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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MANAGEMENT AND INTERFACES FOR WPT -
DEVICE-TO-DEVICE WIRELESS CHARGING (D2DWC) FOR
MOBILE DEVICES WITH WIRELESS POWER TX/RX MODULE

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC 63254 has been prepared by technical area 15: Wireless power transfer, of IEC technical
committee 100: Audio, video and multimedia systems and equipment. It is an International
Standard.

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

Draft Report on voting

100/3799/FDIS 100/3820/RVD

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.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and 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/standardsdev/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
specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.
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MANAGEMENT AND INTERFACES FOR WPT -
DEVICE-TO-DEVICE WIRELESS CHARGING (D2DWC) FOR
MOBILE DEVICES WITH WIRELESS POWER TX/RX MODULE

1 Scope

This document defines the specification and the control protocol of the D2DWC module for the
use of wireless power TX and RX functions by a single device. The related antenna physical
design examples for sharing information are presented in Annex A.

This document proposes the D2DWC module circuit requirement, which consists of the D2DWC
main AP, D2DWC IC, the EMT/WPT antenna unit and the PMIC unit. In Clause 5, the register
information and message protocols for WPT control are defined in order to implement the WPT
TX function.

In this document, the interface and protocol in the wireless power process of the mobile device
can be used in accordance with the corresponding wireless power transfer standard. Any
wireless power transfer standard working within the 100 kHz to 350 kHz frequency range can
be included in the scope of this document.

This document can be used for mobile wireless power transfer in mobile phones and other
mobile devices, 10T devices, micro-sensor industries and related application fields.

2 Normative references

There are no normative references in this document.

3 Terms, definitions and abbreviated terms
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

3.1 Terms and definitions

3.11

D2DWC

device-to-device wireless charging

wireless charging technology that uses a magnetic field-transmission function between mobile
devices, which can simultaneously perform wireless power TX and RX functions

3.1.2

D2DWC unit

IC that enables wireless power transmission/reception, and includes a magnetic
field-transmission function, mux, which allows the selection of WPT TX, and a transmission
inverter

Documents

Document Sharing Hub

Full document details: IEC 63254 2022


http://www.electropedia.org/
http://www.iso.org/obp
http://www.avadocuments.com/doc/iec-63254-2022
http://www.avadocuments.com/doc/iec-63254-2022

IEC 63254:2022 © |IEC 2022 -7-

3.1.3

WPT

wireless power transfer

technology that wirelessly sends energy to a load with no transmission line by converting
electric energy to electromagnetic waves

Note 1 to entry: To convert electric energy to electromagnetic waves, the electric energy is converted to RF signals
of a specific frequency and the energy is transmitted through the electromagnetic waves generated from them.

3.14

EMT

elective magnetic transmission

technology for transmitting elective magnetic waves and is currently used to create and send
magnetic waves for magnetic billing service of mobile phones

3.1.5

PMIC

power-management IC

device for managing battery charging, which includes a boost function

3.1.6

SPI

serial peripheral interface

synchronized serial data connection standard for operation in full-duplex communication mode

3.1.7

UART

universal asynchronous receiver/transmitter

device for receiving and sending data after converting parallel data to serial data

3.1.8

I2C Bus

inter-integrated circuit bus

protocol for transmitting clocks, data, and commands

3.1.9

WPC Class 0 specification

specification used to load the battery of devices such as mobile phones, tablets, and small
accessories

Note 1 to entry: It has a maximum transmission power of 15 W.

Note 2 to entry: Power class 0 is defined by the WPC (World Power Consortium).

3.2 Abbreviated terms

WPT wireless power transfer
X transmitter

RX receiver

RFU reserved for future use
MCU micro controller unit
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4 Operation scenarios

4.1 Architecture

This document proposes the physical definition and control information of modules for wireless
power transfer (WPT) between mobile devices that are operated by batteries instead of a
constant power supply and simultaneously support wireless power TX and RX. The total
architecture for the D2DWC technical standard proposed herein is shown in Figure 1.

