Rtx  Ltx = " i
% Q2 .
Tk 3 = " "
Q4 L .
Lj Q4

t-startup

t-bias t-ping

[Impact of FOor PRx on Q-deflection
Anne B3;-FOD Book, Qi Specification v2.0.

pmpensation for drift

rovides some possibilities for improving the Q deflection measurement which may or may not be

eeded for

some implementations. The Q deflection in eq. 3 is intended to compare the run-time measurement of Q against the

production calibrated measurement of Q. During run-time, effects besides the presence of an FO such as temperature and

frequency drift can result in Q deflection. Compensating for these effects improves the reliability of the open-air Q test.

6.2.6.2.1

Accentuating Q deflection due to frequency drift caused by FO

Please refer to Annex B4, FOD Book, Qi Specification v2.0.
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Temperature Compensation

Please refer to Annex B6, FOD Book, Qi Specification v2.0.

6.2.6.2.3

Separating DC and AC resistance

Many drift effects in the measurement of Q occur to the DC portion of the resistance (frequency independent) which, itself, is

not affected by the presence of an FO. Frequency independent “DC resistances” include resistances from the PCB traces and

inverter FET resistances. If the DC resistance is separated from the overall resistance, the DC resistance can be calibrated at

production and remove the impact of DC resistance drift. Specifically, let:

R =Rpc(T) + Ry ac(T,w)

where we’ve

Using eq. 4,
wL
Q=R 77

The total resi.

can be written as:
wL
eDC + RcoiI,AC

tance, R, can also be determined by the analog ping ringing response:

1
L=——F+
RTF ¥Q
2mF, L
R =
Q
Reoiac = RTRoc
If the DC resistance is measured, its value,Rpc,o , can be storedat-production and then compute Q at run-time as
wL R
Qo =R T +R. VT R_*R
D¢,0 ™ Neoil, AC pC,0 ™ Meoil, AC
This effectivgly eliminates DC drift from the Qumeasurement at the cost of additional measurement error of the 1
Finally, replafe eq. 3 with:
Q
AQ =1- __qomp
®,

To achieve a
accurately, it

6.2.6.3 Che¢osingya Q deflection threshold

Please refer t

Q deflection of . 10%, the PTx AC resistance should be no more than ~216mQ. If the PTx can meas
can afford-todhave a higher AC resistance.

eq. 4

nidicated that RDC? TJ 1S sensitive to Eemperature while chﬂ,Ad 1,(07 1S sensitive 1o Eemperafure and 1r cquency.

eq. 5

eq. 7

eq. 8

eq. 9

esistances.

eq. 10

ure Q more

Annex B5, FOD Book, Qi Specification v2.0.

6.2.6.4 Potential Implementation Issues

6.2.6.4.1

Proximity to metal objects

Please refer to Annex B.7, FOD Book, Qi Specification v2.0.

6.2.6.4.2

PRx misplaced then replaced

In case of PRx misplacement (e.g. placing the PRx on PTx then sliding it to a correct position) an FO flag could be set,

consequently, PTx could inhibit power transfer or start power transfer at a reduce power rate when PRx is then placed on a
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correct position.

To mitigate this issue, a possible § 7.2.2 Movement Timer could be introduced as shown in Figure 7.2.1: 73 .

The mitigation consists in delaying the FO flag in an attempt to establish communication before the movement timer expires
as shown in Figure 7.2.6.4.2: 76 .

Figure 7.2.6.4.2: 76 PRx replaced before the movement timer expires to prevent false FO flag .

1.2
1 RX misplaced RX replaced

o 0.8
a eoE2es
O 0 .6 F
- e
S
« 04
V)
©
O O l2 NN
0 00000000 000 e 0O ®
-0.2 N/
3 3.5 4 4.5 5 23 6
: time 9
Free Air &
® qdef\® fo
6.2.6.5 Suthmary
The open-air [Q test is used to calculate the*@Q-deflection.
Q-deflection neasures the variation-0f the Q-factor during run time from its value when in free air (unmated and with no
Foreign Objegts):
AQ=|1- E
Q
o AQ 15 Q-deflection
o Qis|the@-factor calculated in-field during run time operation, this parameter could be compensated fdr Rac drift

due to aging and/or temperature
o Qo is the Q-factor in free air and it could be stored in the unit during production

At the critical radius, the Q-deflection is defined as follows (assuming ALro = 0):
RAC

AchiticaI= 1= R C+ARFO
A

e  Rycis total resistance of the coil and everything else in the path of Q measurement (e.g. FET switches, PCB traces,
cap ESR).
e /ARpo is the variation of R4c due to the presence of a FO at the critical radius
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ALro is the variation of Ly (inductance in free air) due to the presence of a FO at the critical radius

The Q-deflection threshold should have enough margin to account for measurement error and component aging:

Y| ch

Eerror

AQer
daging 18 the Q-deflection drift cause by aging

<A chitical -d e

aging error

is the Q-deflection threshold
iical 18 the Q-deflection value when a Foreign Object is placed at the critical radius

is the Q-deflection inaccuracy introduced by the algorithm used to calculated Q-factor

The Qdeflection threshold could be affected by the proximity to metal object (e.g. PTx placed on a metal table).

