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Foreword

The Association of Radio Industries and Businesses (ARIB) investigates and summarizes the
basic technical requirements for various radio systems in the form of “ARIB Standards”. These
standards are developed with the participation of and through discussions amongst radio
equipment manufacturers, telecommunication operators, broadcasting equipment

manufacturers, broadcasters and users.

ARIB Standards include “government technical regulations” (mandatory standard) that are set
for the purpose of encouraging effective use of frequency and preventing interference with other
spectrum users, and “private technical standards” (voluntary standards) that are defined in
order to ensure compatibility and adequate quality of radio equipment and broadcasting
equipment as well as to offer greater convenience to radio equipment manufacturers,
telecommunication operators, broadcasting equipment manufacturers, broadcasters and users.

This ARIB Standard is developed for Wireless Power Transmission Systems. In order to ensure
fairness and transparency in the defining stage, the standard was set by consensus at the ARIB
Standard Assembly with the participation of both domestic and foreign interested parties from
radio equipment manufacturers, telecommunication operators, broadcasting equipment

manufacturers, broadcasters and users.

ARIB sincerely hopes that this ARIB Standard will be widely used by radio equipment
manufacturers, telecommunication operators, broadcasting equipment manufacturers,

broadcasters and users.

NOTE:

Although this ARIB Standard contains no specific reference to any Essential Industrial
Property Rights relating thereto, the holders of such Essential Industrial Property Rights state
to the effect that the rights listed in the Attachment 1 and 2, which are the Industrial Property
Rights relating to this standard, are held by the parties also listed therein, and that to the
users of this standard, in the case of Attachment 1, such holders shall not assert any rights and
shall unconditionally grant a license to practice such Industrial Property Rights contained
therein, and in the case of Attachment 2, the holders shall grant, under reasonable terms and
conditions, a non-exclusive and non-discriminatory license to practice the Industrial Property
Rights contained therein. However, this does not apply to anyone who uses this ARIB Standard
and also owns and lays claim to any other Essential Industrial Property Rights of which is

covered in whole or part in the contents of the provisions of this ARIB Standard.



ARIB STD-T113

Attachment 1
(N/A)

Attachment 2

(selection of option 1)

(selection of option 2)

Registration No. /

Patent Holder Name Of Patent S Remarks
Application No.

Murata Device for transporting energy by

Manufacturing Co., | partial influence through a JP04962560 JP

Ltd. dielectric medium *1

Murata Power transfer system and

Manufacturing Co., Y. - JP05035477 JP

Lid noncontact charging device *1

Murata Power transmitting apparatus and

Manufacturing Co., | power transmission system JP05093386 JP

Ltd. *1

Murata

Manufacturing Co., | Power transfer system *1 JP05304930 JP

Ltd.

Murata Wireless power transmission

Manufacturing Co., system*lp JP05454748 JP

Ltd.

Murata Power transmission device and

Manufacturing Co., | power transmission control method | JP05541422 JP

Ltd. *1

Murata . Wireless power transmission

Manufacturing Co., system *1 JP05482967 JP

Ltd.

Murata Power transmission device and

Manufacturing Co., | transmission control method JP2014-168377 JP

Ltd. *1

Murata Frequency characteristic measurin

Manufacturing Co., | e & | W02015/072374 | —

Ltd.
Charging apparatus and charging

CANON Inc. method  *1 JP5188211 JP,US,CN
Charging apparatus and control JPUS,EP,CN,KR

CANON Inc. JP5597022 St
method *1) ,WO
Wireless power transfer for JP5379221 US8,487,478;

QUALCOMM appliances and equipments *1 US20130300358;

Incorporated JP; CN; EP; IN;

KR
QUALCOMM Signaling charging in wireless JP2011-525097 US20090286475;
Incorporated power environment *1 JP; CN; EP; IN;
KR; TW

Transmit power control for a JP5341180 US20090284369;

QUALCOMM wireless charging system *1 JP; CN; EP; IN;

Incorporated

KR; TW




ARIB STD-T113

Optimization of wireless power JP5743226 USS8,803,474;
ﬁgoArngfg[ devices for charging batteries *1 CN; DE; EP; GB;
P IN; KR
Wireless power bridge *1 JP2011-508578 US8,729,734;
QUALCOMM US20140183969;
Incorporated JP; CN; EP; IN;
KR
Passive receivers for wireless power | JP2012-501160 US8,432,070;
I?IUATLCIAOS/%VI transmission *1 JP; CN; DE; EP;
corporate GB; IN; KR
Power management for electronic JP5539528 US20110115432;
QUALCOMM devices *1 JP: BR: CN; EP;
corporate IN; KR; TW
Detection and protection of devices | JP2013-523067 US20110221388;
ﬁgingfggd within a wireless power system *1 JP; CN; EP; IN;
P KR
QUALCOMM Low power detection of wireless JP2013-521913 US20120025624;
Incorporated power devices *1 CN; EP; IN; KR
Apparatus and method for JP5393898 US8,772,975;
implementing a differential drive US20120228959;
ﬁgoArngi\gg/I amplifier and a coil arrangement *1 CN; DE; EP; ES;
p FR; GB; IN; IT;
KR; NL; TW
QUALCOMM Wireless charging of devices JP2013-536882 US20120104867;
Incorporated *1 CN; EPa IN; KR
QUALCOMM System and method for low loss JP2014-547440 US20130154383;
Incorporated wireless power transmission  *1 CN; EP; IN; KR
Systems and methods for limiting JP2014-537178 US20130099585;
IQUALCOMM voltage in wireless power receivers CN; EP; IN; KR
ncorporated 1
System and method for wireless JP2015-504621 US20130257365;
QUALCOMM power control communication using BR; CN; EP; IN;
Incorporated bluetooth low energy *1 KR
System and method for wireless JP2015-504622 US20130257364;
QUALCOMM power control communication using BR; CN; EP; IN;
Incorporated bluetooth low energy *1 KR
QUALCOMM Protection device and method for US20140071571* | JP; CN; EP; IN;
Incorporated power transmitter *1 KR
Resolving communcations in a W02014093172* | US20140159651;
ﬁgoArngi\gg/I wireless power system with JP; CN; IN
P co-located transmitters *1
System and method for facilitating | W02014093160* | US20140159653;
ﬁgoArngi\gg/I avoidance of wireless charging EP; IN
P cross connection *1
QUALCOMM Multi spiral inductor *1 W02015073209* | US20150130579
Incorporated
The University of | COMMUNICATION SYSTEM, JP4565579 JP

Tokyo
CELLCROSS Co.,
Ltd.

INTERFACE DEVICE, AND
SIGNAL CARRYING APPARATUS
*2




ARIB STD-T113

The University of | SIGNAL CARRYING SYSTEM JP4538594 JP

Tokyo *2

CELLCROSS Co.,

Ltd.
SIGNAL CARRYING JP4650906 JP
APPARATUS, INTERFACE

EE{LLCROSS Co., DEVICE, AND

’ COMMUNICATION SYSTEM

*2

TEIJIN FIBERS LTD | SHEET STRUCTURE FOR JP2010-517654 JP
COMMUNICATION *2

* The deadline for filing of a Japan counterpart of this patent application has not yet passed.
Therefore a Japanese counterpart may still be filed or granted in Japan.

*1 Applied for the content described in ARIB STD-T113 v1.0

*2 Applied for the content amended in ARIB STD-T113 v1.1

(Reference: Not applied in Japan)

Patent Holder Name Of Patent Reg1sjcrat‘1 on No. / Remarks
Application No.)
QUALCOMM Antennas and their coupling US8,344,552 US8,710,701
Incorporated characteristics for wireless power
P transfer via magnetic coupling*1
QUALCOMM Tuning and gain control in US8,629,576
I q electro-magnetic power systems
ncorporate 1
QUALCOMM Systems and methods for US20120242160
Incorporated controlling output power of a
P wireless power transmitter *1
Waking up a wireless power US20120223589
QUALCOMM transmitter from beacon mode
Incorporated 1
QUALCOMM Reducing heat dissipation in a US20120223590
Incorporated wireless power receiver*1

*1 Applied for the content described in ARIB STD-T113 v1.0




ARIB STD-T113

Contents

Introduction

Part 1 400 kHz-Band Capacitive Coupling Wireless Power Transmission Systems
for Mobile Devices  =-m-m-=mm=mmmmmmmmmmmmmmm oo 1-1

Part 2 6.78 MHz Magnetic Coupling Wireless Power Transmission Systems
for Mobile Devices  ==m-mmmmmmmmmmmmmmmmmmm oo oo oo 2-1

Part 3 Microwave Electromagnetic Field Surface Coupling Wireless Power Transmission

Systems for Mobile Devices — --------=m-===m=mmmmmmmmomms oo oo oo 3-1






ARIB STD-T113

Part 1
400 kHz-Band
Capacitive Coupling Wireless Power Transmission Systems

for Mobile Devices






Contents

Chapter 1 General DescriptionsS ............uvveiveevriiiereeeeeeeeeeeeeeereereeereeeerereeeee..
1.1 OULLIIIE ettt ettt e
1.2 Scope of the Standard.................ccccco
1.3 Normative References .......ccocccevvieiiiiiieiiiiiiieee e

Chapter 2 System OVEIVIEW ...........uuuvueerrrerreeerreerreereeerererrerrreeree———————
2.1 System CharacteristiCs.........cccceeeiiiiiiiiiii
2.2 System Architecture .............cccce
2.3 Requirements of the System ................cccccco

2.3.1 Power transmitting unit (PTU) .......cccoovviviiiviicieceeeceeceee e,
2.3.2 Power receiving unit (PRU) .......c..ccooeiiiiiiiceeceeceeeeeeeee e
2.3.3 Coupling coefficient between the PTU and PRU.......................
2.3.4 Control system ...........ccooeeiiiiiiiii

Chapter 3 Technical Requirements of the System ............ccoeeevviieeiiiiinnnnn,

3.1 General Requirements ........cccceeeeeeeeeeeeeiieeiiecceeeeececeeeeceeeee e e e e e e
3.1.1 Power transmission method ........cccocueeiiiiiiiiiiiiiiiieiiiee e,
3.1.2 Power transmission frequency ranges .......ccccoceeeeeeeeeeeeeeeeeeseeennnns
3.1.3 Radiated emission 1imits .....cccocveeeiniiiieiiniiieieniieeeeeiec e,
3.1.4 Coupling coefficient........cccovveeeiiiiiiiiiiiiiiieee e
3.1.5 Protecting the human body from electric shock ..........ccccunnn......
3.1.6 RF exposure level for the human body .........cccoeeeeeeiiiiiiiiiiiiennnnn.

3.2 Power Transmitting Unit (PTU) .......ccovevvevveveeceiciiereeeeeeeeeeveee e
3.2.1 OULPUL POWET ..vvvvviiiieeeeeeeiiiiiiieeeeeeeeeciitareeeeeeeeeseiaareeeeeeeeseeessraees
3.2.2 Frequency variation Tange ......cc..c..eeeevuieeeeeeeeeeeriiieeeeeeeeeeernnnnns
3.2.3 Q factor of the transmitter resonant circuit.........cccceeeeeeeeeeennnnnn.
3.2.4 Resonant frequency of the transmitter resonant circuit............
3.2.5 Power transmitting electrodes ........cccoeeeeveeeeeeiieeeieiiieiceieeeeeeeennnn
3.2.6 Detection of the power receiving unit (PRU)..........ccceevvvrnenne.

3.3 Power Receiving Unit (PRU).........cccoovveveieieeeeeeeeeeeeeeeeveeeee e
3.3.1 Q factor of the receiver resonant Circuit ..........cceeeeeeeeeeeeeeeeeeennnnn.
3.3.2 Resonant frequency of the receiver resonant circuit..................

3.3.3 Power receiving electrodes ........cooeeeeeeeieeeeeiiieeiieeeieeceeeceeeeeeee e,

3.3.4 Receiving voltage and reference receiver resonant circuit

3.3.5 Load characteristics of the PRU ....coouoviiiimoiiiieeieeeeeeeeeeeeen,

ARIB STD-T113



ARIB STD-T113

Chapter 4 System Control Requirements .........cccvvviiiiiiiiiiiiiiiiieee e eeirreee e e 1-13
O I 0 3 4 1< U SRPR 1-13
4.2 Equivalent Circuits of the PTU and PRU and their Parameters ............cccccccevvnnnnne. 1-13
4.3 Power Transmission Control FUNCEION ..........ceeiiiiiiiiiiiiiiiiiiiii e 1-15

4.3.1 StAte trANSIEION ..vvereeeiiiieeeciiieeeeite e e ettt eeeeete e e ettt eeseesbeeeesnseeesansaeeeeensaeeeennsseeens 1-15
4.3.2 Control fUNCEION ...eiiiiiiiiiieiiie et et e et e e e et e e e e eneeeees 1-18

4.3.2.1 Configuration of the transmission controller and high frequency generator 1-18

4.3.2.2 Frequency SEArCh............cooiviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee ettt 1-19
4.3.2.3 Control of the transmission StAte ........cccevvuiieiriiiiiiiiiiee et 1-21
Chapter 5 Measurement Methods.........ccuviiiiiiiiiiiiiiiiiccccceccee et 1-23
ST B oYy A 03 o o 1 o} o PSR 1-23
5.1.1 Humidity and temperature of the measurement location ..............cceeeeeeeeeeennnnnnn. 1-23
D102 LUOAM ittt e e et e e st e e s e atbe e e e ebeae e 1-23

5.2 Measurement CONAITIONS ......ccooiuitiiiriiiieeriieee ettt e ettt e e st e e e et eesebeeeeeeaeeeas 1-23
5.2.1 Power transmission freqUenCy Tanges ......ccoooeeeeeeeeeeieeeiieeiieeeieeeeeeeeeeeeeeeeeeeeeeeeee 1-23
5.2.2 Frequency variation TANEE .......cceeeeeeeeeiiiiiiieeeeeeeeiiiiiiiaeeeeeeeetstiaaeeeasssessrnnaaeeaessessenes 1-23
5.2.3 OULPUL POWET oo 1-23
5.2.4 Coupling CoeffiCIENt.....cccceeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 1-24
5.2.5 Resonant frequency and Q factor...................cccc 1-27
5.2.6 Receiving voltage and reference receiver resonant circuit ............cccccoeeeeeeennnn... 1-28
5.2.7 Load characteristics of the PRU..........coiiiiiiiiii e 1-28
5.2.8 Radiated emiSSIon INEENSIEY ...eeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e 1-29
5.2.9 RF Exposure level for the human body............ccoooeeiiiei 1-29
5.2.10 Confirmation of the power transmission stop function..........c.cccccoeevevvivieeeeeeennn. 1-29
Chapter 6 Terms and Definitions .....cccuvveiiiiiiiiiiiiiiiiieee e e e e e e e e e eeebrrreeeeeeeas 1-31
6.1 Terms and Definitions .......eccueiiieiiiiiee et e et e e e e e e e e 1-31
6.2 ADDTEVIATIONIS Leieeiiiiieeiiiiiee ettt ettt ettt e ettt e e ettt e e e ettt e e s e abt e e e e e bet e e e eaabteeeeenbeeeeeaes 1-33
Appendix 1 Design Specifications for the Electrodes.........ccocouvvviviiiiiiiiiiiiiiiiiiiiiiiiiieiiineiennnns 1-35
1 Overview of Electrode DeSII ........uviiiiiiiiiiiiiiiiiiiiee ettt e e e e eeeirareeeea e 1-35

2 Layout of the Electrodes.......cooooiviiiiiiiiiiiii 1-35

3 Cross-Sectional Structure of the Electrodes .........ccccvieiiiiiiiiiiiiiiee e, 1-37
Appendix 2 Reference Model of Electrode Design.............uuvvviviviiiviiiiiiiiiiiiiiiiiiieriviiieeiinennennns 1-39
1 Layout and Dimensions of the Electrodes..........ccccceevviviiiiiiiiiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeveeveeens 1-39

2 Cross-sectional Structure of the Electrodes.........cccovveiieiiiiiiiiiiiieiiee e 1-41



ARIB STD-T113

Chapter 1 General Descriptions

1.1 Outline

This ARIB STANDARD (hereinafter referred to as “Standard”) specifies the wireless
interface between the power transmitting and power receiving units of a wireless power
transmission (WPT) system (hereinafter referred to as “Capacitive Coupling WPT System” or
“System”), which transmits electric power wirelessly by means of capacitive coupling (in other
words, electric field coupling) using 400 kHz electromagnetic waves for the purpose of electrical
power charging or electrical power feeding to mobile devices.

This System is operated at transmission power not exceeding the limitation allowed without
permission in the “Other Equipment” category stipulated in “Article 45, Item (3) of the
Regulations for Enforcement of the Radio Act” and the “Equipment Utilizing High Frequency
Current” stipulated in “Article 100, Paragraph (1), Item (i) of the Radio Act”.

1.2 Scope of the Standard

The configuration of the Capacitive Coupling WPT System is shown in Figure 1-1.

The WPT System consists of a power transmitting unit (PTU) which transmits electrical
power fed from an external device and a power receiving unit (PRU) which receives the
transmitted electric power and feeds it to an external device. Electrostatic capacitance is
formed between the power transmitting electrodes of the PTU and the power receiving
electrodes of the PRU, and the electric power is wirelessly transmitted. In general, the external
device connected to the PTU is assumed to be the power supply, and the external device
connected to the PRU is assumed to be the load device.

This Standard, which is applied to the constituent elements of the Capacitive Coupling WPT
System as shown in Figure 1-1, specifies a wireless interface between the PTU and PRU. The

“specified interface point” shown in Figure 1-1 is the location of the wireless interface.
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FoTTTTTToTToTomem Scope of standard ~—~--"-""-"-"------- !
1 1
E Power Transmitting Unit Power Receiving Unit E
! (PTU) (PRU) !
| A A :
! r A r A !
: |
1 1

Power Power
(External Device) ¢— Transmitting ——— ------- »> Receiving ——% (External Device)
Circuit Circuit

~ ~

Power Transmitting Electrodes Power Receiving Electrodes

Interface Point
(Power Transmission)

Figure 1-1 Configuration of the Capacitive Coupling WPT System

1.3 Normative References
The terms used in this Standard follow the definitions specified in the Radio Act and other
related regulations unless otherwise noted. In addition, “RERA” in Chapter 3 means

“Regulations for Enforcement of the Radio Act”.

Furthermore, this Standard refers to the following documents as needed and uses the
corresponding reference numbers:

[1] “Technical Requirements on 6 MHz-band Magnetic Induction Coupled Wireless Power
Transmission System and 400 kHz-band Capacitive Coupling Wireless Power Transmission
System”, Report of the Information Communication Council of the Ministry of Internal
Affairs and Communications, January 2015.

[2] CISPR32 Editionl.0, January 2012.

[3] IEC 60950-1 ed2.2, Consol. with am 1 & 2: Information technology equipment - Safety -
Part 1: General requirements, May 2013.

[4] Information and Communications Council Report No. 2035, “Protection from the Radio

Waves (10 kHz to 10 MHz) on the Human Body”, March 2015
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Chapter 2 System Overview

2.1 System Characteristics
The Capacitive Coupling WPT System assumes indoor use primarily at home or the office and
realizes the following functions.
» Direct supply of electricity to operate mobile devices
+ Charge the battery in mobile devices
The Capacitive Coupling WPT System assumes the distance between the power transmitting
and the power receiving electrodes is less than 10mm or in that proximity. It provides the

benefits of high power transmission efficiency and low radiated emission.

2.2 System Architecture

The basic configuration of the power transmitting and receiving units of the Capacitive
Coupling WPT System is shown in Figure 2-1. As shown in the figure, the power transmitting
unit (PTU) and power receiving unit (PRU) conform “1 to 1” configuration. A power supply is

connected to the PTU and a receiving load is connected to the PRU.

PTU PRU

A A

r A r A
Power Transmitting Circuit Power Receiving Circuit
P T L High Transmitter Receiver R L
Sowtler ranslt-ms”slon | Freauency [ Resonant | |  —==---- > Resonant [~ Rectifier > eEel\gng
i controfler Generator Circuit Power Circuit oa
Transmission
——
Power Transmitting Electrodes Power Receiving Electrodes

Figure 2-1 Basic configuration of the Capacitive Coupling WPT System

The PTU consists of a power transmitting circuit and power transmitting electrodes. The
power transmitting circuit consists of a transmission controller, high frequency generator and
transmitter resonant circuit. The DC input power is converted to AC power in the power
transmitting circuit, and the AC power is sent to the PRU through the coupling between the
power transmitting electrodes and power receiving electrodes. The PRU consists of a power
receiving circuit and power receiving electrodes. The power receiving circuit consists of a
receiver resonant circuit and a rectifier, and converts the AC power received from the PTU to

DC power and supplies it to the receiving load.
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Each type of power at the input at the various points is defined as shown in Figure 2-2. The
power that is input from the power supply to the power transmitting circuit is defined as the
“PTU in power”, and the power that is output from the power transmitting circuit to the power
transmitting electrodes is defined as the “Transmitting power”. The power that is input from
the power receiving electrodes to the power receiving circuit is defined as the “Receiving power”,
and the power that is output from the power receiving circuit to the receiving load is defined as

the “PRU out power”.

Power Transmitting Electrodes Power Receiving Electrodes
Power Power Power Receivin
Supol » Transmitting ——f -—------- > Receiving > Load &
PPy Circuit Circuit

PTU in Transmitting Receiving PRU out
Power Power Power Power

A

Figure 2-2 Definition of each type of power at the various points

2.3 Requirements of the System
The specific parameters of the Capacitive Coupling WPT System shall meet the criteria
specified in this Standard for maintaining interconnectivity of PTU and PRU. The parameters

for interconnectivity are listed below.

Coupling coefficient: k

Q factor of the transmitter resonant circuit: Qt

Q factor of the receiver resonant circuit: Qr

Resonant frequency of the transmitter resonant circuit: fr
Resonant frequency of the receiver resonant circuit: fr

Receiving voltage: Vr

2.3.1 Power transmitting unit (PTU)

The functions and requirements of the PTU are explained below.

The block diagram is shown in Figure 2-1. The high frequency generator generates AC power
from the DC power supply. The transmitter resonant circuit increases the amplitude of the AC

power and feeds it to the power transmitting electrodes. The transmission controller can detect
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presence of the PRU and control the start or stop of power transfer to the PRU by monitoring
voltage changes of the transmitter resonant circuit.

Qr and fr of the transmitter resonant circuit are critical parameters for maintaining
interconnectivity and are defined in Figure 2-3. fris the peak frequency that maximizes the
absolute value of the impedance of the transmitter resonant circuit. Qr is calculated by
equation (1) using the peak frequency (fr) and the bandwidth (Afr) where the drop in the

(absolute value of) impedance is 3dB from the peak.

Qr = fr/Afr (1)

Impedance

Frequency

Figure 2-3 TImpedance properties of the transmitter resonant circuit

2.3.2 Power receiving unit (PRU)

The functions and requirements of the PRU are explained below.

The receiver resonant circuit decreases the amplitude of the receiving AC voltage (Vr) at the
power receiving electrodes, and the rectifier converts the AC voltage to DC voltage (shown in
Figure 2-1).

Qr and fr of the receiver resonant circuit and the receiving AC voltage (Vr) are critical
parameters for maintaining interconnectivity and are defined in Figure 2-4. fris the peak
frequency that maximizes the absolute value of the impedance of the receiver resonant circuit.

Qr is calculated by equation (2) using the peak frequency (fr) and the bandwidth (Afr) where

1-5
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the drop in the (absolute value of) impedance is 3dB from the peak.

Qr=fr/Afr (2)

Impedance

fr Frequency

Figure 2-4 Impedance properties of the receiver resonant circuit

The receiving voltage (Vr) shown in Figure 2-5 is the input AC voltage to the receiver

resonant circuit, and it is one of the critical parameters for maintaining interconnectivity.

Transmitter
Resonant
Circuit

l Receiver

VRr Resonant
| Circuit
“

\.\

Power Transmitting Electrodes Power Receiving Electrodes

LYJ
/./
Figure 2-5 Receiving voltage: Origin point of Vr

2.3.3 Coupling coefficient between the PTU and PRU
In this Standard, the coupling coefficient between the power transmitting electrodes and

power receiving electrodes is determined by the equivalent electrical circuit of the capacitive
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coupling part shown in Figure 2-6.

Capacitive
Coupling Part

Transmitter Receiver
Resonant Resonant
Circuit Circuit

pe=

|
!
s

Power Power
Transmitting  Receiving
Electrodes Electrodes

Figure 2-6 Schematic diagram of the capacitive coupling

Capacitive coupling between the power transmitting electrodes and power receiving
electrodes is described with a II type equivalent circuit that consists of Cc¢, C1 and Ca. Cc is the
equivalent coupling capacitance, and C1 and Cz are the equivalent parallel capacitances of the

power transmitting electrodes and power receiving electrodes, respectively.

Transmitter Receiver
— —
Resonant (O g pm— o 7% Resonant
Circuit Circuit

Figure 2-7 II type equivalent circuit at the capacitive coupling

Using a II type equivalent circuit, the coupling coefficient (k) is defined by equation (3).

k = Cc , 0<k<1 3)
J(C +C)(C,+CL)

Cc, C1, Cz, are derived from the following equation.
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CC = \/Czs(cls - CIO)
Cl = ClS - CC
Cz = Czs - CC

C;s+ Capacitance at the input of the power transmitting electrodes when the power receiving
electrodes are shorted.

C,o: Capacitance at the input of the power transmitting electrodes when the power receiving
electrodes are opened.

Cy - Capacitance at the input of the power receiving electrodes when the power transmitting

electrodes are shorted.

2.3.4 Control system

In the Capacitive Coupling WPT System, the control functions which control the power
transmission are necessary for achieving safe and reliable wireless power transfer. Such
functions include a mechanism for starting the power transfer after recognition of the PRU. The
control functions also include the recognition of the PRU; one is to recognize the PRU by
detecting coupling between the PTU and the PRU and the other is by data-communication
between the PTU and the PRU.

The Capacitive Coupling WPT System adopts the former method as the means of detecting
coupling between the PTU and the PRU without data-communication. The details of the system

control are described in Chapter 4.
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Chapter 3 Technical Requirements of the System

3.1 General Requirements
3.1.1  Power transmission method

The power transmission method shall use non-modulated and continuous waves.

3.1.2 Power transmission frequency ranges

The power transmission frequency shall be in one of the following ranges;

* Greater than or equal to 425 kHz, and less than or equal to 471 kHz
* Greater than or equal to 480 kHz, and less than or equal to 489 kHz
+ Greater than or equal to 491 kHz, and less than or equal to 494 kHz
+ Greater than or equal to 506 kHz, and less than or equal to 517 kHz
* Greater than or equal to 519 kHz, and less than or equal to 524 kHz

3.1.3 Radiated emission limits
Radiated emission limits shall refer to “Section 2.2 Limitation on 400 kHz band capacitive

coupling wireless power transmission systems” in [1] for each frequency range as follows.
(1) In-band Emission Limits

In the frequency ranges for power transmission, radiated emission shall not exceed the

values shown in Table 3-1.

Table 3-1 Radiated emission limits in the power transmission frequency band

Frequency (f) range Me(;z:ziient Limit (quasi-peak)
425 kHz <f <471 kHz
480 kHz <f <489 kHz
491 kHz < f <494 kHz 10m 14.5 - (15.6451 x Log(frequency [MHz]/0.15)) dBpA/m
506 kHz <f<517 kHz
519 kHz <f<524 kHz

(2) Out-of-band Emission Limits

Out-of-band radiated emission shall not exceed the values shown in Table 3-2.
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Table 3-2 Out-of-band radiated emission limits

Frequency (f) range

Measurement
distance

Limit (quasi-peak)

150 kHz < f < 425 kHz

471 kHz < f< 480 kHz

489 kHz < f< 491 kHz

494 kHz < f < 506 kHz

517 kHz <f< 519 kHz

524 kHz < f < 526.5 kHz

526.5 kHz << 1605.5 kHz

1605.5 kHz < f <4 MHz

4 MHz <f<11 MHz

11 MHz < f <30 MHz

30 MHz < f< 80.872 MHz

80.872 MHz < f < 81.88 MHz

81.88 MHz < f < 134.786 MHz

134.786 MHz < f < 136.414 MHz

136.414 MHz < f < 230 MHz

230 MHz < f <1000 MHz

14.5 - (15.6451 x Log(frequency [MHz]/0.15)) dBpA/m

-2.0 dBpA/m

14.5 - (15.6451 x Log(frequency [MHz]/0.15)) dBpA/m

10m

-32.5635+(17.3595 x Log (frequency [MHzl/0.15)) dBpA/m

29 - (15.6451 x Log (frequency [MHz]/0.15)) dBpA/m

30 dBpV/m

50 dBpV/m

30 dBpV/m

50 dBpV/m

30 dBpV/m

37 dBpV/m

Table 3-3 and Table 3-4 shall be applied to frequencies greater than or equal to S0MHz.

If the PTU is embedded in a multimedia device, the limits in [2] should be applied.

Table 3-3 Radiated emission limits for frequencies greater than 30MHz up to 1GHz

Measurement Limit
Frequency (f) range
Distance | Detector/Bandwidth
30 MHz < £ <230 MHz 30 MHz < <230 MHz
10m
230 MHz < f < 1000 MHz Quasi-peak 230 MHz < f < 1000 MHz
30 MHz < f < 230 MHz /120 kHz 30 MHz < f < 230 MHz
3m
230 MHz < f< 1000 MHz 230 MHz < <1000 MHz
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Table 3-4 Radiated emission limits for frequencies greater than 1GHz up to 6GHz

Frequency (f) range

Measurement

Limit

Distance

Detector/Bandwidth

1000 MHz < f < 3000 MHz

3000 MHz < f < 6000 MHz

1000 MHz < f < 3000 MHz

3000 MHz < £ < 6000 MHz

3m

Average/1 MHz

1000 MHz < f < 3000 MHz

3000 MHz < f < 6000 MHz

Peak/1 MHz

1000 MHz < f < 3000 MHz

3000 MHz < f <6000 MHz

3.1.4 Coupling coefficient

The coupling coefficient (k) shall be at least 0.2.

3.1.5 Protecting the human body from electric shock

Protection from electric shock shall be ensured in accordance with “Section 2.1 Protection

from electric shock and energy hazards” in [3]. In addition, the power transmitting electrodes

and power receiving electrodes shall not be exposed as a protection against electric shock.

Furthermore, the high frequency generator and transmitter resonant circuit in the power

transmitting circuit shall be insulated.

3.1.6 RF exposure level for the human body

The RF exposure level for the human body shall comply with “Section 3.2 RF exposure limits

applied to Wireless Power Transmission Systems” in [1]. Regarding the electro-magnetic field

intensity level in general environments (average value over 6 minutes), the values in Table 3 (a)

in [4] shall be applied. Regarding to stimulating effect, the guideline and guideline values in [4]

shall be applied.

3.2 Power Transmitting Unit (PTU)

3.2.1  Output power

The output power shall be less than or equal to 50W.

3.2.2 Frequency variation range

(RERA: Article 45 (iii))

The frequency variation range, which is defined as the frequency fluctuation range for

stabilizing the power transmission at the start of the power transfer, shall be within +2 kHz

from the stable frequency.
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3.2.3 Q factor of the transmitter resonant circuit

The Q factor of the transmitter resonant circuit (Qr) shall be at least 20.

3.2.4 Resonant frequency of the transmitter resonant circuit
The resonant frequency of the transmitter resonant circuit (fr) shall be at least 427 kHz and

not more than 522 kHz.

3.2.5 Power transmitting electrodes
The PTU shall have two power transmitting electrodes, and the structure shall comply with

Appendix 1.

3.2.6 Detection of the power receiving unit (PRU)
The PTU shall have a function for recognizing the PRU. The PTU shall not transmit power

until a PRU is recognized.

3.3 Power Receiving Unit (PRU)
3.3.1 Q factor of the receiver resonant circuit

The Q factor of the receiver resonant circuit (Q r) shall be at least 20.

3.3.2 Resonant frequency of the receiver resonant circuit

The resonant frequency of the receiver resonant circuit (fr) shall be greater than or equal 427

kHz and less than or equal 522 kHz.

3.3.3 Power receiving electrodes
The PRU shall have two power receiving electrodes, and the structure shall comply with

Appendix 1.

3.3.4 Receiving voltage and reference receiver resonant circuit
The receiving voltage (Vr) shall be greater than or equal 1.2 kVp-p and less than or equal 2.4
kVp-p when the receiving load is consuming 30 W. The details of the reference receiver resonant

circuit are specified in Chapter 4.

3.3.5 Load characteristics of the PRU
The PRU shall receive the maximum demanded power for the receiving load when the

receiving voltage (Vr) is 1.2 kVp-p.
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Chapter 4 System Control Requirements

4.1 Overview

Figure 4-1 shows the functional block diagram for the power transmission control of the
Capacitive Coupling WPT System. The transmission controller realizes the control function for
safely and securely transferring power in the Capacitive Coupling WPT System. The
transmission controller consists of a current and voltage detection circuit, a switch and a
controller, and it detects presence of a PRU and monitors the power transmission condition. The

circuit configuration of the transmission controller shall comply with the specification in 4.3.2.1

P CooTTTTemeTTTT ' Power Transmitting Circuit Power Receiving Circuit
i Transmission controller

1
, !
1 1
' Controller '
1 1
Il 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

Power | Current and : High Transmitter Receiver Receivin
Suppl : P Switch [ Voltage M Frequency [ Resonant | | = —===-- > Resonant 1 Rectifier [P Load €
ad : Detector : Generator Circuit Power Circuit
' : Transmission
, !
Ve o oo _________1
— —
Power Power
Transmitting Receiving
Electrodes Electrodes

Figure 4-1 Function block diagram of the Capacitive Coupling WPT System.

4.2 Equivalent Circuits of the PTU and PRU and their Parameters
Figure 4-2 shows the parameters required for interconnectivity of the PTU and the PRU.
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Capacitive
Coupling Part ~~
Coupling Factor:k

Q factor: Q¢
Resonant Frequency :f;

Q factor: Qg
Resonant Frequency:fz

[ 1
1 1
! 1
! 1
| !
' |
' |
' |
1 1
1 1
1
! | | o
i I |
High Transmitter : : . Receiver
Frequency Resonant | | Receiving Voltage Resonant Rectifier
Generator Circuit ' I ' Ve Circuit
1
- I —O
1
. | :
| 1
: \_Y_I \_YJ )
1
' /'/ \'\ 1
\  Power Power |
1 Transmitting Receiving !
! Electrodes Electrodes !
1 1
|

Figure 4-2 Parameters required for maintaining interconnectivity.

In the control of the Capacitive Coupling WPT System, the parameters of the receiver
resonant circuit may affect the voltage wave form of the high frequency generator and are
measured by the frequency search function (See 4.3.2.2). Verify that the parameters meet the
requirements shown in Table 4-1.

Also, the parameters Qr and fr of the transmitter resonant circuit are critical parameters for
maintaining the power transmission characteristics. If these parameters do not satisfy the
conditions set forth in Chapter 3, the criteria for detecting the PRU in the frequency search
cannot be satisfied. Interconnectivity is maintained by the frequency search procedure, which
checks the voltage value Vr of the high frequency generator in the prescribed range, and the Qr

and fr of the transmitter resonant circuit must satisfy the conditions in Chapter 3.

Table 4-1 Parameters and requirements verified during the frequency search.

Parameters related to power )
o Requirements
transmission
Qr Vt must have a positive peak.
" Frequency fr for the maximum Vr must be within the
R o
specified range.
k Vr at fr must be within the specified range.

The PTU is designed to provide 30W of power to the reference model of receiver resonant

circuit within the prescribed receiving voltage (Vr) range indicated in 3.3.4. The configuration
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of the reference model of receiver resonant circuit is specified as follows.

Requirements for the reference model of receiver resonant circuit
+ The resonant frequency shall be 457+3 kHz.
- The Q factor shall be greater than or equal to 20.

* The circuit shall be the parallel resonant circuit type.

The receiving voltage (Vr) shall be measured using the reference model of receiver resonant
circuit described above and the measurement method specified in Chapter 5.

The PRU shall be designed to be capable of outputting maximum power to the receiving load
at a receiving voltage (Vr) of 1.2 kVp-p. The PTU shall be designed to transfer at least 30W in
the receiving voltage (Vi) range of 1.2kVpp to 2.4kVpp in order to maintain interconnectivity.

This standard does not specify the output voltage from the rectifier, which depends on the

specifications of the target devices and is out of the scope of this specification.

4.3 Power Transmission Control Function
4.3.1 State transition

Figure 4-3 shows the state transition diagram. The transmission control circuit shall be
capable of judging the presence of a PRU, a foreign object or other failure, and it shall control
the state of power transmission by detecting the voltage Vrand the current it at the high
frequency generator.

In this Standard, 6 states are specified: “Standby 17, “Stop”, “Power transmission”, “Standby
27, “Shutdown” and “Power Off”.
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PRU is
removed

Power is
turned on

Standby
1

PRU is
detected

Constant time

. PRU is
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removed

Full charge
is detected

Power
Transmission

Failure is
detected

Fatal failure
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Figure 4-3 State transition diagram of the power transmission control (PTU)

Table 4-2 shows the relationship between the states of the PTU and PRU.

Table 4-2 Relationship between the states of the PTU and PRU.

State of system State of PTU State of PRU
Power Off All stop No load
Standby 1 Frequency search and judgment No load

Power Transmission Power transmission and monitoring specified parameters Receiving power
Stop Only the controller functions No load
Standby 2 Frequency search and judgment No load
Shutdown All stop No load

Explanations and requirements of each state are provided below.

(1) Power Off
+ In the “Power Off” state, the PTU is not fully functional. Therefore, the PRU cannot

receive power.

« If the power supply is turned on, the state shall change to “Standby 1”. In other cases,

the state will not change.
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(2) Standby 1
+ A frequency search shall be performed in the “Standby 1” state.
- If the PTU detects a normal PRU, the state shall change to “Power transmission”.
The method of the frequency search and details of the criteria to detect a normal PRU

are specified in 4.3.2.2.

(3) Power Transmission
* The PTU shall transfer power to the PRU while monitoring Vt and it. The detecting
circuits for measuring Vr and it are described in 4.3.2.1.
+ The PTU shall be able to detect “Fatal Failure”, “Failure”, “Full Charge” and “PRU
Removal” using the transmission control function. Table 4-3 shows the detection

criteria for each event.

Table 4-3 Judgment criteria for each event.

Event Parameter Criteria

The following condition continues for 10 minutes or more. iy
“Full Charge” ir is less than or equal to 400 mA and stays within 5%

deviation.

ir decreases 30 % or more within 100 ms, and iy becomes

“PRU Removal” ir
less than 100 mA after that.
“Failure” ir ir exceeds the rated value defined by each manufacturer.
“Fatal Failure” Vr Vi exceeds the rated value defined by each manufacturer.

» If “Full Charge” is detected, the state shall change to “Stop”.

- If “PRU Removal” is detected, the state shall change to “Standby 1”.
- If “Failure” is detected, the state shall change to “Stop”.

- If “Fatal Failure” is detected, the state shall change to “Shutdown”.

(4) Stop
- In the “Stop” state, only the controller functions, and no power is transmitted.

- After at least 100 ms from the transition to the “Stop” state, the state shall change to
“Standby 2”.

(5) Standby 2

+ A frequency search shall be performed in the “Standby 2” state to confirm “PRU

Removal”.
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* When the PTU does not detect a PRU, the PTU shall change from “Standby 2” to
“Standby 1” and judge that the PRU has been removed from the charging area.
The details of the determination criteria for PRU detection are described in 4.3.2.2

(6) Shutdown
* In the “Shutdown” state, the PTU shall stop supplying power to the high frequency
generator.
+ The PTU never transmits power in the “Shutdown” state, and a power-cycle does not

exist. Without the power-cycle, the state shall not change to “Standby 1”.

4.3.2 Control function
4.3.2.1 Configuration of the transmission controller and high frequency generator
Figure 4-4 shows the configuration of the transmission controller. Vrand ir shall be evaluated

by using this circuit.

Transmission Controller
Controller

Frequency control

A

Current detect

Switch control

Voltage detect [€—

R1 0 L
\O Current
A Detector
O y
Ea Frequency control
Power V. High Frequency
Supply T Generator

Figure 4-4 Configuration of the transmission control circuit.

The circuit and system components are specified as follows.

In the frequency search procedure, the circuit shall switch to the route that passes through
R1 to restrict the input current to the high frequency generator. In the power transmission
state, the circuit shall switch to the bypass route that does not run through R1. In addition, the

high frequency generator shall be capable of varying the frequency by means of control by the
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controller.

Resistance values:
R1 shall be set to a value that can limit the input power during the frequency search to
1W or less. R2 and R3 shall be set to the division ratio that can satisfy the rated input
voltage to the controller.

Current detection circuit:
The controller shall be capable of detecting the current amplitude.

Controller:
The controller shall consist of a voltage detection function, memory function and digital
output function (to switch peripherals).

