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INTERNATIONAL ELECTROTECHNICAL COMMISSION

THE QI WIRELESS POWER TRANSFER SYSTEM -
POWER CLASS 0 SPECIFICATION -

Part 2: Reference Designs Version.1.1.2

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comgrising

2)

3)

rnational co-operation on all questions concerning standardization in the electrical and @el€ctronic fiel

Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftenr_referred to as

national electrotechnical committees (IEC National Committees). The object of IEC |is to prpmote

is. To

end and in addition to other activities, IEC publishes International Standards, Techhical Specificdtions,

“IEC
ested

in|the subject dealt with may participate in this preparatory work. International,” governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accordance Wwith conditions determined by

The formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interngtional

m all

IEC Publications have the form of recommendations for international use and are accepted by IEC Nagtional

f IEC

Pdblications is accurate, IEC cannot be held responsible{for the way in which they are used or fqr any

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

5) IE[ itself does not provide any attestation,'of conformity. Independent certification bodies provide confprmity
asgessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent cetiification bodies.

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

7) Ngq liability shall attach to IEC{on its directors, employees, servants or agents including individual exper{s and
mémbers of its technical committees and IEC National Committees for any personal injury, property damfge or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out (©f\the publication, use of, or reliance upon, this IEC Publication or any othdr IEC
Pyblications.

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

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

A PASYis a technical specification not fulfilling the requirements for a standard, but rpade

available o the public.

IEC PAS 63095-2 has been processed by technical area 15: Wireless power transfer, of IEC
technical committee 100: Audio, video and multimedia systems and equipment.

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

Draft PAS Report on voting
100/2827/PAS 100/2862/RVDPAS

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a

colour printer
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1 General

1.1

Introduction

The Wireless Power Consortium (WPC) is a worldwide organization that aims to develop and promote

globa

] standards for wireless power transfer in various application areas. A first application area is

wirel
Wire

1.2

This

and

mobile phones, tablets, cameras, and battery packs, in the Baseline Power Profile (< 5 W) and Extd

Powse

1.2.

The
docu

= P

= P
* P

NOTH
partid
docur

into t

ess Power Consortium maintains the Qi logo for this application area.

Scope

document, Part 4: Reference Designs, comprises reference designs for Power Class 0 Base St3

Mobile Devices. Power Class 0 is the WPC designation for flat-surface devices, such as cha

r Profile (< 15 W).

1 Current Specification structure (introduced in version 1.2.1)

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

ments.

irts 1 and 2: Interface Definitions

Part 1: Primary Interface Definitign

Part 2: Secondary Interface Definition

irt 3: Compliance Testing

irt 4: Reference Designs (this document)

WPC publications prior to version 1.2.1 were structured differently, and are listed in Section 1.2.2 bel
ular, the(Low Power and Medium Power publications were divided into separate System Descr]
hents~Beginning with version 1.2.1, the Low Power and Medium Power System Descriptions have been m

he(Specification structure shown in this section. Additionally, the terms Low Power and Medium Powe

ess charging of low and medium power devices, such as mobile phones and tablet computers.

The

tions
rgers,
nded

wing

w. In
ption
erged
have

been

1 - ) — s, 1 4l " n L D Do o] S N Jod D
TCPTIacTU 11T tITe™ CUTTCIIt SPCCHICAtION Oy UTC CCTITIS ™ DUSTITITE 1T OWET 1T 10J1e aItd. CXTETIUed 1T OWET

respectively.

°rofile
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1.2.2 Earlier Specification structure (version 1.2.0 and below)

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

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

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

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

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

ield magnetic induction between coils.

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

Main features

method of contactless power transfer from a Base Station to a Mobile Device that is based on|

Baseline Power Profile supporting transfer of up to aboutyS W and an Extended Power P
pporting transfer of up to about 15 W of power using‘an appropriate Secondary Coil (havj

pical outer dimension of around 40 mm).

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

Guided Positioning helps a user to\'properly place the Mobile Device on the surface of a

Station that provides power threugh a single or a few fixed locations of that surface.

Free Positioning enables atbitrary placement of the Mobile Device on the surface of a Base St

that can provide power through any location of that surface.

simple communications protocol enabling the Mobile Device to take full control of the p

ansfer.
nsiderabledésign flexibility for integration of the system into a Mobile Device.

bry 10w stand-by power achievable (implementation dependent).

near

rofile

ing a

Base

ation

ower
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1.4

1.4.

Conformance and references

1 Conformance

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

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

indic

1.4.

For

publj
a list
In ad|

Powd

= Py
sq

y, the word “shall” indicates a requirement that is to be followed strictly in order to eonform t

ireless Power Transfer System, Power Class 0 Specification, and from which~ho deviati

tularly suitable, without mentioning or excluding others, or that a certain course of acti

mits of The Qi Wireless Power Transfer System, Power Class 0" Specification. The word

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

2 References

indated references, the most recently published Specification applies. The most recent
cations can be downloaded from http://wwWw:wirelesspowerconsortium.com. (See Section 1.2
of documents included in The Qi Wireless*Power Transfer System for Power Class 0 Specifical
dition, the following documents are-referenced within The Qi Wireless Power Transfer Syste

r Class 0 Specification.

ction)

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

wer Recéiver Manufacturer Codes, Wireless Power Consortium

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

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

pvisions in this Specification follow the rules provided in Annex H of ISO/IEC Directives(Part 2. For

b The

bn is

itted. The word “should” indicates that among several possibilities ong \i$ recommendg¢d as

bn is

rred but not necessarily required, or that in the negative form a certainl possibility or course of

h is deprecated but not prohibited. The word “may” indicates a course of action permissible within

”

‘can

WPC
1 for
fion.)

m for

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

Active Area

2017

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

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

ower

Base|Station

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

Wireless Power Transfer System, Power Class 0 Specification.

Baseline Power Profile

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

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

Cominunications and Control Unit

Control Point

Dete¢tion Unit

Digital Ping

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

power transfer.

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

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

implementation.

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

Receiver on the Interface Surface.

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

Extended Power Profile

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

that can transfer power above 5 W.

he Qi
Irries

he Qi

ivers

s the

hy be

ower

eiver

ower

fer.

ivers

Free Positioning

Foreign Object

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

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

Active Area of the Base Station.

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

part of a Mobile Device.

o the

S not
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Foreign Object Detection

Friendly Metal

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

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

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

field can generate eddy currents.

1D
GuargamteedPower

Guid¢d Positioning

Interface Surface

Maximum Power

Mobile Device

Operpting Frequency,

OperptingPoint

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

also defined in Part 3: Compliance Testing.

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

Device to the Active Area of the Base Station.

The flat part of the surface of a Base Station that is closest to the Primary Coil(]
the flat part of the surface of the Mobile\Device that is closest to the Secondary

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

Received Power Packets!

A device that is able to consume near field inductive power as specified in T
Wireless Power Transfer System, Power Class 0 Specification. A Mobile D

t the
hase.
rence
tters

ich is

ation

obile

S), or

Coil.

at its
as a

in its

he Qi

evice

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

Specification.

The oscillation frequency of the Power Signal.

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

hat is

applied to the Primary Cell.

Packet

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

ower

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

and a checksum. A Packet is named after the kind of message that it contains.
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2017

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

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

ower

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

which is defined in Part 3: Compliance Testing. For Power Transmitters that comply

with the Extended Power Profile, the reference is TPR#MP1B, which is also de

in Part 3: Compliance Testing.

fined

Powedr Conversion Unit

Powsdr Factor

Powsgr Pick-up Unit

Powsedr Receiver

Powg¢r Signal

Powdr Transfer Contract

Powdr Transmitter:

The functional part of a Power Transmitter that converts electrical energyj

Power Signal.

The ratio of the active power consumed and the apparent pewer drawn. The §
power is expressed in watts. The apparent power typically is expressed in

amperes (VA).

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

energy.

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

to a

ctive

volt-

trical

and

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

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

communicates its power requiféments to the Power Transmitter.

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

Secondary Coil.

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

boundary conditions causes the power transfer to abort.

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

Transfer System, Power Class 0 Specification.

eiver

bly a

ower

these

and

ower

Primary-€elt

Primary Coil

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

sufficiently high magnetic flux through the Active Area.

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

ide a

flux.
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Received Power

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

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

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

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

that is lost within the Mobile Device.

RefererrceQuatity Factor
4 Y

Resppnse

Secondary Coil

Shielfing

Specification

Trangmitted Power

WPII

1.6 Acronyms

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

Frequency of 100 kHz, with a Power Receiver positioned on the Interface Sy
and no Foreign Object nearby.

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

Transmitter in response to a request from a Power Receiver.

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

A component in the Power Transmitter(that restricts magnetic fields t
appropriate parts of the Base Stationgor*a component in the Power Receivet

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

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

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

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

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

rface

ower

otive

the
that

ower

htion,

AC Alternating Current

ACK Acknowledge

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

DC Direct Current

DCR Direct Current Resistance
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EPT
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Electro Magnetic
Electro Magnetic Compatibility
Electro Magnetic Fields

End Power Transfer

IEC PAS 63095-2:2017 © IEC 2017

ESR

FET

FOD

FSK

LSB

MSB

MDU[T

N.A.

NAK

ND

PID

PRx

PTx

RMS

TPR

UART

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

Most Significant Bit

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

Proportional Integral Differential
Power Receiver
PowenTransmitter

Root Mean Square

Test Power Receiver

Universal Asynchronous Receiver Transmitter

USB

WPID

Universal Serial bus

Wireless Power Identifier
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1.7 Symbols

Ca Capacitance parallel to the Secondary Coil [nF]

Cm Capacitance in the impedance matching network [nF]

Cp Capacitance in series with the Primary Coil [nF]

Cs Capacitance in series with the Secondary Coil [nF]

d Duty cycle of the inverter in the Power Transmitter

d Distance between a coil and its Shielding [mm]

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

fok Communications bit rate [kHz]

fa Resonant detection frequency [kHz]

Jop Operating Frequency [kHz]

fs Secondary resonance frequenéy [kHz]

In Primary Coil current medulation depth [mA]

I, Power Receiver eutput current [mA]

Ip Primary Ceilgurrent [mA]

Lm Inductance in the impedance matching network [pH]

Lp Primary Coil self inductance [pH]

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

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

tdelay Power Control Hold-off Time [ms]
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Communications clock period [us]
Maximum transition time of the communications [us]
Rectified voltage [V]

Power Receiver output voltage [V]

2017

1.8

This

Powd

1.8.

Unley

1.8.

Infor

1.8.

Term

Conventions

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

r Class 0 Specification.

1 Cross references

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

2 Informative text

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

3 Terms in capitals

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

Specification are capitalized and defined-in Section 1.5.

1.8.

Phys

1.8.

The d

A Units of physical quantities

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

5 Decimalseparator

ecimal-separator is a period.

Stem,

ass 0
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1.8.6 Notation of numbers

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

E3
1.
1.

\'%&

n
ja—
=

n
—_—

n
F:

CAMPLE A specified value of 1.23*3:31 comprises the range from 1.21 through 1.24; a specified/ya
D3+001 comprises the range from 1.23 through 1.24; a specified value of 1.23_,, comprises the rangs
P1 through 1.23; a specified value of 1.23 comprises the range from 1.225 through 1.234999...; and a sp{

lue of 1.23%19% comprises the range from 1.107 through 1.353.

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

ue of
from

cified

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

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

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

= |q
a
b
th
= N

1.8.

The §

signi}

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

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

limbers that are shown between parentheses are informative.

7 Bit ordering in a byte

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

icant bit is on the right. Figure1*defines the bit positions in a byte.

Figure 1. Bit positions in a byte

MSB LSB

b7 b6 b5 b4 b3 b2 bl b0

1.8.

pits 0
ficant
n on

least

8. “Byte numbering

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

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

byte sequence is such that By is at the upper left-hand side, and byte By-1 is at the lower right-hand side.


https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

-17 - IEC PAS 63095-2:2017 © IEC 2017

1.8.9 Multiple-bit fields

Multiple-bit fields are used in the ID Packet. Unless indicated otherwise, a multiple-bit field in a data
structure represents an unsigned integer value. In a multiple-bit field that spans multiple bytes, the MSB
of the multiple-bit field is located in the byte with the lowest address, and the LSB of the multiple-bit field
is located in the byte with the highest address.

NOTH Figure 2 provides an example of a 6-bit field that spans two bytes.

Figure 2. Example of multiple-bit field

bo | bs b7 | be | bs | ba | bz .\b2"| b1 | bo

Bo Bl

1.9| Operators

This |section defines less-commonly used operators that aré used in The Qi Wireless Power Transfer

Systgm, Power Class 0 Specification. The commonly used‘operators have their usual meaning.

1.9.1 Exclusive-OR

The dymbol ‘@’ represents the exclusive-OR operation.

1.9.2 Concatenation

The §ymbol ‘||’ represents.the concatenation of two bit strings. In the resulting concatenated bit sfring,
the MSB of the right-hand.side operand directly follows the LSB of the left-hand side operand.

1.10 Measurement equipment

All measurements shall be performed using equipment that has a resolution of at least one quarter ¢f the

precision of the quantity that is to be measured, unless indicated Otherwise.

EXAMPLE  “tstart=15 ms” means that the equipment shall be precise to 0.25 ms.
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2 Power Transmitter reference designs

2.1

Introduction

The Power Transmitter designs that are defined in this Part 4: Reference Designs, are grouped in two basic

types.

Typ€
a tim
addit]
and

Posit]

Typ€
Free

from

A Poy
sevel
type
3.3.1

NOTE

Powe

for example, less positioning freedom and/or alonger charging time. For this reason Power Transmitter desig

A5, arn

The r
perm
Activg

2.2

A Power Transmitter designs have one or more Primary Coils. They activate a single Primary (
e and therefore employ a single Primary Cell that coincides with the activated Primary Cq
ion, type A Power Transmitter designs include means to realize proper alignment of th€ Primar
becondary Coil. Depending on this means, a type A Power Transmitter enables either G

oning or Free Positioning.

B Power Transmitter designs have an array of Primary Coils. All type B’Power Transmitters e
Positioning. For that purpose, type B Power Transmitters can activate one or more Primary

the array to realize a Primary Cell at different positions across thé€ Interface Surface.

ver Transmitter serves only one Power Receiver at a time’only. However, a Base Station may ¢

tain
al Power Transmitters in order to serve multiple Mobile Devices simultaneously. Note that mjrtiple

B Power Transmitters may share (parts of) the muiltiplexer and array of Primary Coils (see Se
3).

Power Receivers that use thin magnetic Shielding have been found to experience reduced performar

I Transmitters that contain a permanent maghet in or near the Active Area. Such Power Receivers may e

d A9 have been deprecated as of version 1.2 of the Qi Power Class 0 Specification.

bmaining Power Transmitter,designs provided in this part 4 of the Qi Power Class 0 Specification do not
inent magnet. Product implementations based on these designs that include a permanent magnet in or ne

Area are not compliantwith this specification.

Baseline Power Profile designs that activate a single Primar

Coil-at a time

oil at
il. In
7 Coil
hided

hable

Coils

ction

ce on
khibit,
hs Al,

use a

Ar the

\

Th o T O-dati 1+ A T s | H : £l R 1 D in) £i1 L pa PR
1S Sectroiruaermes—arr CypC I T OWCT TTAaITrSTIITITTCT UCSTEIS TIT UTC D AaSTIITC T UWTT T TOTITCTIT aUUTtd n to

the definitions in this section, each Power Transmitter design shall implement the relevant parts of the

protocols defined in the Power Transmitter to Power Receiver communications interface section in Parts 1

and 2: Interface Definitions.
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2.2.1 Power Transmitter design Al

Power Transmitter design A1l has been deprecated. For further information, see the note in Section 2.1.
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2.2.2 Power Transmitter design A2

—20-

Power Transmitter design A2 enables Free Positioning. Figure 3 illustrates the functional block diagram

of this design, which consists of three major functional units, namely a Power Conversion Unit, a

Detection Unit, and a Communications and Control Unit.

Communications
& Control Unit

Figure 3. Functional block diagram of Power Transmitter design A2

Input Powér

{

Positioning
Stage

Inverter

g

4

Primary

)
=k

JU[) UONINI(

Voltage
Sense

||

J1U[) UOISIDAUOT) I9MOJ

The Rower-Conversion-Unit-on-the righf-hnnr‘ side of F‘ignrn 2 and the Detection Unit of the bott

m of

Figure 3 comprise the analog parts of the design. The Power Conversion Unit is similar to the Power

Conversion Unit of Power Transmitter design Al. The inverter converts the DC input to an AC waveform

that drives a resonant circuit, which consists of the Primary Coil plus a series capacitor. The Primary Coil

is mounted on a positioning stage to enable accurate alignment of the Primary Coil to the Active Area of

the Mobile Device. Finally, the voltage sense monitors the Primary Coil voltage.

The Communications and Control Unit on the left-hand side of Figure 3 comprises the digital logic part of

the design. This unit is similar to the Communications and Control Unit of Power Transmitter design Al.
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The Communications and Control Unit receives and decodes messages from the Power Receiver, executes

the relevant power control algorithms and protocols, and drives the input voltage of the AC waveform to

control the power transfer. In addition, the Communications and Control Unit drives the positioning stage

and operates the Detection Unit. The Communications and Control Unit also interfaces with other

subsystems of the Base Station, e.g. for user interface purposes.

The Detection Unit determines the approximate location of objects and/or Power Receivers on the

Inter

Howq{

detedtion frequency f; (see Parts 1 and 2: Interface Definitions). The reason is that_this’ app

ace Surface. This version of Part 4: Reference Designs does not specify a particular detection mdthod.

bver, it is recommended that the Detection Unit exploits the resonance in the Power Receiver 3t the

foach

minimizes movements of the Primary Coil, because the Power Transmitter does not need"to attenjpt to

ident]

Posit

2.2.2.1 Maechanical details

Powd
defin
defin

2.2.2

The

diam

Coil has a circular shape and consists of multiple layers. All layers are stacked with the same poll

Tablg

ed in Section 2.2.2.1.4

.1.1  Primary Coil

Primary Coil is of the wire-wound type, and-consists of litz wire having 30 strands of 0.