To implement the features of the D2DWC, the following components are required:

a) D2DWC unit for performing magnetic field transmission function and wireless charging
TX/RX among mobile devices,

b) PMIC unit for battery charging,
c) EMT/WPT antenna unit for both EMT function and WPT TX/RX, and
d) microcontroller unit (MCU) for monitoring and controlling the D2DWC unit.

Among these components, the D2DWC unit consists of an EMT module, a WPT TX/RX module,
an EMP/WPT TX mux, and a power amp module. The EMT module can control and transmit
magnetic waveforms, and uses the same bandwidth as that of the frequencies specified in the
WPT for use in billing services, etc. The WPT TX/RX module has the functions to perform
wireless power transfer and reception. For WPT, it determines which magnetic field waveform
to send through the EMT module and mux. The EMT/WPT TX mux selects the waveform after
selecting the EMT and WPT TX signals. Finally, the power amp module sends the magnetic
field waveforms during EMT or WPT TX.

In order to examine each IC and module, for WPT, the D2DWC unit uses the mux to select and
send EMT and WPT TX, and a transmission inverter to generate and transmit magnetic fields,
which is shared between EMT and WPT. Furthermore, the WPT module can selectively perform
the TX/RX function. Outside of the D2DWC unit, there is one EMT/WPT antenna that shall be
used for three functions, for which the EMT and WPT functions shall be performed with the
same frequency. The antenna is shared for EMT and WPT functions, but the antenna can be
switched selectively depending on the EMT frequency. At a given frequency, the same antenna
may be used for both EMT and WPT TX. The optional EMT antenna is indicated to show the
selective change in the antenna length according to the impedance matching between the TX
and RX. Finally, the D2DWC unit is externally connected to the PMIC for battery charging, and
battery charging/discharging occurs during wireless power transfer and reception. Information
related to regulation and certification is presented in Annex B.

- N,

Main AP i D2DWC IC i
— I '
System OS 12C interface and interrupt | i
D2DWC App. 5 ; i
GuI g ' MCy | i
£ ! !
i Sta;t e g i I
g [FT 1| _EMT/WPT TX block : / i
E H Comm. block N S E EMT/WPT antenna unit | Wireless power
N H H '
VEX:I'_L_‘ o Protection 3| ' back EMT | ! WPT RX
| L1, : ensing block 2 i ' switch antenna | ! device
T : E [ e L :
! b= T ' A-W»
PMIC unit : EMT / WPT RX block g i i Anten_na wer !
TX: Boost/Bypass Mode le—v Comm. block > = ! ! | matching antenna | WPT control
RX: Charger Mode ! — 2 1 Vac- ) block : communication
7 $ ' Rectifier control } > 9 H " i
BAT { c I ' !
! - - 1 R g
Battery unit l i ] H
! 1
! Protection block 1
! 1
H 1
L Constant voltage 1
Vour! regulator i
! |

IEC

Figure 1 — Overall architecture of the proposed EMT/WPT module Documents
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4.2 Communication procedure for D2DWC
4.2.1 General

In this document, WPT can be controlled in accordance with the WPT standard used by the
user, and the class 0 WPT in the WPC standard is used as an example. For this case, the total
operation procedure of the D2DWC and the WPT TX/RX operations are presented in 4.2.

4.2.2 Total operation scenario of D2DWC

The total operation scenario of D2DWC is shown in Figure 2. The user first makes contact
between the coil parts of the TX and RX devices to perform WPT. The D2DWC then sends a
command to drive the WPT function to the D2DWC unit connected via the I2C interface. The
D2DWC unit reports the current charging amount to the user, who checks the charging amount
of the device's battery and determines the desired charging amount and speed. Once charging
starts, the WPT TX device draws power from the battery and applies power to the WPT TX coil
and the power is cut off in the RX coil. Wireless charging is performed between the WPT TX
and RX devices, which are controlled in accordance with the mobile TX/RX combined device
environment proposed in this document. Finally, when the power is transmitted for the amount
set in the command, wireless charging is stopped in the WPT TX.