High frequency generation circuit:

The circuit shall be capable sweeping the transmission frequency.

4.3.2.2 Frequency search

Methods for controlling the hardware and detecting a PRU by the frequency search procedure
in the “Standby 1” and “Standby 2” states are specified as follows. The interconnectivity
between the PTU and the PRU can be confirmed by the frequency search procedure stated in
4.2. The frequency characteristic of Vr is correlated with the impedance characteristic, which is
affected by the coupling condition between the PTU and PRU, as well as by the presence of a
PRU. Therefore, this control system detects the presence of a PRU by measuring the frequency

response of Vt. The procedure for the frequency search is as follows.

(1) Use the circuit in Figure 4-4 to measure Vr.

(2) Change the frequency and measure Vy repeatedly.

(3) Record V7.

(4) If the recorded frequency characteristics of Vr satisfy all of the following conditions,
the controller judges that a PRU exists in the charging area and shall start power

transmission at the peak frequency with the maximum Vr.

Criteria for judging the presence of a PRU

* The maximum value of Vr is detected.

* The peak frequency where maximum Vr is obtained is in the range from 427 kHz to
522 Hz.

* The maximum value of Vrt is in the following range:
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Upper limit value: Input voltage x 0.5 (V)
Lower limit value: Input voltage x 0.05 (V)

In the “Standby 1” state, the controller shall continue to perform frequency searches until the
above criteria are satisfied. In the “Standby 2” state, if the above conditions are satisfied, the
controller judge that the PRU is still in charging area and continues performing the frequency

searches.

Figure 4-5 shows an example of the relationship between the frequency and Vt when a PRU
1s placed on a PTU. If the PRU is placed on the PTU correctly, a resonant waveform is observed
in the frequency band.

Here, the following requirements shall be specified.

+ The frequency band of the frequency search shall be from 425 kHz to 524 kHz.
- The frequency interval of the frequency search shall be 10 kHz or less.

———————————————————————— Upper Limit of V¢ -----------------------—4

Maximum Voltage

N—"

Lower Limit Frequency
Aouanbau4 JiwiT Jaddn

End Point of
Frequency Search

Start Pointof ~——"
Frequency Search

Figure 4-5 Relationship between the frequency in the frequency search and Vr.

Figure 4-6 shows the timing of the frequency searches. The Frequency Search indicates the

duration of a complete edge-to-edge frequency search performed one-time from the lower limit
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to the upper limit. The Interval is the time duration from the end of Frequency Search to the

beginning of the next Frequency Search.

Frequency Interval Frequency

Interval
Search Search

Figure 4-6 Timing of the frequency searches.

The Frequency Search and the Interval are specified as follows:
* The Frequency Search shall be 1 second or less per search.

« The Interval shall be 5 seconds or less.

4.3.2.3 Control of the transmission state
In the “Power transmission” state, the controller shall measure Vr periodically using the
transmission controller shown in Figure 4-4. The details of the measurement are specified as
follows:
« The measurement interval of Vi shall be 100 milliseconds or less.

+ Power transmission shall be stopped within 1 second after detecting a failure.
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Chapter 5 Measurement Methods

In this chapter, the measurement methods are stipulated for confirming that the system

meets the requirements in “Chapter 3: Technical requirements of the system”.

5.1 Test Conditions
5.1.1 Humidity and temperature of the measurement location
(1) Measurements shall be performed in the temperature range of 5 - 35°C.

(2) Measurements shall be performed in the humidity range of 45 - 85%.

5.1.2 Load
The load used for the measurements described in 5.2 shall be a resistance load or an

electronic load device.

5.2 Measurement Conditions
5.2.1 Power transmission frequency ranges

The frequency on the power transmission shall be measured after 15 minutes from the start
of power transmission. The highest frequency and lowest frequency in frequency search shall be
measured, as well in the frequency search performed in the “Standby 1” state as specified in

Chapter 4.

5.2.2 Frequency variation range
The highest frequency and lowest frequency of the signal for power transfer corresponding
“5.2.1 Power transmission frequency ranges” shall be measured for 15 minutes after the start of

power transmission.

5.2.3 Output power
The measurement system for the output power from the PTU is shown in Figure 5-1. The
output power shall be measured using a load that emulates the maximum power transmission

without the presence of a PRU on the PTU.
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_______________________________________

Power Transmitting Circuit
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Supply
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Generator Circuit
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|
1
|
|
|
|
1
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Figure 5-1 Measurement system for output power

The output power is defined as the power calculated from the measurement results of a

voltmeter and ammeter at the power input point of the PTU.

5.2.4 Coupling coefficient

The measurement system for measuring the capacitances of the electrodes when designing
the PTU is shown in Figure 5-2. The coupling coefficient [k] between the power transmitting
electrodes and reference model of power receiving electrodes shall be measured by the
measurement system shown in Figure 5-2 using the standard power receiving electrodes as

specified in Appendix 2.

1-24



ARIB STD-T113

Short
or Open

Impedance
Analyzer

{ et e
AT T

/./

Power Reference Model of
Transmitting Power
Electrodes Receiving

Electrodes

(1) Measurement system for the power transmitting side capacitance (when designing the PTU)
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(2) Measurement system for the power receiving side capacitance (when designing the PTU)

Figure 5-2 Measurement system for the capacitance parameters of the electrodes when designing the PTU

The coupling coefficient is calculated by equation (3) in 2.3.3 using the measured capacitance

parameters in the following conditions. The measuring frequency is set at 457 kHz.

Cs : Power transmitting side capacitance when the standard power receiving electrodes are
electrically shorted

Co : Power transmitting side capacitance when the standard power receiving electrodes are
electrically opened

C, : Power receiving side capacitance when the power transmitting electrodes are electrically

shorted

The measuring circuit for the capacitance parameters when designing the PRU is shown in
Figure 5-3.
The coupling coefficient [k] between the power receiving electrodes and reference model of

power transmitting electrodes shall be measured by the measuring circuit in Figure 5-3. Herein,
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the standard power transmitting electrodes are specified in Appendix 2.

Impedance l l Short
Analyzer l l or Open
R
Reference Model of Power
Power Receiving
Transmitting Electrodes
Electrodes

(1) Measurement system for the power transmitting side capacitance (when designing the PRU)

Short l l Impedance
l l Analyzer
AR
Reference Model of Power
Power Receiving
Transmitting Electrodes
Electrodes

(2) Measurement system for the power receiving side capacitance (when designing the PRU)

Figure 5-3 Measurement system for the capacitance parameters of electrodes when designing the PRU

The coupling coefficient is calculated by equation (3) in 2.3.3 using the measured capacitance

parameters in the following conditions. The measuring frequency is set at 457 kHz.

Cis : Power transmitting side capacitance when the power receiving electrodes are electrically
shorted

C : Power transmitting side capacitance when the power receiving electrodes are electrically
opened

Cy : Power receiving side capacitance when the standard power transmitting electrodes are

electrically shorted
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5.2.5 Resonant frequency and Q factor
(1) Measurement of the characteristics of the transmitter resonant circuit
The power receiving electrodes shall be coupled with the power transmitting
electrodes. The input terminals of the transmitter resonant circuit shall be shorted
electrically as shown in Figure 5-4.
The reference model of power receiving electrodes specified in Appendix 2 shall be
used as the power receiving electrodes, and the impedance shall be measured by an

impedance analyzer connected to the reference model of power receiving electrodes.

Transmitter l l Impedance
Short Resonant Ap |
Circuit l l nalyzer
AR
Power Reference Model of
Transmitting Power
Electrodes Receiving
Electrodes

Figure 5-4 Measurement system for the transmitter resonant circuit characteristics

fr shall be obtained from the impedance measurement result, and Qr shall be
calculated.

Refer to equation (1) in 2.3.1 for the method of calculating Qr.

(2) Measurement for the characteristics of the receiver resonant circuit

The power transmitting electrodes shall be coupled with the PRU as shown in Figure
5-4.

The reference model of power transmitting electrodes specified in Appendix 2 shall
be used as the power transmitting electrodes, and the impedance shall be measured by

an impedance analyzer connected to the standard power transmitting electrodes.
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Figure 5-5 Measurement system for the receiver resonant circuit characteristics

fr shall be obtained from the impedance measurement result, and Qr shall be

calculated. Refer to equation (2) in 2.3.1 for the method of calculating Qgr.

5.2.6 Receiving voltage and reference receiver resonant circuit

Receiving voltage (Vr) shall be measured using the reference model of receiver resonant
circuit specified in Chapter 4, in the power transmission state, and in accordance with the
measurement system shown in Figure 5-6. The transmission frequency shall be set at 457 kH +

3 kHz. The load condition shall be set at 30W.

- l * Reference
Power l Model of
Power s .
Transmitting Voltmeter Receiver Load
l Resonant
Circuit

Supply Circuit |
I

|
\_Y_}
M

Power Reference Model of
Transmitting Power
Electrodes Receiving
Electrodes

Figure 5-6 Measurement system for the receiving voltage (Vr)

5.2.7 Load characteristics of the PRU
The maximum load is measured at an input of 1.2 kVp-p to the Rx resonator. The

measurement system for the load characteristics of the PRU is shown in Figure 5-7.
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F High Receiver
r;guency 1.2 kVp_p Resonant Rectifier Load
wer Circuit
Supply

Figure 5-7 Measurement system for load characteristics of the PRU

5.2.8 Radiated emission intensity

Radiated emission intensity shall be measured based on following clauses in [1]: 2.3
Measurement equipment”, “2.4 Configuration and arrangement of the devices being tested”,
“2.5 Operational requirements of the devices being tested” and “2.6 Measurement method”. The

measurement shall be performed when the PTU is transferring power at the maximum level.

5.2.9 RF Exposure level for the human body
The measurement shall be performed based on “3.3 The evaluation methods for verifying the
guideline pattern and values to be applied in wireless power transmission systems” in [1] under

the condition that the PTU is transferring power at the maximum level.

5.2.10 Confirmation of the power transmission stop function

The failure detection function as specified in Chapter 4 shall be confirmed to function
appropriately.

The measurement system for confirming the power transmission stop function is shown in
Figure 5-8.

The measurement system is composed of a power supply, ammeter, PTU, load and
measurement circuit. The measurement circuit shall measure the input current of the PTU

while changing the load resistance.
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Figure 5-8 Measurement system for confirming the power transmission stop function

The measurement shall be performed in accordance with the procedure below after
determining the number of measurements required for stable operation and confirming the
environmental conditions.

(1) Set the resistance of the load so that the input current does not exceed the rated value.

(2) In the power transmission state, decrease the load resistance to an over-rated value of
the input current to the PTU. The rated value of the input current is determined by the
manufacturer, depending on the power supply specification of the PTU.

(8) Confirm the power transmission stops at the rated current. Measure the transition

time from over-current detection until the power transmission stops.
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Chapter 6 Terms and Definitions

6.1 Terms and Definitions

The terms used in this Standard are defined as follows:

[Capacitance]

Quantity of electric charge when a unit voltage is applied to a capacitor. Capacitance C is

calculated as C=Q/V [F] from the voltage V [V] and electric charge Q [C].
[Capacitive Coupling WPT System]

One wireless power transmission technology that operates on the principle that power is
transferred wirelessly using electrostatic induction generated by capacitive coupling between
the countered electrodes.

[Coupling Coefficient]

A coefficient calculated from the capacitances generated by the power transmitting
electrodes and power receiving electrodes in the capacitive coupling WPT System. It is
correlated with efficiency.

[High-Frequency-Based Equipment]
A category of equipment that utilizes high frequency current of 10 kHz or greater, which is
stipulated in Article 100, Paragraph 1 of the Japan Radio Law.
[High Frequency Generator]
An electrical circuit that converts DC power to a desired RF power signal.
[Input Current]
Input power current from the power supply to the PTU.
[Input Voltagel
Input power voltage from the power supply to the PTU.
[Load Device]
A device receiving power in the wireless power transmission system.
[Other Equipment]

Equipment categorized as high-frequency-based equipment with no communication
function and is used for directly providing high frequency energy to the load, or is otherwise
used for heating, ionization, etc.

[Output Powerl]

Electrical power transmitted via a power line conducting high frequency current at a

frequency of 10 kHz or greater. In the capacitive coupling WPT System, it is defined as the

“PTU in power” to the power transmitting circuit.
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[Power Receiving Circuit]

In the capacitive coupling WPT System, it is composed of the receiver resonant circuit and
rectifier.

[Power Receiving Electrodes]

In the capacitive coupling WPT System, it is the portion of the coupled conductor unit for
generating static capacitance, and it is connected to the power receiving circuit.

[Power Receiving Unit: PRU]
In the capacitive coupling WPT System, it is a whole unit of power receiving that is
composed of a power receiving circuit and power receiving electrodes.
[Power Supplyl
A device that supplies electric power.
[Power Transmitting]
Power transmission by the transmitting unit.
[Power Transmitting Circuit]

In the capacitive coupling WPT System, it is composed of the high-frequency generator,

transmitter resonant circuit and transmission controller.
[Power Transmitting Electrodes]

In the capacitive coupling WPT System, they are the portion of the coupled conductor unit

for generating static capacitance and are connected to the power transmitting circuit.
[Power Transmitting Unit: PTU]

In the capacitive coupling WPT System, it is a whole unit that is composed of a power

transmitting circuit and power transmitting electrodes.
[Q Factor]

The Q factor describes the sharpness of the resonance. When the Q factor is high, the

resonator bandwidth is narrow.
[Receiver Resonant Circuit]

In the capacitive coupling WPT System, it is an electrical circuit consisting of a resonant

circuit with power receiving electrodes.
[Receiving Power]

Input power applied to the power receiving electrodes in the capacitive coupling WPT
system. In this Standard, input power to the power receiving electrode and output power
from the power receiving electrode are treated as the same because there is almost no loss at
the electrode.

[Receiving Voltage]

Input AC voltage to the power receiving resonant circuit in the capacitive coupling WPT
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System.
[Rectifier]
An electrical circuit that converts the received high-frequency current into DC.
[State Transition Diagram]
Drawings describing the combination of transition states in the systems.
[Transmission Controller]
In the capacitive coupling WPT System, it is a circuit for safely controlling the power
transmission.
[Transmission Frequencyl
Frequency of the electromagnetic field that transmits the electrical energy during wireless
power transmission.
[Transmitter Resonant Circuit]
In the capacitive coupling WPT System, it is an electrical circuit consisting of a resonant
circuit with power transmitting electrodes.
[Transmitting Power]
Input power applied to the power transmitting electrodes in the capacitive coupling WPT
System. In this Standard, input power to the power transmitting electrode and output power
from the power transmitting electrode are treated as the same because there is almost no loss

at the electrode.

6.2 Abbreviations

The following abbreviated terms are used in this Standard.

[P]
PRU Power receiving unit
PTU Power transmitting unit
(W]
WPT Wireless Power Transmission
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Appendix 1 Design Specifications for the Electrodes

1 Overview of Electrode Design
This appendix describes the specifications for designing the power transmitting electrodes
and power receiving electrodes. The electrodes shall meet the requirements for k, fr, fr, Qr and

Qr described in Chapter 3. The following is the detailed specification for electrode design.

2 Layout of the Electrodes

The basic layout of the electrodes is shown in Figure Al-1. This layout is applied to both the
power transmitting electrodes and power receiving electrodes. The power transmitting / power
receiving electrodes consist of two (2) electrodes, an inner electrode named Eta or Era and an
outer electrode named Erp or Erp. ETa and Erp are the names of the power transmitting
electrodes, and Era and Erp are the names of the power receiving electrodes. The PTU and PRU
have a ground electrode named GNDr (for the PTU) or GNDr (for the PRU) that is connected to
the electrical ground of the PTU and PRU, respectively. The ground electrode is larger than the
outer electrode, and it fully covers the outer electrode. The “center point” of the power
transmitting electrodes or the power receiving electrodes is defined as the gravity point of Era

or Ega.

GND; or GNDg

Erp or Egp

ETA or ERA

Figure A1-1 Layout of the electrodes
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In the Figure Al-1, each electrode has a rectangular shape, but this design specification
places no restrictions on the shape. However, the following conditions shall be satisfied when

designing the electrodes.

* When the center point of the power transmitting electrodes is placed on the center point of
the reference power receiving electrodes specified in Figure A1-2 (2), the power
transmitting electrodes shall be designed so that the overlap of Eta and REra is at least
70% of REra and the overlap of Erp and RErp is at least 70% of RErp.

- When the center point of the power receiving electrodes is placed on the center point of the
reference power transmitting electrodes specified in Figure A1-2 (1), the power receiving
electrodes shall be designed so that the overlap of Era and REra is at least 70 % of RE1a
and the overlap of Erp and REtp is at least 70% of RErp.

* When the center point of the power transmitting electrodes is placed on the center point of
the reference power receiving electrodes, the power transmitting electrodes shall be
designed to avoid overlapping between Eta and RErp and between Erp and RERra.

*When the center point of the power receiving electrodes is placed on the center point of the
reference power transmitting electrodes, the power receiving electrodes shall be designed
to avoid overlapping between Era and RErp and between Erp and REra.

+ The PTU ground electrode GNDr shall be designed to cover the whole of Etp, and the PRU
ground electrode GNDr shall be designed to cover the whole of Erp.
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RErp

Center Point

105 mm

A

125 mm .
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215 mm

(1)  Reference power transmitting electrodes
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(2)  Reference power receiving electrodes

Figure A1-2 Layout and the dimensions of the reference electrodes

3 Cross-Sectional Structure of the Electrodes

Figure A1-3 (1) and (2) show a cross section of the power receiving electrodes and power
transmitting electrodes, respectively. On the PTU side, Eta and Erp are placed on the same
plane, and GNDr is located on the side opposite to the Era and Erp of the inner insulating layer

INTT. On the PRU side, Era and Erp are placed on the same plane, and GNDRr is located on the
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side opposite to the Era and Erp of the inner insulating layer INTr. Eta and Etp are covered

with a surface insulation layer SURFr, and Era and Erp are covered with a surface insulation

layer SURF&.

The actual materials and thickness of the electrodes and insulating layer are not specified.

GNDg

Inner Layer of PRU:INTR

Era/Erp

Surface Layer of PRU: SURFg

(1) Power receiving electrodes

Surface Layer of PTU:SURF¢
Era/Eqp

Inner Layer of PTU:INT+

GND+

(2) Power transmitting electrodes

Figure A1-3 Cross section of the electrodes
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Appendix 2 Reference Model of Electrode Design

This appendix describes the specifications for the reference models of Power Transmitting
Electrodes and Power Receiving Electrodes. These reference models of Electrodes are used to

measure each parameter set forth in Chapter 5.

1 Layout and Dimensions of the Electrodes

The layout of the Power Transmitting Electrodes and the Power Receiving Electrodes is
shown in Figure A2-1 (1) and (2), respectively.

The Power Transmitting Electrodes and Power Receiving Electrodes have same configuration
consisting of an inner electrode, BEra or BEra, and an outer electrode, BErr or BErp. BETA and
BErp are the names of the Power Transmitting Electrodes, and BEra and BErp are the names of
the Power Receiving Electrodes. There are also ground electrodes for the PTU and PRU
respectively called BGNDrt and BGNDk.

The “center point” of the power transmitting electrodes or the power receiving electrodes is
defined as the gravity point of BETa or BEga.

The dimensional tolerance of the electrodes shall be within £0.5 mm.

The wiring point on the electrodes for each measurement is not specified. The wire length

shall be 200 mm or less.
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(1) Reference model of power transmitting electrodes

BErp

245 mm

(2) Reference model of power receiving electrodes

Figure A2-1 Layout of the reference model of electrodes
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2 Cross-sectional Structure of the Electrodes

Figure A2-2 shows a cross section of the power receiving electrodes and power transmitting
electrodes. On the PTU side, BEta and BErp are placed on the same plane, and BGNDr is
located on the side opposite to the BEta and BErp of the inner insulating layer BINTT. On the
PRU side, BEra and BErr are placed on the same plane, and the BGNDRr is located on the side
opposite to the BEra and BEre of the inner insulating layer BINTr. BEta and BErp are covered
with a surface insulation layer BSURFT, and the BEra and BErp are covered with a surface
insulation layer BSURFR. The thickness of the power transmitting electrodes, power receiving
electrodes and ground electrodes shall be 0.2 mm or less. The electrode materials should be
common metals such as copper and aluminum.
An air gap shall be created between the Tx-Rx counter electrodes using holding spacers dr (PRU
side) and dr (PTU side). The spacers shall be placed to avoid overlapping with BEta, BEtp, BEra
and BErp.

The cross-sectional dimensions are shown in Figure A2-1 (1) and (2).

Dielectric insulating material should be a common dielectric resin listed in Table A2-1.

BGNDg

Inner Layer of PRU: BINTR

BEga/BEgp

J |_ Surface Layer of PRU: BSURFR

Spacer:dg

(1) Reference model of power receiving electrodes

Spacer:dr

Surface Layer of PTU:BSURF¢

BE1a/BETp

Inner Layer of PTU:BINT;

BGND;

(2) Reference model of power transmitting electrodes

Figure A2-2 Cross section of the reference model of electrodes
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Table A2-1 Dimensions and materials of the reference model of electrodes
(1) Reference model of receiving electrode
Relative
Items . 1_V_ Thickness (mm) Recommended Materials
permittivity
BINTR 1.0£0.2 Polycarbonate,
BSURFr 2.9%+0.1 0.6%+0.1 ABS Resin and
dr 0.5+0.1 polyethylene terephthalate
(2) Reference model of transmitting electrodes
Relative . .
Items Lo Thickness (mm) Recommended Materials
permittivity
dr 0.5%0.1 Polycarbonate,
BSURFT 2.910.1 0.6£0.1 ABS Resin and
BINTT 4.0+0.2 polyethylene terephthalate
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Chapter 1 General Descriptions

1.1 Outline

This ARIB STANDARD (hereinafter referred to as “Standard”) covers the supply of electric
power to or charging the batteries of mobile devices, and it specifies the wireless interfaces for
power transmission and control communications between the power transmitting unit (PTU)
and power receiving unit (PRU) of a “wireless power transmission system which transmits
electric power wirelessly by means of magnetic resonance technology using 6.78 MHz
electromagnetic waves” (hereinafter referred to as “6.78 MHz Magnetic Coupling Wireless
Power Transmission (WPT) System” or “System”).

This System is operated at transmission power not exceeding the limitations allowed without
permission in the "Other Equipment" category stipulated in “Article 45, Item (3) of the
Regulations for Enforcement of the Radio Act” and “Equipment Utilizing High Frequency
Current” stipulated in “Article 100, Paragraph (1), Item (i) of the Radio Act”.

Also, this Standard refers to the “A4WP Wireless Power Transfer System Specification (BSS)
Version 1.2.1.” (Appendix 1).

1.2 Scope of the Standard

The configuration of the 6.78 MHz Magnetic Coupling WPT System is shown in Figure 1-1.
The 6.78 MHz Magnetic Coupling WPT System consists of a PTU which transmits electrical
power fed from an external device and a PRU which receives electric power transmitted by the
PTU and feeds the power to the external device. A magnetic coupling is formed between the
PTU’s transmitter resonator and the PRU’s receiver resonator, and the electric power is
wirelessly transferred. Communication is performed for controlling the power transmission
through communication between the PTU’s transmitter communication unit and PRU’s
receiver communication unit. In general, the “external device” at the PTU is assumed to be the
power supply, and the “external device” at the PRU is assumed to be the device receiving power.

This Standard is applied to the framework of the 6.78 MHz Magnetic Coupling WPT System
shown in Figure 1-1, and this Standard specifies the wireless interface between the PTU and
PRU. As shown in Figure 1-1, an “interface point” defines the wireless section interface, and

there are two interface points: one for power transmission and the other for control signaling.
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Figure 1-1 Configuration of the Magnetic Coupling WPT System

The terms used in this Standard follow the definitions specified in the Radio Act and other

related regulations unless otherwise noted. In addition, “RERA” in the Chapter 3 means the

“Regulations for Enforcement of the Radio Act.”

Furthermore, this Standard refers to the following documents as needed, and uses the

corresponding reference numbers:

[1]

ARIB STD-T66 “Second Generation Low Power Data Communication System/ Wireless
LAN System ”

Technical requirements on 6 MHz-band Magnetic Resonance Coupling Wireless Power

Transmission Systems and 400 kHz-band Capacitive Coupling Wireless Power

Transmission Systems”, The MIC Information Communication Council Report, January

2015.

CISPR 32 Edition 1.0, January 2012.

Information and Communications Council Report No. 2035, “Protection from the Radio

Waves (10 kHz to 10 MHz) on the Human Body”, March 2015.
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Chapter 2 System Overview

2.1 System Characteristics

This System provides mobile device users a wireless power transfer function based on
magnetic resonance coupling utilizing 6.78 MHz radio wave. The 6.78 MHz Magnetic Coupling
WPT System applies a star topology network consisting of one PTU and one or more PRUs. This
network allows one PTU to transmit power to multiple PRUs simultaneously. In addition, the
device placement of the PRUs on the PTU is flexible (rotational invariance, horizontal and

vertical displacement tolerance and angular displacement tolerance).

2.2 System Architecture

A WPT System consisting of a PTU and a PRU is shown in Figure 2-1. The PTU consists of a
power delivery unit, power amplifier, matching circuit, power transmitter resonator,
transmitter control unit and transmitter communication unit. A PRU consists of a power
receiver resonator, rectifier, DC-DC converter, receiver control unit and receiver communication
unit.

Power is transferred from the DC output of the power delivery unit in the PTU to the load
device in the PRU. Regarding the control communications between PTU and PRU, the 2.4

GHz-band wireless communication system specified in [1] shall be applied.

Control
Power Transmitting Unit (PTU) CGommunication Power Receiving Unit(PRU)
Transmitter ] [ Receiver
Communication Communication
Unit Unit
| I
Power Transmitting Power Receiving
Part Unit Unit Part
I
l ! Power l

DIZCIJi\:/v:r || Power || Matching || Transmitter | [Transmission | pecejver | | Rectifier LI DCDC (to the
Unitry Amplifier Circuit Resonator Resonator Converter load)

Figure 2-1 WPT System configuration
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Chapter 3 Technical Requirements of the System

3.1 Power Transmission Method

The power transmission method shall be a method using non-modulated continuous waves.

3.2 Power Transmission Frequency Range
The power transmission frequency shall be in the following range:

Higher than or equal to 6.765 MHz and lower than or equal to 6.795 MHz

3.3 Output Power

The output power shall be less than or equal to 50 W.
(RERA: Article 45(ii))

3.4 Radiated Emission Limits
The radiated emission limits shall confirm to “Section 2.1 Limitation on 6 MHz-band
magnetic resonance coupling wireless power transmission systems” in [2] for each frequency
range below.
(1) In-band emission limits
In the frequency ranges for power transmission, radiated emission shall not exceed the

values shown in Table 3-1.

Table 3-1 In-band radiated emission limits

Frequency (f) range Measurement distance Limit (quasi-peak)
6.765 MH <f<6.776 MHz 10 m 44 dBpA/m
6.776 MHz < < 6.795 MHz 64 dBpA/m

(2) Out-of-band emission limits

Out-of-band radiated emissions shall not exceed the values shown in Table 3-2.

Table 3-2 Out-of-band radiated emission limits

Frequency (f) range l\rﬁgiiure- Limit (quasi-peak measurement value)
distance
150 kHz < f < 526.5 kHz 10 m 14.5-15.6451xLog(frequency[MHz]/0.15) dBuA/m
526.5 kHz< {<1605.5 kHz -2.0 dBpA/m
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1605.5 kHz < f <4 MHz

4 MHz <f<6.765 MHz

6.795 MHz < f < 11 MHz

11 MHz < £<13.553 MHz

13.567 MHz < < 20.295 MHz

20.295 MHz < f < 20.385 MHz

20.385 MHz < < 26.957 MHz

27.283 MHz < f < 30 MHz

30 MHz < f < 33.825 MHz

33.825 MHz < f < 33.975 MHz

33.975 MHz < f < 40.66 MHz

40.70 MHz < < 80.872 MHz

80.872 MHz < f < 81.88 MHz

81.88 MHz < f<134.786 MHz

134.786 MHz < f < 136.414 MHz

136.414 MHz < f < 230 MHz

230 MHz < f <1000 MHz

14.5-15.6451xLog(frequency[MHz]/0.15) dBuA/m

-32.5635+17.3595xLog(frequency[MHz]/0.15) dBuA/m

-32.5635+17.3595xLog(frequency[MHz]/0.15) dBuA/m

29-15.6451xLog(frequency[MHz]/0.15) dBpA/m

29-15.6451xLog(frequency[MHz]/0.15) dBpA/m

4.0 dBpA/m

29-15.6451xLog(frequency[MHz]/0.15) dBuA/m

29-15.6451xLog(frequency[MHz]/0.15) dBuA/m

30 dBuV/m

49.5 dBpV/m

30 dBuV/m

30 dBuV/m

50 dBuV/m

30 dBuV/m

50 dBuV/m

30 dBuV/m

37 dBuV/m

When a PTU is embedded in a multimedia device and the limits in [3] are applicable, Table

3-3 and Table 3-4 shall be applied to frequencies higher than or equal to 30 MHz.

Table 3-3 Radiated emission limits for frequencies at least 30 MHz and not more than 1

GHz
Frequency (f) range Measurement Limit
Distance Detector/Bandwidth ((;)};A; 'Ir‘nskig;w(?«gfer ’I?arll)elcehzii

in [3])
30 MHz < f < 33.825 MHz 10 m Quasi-Peak / 120 kHz 30 dBuV/m
33.825 MHz < f < 33.975 MHz 49.5 dBpV/m
33.975 MHz << 40.66 MHz 30 dBuV/m
40.70 MHz < f < 230 MHz 30 dBuV/m
230 MHz < £ <1000 MHz 37 dBuV/m
30 MHz < f < 33.825 MHz 3m 40 dBuV/m
33.825 MHz < £ < 33.975 MHz 59.5 dBuV/m
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33.975 MHz < f < 40.66 MHz 40 dBuV/m
40.70 MHz < f < 230 MHz 40 dBuV/m
230 MHz < £ <1000 MHz 47 dBuV/m

Table 3-4 Radiated emission limits for frequencies at least 1 GHz and not more than 6

GHz
Frequency (f) range Measurement Limit
. . OATS/5-wall anechoic
Distance Detector/Bandwidth chamber (refer Table Al
in [3])
1000 MHz < f < 3000 MHz 3 m Average / 1 MHz 30 dBuV/m
3000 MHz < f <6000 MHz 37 dBuV/m
1000 MHz < f < 3000 MHz Peak / 1 MHz 40 dBuV/m
3000 MHz < f <6000 MHz 47 dBuV/m

3.5 RF Exposure Limits for the Human Body

RF exposure limits for the human body shall comply with “Section 3.2 RF exposure limits
applied to Wireless Power Transmission Systems” in [2]. Regarding the electro-magnetic field
intensity limits in common environments (average value over 6 minutes), the values in Table 3
(a) in [4] shall be applied. Regarding the stimulating effect, the guideline and guideline values
in [4] shall be applied.

3.6 Requirements for Control Communications

Refer to [1] for the control communication system requirements.
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Chapter 4 System Requirements for Interoperability

This chapter stipulates the technical specifications for interoperability between 6.78 MHz-
Magnetic Coupling WPT Systems with reference to Appendix 1.

4.1 Description of the System and System Components

Refer to “1 Introduction” in Appendix 1.

4.2 Fundamental Requirements

Refer to “2 High Level Requirements” in Appendix 1.

4.3 Power Transmitting Unit and Power Receiving Unit Classifications

Refer to “3 Device Types” in Appendix 1.

4.4 Power Transfer Specifications

Refer to “4 Power Transfer Specifications” in Appendix 1.

4.5 Power Control Specifications

Refer to “5 Power Control Specifications” in Appendix 1.

4.6 Specifications for Control and Control Communications

Refer to “6 Signaling Specifications” in Appendix 1.

4.7 Power Transmitter Reference Resonator

Refer to “7 PTU Resonators” in Appendix 1.
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Chapter 5 Measurement Methods

In this chapter, the measurement methods are stipulated for confirming that the system

meets the requirements in “Chapter 3Technical requirements of the system."

5.1 Test Conditions
5.1.1 Humidity and temperature of the measurement location
(1) Measurements shall be performed in the temperature range of 5 - 35°C.

(2) Measurements shall be performed in the humidity range of 45 - 85%.

5.1.2 Load
The requirements for the load used in the measurements are described in 5.2. Use the

following loads: Power Receiving Unit, resistance load or electronic load device.

5.2 Measurement Conditions
5.2.1 Power transmission frequency ranges
The power transmission frequency shall be measured 15 minutes after the PTU starts

transferring power.

5.2.2 Output power
The power supplied to the power amplifier of the Power Transmitting Part is defined as the
output power, and it shall be measured with reference to the system diagram shown in Figure
5-1 and in accordance with the following conditions:
Switch the power delivery unit output from the Power Amplifier of the PTU to an
electronic load device for measurement.
Measure the power at an electronic load device that simulates the load condition at the

maximum power transmission of the PTU.
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Figure 5-1 Output power measurement system diagram

5.2.3 Radiated emission limits

Radiated emission limits shall be measured based on following clauses of [2]: “2.3
Measurement equipment”, “2.4 Configuration and arrangement of devices under test”, “2.5
Operational requirements of devices under test” and “2.6 Measurement method”. The

measurements shall be performed when the PTU is transferring power at the maximum level.

5.2.4 RF exposure limits for the human body

The RF exposure limit for the human body shall be measured based on “3.3 The evaluation
method for verifying the guideline pattern and values to be applied in the wireless power
transmission system” in [2] under the condition that the PTU is transferring power at the

maximum level

5.2.5 Verification of the control communication functions

Refer to [1] for the requirements for verifying the control communication functions.
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Chapter 6 Terms and Definitions

6.1 Terms and Defintions
The terms used in this Standard are defined as follows:
[A4WP (Alliance for Wireless Power)]

An independently operated, non-profit organization founded in 2012 that is dedicated
to building a global wireless charging ecosystem. A4WP activities include the
development of wireless power transfer technology and specifications based on the
principles of magnetic resonance.

[DC-DC Converter]

A converter for converting the DC voltage level at the DC power input to another level

while maintaining high efficiency
[Other Equipment]

Equipment categorized as “high-frequency-based equipment” with no communication
function that is used for directly providing high frequency energy to the load, or is
otherwise used for heating, ionization, etc.

[Output Power]

Electrical power transmitted via a power line conducting high frequency current at 10
kHz or greater. In the 6.78 MHz Magnetic Coupling WPT System, it is the electric
power provided to the power amplifier in the PTU.

[High-Frequency-Based Equipment]

A category of equipment that utilizes high frequency current of 10 kHz or greater that

1s stipulated in Article 100, Paragraph 1 of the Japan Radio Act.
[Magnetic Coupling WPT System]

A Wireless Power Transmission System, which transfers electric power from a PTU to
a PRU where the PTU and the PRU are tuned at the same frequency and resonate in a
magnetic field.

[Receiver Resonator]

A magnetic field generator in the PRU such as a coil or an electrical conducting wire

that satisfies the resonance condition used for the efficient transfer of electrical power.
[Power Receiving Unit]

A unit that receives electrical power wirelessly transferred from a power transmitting

unit.
[Control Unit]
A unit governing the state and the performance of a PTU or PRU for transferring the
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necessary power wirelessly.
[Rectifier]
An electronic circuit that converts electric power from AC to DC.
[Transmitter Resonator]

It is a magnetic field generator in the PTU such as a coil or an electrical conducting
wire that satisfies the resonance conditions used for the efficient transfer of electrical
power.

[Power Transmitting Unit]

A unit that transfers electrical power wirelessly to a power receiving unit.
[Power Supplyl

A device that supplies electric power to an electrical load
[Radio-Radiation Protection Guidelines]

It stipulates the recommended guidelines to be used when a person uses radio waves
and the human body is exposed to an electromagnetic field (in a frequency range of 10
kHz through 300 GHz) in order to ensure that the electromagnetic field is safe and has
no unnecessary biological effect on the human body. These guidelines consist of numeric
values related to electromagnetic strength, the method of evaluating the
electromagnetic field and the method of protecting and reducing electromagnetic field
exposure.

In this Standard, these guidelines refer to (1) Safety Guidelines for Use of Radio Waves
(Report by the Telecommunications Technology Council of the Ministry of Posts and
Telecommunications [June 1990]: Inquiry No. 38 “The Protection Policy for the Human
Body from Effects of Radio Waves use”) and (2) Safety Guidelines for Use of Radio Waves
(Report by the Telecommunications Technology Council of the Ministry of Posts and
Telecommunications [April 1997]: Inquiry No. 89 “Protection from the Radio Waves on

the Human Body”)

[Power Amplifier]

An electrical amplifier that amplifies the input power to the level used for power
transfer.
[Matching Circuit]

An electrical circuit that generates maximum output power transfer by impedance

matching of the input and output circuits.
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6.2 Abbreviations

The abbreviated terms used in this standard are defined as follows.

[A]
A4WP

[P]

PRU
PTU

WPT

Alliance for Wireless Power

Power Receiving Unit

Power Transmitting Unit

Wireless Power Transmission
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Note: This document (Appendix 1) is copied unchanged and in accordance with A4WP’s
authorization. The copyright of this document belongs to A4WP.

2-17






rezerice

Alliance for Wireless Power

A4WP Wireless Power Transfer System
Baseline System Specification (BSS)
V1.2.1

Final Approved Specification

May 07, 2014

This document is copyright © 2014 and 2015 by the A4WP, and is made available subject to the following terms:

1. You may, without charge, copy (for internal purposes only) and share this document with your members, employees, and (to
the extent related to the use of this document on your behalf) consultants. You may not modify or create derivative works of this
document for external distribution.

2. This document is provided "as is", without warranty of any kind, express or implied, including but not limited to warranties of
merchantability, fitness for a particular purpose, accuracy, completeness and noninfringement of third party rights. In no event
shall a4wp, its members or its contributors be liable for any claim, or any direct, special, indirect or consequential damages, or
any damages whatsoever resulting from loss of use, data or profits, whether in an action of contract, negligence or other tortious
action, arising out of or in connection with the use of this document.



A4WP-S-0001 v1.2.1

ALLIANCE FOR WIRELESS POWER
(A4WP)
LEGAL NOTICES AND TERMS OF USE

By accessing, viewing, or otherwise using this document, you hereby represent and warrant that you are
authorized to do so directly by the Alliance for Wireless Power ("A4WP"), such as through your
organization's membership in A4WP or through your direct access to this document through A4WP after
registering with A4WP and agreeing expressly to the terms of use applying to this document.

Under such authorization, you may use this document only for your individual, personal, non-commercial
purposes or, if you are authorized through your organization, you may use this document only internally,
within your organization, for its internal review purposes.

You (and if applicable, your organization) may not sell, lease, transfer, distribute or re-distribute,
reproduce, modify, or prepare derivative works incorporating or based on this document.

NO LICENSE. ACCESS OR PERMISSION TO VIEW OR OTHERWISE USE THIS DOCUMENT
DOES NOT INCLUDE OR PROVIDE YOU WITH ANY OTHER LICENSE, EXPRESS OR IMPLIED,
BY ESTOPPEL OR OTHERWISE, TO OR UNDER ANY PATENT OR OTHER INTELLECTUAL-
PROPERTY OR PROPRIETARY RIGHTS.

NO WARRANTIES. TO THE MAXIMUM EXTENT PERMITTED BY LAW, A4WP PROVIDES
THIS DOCUMENT AND ITS CONTENTS "AS IS," WITH NO WARRANTIES WHATSOEVER,
AND A4WP HEREBY DISCLAIMS ANY AND ALL IMPLIED WARRANTIES, INCLUDING
WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT.

NO LIABILITY. TO THE MAXIMUM EXTENT PERMITTED BY LAW, A4WP FURTHER
DISCLAIMS ALL LIABILITY, INCLUDING WITHOUT LIMITATION FOR INFRINGEMENT OF
ANY PATENT OR OTHER INTELLECTUAL-PROPERTY OR PROPRIETARY RIGHTS,
RELATING TO ANY USE OF OR IMPLEMENTATION BASED ON INFORMATION IN THIS
DOCUMENT.

Copyright © 2014 and 2015 Alliance for Wireless Power. All rights reserved.

ALLIANCE FOR WIRELESS POWER and A4WP are trademarks or service marks of the Alliance for
Wireless Power.

Alliance for Wireless Power
3855 SW 153rd Drive,
Beaverton, Oregon 97003 USA
https://www.rezence.com/



https://www.rezence.com/

A4WP-5-0001 v1.2.1

Revision History

Revision Date Description

1.0 October 25, 2012 First draft
Incorporation of changes accepted from December 2012

I June 13, 2013 through June 2013.