1 lists the dimensions of the Primany Coil.

Figure'4:.Primary Coil of Power Transmitter design A2

r Transmitter design A2 includes a single Primary Coil as defin€d in Section 2.2.2.1.1, Shieldi

ify objects that do not respond at this resonant frequency. The Moving Primary Coil based Free

oning section in Parts 1 and 2: Interface Definitions provides an example resgnant detection method.

ng as

ed in Section 2.2.2.1.2, an Interface Surface as defined in Section 2.2.2.1.3, and a positioning stqge as

| mm

pter, or equivalent. As shown in Figure 4.+Rrimary Coil of Power Transmitter design A2, the Primary

arity.
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Table 1. Primary Coil parameters of Power Transmitter design A2

Parameter Symbol Value
Outer diameter d, 401 mm
Inner diameter d; 1941 mm
Thickness r]L 2+0.2 yym
Number of turns per layer N 10
Number of layers - 2
2.2.2.1.2 Shielding
As shown in Figure 5, soft-magnetic material protects the Base Station fram-the magnetic field that is

gene
Prim
most

choid

rated in the Primary Coil. The Shielding extends to at least 2 mm beyond the outer diameter
hry Coil, has a thickness of at least 0.20 mm and is placed below thie Primary Coil at a distance
ds = 0.1 mm. This version of Part 4: Reference Designs limits\the composition of the Shielding

e from the following list of materials:
PR-MF3 — Daido Steel
513-H — Daido Steel

Figure 5. Primary Coil assembly of Power Transmitter design A2

Interface
Surface

5 mm min.
| L

f the
of at

r to a

d;
1J0° max. i i i d
Primary % ]e .
Coil 2 mm min.
BaS('e Shielding
Station

2.2.2.1.3 Interface Surface

As shown in Figure 5, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2.5%3° mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer diameter of the Primary Coil.
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2.2.2.1.4 Positioning stage

2017

The positioning stage shall have a resolution of 0.1 mm or better in each of the two orthogonal directions

paral

lel to the Interface Surface.

2.2.2.2  Electrical details

As s

7 Coil

and 4
Shiel

NOTE

Powe
powe
volta
adjug

inpuf

When a type A2 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Intg

Defin

awnm—in-iaura 6 Daotyvar Teopncraittar dacign AD aconc o £l bt dagn tunuartar o0 deiya tho Dt oo
OV I T T IO O T Ovy CT T rarto e e STa = aoC oo o oo gty St —toO—Otrv C—crrC—T T ot

series capacitance. At the fixed Operating Frequency of 140 kHz, the assembly of Primary.Co

Hing has a self inductance Lp = 24*! pH. The value of the series capacitance is Cp = 200%3%nF.
Near resonance, the voltage developed across the series capacitance can reach levels up t6-50 V pk-pk.

r Transmitter design A2 uses the input voltage to the full-bridge inverter to control the amot
r that is transferred. For this purpose, the input voltage range is 3..42 V, where a lower
be results in the transfer of a lower amount of power. In order tosachieve a sufficiently acc
tment of the power that is transferred, a type A2 Power Transmitter shall be able to contrg

voltage with a resolution of 50 mV or better.

itions), it shall use an initial input voltage of 8 V.

Figure 6. Electrical diagram (outline) of Power Transmitter design A2

Full-bridge
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Control of the power transfer shall proceed using the PID algorithm, which is defined in the Power
transfer control section in Parts 1 and 2: Interface Definitions. The controlled variable v introduced in
the definition of that algorithm represents the input voltage to the full-bridge inverter. In order to
guarantee sufficiently accurate power control, a type A2 Power Transmitter shall determine the
amplitude of the Primary Cell voltage—which is equal to the Primary Coil voltage—with a resolution of
5mV or better. Finally, Table 2 provides the values of several parameters that are used in the PID

algorithm

Table 2. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA*
Integral gain K, 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, N'A. N.A.
PID output limit Mpp 1,500 N.A.
Scaling factor Sy -0.5 mV
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2.2.3 Power Transmitter design A3

2017

Power Transmitter design A3 enables Free Positioning, and has a design similar to Power Transmitter

design A2. See Section 0 for an overview.

2.2.3.1 Maechanical details

Powse
defin
defin|

2.2.3

The
diam

singl

ed in Section 2.2.3.1.2, an Interface Surface as defined in Section 2.2.3.1.3, and a positigning st3
ed in Section 2.2.3.1.4.

.1.1  Primary Coil

Primary Coil is of the wire-wound type, and consists of litz wire having 11 strands of 0.2
pter, or equivalent. As shown in Figure 7, the Primary Coil has a.cifcular shape and consists

e layer. Table 3 lists the dimensions of the Primary Coil.

Figure 7. Primary Coil of Power Transmitter design A3

Table 3. Primary Coil parameters of Power Transmitter design A3

r Transmitter design A3 includes a single Primary Coil as defined in Section 2.2.3.1.1, ShieldiLg as

ge as

) mm

of a

Parameter Symbol Value
Outer diameter d, 33t mm
Inner diameter d; 10%%2 mm
Thickness d. 1.8 mm
Number of turns per layer 25
Number of layers - 1
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2.2.3.1.2 Shielding

As shown in Figure 8, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 1 mm beyond the outer diameter of the
Primary Coil, has a thickness of at least 0.60 mm and is placed below the Primary Coil at a distance of at
most dg = 0.4 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a

choice from the following list of materials:

= HP13-H — Daido Steel

= KNZWA20B356 — Panasonic

Figure 8. Primary Coil assembly of Power Transmitter design A3

Interface
Surface

5 mm min.

¢ d.
1.0°max. | | ’ ds
Primary % ]% .
Coil 1 mm min.
BaS(.e Shielding
Station

2.2.3.1.3 Interface Surface

As sHown in Figure 8, the distance from the Primary Coil to the Interface Surface of the Base Station is
d, = 2.5f8'5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the|Base

Statign extends at least5 mm beyond the outer diameter of the Primary Coil.

2.2.3.1.4 _Positioning stage

The positioning stage shall have a resolution of 0.1 mm or better in each of the two orthogonal diredtions

L P ‘. e
paralferto tare IteT Iate SUT fdce.
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2.2.3.2 Electrical details

2017

As shown in Figure 9, Power Transmitter design A3 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. At an Operating Frequency range between 105 kHz and 140 kHz, the assembly

of Primary Coil and Shielding has a self inductance Lp = 16.5%1°% uH. The value of the series capacitance

is Cp

= 180%*5% nF.
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When a type A3 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté
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an Operating Frequency of 140 kHz when first applying the PowexSignal. If the Power Transmitter]

not t

Powgq

reapply the Power Signal multiple times at other—consecutively lower—Operating Frequencies W
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Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A3 uses the input voltage to the full-bridge inverter to control the.amoy
r that is transferred. For this purpose, the input voltage range is 3...12 V, where @ lower
be results in the transfer of a lower amount of power. In order to achieve a-sufficiently acc
tment of the power that is transferred, a type A3 Power Transmitter shall.be able to contr

voltage with a resolution of 50 mV or better.

itions), it shall use an initial input voltage of 6 V. It is recommen@déd that the Power Transmittey

receive a Signal Strength Packet from the Power Receivet, the Power Transmitter shall remoy

r Signal as defined in Section Parts 1 and 2: Intefface Definitions. The Power Transmitter

hnge specified above, until the Power Transmitter receives a Signal Strength Packet containi

priate Signal Strength Value.

nt of
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Figure 9. Electrical diagram (outline) of Power Transmitter design A3
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Contyol of the power transfer shall proceed using®&he PID algorithm, which is defined in Parts 1 dnd 2:
Interface Definitions. The controlled variable v¥ introduced in the definition of that algorithm represents
the ipput voltage to the full-bridge inverter{dn order to guarantee sufficiently accurate power control, a
type A3 Power Transmitter shall determine the amplitude of the Primary Cell voltage—which is eqyal to
the Hrimary Coil voltage—with a resolution of 5 mV or better. Finally, Table 4 provides the valyes of

several parameters, which are used'in the PID algorithm.

Table 4. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M N.A. N.A.
PID output limit Mp1p 1,500 N.A.
Scaling factor Sy -0.5 mV
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2.2.4 Power Transmitter design A4

Power Transmitter design A4 enables Free Positioning. Figure 10 illustrates the functional block diagram
of this design, which consists of two major functional units, namely a Power Conversion Unit and a

Communications and Control Unit.

Figure 10. Functional block diagram of Power Transmitter design A4
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The Power Conversion Unit on the right-hand side of Figure 10 and the Detection Unit of the bott¢m of
Figure 10 comprisetthe“analog parts of the design. The inverter converts the DC input to an AC wavéform
that firives a re§onant circuit, which consists of the selected Primary Coil plus a series capacitor} The
selected Primary Coil is one from two partially overlapping Primary Coils, as appropriate for the pogition

of the Power Receiver relative to the two Primary Coils. Selection of the Primary Coil proceeds bjy the

Powqr Transmitter attempting to establish communication with a Power Receiver using either Primary

Coil. Finally, the voltage sense monitors the Primary Coil voltage and current.

The Communications and Control Unit on the left-hand side of Figure 10 comprises the digital logic part
of the design. The Communications and Control Unit receives and decodes messages from the Power
Receiver, configures the Coil Selection block to connect the appropriate Primary Coil, executes the
relevant power control algorithms and protocols, and drives the input voltage of the AC waveform to
control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.4.1 Mechanical details

Power Transmitter design A4 includes two Primary Coils as defined in Section 2.2.4.1.1, Shielding as

defined in Section 2.2.4.1.2, and an Interface Surface as defined in Section 2.2.4.1.3.

2.2.4.1.1 Primary Coil

’|‘he rimaarwCaileara of tha yvaiva yagond tvoa and copncicte of Dbs e bhaovzio
Fary—cohSafre-or—+tie-—wWwire-v Y P e e €ORS5IStS Ot Wire-navir

diamgter, or equivalent. As shown in Figure 11, a Primary Coil has a racetrack-like shape and consis{s of a

single layer. Table 5 lists the dimensions of a Primary Coil.

Figure 11. Primary Coil of Power Transmitter design A4

el

dol

Table 5. Primary Coil parameters of Power Transmitter design A4

Parameter Symbol Value
Outer length dy 70%%5 mm
Inner length dy 15%%5 mm
Outer width dow 591%5 mm
Innerwidth di 4305 mm
Thickness d,. 1.15%%05 mm
Number of turns per layer N 23.5
Number-oftayers +

Power Transmitter design A4 contains two Primary Coils, which are mounted in a Shielding block (see
Section 2.2.4.1.2) with their long axes coincident, and a displacement of d;, = 41*%5 mm between their

centers. See Figure 12.
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Figure 12. Dual Primary Coils (top view)

2.2

1.2

dn

Shielding

As sHown in Figure 13, soft-magnetic material protects the Base Station ‘from the magnetic field that is
generated in the Primary Coils. The top face of the Shielding block’is-aligned with the top face qf the
Primary Coils, such that the Shielding surrounds the Primary Coils.on all sides except for the top fafe. In
additiion, the Shielding extends to at least 2.5 mm beyond the{outer edge of the Primary Coils, and has a
thickhess of at least 5 mm. This version of Part 4: Reference Designs limits the composition df the

Shielfling to a choice from the following list of materials:

= Mn-Zn-Ferrite Dust Core — any supplier

Figure 13. Primary Coil assembly of Power Transmitter design A4
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2.2.4.1.3 Interface Surface

As shown in Figure 13, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2.0%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer diameter of the Primary Coil.

2.2.
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In a Base Station that contains multiple type A4 Power Transmitters, the Primary Coil assemblies g
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f Power Transmitter shall not overlap.

The two Primary Coils within an assembly do overlap as defined in Section 2.2.4.1.1.

}.2  Electrical details

own in Figure 14, Power Transmitter design A4 uses a full-bridge inveérter to drive the Primary
series capacitance. In addition, Power Transmitter design A4 &hall operate coil selection swi

and SWI such that only a single Primary Coil is connected to the inverter.

and Shielding has a self inductance Lp = 24%%5 yH{ The value of the series capacitance i

°% nF. The input voltage to the full-bridge inverterds 5...11 V.
Near resonance, the voltage developed across'the series capacitance can reach levels up to 40 V pk-pk.

r Transmitter design A4 uses the Op¢érating Frequency and the input voltage to the full-b
ter to control the amount of powes that is transferred. In order to achieve a sufficiently acc
tment of the power that is transferred, a type A4 Power Transmitter shall be able to contr

ency with a resolution of 0:5kHz, and the input voltage with a resolution of 50 mV or better.

ns), the Power Trahsmitter shall use an Operating Frequency of 130 kHz, and an input voltage d
Power Transmiitter does not to receive a Signal Strength Packet from the Power Receiver, the P
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Figure 14. Electrical diagram (outline) of Power Transmitter design A4
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ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g
face Definitions. The controlled variable®® introduced in the definition of that algorithm repre
hting Frequency as well as the input voltage to the full-bridge inverter. It is recommended
ol of the power occurs primarily by means of adjustments to the Operating Frequency, and
be adjustments are made-only at the boundaries of the Operating Frequency range. In ord

ntee sufficiently accurate power control, a type A4 Power Transmitter shall determin

nd 2:
sents
that
that
er to
e the

tude of the Primapy Coil current with a resolution of 5 mA or better. Finally, Table 6 and Table 7

de the values of §everal parameters, which are used in the PID algorithm.
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Table 6. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K, 0 mA-1ms-1
Derivative-gain e 6 MA-Lms
Integral term limit M, N.A. N.A.
PID output limit Mp1p 20,000 N.A.
Scaling factor Sy 1.0 Hz

Table 7. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K, 0 mA-1ms-1
Derivative gain K4 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpp 1,500 N.A.
Scaling factor Sy -0.5 mV
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2.2.5 Power Transmitter design A5

Power Transmitter design A5 has been deprecated. For further information, see the note in Section 2.1.
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2.2.6 Power Transmitter design A6

Figure 15 illustrates the functional block diagram of this design, which consists of two major functional

units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 15. Functional block diagram of Power Transmitter design A6
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ower Conversion Unit on'the right-hand side of Figure 15 comprises the analog parts of the d¢
hverter converts the DC.input to an AC waveform that drives a resonant circuit, which consists

fed Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear arr

hry Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to estd
hunication-with a Power Receiver using any of the Primary Coils. Note that the array may consis

e Primary Coil only, in which case the selection is trivial. Finally, the current sense monitor

pSign.
bf the
ay of

hlly overlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the

blish
tofa
s the

The Communications and Control Unit on the left-hand side of Figure 15 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil

Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms

and protocols, and drives the frequency of the AC waveform to control the power transfer. The

Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.6.1 Maechanical details

Power Transmitter design A6 includes one or more Primary Coils as defined in Section 2.2.6.1.1, Shielding

as defined in Section 2.2.6.1.2, an Interface Surface as defined in Section 2.2.6.1.3.

2.2.6.1.1 Primary Coil

pixaary Codl ic of +bha vzt yazonand g o dconcicte of na 17 ANC (1 10 oo Aot AN ST 2SN i
The Rrimmar y-CoiHs-of-the-wire-wound-typeand-consistseof ro—-7 AW (- 5-mm-diamme ter-bpe2 litz
wire fhaving 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 16, the
Primary Coil has a rectangular shape and consists of a single layer. Table 8 lists the dimensions ¢f the

Primary Coil.

Figure 16. Primary Coil of Power Transmitter design A6
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Table 8. Primary Coil parameters of Power Transmitter design A6

Parameter. Symbol Value
Outer léngth d, 53.2105 mm
Innériength d; 27.5%05 mm
Outer width dow 452105 mm
Inner width diw 19.5%05 mm
Thickness d. 1.5%%5 mm
Number of turns per layer N 12 turns
Number of layers - 1

Power Transmitter design A6 contains at least one Primary Coil. 0dd numbered coils are placed alongside
each other with a displacement of d,, = 49.2%** mm between their centers. Even numbered coils are
placed orthogonal to the odd numbered coils with a displacement of d,, = 24.6%? mm between their

centers. See Figure 17.
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Figure 17. Primary Coils of Power Transmitter design A6
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.1.2  Shielding

own in Figure 18, soft-magnetic material protects, the Base Station from the magnetic field t
rated in the Primary Coil. The Shielding extends to.at least the outer dimensions of the Primary
thickness of at least 0.5 mm, and is placed-below the Primary Coil at a distance of at mosf
m. This version of Part 4: Reference Designs limits the composition of the Shielding to a choice

llowing list of materials:

aterial 44 — Fair Rite Corporatioh.

aterial 28 — Steward, Inc.

MG22G — Ceramic Magnetics, Inc.

blektor 22G — Kelektor.

paderTech SB28B2100-1 — LeaderTech Inc.
ppFlux “A““— TopFlux.

ppFlux™“B“ — TopFlux.

hat is
Coils,
d, =

from

ACME K081 — Acme Electronics.

L7H — TDK Corporation.

PE22 — TDK Corporation.

FK2 — TDK Corporation.

68 — EMICORE Corp.

M

79 — EMICORE Corp.
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Figure 18. Primary Coil assembly of Power Transmitter design A6
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2.2.6.1.3 Interface Surface

As sHown in Figure 18, the distance from the Primary Coil to the.Interface Surface of the Base Stat]on is
d, =295 mm, across the top face of the Primary Coil. In _the tase of a single Primary Coil, the disfance
from|the Primary Coil to the Interface Surface of the Base Station is d, = 3*35; mm, across the top face of
the Primary Coil. In addition, the Interface Surface of‘the Base Station extends at least 5 mm beyond the

outel dimensions of the Primary Coils.

2.2.8.1.4 Inter coil separation

If the Base Station contains multiple type A6 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmitters shall have a ¢enter-to-center distance of at least 49.2%* mm.
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2.2.6.2 Electrical details

As shown in Figure 19, Power Transmitter design A6 uses a half-bridge inverter to drive an individual

Primary Coil and a series capacitance. Within the Operating Frequency range specified below, the

assembly of Primary Coils and Shielding has a self inductance Lp = 11.5%1%% yH for coils closest to the

Interface Surface .and inductance Lp = 12.5%!