User:

Makes contact between the RX
and TX coils

¥

User:
Sends WPT TX CMD

y

WPT TX CMD:

Set the target battery charging
amount and EMT/WPT
setting/activation

v

User:
Start D2DWC

v

TX Device:
Carry out RX, charging, and
communication in accordance
with the WPT wireless
charging standard

TX Device:

Is the battery
charged for the
set amount?

TX Device:
Stop charging

v

WPT TX End:
Alert charging completion

END

IEC

Figure 2 — Operation scenario of D2DWC
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4.2.3 TX operation scenario of D2DWC

The TX operation scenarios of D2DWC can be classified depending on the use of the boost
circuit of the PMIC module in the mobile device. Figure 3 illustrates the case of using battery
power only for the TX operation of D2DWC.

q::k [PMIC] N
D2DWC unit
WPT TX

% g Modulator |_Boosted output

1

—

WPT RX
T Demodulator Boost
block
4 1%
i
< FF ON

(0]
WPT control communication ® @ b l
D2D IC (TX) ON OFF
4 )
Battery
N IEC

(1) When the start of WPT is notified by sending the WPT command to the D2DWC unit, the D2DWC operates in TX
mode.

(2) The D2DWC unit checks the battery connection to the PMIC interface and draws power for WPT.

(3) The D2DWC unit carries out power transfer and communication to the RX through the TX coil in accordance with
the WPT standard.

(#) Once the power specified in the WPT command is transmitted, the D2DWC unit stops sending power.

Figure 3 — TX operation scenario of D2DWC using battery power only
The second case of WPT TX operation is to supply constant power to the PMIC module in the
mobile device. Faster and more stable wireless charging is possible when constant power is
supplied. The TX operation scenario using a constant power supply is illustrated in Figure 4.

The difference from the case of using the battery circuit only is that the battery circuit is directly
blocked for wireless charging in the PMIC.
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q::} [PMIC] )
[ D2DWC unit
@

WPT TX L
Modulator L. Boosted output

|-

+ ® WPT RX

e Demodulator 2\ Boost
> block
External power
oFf (2 oN

e

WPT control communication

D2D IC (TX)

Supply
power

IEC

(1) The WPT command is sent to the D2DWC unit to indicate the start of wireless charging, and the D2DWC operates
in TX mode.

(2) When wireless charging command is issued to the D2DWC unit, the PMIC directly blocks the direct connection
of the battery power.

(3 The boost circuit of the PMIC powers on.
(@) The boosted power is input to Vext of the D2DWC unit, preparing for wireless charging.

(5) The D2DWC unit carries out power transfer and communication to the RX through the TX coil in accordance with
the WPT standard.

(6) When the specified amount of power has been transmitted in the WPT command, the D2DWC unit stops power
transfer.

Figure 4 — TX operation scenario of D2DWC using constant power supply

4.2.4 RX operation scenario of D2DWC

The RX operation scenario of D2DWC is illustrated in Figure 5. The D2DWC unit is always
waiting in RX mode until it receives a separate wireless charging command.
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(1) When power reception and communication occur in TX mode, the D2DWC unit starts preparing to receive wireless
power.

(2) When the power stabilizes, the Vout terminal outputs power.
(3 Battery charging begins through the charger IC.

(@) Charging is carried out until power transfer from the TX stops.

Figure 5 — RX operation scenario of D2DWC

5 Specifications and control protocol of D2DWC unit

5.1 General control of a D2DWC unit of the TX-RX combined type
5.1.1 General

To aid in understanding, this Clause 5 uses the class-0 specification of the WPC standard and
the PMA TX version 1.2 standard as examples. The D2DWC unit, which supports wireless power
TX/RX in a single device, requires additional control compared to class-0 of the WPC standard.
The D2DWC unit performs WPT in accordance with the WPT standard, but if the TX and RX
are combined in one device, conditions such as the voltage, current, and temperature vary and
are controlled by the MCU. The D2DWC unit reports the current state to the MCU while carrying
out message and data TX and RX for WPT. The MCU monitors the WPT of the D2DWC and
stops WPT if the device operates within the scope specified in this document. The overall
architecture is shown in Figure 6. During the WPT, the device operates in accordance with the
WPT standard. When the D2DWC unit is used, the operations shall be controlled with more
detailed specifications because the unit combines WPT TX and RX. This can be controlled by
any control unit that can transmit messages, such as 12C, SPI, or UART. In this document, a
control protocol using 12C is presented as an example in 5.3.
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Figure 6 — Wireless charging control architecture of the proposed standard