12 November 21, 2012 Incorporation of accepted changes resulting from Plug-
fest 1 and 2.

121 May 07, 2014 Incorpora.tlon of TWC1 accepted pha.se 1 input, resonat-
or resolutions and plugfest #4 resolutions.




A4WP-S-0001 v1.2.1

(This page left intentionally blank)



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A4WP-5-0001 v1.2.1

Table of Contents

FOTEWOT ...ttt ettt et et sa e s ae e s atesatees e e eateeate e be e st e st esseesseesntesnsesntesnseenne xiii
1 TNELOAUCTION. ...ttt ettt et ettt e s bt e s bt e sbeesbeesateemteeateeateeteens 1
1.1 COMPLANCE NOLALION ....eevieevieiieiieieesiee e steste st e stestessbessseesseesseesseesseesseesseesssesssesssesssesssenssenssennes 1
1.2 RETEIEIICES ...ttt ettt st e et et e e e e beesbeesbeesneesntesnteenteenteenteenseens 1
1.2.1  NOIMAative REETEICES. .. c..eiuiiiiiiiiiiii ettt st st sttt e beenbeens 1
1.2.2  Informative RETEIENCES ... ..c.eeiiiieeieieie ettt sttt sttt sttt ee e e e 1
1.3 Acronyms and DEfINITIONS .......ccueiruiiriiiiieii ettt ettt et et e saeesaeesneesneeenees 1
1.4 SYSEEIM DESCIIPIION ....uviiiiiieeiieeiieeetieeiee et e e st e eteeestaeestbeesbeeestseessseeesseeesseessseessseeensseessseessseeensses 5
2 High Level REQUITEIMENLS ...c.veiiviiiiieeiieiiecitieieeieereeteeteesteesteeeessaessaesssesssesssesssesssesssesssesssessssessenns 7
2.1 COMTOTINANCE . ...ttt ettt a ettt et et e st e st et e s bt e st e ae e b e est et e ebeenteteebeeaeenees 7
2.2 RESONALOT DESIZIS ..vveeieiiiieieeie ettt ettt et ettt et e bt e bt e saeesatesatesnsesnseenseenseenseeseens 7
3 DIEVICE THPES wrieeiieeiiieeiieeeeette ettt e et e et e e s bt e s bt e e tbe e sbeeasbeaessbeessseesssaeassseesssaessseesnsasesseesssesnnses 9
3.1 PTU ClaSSTIICATION ..ottt ettt sttt et e e e bt et e et e bt et et e eb e et et e e bt et enbeseeeneenee 9
3.2 PRU CatZOTY ..ottt ettt sttt et ettt et be e s bt e st sae e st e st eaaeemneenneens 9
4 Power Transfer SPeCifiCatiONS .........ccvviiiiieeiiieiee ettt ettt et e e e ebeeeeae e s ebeesabaeeraeessseens 11
4.1 System Equivalent Circuit and Reference Parameters...........cocevveviveriiniiiiieieceeeeeeeeseeeen 11
4.2 General SyStem REQUITEMENTS .......ccviiiriireiieiieieeeeiee e seesee e e vt e e esseessaesseessaesseesssesnsennsas 11
4.2.1  OperatiNg FIrOQUENCY ......cccvviiiiiieiieeiieeeieecteeeite et esbeeeteeetbeessbeessbeeesaeesssaessseeessseesseessseessseeenses 11
4.2.2  Zrx nRelationShip t0 RRECT .« eververtieieiieieee et e 11
4.2.3  POWET StADIIILY ...ociiiiiiiieii ettt et ettt esteestaesaaessaesnseenseensaenseenseessaessaessnennsennns 11
4.2.4  PTU Co-10Cation PrOtECHION. .....eeeuiieiiieiieieeiierieesieestie ettt ettt ettt e st e st e s aeesaeeenneenseenseenne 11
4.2.5 PRU Self Protection (INfOrMAtiVE) ........cc.eeviiiicriieiiieeiiectieeeeerree et e eteeeseveesreesbeeeeaeeseseesneeenes 12
4.3 Resonator REQUITEIMENTS ........cc.eieiiieiiieerieeriee et este et e et e e st e e ssbeesseeeeaseessseesnseesnsseesnsessnsenans 12
4.3.1 Resonator Coupling Efficiency (RCE) .......ccccoiiiiiiiiiiiieieeeee ettt 12

43.1.1 Reference Port Impedance of PTU Resonator..........cccveecvveeciieiiieeciieeieccee e 12

4.3.1.2 Reference Port Impedance of PRU ReS0ONator...........ccceeevveveeiieiienieeneeseecresneene, 12
4.3.2  PTU Resonator REQUITCIMENLS..........ccviicvieriieiierieereesieeiestesreeseesseeseessaesssessessssesssessseessesssesssesnes 12

4321 Approved PTU Resonator Designs.........cecveverieieninienieninceienesceiesiceeeeesie e 12

4322 ReESONAIOT CUITENL...couuiiiiiiiiiiiiieieete ettt ettt st st 13

43.2.2.1 Threshold ValUes ........coiiiiiiiiieieee e e 13

43222 TTANSIEIONS ..e.vveeuteeieeteestieet et st teette et e teete e bt et e et e e sseesbtesseesatesabesaseenseenseeseenseenseens 13

43.2.3 Resonator Power Supply CharacteriStiCS.......cccuvervuireriierrieeiieenieeeieeeieeesveesvee e 13

4324 Resonator Power Supply Impedance Range............ccoccvevevveviniieiecniecnieceesieeneenn, 13

43.2.5 S 0) 1 B 1107 € (100 1112 oy PSS 14

1 Source: www.rezence.com



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

433

4.4
44.1
442
443

5.1
5.2
5.2.1
522

523

A4WP-S-0001 v1.2.1

43.2.6 Resonator Impedance SenSitiVity ..........ccceeceereerierienienieree e 14
PRU ResoNator REQUITEIMENLS ........cccvievieiieiieriiesiieseeetesresreeereeseesseesseesseesssesssesssesssesssesssesssesnns 14
43.3.1 PRU Operating POINES........c.cccvveciieriieriiereesie e eie et e eseesieesseesssessaesssesnsesnseessens 14
433.1.1 PRU Low Voltage Sub-state Threshold...........ccccooerienininiininniinneceeeee 14
433.1.2 PRU Optimum Voltage Sub-state Threshold............ccccoeveriiiviiiiciiiniieieeee e 14
433.13 PRU Set-point LIMIt......c.cccceeevieiriiriieriieiieiiesie et ereereeveesreesseesesessnesesesssesssessses 15
433.14 PRU Over-voltage Threshold .........coccvevcieiireiiieiieieeeeereesee e 15
433.1.5 PRU Over-voltage ProteCtion ..........c.eeevieeciieeiiieciie et evee e 15
43.3.2 PRU-induced Reactance Change............cceevveeveeriienieeniieniierieeseesneeneeneereeseesseessens 15
4333 PRU-induced Resistance Change ...........cccecvevieerieerienienienee e e sre e eseeseesseeenes 15
4334 Short Beacon PRU-induced Impedance ............cccccoeeieniniriiineneeneneneeenceeeenne 15
L0ad PATQMELETS .......eiiuiiiiiieiietieieet ettt sb e sb e sttt eab e ettt e bt e bt e sbeesaeesaeesateeaee 15
Minimum Load RESISTANCE ......cc.eeuiiiiriiiiieieiieeiieee ettt sttt 15
Maximum Allowable Dynamic Load ...........ccoeouiiiiiiiiniiriiiiesieeee e 16
Maximum Load CapacitanCe ........c..cecueeriieiiieeiieeiieesieeereeesiteesreesreeessreessseesseessesesssessssessssesans 16
Power Control SPECIfICAtIONS ......cceevierieriieiiitiete ettt esie et et e st esereseaesraesrsessseesseasseesseesseesseesnes 17
CONLTOL ODJECTIVES ...veevieirieiieiierieesieesttesttestesreesteesseesseessaessaesseesssesssesssesssessseesseesseessessseesseesssessses 17
PTU SPECITICALIONS ...eeeueviiiiiieeiieeiiieeiieetie ettt eeteeeteeetaeeseteeebeeestseessseessseeessseessseessseeassesensseesssenans 17
PTU SHALE .....eentietieiite ettt ettt et e s bt e bt bt sat e et e bt et e e bt e bt e sbeesbeesaeeeaee 17
General State REQUITEIMENTS. ........c.ovciiiiiiieiiieit ettt rtestesee e sressreeseesseessaessaesseesseesssesnsennses 17
5.2.2.1 New Device ReIStration ......ccuiviiiireiieiieiteieeieesice ettt eeeneeas 18
5222 PTU Link Supervision TIMEeT ........ccceeiciieeiiieeriieeriecieeerieeesreeereeesveesveeeveeeseneesenes 18
5223 MeSSAZING LATENICY ....vveeeivieeiiieeiieeieeerte et e e et e stee st eeeaeessbeessteeesnaeessseesnsaeensns 18
5224 PTU Response Time for PRU Detection ..........cccceerierienerieninenieneneeeenc e 18
5.2.2.5 PTU RegiStration TIMET .......c.ccccuiieiiiiiiieiiie e eereeeieeeieeesveeeveeesteeesaseeesseeesseesanas 18
PTU POWEE SQVE STALE ...c.eeetiiiiiiiiiiiiiiieeteee ettt sttt st s st e e e 19
5.2.3.1 State ENtry ProCEAUIE ........cccveviieiieiieiiciecie ettt es 19
5.2.3.1.1 Beacon Sequence STart .........c.oovuiiiiiiiiiiiie e 19
5.2.3.1.2 DEVICE REZISIIY .vviviiiiiciiiciiciiereee ettt ettt e b e eab e b e e reesbe e taessaesebesssessseessens 19
5232 Beacon SEQUEICE .......eiiiiiiiiiieeiee ettt et 19
5.2.33 SROTE BEACOM.....cuiiiiieiieitetie ettt ettt e st e st esaae et e eaneennes 19
52331 Short Beacon TIMING .......cccuveiiieiiieeiiieeieeeieeeiteesreesteeeieeeseveesbeeebeeesaseessseessseeenes 19
52332 Short Beacon CUITENL «...c...eoiiiiiiiiiiieieeieee ettt 20
52333 Load Variation Detection .........c.ceceeveririerenenieesieei et 20
5234 LONEZ BRACOM ...cciiiieieiiiee ettt ettt ettt e e et e e et e e sentteeesntaeesestaeesenaeeeeans 20
5.2.3.4.1 Long Beacon TiMING ........ccceecvievviiriieriieniesiesie e ereereeseesseesseesssessnessnesssesssesssesssens 20

Source: www.rezence.com 1



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A4WP-5-0001 v1.2.1

524

525

5.2.6

5.2.7

52342 Long Beacon CUITENL........ceiiuiiiiiiiiiieiiieeeiee ettt ettt et saee e s e sbae e 20
5.2.3.43 DISCOVEIY ..viiutieireeieeieeste e ttesttesetestbestreesaeesbeesbeesseesseesaesssessaessseassessseasseasseessessseesseens 20
PTU LOW POWET STAE ...couviiiiiiiiiiiiiiiiieeeeee ettt ettt st st 21
5.2.4.1 State Entry ProCedUIe ..........c.oouiiiieieeieee ettt 21
5.2.4.1.1 ITx COML AQJUSEMENL. ....eiiiiiiiiie ettt ettt st 21
5.2.4.2 WPT Device REZISIIAtion .......c.cccvieviiiieiiieieeiieieesieesieeseeseeseressreesreesreesveesseeseessens 21
PTU PowWer Transfer STALE .......ccueiuieiiriiiieeriee ettt st 21
5.2.5.1 State ENtry PrOCEAUIE ......ccviiiiiieiieciieceeee ettt e e aaeesereesbeeenes 21
52.5.1.1 ITx COM AQJUSTMENL ..ottt eneens 21
5.2.5.2 General REQUITEMENLS .......c.eccvieeiieriieriieiie e eie e ere et ereeieesteeseeessaesssesnseenseenseensens 21
5.2.5.2.1 PTU Power Transfer State ITX COIL «eoverveererererrienenieetenieneeteniesieeee s 21
52522 Itx cor Adjustment TIMING .......cccooeeiiiniiiieiie ettt 22
52523 PTU Irx _com Transition RESPONSE ......cc.eeveriiriiiiiniiriieienieeieeeeeecee e 22
52524 PTU Power Transfer State Itx_comw Settling Time .........ccccevevivieieniniineniniinennens 22
52525 ITX COML MIMIIMUIT ..ottt ettt esee st ensesseennens 22
5253 Sub-state Definitions and TranSItioNS. .......ccoceeeererieierereeeee e 22
52.5.4 PRU RepOrted ValUECS........c.eecvieiieiieiiesiiesie ettt eieesieesieeseaessaesnseenseenseensaes 23
5.2.5.5 PTU Power Transfer Sub-state 1 .........ccocceriiriiiiiiiieieiereete st 23
5.2.5.5.1 PTU Power Transfer Sub-state 1 Algorithm Selection..........cccceevveveerienienreenennn. 23
5.2.5.5.1.1 PTU Power Transfer Sub-state 1 Vrect min Error Algorithm ..........cccoeeiiininnn 23
5.2.5.5.1.2 PTU Power Transfer Sub-state 1 nmax Algorithm..........cocceceniniininininnnincnee. 23
52552 PTU Power Transfer Sub-state 1 Itx coi Adjustment Step Size .......cccoevveveveneeenen. 23
5.2.5.6 PTU Power Transfer Sub-State 2 ..........cceceiirierienieieeeeeeee e 24
5.2.5.6.1 PTU Power Transfer Sub-state 2 AIGOTithm........ccccoceeviniriiinininiinniencceice 24
5.2.5.6.2 PTU Power Transfer Sub-state 2 Itx coi. Adjustment Step Size .......cccceveevveneenen. 24
5.2.5.7 PTU Power Transfer Sub-state 3 ........ccoooeiiiieeeeeeee e 24
5.2.5.7.1 PTU Power Transfer Sub-state 3 Algorithm...........cccoecveveivrciinciiniieeeeeeese e, 24
5.2.5.72 PTU Power Transfer Sub-state 3 Itx cor Adjustment Step Size .......cccceeveeveerenuenee. 24
PTU Configuration State.........cccvervveiiirriiiieieesieesieeseestesresreseressseasseesseesseesssesssesssesssesssessesssesnns 24
5.2.6.1 State Entry ProCeAUIE ........cccveviiiiieiieiicieeiecsteeeese et es 24
5.2.6.1.1 ITx COL AQJUSEMENT ..ottt ettt ettt et eneeeneean 24
5.2.6.1.2 PTU Configuration State TIMET.......c.ccceueeeirireriieeiieeieeerieeereeeieeesveesreeeeeeeseneesens 24
5.2.6.1.3 DEVICE REZISIIY .vieuviiiiiciiiciiciecreee ettt ettt b e e e e b e esbeesteessaesesesssessseassens 24
5.2.6.2 PTU Configuration State FUNCLIONS............ceevveeriierienienieree e ere e eveeeee e enes 24
5.2.6.3 PTU Configuration State ITX COIL «eveerveereereeriieriieriieseeniee ettt 24
PTU Local FAult Sate........c.oeieiiiieieeceeee ettt ettt eeas 25

111 Source: www.rezence.com



http://www.rezence.com/

20

21

22

23

26

27

28

29

30

31

32

33

34

35

36

5.2.8

529

53
5.3.1

A4WP-S-0001 v1.2.1

5.2.7.1 State Entry ProCedure ..........coocuieiiiiieieeeeseeieeeeeee et 25
52.7.1.1 ITxX COML AQJUSTMENL ....eeieiee ettt s eneens 25
52.7.1.2 DEVICE REZISIIY ..eouiiiiieiiieciieeie ettt ettt ettt st staessteesbeesbe e s e essaessaessnessnens 25
5.2.7.2 PTU Local Fault State ITx CotL.« . eeverererienerinienienieeteniesieetesee et 25
PTU Latching Fault State...........cccciiiiiiiiiiiiiec ettt e sve et eesve e sveesreeeseaaesaseesnseaens 25
5.2.8.1 State ENtry PrOCEAUIE ......ccuvveiiiieiiieieeeiie ettt e e e sseesnee e 25
5.2.8.1.1 ITX COML AQJUSTMENL ...ttt et s s 25
5.2.8.1.2 DEVICE REZISIIY .eviiiiiiiciieeiie ettt ettt et e st e e tbe e stb e e e beeesaae e sbaeensaeesenas 25
5.2.8.2 Load Variation Detection ...........cceceerereeieieiieesieeie et 25
PTU State TranSItIONS .......eoueeteeieetieiierierteeteste sttt ettt e ettt e e bt est e te bt eatesbesbe et ebesneenee st eneeneenees 25
5.2.9.1 PTU POWET-UD ...ttt ettt sttt e sae e 26
5292 PTU INTtAlZALION ...eeutiiiiiiiiee ettt st st 26
5.2.93 Device Detected and Charge Start from PTU Power Save.........cccoeevvveivecirciincieennen. 26
5294 PTU Link Supervision Timer EXpired..........ccccecceveriinininiiinininieneneneec e 26
5.2.9.5 PTU-PRU Registration Complete.........c..ceceieriiriiiieeiiierieeeiee e eereeereeevveesenee s 26
5.2.9.6 Charge COMPIELE .....ccuveiereeiieiicieete ettt sre e sb e b e e b e ebeesbeestsesssesssesssesssesssens 27
5.2.9.7 PTU LOCal FAUIL ..ot 27
5.2.9.8 PTU Configuration State Timer EXpired.........cccceovvveviiirciieeiieciieeeeeee e 27
5.2.9.9 PTU Local Fault Cleared..........c.coeierereeieiereececeeie ettt 27
5.2.9.10 PTU Registration Timer EXPired........ccccccvreuveriieiiesiierienieneenee e ere e eveeseesseeeees 28
5.2.9.11 PTU Latching Fault ........ccooiiiiiiiiiiiieceeteee et 28
5.2.9.12 User Clears PTU Latching Fault...........cccoooiiiiiiiiiiiieeeeeeeee e 28
5.2.9.13 PTU Permission Denied ..........coceeiereiiiieieieeieeeieee et 28
PRU SPECTTICALIONS ...ttt ettt sttt sttt s sbe et nees 29
PRU General REQUITEMENTS........cccuiiiiiiiiiiieiiieeiieecte et e ereeeiteesveesbeeeaeeesaveesaseesnseeesssaessseesnseeans 29
5.3.1.1 L0CAl PrOtECLIONS «...eeuvieiiiiiieiieeiieete ettt sttt st n 29
5.3.1.1.1 OVET-tEMPETATUTE ....eeuvveeieieeiie ettt eeteesteeetteeeteesteeeteeessteesseeeseeessseesnseesseeesnseesnsens 29
5.3.1.1.2 OVET-CUITENL. .....eeitiiiiieeite et ettt ettt ettt ettt e st e e bt e e sbteesabeesbeeesbteesateesabeeensseenaneas 29
5.3.1.1.3 OVET-VOILAZE ..eevveeiieiieriieciiecite et ste ettt ete et e e be e e e teestaestbestbessbessseasseesseesseesseessaesseens 29
5.3.1.2 PRU SIZNAIING ...eevtiiiieiieriiesie et eie st eieeteeste e tee e seaessaesssessseesseesseesseesseesseesseesseens 29
5.3.13 PRU Link EstabliShmMent ...........cccccceeriiriiiiiiiieeieeeeeeieeeesee st 29
53.14 PRU Link Supervision TIMET .......cccvieiiieeeiieeiieeeriecieeesiieesreeeveeesveesveeeveeeseneesenes 29
53.1.5 PRU Link Termination .........ccccereeierienieeeiesiesiesieeieeieeece et e esee s eeeseeseeeeeeeseeeneens 30
53.1.6 PRU VRECT St VAIUE ...ttt 30
5.3.1.7 PRU Reported Parameters .........cveeeuvieiiieeiiieeieeeieeeiee e esreesveeesieeesveeeveeeeneesenas 30
5.3.1.7.1 PRU Reporting Data AZE ......cecoveeriieriieiieiieeie et ereereesveesreeseseseressvesesesssesssessses 30

Source: www.rezence.com v



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A4WP-5-0001 v1.2.1

532
5.33
534

535

5.3.6

5.3.7

6.1
6.1.1
6.1.2
6.2
6.2.1
6.3
6.3.1
6.3.2
6.3.3

5.3.1.7.2 Accuracy of Reported VOItage ........cceoeevieiiieiienieiiecese e 30
5.3.1.7.3 Accuracy of Reported CUITENt........c.ccovievvieriieriieiieriesee e see e eere e ereere e reeseeas 30
PRU State MOEL ..ottt sttt sttt s b et ae e aenees 31
JA R B 2 TSR PP 32
PRIU BOOT ...ttt ettt ettt s e e et e s e e st enseseeat et e seeneensanseeneensesneensansas 32
5.3.4.1 State PrOCEAUIE .....coveiiiiiieiiieiiee ettt 32
PRU ON SEALE ..ottt ettt sttt sttt ettt et e sbe e b e saee s e 32
5.3.5.1 PRU On State General ReEqUITEmMENts.........c.ccccveeiiuieiiiieriieeieeveesreeereeeseveesnee s 32
5.3.5.1.1 Output Enable/Disable..........ccuvivviiiiieriieiieiiecie ettt eie e esteeseresreseveesseeseesseas 32
5.3.5.2 Optimum Voltage SUD-SLALe .........cccevieriirriieiieeit ettt e sre e ereeseeseeneees 32
5.3.53 LoW Voltage SUD-STate ........ccceeiieriieriieriienie ettt ettt sttt eeeneeas 32
5354 High Voltage SuD-State........cceeeciiiiiiiiiiieciie ettt 33
5.3.5.4.1 High Voltage Operation Tilme ........ccccceevcierireiieeiiieiieieeneeseeseesee e eresseeseesseessees 33
53542 High Voltage Sustain Time .........cccceerieriiriiieieeieeieeieeieeree et 33
5355 PRU LOCAL FAULL .....oivieiieiieii ettt sttt et eneens 33
PRU SyStemm EITOT STALC.......cceciiiiiieiiieeie ettt eteerteesteeetee et eesebeessseesnseessseesnseessssessssessnsenans 33
5.3.6.1 CRATZE OULPUL....veeiieiieriieriieeie sttt et et e e e e e e e teessaesssessaessseasseasseesseesseeseesseesseens 33
5.3.6.2 PRU ALCTL ..ottt ettt ettt et eeese e s e sseeseensennens 33
5.3.6.3 Over-voltage SUStAIN TIME .......ccververieiiieiie e ettt et see e e seresresereesreesseessees 33
5.3.6.4 PRU ALCTt MESSAZING ......eevieerienrieiieieesiesiaestessreeteeseeseeseesseesseesssesssesssesssessseessees 33
PRU State TTanSItiONS . ...cccveeruieriiertiesieiieeieeie et esteesteesteesaeesatesatesasesnseeseesseesseesseesseesseesnsesnsesnsesnne 34
5.3.7.1 POWET APPIICA ..ottt et et e e v e e eraeesnbeeeaneas 34
53.7.2 O SEALE -ttt ettt et et et b e bt bt sat e sttt ettt e b e b 34
5.3.7.3 Charge COmMPIELE ......c.eevuieeiieeiieeie ettt sttt ettt sbe e b e sneeseee s 34
53.7.4 POWeEr ReMOVEd......coiuiiiiiiiiie ettt 34
5.3.7.5 o NN 51731 5 0 (o) PR 34
SigNaling SPECITICALIONS. ...cvieriieiieriierierteeie et et e et ettt eteesteeseeesteestaessaesssessseanseenseesseeseessaesseens 37
Architecture and State DIagrams .........cccueeeuieiiieiiieiieieeerterte ettt ettt e st e s eas 37
ATCRILECIUTE ...ttt ettt ettt e e ettt et et e e st en e e et see et e seeneensenseeneenseeneeneennas 37
OVETall Charge PrOCESS.....cccvieiieiieriieiie et st et et et et et e steeseessaessbessseenseesseesseesseesseesseesssesssennss 37
Charge Procedure and REqUITEMENLS.........coouieiiiriiiiiiiieie ettt 39
Removing PRU from WPT NEtWOTK ......cc.eeieiiiiiiiiiieeie ettt esve e veeevaeesveesavee s 39
Bluetooth Low Energy ReQUITEIMENLS..........cccvievieviiiriieiiesieesieeseesreseresenesneeseesseesseeseesseesseesssesens 39
Bluetooth Low ENergy ODJECtiVES......cccveriiriieiieiieieeieesieesieesieesee e seeeseteseseesseesseenseeseesseenseensns 39
PTU Hardware REqUITEIMENL.........c.eiiiiiiiiieiiie et eciie et e eteeeiteesiveesveeeaeeesaveesaveesssaeesssessssessnseeans 39
PRU Hardware REqUITEMENT ........c.eccviiiiiiieiieiiesiieciesie e v eere s esreesreesteessaessaesssessseessesssassseenns 40

A% Source: www.rezence.com



http://www.rezence.com/

1

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

6.3.4
6.3.5

6.3.6
6.3.7
6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

A4WP-S-0001 v1.2.1

Basic NetWOork STIUCTUIES ........ccuviiiiiieiie ettt et sv e e e e abe e s veeeateeeeaeeseseeenseeans 40
RE REQUITEIMIENES ....vviiiiieeiiieeiieeeieeeitesteeeteesteesteeeteeessseessseesnseeessseessseeanssesssseesssessnseesnsseesssennns 40
6.3.5.1 PTU BLE Transmit POWET........ccooiiiiiiiieieiie et 40
6.3.5.2 PTU BLE S@NSTVILY .eeuvetieiieieriieiieiesieeiesiesiesetetesteseeetesteeesessesseessensesseessensessenssens 40
6.3.5.3 PTU BLE SatUration.......coecuieieeieeieeieesiee sttt ettt ie et e st esitesaee st st eeeeneean 40
6.3.54 PRU BLE Transmit POWET .......cc.coiiiiiiiiiiiiiiciiieeeeeeeeest et 40
6.3.5.5 PRU BLE SENSTIVIEY ..eectvieevieiieiieieesieeseeseeseesresseeseeseesseesseesseesssesssesssessesssessses 40
6.3.5.6 PRU BLE Saturation..........c.cocuiiiieiiieieieesie sttt ettt 40
6.3.5.7 Interference (INfOrMAatiVe) ........ccvveviiriieiiieiie et 40
6.3.5.8 Link budget (INfOrmative) .........cceevierieriieiieeie et eeeeesee e seeesre e sereeseeseensees 40
Timing and Sequencing REQUITEMENES .........c.eecuieiiieriierierieerte ettt ee e e e e 41
Profile StIUCIUIE .....oueiiiiiee ettt ettt et ettt b e bt e saee st e eate e 43
BLE Profile Definition......ccceeeriiiiiieiiiieeiee ettt sttt 43
INETOAUCTION. ...t ettt ettt e e ta e e et e e eveeeabeetaeesaaesesseesaseeseseeensseessseans 43
6.4.1.1 GATT Sub-Procedure ReqUIr€MENtS.........ccueeeveeiirieeiieeriie e eree e 43
CONTIGUIATION ....euvveiieeiriete ettt ettt et e st e st e s ebeetbeetbeesbeesbeesseesseesssesssessesssessseasseasseesseesseesseessseses 44
6.4.2.1 ROIES ...ttt sttt ettt ettt 44
6.4.2.2 Concurrency Limitations and ReStrictions ...........ccceevcvverciieeniieniieeie e 44
6.4.2.3 Topology Limitations and ReStrICtIONS. .........ccvevvierierierieiienreereereeieesreeseeesenesenes 44
6.4.2.4 Transport DEPENAENCIES ........cveecvieriieriierieeiieeie et et et eteesieeseeseeeseresssesesesnseenseensens 44
6.4.2.5 EITOT COA@S ...ttt ettt et e te e et e e ave e ebeeeeseeeaneas 44
6.4.2.6 Byte TransmisSion OTdeT.........cccuviiriiiiiiieiiie e eereeeieeeiee e e eesreeesaeesreeeeaeesenas 45
PRU REQUITEIMICILS ....ecuviieiieeiieerieeetieeieeesteesteesteeeseeessseessseeessseesssesssseessssesssseesssesssssessssessssesnns 45
6.4.3.1 Writeable GAP Device Name CharacteristiC........cuieivreeereeeeieeriieeiieeieeeevee e 45
PTU REQUITEMENLS ... .ccutiiiiiieiieeeieeeieeeitteeriteesteeeteeestaeeseveesseeesseessseesssesassseessseesssesssesesssessssesans 45
6.4.4.1 Discovery of Services and CharacteriStiCS.......uevveriervercrercreecreereesreeseeseessesnenenns 45
Connection EStabliSHMENT ......cc.oiuiiiiiiiiiiiiie et 45
6.4.5.1 PRU Connection EstablisShment ...........c.ccccooeiiiiiiiiiiiiiiiecee e 45
6.4.5.1.1 Connection Procedure for Unbonded Devices..........cceririrrieriinieieninieese e 45
6.4.5.1.2 PRU Connection Procedure for Bonded Devices ..........cccceoeruirieneninieneninieienens 46
6.4.5.1.3 Link Loss Reconnection Procedure ..............coceveeiviieiiiiiiiieciie e 46
6.4.5.1.4 IAIE CONMECTION. ..c.uteitietieiieetie ettt ettt sttt et e b e b e nbeesbee s 46
6.4.5.2 PTU Connection EstabliShment............ceceiirieiiiiiieeiceeeee e 46
6.4.5.2.1 Connection Procedure for Unbonded Devices..........cccoererieniinieiieninieencneeeees 46
6.4.52.2 PTU Connection Procedure for Bonded Devices .........ccoceeueeiieiieeneeneenienieeeeee, 47
6.4.52.3 Link Loss Reconnection Procedure .............ccoceeoeiiiieiininieeeeee e 47

Source: www.rezence.com vi



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A4WP-5-0001 v1.2.1

6.4.52.4 IdIe CONNECTION. .. ..eiiiiiieiiieciie ettt et ettt eev e e v e etae e s abeesaveeensseesaseeeaneas 47
6.4.5.2.5 Fast Connection INterval..........ccccceviiiiiiiiiiiiiiiieeeeeeee e 47
6.4.6  Security CONSIACTALIONS .........ccverierieiieeieeteeteeteeteesseesteesseesseesssessseassessseasseessaessaesseesseesssesssesnses 47
6.4.6.1 PRU Security CONSIAETations ..........cccerereerierierienienientenienieetentesieere st sieeeesiesieeneens 48
6.4.6.2 PTU Security Considerations ..........ceeccveeeereeeriieesiriesiieeeseeesereeesreeesveesseessseeessseessnes 48
6.4.7  Charge COMPIELION .......ecvieiieirieiieieeeiesreereebeebeebeabeeseesseesseesssesssessseassessseesseesseeseesseesseesssensnes 48
6.5 WPT Service CharaCteriSTiCS ......eeueerteruiruierierieeiieiesteeitete et ete ettt st e e st st e e bt st e neesbeeeeneesees 48
6.5.1 PRU Advertising Payload...........ccccccuiiiiiiiiiieiiie ettt ettt e sveeeaeeeeaaesebeeeseae e 49
6.5.1.1 SAMPIE DALA......eciiiiieiieieeieeere ettt sraesraestaeetreetreennas 50
0.5.2  WPT SEIVICE ...ttt sttt h ettt e b ettt e b et e st e e bt et e e b e sat et e bt est et e ebeeneentes 50
6.5.2.1 WPT Service UUID .....cccooieieieiieiieieste ettt sttt ae s seesesseessensesseennens 50
6.5.2.2 WPT Service DefINItioN .......ccceiiiriiriiiiieeeieeiee ettt 51
6.5.3  PRU CONMIOL ...ttt ettt b et st e b et b et et eb e e st e e e ebeeneenees 52
6.5.3.1 PRU Control Characteristic Behavior............cccooecviiiiiiiiiiieciieieeeeeeee e 53
6.5.3.2 PRU Control Characteristic ValUe...........ccocueriiiiiiiiiinieiienieie e 53
6.5.4  PTU Static Par@ameLter........coouiiiiiiriiniiiiiieiieete ettt ettt sttt sttt e b e s beesaee e 54
6.5.4.1 PTU Static Parameter Characteristic Behavior..........ccccoocevvenininiininiencceee 54
6.5.4.2 PTU Static Parameter Characteristic Value..........ccceviiniiiiiniiniiicceeeeeee, 54
6.5.4.3 Optional Fields ValIdity .......cccoeoievieiiiiiieiiecie ettt esres 55
6.5.4.4 PTU POWET ...ttt sttt sttt nae e 55
6.5.4.5 PTU Max Source IMpedance...........c.ccoeriererinienininieneneetenesieeeesee e 56
6.5.4.6 PTU Max Load RESISTANCE ......cccueeiuieriiiriiiiieeie ettt 57
6.5.4.7 PTU NUMDET O DEVICES ...cuveeuietieiieieiieeiiesie st ettt ettt eneens 58
6.5.4.8 PTU CIASS ..utetieieeieeieeteste et ete sttt ettt et ettt essesstessessesseensesseessensesssensesessnensensens 58
6.5.4.9 Hardware REVISION ......ccuiiiiiiiiiieieeeeee ettt 58
6.5.4.10 FIrmware REVISION. ......c.ceiuiiuiiieiiieieete ettt s 58
6.54.11 ProtoCO] REVISION. ....cuiiiieiiiiiiieiiet ettt s 58
6.5.4.12 PRU Static Parameter Characteristic Behavior ..........c.ccccoeeevvieiiiiieciicieecec e 59
6.5.5 PRU Static Parameter CharaCteriStiC ........ccveieruirierierieeieiese et eete et ee e eeseeeeeenes 59
6.5.5.1 PRU Static Parameter Characteristic Value.........cccoceeviniriienininiininceenceeee 59
6.5.5.2 Optional Fields Validity ........ccceoeeiiiriiniiiieeie ettt 59
6.5.5.3 ProtoCOl REVISION. ...coiuiiiiiiiiieiie ettt st 60
6.5.54 o NI O 77 0] USSR 60
6.5.5.5 PRU INFOTMATION ...ttt sttt st 60
6.5.5.6 PRU Hardware ReVISION. .....ccc.eiiuiiiiiriieniieiie ettt 60
6.5.5.7 PRU Firmware ReVISION .......cccueiuirieiieriieiesie sttt 60

vil Source: www.rezence.com



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

6.5.6

6.5.7

6.6

6.6.1
6.6.2
6.6.3
6.6.4
6.6.5
6.7

A4WP-S-0001 v1.2.1

6.5.5.8 PRECT MAX tvtenterteentetiettetesteettetestesetessesteeseeseeseessessesssansessesssensesseassenseassansensenseensensens 60
6.5.5.9 Vrect miN_staTic (Static, First EStmate)........coooveverieieieiieeceeeeeceeeeeee 61
6.5.5.10 Vrect nigH static (Static, First EStimate) .......oocceveverieiiiiiieiceeececeecceee 61
6.5.5.11 W RECT SET +evvenverserseessessensessesseesessesseensessesssensessesssensesssensensesssensessenssensessessessessesnsensens 61
6.5.5.12 Delta R1 Caused by PRU .....ooooiiiiiieieieee e 61
PRU Dynamic Parameter..........c.cccveriiiiiiiiieiierieesieesieseesresresereesseesseesseesseesssesssesssesssesssesssesssesnns 61
6.5.6.1 PRU Dynamic Parameter Characteristic Behavior..........c.c.ccceeveviinieniinieneeeee, 61
6.5.6.2 PRU Dynamic Parameter Characteristic Value..........c.ccccoeevvieriiieeiieeieeciee e 61
6.5.6.3 Optional Fields VAlIdity .......cceeevieviiirieiiieiie ettt ereesraes 62
6.5.6.4 Vrect - Voltage at Diode OULPUL ......cccveerieriierieiereeree e 62
6.5.6.5 Irect - Current at Diode OULPUL .......eeviiviiiiieie ettt 62
6.5.6.6 Vour - Voltage at Charge Battery Port ..........ccocuveviiiiiiiiiiieieeeee e 62
6.5.6.7 Iout - Current at Charge Battery Port .........ccocoveviieiienienieciecieeeee e 63
6.5.6.8 PRU TEeMPETATUTE ...convviiiiiiiiiieiiete ettt ettt s n 63
6.5.6.9 VrecT MIN DYN (DyNamic Valtue) .......cocooviiiiiiiiiiiiiiiecce e 63
6.5.6.10 VRrect SET DYN (Dynamic Valtue).......cocoviiiiiiiiieeeieee e 63
6.5.6.11 VRrect HiGH DYN (DYNamic Value)......cccooiiiiiiiiiiiieeeeeee e 63
6.5.6.12 PRU ALCTL ..ottt ettt ettt et eeese e s e sseeseensennens 63
| o SN (S A O 4 T3 T 1 PP SRR 64
6.5.7.1 PRU Alert Characteristic Behavior..........ccoooevieriiriiiiiiiniiieeeesecee e 64
6.5.7.2 PRU Alert Characteristic ValUe.........ccceviiriieiiiiiieiiesieeseerieeete et 64
6.5.7.3 PRU OVEI-VOItAZE ...cvveeeeiiieiieeeiee ettt ettt et e e tve e eve e e taeeaae e sbaeensaeeenas 65
6.5.7.4 PRU OVEI-CUITENL ...c.eiiiiiiiiiiieieete ettt ettt et sb e sbe e st sae e s eneean 65
6.5.7.5 PRU OVEr-teMPEIatUrIE ........cocvieiieiieiieniienienieeteete ettt ettt ettt s eeeeneeen 65
6.5.7.6 PRU Self ProteCtion........coeuiiiiiiieieeieesiee sttt ettt 65
6.5.7.7 Charge COMPIELE .....ccuveirieiieiieieere ettt e sr e b e e b e e b e ebeesbeesbsesssesesesssessseassens 65
6.5.7.8 Wired Charger DELECt ........c.vvcvieiieiieiiesiecie ettt st eenseensaes 65
6.5.7.9 Mode Transition Bits .........ccoecieiiiriiirieiieeie ettt 65
6.5.7.10 DEVICE AQAIESS ....eeueeeieiieieeti ettt ettt ettt sttt ettt et ae et ee st eneeneeseeeneensesaeeneens 65
Cross Connection AIZOTIERIM .........cciiiiiiiiiii ettt e e e steesraeseeessaesnseennas 65
DIETINITIONS ..veeitietieitie ettt ettt ettt et et e bt et e e bt e sbtesatesaeesaseeaseenseenseenseenseesseesneesneennns 66
Acceptance Of AAVEITISCIMENT .......cueiiiuiiiiiieiiee et eete et e eteeertte e st e e sbeeeaeeesaveesbeeesseeessseessseesnseeans 66
IMpedance Shift SENSING.........cccveiviiiiiiiiiiiiete ettt sr e b e ebeebeeste e se e saesssesssesssesssessseenns 66
Reb00t Bit HANAING ......eevieiieiiecieciecie ettt sttt et e e sseesnaessnesnsesnseenns 66
TIMe Set HANAIING ....oooiiiiiiiieie ettt e et e e e e st e e s sbeeesabe e aseessseesssaeenssaessseeans 67
L C0Ta S I 33T U (0o TSP 67