9% yH for coils furthest from the Interface Surface

. The
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of the series capacitance 1s Cp = 0.147->"° uk tor coils closest to the Interface Surface and
+5% \iF for coils furthest from the Interface Surface. The input voltage to the half-bridge-inver

°V.
Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design A6 uses the Operating Frequency and duty cycle of the,Power Signal in

htrol the amount of power that is transferred. For this purpose, the Qpetrating Frequency ran
alf-bridge inverter is f,, = 115...205 kHz with a duty cycle of 509%; ‘and its duty cycle ran
0% at an Operating Frequency of 205 kHz. A higher Operating Frequency or lower duty cycle 1

e transfer of a lower amount of power. In order to achieve a‘sufficiently accurate adjustment

h resolution of

P1 X fo, — 0.7 kHz, for fop in the 115...175kHz range;
015 X f,, — 1.58 kHz, for fop in the 175,205 kHz range;
tter. In addition, a type A6 Power Transmitter shall control the duty cycle of the Power Signal

ition of 0.1% or better.

When a type A6 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Intg

Defin
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itions), it shall use an initial Operating Frequency of 175 kHz (and a duty cycle of 50%).

ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g
face Definitions. The controlled variable v introduced in the definition of that algorithm repre
perating Frequency or the duty cycle. In order to guarantee sufficiently accurate power contj
A6 Power Transmitter shall determine the amplitude of the Primary Cell current—which is eq
rimary\Coil current—with a resolution of 7 mA or better. Finally, Table 9, Table 10, and Tab

dé.the values of several parameters, which are used in the PID algorithm.
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Figure 19. Electrical diagram (outline) of Power Transmitter design A6
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Table 9. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K, 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M 3,000 N.A.
PID output limit Mpp 20,000 N.A.

Table, 10. Operating Frequency dependent scaling factor

Frequency Range [kHz] Scaling Factor S, [Hz]
115...140 1.5
140...160
160...180
180...205
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Table 11. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor S, -0.01 %
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2.2.7 Power Transmitter design A7

Power Transmitter design A7 enables Free Positioning, and has a design similar to Power Transmitter

design A2. See Section 0 for an overview.

2.2.7.1 Mechanical details

Powdr Transmitter design A7 includes a single Primary Coil as defined in Section 2.2.7.1.1, ShieldiLg as
defined in Section 2.2.7.1.2, an Interface Surface as defined in Section 2.2.7.1.3, and a positigning stqge as
defined in Section 2.2.7.1.4.

2.2.4.1.1  Primary Coil

The Primary Coil is of the wire-wound type, and consists of litz wire having”100 strands of 0.08 mm
diamgter, or equivalent. As shown in Figure 20, the Primary Coil has a citcular shape and consist$ of a

single layer. Table 12 lists the dimensions of the Primary Coil.

Figure 20. Primary Coil of Power Transmitter design A7

Table 12. Primary Coil parameters of Power Transmitter design A7

Parameter Symbol Value
Outer diameter d, 392 mm
Inner diameter d; 12192 mm
Thickness d,. 1.9%%2 mm
Number of turns per layer 20
Number of layers - 1
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2.2.7.1.2 Shielding

As shown in Figure 21, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least the edges of the Primary Coil, has a
thickness of at least 0.60 mm and is placed below the Primary Coil at a distance of at most d;, = 0.5mm.
This version of Part 4: Reference Designs limits the composition of the Shielding to a choice from the

following list of materials:

= KNZWAB - Panasonic
= KNZWAC - Panasonic
= FK2 - TDK Corporation
= FK5 - TDK Corporation

= PF600F - FDK Corporation

Figure 21. Primary Coil assembly of Power Transmitter design A7
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2.2.7.1.3 Interface Surface

As sHown in‘Figure 21, the distance from the Primary Coil to the Interface Surface of the Base Stat{on is
d, = 3.0105 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the|Base
Stati

2.2.7.1.4 Positioning stage

The positioning stage shall have a resolution of 0.1mm or better in each of the two orthogonal directions

parallel to the Interface Surface.
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2.2.7.2 Electrical details

2017

As shown in Figure 22, Power Transmitter design A7 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. At an Operating Frequency range between 105 kHz and 140 kHz, the assembly

of Primary Coil and Shielding has a self inductance Lp = 13.6*!

is Cp

0%

= 180*5% nF.

uH. The value of the series capacitance
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r Transmitter design A7 uses the input voltage to the full-bridge inverter to control the aniot
r that is transferred. For this purpose, the input voltage range is 3...12 V, where~a lower
e results in the transfer of a lower amount of power. In order to achieve a sufficiently acc
tment of the power that is transferred, a type A7 Power Transmitter shall -be)able to contr

voltage with a resolution of 50 mV or better.

itions), it shall use an initial input voltage of 6.5 V. It is recomménded that the Power Transn
An Operating Frequency of 140 kHz when first applying the Power Signal. If the Power Transn
not to receive a Signal Strength Packet from the Power ‘Receiver, the Power Transmitter

ve the Power Signal as defined in Parts 1 and 2: Interface Definitions. The Power Transmitter

priate Signal Strength Value.

nt of
input
urate
1 the

rface
hitter
hitter
shall

may
rithin

hnge specified above, until the Power Transmitter'receives a Signal Strength Packet containing an
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Figure 22. Electrical diagram (outline) of Power Transmitter design A7
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ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable®® introduced in the definition of that algorithm repre

nd 2:

sents

the ipput voltage to the full-bridge inverter. In order to guarantee sufficiently accurate power control, a

type
the P

sevel|

al parameters, which are used in the PID algorithm.

Table 13. PID parameters for voltage control

A7 Power Transmitter shall determine the amplitude of the Primary Cell voltage—which is eq

rimary Coil voltage—with-a.resolution of 5 mV or better. Finally, Table 13 provides the valy

hal to

es of

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M N.A. N.A.
PID output limit Mp1p 1,500 N.A.
Scaling factor Sy -0.5 mV
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2.2.8 Power Transmitter design A8

Power Transmitter design A8 enables Free Positioning. Figure 23 illustrates the functional block diagram
of this design, which consists of two major functional units, namely a Power Conversion Unit and a

Communications and Control Unit.

Figure 23. Functional block diagram of Power Transmitter design A8
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The Power Conversion-Unit on the right-hand side of Figure 23 comprises the analog parts of the d¢sign.
The ipverter conVerts the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the
Primary Coikplus a series capacitor. Finally, the voltage and current sense monitors the Primary Coil

voltage and current.

The Communications and Contror Ut on the teft-hand Stde of Figure 23 Comprises the digital Iogit part
of the design. The unit receives and decodes messages from the Power Receiver, executes the relevant
power control algorithms and protocols, and drives the input power and frequency of the AC waveform to
control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.8.1 Maechanical details

Power Transmitter design A8 includes one Primary Coil as defined in Section 2.2.8.1.1, Shielding as

defined in Section 2.2.8.1.2, and an Interface Surface as defined in Section 2.2.8.1.3.

2.2.8.1.1 Primary Coil

The rixmaary Codl 1o of tho  arien yaonad tuona o d copncicte of Tibo cazien haoyzin
FHHRT Y156 1—+t1e—Wire-wo t—ty PR a—€oRSIStS— o1t Wire—1tavit

diamgter, or equivalent. As shown in Figure 24, a Primary Coil has a racetrack-like shape and consis{s of a

single layer. Table 14 lists the dimensions of a Primary Coil.

Figure 24. Primary Coil of Power Transmitter design A8

dow

N
d ol

Table 14. Primary Coil parameters of Power Transmitter design A8

Parameter Symbol Value
Outer length dy 70%%> mm
Inner length dy 15%%5 mm
Outefrwidth dow 59%05 mm
Infier width di 4105 mm
Thickness d, 1.2%015 mm
Number of turns per layer N 23.5
Number of layers - 1
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2.2.8.1.2 Shielding

2017

As shown in Figure 25, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The top face of the Shielding block is aligned with the top face of the

Primary Coil, such that the Shielding surrounds the Primary Coil on all sides except for the top face. In

addition, the Shielding extends to at least 2.5 mm beyond the outer edge of the Primary Coil, and has a

thick
Shiel

= Mn-Zn-Ferrite Dust Core— any supplier

ess oI at least 5.1 mm. 1This version oI Fart 4: Reference Designs limits the composition g

ling to a choice from the following list of materials:

Figure 25. Primary Coil assembly of Power Transmitter design A8

f the

on is

Base

_ Interface
Primary Surface
N 5 mm min. Coil
d, I
3.6 mm,
Shielding 2.5 mm min.

Base

Station
2.2.8.1.3 Interface Surface
As sHown in Figure 25, the.distance from the Primary Coil to the Interface Surface of the Base Stat
d, =[2.0%%5 mm, across'the top face of the Primary Coil. In addition, the Interface Surface of the
Statign extends atleast 5 mm beyond the outer diameter of the Primary Coil.
2.2.8.1.4 _~Separation between multiple Power transmitters
If theg BaSe Station contains multiple type A8 Power Transmitters, the Primary Coils of any pair of those

Power Transmitters shall have a center-to-center distance of at least 70 mm.
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2.2.8.2 Electrical details

As shown in Figure 26, Power Transmitter design A8 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range of 110...180 kHz, the assembly of

Primary Coil and Shielding has a self inductance Lp = 24*%5 uH. The value of the series capacitance is

Cp = 100%5% nF. The input voltage to the full-bridge inverter is 53%5...11$05 v,

NOTH Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

Powdr Transmitter design A8 uses the Operating Frequency and the input voltage to the full-b|
inverter to control the amount of power that is transferred. In order to achieve a sufficiently acc
adjugtment of the power that is transferred, a type A8 Power Transmitter shall he:able to contr

frequency with a resolution of 0.5 kHz, and the input voltage with a resolution of 50-mV or better.

When a type A8 Power Transmitter first applies a Power Signal (Digital Ping;-See Parts 1 and 2: Inté
Definfitions), the Power Transmitter shall use an Operating Frequency of 130 kHz, and an input volt3

8 V. If the Power Transmitter does not to receive a Signal Strength.Pdcket from the Power Receive

Powdr Transmitter shall remove the Power Signal as defined in-Rarts 1 and 2: Interface Definitiony.

Powgr Transmitter may reapply the Power Signal multiple tinles at an Operating Frequency of 13
using consecutively higher input voltages within the range’specified above, until the Power Transr

receipes a Signal Strength Packet containing an appropriate Signal Strength Value.

Figure 26. Electrical diagram (ottline) of Power Transmitter design A8
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
Operating Frequency as well as the input voltage to the full-bridge inverter. It is recommended that
control of the power occurs primarily by means of adjustments to the Operating Frequency, and that
voltage adjustments are made only at the boundaries of the Operating Frequency range. In order to
guarantee sufficiently accurate power control, a type A8 Power Transmitter shall determine the
ampl tnde of the Primary Coil current with a resolution of 5 mA or hetter. Finally, Table 15 and Tahle 16

provide the values of several parameters, which are used in the PID algorithm.

Table 15. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz

Table 16. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID qutput limit Mpyp 1,500 N.A.
S¢aling factor Sy -0.5 mV
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2.2.9 Power Transmitter design A9

Power Transmitter design A9 has been deprecated. For further information, see the note in Section 2.1.
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10 Power Transmitter design A10

2017

Power Transmitter design A10 enables Guided Positioning. Figure 27 illustrates the functional block

diagram of this design, which consists of two major functional units, namely a Power Conversion Unit and

a Communications and Control Unit.

The |
The i

Prim

The
of th
powsd

powd

Figure 27. Functional block diagram of Power Transmitter design A10
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T

ower Conversion Unit on'the right-hand side of Figure 27 comprises the analog parts of the d¢
hverter converts the DCinput to an AC waveform that drives a resonant circuit, which consists

hry Coil plus a series.capacitor. Finally, the current sense monitors the Primary Coil current.

lommunications and Control Unit on the left-hand side of Figure 27 comprises the digital logid
b design.(This unit receives and decodes messages from the Power Receiver, executes the rel
r control algorithms and protocols, and drives the frequency of the AC waveform to contrg

riransfer. The Communications and Control Unit also interfaces with other subsystems of the|

esign.
bf the

part
bvant
1 the

Base

Station, e.g. for user interface purposes.
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2.2.10.1 Mechanical details

Power Transmitter design A10 includes a single Primary Coil as defined in Section 2.2.10.1.1, Shielding as
defined in Section 2.2.10.1.2, an Interface Surface as defined in Section 2.2.10.1.3, and an alignment aid as
defined in Section 2.2.10.1.4.

2 2 011 Primary Cail
AN o - o s R R AR~

The Primary Coil is of the wire-wound type, and consists of no. 17 AWG (1.15 mm diameter) type |2 litz
wire |having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown imFigure 28, the
Primgry Coil has a circular shape and consists of multiple layers. All layers are stackéd with the same

polarjity. Table 17 lists the dimensions of the Primary Coil.

Figure 28. Primary Coil of Power Transmitter design A10

Table 17: Primary Coil parameters of Power Transmitter design A10

Parameter Symbol Value
Outer'diameter d, 43105 mm
Inner diameter d; 20.5%%5 mm
Thickness d, 2.1*%5> mm
Number of turns per layer 10
Number of layers - 2
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2.2.10.1.2 Shielding

As shown in Figure 29, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 2 mm beyond the outer diameter of the
Primary Coil, has a thickness of at least 0.5 mm, and is placed below the Primary Coil at a distance of at

most dg = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a

choide Trom the roliowing list o materials:

= Material 44 — Fair Rite Corporation.
=  Miaterial 28 — Steward, Inc.
= (CMG22G — Ceramic Magnetics, Inc.
= Kbplektor 22G — Kolektor.
= Le¢aderTech SB28B2100-1 — LeaderTech Inc.
TopFlux “A“— TopFlux.
= ToppFlux “B“— TopFlux.
ACME K081 — Acme Electronics.
= LYH — TDK Corporation.
= PE22 — TDK Corporation.
= FK2 — TDK Corporation.
= 68 — EMICORE Corp.

= M79 — EMICORE Corp.

Figure 29. Primary Coil assembly of Power Transmitter design A10
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2.2.10.1.3 Interface Surface

As shown in Figure 29 the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2¥55. mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer diameter of the Primary Coil.

NOTE This Primary-Coil-to-Interface-Surface distance implies that the tilt angle between the Primary Coil and a flat

Interfaee

Surfa

e distance implies a radius of curvature of the Interface Surface of at least 317 mm, centered on the Rr

Coil. Yee Figure 29.

2.2.10.1.4 Alignment aid

The fiser manual of the Base Station containing a type A10 Power Transmitter.shall have inform

abou

Fort
Mobi

[ the location of its Active Area(s).

he best user experience, it is recommended to employ at least one-user feedback mechanism d

|e Device positioning to help alignment.

NOTH Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means of the logo or]

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illurininating an LED to indicate proper alignment.

An audible or haptic feedback mechanism.

2.2.10.1.5 Inter coil separation

If thg Base Station contains multiple’type A10 Power Transmitters, the Primary Coils of any pair of

Powgr Transmitters shall have a<enter-to-center distance of at least 50 mm.

grface-

mary

ation

uring

other

those
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2.2.10.2 Electrical details

2017

As shown in Figure 30, Power Transmitter design A10 uses a half-bridge inverter to drive the Primary

Coil and a series capacitance. Within the Operating Frequency range specified below, the assembly of

Primary Coil, Shielding, and magnet has a self inductance Lp = 24¥1%% uH. The value of the series

capacitance is C, = 100%5% nF. The input voltage to the half-bridge inverter is 191 V.

NOTE

Pows
to co
the H
10...
in th
amoy
with

= 0

= 0.

or be

ares

When a type A10 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin

Contj
Intery
the @
type

the P

provi

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 200 Vip

r Transmitter design A10 uses the Operating Frequency and duty cycle of the Power Signal in

htrol the amount of power that is transferred. For this purpose, the Operating Frequéncy ran
alf-bridge inverter is f,, = 110 ...205 kHz with a duty cycle of 50%; and its~duty cycle ran
0% at an Operating Frequency of 205 kHz. A higher Operating Frequency of-lewer duty cycle 1

e transfer of a lower amount of power. In order to achieve a sufficiently*dccurate adjustment

h resolution of

01 X fo, — 0.7 kHz, for fop in the 110...175 kHz range;
015 X f,, — 1.58 kHz, for fop in the 175...205 kHZrange;
tter. In addition, a type A10 Power Transmitter shall' control the duty cycle of the Power Signal

blution of 0.1% or better.

itions), it shall use an initial Operating\Frequency of 175 kHz (and a duty cycle of 50%).

ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g
face Definitions. The controlledvariable v introduced in the definition of that algorithm repre
perating Frequency or the duty cycle. In order to guarantee sufficiently accurate power conj
A10 Power Transmitter shall determine the amplitude of the Primary Cell current—which is eq
rimary Coil currénf—with a resolution of 7 mA or better. Finally, Table 18, Table 19, and Tab

de the valueswof'several parameters, which are used in the PID algorithm.

k-pk.

brder
ge of
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nt of power that is transferred, a type A10 Power Transmitter shall control the Operating Frequency
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rface
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sents
rol, a
hal to
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Figure 30. Electrical diagram (outline) of Power Transmitter design A10

Half-bridge
Inverter

Input
rD

Voltage
hd control

—

()
HUF

Lp

Table 18. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-1ms
Integral term limit M; 3,000 N.A.
PID output limit Mpp 20,000 N.A.

Table19: Operating Frequency dependent scaling factor

Frequency Range [kHz] Scaling Factor S, [Hz]
110...140 1.5
140...160
160...180
180...205
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Table 20. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor S, -0.01 %
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2.2.11 Power Transmitter design A1l

Power Transmitter design A1l enables Guided Positioning. Figure 31 illustrates the functional block

diagram of this design, which consists of two major functional units, namely a Power Conversion Unit and

a Communications and Control Unit.
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Figure 31. Functional block diagram of Power Transmitter design A11
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T

ower Conversion Unit on'the right-hand side of Figure 31 comprises the analog parts of the d¢
hverter converts the DCinput to an AC waveform that drives a resonant circuit, which consists

hry Coil plus a series.capacitor. Finally, the current sense monitors the Primary Coil current.

lommunications and Control Unit on the left-hand side of Figure 31 comprises the digital logid
b design.(This unit receives and decodes messages from the Power Receiver, executes the rel
r control algorithms and protocols, and drives the frequency of the AC waveform to contrg

riransfer. The Communications and Control Unit also interfaces with other subsystems of the|

esign.
bf the

part
bvant
1 the

Base

Station, e.g. for user interface purposes.