The specifications when the D2DWC IC is operated in TX mode are listed in Table 1. The
specifications for operation based on experimental values were established in accordance with
the specifications of EMT TX and WPC TX class-0 of mobile devices and the PMA TX version
1.2. Furthermore, the system operation efficiency defined in this document is presented in
Figure 7, which is defined by the ratio of the TX input power to the RX output power.

In this document, the specifications of the D2DWC unit are redefined for medium-power
operation of up to 15 W to support charging from a notebook computer to a mobile phone and
fast charging for mobile devices. Furthermore, to support the PMA standard, which is a de facto
standardization organization, the frequency operation of 100 kHz to 350 kHz, which is a range

usable within 400 kHz in the EMT TX module, is redefined.

Table 1 — Specifications for the TX operation of D2DWC unit

PMA TX
D2DWC EMT TX WPC TX (Example) version 1.2
(TX mode)
(Example)
Carrier Min. 100 KHz 80 KHz 100 KHz 118 kHz to 153 kHz
frequency Max. 350 KHz 210 KHz 200 KHz 277 kHz to 357 kHz
Min. 2V 3V 2V 2V
AC drive voltage
(peak to peak) Avg. 5V 5V } )
Max. 12V - 24V 12V
Input current Max. 1,5A 2 A 2 A 1,5A
Min. 2w 2W 7,5 W 7,5 W
Transmit power
Max. 15 W 10 W 20 W 15 W
System Min 40% 50% 65% 60%
efficiency ’
. -20 °C -40 °C -20 °C .
Min. (TX surface) (TX surface) (FOD) 40°C
Temperature
limit . . .
Max. 50 °C 60 °C 60 °C 60 °C
(TX surface) (TX surface) (FOD)
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5.1.2 Purposes of WPT control of the D2DWC unit

The operation control of the D2DWC unit that combines TX and RX in one device has the
following purposes:
a) protect the D2DWC unit from overvoltage, overcurrent, and over-temperature;

b) operate the D2DWC unit within a smaller range than the range specified in the document
based on WPC standard class-0 and PMA TX version 1.2;

c) control the output power to maximize the power consumption efficiency or the total system
efficiency.

5.1.3 Operation control of the D2DWC unit
5.1.3.1 General

The MCU controls the WPT of the D2DWC unit for WPT of the D2DWC, as shown in Figure 8.
Because the D2DWC unit has special voltage, current, and temperature ranges, the WPT is
stopped by force in an abnormal state, which can be regarded as a system error even if the
device is operating normally.

Stop WPT TX-RX

connection
|
l D2DWC WPT state
Parameter Sub-step 1 Sub-step 2 Sub-step 3
Wireless seting ' communication [Charaing | | "ryo voitage a. The RX a. The D2DWC IC
charging CMD | °MPIeted | process for wpT |_start »| current, and ’ D2DWC IC has a in RX mode has
setting stateof | — wireless temperature of low voltage overvoltage
the D2DWC IC charging the WPT TX are b. There is no b. There is no
Failed to ) optimal as overvoltage RX system error
detect a. ergless . specified in the D2DWC IC
WPT Rx |charging state in D2DWC standard| | c. There is no
<«——— |accordance with b. There is no system error
the WPT standard system error
7y Charging
completed I The allowable
range of
2DWC control| ~ System error
is exceeded WPT RX
WPT CMD removed

IEC

Figure 8 — Operation diagram for D2DWC WPT
— D2DWC parameter settings state: after power is supplied to the D2DWC, it is in the self-
test and adjustment state.