Source: www.rezence.com viil



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31
32

A4WP-5-0001 v1.2.1

6.7.1  Mode TranSition PrOCEAUIE............cocuiiiiiiiieiieiieieeeet ettt ettt ettt e s s aae s 67
6.7.2 BLE Reconnection ProCcedure............cceeiiiiiiiieiieieee et 68
7 PTU RESONALOTS ...ttt sttt et ettt et sbe e st sat e et s bt e bt e bt e bt esbeesaeesanesaresane 71
7.1 Class 1 Design TemMPIALE .......cc.ceviiriiiiiiiieit ettt sttt et et ste e teesaeesaeeeneeeneeenees 71
7.1.1  Table Of SPECITICALIONS .....viieviiiiiieiiieeiie ettt et e et e e e et e e streesabeeeteeessbeessseeessaeessseessseeesseeenens 71
7.1.2 PTU ReSONALOTr SIUCIUIE ......eetiiiiiiiiiiieiie ittt ettt ettt sttt et ettt e bt e sbeesbeesaaesaees 73
7.2 APProved PTU RESONALOTS .....cccvvevieriieriieriiesieetesteereeteeseeseesseesseessaesseesssesssesssesssesssessessessennns 73
Annex A Reference PRU for PTU Acceptance Testing (Informative)........c.ccceveeevvierieencieenieecree e, 75
A.l L 117 403 o7 RSP SUPRRUS 75
AT L TBD ettt h et h e h e e h et b e e a et b e et e e he st et b et et e b e e enes 75
A2 CATEZOTY 2.ttt ettt ettt ettt e bt e st e ettt e bt e e s ab e e e bt e e bt e e s abee e beeeeabeesabeeebeeeanteesabteenbaeea 75
A3 O 115 40) 70 T OO SRR PSRRIt 75
A 3.1 PRU DESIZN 31 .iiiiiieeiieeiieit ettt ettt et sttesae st e sttesntesstessseessaesseessaessaessaessaesssesssesssesssennsennes 75
ALB.2 GEOIMELIY ettt ettt ettt ettt ettt et e ettt e bt e e s ab e e sabeeeabe e e bt e e sabeeeabeeebeeesabeesabeeenbbeeenteesabeeennbeenas 76
A4 CALEGOTY 4 ....eeieevee ettt ettt e et e ettt e st e e e bt e e tbeeetbeeessaeessaeessseeessseessseasssaeassseesssaessseeansseeassaesnseeesseans 78
)N S Y 1 2 1 5 L RS 78
AS O 1S (0] o TSRS 78
N Y 1 = 1 5 2 OSSR 78
Annex B Lost POWer (INfOIMAtIVE) ......cccviiviiriiiieiiesieesiee et ste e e et e esteestaestaessnessbessseesseessaesseenns 79
B.1 INETOAUCTION .ttt ettt ettt e b ettt et s b e e et et e b et et e e neeaeeneas 79
B.2 Cross CONNECHION ISSUES ....cvieiiiriiiiiiiiiie ettt ettt ettt et e st e et ettt et e te e teesbeesaeeeneeeneeenees 79
B3 HaANAOTT ISSUES ..ttt ettt st sttt ettt e bt e b e e sbeesheesaeesaeeeaee 79
B.4 POWET NOISE ISSUES -...eeuvieeieieetieiete ettt ettt et e st e et e a et et e ententesseemteseeseeneenseeneeneenseeneenseneas 79
B.5 PTU Lost POWET CalCUation ..........cecuiiiieiiieiieriiesieeeiieee ettt ettt ettt eneeese e 80
B.5.1 Lost Power Detection Threshold ............oociiiiiiiiiiiiiieeee e 80
B.5.2  Lost POWer DeteCtion SPEEA.......cccuieviiriiiiiiierieeieesteeitesresreesreesreesteesseesasesssesssesssesssesssesssesssennns 80
B.5.3  PTU Lost POWETr CalCUlation ..........cocueiuirieriiniieieiesieeiese sttt ettt st 80
B.5.4 PTU Power Transmission Detection ACCUTACY ......c.ceceerueruireenienierienienieeienienieetenie et eneenee 80
B.6 PRU LOSt POWET REPOTTS ....eieiieeeiieeiie ettt e stee et e st eesteeeseeeeaseessseesnseesnsseesnsessnsenans 80
B.6.1  Accuracy of Reported POWET........c.cccuiicviiiiiiieiieseecieete ettt ense e ese e 80

X

Source: www.rezence.com



http://www.rezence.com/

20

21

22

23

24

25

26

27
28

Figure 1.4-1
Figure 3.1-1
Figure 3.2-1
Figure 4.1-1
Figure 4.3.2.4-1
Figure 5.2.1-1
Figure 5.2.3.2-1
Figure 5.2.3.3.3-1
Figure 5.2.3.4.3-1
Figure 5.2.5.2.3-1
Figure 5.3.2-1
Figure 5.3.2-2
Figure 6.1.1-1
Figure 6.1.2-1
Figure 6.3.6-1
Figure 6.4.2.1-1
Figure 6.7.2-1
Figure 6.7.2-2
Figure A.3.1-1
Figure A.3.2-1
Figure A.3.2-2
Figure A.3.2-3
Figure A.3.2-4
Figure A.3.2-5

A4WP-S-0001 v1.2.1

Table of Figures
Wireless Power Transfer SYStem .......cccueviriiiiriniriiinieneeieriesecce st 6
PTU-PRU ReESONAOT PTX IN teuvterteertteriieiieeteeieeieeitesie ettt s 9
PTU-PRU ReSONAOT PRX OUT +eevveerveerieeriiinierieiieeieeieeicenieeste ettt 10
Equivalent Circuit and System Parameters..........cccceeeeerierieniieiieeieeieesieesieesiee e 11
PTU Resonator-load Considerations. ...........ceoeereereerienienienee st eie e seees 14
PTU State MOdel......o.coiiiieiee ettt 17
Beacon SEQUENCES.......ccoiuiiiiiiiiiiieiie ettt sttt e 19
Load Variation DEtECtION. .......ceiuiertierieiieiieeie ettt ettt sttt 20
DASCOVRIY ..vieiiieeiie ettt ettt et e et e et e e s e e st e e teeessseeassaeessseessseesnseeansseesnseesnseeensns 21
PTU Itx comw Transition ReSPONSES........ccueeieriiririeiiriieieiesieeteeeet e 22
PRU State MOl ....c.eeiiiiiieeieeeee ettt sttt ettt et e e e e 31
VRECT Operating REZIONS ........cccuiiiiiiiiiieciii ettt ettt eere e sbe e eveeeaae e veesaeeenes 32
Basic Architecture of WPT SYStem .....cccuvvviveriierieiienierieseecee e eve e eiee e 37
Basic State Procedure (Informative) .........cc.eeecviiiiiiiiieeiiie et e 38
Registration Period Timeline Example (Informative)...........ccceevvieviieiciieeniienieeeieen, 42
PTU/PRU Services/Characteristics COMMUNICAtION ........cceereereeeeieierierierieseeeeeienens 44
PRU Mode Transition - Device Address Field set to a Non-zero Value ..................... 69
PRU Mode Transition - Device Address Field set to all Zeros..........cccceeveevieneenenee. 70
PRU Design 3 Block Diagrami..........ccceceveeiieviieriieiieiierieesee e e svesvesveeveesseesseesnens 75
FTONE VIBW .ttt sttt st st 76
BaCK VIBW ...ttt ettt sttt sttt ettt beenne e e 77
STAE VIBW ...ttt et ettt e b e b e s bt e bt e saeesateeneeeate e 77
Front View, COil ONLY ......c.ccovviiiiiiiiieiiecie ettt e e raesenestaesvessbessseenseessas 78
Side View, COil ONLY .....ccoiiiiiiiiieiii ettt 78

Source: www.rezence.com X



http://www.rezence.com/

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

A4WP-5-0001 v1.2.1

Table 1.3-1
Table 1.3-2
Table 1.3-3
Table 1.3-4
Table 3.1-1
Table 3.2-1
Table 4.3.1-1
Table 4.4.3-1
Table 5.2.2.4-1
Table 5.2.5.3-1
Table 5.2.9.11-1
Table 5.3.1.7.3-1
Table 5.3.7.5-1
Table 6.3.5.8-1
Table 6.3.6-1
Table 6.3.7-1
Table 6.4.1.1-1
Table 6.5.1-1
Table 6.5.1-2
Table 6.5.2.1-1
Table 6.5.2.2-1
Table 6.5.2.2-2
Table 6.5.2.2-3
Table 6.5.3.2-1
Table 6.5.3.2-2
Table 6.5.3.2-3
Table 6.5.3.2-4
Table 6.5.4.2-1
Table 6.5.4.3-1
Table 6.5.4.4-1
Table 6.5.4.5-1
Table 6.5.4.6-1
Table 6.5.4.7-1
Table 6.5.4.11-1

Table of Tables
ALCTOTLYIIIS ...ttt ettt ettt ettt et e ettt e bt e sat e e e bt e e stbeesabeeeabeeebbeesabeeeabeeabteeeabeesabaeenaneas 1
Definition of TerminOlOZIES.......c.ecvviivieeriieriieriertieseeseeseesreesreeseeseesseesseesseesssesssessneans 2
Definition of Variable Parameters ...........ccoceevueririerieninieerieeceiese et 3
Definition of PTU/PRU Design Dependent Parameters ..........c.ccoceeceeveneriienenennienene. 4
PTU ClasST ICation ......co.ueeteiiieieeiteestee sttt ettt ettt et esbee st esate et e eateeneeenteeee e 9
Lo AL O 17 o) RO RPR 10
Minimum S21 (dB) between PRU and PTU........ccccoviiiiiiiiiiieeeeeeeeeeee e, 12
Maximum Load CapacitanCe ..........ceeevueierireriieeciieeiieesreeereeesveeeveesreeessaeesseessseeenes 16
Time Requirement to Enter Power Transfer State.........cccocevvvvieiiiciiecieceeieieseeniens 18
Sub-state 0f POWer Transfer...........coiviiiiriiieieree et 22
PTU Latching Faults .........cocoiiiiiniiniieieteeeeseetee ettt 28
Example of Accuracy of Reported Current..........ccueeeveeeeeeervieeeiie e eiee e esveens 30
PRU SYStem EITOTS .....eeiiiiiiiieeiie ettt ettt ettt ettt et esteessnaeesnee e 35
RF Budget (INfOrmative).........cooeerierieiiieieeie ettt ettt ettt e 40
TIMING CONSLIAINTS.....eeivieiiieeiieeetieecee et e eteeeeteeesteeeebeeebeeetseessseeesseeesseessseessseeensnes 42
BLE Profile CharacCteriStiCs .........coieterierieeuieiereetiesiesieeeteee st eeteee st eeeseeseeeneeseeseeeneens 43
GATT SUD-PTOCEAUIE ..ottt st s s 44
PRU Advertising Payload .........cccoociiiiiiiiiiiiiiiceie ettt 49
Impedance Shift Bit .........cccooiiiiiiiiciccieccceceeeee e s 50
WPT Service UUID ....c.oouiiiiiiiieiee ettt ettt st 50
W PT SEIVICE ..cuviieiiiieeiieete ettt ettt ettt e sat e sa e st st eeate et e ebeebe e beenbeesseesaeens 51
GAP SEIVICE. ..uttitiiiiit ettt ettt ettt e b e sb e sb e sat e sateeabe e beebeebeenbeens 52
GATT SEIVICE -eutiuieieiteeieie ettt et ettt et ettt e bt et e en e st e st etesaeeneenteeaeeneeseeneeneeeene 52
PRU Control CharacteriStiC ........ueveererrirrieriieeiiieieesieesieesieesieesieeseestestesseeseenseeeeas 53
Detail: Bit Field for ENables ..........ccoooiiiiiiiiiiieeeeeeeeee e 53
Detail: Bit Field for PermiSSion ...........ccoceeiereririereseeteeeeeee e 53
Detail: Bit Field for Time Set ........ccoceeviriiieiiniiieeseeteeeetee e 54
PTU Reporting Static Values to PRU ..........ccocoiiiiiiiiiiiinecccccescee 54
Detail: Bit Field for Optional Fields Validity .........cccccceeeviriinciieriiiiieneeseeeeeiesveee 55
PTU POWET ..ttt ettt st st s s e 55
Max Source IMPedance............ccceereeriiriiiieeie ettt es 56
Max Load RESISTANCE .......c.eeiiiiieiieiteriie ettt e 57
PTU NUMDET Of DEVICES.......eertieiieiieiieieieeiteeste ettt sbe et seeseeeneens 58
A4AWP Protocol Revision Field..........cccoviiiiiininiiiiieeieee e 59

X1 Source: www.rezence.com



http://www.rezence.com/

Table 6.5.5.1-1
Table 6.5.5.2-1
Table 6.5.5.5-1
Table 6.5.6.2-1
Table 6.5.6.3-1
Table 6.5.6.12-1
Table 6.5.7.2-1
Table 6.5.7.2-2
Table 6.5.7.9-1
Table 7.1.1-1
Table 7.2-1

A4WP-S-0001 v1.2.1

PRU Reporting Static Values to the PTU ........ccccoiiiiiiiiiieeeeeeeeee e, 59
Detail: Bit Field for Optional Fields Validity .........c.ccccoeevirrinciiiniiieeeseeceesiesneeen 59
Detail: Bit Field for PRU INformation ..........cccoeeeoierireeienineeiesee e 60
PRU Dynamic Parameter CharacteristiC.........ccveeueriererrieninienienienteieneeteie e 62
Detail: Bit Field for Optional Fields Validity .......c.ccccoveeviieriieiiiiiiiecieeeee e 62
Detail: Bit Field for PRU AICTt.......cccoeiiiiieieeie et 63
PRU ALCTt fICLAS ... ettt et 64
Detail: Bit Field for PRU Alert Notification.........c.cceeeeriiiiiniiiiiiieereeseeseesceneee e 64
MOAE TTANSTEIOM . ..cueteuieieeeieiieteetee ettt ettt e et e s e et e steeseeneebeeaeenee st eneeneeneenns 65
PTU Resonator Table of SpecifiCations..........ccccvververierierienieeieeieerieesieesieeseeesenesenes 71
Approved PTU Resonators by Class.........cevevererieneniniienineeteniesiceeeseseeie e 73

Source: www.rezence.com xii



http://www.rezence.com/

A4WP-5-0001 v1.2.1

Foreword

This document was prepared by the Technical Working Committees (TWC 1+2) of the Alliance for Wire-
less Power (A4WP).

X1il Source: www.rezence.com



http://www.rezence.com/

A4WP-S-0001 v1.2.1

(This page left intentionally blank)

Source: www.rezence.com Xiv



http://www.rezence.com/

22

23

24

25

26

A4WP-S-0001 v1.2.1 Introduction

1 Introduction

This document provides technical requirements for flexibly coupled wireless power transfer (WPT)
systems. This specification pertains only to behaviors and interfaces which are necessary for ensuring
interoperability.

1.1 Compliance Notation

As used in this document “shall” and “must” denote mandatory provisions of the standard. “Should”
denotes a provision that is recommended but not mandatory. “May” denotes a feature whose presence
does not preclude compliance, and implementation of which is optional. “Optional” denotes items that
may or may not be present in a compliant device. RFU (Reserved for Future Use) bits and fields defined
in this specification are designated for exclusive use by A4WP and shall not be used for vendor

proprietary purposes.

1.2 References

References are either normative or informative. A normative reference is used to include another doc-
ument as a mandatory part of an A4WP specification. Documents that provide additional non-essential in-
formation are included in the informative references section.

1.2.1 Normative References

The following standards contain provisions which, through reference in this text, constitute provisions of
this standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, and parties to agreements based upon this document are encouraged to investigate the possibility
of applying the most recent editions of the standards indicated published by them.

Bluetooth Core Specification v4.0 with CSA4.

1.2.2  Informative References
A4WP-T-0001 A4WP New PTU Resonator and Resonator Interface Acceptance Test

1.3 Acronyms and Definitions

Table 1.3-1 Acronyms
Acronym Definition

GAP Generic Access Profile
GATT Generic Attribute Profile

MCU Microcontroller

NFC Near Field Communication

LE Low Energy
OCP Over Current Protection
OTP Over Temperature Protection

1 Source: www.rezence.com
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Acronym Definition
OVP Over Voltage Protection
PA Power Amplifier

PRU Power Receiving Unit

PTU Power Transmitting Unit

RFU Reserved for Future Use
UUID Universally Unique Identifier

WPT Wireless Power Transfer

Table 1.3-2 Definition of Terminologies
Terminology Definition

Advertisement A Connectable Undirected Advertising Event where the device transmits three
WPT Service Specific ADV_IND packets, one on each of the advertising channels,
and accepts both scan requests and connect requests.

Receipt of an advertisement is defined to be receipt of one of the three advertise-
ment packets.

Category A type of PRU.

Charge Area When the PRU (i.e., the entire device) is larger than the charge area, the test area
(charge area in tests) is defined as the region of maximum overlap between the
PTU charge area (ided by vendor)! and the PRU Resonator. Otherwise, when the
PRU is smaller than the charge area, the Test Area (charge area in tests) is defined
as the region of maximum overlap between the PTU charge area (ided by Vendor)l
and the PRU (entire device). The boundaries of the PTU charge area and the PRU
resonator area should be identified by the PTU and PRU vendors, respectively.
Vendor charge area indication shall be equal or smaller than test charge area.
Additionally, "within the charge area" is equated to mean "within the test area".

Class A type of PTU.

Concurrent Multiple | Magnetic resonant coupling may occur among one transmitting resonator and many

Charging receiving resonators while tight coupling is restricted to only one transmitting coil
and one receiving coil. This enables the magnetic resonance coupling technology to
transmit power concurrently to multiple receiving units while the tightly coupled
technology only allows one-to-one power transmission.

Delta R1 The change in the measured resistance of a PTU resonator when a PRU, with an
open-circuit PRU resonator, is placed in the center of the charge area of the PTU
resonator, as compared to the resistance of the PTU resonator when no objects are
in the charge area.

Device registry A list of active PRU's maintained by the PTU. These PRU's are connected to the
PTU via the BLE link and can be charged.

Dominant PRU The PRU that is consuming the highest percentage of its rated output power (Vrecr
* Irecr / Prect mMax).

1
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Terminology Definition

Flexibly Coupled A flexibly coupled wireless power transfer system provides power through

Wireless Power magnetic induction between a transmitter coil and a receiver coil where the

Transfer coupling factor (k) between the coils can be large or very small (e.g., less than
0.025). Also, in a flexibly coupled system the transmitter (i.e., the primary) coil can
be of the same size, or much larger than the receiver (i.e., secondary) coil. The
allowable difference in coil size enables concurrent charging of multiple devices as
well as more flexible placement of receiver coils within the charging area.

High voltage PRU region in which Vggcr levels result in high power dissipation but do not

damage the PRU.

Low voltage

PRU region in which Vggcr levels are below the operational range

Normal operation

The range of all specified WPT states other than PRU System Error State for over-
voltage.

Over Voltage

PRU region in which Vgrgcr voltages greater than Vrgcr max can permanently
damage PRU components if the PRU does not correct the condition (refer to
section 5.3.6, PRU System Error State for Over-voltage).

Power Receiving

A Unit receiving electrical power wirelessly from a power transmitting unit.

Unit (PRU)

Power Transmitting | A Unit transferring electrical power wirelessly to each power receiving unit.
Unit (PTU)

Rrx v The parasitic resistance of the PRU resonator.

Rectifier efficiency

The rectifier efficiency is equal to Precr / Prx_ourt-

Rectifier impedance

The rectifier impedance transform is equal to Irx v/ Irecr.

transform

Resonance The condition of a body or system when it is subjected to a periodic disturbance of
the same frequency as the natural frequency of the body or system. At this
frequency, the system displays an enhanced oscillation or vibration.

Resonator A magnetic field generator such as a coil or an electrical conducting wire satisfying
resonance condition to be used for efficiently transferring electrical power from a
PTU to a PRU.

Rogue Object An object such as a piece of metal or an uncertified (i.e., a non-A4WP) device that

can interrupt the general charging mechanism.

Note: Test to Resonator Interface Test (RIT) device, RIT 3-1, with a 50 ohm load.
Refer to AAWP New PTU Resonator and Resonator Interface Acceptance Test
[A4WP-T-0001].

Wireless Power

The processes and methods that take place in any system where electrical power is

Transfer transmitted from a power source to an electrical load without interconnecting wires.
Table 1.3-3 Definition of Variable Parameters
Variable Definition
TRECT Rectifier efficiency (PRECT_OUT / PRECT_IN)~
IrecT The DC current out of the PRU’s rectifier.

IReCT REPORT

The Irect value which a PRU reports to a PTU.

Irx N

The RMS current out of the resonator/into the rectifier, while in the PRU On State.

Itx

The RMS current into the Zrx v impedance.

3 Source: www.rezence.com
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Variable

Definition

Itx_con

The RMS current into the PTU resonator coil.

ITx_LoNG BEACON

The RMS current provided to the PTU resonator, during the long beacon period in
the PTU Power Save State. This current is used to provide minimum power for
waking up a PRU signaling module and MCU, and to initiate communication.

Itx sHORT BEACON

The RMS current into the PTU resonator, while in the Power Save State, to detect
the PTU impedance change caused by the placement of an object in the charging
area.

The RMS current into the PTU resonator, to provide minimum power for waking

Itx sTarT up a PRU signaling module and MCU, and to initiate communication and
registration.
P The DC power into the PTU.
Prx v Input power to the resonator.
Prect Average power out of the PRU’s rectifier (Vrecr*Irect).
Prect N The average power into the PRU rectifier.

Prx_REPORTED

VRrect REPORT * IRECT REPORT-

Prx our Power out of the PRU resonator.

Rrecr Effective load resistance at the output of the PRU’s rectifier.
Rrect mp Maximum power point resistance.

Vraa DC input voltage to the PTU’s power amplifier.

VrecT DC voltage at the output of a PRU’s rectifier.

VRECT REPORT

Vrect value which a PRU reports to a PTU.

ZRrX IN The input impedance of the PRU resonator and matching network.
Table 1.3-4 Definition of PTU/PRU Design Dependent Parameters
Variable Definition

ADV_PWR MIN

The minimum BLE advertisement power as seen at the PTU BLE antenna.

Itx_aBS MAX

Absolute maximum PTU current?.

ITx LoNG BEACON MIN

Minimum allowed current during PTU Long beacon”.

ITX_SHORT BEACON MIN

Minimum allowed current during PTU Short beacon.

Itx max

Operational maximum PTU current®.

Itx MmN

Operational minimum PTU current’.

Itx_NoMINAL

Nominal PTU resonator current which drives all PRUs to operate in the optimum

voltage regionz.

PrecT Max

PRU’s maximum rated Prect power.

PrecT MIN

PRU’s minimum rated Prect power.

2
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Variable

Definition

Prx_out mMax

The maximum output power of the PRU resonator.

The minimum value of resistance that will be presented to the PRU resonator

Rex_ terminals during normal operation.
Rrect mp Rrecr resistance which achieves maximum Prgcr power.
Rrx N The real part of Zrx 1.
VRECT BOOT Boot Vgecr voltage. Below this level, the PRU can not enter the Boot State.
VRECT HIGH Maximum operational Vgrgcr voltage.
VRECT MAX PRU’s maximum allowable Vgrgcr voltage.
VRECT MIN l\fﬁﬁlimum operational Vgrgcr voltage. Below this voltage, PRUs may not deliver
power.
VRECT SET PRU’s preferred Vrecr voltage.
VRECT UVLO Under Voltage Lock O}lt Vrecr voltage. Below this level, the PRU may not enable
- MCU and communication module.
Xrx_IN The imaginary part of Zrx .
ZpA_SOURCE Source impedance of resonator power supply.

ZpA_SOURCE_MIN

The minimum allowable source impedance of the amplifier or supply which
provides current to the PTU resonator.

ZRX_IN_PORT

Reference Port Impedance of PRU Resonator to measure S21.

ZTX_IN_IMG_MAX

Maximum allowable reflected Tx reactance (Im{Zrx n}).

ZTX_IN_IMG_MIN

Minimum allowable reflected Tx reactance (Im{Zrx m}).

ZTX_IN_LOAD_CHANGE

The minimum load change in Zrx v created by a PRU when placed in the charge
area of a PTU when a current greater than or equal to Irx sHort BEACON MIN 1S
applied. This value is specific to a PTU Resonator design.

ZTX IN LOAD DETECT

The minimum change in Zrx v that the PTU resonator circuitry shall be able to
detect.

ZTX_IN_PORT

Reference Port Impedance of PTU Resonator to measure S21.

ZTX_IN_REAL_MAX

Maximum allowable reflected Tx resistance (Re{Zrx }).

Z1x 1IN

Input Impedance of PTU Resonator and matching network.

1.4 System Description

The Alliance for Wireless Power (A4WP) WPT system transfers power from a single Power Transmitter
Unit (PTU) to one or more Power Receiver Units (PRU’s.) The power transmission frequency is 6.78
MHz, and up to eight devices can be powered from a single PTU depending on transmitter and receiver
geometry and power levels. The Bluetooth Low Energy (BLE) link in the A4WP system is intended for
control of power levels, identification of valid loads and protection of non-compliant devices.

Figure 1.4-1 illustrates the basic WPT system configuration between a PTU and a PRU. The PTU can be
expanded to serve multiple independent PRUs. The PTU comprises three main functional units which are
a resonator and matching unit, a power conversion unit, and a signaling and control unit. The PRU also
comprises three main functional units like the PTU.

5 Source: www.rezence.com
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The control and communication protocol for the WPT network is designed as the bidirectional and half
duplex architecture and is used to signal PRU characteristics to the PTU as well as to provide feedback to
enable efficiency optimization, over-voltage protection, under-voltage avoidance, and rogue object
detection.

The WPT network is a star topology with the PTU as the master and PRUs as slaves. The PTU and the
PRU perform the bidirectional communication to each other to identify the device compliance and to
exchange the power negotiation information.

In this specification, section 2 provides high level requirements and section 3 identifies device classifi-
cations. Section 4 provides power transfer requirements (including a fixed 6.78 MHz operating frequency,
resonator requirements and load parameters) while section 5 provides PTU and PRU power control
requirements. Section 6 provides signaling requirements, section 7 identifies approved PTU resonator
designs and Annex A includes reference PRUs for PTU acceptance testing. Annex B is an informative
annex for PTU lost power.

Rx Resonator Power Receiving Unit (PRU)
| Client
Rectifier DC to DC Device
| Load
A A MCU &
Out-of-band |@—————————— T
AAAAAA Signaling | .
Resonant Bidirectional |
Coupling Communication :
YYVYYY @ 6.78 MHz @ 2.4 GHz Band :
I
| I
I
Matching Power Power |
Circuit Amp Supply :
I
| Voltage |
A MCU & Control f |
I

Out-of-band <

Tx Resonator . .
Signaling

Power Transmitting Unit (PTU)

Figure 1.4-1 Wireless Power Transfer System
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2 High Level Requirements

2.1 Conformance

PRU and PTU units shall comply with all normative sections of this specification.

2.2 Resonator Designs

The Certification Authority (CA) administers the approval process of new PTU resonator designs and is
responsible for the review of test results and the determination regarding acceptance. Approved PTU
resonator designs are added to section 7, PTU Resonators. Refer to the AAWP Certification Program
Management Document for further information.

7 Source: www.rezence.com
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3 Device Types

3.1 PTU Classification

There are five classes which are defined by the following:

1. The capability of the PTU to inject power into the PTU resonator (Ptx m max’). The PTU shall be
capable of attaining the value of Prx v max’, where Prx v is the real power, Avg V(t)*I(t). Refer to
section 4 for power transfer requirements.

2. The number and category of PRUs that are supported.

PTXfINfCOIL
PTU Resonator PRU Resonator
Figure 3.1-1 PTU-PRU Resonator Prx i~
Table 3.1-1 PTU Classification
Minimum PRU Support
Prx_ N max’ R .
equirements
Class 1 TBD 1 x Category 1
Class 2 10 W 1 x Category 1, 2, or 3
Class 3 16 W 2 x Category 1,2, or 3, or
1 x Category 4
Class 4 22 W 3 x Category 1, 2, or 3, or
1 x Category 4
Class 5 TBD TBD

3.2 PRU Category

[lustrated in Figure 3.2-1, the PRU resonator output power denoted by Prx our is the real power Avg
V(t)*I(t). Table 3.2-1 lists the PRU resonator output power (Prx our max’) for PRU categories. Refer to
section 4 for power transfer requirements.

9 Source: www.rezence.com
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Prx_out

>

PTU Resonator PRU Resonator

Figure 3.2-1 PTU-PRU Resonator Prx our

The PRU shall not draw more power than specified for its category. Refer to Table 3.2-1.

Table 3.2-1 PRU Category
PRU Prx_out max’ Example Applications
Category 1 TBD BT headset
Category 2 35W Feature Phone
Category 3 6.5W Smart Phone
Category 4 TBD Tablet
Category 5 TBD Laptop

NOTE: For Prx our, the PRU power is the output power of the PRU resonator.

NOTE: 6.5 W is intended to allow 5W at the charge port if the implementation has an efficiency greater
than 80%.

Source: www.rezence.com 10
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4 Power Transfer Specifications

4.1 System Equivalent Circuit and Reference Parameters

The equivalent circuit of the PTU resonator shall be series-tuned, or series-shunt-tuned. The equivalent
circuit of the PRU resonator shall be series-tuned, shunt tuned, or series-shunt tuned. Figure 4.1-1 shows
the interface point where the reference parameters are measured.

NOTE: The methodology for designing a matching network for a PTU or PRU coil-amplifier interface
is described in an A4WP matching network White Paper.

Itx_coiL

I I I
I I I
I e I
Supply I I I :
. L . Filter
Powgr Zrx N’ I Znow | Matching ZTX?IN?COILII Zixwcor < Matching | 7z, | Zrx N | Rectifier
Amplifier | NW | L, NW I Load
Filter
i i e B B
I I I
I I I
I I I
[ [ [
Figure 4.1-1 Equivalent Circuit and System Parameters

4.2

4.2.1 Operating Frequency
The resonator system shall operate at 6.78 MHz + 15 kHz.

General System Requirements

4.2.2

The real part of Zrx v shall be inversely related to the load resistance of the rectifier. An increase in
Rrecr shall cause a decrease in Zrx mv. A decrease in Rrecr shall cause an increase in Zrx .

Zx1x 1~ Relationship to Rrect

4.2.3  Power Stability

Under all operational conditions (transient/steady state) involving two or more PRUs, the change in
rectified-output power of a first PRU, should be no more than 10% in the following two conditions:

1. A second PRU is physically added or removed from the charge area in a location that does not
overlap with the first PRU.

2. A second PRU which is already in the charge area makes step response from 0% load to 100% load in
less than 1ms.

42.4 PTU Co-location Protection

A PTU shall protect itself when collocated with a PTU resonator of section 7, PTU Resonators, which is
conducting Itx _aBs max.

11 Source: www.rezence.com
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4.2.5 PRU Self Protection (Informative)

PRU's can experience high field strengths as a result of Itx ass max and are expected to protect themselves
accordingly.

4.3 Resonator Requirements

4.3.1 Resonator Coupling Efficiency (RCE)

S»1 shall be measured at 6.78 MHz with the reference port impedances of one PTU and one PRU as
specified in sections 4.3.1.1 and 4.3.1.2. The Sy; shall be equal to or higher than the minimum values
given in Table 4.3.1-1. The S;; efficiency measurements shall be based on perfectly-matched port
impedance conditions. The methodology for achieving perfectly matched port impedance conditions is
described in an A4WP impedance matching White Paper.

The assessment of coupling efficiency can also be conducted using Z parameters.

NOTE: The equivalence of S parameters and Z parameters for the assessment of coupling efficiency
shall be described in an A4WP S and Z parameter equivalence White Paper.

NOTE: Assessment shall be performed within the physical charging area specified in section 7, PTU
Resonators.

NOTE: Assessment for a new PRU must be performed on all approved PTUs at the time of certification.

Table 4.3.1-1 Minimum S21 (dB) between PRU and PTU

Category 1 Category 2 Category 3 Category 4 Category S
Class 1 TBD TBD TBD TBD TBD
Class 2 TBD -1.3 -1.3 TBD TBD
Class 3 TBD -1.3 -1.3 TBD TBD
Class 4 TBD TBD TBD TBD TBD
Class 5 TBD TBD TBD TBD TBD

NOTE: When multiple PRUs are used, the coupling efficiency will increase.

4.3.1.1 Reference Port Impedance of PTU Resonator

The reference port impedance of PTU resonator to measure S, shall be Zrx v, and is PTU resonator
design dependent.

4.3.1.2 Reference Port Impedance of PRU Resonator

The reference port impedance of PRU resonator to measure Sy shall be equal to Zrx 1.
4.3.2 PTU Resonator Requirements

4.3.2.1 Approved PTU Resonator Designs

Only approved PTU resonator designs shall be used. PTU resonators shall be built according to the
requirements in section 7, PTU Resonators.

Source: www.rezence.com 12
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4.3.2.2 Resonator Current

4.3.2.2.1 Threshold Values

1. The PTU resonator coil current shall not exceed Irx max during either the long beacon-on period or
the short beacon-on period.

2. The PTU shall conduct a current greater than Itx swort BEAcon min through the PTU resonator coil
during the short beacon-on period.

3. The PTU shall be capable of conducting a current Itx nommar through the PTU resonator coil during
the PTU Power Transfer State. The tolerance of Itx nommar shall be no greater than 5% excluding
measurement error. Itx nommvarL shall be derated at high values of Rrx v based on the value of
Prx v max Which is defined according to the PTU Class3. The equation for the derated current is:

Itx nommnaL pERATED = MIN (Itx nominaL, SQRT (Prx v Max /RN 1x)

4. The PTU shall be capable of conducting a current Itx max through the PTU resonator coil. Itx max
shall be derated at high values of Rrx vbased on the value of Prx v max which is defined according
to the PTU Class. The equation for the derated current is:

Itx max pEraTED = MIN (Itx MAX,SQRT (P1x v Max /RN TX)
5. The PTU resonator coil shall not conduct more than Itx as Max in any transient or steady state
condition.
4.3.2.2.2 Transitions

The PTU resonator coil shall not exceed its maximum slew rate. Refer to Table 7.1.1-1.

4.3.2.3 Resonator Power Supply Characteristics

The PTU resonator shall be driven by a supply that has a source impedance that is greater than
ZpA_SOURCE_MIN.

NOTE: Zpa_source min is specified because it affects the source impedance of PRUs.

NOTE: Zpa source miN is specified to approximate a current source behavior at the PTU resonator inter-
face.
4.3.2.4 Resonator Power Supply Impedance Range

The PTU shall be capable of conducting current levels through the PTU resonator coil that satisfy the
Resonator Current Threshold Values across its specified range of Zrx .

Rrx w miv £ Re{ Zrx W} < Rrx v max

Xrx nmiN < Im{ Zrx v} < Xrx N max

3 Note that in implementation, the provision of Itx NnommNaL to all loads is not intended to cause a rise in the charging area

temperature.

13 Source: www.rezence.com
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Corner 2 Corner 3
XTX_IN_MIN: A R XTX_IN_MAX;
RTX_IN_MAX RTX_IN_MAX
Corner 1 Corner 4
XTX_IN_MIN/ XTX_IN_MAX;
RTX_IN_MIN RTX_IN_MIN
X
Figure 4.3.2.4-1 PTU Resonator-load Considerations

4.3.2.5 Resonator Geometry
The PTU resonator geometry shall be built to the requirements of section 7, PTU Resonators.

NOTE: The above PTU resonator requirements are resonator design specific and numbers for the above
parameters are specified in section 7, Approved PTU Resonators.

4.3.2.6 Resonator Impedance Sensitivity

The PTU resonator control circuitry shall be capable of detecting a load change of Zrx v Loap pETECT In
the value of ZTXﬁIN-

Zrx N Loap petect shall be at least 30% less than both the Real (R) and Imaginary (X) components of the
Z1x N _Loap _cuance specified for the PTU resonator used in the PTU (refer to RAT, [A4WP-T-0001]).

4.3.3 PRU Resonator Requirements

4.3.3.1 PRU Operating Points

Vrecr can be derived as a function of the Z matrix, Irx comn, rectifier characteristics and load. The
relationship between all of the parameters is dependent on PRU implementation. It is the responsibility of
the Original Equipment Manufacturer (OEM) to produce a design that allows for conformance.

4.3.3.1.1 PRU Low Voltage Sub-state Threshold

A PRU's Vggcr shall exceed its Vrecr Boor when Itx com is greater than Itx_rong BEAcon miN On presently
approved PTU resonators (refer to section 7).

NOTE: This requirement is for start-up conditions and a PRU load is not required (refer to section
5.3.4.1).

4.3.3.1.2 PRU Optimum Voltage Sub-state Threshold

For a single-PRU configuration (i.e., for a PTU that only charges one PRU):

1. The PRUs Vggcr shall exceed its Vreer miv if Itx_cor is greater than or equal to Itx max,

2. The PRUs Vggcr shall not exceed its Vrecr migh if Itx coiw is less than or equal to Itx nominaL.

Otherwise, a PRU shall be in the PRU Optimum Voltage Sub-state when Irx comn is equal to Itx nommnaL on
presently approved PTU resonators (refer to section 7).

Source: www.rezence.com 14
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4.3.3.1.3 PRU Set-point Limit

A PRU shall not require Itx cor to exceed Itx max to reach Vgecr ser on presently approved PTU
resonators (refer to section 7).

4.3.3.1.4 PRU Over-voltage Threshold

A PRU in normal operation shall not enter the PRU System Error State if Itx coris less than or equal to
Itx max on presently approved PTU resonators (refer to section 7).

4.3.3.1.5 PRU Over-voltage Protection

A PRU shall not be damaged if Itx cow is less than or equal to Itx aBs max on presently approved PTU
resonators (refer to section 7).

4.3.3.2 PRU-induced Reactance Change
A PRU shall present Xtx v which is within the Xrx i range defined in section 7, PTU Resonators.

4.3.3.3 PRU-induced Resistance Change
A PRU shall present Rrx v which is within the Rrx v range defined in section 7, PTU Resonators.

4.3.3.4 Short Beacon PRU-induced Impedance

On or before March 1, 2015, a PRU of Category 2 or greater should create a change in reactance and/or
resistance of at least Zrx v Loap cuange When placed in charge area of all currently approved PTU
resonators.

After March 1, 2015, a PRU of Category 2 or greater shall create a change in reactance and/or resistance
of at least Zrx N Loap cuange When placed in charge area of all currently approved PTU resonators.

If a Category 1 PRU does not create an impedance change of at least Zrx v Loap cuance then it shall
advertise that it does not create an impedance shift in the PRU Advertising Payload (refer to section 6.5.1).

4.4 Load Parameters

NOTE: PRUs with non-integrated loads (e.g., backpack phone chargers that plug into a mobile phone)
have to comply with the requirements in this section for any devices with which they might be
connected. This may require the PRU to include mechanisms to ensure that they are compliant
when connected to their intended load devices.

4.4.1 Minimum Load Resistance

The minimum value of Rgecr shall be greater than the maximum power point resistance (Rrect mp). The
maximum power point resistance, Rrect mp, is defined as the load resistance measured after the rectifier at
which maximum power delivery is achieved.

NOTE: Rrect mp is a function of Zpa_source, PTU resonator design, and PRU resonator design.

15 Source: www.rezence.com
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44.2 Maximum Allowable Dynamic Load

The load, measured at the output of the rectifier, shall not change by more than 650 mW/us or X/us,
which ever is greater. X shall be calculated as 2% times the maximum output power of the PRU resonator
in mW.

4.4.3 Maximum Load Capacitance

The effective load capacitance connected after the rectifier shall be no greater than the maximum
effective capacitance shown in Table 4.4.3-1.

Table 4.4.3-1 Maximum Load Capacitance
Category Maximum Effective Capacitance
Category 1 TBD
Category 2 100 uF
Category 3 100 pF
Category 4 TBD
Category 5 TBD

Source: www.rezence.com 16
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5 Power Control Specifications

5.1 Control Objectives

The control specifications are designed to:
1. Protect PRU’s Vrecr from over-voltage (i.e., Vrect > VReCT MAX)-
2. Reduce PRU’s Vgecrsuch that Vrecr < Vreer nign within Ss after a PRU reports it Vrecr > VrecT HiGH.

3. Ensure that all PRUs are provided a Vrecr voltage greater than Vrecr mivand less than Vrecr wich, if
objectives #1 and #2 are satisfied.

4. Control Itx com, if objectives #1, #2 and #3 are satisfied, to:
a. Optimize the Vrecr of the PRU with the highest percentage utilization of Prgcr power, or
b. Maximize the total system efficiency.

5.2 PTU Specifications

5.2.1 PTU State

The PTU shall have the following states: PTU Configuration, PTU Power Save, PTU Low Power, PTU
Power Transfer, PTU Local Fault, and PTU Latching Fault.

—All PTU Link Expiration Timer Expir:

PRU Advertisement Recvd
PRU Characteristic w/ Charge Complete = 0
PTU Power Transfer State
y J Charge
PTU PTU Power Save e—p PTULow Power | start Sub-state 1 Sub-state 2 Sub-state 3
Configuration > IF
PTU Reset Beacon Establish/maintain IF IF
Timer Expire sequence/ communication link 1) All PRU in 1)>=1 PRU in Low| 1)>=1PRU in
o Load detection _— Optimal Voltage Voltage Sub-State the High Voltage
- PPy lrx_starT Sub-State Sub-state
Initialization 2)0 PRU in High
Complete | 2) 0 System error Voltage Sub-State 2) 0 System error
No device
dotected 3) 0 System error
AA A All PRUs
Charge
complete
| - N—r]
Power Local fault ™
-up
PTU Registration Timer Expire-

System Error-
+ v

PTU Latching Fault

Y

n PTU Local Fault

——Local fault cleared—3|

Local fault cleared l<¢——Local fault:

All device removed ‘

Figure 5.2.1-1 PTU State Model

5.2.2  General State Requirements

This section defines requirements that are not specific to one PTU state.
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5.2.2.1 New Device Registration

The PTU shall allow for registration of new devices (including response to PRU advertisements and
exchange of static characteristics) in the Low Power and Power Transfer states.

5.2.2.2 PTU Link Supervision Timer

The PTU shall maintain a separate link supervision timer for each PRU connection. The link supervision
timer shall be started at zero seconds when a connection is established. The link supervision timer shall
reset immediately after an expected BLE message is received. The link supervision timer shall expire in
one second.

If a PTU link supervision timer expires with less than 2W of Prx v variation before the timer expires, the
PTU shall attempt the link loss reconnection procedure. Reference section 6.4.5.2.3. If the reconnection
procedure is not successful within 1.1 seconds of the PTU link expiration, the PTU may consider that a
PRU malfunction has occurred and enter the PTU Latching Fault State.

If the PTU link supervision timer expires with greater than or equal to 2W of Prx v variation before the
timer expires, then the PRU shall be removed from the system registry. If afterwards, the system registry
is empty, the PTU shall enter the PTU Power Save State.