2.2.11.1 Maechanical details

Power Transmitter design A11 includes a single Primary Coil as defined in Section 2.2.11.1.1, Shielding as

defined in Section 2.2.11.1.2, an Interface Surface as defined in Section 2.2.11.1.3, and an alignment aid as

defin

ed in Section 2.2.11.1.4.
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2.2.11.1.1 Primary Coil

The Primary Coil is of the wire-wound type, and consists of no. 17 AWG (1.15 mm diameter) type 2 litz
wire having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 32, the
Primary Coil has a circular shape and consists of one or two layers. Table 21 lists the dimensions of the

Primary Coil.

Figure 3Z. Primary Coil ot Fower Iransmitter design

Table 21. Primary Coil parameters of Power Transmitter design A11

Parameter Symbol Value

Outer diameter d, 44115 mm
Inner diameter d; 20.5%5 mm
Thickness d, 2.17% mm
Number of turns(per layer 10 (5 bifilar turns)
Number of layers - lor2

2.2.11.1.2 Shielding

As sHown in‘Figure 33, soft-magnetic material protects the Base Station from the magnetic field that is
genefated. in the Primary Coil. The Shielding extends to at least 2 mm beyond the outer diameter ¢f the

Primfry. Coil, has a thickness of at least 0.5 mm, and is placed below the Primary Coil at a distance| of at

most d; = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a
choice from the following list of materials:

= Material 44 — Fair Rite Corporation.
= Material 28 — Steward, Inc.
= CMG22G — Ceramic Magnetics, Inc.

=  Kolektor 22G — Kolektor.
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= LeaderTech SB28B2100-1 — LeaderTech Inc.
= TopFlux “A“— TopFlux.

= TopFlux “B“— TopFlux.

= ACME K081 — Acme Electronics.

= L7H — TDK Corporation.

= PE22 — TDK Corporation.
= FK2 — TDK Corporation.
= 68 — EMICORE Corp.

= M79 — EMICORE Corp.

Figure 33. Primary Coil assembly of Power Transmitter desigh A1l
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2.2.11.1.3 Interface;Surface

As sHown in Figure 33 the distance from the Primary Coil to the Interface Surface of the Base Stat]on is

d, =295 ;mmy; across the top face of the Primary Coil. In addition, the Interface Surface of the|Base

Statign extends at least 5 mm beyond the outer diameter of the Primary Coil.

NOTE This Primary-Coil-to-Interface-Surface distance implies that the tilt angle between the Primary Coil and a flat
Interface Surface is at most 1.0°. Alternatively, in case of a non-flat Interface Surface, this Primary-Coil-to-Interface-
Surface distance implies a radius of curvature of the Interface Surface of at least 317 mm, centered on the Primary

Coil. See Figure 33.
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2.2.11.1.4 Alignment aid

2017

The user manual of the Base Station containing a type A11 Power Transmitter shall have information

about the location of its Active Area(s).

For the best user experience, it is recommended to employ at least one user feedback mechanism during

Mobi

e Device positioning to help alignment.

NOTE
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Powd
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Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means ofrthe logo or]

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illuminating an LED to indicate proper‘alignment.

An audible or haptic feedback mechanism.

1.1.5 Inter coil separation

Base Station contains multiple type A11 Power Transmitters,the Primary Coils of any pair of

r Transmitters shall have a center-to-center distance of-atdeast 50 mm.

1.2 Electrical details

own in Figure 34, Power Transmitter design@A11 uses a full-bridge inverter to drive the Primar

hind Shielding has a self inductance £p= 6.3%'1°% uH. The value of the series capacitance is

" uF. The input voltage to the full-bridge inverter is 5+>% V.,

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design Al1-uses the Operating Frequency and duty cycle of the Power Signal in
htrol the amount df power that is transferred. For this purpose, the Operating Frequency ran
ill-bridge inverter'is f,, = 110 ...205 kHz with a duty cycle of 50%; and its duty cycle ran
0% at an Qperating Frequency of 205 kHz. A higher Operating Frequency or lower duty cycle 1

e transfer.of a lower amount of power. In order to achieve a sufficiently accurate adjustment

with

other

those

y Coil

series capacitance. Within the Operating:Erequency range specified below, the assembly of Primary

Cp =

k-pk.

brder
ge of
ge is
esult
f the

nt of power that is transferred, a type A11 Power Transmitter shall control the Operating Frequency

h resolution of

= 0.

= 0.

01 X fop, — 0.7 kHz, for fop in the 110...175 kHz range;

015 X f,, — 1.58 kHz, for fop in the 175...205 kHz range;

or better. In addition, a type A11 Power Transmitter shall control the duty cycle of the Power Signal with

aresolution of 0.1% or better.
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When a type A11 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Interface
Definitions), it shall use an initial Operating Frequency of 175 kHz (and a duty cycle of 50%).

Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents

the Operating Frequency or the duty cycle. In order to guarantee sufficiently accurate power control, a

type A1l Rower Transmitter shall determine the qmp]ifndp of the Primary Cell current—which is eq 1al to

the Primary Coil current—with a resolution of 7 mA or better. Finally, Table 22, Table 23, and,Tahle 24
provide the values of several parameters, which are used in the PID algorithm.

Figure 34. Electrical diagram (outline) of Power Transmitter design A11
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Table 22. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-!
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M 3,000 N.A.
PID output limit Mpp 20,000 N.A.
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Table 23. Operating Frequency dependent scaling factor

Frequency Range [kHz] Scaling Factor S, [Hz]
110...140 1.5
140...160
160...180
160...205 S

Table 24. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor S, -0.01 %
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2.2.12 Power Transmitter design A12

Figure 35 illustrates the functional block diagram of Power Transmitter design A12, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 35. Functional block diagram of Power Transmitter design A12
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The Power Conversion Unit on the(right-hand side of Figure 35 comprises the analog parts of the d¢sign.
The ipverter converts the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the

Primary Coil plus a series.capacitor. Finally, the current sense monitors the Primary Coil current.

The Communications‘and Control Unit on the left-hand side of Figure 35 comprises the digital logi¢ part
of the design. Thistunit receives and decodes messages from the Power Receiver, executes the relevant
powdr control algorithms and protocols, and drives the frequency of the AC waveform to contrql the

powdr transfer. The Communications and Control Unit also interfaces with other subsystems of the|Base

Statign, €,g. for user interface purposes.
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Power Transmitter design A12 includes a single Primary Coil as defined in Section 2.2.12.1.1, Shielding as

defined in Section 2.2.12.1.2, and an Interface Surface as defined in Section 2.2.12.1.3.

2.2.12.1.1 Primary Coil

The
diam

singl

e layer. Table 25 lists the dimensions of a Primary Coil.

Figure 36. Primary Coil of Power Transmitter design A12

dow

Table 25. Primary Coil parameters of Power Transmitter design A12

Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 008 mm

pter, or equivalent. As shown in Figure 36, a Primary Coil has a racetrack-like shape and.donsists of a

Parameter Symbol Value
Outer length dy) 70%%5 mm
Inner length d; 15%%5 mm
Otterwidth o 565517
Inner width di 4%05 mm
Thickness d, 1.2%£015 mm
Number of turns per layer N 12 (bifilar turns)

Number of layers

1
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2.2.12.1.2 Shielding

As shown in Figure 37, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 2.5 mm beyond the outer edge of the
Primary Coil, and has a thickness of at least 0.5 mm. This version of Part 4: Reference Designs limits the

composition of the Shielding to a choice from the following list of materials:

™ A4 DD oy o .
P IT1ZT' 10070 LUT'pPUTdUUII

Figure 37. Primary Coil assembly of Power Transmitter design A12
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2.2.12.1.3 Interface Surface

As sHown in Figure 37, the distance from~the Primary Coil to the Interface Surface of the Base Statjon is
d, =[2.0%5 mm, across the top face 6fthe Primary Coil. In addition, the Interface Surface of the|Base

Stati¢n extends at least 5 mm beyofid the outer diameter of the Primary Coil.

2.2.12.1.4 Inter coil separation

If thg Base Station contains multiple type A12 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmittets'shall have a center-to-center distance of at least 65 mm.
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2.2.12.2 Electrical details

As shown in Figure 38, Power Transmitter design A12 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary

Coil and Shielding has a self inductance L, = 7£1°% yH. The value of the series capacitance is Cp =
400%5% pF. The input voltage to the full-bridge inverter is 55 V.
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Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A12 uses the Operating Frequency and duty cycle of the full-bridge inver

ol the amount of power that is transferred. For this purpose, the Operating Frequency range
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Figure 38. Electrical diagram (outline) of Power Transmitter design A12
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Contyol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 dnd 2:
Interface Definitions. The controlled variable® introduced in the definition of that algorithm represents
Operpting Frequency or duty cycle. In order to guarantee sufficiently accurate power control, a typ¢ A12
Powdr Transmitter shall determine(the amplitude of the Primary Cell current-which is equal tp the
Primpary Coil current-with a resolition of 5 mA or better. Finally, Table 26 and Table 27 provide the

valuds of several parameters, which are used in the PID algorithm.

Table 26. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-!
Integral gain K; 0 mA-1ms-!
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor Sy 1.0 Hz
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Table 27. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'l
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-lms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, 0.1 %
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2.2.13 Power Transmitter design A13

Figure 39 illustrates the functional block diagram of Power Transmitter design A13, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 39. Functional block diagram of Power Transmitter design A13
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The Power Conversion Unit on'the right-hand side of Figure 39 comprises the analog parts of the d¢sign.
The ipverter converts the DG.input to an AC waveform that drives a resonant circuit, which consists ¢f the
selecfed Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear array of
partiglly overlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the
Primary Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to estdblish
comrhunication-with a Power Receiver using any of the Primary Coils. Note that the array may consigt of a
single Primary Coil only, in which case the selection is trivial. Finally, the current sense monitors the

Primary.Coil current.

The Communications and Control Unit on the left-hand side of Figure 39 comprises the digital logic part
of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil
Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms
and protocols, and drives the frequency of the AC waveform to control the power transfer. The
Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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Power Transmitter design A13 includes one or more Primary Coils as defined in Section 2.2.13.1.1,

Shielding as defined in Section 2.2.13.1.2, an Interface Surface as defined in Section 2.2.13.1.3.

2.2.13.1.1 Primary Coil
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Figure 40. Primary Coil of Power Transmitter design A13
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Table 28. Primary Coil parameters of Power Transmitter design A13

lllllllllllllllllll J X
having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 4

hry Coil has a rectangular shape and consists of a single layer. Table 28 lists the dimefisions

), the
f the

Parameter Symbol Value
Outer length d, 53.2105 mm
Innetlenigth d; 27.5%05 mm
Quter width dow 452105 mm
Inner width i 19.5%05 mm
Thickness d, 1.5%%5 mm
NUmber of turns per layer N TZ turns
Number of layers - 1
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Power Transmitter design A13 contains at least one Primary Coil. Odd numbered coils are placed

alongside each other with a displacement of d,, = 49.2** mm between their centers. Even numbered

coils are placed orthogonal to the odd numbered coils with a displacement of d,, = 24.6%? mm between

their

centers. See Figure 41.

Figure 41. Primary Coils of Power Transmitter design A13

2.2.1

As sh
gene
has 4
1.0
the fq

= =

Coil 2

Cozl 1 J |\ Coil3)

dOO

3.1.2 Shielding

own in Figure 42, soft-magnetic material protects the Base Station from the magnetic field t
rated in the Primary Coil. The Shielding extends to at least the outer dimensions of the Primary
thickness of at least 0.5 mm;-and is placed below the Primary Coil at a distance of at most
m. This version of Part 4: Reference Designs limits the composition of the Shielding to a choice

llowing list of materials:
aterial 44 — Fair-Rite Corporation.
aterial 28-=<Steward, Inc.

MG226G— Ceramic Magnetics, Inc.

hat is
Coils,
d, =

from

= K

blektor 22G — Kolektor.

= LeaderTech SB28B2100-1 — LeaderTech Inc.

= TopFlux “A“ — TopFlux.

= TopFlux “B“ — TopFlux.

= ACME K081 — Acme Electronics.

= L7H — TDK Corporation.
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= PE22 — TDK Corporation.
= FK2 — TDK Corporation.

Figure 42. Primary Coil assembly of Power Transmitter design A13
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2.2.13.1.3 Interface Surface

As sHown in Figure 42, the distance from the Primary Coil to the Interface Surface of the Base Stat]on is
d, =[3*' mm, across the top face of the Primary,Co6il. In the case of a single Primary Coil, the distance

from|the Primary Coil to the Interface Surface of the Base Station is d, = 4.5*' mm, across the top face of

the Primary Coil. In addition, the Interface Strface of the Base Station extends at least 5 mm beyond the

outerf dimensions of the Primary Coils.

2.2.13.1.4 Inter coil separation

If the Base Station contains'multiple type A13 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmitters shall have a center-to-center distance of at least 49.2%* mm.
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2.2.13.2 Electrical details

As shown in Figure 43, Power Transmitter design A13 uses a full-bridge inverter to drive an individual

Primary Coil and a series capacitance. Within the Operating Frequency range specified below, the

assembly of Primary Coils and Shielding has a self inductance Lp = 11.5%1%% yH for coils closest to the

Interface Surface .and inductance Lp = 12.5%1%% yH for coils furthest from the Interface Surface. The

valud
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Figure 43. Electrical diagram (outline) of Power Transmitter design A13
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Table 29. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional gain K, 0.03 mA-1
Integral gain K; 0.01 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral termlimit M 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy -1 mV
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2.2.14 Power Transmitter design A14

Figure 44 illustrates the functional block diagram of Power Transmitter design A14, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 44. Functional block diagram of Power Transmitter design A14
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The Power Conversion Unit on'the right-hand side of Figure 44 comprises the analog parts of the d¢sign.
The ipverter converts the DG.input to an AC waveform that drives a resonant circuit, which consists ¢f the
selecfed Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear array of
partiglly overlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the
Primary Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to estdblish
comrhunication-with a Power Receiver using any of the Primary Coils. Note that the array may considt of a
single Primary Coil only, in which case the selection is trivial. Finally, the current sense monitors the

Primary.Coil current.

The Communications and Control Unit on the left-hand side of Figure 44 comprises the digital logic part
of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil
Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms
and protocols, and drives the frequency of the AC waveform to control the power transfer. The
Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.14.1 Maechanical details

Power Transmitter design A14 includes one or more Primary Coils as defined in Section 2.2.14.1.1,
Shielding as defined in Section 2.2.14.1.2, an Interface Surface as defined in Section 2.2.14.1.3.

2.2.14.1.1 Primary Coil

yes—6£-6-068 mm

The rixaary Coal 1o of tha anien yazonad tuna o d copcicte of ko e oy g 110
FHHRT Y—cOH15-61—+t1e—Wire-wo t—ty PR a—€oRSIStS— o1t Wire—1tavit T

diampter, or equivalent. As shown in Figure 45, the Primary Coil has a racetrack-like shape and censists of

a single layer. Table 30 lists the dimensions of the Primary Coil.

Figure 45. Primary Coil of Power Transmitter design A14

Table 30. Primary Coil parameters of Power Transmitter design A14

Parameter Symbol Value
Outer length dy 70%%5 mm
Inner length d; 16%%% mm
Outer width dow 59405 mm
Innerwidth di 4,505 mm
Thickness d. 1.3%%1 mm
Number of turns per layer N 23.5
Number of layers - 1

Power Transmitter design A14 contains two Primary Coils, which are mounted in a Shielding block (see
Section 2.2.14.1.2) with their long axes coincident, and a displacement of dj, = 38*%> mm between their

centers. See Figure 46.
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Figure 46. Primary Coils of Power Transmitter design A14
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Figure 47. Primary Coil"assembly of Power Transmitter design A14
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own in Figure 47, soft-magnetic material protects the Base Station from the magnetic field that is
rated in the Primary Coil. The top face of the Shielding bleck is aligned with the top face df the
hry Coils, such that the Shielding surrounds the Primary.€oils on all sides except for the top fafe. In
ion, the Shielding extends to at least 2.5 mm beyond theé outer edge of the Primary Coils, and has a
hess of at least 4.7 mm. This version of Part 4:\Reference Designs limits the composition gf the
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2.2.14.1.3 Interface Surface

As sh
d, =

own in Figure 47, the distance from the Primary Coil to the Interface Surface of the Base Station is

2.01%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer edges of the Primary Coils.

2.2.14.1.4 Inter coil separation
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Base Station contains multiple type A14 Power Transmitters, the Primary Coils of any pair. of those

r Transmitters shall have a center-to-center distance of at least 70 mm.

4.2 Electrical details

own in Figure 48, Power Transmitter design A14 uses a full-bridge inverter-to drive the Primary
and a series capacitance. In addition, Power Transmitter design A14.shall operate coil selgction

hes SWu and SW1 such that only a single Primary Coil is connected to‘the inverter.

n the Operating Frequency range Specified below, the assembly of Primary Coils and Shieldingfhas a
hductance Lp = 24*10 yH. The value of the series capacitanceis Cp = 100%5% nF. The input vqltage

» full-bridge inverter is 12+10% .
Near resonance, the voltage developed across the series\capacitance can reach levels up to 100 Vpk-pk.

r Transmitter design A14 uses the Operating.Erequency and duty cycle of the full-bridge inverter to
ol the amount of power that is transferred. For this purpose, the Operating Frequency range ¢f the
ridge inverter is f,, = 110 ... 205 kHz with a duty cycle of 50% and its duty cycle range is 2...50% at
berating Frequency of 110...205 kHz. A higher Operating Frequency and lower duty cycle resplt in
ransfer of a lower amount of pewer. In order to achieve a sufficiently accurate adjustment g¢f the
r that is transferred, a typerA14 Power Transmitter shall be able to control the frequency with a

ution of 0.5 kHz or better,.and the duty cycle of the Power Signal with a resolution of 0.1% or befter.