6.2.7 PRx movement and digital ping

It has been sh
when PTx de
higher than th
poor coupling
limitation.

To avoid this

Qdeflection i
The following
1. PTx

2. PRx

3. PTx

4. PTx

5. AQ1
indiq

6. This|

4 Qsetfle and L5l

could affect t

To calculate {
interest of the

For instance,

ox
dQ

The minimun|

min 7]

own how to choose a Qdeflection threshold based on 4R 4c caused by the presence of a FO. This/in
ects 40 > AQy a digital ping will be sent to try to establish communications. PRx could cause a Q
e thresholds while it's approaching PTx, leading to a possible failure to respond to digitalping fror
estimation. Failing to respond to digital ping leads to setting the FO flag hence possible power tra

issue, it is possible to introduce a Qdeflection settling period during which the PTx will wait until
settle (PRx not moving) to send a digital ping and try to establish comniunications.

b scenario describes a possible implementation of the settling period:

is in stand-by mode, calculating AQ periodically (e.g. every 100ms)

is approaching PTx causing 40 > AQy, while still moving

will enter a settling period as soon as AQ > AQ,

will keep calculating 4Q (the sampling rate could be, increased to improve the resolution)

s considered settled only if it has not varied beyond £AQq1c% (e.g. 1%) for at least tseue (e.g. 2001
ating that the PRx is stationary

settling criterion will ensure that PRx is placed on PTx and a digital ping can be sent.

/e define a minimum PRx placement velocify. This is required to avoid sending a digital ping prem

ne coupling estimation.

he minimum placement velocity, the designer should consider the smallest variation of 4Q over th
PTx.

let:

priation of 40 over X-axis of the PTx

) required velocity to avoid premature settling is:

ax,
— X

dQ A Qsettle

iplies that
deflection
h PTx or
hsfer

he computed

115),

aturely that

b arca of

)
“settle

please note that 4Qs.we needs to be as small as possible and it's limited by noise, algorithm inaccuracy and possible

interactions with PRx.

A possible scenario:

ax

w =1.0406 mm/%

AQsettl

e=1%
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Atsetie = 187.5ms

Vinin = J.

55 mm/s

C 2025

Figure 7.2.7: 77 shows an example of what Q-deflection looks like when PRX is approaching PTX. During (1) the Q-
deflection is 0% and at (2) the Q-deflection has exceeded the threshold. The sampling rate could be increased once 40 >
AQm to improve the resolution. At (3) the Q-deflection has not changed for the minimum required time therefore a digital

ping can be sent and power transfer can begin.

Figure 7.2.7: 77 Example of g-deflection profile when Prx is approaching PTx .
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6.3 MPP Power Loss:Accounting (in-power transfer FOD metho

6.3.1 Intfroduction

Qi vl1.1 introg
extend power]

enhanced approacli will be referred to as "MPP Power Loss Accounting" (MPLA).

3) Object can.be sfe BN as
settled ifithere is ng (change in
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towards the transmitter i T :
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N Time (s)

uced power(loss accounting for in-power transfer foreign object detection. Modifications are intro
loss accounting to 15W power delivery and beyond, without the need for run-time re-calibration. ]

d)

luced here to
[his

oftered for MPLA is based on the following:

The approach

e MPLA is designed to ensure adequate accuracy so that 15W can be delivered in the r=[0,2mm], z=[0,2mm] (the
“2x2 cylinder”, see § 2.3.1 Definitions ) state-space without over-heating an FO in order to meet the requirements
of IEC62368-1:2018 section on thermal burn injury requirements for wireless power transmitters.

e The loss error is designed to increase (or at least be non-negative) as PRx position displacement increases from the
coil’s center. In this way, displacements outside the 2x2 cylinder, MPLA will be biased towards false FO detection
and power throttling versus missed FO detection which would allow FO heating to exceed temperature limits.
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6.3.2 MRELA Specifications

6.3.2.1 MPILA PRx Specifications

Coil and friendly metal losses (see Figure 7.3.5: 79 below), strongly dependent on mated coupling properties (LQK
2), are separated from circuit losses outside the magnetic circuit.
Friendly metal losses are accounted separately from coil losses using the power loss split model § 8.3 Loss-Split
Modeling: A framework for calculating localized eddy-current losses .
The loss error is computed for a reference design pair (TPT#MPP1 - TPR#MPP1) using equations and coefficients
accounting for the coil and friendly metal which are provided in this chapter.