5.2.2.3 Messaging Latency

Latency introduced by packet error rate is not considered as part of the specification.

5.2.2.4 PTU Response Time for PRU Detection

The PTU shall be capable of detecting a PRU placed in the charging area and enter PTU Power Transfer
State or inform the PRU of power denial within the time as specified Table 5.2.2.4-1.

NOTE: The PTU informs the PRU of power denial through writing in the permission field of the PRU
Control characteristic as described in Table 6.5.3.2-3.

Table 5.2.2.4-1 Time Requirement to Enter Power Transfer State

Condition Maximum Time for
Initiating Charge of PRU
Category 1 PRU 35s
Until March 01, 2015: PRU 7s

creates less than
ZTX IN LOAD CHANGE

PRU creates s
ZTX_IN_LOAD_CHANGE Or greater

Refer to section 4.3.3.4, for Short Beacon PRU-induced Impedance, Ztx N LoAD CHANGE-

NOTE: For category 2-5 PRUs, the maximum time for initiating charge of a PRU is based on short
beacon operation (refer to section 5.2.3.3) as well as the PTU-PRU ability to establish a BLE
connection and complete WPT registration (refer to section 5.2.4.2).

5.2.2.5 PTU Registration Timer

The PTU shall start a Registration Timer when a valid advertisement is received in the PTU Low Power
or PTU Power Transfer states. The timer shall be stopped when the PTU writes the control characteristic
to the PRU. The registration timer shall expire in 500 ms. If the registration timer expires, the PTU

Source: www.rezence.com 18
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follows the state transitions described in section 5.2.9.10. If the PTU receives a valid PRU Advertisement
while in the PTU Low Power State or the PTU Power Transfer State, the PTU shall remain in the current
state.

5.2.3 PTU Power Save State

5.2.3.1 State Entry Procedure

5.2.3.1.1 Beacon Sequence Start
The PTU shall start the beacon sequence within 50 ms of entering the PTU Power Save State.

5.2.3.1.2 Device Registry
The device registry shall be cleared.

5.2.3.2 Beacon Sequence
During the PTU Power Save State, the PTU shall:
1. Periodically apply current to the PTU resonator to detect changes of impedance of the PTU resonator.

2. Periodically apply current to the PTU resonator to wake up the PRU’s MCU and signaling module to
allow communication between PTU and PRU.

The beacon sequence is comprised of long beacons and short beacons as shown in Figure 5.2.3.2-1.

NOTE: Short beacon is required for the purpose of detecting changes in PTU impedance caused by the
placement of an object in charging area. The use of short beacon reduces standby power.

NOTE: Long beacon is required for the purpose of guaranteeing that PRUs have sufficient power to
boot and respond.

Refer to 6.6.2, Acceptance of Advertisement, for additional requirements.

A m  Short Beacon
tLonG_BEACON = Long Beacon
i tSHORT BEACON Advertisement

ILonG_BEACON

IsHORT_BEACON - L9a_C|
,,,,,,, 'y variation 4
% ‘ | k detecte: I
|(/)
@
>
I I I 3

FtCYCLE"
< 7t O — . . .
LONG_BEACON_PERIOD ———Registration timer (500 ms)—>

< Power Save State Low Power State———>

Figure 5.2.3.2-1 Beacon Sequences

5.2.3.3 Short Beacon

5.2.3.3.1 Short Beacon Timing

The PTU shall periodically apply a short beacon to the PTU resonator to detect changes in impedance.
The period, tcycie, shall be 250 ms £5 ms. The short beacon-on-period (tsaort BEacon) shall be less than
30 ms.
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NOTE: While minimum duration for the short beacon is not defined, the PTU shall emit a short beacon
of a measurable duration.
5.2.3.3.2 Short Beacon Current

The PTU shall conduct a current greater than Irx smort BEacon miv through the PTU resonator coil.
Itx snorT BEACON MmN 1S defined to be sufficient to enable detection of Category 2 and larger PRUs.

NOTE: The PTU shall emit a short beacon with a measurable current greater than Itx sHoRT BEACON MIN.

5.2.3.3.3 Load Variation Detection

With the short beacon, the PTU shall be capable of sensing the reactance and resistance change of
Z1x IN_LoAD DETECT- Z1x_IN LoAD DETECT 18 called out in section 7, Approved PTU Resonators. Refer also to
4.3.3.4, for Short Beacon PRU-induced Impedance.

The PTU shall initiate long beacon immediately when it detects a load variation during short beacon.
A m  Short Beacon

Advertisement
= Long Beacon

Load variation
detected

<«—Power Save State——»«——Low Power State——>

PENIN TR ITEN

\

«—Registration timer (500 ms)—>

Figure 5.2.3.3.3-1 Load Variation Detection

5.2.3.4 Long Beacon

5.2.3.4.1 Long Beacon Timing

The PTU shall periodically apply current, Itx rong Beacon to the PTU resonator. The PTU shall apply
current Itx ronG BEacon, as defined in section 5.2.3.4.2, within 10 ms of the short beacon ending. The
beacon-on-period (tLong Beacon) shall be 105 ms+5 ms, unless exiting Power Save State, in which case it
may be shorter. The beacon period (tLong BEacon periop) shall be longer than 850 ms and shall not exceed
3000 ms. The Long Beacon shall be concatenated with a Short Beacon.

NOTE: The purpose of the Long Beacon is to induce sufficient voltage in a PRU to elicit a response.

NOTE: The beacon-on-period is defined as the period of time during which the Irx con is greater than
Itx LonG BeEacon min. Rise and fall times are not included.

5.2.3.4.2 Long Beacon Current

ITXfLONGfBEACON shall be greater than ITXfLONGfBEACONﬁMIN-

5.2.3.4.3 Discovery

The PTU shall scan for WPT Service related BLE advertisements during the long beacon-on period. Refer
to Figure 5.2.3.4.3-1 and also to section 6.4.5, Connection Establishment.
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I Advertisement =  Short Beacon
i = Long Beacon
X
X
(2]
v .

1. 3.
'LONG_BEACON_PERIOD - Registration timer (500 ms)—>»

A

Power Save State———————————————»<«—————| ow Power State————

Figure 5.2.3.4.3-1 Discovery

5.2.4 PTU Low Power State

5.2.4.1 State Entry Procedure

5.2.4.1.1 Irx coi. Adjustment

The PTU shall apply a current ranging from 0.8 * Irx starT to Itx_start within 100 ms of entering the
PTU Low Power State. Itx cow shall change monotonically between its previous state and a level between
0.8 * Itx start and Itx start. The PTU shall then maintain the current between 0.8* Itx start to Itx starT
until exiting the PTU Low Power State.

NOTE: Irx starr is sufficient to wake up the communication circuit of the PRU.

5.2.4.2 WPT Device Registration

In the PTU Low Power State the PTU shall establish a BLE connection with the PRU and complete
registration according to the requirements in sections 6.4.5, Connection Establishment and 6.3.6 Timing
and Sequencing Requirements.

5.2.5 PTU Power Transfer State

5.2.5.1 State Entry Procedure

5.2.5.1.1 Irx_coi. Adjustment

The PTU shall apply a current ranging from 0.8 * Itx nommvar to Itx_~ommar within 500 ms of entering the
PTU Power Transfer State.

5.2.5.2 General Requirements

5.2.5.2.1 PTU Power Transfer State Itx_coiL

The PTU shall continuously apply Irx coi. The PTU shall adjust its Itx co as per the algorithms
specified in section 5.2.5.5.1.
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5.2.5.2.2 Irx_coi. Adjustment Timing

The PTU shall adjust Itx cor. once and only once every 250 ms if an adjustment is required. If only
Category 4 and above PRUs are present, adjustments may be made at up to a rate of once per TBD ms.

5.2.5.2.3 PTU Irx_com Transition Response

When increasing or decreasing Itx_cor, the transition shall not be under-damped.

Under-damped Over-damped

W n I

r”

A

%)

111(

Current (A)
Current (A)

R

I

I | L L
-2
gxm—‘ [ 2e107% #07® [l 0
t 1
tine (5) time (s)

[} :—xm'“ 007

Figure 5.2.5.2.3-1 PTU Irtx _cow Transition Responses

5.2.5.2.4 PTU Power Transfer State ITx com Settling Time

Itx comn shall reach steady state (90% of the delta between the start and end current values) within 250 ms
of any transition.

5.2.5.2.5 ITX_COIL Minimum

The PTU shall conduct a current greater than or equal to Itx mmv through the PTU resonator coil during
the PTU Power Transfer State, unless any PRU is reporting a Vrect over Vrect HiGH.

5.2.5.3 Sub-state Definitions and Transitions

The PTU Power Transfer State shall have three sub-states with the conditions for entering the sub-state
shown in Table 5.2.5.3-1.

Table 5.2.5.3-1 Sub-state of Power Transfer

Sub-state Condition for Entering Sub-state

1 All PRUs are in Optimum Voltage Sub-state
0 System error

2 One or more PRUs are in Low Voltage Sub-state.
0 device are in High Voltage Sub-state
0 System error

3 One or more PRUs are in High Voltage Sub-state.
0 System error
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5.2.5.4 PRU Reported Values

The sub-state of a PRU is determined by examining the Vgecr reported by the PRU in relation to the
VRrect miN_static and Vrecr migH staTic parameters reported in the PRU Static Parameter Characteristic
(refer to section 6.5.4.12). If the PRU reports Vrect miv_pyn and Vrect HigH pyn parameters in the PRU
Dynamic Parameter Characteristic (refer to section 6.5.6), the PTU shall use the most recently reported
values in place of the values reported in the PRU Static Parameter Characteristic.

If the PRU reports a Vrecr ser pyn value in the PRU Dynamic Parameter message, the PTU shall use the
most recently reported value in place of the Vrecr ser value in the PRU Static Parameter Characteristic.

5.2.5.5 PTU Power Transfer Sub-state 1

5.2.5.5.1 PTU Power Transfer Sub-state 1 Algorithm Selection

The PTU shall use either the Vrecr min_rror OF Mvax algorithm. The PTU may switch between algorithms.
However, the PTU shall not make an adjustment to Itx cow that will cause any PRU operation to move
outside of the optimum voltage region.

NOTE: It is recommended that the PTU select the preferred algorithm of the dominant PRU.

NOTE: For Vrecr*Irect / Prect Max, Prect max is reported in the PRU Static Parameter Characteristic
value.

5.2.5.5.1.1 PTU Power Transfer Sub-state 1 Vrect MmN error Algorithm

If the PTU is paired with one PRU, the PTU shall minimize the value of Evrect = |Vrect - VrECT SET|-

If the PTU is paired with more than one PRU, the PTU shall adjust Itx _com to minimize the Evrecr for the
PRU with the highest percentage utilization of its rated output.

The percentage of the rated output shall be calculated as Prect/Prect max. Prect max is the maximum
output power of a PRU design.

NOTE: Precr = Irect * Vrecr.

5.2.5.5.1.2 PTU Power Transfer Sub-state 1 nvax Algorithm

The PTU shall adjust Irx con to maximize the total system efficiency. mmax is calculated as
Z(PRfoEPORTED)/PIN-

5.2.5.5.2 PTU Power Transfer Sub-state 1 Itx_coi. Adjustment Step Size

Itx_con adjustments shall have a step size no greater than 5% of Itx max and no smaller than 1% of
Itx max with the following exceptions:

1. Ifany PRU’s Vgrecris greater than Vrecr miga * 0.95, the positive Itx com step size may be reduced.
2. Ifany PRU’s Vgecris less than Vreer miv * 1.05, the negative Itx corw step size may be reduced.

3. If the dominant PRU’s Vgrgcris between Vreer ser/1.05 and Vrecer ser/0.95, the positive and negative
Itx _com step size may be reduced.

4. If Itx con is above Irx max, the positive Itx con step size may be reduced to avoid exceeding
Itx_ABS MaAX.

The PTU shall be able to drive Vrecr of @ PRU within 5% of Vrecr skt
If only Category 4 and above PRUs are present, adjustments may be made at up to a step size of TBD%.
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5.2.5.6 PTU Power Transfer Sub-state 2

5.2.5.6.1 PTU Power Transfer Sub-state 2 Algorithm

The PTU shall increase Itx_cor until all PRUs have Vrectav) = Vreer minay), however the PTU should not
make an adjustment to Itx comw that causes any PRU to move into the High-voltage Sub-state or the PRU
System Error State for an over-voltage.

5.2.5.6.2 PTU Power Transfer Sub-state 2 ItTx_coi. Adjustment Step Size

Itx cow adjustments shall have a step size no greater than 5% of Itx max and no smaller than 1% of
Itx max.

5.2.5.7 PTU Power Transfer Sub-state 3

5.2.5.7.1 PTU Power Transfer Sub-state 3 Algorithm

The PTU shall decrease Itx con until all PRUs report Vrectav) < VRECT HIGHMN).

5.2.5.7.2 PTU Power Transfer Sub-state 3 Itx_coi. Adjustment Step Size

Itx cow adjustments shall have a step size no greater than 5% of Itx max and no smaller than 1% of
Itx max.

5.2.6 PTU Configuration State

5.2.6.1 State Entry Procedure

5.2.6.1.1 Irx_coiL Adjustment

If the Itx com > 50 mAm; at the state entry, the PTU shall decrease Itx com to below 50 mAms within 500
ms of entering the PTU Configuration State.

5.2.6.1.2 PTU Configuration State Timer

Unless the PTU goes to the PTU Local Fault State, the PTU shall exit the PTU Configuration State within
4s of entering the state and then enter the PTU Power Save State.

5.2.6.1.3 Device Registry
The device registry shall be cleared.

5.2.6.2 PTU Configuration State Functions
The PTU may perform self and system checks during the PTU Configuration State.

5.2.6.3 PTU Configuration State Itx coiL

Itx cow shall remain below 50 mA ;.
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5.2.7 PTU Local Fault State

The PTU may exit any state and enter the PTU Local Fault state if the PTU experiences any local fault
condition, that requires power to be shut down. This may include, but is not limited to PTU local over-
temperature, local over-current, local over-voltage or any local PTU failure.

5.2.7.1 State Entry Procedure

5.2.7.1.1 Irx_coiL Adjustment

If the Itx coi. > 50 mAms at the state entry, the PTU shall decrease Itx coi to below 50 mA s within 500
ms of entering the Fault State.

5.2.7.1.2 Device Registry
The device registry shall be cleared.

5.2.7.2 PTU Local Fault State Itx comn

Itx_cow shall remain below 50 mA ;.

5.2.8 PTU Latching Fault State

A PTU enters the PTU Latching Fault State in response to at least one of the triggers listed in Table
52.9.11-1.

5.2.8.1 State Entry Procedure

5.2.8.1.1 Irx com. Adjustment

If the Itx coi > 50 mAms at the state entry, the PTU shall decrease Itx coi to below 50 mA s within 500
ms of entering the PTU Latching Fault State.

5.2.8.1.2 Device Registry

The device registry shall be cleared.

5.2.8.2 Load Variation Detection

After 1 s 0.1 s from entering the PTU Latching Fault State, the PTU shall perform the Short Beacon
Sequence with constant Itx con described in section 5.2.3.3. The PTU shall transition to Power Save or
PTU Configuration State if the short beacons detect a load variation indicating the removal of device or
devices from the charge area (except for PTU Local Fault conditions).

NOTE: The purpose of using the sequence is to determine whether or not a rogue object is on the pad.

5.2.9 PTU State Transitions

The PTU shall not make any state transitions unless they are defined in this section as required or optional.

The PTU shall make all transitions designated as required.
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5.2.9.1 PTU Power-up
PTU is powered up.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
Null PTU Configuration Required None None
5.2.9.2 PTU Initialization
The PTU completes its self test.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Configuration PTU Power Save Required None At least one PTU
Local Fault

5.2.9.3 Device Detected and Charge Start from PTU Power Save

The PTU shall begin device registration when one of the following occurs:

e The PTU receives a valid Advertisement (refer to 6.6.2) from a non-connected PRU.

e The PTU reads a Dynamic Parameter or receives an Alert from a connected PRU that indicates

charge required (Charge Complete = 0).

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Power Save PTU Low Power Required 0 system errors or None
PTU receives:
- Advertisement or
- Characteristic with
Charge Complete = 0
5.2.9.4 PTU Link Supervision Timer Expired
The PTU link supervision timer expires for one or more PRUs.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Power Transfer PTU Power Save Required 0 System errors At least one PTU
PTU Low Power All connections lost. Local Fault
PTU Power Transfer | PTU Latching Fault Required 0 System errors None
PTU Low Power Any connection lost

without power var-
iation and unsuccess-
ful reconnection.

5.2.9.5 PTU-PRU Registration Complete
The PTU has completed the registration process and sent a PRU Control Characteristic to the PRU.

Source: www.rezence.com
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Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Low Power PTU Power Transfer Required 0 System errors None

PTU Power Transfer

5.2.9.6 Charge Complete

This state transition indicates that a PTU has received a charge complete notification from a// PRU units.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Power Transfer PTU Power Save Required 0 system errors At least one PTU
All PRU units Local Fault
indicate charge
complete
5.2.9.7 PTU Local Fault
The PTU experiences a local fault condition.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Power Save PTU Local Fault Optional None The local fault does
PTU Low Power not cause a state
transition itself
PTU Power Transfer
PTU Configuration
PTU Latching Fault
5.2.9.8 PTU Configuration State Timer Expired
The PTU Configuration State Timer has expired.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Configuration PTU Power Save Required None At least one PTU
Local Fault

5.2.9.9 PTU Local Fault Cleared
The PTU determines that the PTU Local fault has been cleared.

NOTE: The PTU Local fault is cleared when the conditions that caused the local fault are resolved.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Local Fault PTU Configuration Optional None State preceding the
PTU Local Fault was
a PTU Latching Fault.
PTU Local Fault PTU Latching Fault Optional State preceding the None
PTU Local Fault was
a PTU Latching Fault

27
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5.2.9.10 PTU Registration Timer Expired

The PTU Registration Timer has expired.

A4WP-S-0001 v1.2.1

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Low Power PTU Latching Fault Required Three successive At least one PTU
PTU Power Transfer zﬁﬁiﬁ;lg;i:lgﬁ%s Local Fault
PTU Low Power PTU Power Save Required None Entering PTU
Latching Fault
5.2.9.11 PTU Latching Fault
The PTU Latching Faults are defined in Table 5.2.9.11-1.
Table 5.2.9.11-1 PTU Latching Faults
PTU Latching Latching Fault Description
Faults
1 Rogue object detected
2 System error - PRU over-voltage, over-current, over temperature
3-16 Reserved

NOTE:

PTU Latching Fault #1, for Rogue object detected, is untestable until Rogue Object is clearly defin-

ed in the BSS and the threshold of detecting it. Lost power or checking power variation is not
necessarily the right way to detect because it does not indicate whether or not the system would

be damaged.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Power Save PTU Latching Fault Required None None
PTU Low Power
PTU Power Transfer
5.2.9.12 User Clears PTU Latching Fault
All latching faults are cleared by the user removing objects.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Latching Fault | PTU Power Save or Required Load change detected | At least one PTU
PTU Configuration Local Fault
5.2.9.13 PTU Permission Denied
The PTU denies permission due to limited PTU class support.
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions

Source: www.rezence.com
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Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PTU Low Power PTU Power Save or Optional None None
PTU Low Power or
PTU Local Fault

5.3 PRU Specifications

5.3.1 PRU General Requirements

5.3.1.1 Local Protections

5.3.1.1.1 Over-temperature

If the PRU implements local over-temperature protection, this protection shall occur at a temperature
below the OTP alert limit. If the PRU is designed in a way such that it does not reach the over-temp-
erature condition, then reporting is optional. Otherwise the PRU shall report the over-temperature
condition.

5.3.1.1.2 Over-current

If the PRU implements local over-current protection, this protection shall occur at a current below the
OCP alert limit. If the PRU is designed in a way such that it does not reach the over-current condition,
then reporting is optional. Otherwise the PRU shall report the over-current condition.

5.3.1.1.3 Over-voltage

If the PRU implements local over-voltage protection, this protection shall occur at a voltage below the
OVP alert limit (Vrect max). The PRU may regulate its voltage by periodically closing and opening the
OVP switch so that Vrger stays within a region that allows communications with the PTU, and ensures
that power dissipation and voltage levels are within acceptable levels. If the PRU is designed in a way
such that it does not reach the over-voltage condition, then reporting is optional. Otherwise the PRU shall
report the over-voltage condition.

5.3.1.2 PRU Signaling

The PRU shall be able to communicate in all Vrecr operating regions (refer to Figure 5.3.2-2) except the
Under Voltage region.

5.3.1.3 PRU Link Establishment

The PRU shall not attempt to join a PTU network unless it is receiving power from a PTU.

5.3.1.4 PRU Link Supervision Timer

The PRU shall maintain a separate link supervision timer for connection with the PTU. The link
supervision timer shall start when a connection is established. The link supervision timer shall reset
immediately after an expected BLE message is received. The link supervision timer shall expire in one
second.

If a PRU link supervision timer expires, the PRU shall attempt the link loss reconnection procedure. The
PRU shall maintain use of the same device address used prior to link expiration during the reconnection
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procedure. Refer to section 6.4.5.1.3. If the link loss reconnection procedure fails, then the PRU shall
disable its charge output.

5.3.1.5 PRU Link Termination

When a PRU has an established link to a PTU and Vrgcr drops below Vrecr Boor , the PRU shall initiate
the GAP Terminate Connection procedure within 500 ms as described in section 6.4.5.1.4, Idle
Connection.

5.3.1.6 PRU Vgecr Set Value

Vrecr ser shall always be greater than or equal to Vrect min stamic, and less than or equal to
VRrecr nich static as reported in the PRU Static Parameter Characteristic (refer to section 6.5.4.12).
Likewise, if the PRU reports updated values in the PRU Dynamic Parameter message (refer to section
6.5.6), Vrect ser_pyn must be greater than or equal to the most recently reported Vrect miv pyn, and less
than or equal to Vrect nia pyn. If N0 Vrecr ser pyw is reported, Vrecr min pyn must never be greater than
VRECTfSET, and VRECTﬁHIGHﬁDYN must never be less than VRECTfSET-

5.3.1.7 PRU Reported Parameters
The PRU shall report Vrecr, Irecr and PRU alert, and may report Vour, lour, VRECT HIGH DYN,

VRrect MIN DYN, VRECT sET pyn and Temperature in the ON and BOOT states.
5.3.1.7.1 PRU Reporting Data Age

At a given reporting instance, the value of each parameter shall be measured at least once since the last
report. Irect and Vrecr values given in any report should be made within 1 ms of each other.

NOTE: The 1 ms timing requirement between Irect and Vrecr measurements is highly desired and not
intended to preclude implementations.
5.3.1.7.2 Accuracy of Reported Voltage

The value of Vrecr rerort shall be reported with an accuracy better than + 3%, unless the PRU is in the
PRU System Error State.

NOTE: The voltage accuracy requirement is necessary for system control. The system is specified such
that multi-device PTUs can keep all combinations of PRUs in the optimum voltage region. If
there is error in the reported value of Vrecr the system may be unable to keep all PRUs in the
optimum voltage region.

5.3.1.7.3 Accuracy of Reported Current

The value of Irecr rerort shall be reported with accuracy better than 8% of Precr max divided by
Vrect MiN. Prect max and Veeer min are those reported within the PRU Static Parameters. Refer also to
Table 5.3.1.7.3-1.

ABS (Irect - Irect rerorT) < (8%) (PrECT MaX / VRECT MIN)

Table 5.3.1.7.3-1 Example of Accuracy of Reported Current

Allowable Irect Report Delta (in milliamps) for 8% Error

Pwr Current Cat 1 Cat2 Cat3 Cat4 Cat5

Max W 35 5
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VRECT MIN 8 8

0 0.000 35.00 50.00
0.5 63 35.00 50.00
1 125 35.00 50.00
1.5 188 35.00 50.00
2 250 35.00 50.00
2.5 313 35.00 50.00
3 375 35.00 50.00
3.5 438 35.00 50.00
4 500 50.00
4.5 563 50.00
5 625 50.00
5.5 688 50.00
6 750 50.00
6.5 813 50.00
7 875

7.5 938

8 1000

8.5 1063

9 1125

5.3.2 PRU State Model

The PRU can be in one of five states identified in Figure 5.3.2-1 and five operating regions at any given
time. The operating region shall be determined by the value of Vrecr (as identified in Figure 5.3.2-2).

VRect < VRect_gooT

System error-
PRU On - State J
v
Vrecr Charge . ) System
Null > Boot start Optnmum Low High eror System Error
v Establish > | |p voltage |F  Voltage |F Voltage g State
RECT_ | communication link (Over-voltage)
BOOT if not already 9
established o VRect MNS VRect oot < VRECT_HiGH <
arge < < <
VRecT Wait for author- stop or Vreor < Vet VrecT =
< < ization from PTU Vrec Hion Viecr VrecT max
VRECL Charge
. BOOT complete Y

VRect < VRect oot System error-

Figure 5.3.2-1 PRU State Model
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Over Voltage (System Error State)
Veecr Mmax = — | — - —

High Voltage
VRECT HiGH —
VRect ser — Optimum Voltage > (On State)
VRECT MIN —>

Low Voltage
VRect_BooT —» — - = (Boot State)
VRECTiUVLO —P Under

Voltage Under

Lock Out Voltage (Null State)

Voltage* ~ A(_Li\fl:O)

(Informative, not to scale)

Figure 5.3.2-2 Vgecr Operating Regions

5.3.3  Null State

At start-up, a PRU shall be considered to be in the Null State when Vrecr < Vrect Boor. After exiting the
Null State, a PRU shall be considered to re-enter the Null State when Vrgcr falls below Vrecr uvio.

5.3.4 PRU Boot

5.3.4.1 State Procedure
The PRU shall disable its output at start-up.
If the PRU is not in a connection with the PTU:

e If Charge Complete = 0, the PRU shall send an advertisement within 100 ms of Itx con. exceeding
Itx_LONG_BEACON_MIN.

e Otherwise if Itx com continuously exceeds Itx rong Beacon mmv for a period of 600 ms, the PRU shall
send an advertisement within 800 ms of Itx con exceeding Itx LoNG BEACON MIN.

5.3.5 PRU On State

5.3.5.1 PRU On State General Requirements

5.3.5.1.1 Output Enable/Disable

The PRU shall draw less than 1.1 W from the rectifier unless allowed by the PTU. The PRU shall reduce
its output to less than 1.1 W if instructed by the PTU (reference section 6.5.3, PRU Control).

5.3.5.2 Optimum Voltage Sub-state

A PRU is in the optimum Voltage Sub-state when Vrect min < Vrect < VRECT HIGH.

5.3.5.3 Low Voltage Sub-state

A PRU is in the Low Voltage Sub-state when Vrect oot < Vrect < VrECT MIN.
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5.3.5.4 High Voltage Sub-state
A PRU is in the High Voltage Sub-state when Vrecr nica < Vrecr < VRECT MAX.
NOTE: In the high voltage Sub-state the PRU may not be capable of continuous operation.

5.3.5.4.1 High Voltage Operation Time

A PRU shall not disconnect its output if Vrecr mien < Vrect < Vrecr max for a period of less than five
seconds. This time shall be measured starting from the moment that the PRU communicates information
indicating that it is within the High Voltage Sub-state. A PRU may disconnect the output after five
seconds.

5.3.5.4.2 High Voltage Sustain Time

The PRU shall not be damaged in the High Voltage Sub-state.

5.3.5.5 PRU Local Fault

PRU Local Fault is any error condition that is not required to be reported to the PTU (i.e., any non-system
error). For system errors, refer to section 5.3.6. PRU Local Faults then by their nature do not require the
PTU to transition to the PTU Latching Fault State and therefore do not need to be specifically identified
in this specification. While experiencing a PRU Local Fault, the PRU shall continue communicating with
the PTU, and shall not indicate a System Error if there is not a system error (refer to 5.3.6). However, the
PRU may adjust or disconnect its output.

5.3.6 PRU System Error State

A PRU shall be considered to be in the PRU System Error State when:
1. Over-voltage alert is active (Vrect > VrecT MaX), OF

2. Over-current alert is active, or

3. Over-temperature alert is active.

5.3.6.1 Charge Output

The PRU shall shut down output charging power in the PRU System Error State until the error condition
is removed, except for PRU System Error State caused by PRU over-voltage.

5.3.6.2 PRU Alert

The PRU shall send one or more alerts to the PTU when it is in the PRU System Error State within 250
ms of entering the PRU System Error State. Refer to sections 6.5.7 and 6.5.6.

5.3.6.3 Over-voltage Sustain Time

The PRU shall not be damaged after any period of time when placed in the maximum coupling position
and the PTU resonator is conducting Itx aBs max.

5.3.6.4 PRU Alert Messaging

The PRU shall be capable of sending notifications to the PTU as long as it is in the PRU System Error
State and the PRU is receiving power from the PTU.
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5.3.7 PRU State Transitions

The PRU shall not make any state transitions unless they are defined in this section as required or
optional.

The PTU shall make all transitions designated as required.

5.3.7.1 Power Applied

Power is applied. The PRU is in the charge area and Vrect > Vrect BoOT.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PRU Null PRU Boot Required None None

5.3.7.2 On State

The PRU enters the PRU On State when the PRU Control is written during device registration by the
PTU.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PRU Boot PRU On Required None None

5.3.7.3 Charge Complete

PRU is disconnected or power is removed from the PRU after the PTU receives the Charge Complete = 1
indicator from the PRU.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PRU On PRU Boot Required None None

5.3.7.4 Power Removed

Power is removed from the PRU. This may be related to PTU shutdown (Vrect < Vrect Boor) or the PRU
has been removed from the charge area.

Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PRU Boot Null State Required None None
PRU On
PRU System Error

5.3.7.5 PRU System Error

The PRU shall transition to the PRU system error state only if the PRU is unable to handle the condition
locally without shutting down PTU power (i.e., moving to PTU latching fault). Refer to section 5.3.1.1.
The PRU System Errors are defined in the Table 5.3.7.5-1.
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Table 5.3.7.5-1 PRU System Errors

System Error

System Error Description

1 PRU over-voltage

2 PRU over temperature

3 PRU over-current

4 A PRU determines it is receiving power from a first PTU, but is

connected to the network of a second PTU.
5-16 Reserved
Origin State Destination State Required or Additional Required Exceptions
Optional Conditions
PRU Boot PRU System Error Required None None
PRU On
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6 Signaling Specifications

6.1 Architecture and State Diagrams

6.1.1 Architecture

The WPT network is a star topology. The PTU exchanges information with the PRUs, and make
operating point decisions, and resource allocations, if applicable. Each PRU transmits its information and
receives network management information from the PTU operating as a network coordinator.

.
@ 'X\
‘ ronery,

Comm.

“—>

Figure 6.1.1-1 Basic Architecture of WPT System

The PTU shall create and maintain the WPT network.
In Power Transfer State, the PTU configures timing and sequence of PRUs.

The PTU shall manage and update the device control table (which has a role of managing and checking
status of PRUs in its own network) and maintain its network with its time sync clock. It manages the
timing and sequence of PRU communication.

6.1.2  Overall Charge Process

The wireless power transfer process begins with the PTU in the PTU Power Save State applying short and
long beacons to the PTU resonator as required for load variation detection and eliciting a PRU response
(refer to section 5.2). Upon device detection, the PTU transitions to PTU Low Power State, establishes a
communication link with the PRU, and exchanges information necessary for wireless power transfer.
Refer also to Figure 6.1.2-1.
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No PTU power transmission except beacon power takes place until the PTU receives a PRU
advertisement. The PRU repeatedly sends advertisements until it receives a PTU Connection Request
(reference 6.3.6).

Upon receiving the PRU advertisement, the PTU enters PTU Low Power State if it is in Power Save State.
The PRU stops sending advertisements after it has received a Connection Request from the PTU. The
PRU and the PTU form a connection.

The PTU first reads the value of the PRU Static Parameter that describes the status of the PRU. The PTU
then writes a value to the PTU Static Parameter that describes the capabilities of the PTU.

Once the devices have exchanged static information, the PTU reads the PRU Dynamic Parameter that
provides measured parameters from the PRU. The PTU then writes a value to the PRU Control including
the information such as enable/disable charge and permission. The PTU may write to the PRU Control as
needed and the PTU periodically reads the PRU Dynamic Parameter that contains values such as voltage,
current, PRU status, and/or temperature.

Charging is initiated when the PTU writes a value to the PRU Control of the PRU that enables charging
and it is delivered when the PTU has enough power to charge the PRU. In this state (PRU On), the PRU
Dynamic Parameter is read by the PTU at least every 250 ms.

Based on the power information in the PRU Dynamic Parameter, the PTU updates the device control
table in the registry corresponding to each PRU status.

If the PRU detects a system error or completes charging, the PRU sends one or more PRU Alert
notifications to the PTU. The PRU Dynamic Parameter is updated to include data describing the reason
for the alert before sending to the PTU (e.g., over current, over voltage, over temperature and self
protection notifications).

6.2 Charge Procedure and Requirements

6.2.1 Removing PRU from WPT Network

A PRU shall be removed from the network when the conditions described in sections 5.2.2.2 and 5.2.9.4
are met.

6.3 Bluetooth Low Energy Requirements

This section provides baseline requirements for the Bluetooth Low Energy Profile to control a WPT
system which operates with resonant coupling between two or more devices.

6.3.1 Bluetooth Low Energy Objectives

The BLE radio system is intended to provide communication between one PTU and the PRU's being
charged by that PTU.

6.3.2 PTU Hardware Requirement

A PTU Wireless Power Transfer service and profile shall be implemented using a Listed Bluetooth
Qualified Design (QDL) with an LE Core Configuration or Basic Rate and Low Energy Combined Core
Configuration as defined in Specification of the Bluetooth System Version 4.0, Volume 0, Part B, Section
3.1. Refer to section 1.2.1, Normative References.
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6.3.3 PRU Hardware Requirement

A PRU shall incorporate a compliant and qualified Bluetooth End Product with an LE Core Configuration
or Basic Rate and Low Energy Combined Core Configuration as defined in Specification of the Bluetooth
System Version 4.0, Volume 0, Part B, Section 3.1. Refer to section 1.2.1, Normative References.

6.3.4  Basic Network Structure
The BLE network structure shall consist of one central device in the PTU and up to eight PRU peripherals.

6.3.5 RF Requirements

6.3.5.1 PTU BLE Transmit Power

The PTU BLE radio shall transmit between -6 and +8.5 dBm measured at the antenna connector.

6.3.5.2 PTU BLE Sensitivity
The PTU BLE radio shall have sensitivity of better than -77 dBm at the antenna connector.

6.3.5.3 PTU BLE Saturation

The PTU BLE radio shall support a maximum usable input level of -1 dBm at the antenna connector.

6.3.5.4 PRU BLE Transmit Power

The PRU BLE radio shall transmit between -6 and +8.5 dBm measured at the antenna connector.

6.3.5.5 PRU BLE Sensitivity
The PRU BLE radio shall have sensitivity of better than -77 dBm at the antenna connector.

6.3.5.6 PRU BLE Saturation

The PRU BLE radio shall not saturate below -1 dBm at the antenna connector.

6.3.5.7 Interference (Informative)
The system should accept up to 36 dB of desense from other nearby 2.4 GHz radios.
The system should accept up to 35 dB of path loss due to variable placements on the pad.

6.3.5.8 Link budget (Informative)
Table 6.3.5.8-1 RF Budget (Informative)

Stage Worst Case Loss
PTU 0dBm
Filter -3dB
Antenna -5dB
Path loss -35dB
Desense -36 dB
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Stage Worst Case Loss
Antenna -5dB
Filter -3dB
Resulting signal at PRU -87dBm

6.3.6 Timing and Sequencing Requirements
If a BLE connection does not already exist:

1. The PRU shall present an advertisement to the PTU within the time allowed by the Power Transfer
and Control requirements (refer to section 5.3.4.1). The PRU shall use an advertising interval that is
no greater than 20 ms.

2. The PTU shall issue a connection request within 50 ms of the received advertisement only if the
conditions in section 6.6.2, Acceptance of Advertisement, are met. If the PTU does not receive
response from the PRU after sending a connection request, the PTU shall restart the registration timer
and retry the WPT device registration process once before declaring registration timeout.

The exact sequence of the PTU’s access of the PRU’s WPT Service during the registration period shall
be:

1. Read PRU Static Parameter Characteristic (mandatory if a BLE connection does not already exist,
optional otherwise),

2. Write PTU Static Parameter Characteristic (mandatory if a BLE connection does not already exist,
optional otherwise),

3. Read PRU Dynamic Parameter Characteristic, one or more times (mandatory if a BLE connection
does not already exist, optional otherwise), and

4. Write PRU Control Characteristic (always mandatory)
During the registration period:
e The PRU shall respond, with a Read Response, to a Read Request within 50 ms.

e The PTU shall only use the GATT Write Without Response procedure for writing characteristics on
the PRU.

The BLE connection interval during the registration period (tci recistraTiON) shall be less than or equal to
50 ms. Once the PRU Control Characteristic has been written, the BLE connection interval (tcr) shall be
less than or equal to 250 ms.

The PRU Dynamic Parameter Characteristic shall be read by the PTU at least every 250 ms.

The PTU shall not write a PRU Control Characteristic to a PRU, to enable charge port output, until it has
read at least one PRU Dynamic Parameter Characteristic from that PRU.

If the PRU is allowed to be charged, a PRU Control characteristic containing the Enable PRU Output
command (refer to 6.5.3.2) shall be written by the PTU within 500 ms of the received advertisement.

The registration timing and sequencing described in this section is illustrated in Figure 6.3.6-1.
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Figure 6.3.6-1 Registration Period Timeline Example (Informative)

Table 6.3.6-1 Timing Constraints
Time Constraint Value Description Reference
Section
tSHORT BEACON <30 ms The short beacon-on-period 52331
tLONG_BEACON 105 ms + 5 ms | The long beacon-on-period 52.34.1
teyCLE 250 ms + 5 ms | The short beacon period 5.2.3.3.1
tLONGﬁBEACONﬁPERIOD > 850 ms, The 101’lg beacon period 52341
<3000 ms
tADVERTISEMENT <100 ms The PRU sends an advertisement within 100 ms of Vgecr 534.1
exceeding Vrect oot on state entry
tCONNECTION_REQUEST <50 ms The PTU issues a connection request within 50 ms of discovery 6.3.6
of the PRU
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Time Constraint Value Description Reference
Section

tREGISTRATION <500 ms The PTU writes a PRU Control characteristic containing the 6.3.6
PRU enable command within 500 ms of the received
advertisement.

tpyNAaMIC <250 ms The period in which PRU Dynamic Parameter Characteristic is 6.1.2
read by the PTU 6.3.6

tCI REGISTRATION <50 ms The BLE connection interval during treistrATION 6.3.6

ter <250 ms The BLE connection interval 6.3.6

6.3.7 Profile Structure

The BLE client and server shall support the following characteristics.

Table 6.3.7-1

BLE Profile Characteristics

Characteristic Data Direction Properties Description
PRU Control PTU - PRU Write and Read PRU ON/OFF control. PTU initiates write
when command needs to be sent
PTU Static Parameter PTU - PRU Write and Read Contains static characteristics of the PTU.
PTU initiates write when new device
connects.

PRU Alert PTU €< PRU | Notifications (Indications |Notifies the PTU of overvoltage, over-
conditional upon support |current,  over-temperature  and  self
for the Mode Transition | protection conditions of the PRU.

Procedure in section 6.7)
PRU Static Parameter PTU < PRU Read Contains static characteristics of the PRU.
PTU initiates read when device connects
(can be more)
PRU Dynamic Parameter | PTU < PRU Read Contains dynamic characteristics of the
PRU. PTU initiates read from each device.

6.4
6.4.1

Introduction

BLE Profile Definition

The following section contains specific information needed to implement the BLE profile. It is intended
to allow programmers to implement the BLE profile within the GATT framework.

6.4.1.1 GATT Sub-Procedure Requirements
Additional GATT Sub-Procedures requirements beyond those required by all GATT clients are indicated

below.
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Table 6.4.1.1-1 GATT Sub-Procedure

GATT Sub-Procedure Requirement

Discover All Characteristic Descriptors M

Read Characteristics Value
Write With Response
Write Without Response

LKL

Notifications

6.4.2  Configuration

6.4.2.1 Roles
The PRU shall be a GATT Server for the Wireless Power Transfer (WPT) Service.
The PTU shall be a GATT Client for the WPT Service.

Client - PTU Server - PRU
WPT Service
Figure 6.4.2.1-1 PTU/PRU Services/Characteristics Communication

NOTE: Standard and WPT services and associated characteristics are defined in Table 6.5.2.2-1.

6.4.2.2 Concurrency Limitations and Restrictions

There are no concurrency limitations or restrictions for the PRU and the PTU roles imposed by this
profile.

6.4.2.3 Topology Limitations and Restrictions
The PRU shall implement the GAP Peripheral role.
The PTU shall implement the GAP Central.