Whet
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Strength Packet containing an appropriate Signal Strength Value.

a type A14 PowerTransmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Intérface
itions), the Power Transmitter shall use an initial Operating Frequency of 142 kHz, and a duty|cycle
%. If the Power Transmitter does not to receive a Signal Strength Packet from the Power Recgiver,
ower Transmitter shall remove the Power Signal as defined in Parts 1 and 2: Interface Definitions.

Power/ Transmitter may reapply the Power Signal multiple times at other-consecutively lower-

a-dignal
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Figure 48. Electrical diagram (outline) of Power Transmitter design A14
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ol of the power transfer shall proceed using the PID algorithm, which is defined in Section P
: Interface Definitions. The controlled@ariable v(® introduced in the definition of that algo
sents Operating Frequency or duty-cycle. In order to guarantee sufficiently accurate power co
e A14 Power Transmitter shall determine the amplitude of the Primary Cell current-which is

e Primary Coil current-with-aresolution of 5 mA or better. Finally, Table 31 and Table 32 provid

s of several parameters, which are used in the PID algorithm.

Table 31. PID parameters for Operating Frequency control

arts 1
Fithm
ntrol,
equal
e the

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor Sy 1.0 Hz
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Table 32. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'l
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-lms
Integral term limit M, N.A N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, 0.1 %
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2.2.15 Power Transmitter design A15

Figure 49 illustrates the functional block diagram of Power Transmitter design A15, which consists of
three major functional units, namely a Power Conversion Unit, a Detection Unit, and a Communications

and Control Unit.

Figure 49. Functional block diagram of Power Transmitter design A15
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Figure 49 comprises the analog parts of the design. The inverter converts the DC input to an AC waveform

that drives a resonant circuit, which consists of the Primary Coil plus a series capacitor. Finally, the

voltage sense monitors the Primary Coil voltage.
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The Communications and Control Unit on the left-hand side of Figure 49 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, executes the relevant

power control algorithms and protocols, and drives the frequency of the AC waveform to control the

power transfer. The Communications and Control Unit also interfaces with other subsystems of the Base

Station, e.g. for user interface purposes.
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2.2.]

Powgq
defin
defin|

2.2.1

The
diam

singl

NOTE

face Surface. This version of Part 4: Reference Designs does not specify a particular detection me
ver, it is recommended that the Detection Unit exploits the resonance in the Power Receiver :
tion frequency f; (see the Power Receiver Design Requirements section in Parts 1 and 2: Inte
itions). The reason is that this approach minimizes movements of the Secondary, Coil, becaus
r Transmitter does not need to inform the user about objects that do not respend at this res

ency. Parts 1 and 2: Interface Definitions provides an example resonant detection method.

5.1 Mechanical details

ed in Section 2.2.15.1.2, an Interface Surface as defined in‘Seetion 2.2.15.1.3, and an alignment :
ed in Section 2.2.15.1.4.

5.1.1 Primary Coil

Primary Coil is of the wire-wound type, ahd consists of litz wire having 100 strands of 0.0

e layer. Table 33 lists the dimensions of the Primary Coil.

This Primary Coil is identical to-the Primary Coil of Power Transmitter Design A7.

Figure 50. Primary Coil of Power Transmitter design A15

pter, or equivalent. As shown in Figure>50, the Primary Coil has a circular shape and consist
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r Transmitter design A15 includes a single Primary Coil as defined in Section 2.2.15.1.1, Shielding as

hid as

B mm
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Table 33. Primary Coil parameters of Power Transmitter design A15

2.2.1

As sh

Parameter Symbol Value
Outer diameter d, 392 mm
Inner diameter d; 12%%2 mm
Thickness d. 1.9%%2 mm
Number of turns per layer 20
Number of layers - 1

5.1.2 Shielding

own in Figure 51, soft-magnetic material protects the Base Station fropr-the magnetic field that is

genefated in the Primary Coil. The Shielding extends to at least 1 mm beyond the outer diameter ¢f the

Primgry Coil, has a thickness of at least 0.60 mm and is placed below the, Primary Coil at a distance]

most

choid

= ACME K081 — Acme Electronics

= Fl

$F501 — MARUWA

ds = 1.5mm. This version of Part 4: Reference Designs limits the/composition of the Shielding

e from the following list of materials:

.X-221 — Toda Kogyo Corp

Figure 51. Primary Coil assembly of Power Transmitter design A15
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2.2.15.1.3 Interface Surface

2017

As shown in Figure 51, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 3.0%%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer diameter of the Primary Coil.

2.2.15.1.4 Alignment aid

The 4

Rece

NOTE

2.2.1

As sh
and 4
of Pr

is Cp
NOTH

Powsd
powse
volta
adjug
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When a type A15 Power Transmittér first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin
uses
does

remo

reapply the PowerSignal multiple times at other—consecutively lower—Operating Frequencies W

the r
appr

lignment aid consists of a visual, audible or tactile indication, which helps a user to guide.a'P

ver into the Active Area of the Interface Surface by giving directional feedback.

An example is a LED indicator, which shows at least two directions.

5.2 Electrical details

own in Figure 52, Power Transmitter design A15 uses a full-bridge inverter to drive the Primar
series capacitance. At an Operating Frequency range between 105 kHz and 140 kHz, the asse
mary Coil and Shielding has a self inductance L, = 13.6%1°% uH<Phe value of the series capaci
= 180%+5% nF.

Near resonance, the voltage developed across the series eapacitance can reach levels up to 100 V pk-pk.

r that is transferred. For this purpose, the_irput voltage range is 3...12 V, where a lower
be results in the transfer of a lower amount of power. In order to achieve a sufficiently acc
tment of the power that is transferred/a type A15 Power Transmitter shall be able to contr

voltage with a resolution of 50 mV-or better.

itions), it shall use an initial input voltage of 5.7 V. It is recommended that the Power Transn
hn Operating Frequency, of 140 kHz when first applying the Power Signal. If the Power Transn
not to receive a.Signal Strength Packet from the Power Receiver, the Power Transmitter

ve the Power Signal as defined in Parts 1 and 2: Interface Definitions. The Power Transmitter

priatelSignal Strength Value.

ower

y Coil
mbly

fance

r Transmitter design A15 uses the input voltage to-the full-bridge inverter to control the amoynt of

input
urate
1 the

rface
hitter
hitter
shall

may
rithin

hnge specified above, until the Power Transmitter receives a Signal Strength Packet containing an
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Figure 52. Electrical diagram (outline) of Power Transmitter design A15
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s of several parameters, which are used in the PID algorithm.

Table 34. PID parameters for voltage control

ol of the power transfer shall proceed using the PID algorithm, which is defined in Section P
: Interface Definitions. The controlled@ariable v(® introduced in the definition of that algo
sents the input voltage to the full-pridge inverter. In order to guarantee sufficiently accurate p
ol, a type A15 Power Transmitter shall determine the amplitude of the Primary Cell voltage—

hal to the Primary Coil voltage—with a resolution of 5 mV or better. Finally, Table 34 provide

arts 1
Fithm
ower
vhich
s the

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M N.A. N.A.
PID output limit Mp1p 1,500 N.A.
Scaling factor Sy -0.5 mV



https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

Product development based on Power Transmitter designs A16 is discouraged. The WPC have noticed that Power Transmitters based on

this design underperform with Foreign Object Detection. The WPC therefore have decided to phase out the registration of new Base

Station products based on this design. The exact cut-off date has not been decided yet.

2.2.

-89 - IEC PAS 63095-2:2017 © IEC

16 Power Transmitter design A16

2017

Figure 53 illustrates the functional block diagram of Power Transmitter design A16, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 53. Functional block diagram of Power Transmitter design A16
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ower Conversion Unit on the(right-hand side of Figure 53 comprises the analog parts of the d¢
hverter converts the DC input to an AC waveform that drives a resonant circuit, which consists

hry Coil plus a series capacitor. Finally, the current sense monitors the Primary Coil current.

lommunications‘and Control Unit on the left-hand side of Figure 53 comprises the digital logic
b design. Thistunit receives and decodes messages from the Power Receiver, executes the rel
r control algorithms and protocols, and drives the frequency of the AC waveform to contrg
r transfer. The Communications and Control Unit also interfaces with other subsystems of the

n,'€.g. for user interface purposes.
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2.2.16.1 Mechanical details

—90-

Power Transmitter design A16 includes a single Primary Coil as defined in Section 2.2.16.1.1, Shielding as

defined in Section 2.2.16.1.2, an Interface Surface as defined in Section 2.2.16.1.3, and an alignment aid as

defined in Section 2.2.16.1.4.

2 2 611 Primary Cail
L POy OT

The Primary Coil is of the wire-wound type, and consists of litz wire having 105 strands of ng; 40

(0.08 mm diameter), or equivalent. As shown in Figure 54, the Primary Coil has a triangular shap

consists of a single layer. Table 35 lists the dimensions of the Primary Coil.

Ho

Figure 54. Primary Coil of Power Transmitter design A16

Table 35. Primary Coil parameters of Power Transmitter design A16

AWG
b and

Parameter Symbol Value
Outer Height H, 59%05 mm
Inner-height H 43*05 mm
Outer width w 52%05 mm
Inner width w 3605 mm
Thickness d. 1.1+0.3 mm
Number of turns per layer N 7
Number of layers -
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2.2.16.1.2 Shielding

2017

As shown in Figure 55, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The Shielding extends to at least 2.5 mm beyond the outer diameter of the

Primary Coil, has a thickness of at least 0.5 mm, and is placed below the Primary Coil at a distance of at

most dg = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to the

foll(;]vmg materials:
. n-Zn ferrite (any supplier).

::5317 mm min.

Figure 55. Primary Coil assembly of Power Transmitter design A16

Interface
Surface

2.2.1

As sh
d, =
Stati

NOTH
Interf}

Surfa

1ds

Primary Coil

Base. Shielding
Station

6.1.3 Interface Surface

own in Figure 55, the distance from the Primary Coil to the Interface Surface of the Base Stat
2132 mm, across-the top face of the Primary Coil. In addition, the Interface Surface of the

n extends atléast 5 mm beyond the outer diameter of the Primary Coil.

This Primary-Coil-to-Interface-Surface distance implies that the tilt angle between the Primary Coil and
pce Surface is at most 1.0°. Alternatively, in case of a non-flat Interface Surface, this Primary-Coil-to-Inte

e distance implies a radius of curvature of the Interface Surface of at least 317 mm, centered on the Pr

on is

Base
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rface-
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Coil. S

TE FIBUTE 55.
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2.2.16.1.4 Alignment aid

The user manual of the Base Station containing a type A16 Power Transmitter shall have information

about the location of its Active Area(s).

For the best user experience, it is recommended to employ at least one user feedback mechanism during

Mobi

e Device positioning to help alignment.
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Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means ofrthe logo or]

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illuminating an LED to indicate proper‘alignment.

An audible or haptic feedback mechanism.

6.1.5 Inter coil separation

Base Station contains multiple type A16 Power Transmitters,'the Primary Coils of any pair of

r Transmitters shall not overlap.

6.2 Electrical details

own in Figure 56, Power Transmitter design@A16 uses a full-bridge inverter to drive the Primar

Shielding, and magnet has a self indu¢tance Lp = 6.3+10%

0.4*5% uF. The input voltage to thé full-bridge inverter is 5% V.

pH. The value of the series capacita

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design A16 uses the Operating Frequency and duty cycle of the Power Signal in

htrol the amount df power that is transferred. For this purpose, the Operating Frequency ran
ill-bridge inverter’is f,, = 110 ...205 kHz with a duty cycle of 50%; and its duty cycle ran
0% at an Qperating Frequency of 205 kHz. A higher Operating Frequency or lower duty cycle 1

e transfer.of a lower amount of power. In order to achieve a sufficiently accurate adjustment

with

series capacitance. Within the Operating:Erequency range specified below, the assembly of PrInary
c

other

those

i Coil

e is

k-pk.

brder
ge of
ge is
esult
f the

nt of power that is transferred, a type A16 Power Transmitter shall control the Operating Frequency

h resolution of

= 0.

= 0.

01 X fop, — 0.7 kHz, for fop in the 110...175 kHz range;

015 X f,, — 1.58 kHz, for fop in the 175...205 kHz range;

or better. In addition, a type A16 Power Transmitter shall control the duty cycle of the Power Signal with

aresolution of 0.1% or better.
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When a type A16 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Interface
Definitions), it shall use an initial Operating Frequency of 175 kHz (and a duty cycle of 50%).

Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents

the Operating Frequency or the duty cycle. In order to guarantee sufficiently accurate power control, a

type Al6 Rower Transmitter shall determine the amp]ifndp aofthe Primary Cell current—which is eq 1al to

the Primary Coil current—with a resolution of 7 mA or better. Finally, Table 36, Table 37, and,Tahle 38
provide the values of several parameters, which are used in the PID algorithm.

Figure 56. Electrical diagram (outline) of Power Transmitter design A16
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Table 36. PID parameters for Operating Frequency control
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Product development based on Power Transmitter designs A16 is discouraged. The WPC have noticed that Power Transmitters based on
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Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Table 37. Operating Frequency dependent scaling factor
Frequency Range [kHz] Scaling Factor S, [Hz]

110...140 1.5

140...160 2

160...180

180...205

Table 38. PID parameters for'duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M; 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy -0.01 %
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2.2.17 Power Transmitter design A17

Power Transmitter design A17 enables Guided Positioning. Figure 57 illustrates the functional block

diagram of this design, which consists of two major functional units, namely a Power Conversion Unit and

a Communications and Control Unit.
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Figure 57. Functional block diagram of Power Transmitter design A17
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The Communications and Control Unit on the left-hand side of Figure 57 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, executes the relevant

power control algorithms and protocols, and drives the rail voltage of the AC waveform to control the

power transfer. The Communications and Control Unit also interfaces with other subsystems of the Base

Station, e.g. for user interface purposes.
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defin
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The 1]
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7.l vicuiriarmniar ucidaiio

ed in Section 2.2.17.1.2, an Interface Surface as defined in Section 2.2.17.1.3, and an alignment 3
ed in Section 2.2.17.1.4.

7.1.1 Primary Coil

rimary Coil is of the wire-wound type, and consists of no. 17 AWG{1.15 mm diameter) type
having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 5
hry Coil has a circular shape and consists of multiple layers, All'layers are stacked with the

ity. Table 39 lists the dimensions of the Primary Coil.

Figure 58. Primary Coil of Power Transmitter design A17

Table 39. Primary Coil parameters of Power Transmitter design A17

r Transmitter design A17 includes a single Primary Coil as defined in Section 2.2.17.1.1,-Shielding as

hid as

2 litz
B, the

Ssame

Parameter Symbol Value
Outer diameter d, 43105 mm
Inner diameter d; 20.5%5 mm
Thickness d, 2.17% mm
Number of turns per layer 10
Number of layers - 2
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2.2.17.1.2 Shielding

As shown in Figure 59, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 2 mm beyond the outer diameter of the
Primary Coil, has a thickness of at least 0.5 mm, and is placed below the Primary Coil at a distance of at
most dg = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a

choice from the following list of materials:

= Material 44 — Fair Rite Corporation.

=  Material 28 — Steward, Inc.

= (CMG22G — Ceramic Magnetics, Inc.

= Kplektor 22G — Kolektor.

= L¢aderTech SB28B2100-1 — LeaderTech Inc.
TopFlux “A“— TopFlux.

= TopFlux “B“— TopFlux.
ACME K081 — Acme Electronics.

= LTH — TDK Corporation.

= PE22 — TDK Corporation.

= FK2 — TDK Corporation.

Figure 59. Primary Coil\assembly of Power Transmitter design A17
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2.2.17.1.3 Interface Surface

As shown in Figure 59, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 725, mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer diameter of the Primary Coil.

NOTE This Primary-Coil-to-Interface-Surface distance implies that the tilt angle between the Primary Coil and a flat

Interfaee

Surfa

e distance implies a radius of curvature of the Interface Surface of at least 317 mm, centered on the Rr

Coil. Yee Figure 59.

2.2.17.1.4 Alignment aid

The fiser manual of the Base Station containing a type A17 Power Transmitter.shall have inform

abou

Fort
Mobi

[ the location of its Active Area(s).

he best user experience, it is recommended to employ at least one-user feedback mechanism d

|e Device positioning to help alignment.

NOTH Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

A marked Interface Surface to indicate the location of the¢ Active Area(s)—e.g. by means of the logo or]

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illurininating an LED to indicate proper alignment.

An audible or haptic feedback mechanism.

2.2.17.1.5 Inter coil separation

If thg Base Station contains multiple’type A17 Power Transmitters, the Primary Coils of any pair of

Powgr Transmitters shall have a<enter-to-center distance of at least 50 mm.

grface-

mary

ation

uring

other
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2.2.17.2 Electrical details

As shown in Figure 60, Power Transmitter design A17 uses a full-bridge inverter to drive the resonant
network including filter inductors, a primary Coil with a series and parallel capacitance. Within the
Operating Frequency range specified below, the assembly of Primary Coil and Shielding has a self-

inductance Ly = 24%1%% uH. The value of inductances L,and L, is 2.2¥2°% uH. The value of the total series

capaditance 1S Cgeq F Ceerz = 100> 7 nF, where the individual series capacitances may have any palue

less than the sum. The value of the parallel capacitance is Cpg4 = 200%5% nF,
NOTH Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V pk-pk.

Powdr Transmitter design A17 uses the input voltage to the inverter to control the-amount of power
trangferred. For this purpose, the input voltage has a range 1.4...15V, with ajresolution of 10 mV or
better; a higher input voltage results in more power transferred. The Qperating Frequency is|f,, =
105 .. 116 kHz with a duty cycle of 50%

When a type A17 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Intérface
Definfitions), it shall use an input voltage of 5.75 V, and a recommefided Operating Frequency of 111 KHz.