O
O

The reference design units represent exemplary MPP designs
Performance of the error between arbitrary mated PTx to PRx designs is ensured by exchanging eco-system

scaling parameters during the negotiation stage prior to power delivery and by (a) ensuring that the
reference designs provide adequate performance when mated to each other and (b) by choosing the eco-
system scaling coefficients to translate the mated PTx to PRx inductive properties (LQK) to the LQK of the

reference designs.

s which are

The
#57:
its p
com
Pow
heat

These are the

§7.3.10

7.3.2.1.1

73212

73213

73.2.1.4

7.3.2.1.5

7.3.2.1.6

Errq

r Budget .

PRx MPLA
Spec 1

PRx MPLA
Spec 2

PRx MPLA
Spec 3

PRx MPLA
Spec 4

o MPILA error r‘nmpliqnpp is evaluated for the PTx or PRx r‘nnplpr‘] ta the high_ar‘r‘nrﬂr‘v test toQ
closely matched to the MPP reference designs.

basic power accounting approach in BPP biases the PRx loss estimate to always over-estimate, the
Delta Pr error from -0 to +350 mW). This bias is unknown to the PTx but the PTx needs to|compe
bwer loss calculation. In MPLA, both the PTx and PRx should have a zero-mean power\estimates §
puted Pro is zero-mean within the 2x2 cylinder.

er contract re-negotiation is provided to allow power to be reduced in the presende-of an FO to prey
ng (“best effort charging”).

MPLA specifications for PRx. The pFO limits in PRx specs/5+6.are derived from an error analysis

“them to the PTx in the PLA packet (0x58).
"PRx shall send its received power (Ppr ) and Przcr to PTx in the PLA packet

S

During the Negotiation phasé/PRx shall send parameters 9co and

to PTx. See Table 7.3.4.1: 22 .

i, x> AFm

qem,pe

During the Negotiétidﬁ phase, PRx shall request parameter 9eoi Rxfrom PTH.

See Table 7.3:4.0:22 .

PRx shall negotiate Twindow and Toyse: according to Qi Communications proto
book, see874 Configuration and set Window size=[01000] (Twindow = 32ms)
and Window offset=[00100] (7o = 16ms).

PRx shall measure its Precr and calculate its received power (Ppr) and send

(0x58) when any of the following conditions are met:
e previous PLA packet was sent more than 2050ms ago (1.5s preferrd

oss (Test
hsate for it in
o that

rent over-

provided in

tol

d)

PRxMPLA [reference: Section 4.3.1. Power Loss Accounting Packet - Timing
Spee 5 MPP Communication Interface)
; e Pgrgcr is 1'W higher than Precr from the previous PLA packet
o—the-time-fromrreeetving~NAK packet fromPHxinresponse-toa
PLA packet exceeds 300ms
PRx MPLA With no FO present, for all PRx positions within the 2x2 cylinder, wh§n .PRECT
Spec 6 < 10W, the computed Pro of PRx mated to the TPT#MPP1 shall be within the

range [-135mW, +135mW].

2 LQK refers to the key electrical observables of the mated inductive coils. The first letter represents the inductive parameters
of the mated inductive coils (L'TX and L'RX). The second letter represents the quality factor of the coil (Q'TX and Q'RX).
The last letter stands for the coupling factor between the coils, which includes the inductive coupling ki and the resistive

coupling kr.
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Specification

7.3.2.1.7

73218

7.3.2.1.9

PRx MPLA
Spec 7

PRx MPLA
Spec 8

PRx MPLA
Spec 9

Note: these values are determined from the § 7.3.10.3 pFO Error Budget .

With no FO present, for all PRx positions within the 2x2 cylinder, when Prect
> 10W up to the maximum declared power, the computed Pro of PRx mated to
the TPT#MPP1 shall be within the range [-220mW, +220mW].

Note: these values are determined from the § 7.3.10.3 pFO Error Budget .

Outside of the 2x2 cylinder, the computed Pro shall be positive.

Upon receiving "ACK" as a response to a PLA packet, PRx shall ramp its load
power to comply with the negotiated value of Guaranteed Power (see §
5.10.3.44).