— D2DWC communication state: after the settings are communicated between TX and RX,
they prepare for WPT.

— D2DWC WPT state: the rectifier voltage state of the RX is continuously checked and WPT
is performed within the specified range of the D2DWC. Documents
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5.1.3.2 Operating voltage, current, and temperature conditions of the D2DWC unit in

TX mode

The D2DWC unit operates in special conditions that are different from those specified in WPC
standard class-0 (fast charging)/PMA TX version 1.2 because the D2DWC unit combines WPT
TX and RX. In the case of D2DWC TX, the operation threshold voltage of the AC driveris 12 V,
and the average operation power of the transmitter shall be 15 W. The operation voltage
diagram for D2DWC TX is shown in Figure 9. The operable voltage range of the TX is 3V to
12 V, which was established based on the experimental values of the D2DWC operation.
Furthermore, the operation voltage-current diagram for D2DWC TX is shown in Figure 10. The
operation current range shall be 0,6 A to 2,0 A, and the maximum output power shall be 20 W

or less.

TX operation threshold

voltage 15V >
TX operation maximum
voltage 12V >
TX normal operation
voltage 5V >
TX operation minimum
voltage 3 V >
TX operation minimum
—

voltage 2 V

TX operation voltage

Overvoltage state
(System error)

Optimal voltage state
(D2DWC WPT state)

Low voltage state
(Null)

Figure 9 — D2DWC TX operation voltage diagram
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Figure 10 —- D2DWC TX operation voltage diagram

Furthermore, the MCU continuously checks the temperature of the D2DWC unit to prevent
abnormal operation in a system-error state. The normal operation of the D2DWC unit can be
guaranteed within the operable temperature range of —20 °C to 50 °C.

5.1.3.3 Operating voltage, current, and temperature conditions of the D2DWC unit in
RX mode

When the D2DWC unit operates in RX mode, the operation threshold voltage shall be 8 V and
the threshold current shall be 1,2 A. The D2DWC RX operating voltage and current diagram is
shown in Figure 11. The rectified voltage and current ranges in which the receiver can operate
are 1,5Vto 8V and 0,2 Ato 1,2 A, respectively.
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Figure 11 — D2DWC RX operable voltage/current diagram

5.2 Design guide for D2DWC TX-RX combined power transmitter

The production of a circuit and antenna in a mobile device with a built-in D2DWC unit that
supports WPT TX and RX in a single device requires more concrete specifications. Although
the D2DWC unit performs WPT in accordance with the WPC and PMA standard, the circuit
configuration and antenna design conditions vary when the TX and RX are combined in one
device. This subclause presents a design guide for the circuit and the antenna in a device where
the TX and RX functions of WPT are combined.

The power transmitter of the D2DWC proposed in this document consists of two major function
blocks, as shown in Figure 12. The first block is the power conversion unit and the second block
is the communication and control unit.
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Figure 12 — Major function blocks of D2DWC

The power conversion unit is an analogue component of the circuit. It converts the DC input to
AC waveforms, and also includes an antenna that consists of a capacitor and an inductor.
Furthermore, it detects the voltage and current in the antenna. The communication and control
unit is a digital logic component that controls the operation of the total system in WPT, in
accordance with the D2DWC control protocol.

5.3 Control protocol of D2DWC unit
5.3.1 General

In the D2DWC wireless power transfer, TX and RX are included in the same device. When the
TX receives a WPT command, it performs WPT while continuously exchanging data with the
MCU. The MCU and the D2DWC unit are connected via 12C. In accordance with the protocol
defined in this document, the MCU monitors and controls the state through the read command
during the WPT process. The total information acquisition and control process of the D2DWC
WPT is shown in Figure 13. Whenever a command is transferred from the MCU to the D2DWC
unit, the response and current state are reported to the MCU. After receiving the response and
state information of the D2DWC unit, the MCU continuously sends control commands to the
D2DWC unit to determine the state of WPT.
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