Contyol of the power transfer shall proceed using the PIDyalgorithm, which is defined in Parts 1 dnd 2:
Interface Definitions. The controlled variable v(¥) introdii¢ed in the definition of that algorithm represents
the input voltage. In order to guarantee sufficiently accurate power control, a type A17 Power
Transmitter shall determine the amplitude of the Primary Cell current—which is equal to the Primary
Coil fpurrent—with a resolution of 7 mA or-better. Finally, Table 40 provides the values of sdveral

paraineters, which are used in the PID algetithm.
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Figure 60. Electrical diagram (outline) of Power Transmitter design A17
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Table 40. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 1 mA-ms-1
Derivative gain Ky 1 mA-ms
Integral termlimit M 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy 200 mV
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2.2.18 Power Transmitter design A18

Figure 61 illustrates the functional block diagram of this design, which consists of three major functional

units, namely a Power Conversion Unit, a Detection Unit, and a Communications and Control Unit.

Figure 61. Functional block diagram of Power Transmitter design A18
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ower-Conversion Unit on the right-hand side of Figure 61 and the Detection Unit of the bott¢m of

Conversion Unit of Power Transmitter design A7. The inverter converts the DC input to an AC waveform

that drives a resonant circuit, which consists of the Primary Coil plus a series capacitor. Finally, the

voltage sense monitors the Primary Coil voltage.
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The Communications and Control Unit on the left-hand side of Figure 61 comprises the digital logic part

of the design. This unit is similar to the Communications and Control Unit of Power Transmitter design

A7. The Communications and Control Unit receives and decodes messages from the Power Receiver,

executes the relevant power control algorithms and protocols, and drives the input voltage of the AC

waveform to control the power transfer. The Communications and Control Unit also interfaces with other

subsystems of the Base Station, e.g. for user interface purposes.
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Detection Unit determines the approximate location of objects and/or Power Receivers ‘o
face Surface. This version of Part 4: Reference Designs does not specify a particular detection me
bver, it is recommended that the Detection Unit exploits the resonance in the Power‘Receiver 3
tion frequency fy (see the Power Receiver Design Requirements section in Partsyl-and 2: Intg
itions). The reason is that this approach minimizes movements of the Secondary Coil, becaus
r Transmitter does not need to inform the user about objects that do net respond at this res

ency. Parts 1 and 2: Interface Definitions provides an example resonant detection method.
8.1 Mechanical details

ed in Section 2.2.18.1.2, an Interface Surface as defined\in Section 2.2.18.1.3, and an alignment 3
ed in Section 2.2.18.1.4.

8.1.1 Primary Coil

Primary Coil is of the wire-wound type,*and consists of litz wire having 80 strands of 0.0

e layer. Table 41 lists the dimensions of the Primary Coil.

Figure 62. Primary Coil of Power Transmitter design A18

pter, or equivalent. As shown in Figure 62, the Primary Coil has a circular shape and consist$

h the
thod.
t the
rface
e the

nant

r Transmitter design A18 includes a single Primary Coil as defined in Section 2.2.18.1.1, Shielding as

id as

B mm

of a
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Table 41. Primary Coil parameters of Power Transmitter design A18

2.2.1

As sh
gene
Prim
most

choid
= K
= K
= F]

= Fl

Parameter Symbol Value

Outer diameter d, 392 mm

Inner diameter d; 12%%2 mm

Thickness dr 1.5£02 yym

Number of turns per layer N 20

Number of layers - 1
8.1.2 Shielding

‘ated in the Primary Coil. The Shielding extends to at least 1 mm beyond the outer diameter

hry Coil, has a thickness of at least 0.60 mm and is placed below thie Primary Coil at a distance

e from the following list of materials:

NZWAB - Panasonic
NZWAC - Panasonic
K2 - TDK Corporation
K5 - TDK Corporation

F600F - FDK Corporation

Figure 63. Primary Coil assembly of Power Transmitter design A18

Interface
Surface

own in Figure 63, soft-magnetic material protects the Base Station fromthe magnetic field that is

f the

of at

ds = 0.5mm. This version of Part 4: Reference Designs limitsithe composition of the Shielding to a

1. & omax. {2 4.ds
Primary Coil
Basg Shielding
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2.2.18.1.3 Interface Surface

As shown in Figure 63, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2.0*%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5mm beyond the outer diameter of the Primary Coil.

2.2.18.1.4 Alignment aid

The glignment aid consists of a visual, audible or tactile indication, which helps a user to guide.a'P

Rece

2.2.1

As shi
and 4
of Pr

is Cp
NOTE

Pows
powsd
volta
adjud

inpuf

When a type A18 Power Transmitter figst applies a Power Signal (Digital Ping; see Parts 1 and 2: Inte

Defin
uses
does

remao

reapply the Power Signal multiple times at other—consecutively lower—Operating Frequencies W

ther
appr

ver into the Active Area of the Interface Surface by giving directional or distance feedback;

8.2 Electrical details

own in Figure 64, Power Transmitter design A18 uses a full-bridge inverter(to drive the Primar
series capacitance. At an Operating Frequency range between 105 kHz and 140 kHz, the assq
mary Coil and Shielding has a self inductance L, = 13.6+1°%

= 180%5% nF.

Near resonance, the voltage developed across the series capacitangce can reach levels up to 100 V pk-pk.

r that is transferred. For this purpose, the input.voltage range is 3...12 V, where a lower
e results in the transfer of a lower amount of ‘power. In order to achieve a sufficiently acc
tment of the power that is transferred, a type A18 Power Transmitter shall be able to contr

voltage with a resolution of 50 mV or better.

itions), it shall use an initial input voltage of 6.5 V. It is recommended that the Power Transn
an Operating Frequency of-140 kHz when first applying the Power Signal. If the Power Transn
not to receive a Signal® Strength Packet from the Power Receiver, the Power Transmitter

ve the Power Signakas defined in Parts 1 and 2: Interface Definitions. The Power Transmitter

ppriate Sighal Strength Value.

ower

y Coil
mbly

uH. Thewalue of the series capacitance

r Transmitter design A18 uses the input voltage to the\full-bridge inverter to control the amoynt of

input
urate
| the

rface
hitter
hitter
shall
may
yithin

hnge specified-above, until the Power Transmitter receives a Signal Strength Packet containipg an
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Figure 64. Electrical diagram (outline) of Power Transmitter design A18

Full-bridge
Inverter

Cp

Input

Voltage Lp

Control

Contyol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 dnd 2:
Interface Definitions. The controlled variable®™® introduced in the definition of that algorithm represents
the ipput voltage to the full-bridge inverter. In order to guarantee sufficiently accurate power control, a
type A18 Power Transmitter shall determine the amplitude of the Primary Cell voltage—which is eqfial to
the Hrimary Coil voltage—with-a.résolution of 5 mV or better. Finally, Table 42 provides the valyes of

several parameters, which are used in the PID algorithm.

Table 42. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M N.A. N.A.
PID output limit Mp1p 1,500 N.A.
Scaling factor Sy -0.5 mV
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2.2.19 Power Transmitter design A19

Figure 65 illustrates the functional block diagram of this design, which consists of two major functional

units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 65. Functional block diagram of Power Transmitter design A19
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hverter converts the DC.input to an AC waveform that drives a resonant circuit, which consists

apping Primary Coils, as appropriate for the position of the Power Receiver relative to the Pri

rimary/Coil current.

ower Conversion Unit on'the right-hand side of Figure 65 comprises the analog parts of the d¢sign.

f the

ted Primary Coil. plus a series capacitor. The selected Primary Coil is one from two paitially

mary

Selection{of" the Primary Coil proceeds by the Power Transmitter attempting to estgblish

hunication-with a Power Receiver using any of the Primary Coils. Finally, the current sense monitors

The Communications and Control Unit on the left-hand side of Figure 65 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil

Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms

and protocols, and drives the frequency of the AC waveform to control the power transfer. The

Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.19.1 Mechanical details

Power Transmitter design A19 includes two Primary Coils as defined in Section 2.2.19.1.1, Shielding as

defined in Section 2.2.19.1.2, and an Interface Surface as defined in Section 2.2.19.1.3.

2.2.19.1.1 Primary Coil

The PrimarCeiHs-of-the-wire-weound-typeand-—consists-eof ne—20-AWGE{0-83mm-diameter-type2 litz
wire fhaving 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 66, the
Primary Coil has a rectangular shape and consists of a single layer. Table 43 lists the dimefisiens ¢f the

Primary Coil.

Figure 66. Primary Coil of Power Transmitter design A19
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dOW diw
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Table 43. Primary Coil parameters of Power Transmitter design A19

Parameter. Symbol Value
Outer léngth d, 51.5%%> mm
Innériength d; 29.5%05 mm
Outer width dow 43395 mm
Inner width diw 21.3105 mm
Thickness d. 1.12%5 mm
Number of turns per layer N 12 turns
Number of layers - 1

Power Transmitter design A19 contains two overlapping Primary Coils, with coinciding long axes. The

distance between the Primary Coil centers is d.. = 27** mm. See Figure 67.
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Figure 67. Primary Coils of Power Transmitter design A19

-~

2.2.19.1.2 Shielding

As sHown in Figure 68, soft-magnetic material protects the Base Station from the magnetic field that is

genefated in the Primary Coil. The Shielding extends to at least the.euter dimensions of the Primary [Coils,

has { thickness of at least 0.5 mm, and is placed below the Rrimary Coil at a distance of at most
1.0 mm. This version of Part 4: Reference Designs limits the/composition of the Shielding to a choice

the fgllowing list of materials:

= Material 44 — Fair Rite Corporation.

=  Miaterial 28 — Steward, Inc.

= (CMG22G — Ceramic Magnetics, Inc.

=  Kplektor 22G — Kolektor.

= Le¢aderTech SB28B2100-1.—LeaderTech Inc.
TopFlux “A“ — TopFlux:

= TopFlux “B“ — TepFlux.
ACME K081~= Acme Electronics.

= LYH —#TDK Corporation.

ds =

from

s PE22 — TDK Corporation
Ir

= FK2 — TDK Corporation.
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Figure 68. Primary Coil assembly of Power Transmitter design A19
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own in Figure 68, the distance from the Primary Coil to thé.Interface Surface of the Base Stat
2105 mm, across the top face of the Primary Coil. I addition, the Interface Surface of the

n extends at least 5 mm beyond the outer dimensions‘of the Primary Coils.

9.1.4 Inter coil separation

Base Station contains multiple type A19-Power Transmitters, the Primary Coils of any pair of

2i4

r Transmitters shall have a center-to=¢enter distance of at least 49. mm.

9.2 Electrical details

own in Figure 69, Power.Transmitter design A19 uses a half-bridge inverter to drive an indiy
hry Coil and a series capacitance. Within the Operating Frequency range specified below
nbly of Primary ‘Coils and Shielding has a self inductance Lp = 12.2+1%% uH for coils closest t
face Surface,sand inductance Lp = 12.5%10% yH for coils furthest from the Interface Surface
of the $eries capacitance is Cp = 0.138%°% pF for coils closest to the Interface Surface and|
+5% ({iEfor coils furthest from the Interface Surface. The input voltage to the half-bridge inver

OWs

on is

Base

those

idual
, the
o the
The
Cp =
ter is

NOTE Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V pk-pk.


https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

IEC PAS 63095-2:2017 © IEC 2017 -110 -

Power Transmitter design A19 uses the Operating Frequency and duty cycle of the Power Signal in order

to control the amount of power that is transferred. For this purpose, the Operating Frequency range of

the half-bridge inverter is f,, = 115 ...205 kHz with a duty cycle of 50%; and its duty cycle range is

10...50% at an Operating Frequency of 205 kHz. A higher Operating Frequency or lower duty cycle result

in the transfer of a lower amount of power. In order to achieve a sufficiently accurate adjustment of the

amount of power that is transferred, a type A6 Power Transmitter shall control the Operating Frequency

with

resolution of

= 0
= 0.

or be

ares

When a type A19 Power Transmitter first applies a Power Signal (Digital Ring;-see Parts 1 and 2: Intd

Defin

Contj
Inter
the (
type

the P

provi

01 X fo, — 0.7 kHz, for fop in the 115...175 kHz range;
015 X f,, — 1.58 kHz, for fop in the 175...205 kHz range;
tter. In addition, a type A19 Power Transmitter shall control the duty cycle of thePower Signal

blution of 0.1% or better.

itions), it shall use an initial Operating Frequency of 175 kHz (and a-duty cycle of 50%).

ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g
face Definitions. The controlled variable v introduced in'thé definition of that algorithm repre
perating Frequency or the duty cycle. In order to guarantee sufficiently accurate power conj
A19 Power Transmitter shall determine the amplitude of the Primary Cell current—which is eq
rimary Coil current—with a resolution of 7 mA or better. Finally, Table 44, Table 45, and Tab

de the values of several parameters, which are*used in the PID algorithm.

Figure 69. Electrical diagram/(outline) of Power Transmitter design A19
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Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Table 45. Operating Frequency dependent scaling factor
Frequency Range [kHz] Scaling Factor S, [Hz]

115...140 1.5

140...160

160...180

180...205

Table 46. PID parameters for'duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M; 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy -0.01 %
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2.2.20 Power Transmitter design A20

Figure 70 illustrates the functional block diagram of Power Transmitter design A20, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 70. Functional block diagram of Power Transmitter design A20
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The Power Conversion Unit on the right-hand side of Figure 70 comprises the analog parts of the d¢sign.
The ipverter convents the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the
Primary Coil plds-a series capacitor. Finally, the voltage and current sense monitors the Primary Coil

voltage and current.

The Communications and Control Unit on the left-hand side of Figure 70 comprises the digital logi¢ part

of thedesign. The Unit Teceives and decodes MeSSages (ToMm the POWeT RECeIVeT, EXeCUutes the refevant
power control algorithms and protocols, and drives the input power and frequency of the AC waveform to
control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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Power Transmitter design A20 includes one Primary Coil as defined in Section 2.2.20.1.1, Shielding as
defined in Section 2.2.20.1.2, and an Interface Surface as defined in Section 2.2.20.1.3.

2.2.20.1.1 Primary Coil

The
diam

singl

dow

e layer. Table 47 lists the dimensions of a Primary Coil.

Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 0.0

eter, or equivalent. As shown in Figure 71, a Primary Coil has a racetrack-like shape and ¢onsist

Figure 71. Primary Coil of Power Transmitter design A20

Table 47. Primary, Coil parameters of Power Transmitter design A20

B mm

s of a

Parameter Symbol Value
Outer length dy 65.51%5 mm
Inner 1éngth d; 16.5%%° mm
Outer'width dow 57.1%%5 mm
Inner width di 4.5%%5 mm
Thickness d, 133015 mm
Number of turns per layer N 22
Number of layers - 1
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2.2.2

0.1.2 Shielding

As shown in Figure 72, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The top face of the Shielding block is aligned with the top face of the

Primary Coil, such that the Shielding surrounds the Primary Coil on all sides except for the top face. In

addition, the Shielding extends to at least 2.5 mm beyond the outer edge of the Primary Coil, and has a

thickpess of at least 2.0 mm. This version of Part Z: Keference Designs lIimits the composition d

Shielfling to a choice from the following list of materials:

=  Mn-Zn-Ferrite Dust Core — any supplier

= N

-Zn-Ferrite Core — any supplier

Figure 72. Primary Coil assembly of Power Transmitter design'A20

) Interface
Primary Surface
5 in. i
% mm min COll
d, _
2.0mm
Shielding 2.5 mm min.
Base
Station
2.2.20.1.3 Interface Surface

2.2.2

own in Figure 72, the distance from the Primary Coil to the Interface Surface of the Base Stat
3.01%5 mm,-Across the top face of the Primary Coil. In addition, the Interface Surface of the

n extends atleast 5 mm beyond the outer diameter of the Primary Coil.

04.4" Separation between multiple Power transmitters

f the

on is

Base

If the Base Station contains multiple type A20 Power Transmitters, the Primary Coils of any pair of those

Power Transmitters shall have a center-to-center distance of at least 65.0%%> mm.
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2.2.20.2 Electrical details

As shown in Figure 73, Power Transmitter design A20 uses a full-bridge inverter to drive the Primary Coil
and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary
Coil and Shielding has a self inductance L, = 24¥1%% yH. The value of the series capacitance is Cp =
148%5% pF.

NOTE Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

Powgr Transmitter design A20 uses the input voltage to the full-bridge inverter to control the.amoynt of
powadr transferred. For this purpose, the input voltage has a range 2. 5%%5...11.5%%5 V, with @' resolutjon of
10mYV or better; a higher input voltage results in more power transferred. The Operating Frequency range
is fop|= 87 ...110 kHz.

Wher a type A20 Power Transmitter first applies a Power Signal (Digital Ring;-see Parts 1 and 2: Interface
Definjitions), the Power Transmitter shall use an Operating Frequency of 98 kHz, and an input voltdge of
5.5%3%V. If the Power Transmitter does not to receive a Signal Strength Packet from the Power Recgiver,
the Hower Transmitter shall remove the Power Signal as definedyin Parts 1 and 2: Interface Definitions.
The Power Transmitter may reapply the Power Signal multiple times at consecutively lower-Opernating
Freqliencies within the range specified above, until the*Rower Transmitter receives a Signal Stre¢ngth

Packet containing an appropriate Signal Strength Value,

Figure 73. Electrical diagram (outline) of Power Transmitter design A20
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:

Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents

Operating Frequency as well as the input voltage to the full-bridge inverter. It is recommended that

control of the power occurs primarily by means of adjustments to the Operating Frequency, and that

voltage adjustments are made only at the boundaries of the Operating Frequency range. In order to

guarantee sufficiently accurate power control, a type A20 Power Transmitter shall determine the

amplitude of the Primary Coil current with a resolution of 5 mA or hetter Finally, Table 48 and Takh

le 49

provide the values of several parameters, which are used in the PID algorithm.