7.3.2.1.10

7.3.2.1.11

7.3.2.1.12

7.3.2.1.13

7.3.2.1.14

6.3.2.2 MP|LA PTx Specifications

These are the
ensure the PT]
are derived f1]

Test scenario
power transfa
set. Test scen|

PRxIVPEA
Spec 10

PRx MPLA
Spec 11

PRx MPLA
Spec 12
PRx MPLA
Spec 13
PRx MPLA
Spec 14

‘V‘V’ilCll ﬁlC ?R}\ ib lalllpillg li.b luad afi.51 ICbCiVillg dll "ACI\" ICDPUIIDC wda Pi A
packet, it shall limit its load increases to steps of 1W or less.

Upon receiving “NAK” as a response to a PLA packet, If Vrecr is lower tha;
the target level minus 1.5V, PRx should reduce its load to bring Yrecrwithin -
1.5V /+0.5V of the target.
Upon receiving “NAK” as a response to a PLA packet, PRx(hall not ramp yp
its load power (even if Precr is less than the target power)..
Upon receiving “NAK” as a response to a PLA packet, PRx shall compute apd
send a new PLA packet every 250ms - 300ms.

=]

eoit, T should have a value of 1.0.

MPLA specifications for PTx. In specs 4, 6, 9, 10, 12 and*{4, the TPR is to report PPR,est instead fof PPR to
x MPLA implementation has sufficient margin and EQ ‘detection is working as expected. The PPR]est values

pm the § 7.3.10.5 Power Loss Accounting Compliance Testing .

b 1 and 2 are described in § 7.3.7 FO Detection Thresholds . In the case that the § 7.2 Open-air Q-Test (pre-
r FOD method) is implemented, test scenafio 2 corresponds to § 7.2.5 Open-air Q-Test Specifications is not

hrio 1 corresponds to the FO flag being.set or the case that the open-air Q test is not implemented.

Specification

73291 PTx MPLA During'the Negotiation phase, PTx shall send parameters 9eoi, rx'© PRx. Seq
Spec 1 Table.7.3.4.1: 22 .
3990 PTx MPLA ~During the Negotiation phase, PTx shall receive parameters Feoil Tx* ag,A0d
Spec 2 gy, DCfrom PRx. See Table 7.3.4.1: 22 .
With no FO is present, for all TPR positions within the 2x2 cylinder, when
13223 PTx MBLEA TPR#MPP1 is reporting Perest = Ppr= 112m Wand is receiving up to 10\
Spees (scenario 1), the PTx shall not apply power throttling nor disconnect due to FO
R detection nor shut down.
) With no FO is present. for all TPR positions within the 2x2 cylinder. when
13294 PTx MPLA TPR#MPP1 is reporting Perest = Ppr= 141m Wand is receiving up to 15W
Spec 4 (scenario 2), the PTx shall not apply power throttling nor disconnect due to FO
detection nor shut down.
With no FO present, when PRx load power is ramping up at the I_lim
maximum positive slew rate (see § 5.10.3.4.3 ) between the end of the previous
73995 PTx MPLA PLA and the middle of the current PLA, the PTx shall not apply power
e Spec 5 throttling nor disconnect due to FO detection nor shut down.

Note:
PTx should align its transmitted ITX and power measurements with the TPR
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Specification

73226

73227

73228

73229

7.3.2.2.10

732211

7.3.2.2.12

732213

7.3.2.2.14

PTx MPLA
Spec 6

power measurements to prevent the above conditions from occurring. The TPR
uses Twindow = 32ms and Tofpset = 16ms for its measurement windows (so the
PTx should align its measurements to 48ms plus some margin prior to the
receipt of the PLA packet preamble). Power throttling may occur for other
reasons such as PTx thermal protections.

With no FO present, when PRx load power is ramping down at the I lim
maximum negative slew rate (see § 5.10.3.5.1 ) after the middle of the current
PLA, the PTx shall not apply power throttling nor disconnect due to FO
detection nor shut down.

Note:

PTx should align its transmitted ITX and power measurements with the TPR

PTx MPLA
Spec 7

PTx MPLA
Spec 8

PTx MPLA
Spec 9

PTx MPLA
Spec 10

“PTx MPLA

_to-the PTx, when any Representative Foreign Object is placed simultaneously
_with the TPR on the PTx, and TPR#MPP1 is set to report

power measurements to prevent the above conditions from occurring. 1he TPR
uses Twindow = 32ms and Tofret = 16ms for its measurement windows (sa tlie
PTx should align its measurements to 48ms plus some margin prior t0.the
receipt of the PLA packet preamble). Power throttling may occurfor @ther
reasons such as PTx thermal protections.
For all TPR positions within the 2x2 cylinder, with no FO pregent, when
delivering 10W to TPR#MPP1(scenario 1) and TPR repeits

Pog ost = Ppr = 418mW, the PTx shall throttle.