6.4.2.4 Transport Dependencies
This profile shall operate over a Bluetooth Low Energy transport only.

6.4.2.5 Error Codes

This service does not define any Attribute Protocol Application Error Codes.
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6.4.2.6 Byte Transmission Order

All multi-byte data fields used with this service shall be sent with the least significant octet first (i.e.,
Little Endian). Multi-character string values shall be sent as individual byte fields. Structures such as
GATT Characteristics included in this specification are transmitted in the order shown where they occur
from top to bottom and left to right.

6.4.3 PRU Requirements
The PRU shall instantiate one and only one WPT Service.
The WPT Service shall be instantiated as a Primary Service.

The Bluetooth Device Information Service does not pertain to this profile. Information that is specific to
the WPT capability of the PRU device, including the PRU Static Parameter Characteristic defined in
section 6.5.5.1 and independent of any implementation of the Bluetooth Device Information Service.

6.4.3.1 Writeable GAP Device Name Characteristic

The PRU may support the write property for the Device Name characteristic to allow the PTU to write a
Device Name to the PRU.

644 PTU Requirements

The PTU shall discover and use the PRU’s WPT Service. The Bluetooth Device Information Service does
not pertain to this profile. Information that is specific to the WPT capability of the PTU device, including
hardware and firmware versions, are contained in the PTU Static Parameter Characteristic defined in
section 6.5.4.2 and are independent of any implementation of the Bluetooth Device Information Service.

6.4.4.1 Discovery of Services and Characteristics

The PTU discovers the PRU’s WPT service and characteristics using the WPT Service Data within the
PRU advertisement payload which contains the GATT Primary Service Handle. The advertisement
payload is defined in section 6.5.1. The GATT Primary Service Handle, together with the handle offsets
defined in section 6.5.2.2 is used to discover all characteristics and descriptors in the service.

The PTU may perform service discovery using the GATT Discover All Primary Services sub-procedure
or the GATT Discover Primary Services by Service UUID sub-procedure and characteristic discovery
using the GATT Discover Characteristics by UUID sub-procedure or the Discover All Characteristics of
a Service sub-procedure. These procedures may be used at any time except during registration. The
procedures may be used in response to Service Changed indication or to discover services other than the
WPT service supported by the PRU.

6.4.5 Connection Establishment

This section describes the PRU discovery, connection establishment and connection termination proce-
dures used by a PRU and PTU.

6.4.5.1 PRU Connection Establishment

6.4.5.1.1 Connection Procedure for Unbonded Devices

This procedure is used for connection establishment when the PTU connects to a PRU which it is not
bonded. This procedure is automatic and not initiated by user interaction.
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The PRU shall enter the GAP Limited Discoverable Mode using Undirected Advertising (ADV_IND)
packets for discovery and connection. PRU Discovery is used to identify a PRU device to the PTU and
for receiving WPT Service specific Advertising data.

PRU Advertising Data shall contain an advertising payload as defined in section 6.5.1, PRU Advertising
Payload.

The PRU shall use Security Mode 1 level 1 when connecting to an unbonded device. If a connection is
not established within a time limit defined by the PRU, the PRU may exit the GAP connectable mode and
wait for the next Beacon signal.

6.4.5.1.2 PRU Connection Procedure for Bonded Devices

This procedure is applicable after the PRU has bonded with the PTU using the connection procedure
defined in section 6.3.6.

The PRU should use the recommended advertising interval value shown in 6.3.6.

Once connected, the PRU may request to change to the preferred connection parameters that best suits its
use case.

If the PTU indicates during pairing that only security level 2 can be achieved, the PRU shall not request
any security level higher than level 2 in responding to PTU’s service request.

If a connection is not established within a time limit defined by the PRU, the PRU may exit the GAP
connectable mode and wait for the next Beacon signal.
6.4.5.1.3 Link Loss Reconnection Procedure

When a connection is terminated, a PRU, if powered by the PTU, shall attempt to reconnect to the PTU
by entering a GAP connectable mode using the recommended advertising interval value shown in 6.3.6.
Note that if the PRU does not reconnect, it can appear to the PTU as a rogue object.

6.4.5.1.4 Idle Connection

The PRU shall perform the GAP Terminate Connection procedure if power is removed from the PRU.
The PRU shall not initiate a terminate connection to a BLE host at any time if is powered from a PTU.

6.4.5.2 PTU Connection Establishment

6.4.5.2.1 Connection Procedure for Unbonded Devices

This procedure is used for connection establishment when the PTU connects to a PRU to which it is not
bonded. This may be initiated either through user interaction or autonomously when a PTU requires data
from a PRU.

The PTU shall scan using the GAP Limited Discovery procedure and perform active scanning.

A PTU shall use the GAP General Connection Establishment procedure. The PTU may use this procedure
when it requires data from one or more PRU(s). This procedure allows a PTU to connect to a PRU
discovered during a scan without using the white list.

If a connection is not established within a time limit defined by the Power Control requirements (refer to
section 5), the PTU may transition state and cease scanning for new devices.
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6.4.5.2.2 PTU Connection Procedure for Bonded Devices

This procedure is applicable after the PTU has bonded with the PRU using the autonomous connection
procedure in section 6.4.5.2.1.

A PTU may use one of the following GAP connection procedures based on its connectivity requirements:

1. General Connection Establishment Procedure. The PTU may use this procedure when it requires
dynamic parameters or notifications from one or more PRUs. This procedure allows a PTU to connect
to a PRU discovered during a scan without using the White List.

2. Selective Connection Establishment Procedure. The PTU may use this procedure when it requires
dynamic parameters or notifications from one or more PRUs. This procedure allows a PTU to connect
to a PRU discovered during a scan while using the White List.

3. Direct Connection Establishment Procedure. The PTU may use this procedure when it requires data
from a single (or specific) PRU. The PTU may also use this procedure for link loss reconnection
described in section 6.4.5.2.3.

4. Auto Connection Establishment Procedure. The PTU may use this procedure when it requires
dynamic parameters or notifications from one or more PRUs. This procedure will automatically
initiate connection to a PRU in the White List.

When initiating a connection while in PTU Low Power State, the PTU should use the continuous scan
window/scan interval pair to attempt fast connection. When initiating a connection while in PTU Power
Transfer State, the PTU should use an implementation specific scan window/scan interval to attempt a
fast connection.

Notwithstanding the above, the PTU should use a scan window and scan interval suitable to its power and
connection time requirements. Increasing the scan window increases the power consumption, but
decreases the connection time.

The PTU should write the address of the target PRU in its White List and set its controller advertising
filter policy to ‘process scan and connection requests only from devices in the White List’.

The PTU shall support LE security mode 1, level 1 and level 2 as specified in the BT 4.0 spec.

6.4.5.2.3 Link Loss Reconnection Procedure

When a connection is terminated due to link loss, a PTU shall attempt to reconnect to the PRU by making
a connection request after detecting a PRU advertisement shown in 6.4.5.1.1.

6.4.5.2.4 1dle Connection

If a connection is idle, the PTU may perform the GAP Terminate Connection procedure. An Idle
Connection shall be determined if the PRU does not respond to Read Requests from the PTU and the
PRU does not send alerts for greater than one second.

6.4.5.2.5 Fast Connection Interval

The PTU shall implement a connection interval that supports rapid service discovery, rapid encryption
setup and the ability to receive a PRU Dynamic Parameter Characteristic from all PRUs within 250 ms.

6.4.6  Security Considerations
This section describes the security procedures used by a PRU and PTU.

47 Source: www.rezence.com



http://www.rezence.com/

20
21

2
23
24

25
26

27

28
29
30

31
32
33

34
35

36
37
38
39

Signaling Specifications A4WP-S-0001 v1.2.1

6.4.6.1 PRU Security Considerations

All supported characteristics specified by the WPT Service shall be set to Security Mode 1 and should be
set to Security Level 1 (No Security) or 2 (Unauthenticated pairing with encryption).

The PRU shall use the SM Slave Security Request procedure to inform the PTU of its security
requirements.

6.4.6.2 PTU Security Considerations
The PTU may bond with the PRU.
The PTU shall accept any request by the PRU for LE Security Mode 1 and Security Level 1 or 2.

6.4.7 Charge Completion

PTU support of the Charge Complete, Disconnected Mode is mandatory. Likewise, PRU support of the
Charge Complete, Disconnected Mode is mandatory. A PTU may optionally support Charge Complete,
Connected Mode. A PRU may also indicate support for the Charge Complete, Connected Mode in the
PRU Static.

PRUs shall indicate Charge Complete = 1 if they do not require charging from the PTU. When all PRUs
on a PTU indicate Charge Complete = 1, the PTU shall transition to the Power Save state according to
section 5.2.9.6.

Prior to transitioning to Power Save state,

e The PTU shall instruct the PRU to disable its charge output by setting the Enable PRU Output bit in
the Enables field to 0 in the PRU Control.

e The PTU shall perform the GAP Terminate Connection procedure with all PRUs that do not support
Charge Complete, Connected Mode.

e The PTU may maintain a BLE connection with PRUs supporting Charge Complete, Connected Mode.
Once in the PTU Power Save state, the PTU may increase the time between connection intervals to
further conserve power.

After indicating Charge Complete = 1, the PRU shall transition to Boot State as described in section
5.3.7.3, Charge Complete.

6.5 WPT Service Characteristics

The PRU shall support the writing of the PRU Control and PTU Static Parameter characteristics by the
PTU and the configuration of the PTU Alert characteristic by the PTU for notifications and optionally
indications (conditional upon support for Mode Transition).

The PTU shall support reading the PRU Static Parameter and PRU Dynamic Parameter characteristics
and shall also support the configuration of the PRU Alert characteristic for notifications and optionally
indications (conditional upon support for Mode Transition).

As described elsewhere in this specification, the PRU and PTU are required to determine the contents of
the characteristics based on the contents of the Optional Fields Validity fields in most characteristics.

All characteristic Reserved for Further Use (RFU) bits and fields shall be set to zero by the sending entity
and ignored by the receiving entity. If the PTU or PRU receives a characteristic that includes additional
octets that are not recognized by the implementation, the receiving entity shall ignore those bits and
continue to process the characteristic normally.
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6.5.1 PRU Advertising Payload

For the purpose of communicating with a PTU, the PRU shall use the advertising packet payload format
defined in Table 6.5.1-1.

Table 6.5.1-1 PRU Advertising Payload
Flags AD Type Service Data AD Type
Flags WPT Service | GATT Primary Service PRU RSSI ADV Flags
16-bit UUID Handle Parameters

The Flags field shall use the Bluetooth Generic Access Profile, Flags Advertising Data type format and
indicate:

e LE Limited Discoverable Mode

The Service Data AD Type is used to indicate specific WPT Service information and shall use the
Bluetooth Generic Access Profile, Service Data AD type format. The first 16-bits (after the AD type
length field) shall hold the 16-bit Bluetooth SIG assigned Service UUID value as shown in Table 6.5.2.1-
1.

The GATT Primary Service Handle field is included in the Bluetooth Generic Access Profile, Service
Data Advertising Data type after the 16-bit Service UUID field and shall contain the PRU’s attribute
handle for the WPT Primary Service as defined in Table 6.5.2.2-1. All local characteristic handle values
for this service shall be ordered sequentially starting from the (GATT Primary Service Handle + 1) in the
order of the listed Characteristics as represented in Table 6.5.2.2-1.

The PRU RSSI Parameters field is included in the Bluetooth Generic Access Profile, Service Data
Advertising Data type after the GATT Primary Service Handle field and shall contain a PRU output
power (PRU_Pwr) in bits 7 to 3 and PRU antenna gain (PRU_Gain) in bits 2 to 0, if known by the PRU
application. If unknown by the PRU, the PRU application shall ensure that all bits in the unknown value
fields are set to '1".

7:3 2:0
PRU_Pwr PRU_Gain

PRU output power shall be encoded as follows:
e PRU Pwr=(-20 dBm + PRU output power in dBm), or
e PRU Pwr=11111b if output power unknown by PRU

3 bit PRU antenna gain shall be encoded as follows:

e PRU Gain = (-5 dB + PRU antenna gain in dBi), or

e PRU_Gain = 111b if antenna gain unknown by PRU

The ADV Flags field is included in the Bluetooth Generic Access Profile, Service Data Advertising Data

type after the PRU RSSI Parameters field and shall contain A4WP specific information and shall use the
following bit format:

7 6 5 4 3 2 1 0
Impedance | Impedance | Impedance | Reboot Bit | OVP Status | Time Set RFU RFU
Shift Bit2 | Shift Bit 1 | Shift Bit0 (optional) Support

e Bits 5-7 - Impedance Shift Bits
e Bit4 - Reboot Bit ('0' = recent reset, '1' = connection drop with no reset)
e Bit 3 - OVP Status (optional) - set to '0' if not used ('0' =no OVP, 'l' = OVP)
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Bit 2 - Time Set Support ('0' = no support, '1' = support)

The Impedance Shift bit field shall be as defined in Table 6.5.1-2 (refer to section 4.3.3.4 for Short
Beacon PRU-induced Impedance).

A4WP-S-0001 v1.2.1

Table 6.5.1-2 Impedance Shift Bit
Impedance Shift Bits Definition

000 Can never create an impedance shift

001 Cat 1 PRU

010 Cat 2 PRU

011 Cat 3 PRU

100 Cat 4 PRU

101 Cat 5 PRU

110 Reserved

111 Reserved

6.5.1.1 Sample Data

The following shows sample data for PRU Advertising payload contents reflecting the following settings.

Flags AD Type:
Limited Discoverable Mode is set.
All other bits set to zero.

Service Data AD Type:

Sample Data: 0000: 0201010716FEFF0101FF60

6.5.2 WPT Service

16-bit UUID is set to OxFFFE
GATT Primary Service Handle is set to 0x0101
PRU RSSI Parameters is set to OxFF
ADYV Flags are set to:

o CAT3 PRU

o Reboot bit is set to zero
o OVP indicator is set to zero

The WPT Service exposes related control and status data for proper coordination between a PRU and a
PTU.

6.5.2.1 WPT Service UUID

Table 6.5.2.1-1 shows the mandatory UUID definitions for the WPT Service.

Table 6.5.2.1-1 WPT Service UUID
UUID Value Definition
WPT _CHARACTERISTIC 0x6455e670-a146-11e2-9¢96- 128-bit A4WP WPT Characteristic Base
_BASE UUID 0800200c9a67 UUID.
WPT_SERVICE UUID O0xFFFE 16-bit Bluetooth SIG assigned WPT

Source: www.rezence.com
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UUID

Value

Definition

Service UUID.

6.5.2.2 WPT Service Definition
The mandatory service definition for the WPT Service is shown in Table 6.5.2.2-1.

Table 6.5.2.2-1

WPT Service

Type (16 bit) Default Value Attribute Permissions Notes Mandatory Handle
Value
0x2800 WPT_SERVICE_UUID GATT_PERMIT_READ Start of WPT (GATT Primary
GATT_PRIMARY_SERVICE (16-bit) Service Service Handle)
_uuib
0x2803 Properties = read/write GATT_PERMIT_READ PRU Control GATT Primary
GATT_CHARACTERISTIC_ uuiD = Characteristic Service Handle) + 1
uuID WPT_CHARACTERISTIC declaration
_BASE_UUID
WPT_CHARGING_PRU_CO 00000 GATT_PERMIT_READ | PRU Control GATT Primary
NTROL_UUID (5 Octets) GATT_PERMIT_WRITE Characteristic Service Handle) + 2
value
0x2803 Properties = read/write GATT_PERMIT_READ PTU Static GATT Primary
GATT_CHARACTERISTIC_ UUID = WPT_ Parameter Service Handle) + 3
uuID CHARACTERISTIC_BAS Characteristic
E _UUID+1 declaration
WPT_CHARGING_PTU_ST 00000000000000000 GATT_PERMIT_READ | PTU Static GATT Primary
ATIC_UUID (17 Octets) GATT PERMIT WRITE Parameter Service Handle) + 4
- - Characteristic
value
0x2803 Properties = read/notify GATT_PERMIT_READ PRU Alert GATT Primary
GATT_CHARACTERISTIC_ UuID = WPT_ Parameter Service Handle) + 5
uuID CHARACTERISTIC_BAS Characteristic
E _UUID+2 declaration
WPT_CHARGING_PRU_AL 0 GATT_PERMIT_READ | PRU Alert GATT Primary
ERT_UUID (1 Octet) GATT PERMIT NOTIFY Parameter Service Handle) + 6
- Characteristic
value
0x2902 0 GATT_PERMIT_READ | Client GATT Primary
CLIENT_CHARACTERISTIC (1 Octet) GATT_PERMIT_WRITE Characteristic Service Handle) + 7
_CONFIGUARATION_UUID Configuration
UUID for PRU
Alert
0x2803 Properties = read GATT_PERMIT_READ PRU Static GATT Primary
GATT_CHARACTERISTIC_ UUID = WPT_ Parameter Service Handle) + 8
uuID CHARACTERISTIC_BAS Characteristic
E _UUID+3 declaration
WPT_CHARGING_PRU_ST 0000000000000000000 GATT_PERMIT_READ PRU Static GATT Primary
ATIC_UUID (20 Octets) Parameter Service Handle) + 9
Characteristic
value
0x2803 Properties = read GATT_PERMIT_READ PRU Dynamic GATT Primary
GATT_CHARACTERISTIC_ UUID = WPT_ Parameter Service Handle) +
uuID CHARACTERISTIC_BAS Characteristic 10
E _UUID+4 declaration
WPT_CHARGING_PRU_DY | 00000000000000000000 GATT_PERMIT_READ PRU Dynamic GATT Primary
NAMIC_UUID (20 Octets) Parameter Service Handle) +
Characteristic 11
value

The definition for the mandatory GAP Service is shown in Table 6.5.2.2-2.
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Table 6.5.2.2-2 GAP Service
Type (16 bit) Default Value Attribute Permissions Notes
0x2800 0x1800 GATT_PERMIT_READ Start of GAP
GATT_PRIMARY_SERVICE (GAP_SERVICE_UUID) Service
_UuUID
0x2803 02 (properties: read only) GATT_PERMIT_READ Device Name
GATT CHARACTERISTIC 00 2A (UUID: 0x2A00) characteristic
uuiD ~ - declaration
0x2A00 "WPT PRU" GATT_PERMIT_READ Device Name
GAP_DEVICE_NAME_UUID characteristic
value
0x2803 02 (properties: read only) GATT_PERMIT_READ Appearance
GATT CHARACTERISTIC 01 2A (UUID: 0x2A01) characteristic
uuiD - declaration
0x2A01 0x0000 (unknown) GATT_PERMIT_READ Appearance
GAP_APPEARANCE_UUID characteristic
value
0x2803 02 (properties: read only) GATT_PERMIT_READ Peripheral
GATT CHARACTERISTIC 04 2A (UUID: 0x2A04) Preferred
uuiD - Connection
Parameters
characteristic
declaration
0x2A04 50 00 (100ms preferred GATT_PERMIT_READ Peripheral
GAP PERI CONN PARAM min connection interval) Preferred
uuD - A0 00 (200ms preferred Connection
- max connection interval) Parameters
00 00 (O preferred slave characteristic
latency) value
E8 03 (10000ms preferred
supervision timeout)

The definition for the GATT Service, shown in Table 6.5.2.2-3, is mandatory if service definitions on the

PRU can be added, changed, or removed, optional otherwise.

Table 6.5.2.2-3

GATT Service

Type (16 bit) Default Value Attribute Permissions Notes
0x2800 0x1801 GATT_PERMIT_READ Start of GATT
GATT_PRIMARY_SERVICE | (GATT_SERVICE_UUID) Service

_UuID

0x2803

GATT_CHARACTERISTIC_
uuiD

20 (properties: indicate
only)
05 2A (UUID: 0x2A05)

GATT_PERMIT_READ

Service Changed
characteristic
declaration

0x2A05 (null value) (none) Service Changed
GATT_SERVICE_CHANGE characteristic
D_UUuID value
6.5.3 PRU Control

When written, this characteristic initiates PTU commands (e.g., start charge) at the PRU. The PTU must
write a PRU Control Characteristic whenever it requires a status change in the PRU. The designated PRU
shall change configuration according to the PRU Control Characteristic.
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6.5.3.1 PRU Control Characteristic Behavior

The PRU Control characteristic is written using the GATT Write procedure. The PTU writes this
characteristic to send commands to the PRU.

6.5.3.2 PRU Control Characteristic Value

The PRU Control characteristic value fields are described in Table 6.5.3.2-1. The length of the
characteristic value is 5 octets.

Table 6.5.3.2-1 PRU Control Characteristic

Field Octet Description Use Units
Enables 1 PTU turn on, PTU Mandatory N/A
on indication etc.
Permission 1 PRU is permitted in Mandatory N/A
PTU.
Time Set 1 PTU sets up time. Mandatory ms
RFU 2 Undefined N/A N/A

Table 6.5.3.2-2 Detail: Bit Field for Enables

7 6 5 4 3 2 1 0
Enable PRU | Enable PRU | Adjust power command RFU RFU RFU RFU
output charge
indicator
1 =Enable | 1=Enable 00 = Maximum power RFU RFU RFU RFU

0 = Disable | 0 = Disable 01 =66% * Prect max
10 =33% * Prect max
11=2.5W

Enable PRU output allows the PRU to go to full power. Before this it must draw less than 1.1 W. It
should draw as little power as possible.

Enable PRU charge indicator, when set to 'l' allows the PRU to indicate that charging may occur.
Otherwise this bit is set to '0".

If supported by the PRU, the Adjust power command requires PRUs to adjust power draw. PTUs are not
required to send this command if the PRU supports Adjust power.

Table 6.5.3.2-3 Detail: Bit Field for Permission

Value (Bit) Description
0000 0000 Permitted without reason
0000 0001 Permitted with waiting time due to limited available power

1000 0000 Denied with PTU Latching Fault 4 described in section 5.2.9.11.
1000 0001 Denied due to limited available power
1000 0010 Denied due to limited PTU Number of Devices
1000 0011 Denied due to limited PTU Class support
All other values |RFU
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If a PTU writes “Permitted with waiting time due to limited available power”, once the PTU has power
available, it shall update the value of the Permission field to “Permitted without reason” to allow the PRU

to begin charging.

Table 6.5.3.2-4 Detail: Bit Field for Time Set

Value (Bit) PTU Setting Time
0000 0000 RFU
0000 0001 10ms
0000 0010 20ms
0000 0011 30ms
0000 0100 40ms
0000 0101 50ms
0000 0110 60ms
0000 0111 70ms
0000 1000 80ms
All other values RFU

NOTE: This field is used for cross connection check (refer to section 6.6.5).

6.5.4

PTU Static Parameter

The PTU Static Parameter characteristic contains data with constant values on the PTU.

6.5.4.1 PTU Static Parameter Characteristic Behavior
The PTU Static Parameter characteristic is written using the GATT Write procedure.

This Characteristic is intended to provide static PTU parameters to a PRU.

6.5.4.2 PTU Static Parameter Characteristic Value

The PTU Static Parameter characteristic value fields are described in the Table 6.5.4.2-1. The length of

the characteristic value is 17 octets.

PTU static parameter characteristic shall have the following fields.

Table 6.5.4.2-1

PTU Reporting Static Values to PRU

Field Octets Description Use Units
Optional fields validity 1 Defines which fields are valid | Mandatory
PTU Power 1 Power of PTU Mandatory
PTU Max Source Impedance 1 Maximum source impedance Optional
of the PTU
PTU Max Load Resistance 1 Maximum load resistance of Optional
the PTU
RFU 2 Undefined N/A
PTU class 1 PTU class Mandatory Class 1-5
Hardware rev 1 Revision of the PTU HW Mandatory
Firmware rev 1 Revision of the PTU SW Mandatory

Source: www.rezence.com
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Field Octets Description Use Units
Protocol Revision 1 A4WP Supported Revision Mandatory
PTU Number of Devices 1 Max Number of Devices Mandatory
Supported
RFU 6 Undefined N/A

6.5.4.3 Optional Fields Validity

The Optional Fields Validity field shall identify which optional fields have valid values. All optional
fields not identified as valid shall be set to zero.

Table 6.5.4.3-1

Detail: Bit Field for Optional Fields Validity

7 6 5 4 3 2 1
Max Max RFU RFU RFU RFU RFU RFU
Impedance | Resistance

6.5.4.4 PTU Power

The PTU Power field shall be set equal to the value shown in Table 3.1-1 according to the PTU class. The
eight bits of the PTU Power field are populated per the State Definition Bit field (shown in decimal).
Power values called out in Table 6.5.4.4-1 are in Watts.

Table 6.5.4.4-1 PTU Power
7 6 5 4 3 : | 1|
PTU Power
State Definition Table (Values in Decimal, Power in Watts)

Value Pwr Value Pwr Value Pwr Value Pwr Value Pwr
0 0 32 4.4 64 13.6 96 28 128 50
1 0.1 33 4.6 65 14 97 28.5 129 51
2 0.2 34 4.8 66 14.4 98 29 130 52
3 0.3 35 5 67 14.8 99 29.5 131 53
4 0.4 36 52 68 15.2 100 30 132 54
5 0.5 37 5.4 69 15.6 101 30.6 133 55
6 0.6 38 5.6 70 16 102 31.2 134 56
7 0.7 39 5.8 71 16.4 103 31.8 135 57
8 0.8 40 6 72 16.8 104 324 136 58
9 0.9 41 6.3 73 17.2 105 33 137 59
10 1 42 6.6 74 17.6 106 33.6 138 60
11 1.1 43 6.9 75 18 107 342 139 61
12 1.2 44 7.2 76 18.4 108 34.8 140-255 RFU
13 1.3 45 7.5 77 18.8 109 354
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State Definition Table (Values in Decimal, Power in Watts)

Value Pwr Value Pwr Value Pwr Value Pwr Value Pwr
14 1.4 46 7.8 78 19.2 110 36
15 1.5 47 8.1 79 19.6 111 36.6
16 1.6 48 8.4 80 20 112 37.2
17 1.7 49 8.7 81 20.5 113 37.8
18 1.8 50 9 82 21 114 38.4
19 1.9 51 9.3 83 21.5 115 39
20 2 52 9.6 84 22 116 39.6
21 2.2 53 9.9 85 22.5 117 40.2
22 2.4 54 10.2 86 23 118 40.8
23 2.6 55 10.5 87 23.5 119 41.4
24 2.8 56 10.8 88 24 120 42
25 3 57 11.1 89 24.5 121 43
26 32 58 11.4 90 25 122 44
27 3.4 59 11.7 91 25.5 123 45
28 3.6 60 12 92 26 124 46
29 3.8 61 12.4 93 26.5 125 47
30 4 62 12.8 94 27 126 48
31 42 63 13.2 95 27.5 127 49

6.5.4.5 PTU Max Source Impedance

The PTU Max Source Impedance, if included, shall designate the maximum output impedance of the PA /
filter in the PTU.

Table 6.5.4.5-1 Max Source Impedance

7 6 5 4 3 2 1 0
PTU Max Source Impedance RFU RFU RFU
State Definition
Value (Decimal) PTU Maximum Source Impedance (ohms)
0 50
1 60
2 70
3 80
4 90
5 100

Source: www.rezence.com 56



http://www.rezence.com/

1

A4WP-S-0001 v1.2.1

Signaling Specifications

State Definition
Value (Decimal) PTU Maximum Source Impedance (ohms)
6 110
7 120
8 130
9 140
10 150
11 175
12 200
13 225
14 250
15 275
16 300
17 350
18 375
19 - 31 RFU

6.5.4.6

tor.

PTU Max Load Resistance

This field, if included, defines the maximum PTU load resistance as seen at the input to the PTU resona-

Table 6.5.4.6-1

Max Load Resistance

7 6 5 4 3 2 1 0
PTU Max Load Resistance RFU RFU RFU
State Definition
Value (Decimal) PTU Max Load Resistance (ohms)

0 5

1 10
2 15
3 20
4 25
5 30
6 35
7 40
8 45
9 50
10 55

11-31 RFU
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6.5.4.7 PTU Number of Devices

This field defines the number of devices that the PTU can support.

A4WP-S-0001 v1.2.1

Table 6.5.4.7-1 PTU Number of Devices

7 6 5 4 3 2 1 0
RFU RFU RFU RFU PTU Number of Devices
State Definition
Value (Decimal) Number of devices
0 1
1 2
2 3
3 4
4 5
5 6
6 7
7 8
8-255 RFU

6.5.4.8 PTU Class

The PTU class field shall identify the class to which the PTU is assigned (refer also to section 3.1).

State Definition

00000000 = Class 1

00000001 = Class 2

00000010 = Class 3

00000011 = Class 4

00000100 = Class 5

00000101 - 11111111 =reserved

6.5.4.9 Hardware Revision

The PTU Hardware Revision is vendor proprietary.

6.5.4.10 Firmware Revision

The PTU Firmware revision is vendor proprietary.

6.5.4.11 Protocol Revision

The PTU Protocol Revision field shall be assigned a number that maps to the highest A4WP specification

revision supported per Table 6.5.4.11-1.
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Table 6.5.4.11-1 A4WP Protocol Revision Field

Protocol Revision Revision Description
0 A4WP Revision 1.2
1-255 Reserved

6.5.4.12 PRU Static Parameter Characteristic Behavior

6.5.5 PRU Static Parameter Characteristic

The PRU Static Parameter Characteristic contains data with constant values from a PRU.

This characteristic is intended to enable a PTU to read the static information from the PRU.

6.5.5.1 PRU Static Parameter Characteristic Value

The Charging Parameters characteristic value fields are described in Table 6.5.5.1-1. The length of the
characteristic value is 20 octets.

Table 6.5.5.1-1 PRU Reporting Static Values to the PTU

Field Octets Description Use Units
Optional fields 1 Defines which optional fields are Mandatory
validity populated
Protocol Revision 1 A4WP Supported Revision Mandatory
RFU | Undefined N/A
PRU Category 1 Category of PRU Mandatory
PRU Information 1 Capabilities of PRU (bit field) Mandatory
Hardware rev | Revision of the PRU HW Mandatory
Firmware rev 1 Revision of the PRU SW Mandatory
Prect max 1 Prect max of the PRU Mandatory mW=*100
VRECT MIN_STATIC 2 VRrECT MmN (static, first estimate) Mandatory mV
VRECT HIGH_STATIC 2 VRECT HIGH (static, first estimate) Mandatory mV
VRECT SET 2 VRECT SET Mandatory mV
Delta R1 value 2 Delta R1 caused by PRU Optional .01 ohms
RFU 4 Undefined N/A

6.5.5.2 Optional Fields Validity

The Optional Fields Validity field shall identify which optional fields have valid values. All optional
fields not identified as valid shall be set to zero.

Table 6.5.5.2-1 Detail: Bit Field for Optional Fields Validity

7 6 5 4 3 2 1 0
Delta R1 RFU RFU RFU RFU RFU RFU RFU
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1 6.5.5.3 Protocol Revision

2 The PRU Protocol Revision field shall be assigned a number that maps to the highest A4WP specification
3 revision supported per Table 6.5.4.11-1.

4+ 6.5.54 PRU Category
s The PRU Category shall be assigned a Category number.

Bit Field Version Description
0 Undefined
1 Category 1
2 Category 2
3 Category 3
4 Category 4
5 Category 5
6-255 Undefined

¢ 6.5.5.5 PRU Information
7 The PRU Information including BLE radio count and NFC capabilities, shall be defined by this field.

8 Table 6.5.5.5-1 Detail: Bit Field for PRU Information
7 6 5 4 3 2 1 0
NFC receiver | Separate BTLE | Power Control | Adjust power | Charge Complete | RFU | RFU | RFU
radio in PRU Algorithm capability Connected Mode
Preference
0 =Not 0 = Not 0= 0 =Not 0 = Not supported
supported supported VRECT MIN_ERROR supported 1 = Supported
1 = Supported 1 =Supported || = Max System| 1= Supported
Efficiency

o 6.5.5.6 PRU Hardware Revision

10 The PRU Hardware Revision is vendor proprietary.

Bit Field Hardware Revision Description
Defined by OEM

n 6.5.5.7 PRU Firmware Revision

12 The PRU Firmware Revision is vendor proprietary.

Bit Field Firmware Revision Description
Defined by OEM

3 6.5.5.8 Prect max

14 The PRU shall report its maximum rated Prect power as Prect max. The value is in increments of 100
15 mW.
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Bit Field Power in mW

0-255 0-25500 mW

6.5.5.9 Vgect miN staTic (Static, First Estimate)

The PRU shall report its minimum Vgecr voltage as Vrecr min_staTic. The value is in mV.

Bit Field Voltage Minimum

0-65535 0-65535 mV

6.5.5.10 VRgecr nicH staTic (Static, First Estimate)

The PRU shall report its maximum Vrecr voltage as Vrect nigu static. The value is in mV.

Bit Field Voltage Maximum

0-65535 0-65535 mV

6.5.5.11 VRecrt ser
The PRU shall report its desired Vrecr voltage as Vrecr ser. The value is in mV.

Bit Field VRECT_SET

0-65535 0-65535 mV

6.5.5.12 Delta R1 Caused by PRU
The PRU may report its Delta R1, if included, in increments of 0.01 ohms.

Bit Field Delta R1

0-65535 0 - 655.35 ohms

6.5.6 PRU Dynamic Parameter

The PRU Dynamic Parameter characteristic contains measurement data with values that change during
the charging process on the PRU.

6.5.6.1 PRU Dynamic Parameter Characteristic Behavior

The PRU Characteristic Behavior characteristic returns its value when read using the GATT Read
Characteristic Value procedure. The PTU shall read this characteristic at least every 250 ms.

When a PTU requires a connection to a PRU to read PRU Dynamic Parameter Characteristic values it
shall follow the connection procedures described in section 6.4.5.2.

Based on the PRU Dynamic Parameter Characteristic, the PTU shall update the device control table in the
registry corresponding to each PRU status.

6.5.6.2 PRU Dynamic Parameter Characteristic Value

The PRU Dynamic Parameter characteristic value fields are described in the Table 6.5.6.2-1. The length
of the characteristic value is 20 octets.

When read, this characteristic returns dynamic variables from the PRU (e.g., Vrecr) to the PTU.
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Table 6.5.6.2-1 PRU Dynamic Parameter Characteristic

Field Octets Description Use Units
Optional fields 1 Defines which optional fields are Mandatory
validity populated
VRECT 2 DC voltage at the output of the Mandatory mV
rectifier.
IrecT 2 DC current at the output of the Mandatory mA
rectifier.
Vour 2 Voltage at charge/battery port Optional mV
Tout 2 Current at charge/battery port Optional mA
Temperature 1 Temperature of PRU Optional Deg C from -40C
VRECT MIN_DYN 2 The current dynamic minimum Optional mV
rectifier voltage desired
VRECT SET DYN 2 Desired Vrecr (dynamic value) Optional mV
VRECT HIGH DYN The current dynamic maximum Optional mV
rectifier voltage desired
PRU alert 1 Warnings Mandatory Bit field
RFU 3 Undefined

6.5.6.3 Optional Fields Validity

The Optional Fields Validity field shall identify which optional fields have valid values. All optional
fields not identified as valid shall be set to zero.

Table 6.5.6.3-1 Detail: Bit Field for Optional Fields Validity

7 6 5 4 3 2 1 0
Vour Tout Temperature | Vrect MiN D | VRECT SET DY | VRECT HIGH D RFU
YN N YN RFU
1=Yes 1=Yes 1=Yes 1=Yes 1=Yes 1=Yes RFU
0=No 0=No 0=No 0=No 0=No 0=No RFU

6.5.6.4 Vgecr - Voltage at Diode Output
The PRU shall report the voltage at its rectifier output as Vrecr. The value is in mV.

Bit Field
0-65535

VRECT
0-65535 mV

6.5.6.5 Irecr - Current at Diode Output

The PRU shall report the current at its rectifier output as Irect. The value is in mA.

Bit Field
0-65535

IreCT SET
0-65535 mA

6.5.6.6 Vour - Voltage at Charge Battery Port
The PRU may report its charge output voltage as Vour. The value is in mV.

Source: www.rezence.com
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Bit Field

Charge Battery Port Voltage

0-65535

0-65535 mV

6.5.6.7 Iour - Current at Charge Battery Port
The PRU may report its charge output current as Iout. The value is in mA.

Bit Field

Charge Battery Port Current

0-65535

0-65535 mA

6.5.6.8 PRU Temperature

The PRU may report its temperature in this field. The value is in degrees Celsius, with 0 corresponding to
-40C, and 255 corresponding to +215C.

Bit Field

Temperature C

0-255

Deg C from -40C to +215C

6.5.6.9 Vgect_ min_pyn (Dynamic Value)

Signaling Specifications

The PRU may report its dynamic minimum rectifier voltage as Vrect min py~. The value is in mV.

Bit Field

Vrect Dynamic Value

0-65535

0-65535 mV

6.5.6.10 Vgecr ser pyny (Dynamic Value)

The PRU may report the desired voltage at its rectifier output as Vrect ser pyn. The value is in mV.

Bit Field

Vrect Dynamic Value

0-65535

0-65535 mV

6.5.6.11 Vgect_mcu pyn (Dynamic Value)

The PRU may report its dynamic maximum rectifier voltage as Vrect niga_pyn. The value is in mV.

Bit Field

Vrect Dynamic Value

0-65535

0-65535 mV

6.5.6.12 PRU Alert

PRU Alert is included in both the PRU Dynamic Parameter Characteristic and the PRU Alert Character-
istic so as to provide for the fastest potential delivery and response.

Table 6.5.6.12-1 Detail: Bit Field for PRU Alert

7 6 5 4 3 2 1 0
Over- Over- Over-temp | PRU Self Charge Wired PRU Charge RFU
voltage current Protection | Complete Charger Port
Detect
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Refer to 6.5.7, PRU Alert Characteristic, for details on the following fields.
e Over-voltage

e Over-current

e Over-temp

e PRU Self Protection

e Charge Complete

e  Wired Charger Detect

The PRU Charge Port bit is set to '1' to indicate that the PRU charge port output is activated. Otherwise
this bit is set to '0'".

6.5.7 PRU Alert Characteristic

The PRU Alert characteristic enables a PTU to receive notifications or indications of the PRU Alert
characteristic from a PRU supporting this feature to show alerts (e.g., OVP, OCP, OTP and PRU Self
Protection).

6.5.7.1 PRU Alert Characteristic Behavior

The PRU Alert characteristic enables a PTU to receive notifications of the OVP, OCP, OTP and PRU Self
Protection, Charge Complete and Wired Charger Detect flags from a PRU supporting this feature.

The PRU Alert characteristic also enables a PRU to send indications to the PTU regarding Mode
Transition as described in section 6.7 via the Mode Transition Bits.

The PTU shall be able to receive multiple notifications and indications of the PRU Alert characteristic
from the PRU.

6.5.7.2 PRU Alert Characteristic Value

The PRU Alert characteristic value fields are described in the Table 6.5.7.2-1. The length of the
characteristic value is 1 or 7 octets depending on the presence of the optional Device Address.

Table 6.5.7.2-1 PRU Alert fields

Field Octets Description Use Units
PRU Alert | Defines the Over Voltage, Over Mandatory
Current, Over Temperature and Self
Protection Alerts
Device Address 6 Bluetooth device address (48 bits) Conditional upon
(Optional) used in mode transition reconnect support for the Mode
Transition feature.

Table 6.5.7.2-2 Detail: Bit Field for PRU Alert Notification

7 6 5 4 3 2 1 0
PRU Over- | PRU Over- PRU Over- |PRU Self| Charge Wired Mode Mode
Voltage Current Temperature | Protection | Complete | Charger Transition | Transition
Detect Bit 1 Bit 0
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6.5.7.3 PRU Over-voltage

This bit, when set to '1', indicates that Vrgcr at the PRU has exceeded the OVP limit. Refer to 5.2.9.11 for
PTU Latching Fault requirements. Otherwise, this bit is set to '0".

6.5.7.4 PRU Over-current

This bit, when set, indicates that Irgcr at the PRU has exceeded the PRU’s current limit. Refer to 5.2.9.11
for PTU Latching Fault requirements.

6.5.7.5 PRU Over-temperature

This bit, when set, indicates that measured temperature at the PRU has exceeded the PRU’s temperature
limit. Refer to 5.2.9.11 for PTU Latching Fault requirements.

6.5.7.6 PRU Self Protection
This bit, when set, indicates that the PRU is protecting itself by reducing power to its load. The PTU does

not need to change states as a result. The PTU may provide feedback to the user via its user interface that
one of the PRU’s may not be charging at full rate.
6.5.7.7 Charge Complete

This bit, when set, indicates that the PRU does not require charging.

6.5.7.8 Wired Charger Detect

This bit, when set, indicates that the PRU is powered by external wired power.

6.5.7.9 Mode Transition Bits

The Mode Transition bits shall be set to a non-zero value to indicate to the PTU the duration of the pend-
ing Mode Transition procedure as described in section 6.7. The bits shall indicate the Mode Transition
duration values as defined in Table 6.5.7.9-1.