Table 48. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz
Table 49. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID qutput limit Mpyp 1,500 N.A.
S¢aling factor Sy -0.5 mV
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2.2.21 Power Transmitter design A21

Figure 74 illustrates the functional block diagram of this Power Transmitter design A21, which consists of

two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 74. Functional block diagram of Power Transmitter design A21
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The Power Conversion Unit on'the right-hand side of Figure 74 comprises the analog parts of the d¢sign.
The ipverter converts the DG.input to an AC waveform that drives a resonant circuit, which consists ¢f the
selected Primary Coil plus)a series capacitor. The selected Primary Coil is one from at least three partially
overlapping Primary, Coils, as appropriate for the position of the Power Receiver relative to the Primary
Coils| Selection{of* the Primary Coil proceeds by the Power Transmitter attempting to estgblish
comrpunication-with a Power Receiver using any of the Primary Coils. Finally, the current sense monitors

the Primary/Coil current.

The Communications and Control Unit on the left-hand side of Figure 74 comprises the digital logic part
of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil
Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms
and protocols, and drives the frequency of the AC waveform to control the power transfer. The
Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.21.1 Maechanical details
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Power Transmitter design A21 includes one or more Primary Coils as defined in Section 2.2.21.1.1,

Shielding as defined in Section 2.2.21.1.2, an Interface Surface as defined in Section 2.2.21.1.3.

2.2.21.1.1 Primary Coil

The |

50 lis

ts the dimensions of the Primary Coil.

yixaary Codl copcicte of o laact oo DCD gl Tigien 70 ch ovag
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do2
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Figure 75. Primary Coil of Power Transmitter design A21

Table 50. Primary Coil parameters of Power Transmitter design A21

rimnary-EeH—Table

Parameter Symbol Value
Outer length dyy 53.4%07 mm
Inner length di 27.58%7 mm
Outer width dy, 458107 mm
Inner width diy 19.5%075 mm
4-layer PCB

Track width d,, 0.82%%2 mm
Track width plus spacing d,, + d; 1.08%%2 mm
Corner rounding” 7 16.751° mm
Numberof turns A 12

5..8 layer PCB

Track width d,, 0.55%%15 mm
Track width plus spacing d,, + d; 1.11%15 mm
Corner rounding* n 13.1#131 mm
Number of turns N 12 £ 0.25

Outermost winding only
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Power Transmitter design A21 contains at least one Primary Coil. Odd numbered coils are placed
alongside each other with a displacement of dy, between their centers. Even numbered coils are placed
orthogonal to the odd numbered coils with a displacement of dj,; mm between their centers. See Figure
76.

Figure 76. Primary Coils of Power Transmitter design A21
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Figure 77. Primary Coils of Power Transmitter design A21
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Table 51. Primary Coil parameters of Power Transmitter design A21

Parameter Symbol Value
4-layer PCB

Center-to-center distance dp1 23.8t10 mm
Center-to-center distance dp, 47,5220 mm
PCB copper thickness dey 0.105+9%015 mm
Dielectric thickness dq 0.375%%063 mm
5...8 layer PCB

Center-to-center distance dpy 23.76%15 mm
Center-to-center distance dyo 47,5213 mm
PCB copper thickness dey 0.105%00160p1m
Dielectric thickness dq 0.125%%925* mm

2.2.21.1.2 Shielding

As sHown in Figure 78, soft-magnetic material protects the Base-Station from the magnetic field that is
genefated in the Primary Coil. The Shielding extends to at least the outer dimensions of the Primary [Coils,
has g thickness of at least 0.8 mm, and is placed below, the Primary Coil at a distance of at most d, =
1.0 mm. This version of Part 4: Reference Designs limits-the composition of the Shielding to a choice|from

the fgllowing list of materials:
= FK2 (TDK) - (Ni-Zn)

= FK5 (TDK) - (Ni-Zn)

= LTH (TDK) - (Ni-Zn)

= PE22 (TDK) - (Mn-Zn)

* P41 (ACME) - (Mn-Zf)

"
~

D81 (ACME) - (Ni-Zn)
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Figure 78. Primary Coil assembly of Power Transmitter design A21

Interface
Surface

0.5 mm min.
S e d.

2.2.7

If the

Powd

2.2.2

As sh
Prim
asse|
Inter
valug
0.134
12i5

.41.1.3 Interface Surface

) Primary Coils

Bas§ Shielding
Station

own in Figure 78, the distance from the Primary Coil to thé.Interface Surface of the Base Stat
2.75% mm, across the top face of the Primary Coil. Ia ‘addition, the Interface Surface of the

n extends at least 0.5 mm beyond the outer dimensjons of the Primary Coils.

1.1.4 Inter coil separation

Base Station contains multiple type A21-Power Transmitters, the Primary Coils of any pair of

24

r Transmitters shall have a center-to-¢enter distance of at least 49. mm.

1.2 Electrical details

own in Figure 79, Power Transmitter design A21 uses a half-bridge inverter to drive an indiy
hry Coil and a series“capacitance. Within the Operating Frequency range specified below
nbly of Primary (Coils and Shielding has a self inductance Lp = 11.5%1%% uH for coils closest t
face Surface,Sahd inductance Lp = 12.5%10% yH for coils furthest from the Interface Surface
of the genies capacitance is Cp = 0.147%°% pF for coils closest to the Interface Surface and|

5% qiEfor coils furthest from the Interface Surface. The input voltage to the half-bridge inver]

on is

Base

those

idual
, the
o the
The
Cp =

ter is

0§

NOTE Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V pk-pk.
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Power Transmitter design A21 uses the Operating Frequency and duty cycle of the Power Signal in order

to control the amount of power that is transferred. For this purpose, the Operating Frequency range of

the half-bridge inverter is f,, = 115 ...205 kHz with a duty cycle of 50%; and its duty cycle range is

10...50% at an Operating Frequency of 205 kHz. A higher Operating Frequency or lower duty cycle result

in the transfer of a lower amount of power. In order to achieve a sufficiently accurate adjustment of the

amount of power that is transferred, a type A21 Power Transmitter shall control the Operating Frequency

with

resolution of

= 0
= 0.

or be

ares

When a type A21 Power Transmitter first applies a Power Signal (Digital Ring;-see Parts 1 and 2: Intd

Defin

Contj
Inter
the (
type

the P

provi

01 X fo, — 0.7 kHz, for fop in the 115...175 kHz range;
015 X f,, — 1.58 kHz, for fop in the 175...205 kHz range;
tter. In addition, a type A21 Power Transmitter shall control the duty cycle of thePower Signal

blution of 0.1% or better.

itions), it shall use an initial Operating Frequency of 175 kHz (and a-duty cycle of 50%).

ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g
face Definitions. The controlled variable v introduced in'thé definition of that algorithm repre
perating Frequency or the duty cycle. In order to guarantee sufficiently accurate power conj
A21 Power Transmitter shall determine the amplitude of the Primary Cell current—which is eq
rimary Coil current—with a resolution of 7 mA or better. Finally, Table 52, Table 53, and Tab

de the values of several parameters, which are*used in the PID algorithm.

Figure 79. Electrical diagram/(outline) of Power Transmitter design A21
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Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Table 53. Operating Frequency dependent scaling factor
Frequency Range [kHz] Scaling Factor S, [HZ]

115...140 1.5

140...160 2

160...180

180...205

Table 54. PID parameters for'duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M; 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy -0.01 %
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2.2.22 Power Transmitter design A22

Figure 80 illustrates the functional block diagram of Power Transmitter design A22, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 80. Functional block diagram of Power Transmitter design A22
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ower Conversion. Unit on the right-hand side of Figure 80 comprises the analog parts of the d¢
oltage and curxent sense monitors the input voltage and current. The inverter converts the DC
AC waveform that drives a resonant circuit, which consists of the Primary Coil plus a 5

itor.

Llommunications and Control Unit on the left-hand side of Figure 80 comprises the digital logid

bsign.
input

eries

part

of the design. The unit receives and decodes messages from the Power Recelver, executes the relevant

power control algorithms and protocols, and drives the input power and frequency of the AC waveform to

control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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Power Transmitter design A22 includes one Primary Coil as defined in Section 2.2.22.1.1, Shielding as
defined in Section 2.2.22.1.2, and an Interface Surface as defined in Section 2.2.22.1.3.

2.2.22.1.1 Primary Coil

The
diam

singl

Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 0.0

B mm

pter, or equivalent. As shown in Figure 81, a Primary Coil has a racetrack-like shape and.donsists of a

e layer. Table 55 lists the dimensions of a Primary Coil.

Figure 81. Primary Coil of Power Transmitter design A22

dow| |
‘v‘diw

Table 55. Primary Cailjparameters of Power Transmitter design A22

Parameter Symbol Value
Outer length dy 65.51%5 mm
Inner length dy 16.5%%5 mm
Outerwidth dow 57.11%5 mm
Innher width diy 45195 mm
Thickness d, 133015 mm
Number of turns per layer N 22
Number of layers - 1
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2.2.22.1.2 Shielding

As shown in Figure 82, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The Shielding may surround the Primary Coil on all sides except for the top

face. In addition, the Shielding extends to at least 2.5 mm beyond the outer edge of the Primary Coil, and

has a thickness of at least 2.0 mm. This version of Part 4: Reference Designs limits the composition of the

Shielfling to a choice from the following 11st of materials:

Mpn-Zn-Ferrite Core — any supplier

Sendust-Ferrite Core - any supplier

Figure 82. Primary Coil assembly of Power Transmitter design A22
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2.2.22.1.3 Interface Surface

As sHown in Figure 82, the'distance from the Primary Coil to the Interface Surface of the Base Stat

=[2.5*10 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the

Stati¢n extends atleast 5 mm beyond the outer diameter of the Primary Coil.

2.2.22.1 4 \Separation between multiple Power transmitters
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Power Transmitters shall have a center-to-center distance of at least 66 mm.
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2.2.22.2 Electrical details
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As shown in Figure 83, Power Transmitter design A22 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary

Coil and Shielding has a self inductance L, = 19.0%1°% yH. The value of the series capacitance is Cp =

122%

10% pF,

NOTE

Powd

Freqyiency and duty cycle to control the amount of power transferred. For this purposey the‘input v(

rang
and t

When a type A22 Power Transmitter first applies a Power Signal (Digital Ring;-see Parts 1 and 2: Intd

Defin
of 3.
Rece
Defin
input

recei

Conti

Inter}

Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A22 uses the input voltage to the full-bridge inverter as well as.its Oper

is 2..12V, with a resolution of 10 mV or better; the Operating Frequency range is110...205
he duty cycle range is 2 ... 50%.

itions), the Power Transmitter shall use an Operating Frequency of125%° kHz, and an input vg
...7.5 V. If the Power Transmitter does not to receive a Signal/Strength Packet from the P

ver, the Power Transmitter shall remove the Power Signalyas defined in Parts 1 and 2: Inte

voltage to the full-bridge inverter within the rangecspecified above, until the Power Transn

yes a Signal Strength Packet containing an appropriate Signal Strength Value.

ol of the power transfer shall proceed using‘the PID algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable »® introduced in the definition of that algorithm repre

ating
ltage
kHz;

rface
ltage
ower

rface

itions. The Power Transmitter may re-apply the powerssignal multiple times at consecutively higher

hitter

nd 2:

sents

the ifput voltage to the full-bridge inverter, Operating Frequency and duty cycle. It is recommended that

cont
suffid
Prim
thev

ol of the power occurs primarily by-means of adjustments to the input voltage. In order to guar
iently accurate power control, a type A22 Power Transmitter shall determine the amplitude
hry Coil current with a reselution of 5 mA or better. Finally, Table 56, Table 57, and Table 58 pr

hlues of several parameters, which are used in the PID algorithm.

hntee
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Figure 83. Electrical diagram (outline) of Power Transmitter design A22
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Table 56. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-1ms
Integralterm limit M, N.A. N.A.
PID%utput limit Mpp 1,500 N.A.
Scaling factor Sy -0.5 mV
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Table 57. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K; 0 mA-1ms-1
Derivative-gain e 6 MA-Lms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor Sy 1.0 Hz

Table 58. PID parameters for duty control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms-1
Derivative gain K4 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, -0.1 °
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2.2.23 Power Transmitter design A23

Figure 84 illustrates the functional block diagram of Power Transmitter design A23, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 84. Functional block diagram of Power Transmitter design A23
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ower Conversion. Unit on the right-hand side of Figure 84 comprises the analog parts of the d¢
oltage and curxent sense monitors the input voltage and current. The inverter converts the DC
AC waveform that drives a resonant circuit, which consists of the Primary Coil plus a 5

itor.

Llommunications and Control Unit on the left-hand side of Figure 84 comprises the digital logid

bsign.
input

eries

part

of the design. The unit receives and decodes messages from the Power Recelver, executes the relevant

power control algorithms and protocols, and drives the input power and frequency of the AC waveform to

control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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Power Transmitter design A23 includes one Primary Coil as defined in Section 2.2.23.1.1, Shielding as

defined in Section 2.2.23.1.2, and an Interface Surface as defined in Section 2.2.23.1.3.

2.2.23.1.1 Primary Coil

The Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 0.0

diamgpter, or equivalent. As shown in Figure 85, a Primary Coil has a racetrack-like shape and donsisf

single layer. Table 59 lists the dimensions of a Primary Coil.

Figure 85. Primary Coil of Power Transmitter design A23

Table 59. Primary Coil parameters of Power Transmitter design A23

Parameter Symbol Value
Outer length dy 65.51%% mm
Inner length d; 16.5%%° mm
Outer width dow 57.1%%5 mm
Innérwidth div 4.5%%5 mm
Thickness d, 133015 mm
Number of turns per layer N 22

1
T

B mm
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2.2.23.1.2 Shielding

As shown in Figure 86, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding may surround the Primary Coil on all sides except for the top
face. In addition, the Shielding extends to at least 2.5 mm beyond the outer edge of the Primary Coil, and

has a thickness of at least 2.0 mm. This version of Part 4: Reference Designs limits the composition of the

Shielfiing to a choice from the following I1st of materials:
=  M-Zn-Ferrite Core - any supplier
=  S¢ndust-Ferrite Core - any supplier

Figure 86. Primary Coil assembly of Power Transmitter design A23
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2.2.23.1.3 Interface Surface

As sHown in Figure 86, the distance from the Primary Coil to the Interface Surface of the Base Statjon is
d, = [2.5%1% mm, across the‘top face of the Primary Coil. In addition, the Interface Surface of the|Base

Statign extends at least 5’ mm beyond the outer diameter of the Primary Coil.

2.2.23.1.4 Separation between multiple Power transmitters

If thg Base Station contains multiple type A23 Power Transmitters, the Primary Coils of any pair of those

PowdrTransmitters shall have a center-to-center distance of at least 66 mm.
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2.2.23.2 Electrical details
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As shown in Figure 87, Power Transmitter design A23 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary

Coil and Shielding has a self inductance L, = 19.0%1°% yH. The value of the series capacitance is Cp =

168+

10% pF,

NOTE

Powd

Freqyiency and duty cycle to control the amount of power transferred. For this purposey the‘input v(

rang
and t

When a type A23 Power Transmitter first applies a Power Signal (Digital Ring;-see Parts 1 and 2: Intd

Defin
of 3.
Rece
Defin
input

recei

Conti

Intery}

Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A23 uses the input voltage to the full-bridge inverter as well as.its Oper

is 2...12 V, with a resolution of 10 mV or better; the Operating Frequency range is 101...115
he duty cycle range is 2 ... 50%.

itions), the Power Transmitter shall use an Operating Frequency of 108%° kHz, and an input vg
...7.5 V. If the Power Transmitter does not to receive a Signdl/Strength Packet from the P

ver, the Power Transmitter shall remove the Power Signalyas defined in Parts 1 and 2: Inte

voltage to the full-bridge inverter within the range¢specified above, until the Power Transn

yes a Signal Strength Packet containing an appropriate Signal Strength Value.

ol of the power transfer shall proceed using‘the PID algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable »® introduced in the definition of that algorithm repre

ating
ltage
kHz;

rface
ltage
ower

rface

itions. The Power Transmitter may re-apply the powerssignal multiple times at consecutively higher

hitter

nd 2:

sents

the ifput voltage to the full-bridge inverter, Operating Frequency and duty cycle. It is recommended that

cont
suffid
Prim
thev

ol of the power occurs primarily by-means of adjustments to the input voltage. In order to guar
iently accurate power control, a type A23 Power Transmitter shall determine the amplitude
hry Coil current with a reselution of 5 mA or better. Finally, Table 60, Table 61, and Table 62 pr

hlues of several parameters, which are used in the PID algorithm.
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Figure 87. Electrical diagram (outline) of Power Transmitter design A23
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Table 60. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-1ms
Integratterm limit M, N.A. N.A.
PID%utput limit Mpyp 1,500 N.A.
Scaling factor Sy -0.5 mV
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Table 61. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K; 0 mA-1ms-1
Berivativegain K 0 HALRS
Integral term limit M, N.A. N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy 1.0 Hz
Table 62. PID parameters for duty control
Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms-1
Derivative gain K4 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, -0.1 °
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2.2.24 Power Transmitter design A24

Figure 88 illustrates the functional block diagram of Power Transmitter design A24, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 88. Functional block diagram of Power Transmitter design A24
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ower Conversion. Unit on the right-hand side of Figure 88 comprises the analog parts of the d¢
oltage and curxent sense monitors the input voltage and current. The inverter converts the DC
AC waveform that drives a resonant circuit, which consists of the Primary Coil plus a 5

itor.

Llommunications and Control Unit on the left-hand side of Figure 88 comprises the digital logid

bsign.
input

eries

part

of the design. The unit receives and decodes messages from the Power Recelver, executes the relevant

power control algorithms and protocols, and drives the input power and frequency of the AC waveform to

control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.24.1 Mechanical details
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Power Transmitter design A24 includes one Primary Coil as defined in Section 2.2.24.1.1, Shielding as

defined in Section 2.4.3.1.2, and an Interface Surface as defined in Section 2.2.24.1.3.

2.2.24.1.1 Primary Coil

The

diam

Primary Coil is of the wire-wound type, and consists of litz wire having 105 strands of 00

layerf Table 63 lists the dimensions of a Primary Coil.