For all TPR positions within the 2x2 cylinder, with no FO present, when
delivering 15W to TPR#MPP1(scenario 2) and PR reports

P PRost = P pr— 629mW, the PTx shall throttle.

For all TPR positions within the 2x2 cyliider, when any Representative

Foreign Object is placed on the PTx-before external power is applied to the
PTx, external power is then applied to the PTx, followed by placement of th¢
TPR on the FO & PTx, and TRR¥MPP1 is reporting p PRost = P g+ 112mW;

the PTx shall reduce its poweb in order to prevent FO heating to a temperatufe
above the limit associated\with that object and placement sequence(Scenariqg
1).

Note:

If FO flag is ysed and set, the PTx should limit power delivery (possibly belpw
15W) to enspre-the FO temperature limits are met. The FO detection threshdld
should be different for FO flag set or cleared (see § 7.3.7 FO Detection
Thresholds ). Pro should be positive outside the 2x2 cylinder.

For all TPR positions within the 2x2 cylinder, after external power is applied

PPR,est =Pt 141mW, the PTx shall reduce its power to prevent FO

heating to a temperature above the limit associated with that object and
placement sequence (Scenario 2).

For all positions in the 2x2 cylinder, if no FO is present, the PTx shall send
“ACK” or "ATN" to any PLA (0x58) packet from a PRx.

Note:

Spec 11

PTx MPLA
Spec 12

PTx MPLA
Spec 13

PTx MPLA
Spec 14

Anywhere, the PTx may send "ACK" when an FO is not present or when an
FO is present, but the PTx has determined that the FO is not at risk of over-
heating at the current power delivery level.

If an FO is present, within 8s the PTx shall reduce its transmitted power (by
reducing Vi, or by reducing phase/duty-cycle) to prevent FO over-heating.
While the PTx is throttling power due to FO detection, until a new power level
is negotiated, the PTx shall send "NAK" to any PLA (0x58) packet from a
PRx.

While the PTx is throttling power due to FO detection, until a new power level
is negotiated, the PTx shall maintain or decrease its equivalent inverter voltage
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Specification

(§594.1).
Note: This means that PTx should ignore XCE>0 packets

After PTx throttling due to FO detection, if there are no “NAK” events, PTx
should negotiate a new power level by sending “ATN” in response to a PLA
(0x58) packet from a PRx and update its Power Capabilities to trigger a power

negotiation.
732215 PTx MPLA Note:

o Spec 15 There should be sufficient PFO margin to ensure that increasing the target
power will not lead to FO over-heating. PTx should not send ATN until Precr
as reported in the previous RPP packet is within 200mW of the target level,
because if the PRECT is not at the target level PTx cannot judge whether there
1s sufficient PFO margin.

If attempts by PTx to reduce power are not met by TPR in a suitable tih¢ (TPR
PTx MPLA . . -
7.3.2.2.16 Spec 16 does not negotiate to a new power level with the power capability presented by
the PTx), PTx should shut down before FO over-heats.
PTx MPLA
7322.17 Spec 17 ooil RX should have a value of 1.0

6.3.2.3 Parfameter Representations

When mated,|PTx and PRx exchange parameters as indicated in the specifications above and in the Eco-System [Scaling

section below| (Table 7.3.2.3: 21 ). Here is a list of those variables with their representation and precision.

Paratneter Representation Min Value | Max Value 1LSB
aFM 16-bit two's complement -16.384£; ’ 16.3835Q 0.5mQ
aFMJDC  16-bit two’s complement -16.38_4;\/ 16.3835W 0.5mW
geoilJTX | 16-bit two’s complement -3—.2768 3.2767 0.0001
gcoilJRX | 16-bit two’s complement . ) -3.2768 3.2767 0.0001
PPR 16-bit unsigned \ ow 65.535W ImW

6.3.3 MPLA Equatiois

As with standard Power-A€counting, MPLA estimates the power delivered to an FO by estimating the differencq

power transmitted andthe power re

Pro 7 B¢~ Prr

Table 7.3.2.3: 21 Eco-System Parameter Representation .

ceived:

where

Per=Vinlin= Poicutt oss, 7x * Pooitioss, 7x ¥ P v ioss

which is computed by the PTx, and

Ppr=Veecrlrecr* Peircuit oss,rx t Pooit loss, Rx

which is computed by the PRx and

communicated back to the PTx in PLA packets.

between the
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