Table 6.5.7.9-1 Mode Transition

Value (Bit) Mode Transition Bit Description
00 No Mode Transition
01 2 s Mode Transition time limit
10 3 s Mode Transition time limit
11 6 s Mode Transition time limit

6.5.7.10 Device Address

The Device Address field shall be included as part of the PRU Alert Notification field if and only if the
Mode Transition bits are set to a non-zero value. Refer to section 6.7 for the Mode Transition procedure.

6.6 Cross Connection Algorithm

The cross connection algorithm is a set of functions designed to prevent connection between a PTU and a
PRU that is not in the PTU’s charging area.
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6.6.1 Definitions

A distant PRU is defined as one that is not within a given PTU’s charging area. A local PRU is defined as
one that is within a given PTU’s charging area. A distant list is a persistent list of PRU addresses that are
assumed to not be within a given PTU’s charging area.

6.6.2  Acceptance of Advertisement

During a long beacon, the BLE client (PTU) shall issue a connection request between 0 and 50 ms of a
received WPT Service related advertisement provided that:

1. the RSSI of the advertisement is greater than ADV_PWR_MIN as measured at the receive antenna,
AND

2. the PTU observes an impedance shift close to the time of the advertisement as described in section
6.6.3.

NOTE: The ADV_PWR_ MIN recommended value is -60 dBm, but may vary based on implementation.

If neither of these conditions are satisfied, the PTU shall ignore advertisements from that device. If one of
these conditions is satisfied, then once the 11th advertisement is received, or more than 1700 ms elapses,
then the PTU shall issue a connection request.

For information on use of the Distant List, refer to section 6.6.4.
The PTU shall ignore any advertisements if they occur when the PTU’s resonator is unpowered.

The PTU conditions for acceptance of advertisement shall not apply for PRUs in mode transition (refer to
section 6.7).

6.6.3 Impedance Shift Sensing

Each PTU design contains a table of Short Beacon PRU-induced Impedance, Zrx v roap perect that can
be detected by the PTU. Refer to Table 7.1.1-1.

Upon receipt of an advertisement from a PRU during a long beacon, the PTU shall look up the
Ztx 1N Loap petecT from its internal table. From the time an impedance shift is detected, the PTU shall
look for an advertisement during the next 110 ms. (Note that if this period extends beyond the boundaries
of the long beacon, a comparison to the values measured during the previous beacon may need to be
made.)

The PTU shall then compare the impedance change to the Zrx v Loap petect. (If the PTU is capable of
measuring only one of reactance or resistance changes, then only one comparison is made.) If either the
resistance or the reactance exceeds the values from the table, then the PTU is to consider the PRU to have
an associated impedance shift. If the PRU reports Impedance Shift bits set to 000 in the PRU advertising
payload (refer to sections 4.3.3.4 and 6.5.1), the PTU is to consider the PRU to have an associated
impedance shift no matter what the measured value.

6.6.4 Reboot Bit Handling

A PTU may have an algorithm that looks for advertisements during periods when the power amplifier is
off. Since advertisements are not allowed when the PRU is unpowered, any advertisement that occurs
during this time may be considered an advertisement from a distant PRU. The PTU may retain the address
of such advertisements and place them on a “distant” list, to be ignored in the future. This prevents future
cross-connections to that PRU.
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If a PTU implements such a system, it must ignore the “distant” list whenever the reboot bit in the PRU
advertisement is set to '0'. In addition it must clear that device from the “distant” list whenever the reboot
bit in the PRU advertisement is set to '0'. The reboot bit indicates that the PRU has recently had power
removed and re-applied, as it would if the phone were moved from one pad to another; this makes any
“distant” list invalid. Otherwise, the PTU may ignore this bit.

6.6.5 Time Set Handling

After the PRU Control characteristic is written that includes a Time Set value and Enable PRU output set
to 'l', the PRU shall create a valid load variation of at least Zrx v Loap petect Which is defined for each
PTU resonator in section 7, maintain that load condition for the defined time in the Time Set field (Table
6.5.3.2-4), and upon completion, the PRU shall return to its original load condition and maintain it for 20
ms. The PRU shall enable the output after checking cross connection by the Time Set value.

If present, the PTU shall detect the PRU load variation and compare the measured load variation period to
the defined Time Set value with a tolerance of + 5 ms. If the PRU does not create the expected load
variation for the defined Time Set value and the PRU supports Time Set (refer to 6.5.1 for Time Set
Support bit), the PTU shall consider the PRU to be cross-connected, and the PTU shall enter the PTU
Latching Fault State (refer to 5.2.9.11).

6.7 Mode Transition

A PRU’s BLE controller may need to re-initialize during an active charging session when the PRU is in
Power On State as described in section 5.3.5 and the PTU is in the Power Transfer State as described in
section 5.2.5. An example of when this procedure may be necessary is when a PRU initially charging
from a completely dead battery condition retains enough battery charge where it is then possible to
energize other subsystems comprised in the platform containing the PRU.

If the BLE controller re-initialization procedure requires the BLE link between a PRU and a PTU to ter-
minate and then reinitialize, then the Mode Transition procedure described in this section shall be follow-
ed.

6.7.1 Mode Transition Procedure

The PRU shall notify the PTU of its intent to terminate the BLE link prior to executing its re-initialization
procedure (of the BLE link). This Mode Transition notification is a GATT indication to the PTU that the
PRU’s physical BLE link is about to drop and that the PTU and PRU will take the following actions. It is
mandatory for the PTU to support the mode transition procedures defined for both zero and non-zero
Device Address fields in the Mode Transition indication.

While in the PRU On State, if the PRU needs to reinitialize the BLE link with the PTU, the PRU shall
notify the PTU by issuing a Mode Transition alert. A Mode Transition shall be performed by the PRU
sending an Alert characteristic indication as described in section 6.5.7. The PRU shall include the
following information within the Mode Transition alert:

1. The Mode Transition Bits shall be set to the (non-zero) time required for mode transition to complete.
The bit settings shall indicate the duration of the Mode Transition using the format described in
section 6.5.7.9, Mode Transition Bits.

2. Ifknown, the Device Address field shall be set to the BLE device address to be used when the PRU’s
advertises and reconnects to the PTU after BLE device re-initialization. If this device address is
unknown at the time this indication is sent, then the PRU shall set the Device Address field to all
zeros. Refer to section 6.5.7.10, Device Address.
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If the Mode Transition Bits indicate a period of less than or equal to 3 seconds, then the PTU shall
maintain Itx con relative to the PRU for the duration of the Mode Transition period. The PTU shall
exclude the PRU from being classified as a rogue object only during the Mode Transition procedure.

If the Mode Transition Bits are set to a value greater than 3 seconds, then prior to the beginning of the
Mode Transition procedure, the PRU shall change its input impedance setting to support no more than a
1.1 watt power draw and shall restrict any impedance change to this level during the entire Mode
Transition procedure. The PTU shall adjust Itx cow to this setting and shall maintain Irx con relative to
the PRU for the duration of the Mode Transition procedure. If the Mode Transition device address is set
to a non-zero value, then the Mode Transition expiration timer shall be stopped once the BLE connection
is re-established. Otherwise the Mode Transition expiration timer shall be stopped once the registration
procedure concludes at the issuing of the Control Characteristic containing the Enable PRU Charge
command as described in section 6.5.2.2.

6.7.2 BLE Reconnection Procedure

If the Device Address field within the Mode Transition alert is set to a non-zero value, then the PRU shall
use this device address as its own in advertisements issued after re-initializing. BLE device discovery
shall not be executed by the PTU and the PTU shall attempt to reconnect to the PRU on receipt of the first
advertisement from the PRU as well as any subsequent advertisements due to failed connection attempts.
Once reconnected, the PTU shall be able to immediately support the previous charging session parameters
used prior to re-initialization and execution of the registration procedure shall not be executed and the
PRU is not subjected to the Acceptance of Advertisement checking, specified in section 6.6.2. Figure
6.7.2-1 contains an illustrative message sequence chart depicting this procedure. GATT responses are
omitted in the chart for simplicity.
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PTU PRU

[ |
PTU PRU
Power Power
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| @ Report (PRU Dynamicy |

On

PRU Bluetooth Mode Transition Required

Indication (PRU Alert)

ition
Mode Trans Device Address)
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——Mode Transition Confirmationﬂ

Boot
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PRU: PTU Searching_______
l«— (Advertisement)
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(Connection Req)
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port (PRU Dynamicy—|

On

la—Re

ic
|« Report (PRU Dynamicr——"

2 NOTE: Read Requests are omitted for simplicity. Read Responses are shown as “Report (PRU
3 Dynamic)”.

4 Figure 6.7.2-1 PRU Mode Transition - Device Address Field set to a Non-zero Value

s Ifthe Device Address field within the Mode Transition alert is set to all zeros, then the PTU will not have

6 any information regarding the address used by the PRU during BLE link reconnection. In this case the
7 PTU shall rediscover the PRU’s BLE device address when the PRU once again begins advertising.
8 Subsequently, the PTU shall reconnect with the PRU and execute the entire registration procedure which
9 concludes at the issuing of the Control Characteristic containing Enable PRU Charge command as
10 described in section 6.5.3.2. Figure 6.7.2-2 contains an illustrative message sequence chart depicting this
11 procedure.
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Figure 6.7.2-2 PRU Mode Transition - Device Address Field set to all Zeros
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7 PTU Resonators

The purpose of this section is to define the parameters required for the specification of approved PTU
resonators as well as to identify currently approved PTU resonators. Refer to A4AWP New PTU Resonator
and Resonator Interface Acceptance Test [A4WP-T-0001], for PTU resonator test methodology.

NOTE: All resonator impedance ranges and interfaces are specified in a manner which excludes the
influence of any adaptive matching circuit.

7.1 Class n Design Template

The following sections are required to be completed for every class of PTU resonator design. Refer to
section 3.1 for PTU classifications.

7.1.1  Table of Specifications

If a parameter in Table 7.1.1-1 is not applicable to the PTU resonator design (e.g., the PTU does not
support a category of PRUs), that parameter is to be identified as Not Applicable (N/A). Refer to section
3.2 for PRU categories.

Table 7.1.1-1 PTU Resonator Table of Specifications
Resonator Type (e.g., Spiral Type # Resonator)
Resonator current Ijx (Current mAms)# I,TX, COIL
Itx MmN TBD TBD
ITx_sHORT BEACON MIN® TBD TBD
Itx_LONG BEACON MIN TBD TBD
Itx starT TBD TBD
Itx_NOMINAL TBD TBD
Itx max TBD TBD
Itx_aBs mMax TBD TBD
Max rising edge slew rate TBD mA/ms
Resonator current derating Power (W)
Current derating power level TBD
Zrx N Minimum (Ohms)
ZpA_SOURCE_MIN TBD
ZTXﬁlN XTXJN (JOhl’IlS) RTXJN (Ohms)

Approved PTU resonator specifications may define Itx in addition to Itx _coiL.

This parameter is provided for PRU design guidance.
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Corner 1 TBD TBD

Corner 2 TBD TBD

Corner 3 TBD TBD

Corner 4 TBD TBD
Allowance for Xtx v per PRU category Minimum (jOhms) Maximum (jOhms)
XTX_IN_CATI TBD TBD
XTX_IN_CAT2 TBD TBD

XTX IN_CAT3 TBD TBD
XTX_IN_CAT4 TBD TBD
XTX_IN_CATS TBD TBD
Allowance for Rrx v per PRU category Minimum (Ohms) Maximum (Ohms)
Rrx v cati TBD TBD

Rrx v cam TBD TBD

Rrx v cams TBD TBD

Rrx v cat4 TBD TBD

Rrx N caTs TBD TBD

Short Beacon PRU-induced Impedance X1x N (jJOhms) Rrx_ v (Ohms)
ZTX_IN_LOAD_DETECT TBD TBD
Z1X_IN_LOAD_CHANGE® TBD TBD
Matching TBD

Resonator geometry Distance (mm)

Length TBD

Width TBD

Configuration TBD

Wire gauge TBD

Resonator clearances Distance (mm)

Clearance to charge surface TBD

Clearance to enclosure edges TBD

Clearance to bottom enclosure TBD

6 This is the minimum change in Zrx N caused by the PRU, refer to RAT, A4WP-T-0001.
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7.1.2 PTU Resonator Structure

The PTU resonator design shall include all criteria necessary to build the PTU coil to the specification.
The PTU resonator structure shall be defined including, however not necessarily limited to, the following:

e resonator geometry (a dimensioned drawing of the front, side, and top views shall be included),
e required resonator clearances (e.g., to charge surface, bottom of enclosure, enclosure edges),

e tuning,

e shielding, and

e matching network (if included as a component of the design).

7.2 Approved PTU Resonators

The following documents in Table 7.2-1 comprise the set of approved PTU resonators at the time of this
publication. Parties to agreements based on this specification are also required to investigate the possibil-
ity of additional approved PTU resonators at:

https://www.rezence.com.

Table 7.2-1 Approved PTU Resonators by Class

Resonator [Resonator Id| Document
Class (by Class)

2 0000 0001 | AAWP TWC-S-0002 v1.0, A4WP PTU Resonator Class 2 Design - Spiral Type S-1
(PTU 2-0001).
3 0000 0001 | A4WP TWC-S-0003 v1.0, 44WP PTU Resonator Class 3 Design - Spiral Type 210-

140 Series (PTU 3-0001).
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Annex A  Reference PRU for PTU Acceptance
Testing (Informative)

Refer to section 3.2 for PRU categories.

A.1 Category 1

A.1.1TBD

A.2 Category 2

Refer to the RIT 3-2 design in A4WP TWC-T-0001, A4WP New PTU Resonator and Resonator Interface
Acceptance Test [A4WP-T-0001].

A.3 Category 3

A.3.1 PRU Design 3-1
PRU Table of Specifications
Parameter Value Units
VRrx oc Boot 5.8 Volts
VRx oc_MIN 8.9 Volts
VRrx oc_HIGH 13.7 Volts
VRrx oc mMax 18 Volts
Rrx MmN 12.5 Ohms
Minimum clearance from charger area surface 0.5 mm
Zy
<>
+
Candidate Golden PRU Filt d
PTU Resonator Vrx_oc I er.aTn Load
Rectifier
Resonator (N)

Figure A.3.1-1 PRU Design 3 Block Diagram
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. A.3.2 Geometry

= 5.5

285 48.5

= 45.5 =1

3 Figure A.3.2-1 Front View

Source: www.rezence.com 76



http://www.rezence.com/

A4WP-S-0001 v1.2.1 Reference PRU for PTU Acceptance Testing (Informative)

= 57 =

Figure A.3.2-2 Back View

— 2.41 0.69

0.2 — 1.41

Figure A.3.2-3 Side View
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—== ~=— 3.09(3X EQ SP)

=

61.01
= =
V]
~=— 4401
1
2 Figure A.3.2-4 Front View, Coil Only

3 NOTE: In the above figure, "3X EQ SP" means, "Three equal spaces".

—+Trum

=1.51

5 Figure A.3.2-5 Side View, Coil Only

s A.4 Category 4
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7 A4.1TBD
s A5 Category 5

s AS1TBD
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Annex B Lost Power (Informative)

This section provides considerations for the development of lost power procedures and lost power
calculations.

B.1 Introduction

Lost power is defined as the power that can not be accounted for by the system. System power losses
include:

e Efficiency losses in the PTU power section

e Losses in the PTU resonator

e Radiated losses

e Losses in the PRU resonator

e Efficiency losses in the PRU power section

e Losses caused by induction heating of the body of the PRU

e Losses caused by induction heating of other objects in the vicinity

Generally the PTU will have the ability to measure power in and the PRU will have the ability to measure
and report power out. There will always be a difference between these two caused by the losses listed
above. Some of the losses (such as PTU and PRU resonator losses, and PRU induction heating losses) can

be estimated and accounted for fairly accurately. Some of the losses (such as induction heating of other
objects) are unknowns.

Since induction heating of other objects is undesirable, PTU designers will often wish to estimate the
amount of lost power assignable to induction heating of other objects. Simulation and empirical testing
demonstrates that this can be done with an accuracy of a few watts. If an unaccountable amount of lost
power is detected, PTU designers may elect to shut down the PTU to prevent potential heating of other
objects.

This annex lists some of the issues surrounding lost power detection.

B.2 Cross Connection Issues

When a device is cross-connected it will be reporting its power to the “wrong” PTU and will generally
cause a significant amount of lost power error. This can be used to help remedy cross connection issues,
since a shutdown will tend to reset all BLE links on that PTU and allow the cross-connected device to
“try again.”

B.3 Handoff Issues

In some cases a device may need to “hand off”, i.e., to transfer control from one BLE link to another, or
from one BLE radio to another. During this time there will often be a transient in unreported power, and
PTU designers must ensure that this does not cause an undesired lost power detection shutdown.

B.4 Power noise issues

The “spectrum” of power draw of a phone in current limit (i.e., drawing maximum power during charge)
is relatively quiet since most phone inputs are current-regulated. However, once fully charged or close to
fully charged, the power drawn becomes very noisy and thus hard to measure accurately. System design-
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ers can overcome this by implementing filters with a time constant much longer than the 250 ms sampling
interval for PRU power, but this is somewhat difficult to implement. Thus measurement of lost power
during periods other than full power may be difficult or impossible.

B.5 PTU Lost Power Calculation

B.5.1 Lost Power Detection Threshold
The PTU shall be capable of detecting when PLost > TBD for at least six seconds.

B.5.2 Lost Power Detection Speed

If lost power exceeds, and then stays above TBD, the PTU shall shut down within six seconds measured
from the moment that TBD was first exceeded.

B.5.3 PTU Lost Power Calculation

The PTU may implement the calculation Prost = Prx our - Pack

e  Prx our: Power output of the PTU resonator

e Prx our = Prx- Prx RESONATOR DISsIPATION

e  Prx resonaTor pissieaTion: Power dissipated in the PTU resonator
e Pack: Power consumption acknowledged by PRUs

e  Pack= (Paci + Prxcomi + Pivouctiont) +...+ (Pac ~ + Prxcor N+ Pinbuction N)
o Paci: Power into the rectifier of PRU 1
o Prxi: Power dissipated in the coil of PRU 1
o Pmpuctioni: Power consumed by the induction heating of PRU 1

B.5.4 PTU Power Transmission Detection Accuracy

The PTU should be able to detect the amount of power transmitted to within TBD.

B.6 PRU Lost Power Reports

NOTE: The PRU reports are used to calculate a total value of power consumption and dissipation that
is acknowledged by the PRU (Pack). The parameters Vrecr, Irect, Rrx v, Mrect, and Delta R,
can be used to compute the total of power delivered to the load, power consumed by any PRU
circuitry, power consumed by the resonator, and power consumed by any induction heating
effects.

B.6.1 Accuracy of Reported Power
The total error of the power acknowledged by an each PRU, (Pack) shall be less than 0.75 W.

Source: www.rezence.com 80



http://www.rezence.com/

ARIB STD-T113

Part 3
Microwave Electromagnetic Field Surface Coupling
Wireless Power Transmission Systems

for Mobile Devices






ARIB STD-T113

Contents

Chapter 1 General DeSCriptioniS....cccuuuuiiiieeeeiiiiiiiiieieeeeeeeieiiiirrreeeeeeeeseeitttraeeeeaseeseiessrrsrseeeeseesassnes 3-1
1.1 OULIIIIE ettt ettt e e ettt e e et e e e e ettt e e et e ee e e nteee e e nbeeeeeeanteeeeannaeeeeaan 3-1
1.2 Scope of the StaAnAard .....cccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 3-1
1.3 Normative References ......coo ittt 3-2
Chapter 2 SYStemM OVEIVIEW ......ccoviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeersserreerreeeaeens 3-3
2.1 System CRATACLETISTICS couuvuriiiieeeeeeiiiiiiiieeeeeeeeieiitreeeeeeeeeeiebtrareeeaeeeessssrarseeaeesesassesssreeeeesnns 3-3
2.2 SYStEM ATCIILECTULC .. ... e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeeeeeeeeeennnns 3-3
2.2.1 Power transmitting PATT ...ccooeeeeeeeieeeieeeeeeceeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e e e e ee e e e ans 3-3
2.2.2 POWET TECEIVING PATT..ccieiieeeeeeeeeeeeeeeee e 3-3
2.2.3 Communication parts of the PTU and PRU ........cccoooeiiiiiiiiiiiiiiiiiieeee e 3-4
2.3 Requirements for the SYSTeIM ... e e e e e e e e e e e e e eeeen 3-5
2.3.1 Power transmitting PATt ......ouuiieeeiiiiiiiiiiee e e e et e e e e e e e et e e e e e e e et b aas 3-5
2.3.2 POWET TECEIVING PATT..ccceieeeeeeeeeeeeeeeeee e, 3-5
2.3.3 Control SChEIIE . coiiiiiiiiiiii et et 3-5
Chapter 3 Technical Requirements of the System ..........cocovvviiiiiiiiiiiiiiiiiiieeeeeeee, 3-7
3.1 General ReqUITEIMEINTS .....uiiiiiiiiiiiiiiiiee ettt eeee et e e e e e e e eeettbreeeeeeeeseeassrrreaeaaeeenns 3-7
3.1.1 Power transmission method.........c..uiiiiiiiiiiiiiiiiie e 3-7
3.1.2 Power transmission freqUENCY FANZES. ... .uuuuuuuunieiieeiiiiiieeiieeeeeeeeeeeaeeeeeeeaeeeaeeaeeeaaaeeeenns 3-7
3.1.3 Power transmission frequency tolerance...........cooouuuerrrrrrerurrrennnnnnnnnennnnnnnnnnnnnnnnnnnnnnnnns 3-7
3.1.4 Radiated emisSion HMItS.....ccoeiiiiiiiiiiiiiiiieiiiiiiiiieeee ettt e e e e s s 3-7
3.1.5 Radiated leakage power IImItS........ccooiiiiiiiiiiiiiiiiiiiiiee e 3-7
3.1.6 Strength of the RF exposure on the human body ........ccoooeeeeieeiiiiiiieiiieieiiieeeeeeeeeeeee, 3-8
3.2 Power Transmission Part..........cccooviiiiiiiiiiiiiie et 3-8
3.2.1 High-frequency OULDUL .........euuueeiiiiiiiiiiiiiiiiiiiiiieiiiiiiiieeaeaeeeneaaeeeesnennennnnnnnnnnnnnnnnnnnnnnn 3-8
3.2.2 High-frequency output tOLETaNCE .........uuuereeeeieeeiiieeeie e nnnn 3-8
3.2.3 Return 1088 0f PTD....cooiiiiiiiiiiie ettt e e et e e e e as 3-8
3.2.4 INQUITY POWET traANSINISSION cevvvuuuuneeeeeeiiiiiiieieeeeeeeeetttiiaaeeeeressssannaaaeeassssssssnnaaaeessssssssnnnn 3-8
3.2.5 Q factor of the INPut €lemMEent .............vuviiiiiiiiiii e aaas 3-8
3.3 Power RecCeIVING Part..........covviiiiiiiiiiiiiiiiiiiiiiiiiiiiititeiieeeveeaaaaaeaaeaaeeasaaaaerasesasssaseesseresenssnenanees 3-9
3.3.1 Q factor of the PRI ........uuiiiiiiiiieiie e ennnn 3-9
3.4 Radio Communication Parts of the PTU and PRU ..........cccccoiiiiiiiiiii e 3-9



ARIB STD-T113

3.4.1 CoOMMUNICALION SYSTEITL ..uuvviiiiiieiiiiiiiiiiieeeeeeeeeiiiitareeeeeeeeeeeittrreeeeaeeeeeserraseeeseseesasressrseees 3-9
3.4.2 Communication freqUENCY FANZE ...ccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeee e e e e e e e ee e e e e e e e e e e e 3-9

B IR N 017 s 15 <SOSR 3-9
BB, L CaS ettt et ettt e et e e bt e e e e bbbt e e e ab bt e e e e abaeeeataeeens 3-9
3.5.2 Environmental CONAItioNS ......ciiiiiiiiiiiiiiiiiiiiiiiiiiie et e e e 3-9
Chapter 4 System Control Requirements................cccccii 3-11
O 0 111§ ' L PSPPSR 3-11
4.2 Power Transmission Control SYSEEM .........iiiiiieiiiiiiiiiiiiiiieiieeiceecccc e neens 3-12
4.3 Communication Control SYSTeIM.........uuuuuuuuuuiuniiiiii e nnnnn 3-16
Chapter 5 Measurement Methods ...........ccoiiiiiiiiiiiiiiiiii et e e e e e e e e eaenns 3-19
5.1 Testing COMAITIONS. .....cvviiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeereeessereeereeesa—————————————————r————————————————— 3-19
5.1.1 Temperature and humidity of the measurement location.........cccccceeeeeeveiieiiieeecnnnnne. 3-19

5. 1.2 POWET SUPDLY ..vvvtitiiiiiiiiiiiiiti e nnnnnnnses 3-19
D108 LLOAM ettt e et e e sttt e e e enbbaee s 3-19

5.2 Measurement CONAITIONS . .......ccviieeirriieeeeiiieeeesiieeeeeiereeeessteeesssneeesssnseeessssseeessssssseesnnnes 3-19
5.2.1 High-frequency OUtPUL POWET .........uuuuurrrirrriririiieeieeetereerserssererareeaneeerreeneen.—————————————— 3-19
5.2.2 Power transmission freqUENCY TaNZES. ... ..uuuuuuuurruruunnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnneeseeaeanns 3-20
5.2.3 Median frequency tOlEFANCE .......uuuuuunueeei e nnnnnn 3-20
5.2.4 Radiated @mMISSION. ....cieiiiiiiiiiiiiiiee ettt ettt e ettt e et e e e ettt e e sttt e e e ettt e s sbbeeeesaaarees 3-20
5.2.5 Radiated 1eaKage POWET .......ooovviuieeiiiiiiiiiiiiee et e e eeeeee e e e e eeeeeeeeeanaaes 3-21
B.2.6 LLoCal SAR ... ..t e e et e e et e e e eeeens 3-21
5.2.7 Return loss of the power transmission deVICE..........ccccuurerrrrrrunnnnnrennnnnnnnnnnnnnnnnnnnnnnnns 3-22
IR I O N - Te1 7o) R RRRRUURUUPRt 3-22
Chapter 6 Terms and Definitions..........eiiiiiiiiiiiiiiiieee et eeeeeeerirr e e e e e e e eestbrrrreeeaeeeeeesenes 3-25
6.1 Terms and DefinitionS.......ccuiiiiiciiieeeriiiee ettt et e e e ettt e e e eessensreeesesnsaeeeesnssaeeens 3-25
6.2 ADDTEVIATIONS ..etiiiiiiiiiee ettt ettt e ettt e e et ee e e ettt e e e ettt e e ettt e e e enbteeeeenreeeeeenaeeenn 3-29
Appendix 1 Details of the Control Method ...........c.oooooviiiiiiiiiiiiieeeeeeee 3-33
Appendix 2 Evaluation of the Quality Factor Q..............ooooviiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeveeeeeeeeeens 3-35
Appendix 3 Reference Devices for the PTD and PRD ............cccccooiiiiiiiiiieeeeeeeeeee, 3-41
Appendix 4 Instruction Manual t0 USEIS ...........ooovvviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaans 3-49
Description 1 Specification Example of the PTU Antenna and PRU Antenna.............cc.uuu.... 3-51
Description 2 Method of Calculating Leakage Electric POWer.......cccccoooiiieiiiiiiiiiiiiiiiiiiiiiinnnn. 3-57



ARIB STD-T113

Chapter 1 General Descriptions

1.1 Outline

This ARIB STANDARD (hereinafter referred to as “Standard”) specifies the wireless
interface between a wireless power transmitting unit and a wireless power receiving unit of
“Microwave Electromagnetic Field Surface Coupling Wireless Power Transmission (WPT)
Systems” (hereinafter referred to as “System”). Two types of interfaces are specified. One is for
the wireless power transmission and the other is for the radio communication which controls
the power transmission in the WPT System.

This system is operated at a transmission power not exceeding the limitation allowed for use
without permission in the "Other Equipment" category stipulated in “Article 45, Item (3) of the
Regulations for Enforcement of the Radio Act” and the “Equipment Utilizing High Frequency
Current” stipulated in “Article 100, Paragraph (1), Item (i) of the Radio Act”.

1.2 Scope of the Standard

The configuration of the Microwave Electromagnetic Field Surface Coupling WPT System is
shown in Figure 1-1.

The Microwave Electromagnetic Field Surface Coupling WPT System consists of a power
transmitting unit (PTU), which transmits electrical power supplied from an external device,
and a power receiving unit (PRU), which receives electric power transmitted by the PTU and
supplies it to an external device. An Electromagnetic Field Surface Coupling is formed between
power transmission device (PTD) of the PTU and power receiving device (PRD) of the PRU, and
the electric power is wirelessly transferred. Signaling communication is used to control the
power transmission, and such communication is performed between the radio communication
parts of the PTU and radio communication parts of the PRU. The wireless communication parts
of the PTU and PRU consist of a communication device and antenna, respectively. In general,
the “external device” at the power transmitting unit is assumed to be the power supply
equipment, and the “external device” at the power receiving unit is assumed to be the power
receiving equipment.

The radio communication uses a different frequency from that of wireless power transmission

The scope of this Standard is illustrated in the configuration of the Microwave
Electromagnetic Field Surface Coupling WPT System shown in Figure 1-1, and it specifies the
wireless interface between the PTU and PRU and the wireless interface between the radio
communication parts of PTU and PRU. As shown in Figure 1-1, the “specified point” is the

position defining the wireless section interface, and there are two specified points: one is for
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power transmission and the other is for control signaling.

Power Transmitting Part
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Do Communication i { { Communication i : E
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B R oo i o
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b Device E : oo Device i P
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Equipment) | ! occeeooo ool R ' SNSRI ! ¢ Equipment)

P é Power Do P Power E

——— Transmission e Lop Recieving :

P Circuit ! Specified Point | Circuit i

P Pl (WPT) :

T Power Lo ! 1 Power :
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Power Receiving Part  -* -

Figure 1-1 Configuration of the Microwave Electromagnetic Field Surface Coupling

WPT System

1.3 Normative References

The terms used in this Standard follow the definitions specified in the Radio Act and other
related regulations unless otherwise noted. In addition, “RERA" in the Chapter 3 means the
“Regulations for Enforcement of the Radio Act”.

Furthermore, this Standard refers to the following documents as needed and uses the

corresponding reference numbers:

[1] Safety Guidelines for Use of Radio Waves, Inquiry Number 89 -Protection from the Radio
Waves on the Human Body, Telecommunications Technology Council of Ministry of Posts
and Telecommunications (MPT), April 1997.

[2] Inquiry Number 2030 - The Policy for the Regional Absorption, Telecommunications
Technology Council of Ministry of Internal Affairs and Communications (MIC), May 2011.

[3] ARIB STD-T66 “Second Generation Low Power Data Communication System/ Wireless
LAN System”

[4] ARIB STD-T56 “Specific Absorption Rate (SAR) Estimation for Cellular Phone Version”,
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Chapter 2 System Overview

2.1 System Characteristics

This System is designed and intended for indoor use, such office or household use, and
outdoor use is not permitted. It is equipped with a wireless power transmission function for
mobile device users based on electromagnetic field surface coupling utilizing the 2.4GHz band.
This system adopts a star-network topology; namely, one power transmitting part (PTP) and
communication part of PTU can serve multiple sets of power receiving parts (PRP) and
communication parts of the PRU. Thus, this System can transmit power to multiple PRPs

simultaneously.

2.2 System Architecture

Figure 2-1 shows the basic configuration of the System. This System is composed of a PTP, a
communication part of the PTU, a PRP and a communication part of the PRU. The latter two
are connected to the Receiving Target Device (mobile device). The whole system can be set up
indoors on a table, desk or shelf. Configurations of the PTP and communication part of the
PTU and the PRP and communication part of the PRU are described in Sections 2.2.1, 2.2.2 and
2.2.3. Again, one set of PTP and the communication part of the PTU can serve multiple sets of
PRPs and communication parts of the PRUs. One set of PRP and communication part of the

PRU is connected to the target mobile device.

2.2.1 Power transmitting part

The PTP is composed of a power transmission circuit and PTD. The power transmission
circuit consists of a high frequency generating circuit and a power transmission control circuit.
The input electric power from the power supply is converted into high-frequency power and fed
to the PTD. The PTD transmits the high-frequency power to the PRD, which is placed on the
PTD. The power transmission control circuit controls the output of the electric power from the

high frequency generation circuit and switches the power transmission on and off.

2.2.2 Power receiving part

The PRP is composed of a power receiving circuit and PRD. The power receiving circuit is
composed of a high frequency rectifier circuit and a power receiving control circuit. The PRD(s)
receive the high-frequency power through the microwave electromagnetic field surface coupling
over the surface proximity of the PTD. The high frequency rectifier circuit converts the received

high-frequency power into direct current electric power and supplies it to the power receiving
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target device, such as a mobile device. It is sometimes used to charge the storage battery
installed in the power receiving target device. The power receiving control circuit detects the
output electric power (voltage or current) of the high-frequency rectifier circuit. Moreover, the
power receiving control circuit has functions for stopping the circuit operation, etc. in the PRP

based on the state of the PRP.

2.2.3 Communication parts of the PTU and PRU

The communication parts of the PTU and PRU are utilized for the communications related
to power transmission / reception control between the PTP and PRP. The communication part of
the PTU transmits the information on the state of the PTP, such as the start or stop of power
transmission, to the communication part of the PRU. At the same time, the communication part
of PTU also receives information on the state of the PRP sent from the communication part of
PRU and conveys it to the power transmission control circuit. Moreover, the communication
part of PRU transmits the PRP information related to the output voltage (power receiving
voltage), output current (power receiving current), etc. to the communication part of PTU and

receives information on the state of the PTP sent from the communication part of the PTU.
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1 . . |
l ,=- Communication Part = = = = 1 l == Communication Part — — — — 1
i h " '
Iy - ! 1 o 1
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1 Antenna T 7 I I 1 T/ Antenna hy
| 1 :* _______ .»| : 1
: 1 ! Control : 1 !
1 . . 1 : 1 c . |
1 Communication h Signal | | Communication I,
1 Device 1, 1 Device h,
1 l | I 1 | I
I ‘) U 0
e e e e e | I e e e ]
N | ; a
1 | 1
Power 1 1 T

Transmission T L Power Receiving

Control Circuit B
| 1

L Control Circuit

|
!
I I
11
1 1
1!
: : 1 : : 1
High F 1 B —
L 18h frequency II L High Frequency M Receiving
Power ' Generating | > o LY 1 T
Supply T I Circuit 1 power | Rectifier circuit g arget
I " 1 | | T Device
1 | firansmissiony P Receivi "
11| Power Transmission Power 1 1! Power ower hecewving T
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) ansmission Il | Receiving 11
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N e e o e e e e e e e e e e = e N o e e e e e e e e e e e o o e

Figure 2-1 Basic configuration of the Microwave Electromagnetic Field Surface Coupling

Wireless Power Transmission System
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2.3 Requirements for the System
The use of this System is limited to indoor use, such as households, offices, etc., and realizes
the following functions.
*  Power supply to mobile devices, etc.
¢ Charging the batteries installed in mobile devices, etc.
Moreover, the basic requirements for this System are as follows.
e  From the viewpoint of effective spectrum use, the power transmission system uses a
narrowband continuous wave without modulation.
e The 2.4 GHz frequency band is used for operation.

¢ For safety and reliability, the system has a function for detecting the existence of a PRP.

2.3.1 Power transmitting part
The PTP shall satisfy the following requirements.

*  PTP falls into the category of “Other Equipment” in “RERA Article 45 (iii)”. Accordingly, it
shall be operated at a transmission power below the high-frequency output limit that does
not require permission.

*  Unnecessary power leaks in the electromagnetic fields in this system shall not cause
harmful interference with other systems.

* In order to protect the human body from RF exposure in relation to the WPT System, all
possible measures shall be taken to comply with the requirements stipulated in the
“Radio-radiation Protection Guidelines” and related regulations.

e The PTD shall be designed appropriately based on the return loss (reflectance loss) in order
to secure transmission efficiency.

¢ The PTD power transmission device is assumed to have an equivalent composition to the

standard PTD shown in Appendix 3.

2.3.2 Power receiving part
The PRP shall satisfy the following requirements.
¢ The Q factor, which is defined under the condition that both the PRD and the PTD are
configured, shall meet the specified value range in order to secure transmission efficiency.
e The PRD is assumed to have an equivalent composition to the standard receiving device

shown in Appendix 3.

2.3.3 Control scheme

The control operations provide the functions for detecting of the PRP, the power
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transmission control provides the functions for detecting the status of power transmission etc.
and the communication control provides the functions for exchanging data signals etc. between
the PTP and PRP. This system adopts a control scheme that uses the power transmission
control functions together with the communication control function. The details of the control

scheme are described in Chapter 4.
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Chapter 3 Technical Requirements of the System

3.1 General Requirements

3.1.1 Power transmission method

A continuous wave without modulation shall be used for power transmission.

3.1.2 Power transmission frequency ranges
The frequency range used for power transmission shall be greater than 2497MHz and less

than 2499MHz. The median frequency used for power transmission shall be 2498MHz

3.1.3 Power transmission frequency tolerance
The tolerance of the median frequency used for power transmission shall be less than

50ppm.

3.1.4 Radiated emission limits
The peak of radiated emission limits shall be in the range shown below at the distance of
30m with reference to “Article 46, Paragraph 1, Item 1 of Japan Radio Act Enforcement
Regulations”.

(1) Less than or equal to 0.03mV/m under the condition that the frequency is at least
90MHz and does not exceed 108MHz; at least 170MHz and does not exceed 222MHz; or
at least 2500MHz and does not exceed 2535MHz

(2) Less than or equal to 283mV/m under the condition that the frequency is greater than
2497MHz and less than 2499MHz

(3) Less than or equal to 0.1mV/m under the condition that the frequency does not exceed

10GHz besides the frequencies stated in (1) and (2)

3.1.5 Radiated leakage power limits

The total radiated leakage power of the power transmission, which is the summation of
radiated power leaks in all directions, shall not exceed 0.15W (Refer to Section 5.2.5 and
Description 2).

The total radiated leakage power of the inquiry power transmission defined in Section 3.2.4

shall not exceed 0.02W.
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3.1.6 Strength of the RF exposure on the human body

The strength of the RF exposure on the human body shall be limited so that the Local SAR
(Specific Absorption Rate) (average value over 6 minutes) per 10g of human tissue in a general
environment is under the guideline values.

Refer to [1] and [2] for the guideline values for Local SAR in a general environment.

3.2 Power Transmission Part

3.2.1 High-frequency output
The high-frequency output, which is evaluated as the output power of the high frequency
generating circuit, shall not exceed 30 W.
The high-frequency output in the case of the inquiry power transmission defined in Section
3.2.4 shall not exceed 0.5W when evaluated as the output power of the circuit that generates

the radiation.

3.2.2 High-frequency output tolerance
The high-frequency output tolerance is not defined, but the maximum high-frequency

output shall not exceed 30W.

3.2.3 Return loss of PTD
Return loss of the transmitter shall not exceed 7 dB under the condition that the receiver is

not placed on top of the transmitter.

3.2.4 Inquiry power transmission
When the transmitter is not transmitting power, it executes the inquiry power
transmission to check for the existence of the receiver on top of the transmitter. The high
frequency output for the inquiry power transmission shall not exceed the power level defined
in Section 3.2.1, even in the case that the communication part of the PRU works when the

battery of the power receiving device is totally discharged into an unavailable status.

3.2.5 Q factor of the input element
The Q factor shall be at least 200 when the input element, a component of the transmitter,
is placed on top of the reference model of receiving device for Q factor calculation described in

Appendix 2.

3-8



ARIB STD-T113

3.3 Power Receiving Part

3.3.1 Q factor of the PRD
The Q factor shall be at least 200 when the receiver is placed on top of the reference model

of power transmission device for Q factor calculation described in Appendix 2.

3.4 Radio Communication Parts of the PTU and PRU

3.4.1 Communication system
The communication system used for communication control shall refer to [3]. The details of
the communication control method, including the communication protocol, depend on the
technology specification of the adopted communication system. In this standard, the user

data necessary for WPT is defined in Section 4.
3.4.2 Communication frequency range
The communication frequency used for communication control shall be at least 2400MHz
and not exceed 2483.5MHz.
3.5 Others
3.5.1 Case
The case of the PTP, except the PTD, shall not be easy to open, and the cases of the

communication parts of the PTU and PRU shall refer to [3].

3.5.2 Environmental conditions

The usage environmental conditions shall be limited to indoor use.
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Chapter 4 System Control Requirements
4.1 Outline

In this System, the main control functions for reliably and safely performing power

transmission are listed in table 4-1.

Table 4-1 Control Functions

Control Functions Main functions

Control functions for * Detecting the PRP (checking whether it is appropriately placed on

power transmission the PTD)

+ Detecting the status of power transmission (including detecting
anomalies, PRP removal, power related information, etc.)

+ Controlling the power transmission status (such as the start and

stop of power transmission, etc.)

Communication + Exchanging user data between the communication part of the PTU

control function and the communication part of the PRU

Control functions for power transmission include PRP detection, detection of the power
transmission status, control of the power transmission status, etc. The communication control
function is the function that certainly transmits the user data necessary for power transmission
control between the communication part of the PTU and the communication part of the PRU.
The control functions of this System detect the existence of a PRP and the status of power
transmission using both the control functions for power transmission and data communication.
Also, the control functions of this System transmit user data between the communication part
of the PTU and the communication part of the PRU to control the status of power transmission,
such as the start and stop of power transmission. Figure 4-1 shows the System configuration

that achieves the control described above.
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Figure 4-1 Detailed configuration of the microwave electromagnetic field surface Coupling WPT

System

The communication device and antenna of the PTU and the communication device and
antenna of the PRU shown in Figure 2-1 need to be radio equipment that meets the standard
specified in Article 2, Item 1, No. 19 regarding the technical standard conformance certificate
for specific radio equipment.

Communication control is performed via the PTD between the antenna mounted on the
communication device of the PTU and the antenna mounted on the communication device of the
PRU, respectively. An example of the antennas on the PTU and PRU is shown in Expository 1.

The communication control function utilizes a different frequency from the radio waves used
for power transmission.

The details of the communication control system, such as the communication protocol, are
described in the technical specifications for the communication system, and the framework of

the communication procedure is set forth in this chapter.

4.2 Power Transmission Control System

The system that realizes the control function shown in Table 4-1 consists of four blocks,
including the communication device of the PTU, power transmission control -circuit,
communication device of the PRU and power receiving control circuit.

The main function of each block is shown in Table 4-2.
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Table 4-2 Main Function of Each Block

Block Main function

o + Control the communication of user data
Communication

device of the PTU

User data : identification number, PTP information, PRP information

+ Transfer user data using the power transmission control circuit

+ Status switching for power transmission, generation of PTP
information, detection of PRP

Power transmission PTP information: power transmission start, power transmission stop

control circuit Status of power transmission: inquiry power transmission, power

transmission start, power transmission stop

+ Transfer user data using the communication device of the PTU

+ Control the communication of user data

Communication User data: identification number, PTP information,
device of the PRU PRP information

+ Transfer of user data using the power receiving control circuit

+ Detect the information from the PRP

PRP information: power receiving voltage, power receiving current,
Power receiving
o generation of PRP information by detecting the
control circuit )
charging status

+ Transfer user data using the communication device of the PRU

The communication device of the PTU and communication device of the PRU perform the
control communication via the PTD and transfer the user data regarding the information
related to the PTP and PRP. The individual identification number (ID) of the PRP is used as the
MAC (Media Access Control) address of the communication device of the PRU.

The power transmission control circuit switches the status of power transmission such as the
start and stop, and controls the output of the high frequency generation circuit, by the means
that the control information is exchanged between the communication device of the PTU and
the communication device of the PRU.

The power receiving control circuit detects the information related to the PRP, such as the
power receiving voltage (output voltage from the high frequency rectifier circuit), power
receiving current (output current from the high frequency rectifier circuit) and charging status,
and the information is exchanged between the communication device of the PTU and the

communication device of the PRU.
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Figure 4-2 Control flow of PTP

The control flow of PTP is shown in Figure 4-2.

The operational status of the communication part and the PTP of the PTU, as well as the
communication part and the PRP of the PRU, on the control flow shown in Figure 4-2 are
described as follows. These functions are related to the procedure for starting power
transmission when the PRP is detected on the PTD, procedure for stopping power transmission

when the PRP is removed from the PTD and the exchange of information or procedures through
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the control communication between the communication part of the PTU and the communication
part of the PRU via the PTD.

(1) After turning the power on, the PTP performs an inquiry power transmission using the
same frequency radio waves as used for power-transmission and at an electric power
level described in Section 3.2.1 for safety, and then, the PTP detects the PRP.

(2) The PTP requests the ID of the PRP via the communication part of the PRU using the
communication part of PTU. This request is sent periodically for handling multiple
PRPs. The interval of the ID request is 1 second or less.

(3) The communication part of the PTU receives the ID sent from the communication part
of the PRU.

(4) The PTP requests the information related to the PRP (such as the power receiving
voltage, power receiving current, maximum voltage and maximum current) through
the communication part of the PTU. This request is sent periodically for handling
multiple PRPs.

(5) The communication part of the PTU obtains the information of the PRP sent by the
communication part of the PRU.

(6) The PTP judges that a PRP has been placed on the PTD when the receiving power (the
power obtained from the high frequency rectifier circuit: power receiving voltage x
power receiving current) exceeds 50mW, which is the high-frequency output for the
inquiry power transmission, by referring to the information related to the PRP sent by
the communication part of the PTU.

(7) The PTP starts the power transmission when a PRP is detected on the PTD.
In the cases of (6) and (7), in the event it is detected that a PRP has been placed on the
PTD, the power transmission is started when the total receiving power of all PRPs
exceeds the 50mW high frequency output of the inquiry power transmission.

(8) The PTP monitors the information from the PRP regarding the power receiving status
sent by the communication part of the PRU. The information is obtained by the
communication part of the PTU after the power transmission starts. The monitoring
interval is 1 second or less.

(9) Based on the monitoring results, the PTP determines whether the power transmission
will be continued or terminated. The cases that the decision to stop the power
transmission in normal status should be made are specified in Appendix 1. In cases
when the decision to stop the power transmission is made, the power transmission
should be suspended promptly.

(10) In the case of stopping the transmission for a reason other than malfunction, the
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system returns to (1). The following cases are judged to be a malfunction.
+ Either the voltage or current of the PTP exceeds the rated maximum value.
+ A malfunction stop notification sent by the PRP is received.
* The control communication is disrupted
(11) When it is judged to be malfunction, the power supply by the PTP is terminated. The
system operation is terminated when the power is shutoff.
Regarding the operation of each block, the procedure for connection establishment according
to the control flow of the PTP is shown in Figure 4-3, and the control procedures from power

transmission start to the power transmission stop are shown in Figure 4-4.

(2) Request identification number (ID)
Power (3) Notify identification number (ID)
4 transmission Poyver )
side (4) Request power receiving part information | " oor 8 side
communication a pow ep communication
part part
6 R .. ¢ (5) Notify power receiving part information
« ecognition o:
power receiving part
Power (1) Power transmission inquiry
s | transmission PC{WGY
part recelving part

Figure 4-3 Procedure for establishing a connection

Power . -
¢ . (8) Information on the power receiving part Power
ransmission . .
side receiving side
.. communication
communication art
part p
(7) Start power transmission
Power
. (9) Monitori Power
transmission onitoring .
art recelving part
r . ..
p Stop/continue power transmission

Figure 4-4 Control procedure

4.3 Communication Control System

The communication system for control communication is specified in reference [3]. The
details of the communication control method, such as the communication protocol, are described
in the standard for the adopted communication system. This Standard prescribes the user data
required for power transmission. The structure of the user data used by the communication

control system is shown in Figure 4-5.
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The user data consists of the command part, which stores the program commands with 8 bits,

and the data part with 0~56 bits.

Table 4-3 Details of the user data

Conmand segment . 8 bits) Data segment  (0~56 bits)
Ox: 01 PIP—PRP Request for the PRPID — Nb use
Oox: Al PIP-PRP | Notification of PRPID Ox: XXXXXXXXXXKX ~ |PRPID Ushits)
Oox: 02 PIP—PRP Request for the PRP infarmation| — No use
Nbtification of PRPinf ion Power receiving voltage Power receiving voltage
O A2 PIP<PRP | (Power receiving voltage/ O XXX XXKX Qeébitad)lmV
) o Power receiving current
current. Power receiving current (16bits) [mAl
Notification of PRPinf ion. Maximum related voltage Mexinum related voltage
(6bits) [Vl
: PIYPRP (MVExinum of related voltage /| Ox: XXXX XXXX
e 55 current) Maximum related current Meedimum related current
(16hits) [mA
Ox: 04 prp—prp | Motification of power - no use
transmission starting
Request for the PRP information|
. (Power receiving voltage /
ox: 05 PIP—PRP a . no use
information)
Power receiving
Notification of PRP information Power receiving voltage Voltage(l&ﬁts) (]
. (Power receiving voltage / . Power receiving current
ox A5 PIP<PRP . charging status POX-XXXX. (6pits) [MAl
information) ower recelving current . . .
Charging status Information (8b1ts) : inf on
Notification of power
: PIP—PRP -
Oox: 06 ission No use
ox: 07 PIP—PRP Notification of abnormal stop - No use
ox: A7 PIP<PRP Notification of abnormal stop - No use

Ox : hexadecimal munmber
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Chapter 5 Measurement Methods

In this chapter, the measurement methods are stipulated to confirm that the System meets
the requirements in "Chapter 3: Technical requirements of the system". The testing conditions
of the measurement refers to "Item 8, Japan Radio Act Enforcement Regulations”. However, if
alternative measurement methods are announced, those alternative methods or other methods

considered to be better than the alternative methods should be applied.

5.1 Testing Conditions

5.1.1 Temperature and humidity of the measurement location
(1) Measurements should be performed in the temperature range of 5 - 35° C.

(2) Measurements should be performed in the humidity range of 45 - 85%.

5.1.2 Power supply
The power supply available in the market is utilized when the measurement requires a

power supply.

5.1.3 Load
The details of the load under various measurement conditions are described in Section 5.2.

The PRP should be used as the load.

5.2 Measurement Conditions

5.2.1 High-frequency output power

The measurement system for the high-frequency output of the high-frequency generating

circuit in the power transmission circuit is shown in Figure 5-1. The measurement conditions of

the high frequency output are as follows.

¢ The output terminal of the high frequency generating circuit is connected to a power meter
through the attenuator.

¢ The high-frequency output shall be measured by the high-frequency power meter in the
power transmission state while transmitting the maximum power.

* The measured electric power is confirmed to conform to the high-frequency output
described in Section 3.2.1. Furthermore, when multiple high-frequency generating circuits

are used in parallel, the sum of all electric power is deemed to be the high-frequency
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output.

High fr.eque.ncy. Attenuator High frequency
Generating circuit Power Meter

Power transmission
circuit

Figure 5-1 Measurement system for high-frequency output

5.2.2 Power transmission frequency ranges
Figure 5-2 shows the measurement system for the frequency used in the high frequency
generating circuit of the power transmission circuit. The frequency of the power transmission
circuit of the power supply is measured 15 minutes after the power supply is turned on.
¢  The frequency is measured using a frequency counter or spectrum analyzer.
*  The output terminal of the high-frequency generating circuit is connected to the frequency
counter through the attenuator.
¢ The frequency of the transmission circuit is measured by the frequency counter.
e The measured frequency is confirmed to be in the power transmission frequency range

described in Section 3.1.2.

High frequency Frequency
. L A
Generating circuit ttenuator Counter

Power transmission
circuit

Figure 5-2 Measurement system for power transmission frequency

5.2.3 Median frequency tolerance

The frequency of the power transmission circuit of the power supply is measured 15 minutes
after the power supply is turned on. The measurement conditions are assumed to be the same
as those in Section 5.2.2, and the measured frequency is confirmed to be the median frequency
prescribed in Section 3.2.1. It is also confirmed that the measured frequency is in the range of

allowable variation prescribed in Section 3.1.3.

5.2.4 Radiated emission

Radiated emission is measured with reference to “Item 1, Japan Radio Act Enforcement
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Regulations”, and it must be confirmed that the radiated emission is below the limit value
provided in Section 3.1.4.

When measuring either the PRP or PTP, the two parts must be working together and
transmitting power at the maximum capacity.

Furthermore, the PTP and PRP must be placed in the position where the level of radiated
emission becomes the maximum.

When the PTP or PRP is not available, the PTP or the PRP can be replaced with the

reference model specified in Appendix 3, respectively.

5.2.5 Radiated leakage power

The radiation emission level at the median frequency of the power transmission is measured
with reference to “Item 8, Japan Radio Act Enforcement Regulations”. The radiated leakage
power is calculated based on the measurements, and it has to be confirmed that the power is
below the limit prescribed in Section 3.1.5. For the method of calculating radiated leakage
power, refer to Description 2 for an example. When measuring either the PRP or PTP, the two
parts must be working together and transmitting power at the maximum capacity. When the
PTP or the PRP is not available, the PTP or the PRP can be replaced with the reference model

specified in Appendix 3, respectively

5.2.6 Local SAR

The PTD in this system is not assumed to be used physically close to the side of human head.
Therefore, regarding the measurement method for SAR among the methods described in
Chapter 3, Article 4, the measurement location should conform to the method for "General
machinery" described in Section 3.1.4 of Article 4 but exclude the side of the human head.

The distribution of the electric field in the Phantom Model is measured using a highly
accurate isotropic electrical field probe. Based on the measurement, the Local SAR average in
10g of tissue is calculated with reference to Section 2.2 and 3.2.5 in Article 4. Furthermore, the
measurement result shall be below the human body exposure indicator limit defined in Section
3.2.6 of Article 4.

Figure 5-3 shows the SAR measurement system for the PTP. The SAR of the PTP must be
measured under the condition that the PTP containing the PTD is evaluated, combined with
the PRP containing the reference model of PRD described in Appendix 3, and that it is
transmitting power at the maximum capacity. SAR of the PTP in the inquiry power

transmission state without the presence of a PRP must also be measured.
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phantom
High frequency Power transmission|—| Power receiving
Generating circuit device device

Power transmission
circuit

Figure 5-3 Measurement system for SAR

5.2.7 Return loss of the power transmission device

Figure 5-4 shows the system for measuring the return loss of the input part of the PTD. The
network analyzer is connected to the input element of the PTD, and the reflection property (S11)
is measured. The measurement result shall be below the return loss value defined in Section
3.2.3.

The relationship between Si1 and return loss (RL) can be expressed as

RL=-10log( abs(S11)"2) (unit: dB).

Port 1 Power
Netivork transmission
analyzer device

Figure 5-4 Measurement system for the return loss of the PTD input section

5.2.8 Q factor

Figure 5-5 shows the system for measuring the transmission coefficient when the PRD is
placed on top of the PTD. The transmission coefficient S21 between the PTD and PRD must be
measured using a network analyzer with the PRD placed on top of the PTD. The Q factor should
be calculated using the measured S21, and it must be confirmed that the value is more than the
Q factor defined in Section 3.3.1. Refer to Appendix 2 for the method used to calculate the Q
factor.

The PTD must be measured when it is combined with the reference model of PRD. The
reference model of PRD shall meet all of the conditions specified in Appendix 3, and the method
for calculating the Q factor shall follow that described in Appendix 2.

The PRD must be measured when it is combined with the reference model of PTD for the Q
factor calculation that meets all of the conditions specified in Appendix 2. The reference model

of PTD for the Q factor calculation has the same composition as the reference model of PTD for
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radiated emission measurement (refer to Appendix 3), but it is designed to have a taper shape

for obtaining the Q factor with high accuracy.

Port1 Network Port2
Analyzer
Power Power
transmission [ receiving
device device

Figure 5-5 Measurement system for the transmission coefficient
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Chapter 6 Terms and Definitions

6.1 Terms and Definitions

The terms used in this standard are defined as follows:

[MAC Address]
Unique 48bit identifier assigned to hardware such as the communicator of the PTU or
the communicator of the PRU.
[Q Factor]
Q factor describes the sharpness of the resonance of the resonance circuit. When the Q
factor is high, the resonator bandwidth becomes narrow.
[Specific Absorption Rate: SAR]

The electric power absorbed per unit mass when electromagnetic radiation is irradiated
through living tissue.

The value can be computed using the following equation.

SAR [W/kg| = d(dW/dm)/dt = d(dW/pdV)/dt = cE2 /p
o :Density [kg/m3]; dv: Micro volume element; dm : Micro mass element; dW : Energy
absorbed in dm,
o : Conductivity of the material (i.e. living tissue) [S/m],
E : Actual electric field intensity in the material [V/m]
[General Environment]

It implies to cases (or environments) with an indefinite factor, which means the status
detection and adequacy management cannot be determined, when the human body is
exposed to an electromagnetic field. It is the appropriated case where residents are
exposed to an electromagnetic field in the general living environment and other similar
scenarios. Therefore, regarding the needle value to be applied, the general environment is
more severe than the administration environment.

[Other Equipment]

Equipment categorized as “high-frequency-based equipment” with no communication
function that is used for directly providing high-frequency energy to a load or otherwise
used for heating, ionization, etc.

[Local SAR]

SAR is a numeric value per micro volume element, which is the space distribution
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function depending on the irradiance condition and location in the body tissue. The local
SAR is the average supervisor analysis router in 1 g or 10 g of human tissue.
[Proximity Region]

It is used as the terminology for the distance from the PTD, and in this standard, it

means the region closer than the near-field.
[Output Power]

Electrical power transmitted via a power line conducting high frequency current at 10
kHz or higher. In this System, it is the electric power provided to the output terminal of the
high frequency generating circuit in the PTP.

[High-Frequency Rectifier Circuit]
An electric circuit that converts high-frequency microwaves into DC power.
[High-Frequency Generating Circuit]
An electric circuit that converts the input power from the power supply for the WPT into
the desired high-frequency electric power.
[High-Frequency-Based Equipment]
A category of equipment that utilizes high frequency current of 10 kHz or higher that
1s stipulated in Article 100, Paragraph 1 of the Japan Radio Act.
[Individual Identification Number]
A unique number assigned to every individual
[Power Receiving]
Receiving electric power at the PRP.
[Power Receiving Circuit]
A system component which consists of a high-frequency rectifier circuit and power
receiving control circuit.
[Power Receiving Device (PRD)]
A component of the power receiving part that is used to receive the induction field of the
microwaves from the PTD.
[Power Receiving Antennal
Antenna connected to the communicator of the PRU that is used for the control
communication to restrain the leak of the radio waves from the PTD.
[Communicator of the PRU]
Communicator connected to the power receiving circuit that is used for control
communication to ensure safe power transmission.
[Communication Part of the PRU]

A system component connected to the power receiving part that is used for the control
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communication to ensure the security of the WPT. The communication part of the PRU
consists of a PRU communicator and antenna.
[Power Receiving Control Circuit]
A circuit which detects the information from the PTP and delivers it using the PRU
communicator.
[Receiving Power Voltagel
Voltage output from the high-frequency rectifier circuit.
[Receiving Power Current]
Current output from the high-frequency rectifier circuit.
[Receiving Power]
Electric power (receiving power voltage X receiving power current) output from the
high-frequency rectifier circuit.
[Power Receiving Part (PRP)]
A system component consisting of the PRD and power receiving circuit.
[Power Receiving Part Information]
Information on the power receiving voltage, power receiving current, and charging
status of the PTP.
[Power Transmission]
Transmission of power from the PTP.
[Power Transmission Circuit]
A system component consisting of the high-frequency generating circuit and power
transmission control circuit
[Power Transmission Antennal
An antenna connected to the communicator of the PTU that is used for the control
communication of the PRU to restrain the leak of the radio waves from the PTD.
[Communicator of the PTU]
A communicator connected to the power transmission circuit that is used for the control
communication of the PRU to ensure the security of the WPT.
[Communication Part of the PTU]

A system component connected to the PTP that is used for the control communication of
the PRU to ensure the security of the WPT. It consists of a PTU communicator and an
antenna.

[Power Transmission Device (PTD)]
A component of the PTP comprised of a sheet device that produces an instruction

electromagnetic field for the WPT and an input element.
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[Power Transmission Control Circuit]

A circuit which delivers the information using the PTU communicator and switches
the power transmission status, such as starting and stopping the power transmission,
by managing the output of the high-frequency generating circuit.

[Power Transmitting Part (PTP)]

A system component consisting of the PTD and power transmission circuit.

[Information from the PTP]

Information on the status of power transmission, such as starting and stopping.
[Median Frequency Tolerance]

Maximum permissible deviation from the assigned median frequency.
[Direct Power]

Electric power of the direct current.

[Safety Guidelines for Use of Radio Waves]

The guideline that is recommended for determining safe situations in which an
electromagnetic field does not have an undue impact on the human body when exposed to
electromagnetic fields (the frequency range is limited by 300GHz from 10kHz.).

The guidelines are comprised of "numerical values for electromagnetic field
strength", "methods for evaluating the electromagnetic field" and "a protection method for
reducing electromagnetic field irradiation".

The "Safety Guidelines for Use of Radio Waves" in this standard 1is the
Telecommunications Technology Council Reports (April, 1997) of the Ministry of Posts and
Telecommunications: Inquiry No. 89 "Protection from the Radio Waves on the Human
Body"

[Inquiry Power Transmission]

For the purpose of detecting the PRP, microwaves are delivered at the allowable safe
power using the same frequency as the WPT, which uses continuous microwaves without
modulation, and without communicating any information.

[Input Element]
A component of the PTD that provides high frequency power to the sheet-like device,
which has the equivalent composition as the PRD.
[Via (hole)]
The plating hole for the interlayer connection between the multilayer printed boards
[Phantom Model]
The pseudo human body model used to estimate SAR experimentally. When the whole

model is made of the same material, it is called a uniform phantom model. In contrast,
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when the electrical characteristics faithfully imitate each corresponding tissue, it is called
as a non-uniform phantom. In this system, a uniform phantom model consisting of an outer
shell (case) filled with liquid, is used.

[Microwave]

Microwave refers to electromagnetic waves with a very short wavelength. Here, we call
the frequency band of at least 2.4GHz frequency a microwave.

[Microwave WPT (Wireless Power Transmission) System]

A WPT system which transmits electric power using microwave radio waves between
the PTD and PRD.

[Microwave Band Surface Coupling WPT System]

A microwave WPT System that wirelessly transmits power using an induction field
when the PRD is placed on the surface proximity region.

[User Datal
Information, including the individual identification number, power transmission part
and PRP, that is exchanged by the control communication between the PTU and PRU.
[Induction Field]

Electromagnetic field in the proximity region near the radiation source when the
regions around the electromagnetic radiation source are divided into the three regions of
proximity, near-field and far field.

[Return Loss: RL]

It expresses the quantity of electricity reflected in a high-frequency circuit. The
relationship between the reflection coefficient S11 of the S parameter and return loss (RL) is
shown by the following equation.

RL =-10log|S11|2 (unit: dB)
[Power Transmission Frequency Ranges]
Frequency ranges of the electromagnetic field transmitting the electric power in the

wireless WPT.

6.2 Abbreviations

The abbreviated terms used in this standard are defined as follows.
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[H]
HFGC

HFRC

PRP
PTP
PRC
PRCC
PRD
PRU
PTC
PTCC
PTD

PTU

High-frequency generating circuit

High-frequency rectifier circuit

Identification Data

Local Area Network

Media Access Control

Power receiving part

Power transmitting part

Power receiving circuit

Power receiving control circuit
Power receiving device

Power receiving unit

Power transmission circuit

Power transmission control circuit
Power transmission device

Power transmitting unit
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RL

WPT

Q-factor evaluation device

Return loss

Specific Absorption Rate

Wireless Power Transmission
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Appendix 1 Details of the Control Method

This appendix defines the cases where power transmission is suspended through the normal
operation of the control method in this system.

As defined in Section 4.2 of Chapter 4, the PTP monitors the information on the PRP (power
receiving voltage, power receiving current, charging state, etc.) after the beginning of the WPT,
and it determines whether to continue or suspend the WPT based on the monitoring. The

concrete cases in which normal operation is suspended are shown in table A1-1.

Table A1-1 Cases in which normal WPT operations are suspended

Target device is connected to the PRU Cases of suspend as normal operation

» Charging is completed for all B units

Battery powered device (B) only i o )
- No PRU is on the power transmission device (PTD)

) * No PRU connected to a B or BX is on the power
Battery powered device (B)

And

transmission device

» Charging is completed for all B units, and no PRU

Non-battery powered device (BX)
connected a BX is on the PTD

Non-battery device (BX) only + No PRU connected to a BX is on the PTD

If all the target devices connected to the PRUs on the PTD use batteries, the WPT continues
power transmission until all devices are fully charged and suspends power transmission when
all devices are fully charged or when all of the PRUs are removed from the PTD.

If the target device(s) includes both battery powered and non-battery powered devices, the
WPT continues power transmission as long as the PRUs connected to the non-battery devices
are on the PTD regardless of the charging status of the battery powered devices.

If all of the PRUs are removed or if all of the battery powered devices are fully charged and
all of the PRUs connected to the non-battery powered devices are removed from the PTD, the
WPT is suspended.

If all of the target devices connected to the PRUs are not powered by batteries, WPT is
continued even if a single PRU is detected on the PTD. If all of the PRUs are removed, WPT
suspend power transmission.

The criteria used to recognize that a PRU has been removed from the PTD is when the
power received by the PRU is one-tenth or lower of the normal receiving power or the

communication between the PTU and PRU is disrupted.
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Appendix 2 Evaluation of the Quality Factor

This appendix defines the method for calculating the quality factor (Q factor) of the
System.

1. Abstract

The PRD is a resonator coupled with a PTD under it. Thus, the Q factor must be evaluated
with the PRD placed on a Q-factor evaluation device (QED) described in Section 3.

The Q factor of the input interface (IIF) must be evaluated with the IIF placed on a QED in
Section 3. The QED in Section 3 is used to evaluate the Q-factor of a PRD and IIF as defined in
Section 4.

The structure of the PRD and IIF must be equivalent to the reference model of PRD described

in Appendix 3.

2. Configuration of the Q-factor evaluation device (QED)

The configuration of the QED is shown in Figure A2-1. Figure (a), (b) and (c) are the top view
omitting Dielectric 2, top view with Dielectric 2, and cross-section, respectively. Dielectric 1 has
two conductive layers, one on the top surface and one on the bottom surface. The bottom
conductive layer is planar and the one on top has a mesh pattern. Dielectric 2 is placed in the
middle of the QED.

The shape of the mesh-pattern conductive layer is tapered around both sides. The tapered
shape is given for avoiding discontinuity between the middle part and both edges connected to
the coaxial connectors. The parameters of the QED are shown in Table A2-1. The measured
insertion loss must be less than 1.7dB between the two coaxial connectors attached to both ends

of the QED.

__Mesh conductor

|
f

Dielectric 1

a
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(a) Top view omitting Dielectric 2

Dielectric 2

(b) Top view

Mesh conductor
Dielectric 2 /

A A A A A A A A,

Dielectric 1

e

Plane conductor
(Whole bottom side)

(¢) Cross-section

Figure A2-1 Configuration of the QED
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Table A2-1 Configuration parameters of the QED

Parameter Symbol Value
Edge width of the mesh
a 4mm
conductor

Sheet width b 73mm
Sheet length c 444mm
Taper length d 156mm
Dielectric length e 132mm

3. Components of the QED

The components of the QED are shown in Figure A2-2. Figure (a) and (b) are the top view and
cross-section, respectively. Dielectric 1’ has conductive layers on the top and bottom surfaces.
The bottom layer is planar and the top layer has a mesh pattern. Dielectric 2’is placed on top of
the mesh-pattern conductor. The material and structural parameters of each part are shown in
Tables A2-2 and A2-3, respectively.

The external forms of the QED and the mesh-pattern conductor must be identical to the ones
shown in Section 2. The materials of Dielectric 1 and 2 must be the same as 1’ and 2’

respectively.

Mesh conductor

Dielectric 1

i f—]

e

(a) Top view
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Mesh conductor
Dielectric 2’

t1I Dielectric 1’ ©
t3
Plane conductor
(Whole bottom side)
(b) Cross-section
Figure A2-2 Device components of the QED
Table A2-1 Material parameters of the QED
Index Material parameter
Dielectric 1’ er=2.3, tan=0.5X103
Dielectric 2’ ¢r=1.1,tan 6 = 0.1 X102 (hollow structure)

¢ r : relative permittivity, tan 0 : dielectric tangent

Table A2-2 Structural parameters of the QED

Parameter Symbol Value

Thickness of Dielectric 1’ t1 Imm

Thickness of Dielectric 2’ t2 4mm

Thickness of the mesh and plane t3 17pm
conductors

Period of the mesh pattern p 4mm

Width of the mesh line W 1mm

4. Measurement of the S Parameter and Evaluation of the Q Factor

The measurement system for the transmission coefficient | S21| is shown in Figure A2-3.

The Q factor of a PRD is measured with the PRD placed on the center of a QED (on
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Dielectric 2). Port 1 of a network analyzer is connected to the coaxial connector at the edge of
the QED, and Port 2 is connected to the output port (p1, p2) of the PRD.

The Q factor of an IIF is measured with the IIF placed on the center of a QED (on Dielectric
2’), similar to the Q factor measurement of a PRD. The difference is that Ports 1 and 2 are
reversed in this case. In the PRU, (p1, p2) is an output port, while it becomes the input port
when the measured device is an IIF.

The network analyzer is connected between the coaxial connector at the QED edge and the
output port (p1, p2) of the PRU or input port (p1, p2) of an IIF.

The other end of the QED is terminated with 50Q in order to lessen the effect on the Q
factor evaluation by reflection at the end.

Figure A2-4 shows an example of | S21|. The Q factor is evaluated using Equation (1) as the
ratio of f0 maximizing |Sg21| to the bandwidth Af between the -3dB frequencies from the

maximum value of | Sa1].

Port 2
Port 1 Network

analyzer

Coaxial cable

Coaxial cable pl p2

QED PRU

Mesh conductor

Dielectric 2

A A A A A A

Dielectric 1’ SOQ

A A A

"\

Plane conductor

Figure A2-3 Measurement system for the transmission coefficient | Sz |
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S, (dB)

1; Frequency
0

Figure A2-4 Example of the transmission coefficient | Sz |
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Appendix 3 Reference Devices for the PTD and PRD

This appendix defines the specifications for the reference model of the PTD and PRD in the
System.

1. Abstract
The reference devices for the PTD and PRD in the Standard are defined herein.

2. Specifications for the Reference PTD

The cross-section of the reference PTD is shown in Figure A3-1. In Figure A3-2, the input
interface is omitted. Dielectric 1 has two conductive layers, one on the top surface and one on
the bottom surface. The bottom layer is planar, and the top layer has a mesh pattern. The two
layers are electrically shorted at the edges of the device. Dielectric 2 is placed on top of the
conductive layer. Dielectric 2 is a material with a low dielectric constant and low loss that is
realized by a hollow structure or foamed material. The material and structural parameters are

shown in Tables A3-1 and A3-2, respectively.

Mesh conductor
Dielectric 2

A A S S S SIS IS SIS SIS SIS, ?
-

Z
Z
Z

T

Conductor Plane conductor  Gonductor

Figure A3-1 Cross-section of the reference PTD

The perspective view of the reference PTD is shown in Figure A3-2. The parameters of the
mesh-pattern conductor (line width, pattern period, etc.) are shown in Table A3-2. The IIF is
omitted in Figure A3-2, and the state with the IIF on the RPTD is shown in Figure A3-3. The
dimensions of the reference PTD are 390 X 560mm. The input interface has equivalent

components as the standard PRD described later.
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Figure A3-2 Perspective view of the reference PTD omitting the input interface and Dielectric 2

Input interface Sheet-like device _
Unit: mm

195
RN

390

S

960

Figure A3-3 Top view of the reference PTD omitting Dielectric 2

Table A3-1 Material parameters of the reference PTD

Index Material parameter
Dielectric 1 er=2.3, tan§=0.5X10-3
Dielectric 2 er=1.1, tan§=0.1X102 (hollow structure)

e r : relative permittivity . tan 6 : dielectric tangent
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Table A3-2 Structural parameters of the reference PTD

Parameter Symbol Value
Thickness of Dielectric 1 t1 1mm
Thickness of Dielectric 2 t2 4mm

Thickness of the mesh/plane
conductors v Him
Period of the mesh pattern p 4mm
Width of the mesh line w Imm
Width of the shield conductor S 8mm

3. Specifications for the Reference PRD

The specifications of the reference PRD are shown in Figure A3-4. Figure (a) is the top view,
and (b) and (c) are cross-section views. The reference PRD is basically a three-layer structure.
Dielectric 3 has a conductive layer on the top and bottom sides. The bottom layer conductor has
a patch-like shape, and the top layer conductor is planar with a slit. The lateral faces of the
reference PRD are covered with conductors. The material and structural parameters are shown
in Tables A3-3 and A3-4, respectively. The x-direction length of the bottom patch-like conductor
1s a half wavelength.

The reference PRD is a resonator coupled with a PTD when the patch-like conductor side of
the reference PRD contacts the PTD surface. The power is extracted through the output port
(p1, p2) attached to both sides of the slit in the top layer plane conductor.

An additional structured board (ASB) is connected around the reference PRD as shown in
Figure A3-5 in order to suppress electromagnetic leakage. The gap between the ASB and the
reference PRD must be sealed with metal like solder to suppress electromagnetic leakage from
the gap. The structure of the ASB is shown in Figure A3-6. The middle part of the ASB is cut
out to allow placement of the reference PRD. The conductor of the L1 layer has no fine patterns,
and the L2 layer has a 4mm-square periodic fine structure. The specifications of the fine
structure are shown in Figure A3-7. The material parameters of the ASB and the structural

parameters of the fine structure are shown in Tables A3-5 and A3-6, respectively.
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(b) Cross section 1
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(¢) Cross section 2

Figure A3-4 Structure of the reference PRD
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Table A3-3 Material parameters of the reference PRD

Index Material parameter

Dielectric material 3 er=1.1, tand=0.1X102 (Hollow structure)

e r : relative permittivity, tand : dielectric tangent

Table A3-4 Structural parameters of the reference PRD

Parameter Symbol Value
Device length Xout 64mm
Device width Yout 36mm

Device thickness Zout 4mm
Patch length (half wavelength) Xpte 52mm
Patch width Yptc 24mm

Slit width Xslt 1mm
Slit length Yslt 30mm
Offset Xofs 15mm

Through-hole d>0.3er:al Wiih " RPLRD ?l e

—>] le—

L1 Layer (Conductor) —

R il | I | I | L T [T It a2mm

L2 Layer (Conductor) 1

Y ¥
ASB ASB

Figure A3-5 Connection to the additional structured board (Cross-section)
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Figure A3-6 Specifications of the ASB connected to the reference PTD
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Figure A3-7 Specifications of the fine structure of the ASB (4mm square)

Table A3-5 Material parameters of the ABS

Index Material parameter

FR4 er=4.1, tan §=0.02

e r : relative permittivity, tan 0 : dielectric tangent
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Table A3-6 Structural parameters of the ASB

Parameter Symbol Value
Unit length E 4.0mm
Conductor external length F 3.6mm
Distance to the via-hole center G 2.0mm
Pad external length H 0.5mm
Via hole diameter dJ 0.3mm
Spiral line width K 0.15mm
Spiral line space M 0.15mm
Spiral terminal length N1 1.75mm
Distance to the spiral area from unit
edge P 0.8mm
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Appendix 4 Instruction Manual to Users

This appendix specifies the instruction statements to users for the operation of this WPT

System.

1. Abstract
This appendix aims to specify the instruction statements for avoiding interference or
disturbance to other wireless equipment using similar frequencies and for effectively utilizing

spectrum resources when this System is used.

2. Susceptible Systems
Other systems that may be affected by this System include: specified low power radio
stations using the 2.4GHz-band, low power data communication radio stations and portable

satellite communication terminals.

3. Scope of Applications
This appendix is applied to manufacturers and distributors of Microwave Surface Coupling

WPT Systems.

4. |nstructions to Users

4.1 Instruction Manual of Equipment
Instruction statements that have the same contents as the text in the following box shall be
included in the user’s instruction manual or directly indicated on the equipment of Microwave

Surface Coupling WPT System.

4.2 Catalogs, Pamphlets, Websites and Other Media
It is recommended to include the same instruction statements in catalogs, pamphlets,

websites and other media related to the Microwave Surface Coupling WPT System.
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1.

This system might collocate with other radio equipment utilizing neighboring frequency
ranges, including: high frequency equipment such as microwave ovens, specified low power radio
stations using the 2.4GHz-band, low power data communication radio stations and portable
satellite communication terminals. Users shall carefully avoid detrimental interference with

such communication systems by taking the following actions or measures;

Consider the location of this system to reduce detrimental interference to  the
communication systems with neighboring frequency ranges;
D Place this system in the back of the room where there is expected to be less interference
with other neighboring systems.
@  Avoid placing this system close to an open area of the room such as a window.
If there is a user of a 2.5GHz satellite communication terminal in your neighborhood, ask
the user if the terminal suffers interference from this system. If it does, take the following
actions to resolve the interference with the 2.5GHz satellite communication terminal.
@O Rotate the operating position of this system
@ Change the operating position of this system
Immediately stop using this system if the neighbor reports interference with a
communication device that uses frequencies close to this system. Take the actions stated in
item 2 to resolve the interference with the communication device.
In the case that radio communication device are used on or around this system, consider
taking the following measures for reducing interference;
@ For a radio communication device on your power transmission device.
Shift the position of the communication device or rotate the communication device by
+/-90 degrees. Avoid placing the communication device directly on this system. Insert
something between the communication device and this system.
@ For radio communication devices around this system.
Place the communication device away from this system or rotate the communication
device by +/-90 degrees.
@  Other ideas
If the communication device is capable of changing frequencies, try using a different

frequency from this system.
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Description 1 Specification Examples of the PTP Antenna and PRP Antenna

Outline
The specifications of the PTP antenna and PRP antenna are provided here as examples
in order to aid in the realization of the Microwave Electromagnetic Field Surface Coupling

WPT System specified in this Standard.

Specifications of the PTP Antenna and PRP Antenna

Figure D1-1 shows an example of the structure of the PTP antenna used in the
communication part of the PTU and the structure of the PRP antenna used in the
communication part of the PRU. Fig. D1-1(a) shows a cross section view, and Fig. D1-1(b) is
the bottom view. Both the PTP antenna and PRP antenna are basically patch antennas,
which can be realized by two layers of conductive printed circuits. The upper conductive
layer has a planar shape, and a conductor patch is positioned at the center of the lower
conductive layer. The length marked by “A” in the figure equals half of the wave length. The
position of Via, which specified by the length “B”, is the point where the impedance match
meets the connectors connected to the input-output port (p3-4).

To suppress the leakage of control communication signals, it is desirable to place the
additional parts illustrated in Figure D1-2 around the conductor patch in about three rows.
The conductor at the center of the additional part is connected to the plane conductor using
Via. The material parameters and structural parameters are listed in Tables D1-1 and D1-2,
respectively.

The PTP antenna and PRP antenna are used with the patch conductor side attached to
the PTD. The relative positions of the PTD, PTP antenna, PRD and PRP antenna are shown
in Figure D1-3.

In addition, the standard PRD defined in Section 3 of Appendix 3 can also be used with

a PRP antenna.
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Figure D1-1 Structure of the PTP antenna and PRP antenna
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Figure D1-2 Structure of the additional part for the PTP antenna and PRP antenna

Table D1-1  Material parameters of the additional part for the PTP antenna and PRP

antenna.
Material Material constants
FR4 er=4.1. tand = 0.02

er! relative permittivity, tand: dielectric tangent
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Table D1-2  Structural parameters of the additional part for the PTP antenna and PRP

antenna.
Parameter symbol value

Distance to the patch conductor in Fig.

C >3.0mm
Di1-1

Distance to the patch conductor in Fig.

D >3.0mm
Di1-1

External dimensions of the additional part E 4.0mm
External dimensions of the conductor F 3.6mm

Distance from the external edge of the
o ) G 2.0mm

additional part to the center of the Via
External dimensions of the pad H 0.5mm
Via diameter dJ 0.3mm
Width of the spiral line K 0.15mm
Distance between spiral lines M 0.15mm
Length of the spiral line terminal N2 0.81mm

Distance from the external edge of the
) ) _ P 0.8mm

conductor to the spiral line region
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I t Element
npu PTP Antenna PRP Antenna

L

Sheet-like Device Power Receiving Device

Figure D1-3 Example showing the relative positions of the PTD, PTP antenna, PRD and PRP

antenna (dielectric material is not illustrated)
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Description 2 Method of Calculating Leakage Electric Power

Methods for Calculating Leakage Electric Power
The leakage power from this System is evaluated using the total radiated power (TRP)
Prre. As defined in equation (1), Prrp is calculated by integrating the radiation power

density, I8, @), over the entire surface of a ball with radius r.

2

Py = [ [ U6.4)sin 0 (1)
0

S 3

where U6, D= UL, D+ U6, D), UL, D), and U6, D) is the radiation power
density in the fand @ directions, respectively.

To obtain Prrp in an actual measurement, in the spherical coordinate system (r, 8, @)
shown in Fig. D2-1, first measure discretely the electric field intensity £(8, @) in the € and
@ directions, and then calculate Prrp from the sum of the radiated power density. Assuming
the number of partitions in the & direction and @ direction are denoted by Ny and Ng,

respectively, Prrp is calculated using equation (2).
Ng NO
Pyp =22 U(6,.4,)sin AN (2)

j=1 i=2

where 0i= (G-1) A6, @j=(j-1) A®D, AO= /No, AD) = 21/No, X6, D) = {6, D)}2/1201m.

Measured Object

Receiving Antenna

-
v

Figure D2-1 Measured object and spherical coordinate system (z, 8, @
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