Figure 89. Primary Coil of Power Transmitter design A24

Table 63. Primary Coil parameters of Power Transmitter design A24

Parameter Symbol Value
Outer diameter d, 44,015 mm
Inner diametér d; 22.50 mm
Thicknéss d, 133015 mm
Number of turns per layer N 9
Number of layers - 1

B mm

pter, or equivalent. As shown in Figure 89, a Primary Coil has a circular shape and consists of a gingle
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2.2.2

4.1.2 Shielding

As shown in Figure 90, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. In addition, the Shielding extends to at least 2.0 mm beyond the outer edge

of the Primary Coil, and has a thickness of at least 0.5 mm. This version of Part 4: Reference Designs limits

the composition of the Shielding to a choice from the following list of materials:

= N

= Mn-Zn-Ferrite Core - any supplier.

=S¢

-Mn-Ferrite Core - any supplier.

ndust-Ferrite Core - any supplier.

Figure 90. Primary Coil assembly of Power Transmitter design A24
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2.2.24.1.3 Interface Surface
As sHown in Figure 90, the'distance from the Primary Coil to the Interface Surface of the Base Stat
d, = [3.01%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the
Statign extends df.least 5 mm beyond the outer diameter of the Primary Coil.
2.2.24.1 4 \Separation between multiple Power transmitters
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Power Transmitters shall have a center-to-center distance of at least 50 mm.
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2.2.24.2 Electrical details
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As shown in Figure 91, Power Transmitter design A24 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary

Coil and Shielding has a self inductance L, = 6.1¥1°% yH. The value of the series capacitance is Cp =

400*

10% nF. The input voltage to the full-bridge is 5.0£5% V.

NOTE

Powse
to co
110.
resul
of th

Frequency with a resolution of 0.1 kHz or better.

Whern a type A24 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin
301
the P
The

Freqliencies within the range specified above, until the Power Transmitter receives a Signal Str

Pack

Contl

Inter

Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A24 uses the Operating Frequency and duty cycle of the Power Signal in

ntrol the amount of power transferred. For this purpose, the Operating Frequency ‘fange is

.205 kHz, and the duty cycle range is 2...50%. A higher Operating Frequency@uid lower duty

e power that is transferred, a type A24 Power Transmitter shall be ablé)to control the Oper

itions), the Power Transmitter shall use an Operating Frequency of 155%15 kHz, and a duty cy|
%. If the Power Transmitter does not to receive a Signal‘Strength Packet from the Power Rec
ower Transmitter shall remove the Power Signal as<efined in Parts 1 and 2: Interface Defini|

Power transmitter may re-apply the power ignal multiple times at consecutively Oper

bt containing an appropriate Signal Strength Value.

ol of the power transfer shall proceéd using the PID algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable v introduced in the definition of that algorithm repre

brder

fop:

cycle

L in the transfer of a lower amount of power. In order to achieve a sufficiently,accurately adjustment

ating

rface
cle of
piver,
tions.
ating
ength

nd 2:

sents

the ifput voltage to the full-bridgenverter, Operating Frequency and duty cycle. It is recommended that

conti
suffid
Prim

of sey

ol of the power occurs primarily by means of adjustments to the duty cycle. In order to guar
iently accurate power\eontrol, a type A24 Power Transmitter shall determine the amplitude
hry Coil current with a resolution of 5 mA or better. Finally, Table 64 and Table 65 provide the v

reral parameters, Which are used in the PID algorithm.
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Figure 91. Electrical diagram (outline) of Power Transmitter design A24
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Table 64. PID parameters for Operating Frequency control
Parameter Symbol Value Unit
Proportional gain K, 1 mA'l
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-ms
Integratterm limit M, N.A. N.A.
PID%utput limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz
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Table 65. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K; 0 mA-1ms-1
Derivative-gain e 6 MA-Lms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, -0.1 F
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2.2.25 Power Transmitter design A25

Figure 92 illustrates the functional block diagram of Power Transmitter design A25, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 92. Functional block diagram of Power Transmitter design A25
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ower Conversion. Unit on the right-hand side of Figure 92 comprises the analog parts of the d¢
oltage and curxent sense monitors the input voltage and current. The inverter converts the DC

AC waveform that drives a resonant circuit, which consists of the Primary Coil plus a 5

Llommunications and Control Unit on the left-hand side of Figure 92 comprises the digital logid

bsign.
input

eries

part

of the design. The unit receives and decodes messages from the Fower Recelver, executes the relevant

power control algorithms and protocols, and drives the input power and frequency of the AC waveform to

control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.25.1 Mechanical details

Power Transmitter design A25 includes one Primary Coil as defined in Section 2.2.25.1.1, Shieldi
defined in Section 2.2.25.1.2, and an Interface Surface as defined in Section 2.2.25.1.3.

2.2.25.1.1 Primary Coil

2017

ng as

The Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 0.0
diamgpter, or equivalent. As shown in Figure 93, a Primary Coil has a racetrack-like shape and donsisf

singl¢ layer. Table 66 lists the dimensions of a Primary Coil.

Figure 93. Primary Coil of Power Transmitter design A25

dil

— —
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Table 66, Primary Coil parameters of Power Transmitter design A25

B mm

s of a

Parameter Symbol Value
Outer length d,) 65.7t1° mm
Inner length d; 16.3*1° mm
Outer width dow 59.2%5 mm
Inner width di 5.1 mm
Thickness d, 133015 mm
Number of turns per layer N 11 (bifilar turns)
Number of layers - 1
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2.2.25.1.2 Shielding

As shown in Figure 94, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. In addition, the Shielding extends to at least 2.5 mm beyond the outer edge

of the Primary Coil, and has a thickness of at least 2.0 mm. This version of Part 4: Reference Designs limits

the composition of the Shielding to a choice from the following list of materials:

= N

W4 hml e 1.
SVIIFICTITIICT CUTT = dlly SUPPIITT.

=  Mn-Zn-Ferrite Core - any supplier.

=S¢

2.2.2

As sh
d, =
Stati

2.2.2

If the

Powse

ndust-Ferrite Core - any supplier.

Figure 94. Primary Coil assembly of Power Transmitter design A25
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5.1.3 Interface Surface

own in Figure 94, the distance from the Primary Coil to the Interface Surface of the Base Stat
2.5%1% mm, across the top face of the Primary Coil. In addition, the Interface Surface of the

n extends at least 5.mm beyond the outer diameter of the Primary Coil.

5.1.4 Separation between multiple Power transmitters

Base-Station contains multiple type A25 Power Transmitters, the Primary Coils of any pair of

r.Fransmitters shall have a center-to-center distance of at least 67.2 mm.

on is

Base

those
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2.2.25.2 Electrical details

2017

As shown in Figure 95, Power Transmitter design A25 uses a full-bridge inverter to drive the Primary Coil

and a series capacitance. Within the Operating Frequency range Specified below, the assembly of Primary

Coil and Shielding has a self inductance Lp = 6.1%1°% yH. The value of the series capacitance is Cp =

400*

10% nF. The input voltage to the full-bridge is 5.0%5°%V,

NOTE

Powgq

to co|

110.
resul
of th

Frequency with a resolution of 0.1kHz or better.

Whern a type A25 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin
30+t
the P
The |

Freqyiencies within the range specified above, until the Power Transmitter receives a Signal Str

Pack

Contl

Intery

Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A25 uses the Operating Frequency and duty cycle of the Power Signal in

ntrol the amount of power transferred. For this purpose, the Operating Frequency ‘fange is

.205 kHz, and the duty cycle range is 2 ... 50%. A higher Operating Frequency(and lower duty

e power that is transferred, a type A25 Power Transmitter shall be able/to control the Oper

itions), the Power Transmitter shall use an Operating Frequercy of 155%15 kHz, and a duty cy!
%. If the Power Transmitter does not to receive a Sigmal Strength Packet from the Power Rec
ower Transmitter shall remove the Power Signal .as<defined in Parts 1 and 2: Interface Defini|

Power Transmitter may re-apply the power signalymultiple times at consecutively lower Opet

bt containing an appropriate Signal Strength Value.

ol of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable v introduced in the definition of that algorithm repre

brder
fop =

cycle

L in the transfer of a lower amount of power. In order to achieve a sufficientlyyaccurately adjustment

ating

rface
cle of
piver,
tions.
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the imput voltage to the full-bridge(inverter, Operating Frequency and duty cycle. It is recommended that
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ol of the power occurs primarily by means of adjustments to the duty cycle. In order to guar
iently accurate power\control, a type A25 Power Transmitter shall determine the amplitude
hry Coil current with.a resolution of 5 mA or better. Finally, Table 67 and Table 68 provide the v

reral parametets,-which are used in the PID algorithm.

hntee
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Figure 95. Electrical diagram (outline) of Power Transmitter design A25
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Table 67. PID parameters for Operating Frequency control
Parameter Symbol Value Unit
Proportional gain K, 1 mA'l
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-ms
Integratterm limit M, N.A. N.A.
PID%utput limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz
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Table 68. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K; 0 mA-1ms-1
Derivative-gain e 6 MA-Lms
Integral term limit M, N.A. N.A.
PID output limit Mpip 20,000 N.A.
Scaling factor S, -0.1 F
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2.2.26 Power Transmitter design A26

Figure 96 illustrates the functional block diagram of Power Transmitter design A26, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 96. Functional block diagram of Power Transmitter design A26
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The Power Conversion Unit on the(right-hand side of Figure 96 comprises the analog parts of the d¢sign.
The ipverter converts the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the

Primary Coil plus a series.capacitor. Finally, the current sense monitors the Primary Coil current.

The (ommunications ‘and Control Unit on the left-hand side of Figure 96comprises the digital logic pprt of
the design. Thisinit receives and decodes messages from the Power Receiver, executes the relgvant
powser control algorithms and protocols, and drives the frequency of the AC waveform to contrql the
powdr transfer. The Communications and Control Unit also interfaces with other subsystems of the|Base

Statign;'€,g. for user interface purposes.

2.2.26.1 Mechanical details

Power Transmitter design A26 includes a single Primary Coil as defined in Section 2.2.26.1.1, Shielding as
defined in Section 2.2.26.1.2, an Interface Surface as defined in Section 2.2.26.1.3, and an alignment aid as
defined in Section 2.2.26.1.4.
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2.2.26.1.1 Primary Coil

The Primary Coil is of the wire-wound type, and consists of litz wire having 105 strands of no. 40 AWG
(0.08 mm diameter), or equivalent. As shown in Figure 97, the Primary Coil has a triangular shape and
consists of a single layer. Table 69 lists the dimensions of the Primary Coil.

Figure 97. Primary Coil of Power Transmitter design A26

Table 69. Primary Coil parameters of Power Transmitter design A26

Parameter Symbol Value
Outer height H, 52£0.5 mm
Inner height H; 34£0.5 mm
Outer width |74 46%0.5 mm
Inner width 174 28£0.5 mm
Thickness d. 1.1+0.3 mm
Number of turns per layer N 8
Numbef of layers -

2.2.26.1.2 -Shielding

As sHowfiin Figure 98, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The Shielding extends to at least 2.5 mm beyond the outer diameter of the
Primary Coil, has a thickness of at least 0.7 mm, and is placed below the Primary Coil at a distance of at
most dy = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to the

following materials:

= Mn-Zn ferrite (any supplier).
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: |
317 mm min. |
I

Figure 98. Primary Coil assembly of Power Transmitter design A26
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own in Figure 98, the distance from the Primary Coil £o'the Interface Surface of the Base Stat
2102 mm, across the top face of the Primary Coil. Tn addition, the Interface Surface of the
n extends at least 5 mm beyond the outer diaméter of the Primary Coil.

This Primary-Coil-to-Interface-Surface distanee\implies that the tilt angle between the Primary Coil and
pce Surface is at most 1.0°. Alternatively, in.case of a non-flat Interface Surface, this Primary-Coil-to-Inte
e distance implies a radius of curvature.of the Interface Surface of at least 317 mm, centered on the Pr

ee Figure 98.

6.1.4 Alignment aid

The fiser manual of the Base Station containing a type A26 Power Transmitter shall have inform

abou

For t

[ the location of its Active Area(s).

he best userexperience, it is recommended to employ at least one user feedback mechanism d

Mobile Device\positioning to help alignment.

NOTE

Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

L
1.0° max. |} f ] 1 ds
oo TTITIIIIIIIIIIIIIIT I e e N B —
Primary Coil ~ 2.5 mm mih.
Bas? Shielding
Station
6.1.3 Interface Surface

on is

Base

a flat

rface-

mary

ation

uring

A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means of the logo or

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illuminating an LED to indicate proper alignment.

An audible or haptic feedback mechanism.

other
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2.2.26.1.5 Inter coil separation

2017

If the Base Station contains multiple type A26 Power Transmitters, the Primary Coils of any pair of those

Power Transmitters shall not overlap.

2.2.26.2 Electrical details

As shewn-in-Fig
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NOTE

Powd
to co
the f]
10...9
in th
amou
with

= 0.
= 0

or be

ares

ol I v A ol - ot ol cl - -

series capacitance. Within the Operating Frequency range specified below, the assembly of Pri
Shielding, and magnet has a self inductance Lp = 6.3%19% uH. The value of the series capacitai
0.4*5% uF. The input voltage to the full-bridge inverter is 5+>% V.

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design A26 uses the Operating Frequency and duty cycle efthe Power Signal in
ntrol the amount of power that is transferred. For this purpose, the-Operating Frequency ran
ill-bridge inverter is f,, = 110...205 kHz with a duty cycle of 50%; and its duty cycle ran

0% at an Operating Frequency of 205 kHz. A higher Operating'Eréquency or lower duty cycle 1
e transfer of a lower amount of power. In order to achieve a_sufficiently accurate adjustment
h resolution of

01 X f,, — 0.7 kHz, for fop in the 110..4475 kHz range;

015 X f,, — 1.58 kHz, for fop in the 175...205 kHz range;

tter. In addition, a type A26 Power Transmitter shall control the duty cycle of the Power Signal

blution of 0.1% or better.

When a type A26 Power Transmitter first applies a Power Signal (see Parts 1 and 2: Interface Definit
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face Definitions\The controlled variable v introduced in the definition of that algorithm repré
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Figure 99. Electrical diagram (outline) of Power Transmitter design A26
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Table 70. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term-limit M, 3,000 N.A.
PID outputlimit Mpip 20,000 N.A.

Table 71. Operating Frequency dependent scaling factor

Frequency Range [kHz] Scaling Factor S, [Hz]
110...140 1.5
140...160
160...180
180...205
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Table 72. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA-1
Integral gain K; 0.05 mA-ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor S, -0.01 %
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2.2.27 Power Transmitter design A27

Figure 100 illustrates the functional block diagram of Power Transmitter design A27, which consists of

two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 100. Functional block diagram of Power Transmitter design A27
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The Rower Conversion Uniton.the right-hand side of Figure 100 comprises the analog parts of the d¢sign.
The jmpedance matching\network forms a resonant circuit with the Primary Coil. The sensing ciycuits
moniftor (amongst others) the Primary Coil current and voltage, and the inverter converts the DC input to

an A( waveformthat drives the Primary Coil.

The (ommunications and Control Unit on the left-hand side of Figure 100 comprises the digital logi¢ part

of the design. This unit receives and decodes messages from the Power Receiver, executes the relevant

power control q]gr\rifhmc and prnfnr‘nlc' and drives the inverter to control the amount of powerpro 7ided

to the Power Receiver. The Communications and Control Unit also interfaces with the other subsystems

of the Base Station, e.g. for user interface purposes.
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Power Transmitter design A27 includes a Primary Coil array as defined in Section 2.2.27.1.1, Shielding as
defined in Section 2.2.27.1.2, and an Interface Surface as defined in Section 2.2.27.1.3.

2.2.27.1.1 Primary Coil

The Frimary Coil is of the wire-wound type, and consists of 17 AWG (1.15 mm diameter) type 2 1it
having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figute) 101

wire
, the

Primary Coil has a circular shape and consists of one layer. Table 73 lists the dimensionsof.the Primary

Coil.

Figure 101. Primary Coil of Power Transmitter design A27

Table 73. Primary Cailjparameters of Power Transmitter design A27

Parameter Symbol Value
Outer diameter d, 60.0735 mm
Inner diafnéter d; 20.5*%° mm
Number of turns N 18
Thiickness d. 1.2%%2 mm
Number of layers - 1
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2.2.27.1.2 Shielding
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As shown in Figure 102, Transmitter design A27 employs Shielding to protect the Base Station from the

magnetic field that is generated in the Primary Coil. The Shielding extends to at least 2 mm beyond the

outer edges of the Primary Coil array, and is placed at a distance of at most d; = 0.5 mm below the

Primary Coil array.

The §
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rials:

[94 — Ferroxcube.
B7 — Epcos AG.

(44 — TDK Corp.

= 68 — EMICORE Corp.

= M

2.2.2

79 — EMICORE Corp.

£Z

aterial 78 — Fair Rite Corporation.

K2 — TDK Corp (at least 0.8mm thickness).

Interface
Surface

hielding consists of soft magnetic material that has a thickness of at least 0.5 mm. This vérs

Figure 102. Primary Coil array assembly of Power Transmitter design A27
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ion of
d: Reference Designs limits the composition of the Shielding to a choice from the following ;tt of

As shown in Figure 102, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2¥53 mm, across the top face of the Primary Coil. In addition, the Interface Surface extends at least

5 mm beyond the outer edges of the Primary Coil array.
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2.2.27.1.4 Alignment aid

The user manual of the Base Station containing a type A27 Power Transmitter shall have information

about the location of its Active Area(s).

For the best user experience, it is recommended to employ at least one user feedback mechanism during

Mobi

e Device positioning to help alighment.

NOTE
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2.2.27.2 Electrical details

As sh

netwprk including filter inductor, a Primary:Coil with a series and parallel capacitance. Withi
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indud
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bridg

NOTE

Powsg
full-b
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Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means ofrthe logo or]

visual marking, lighting, etc.
A visual feedback display—e.g. by means of illuminating an LED to indicate proper‘alignment.

An audible or haptic feedback mechanism.

7.1.5 Inter coil separation

Base Station contains multiple type A27 Power Transmitters,the Primary Coils of any pair of

r Transmitters shall have a center-to-center distance of-atdeast 70 mm.

own in Figure 103, Power Transmitter designA27 uses a full-bridge inverter to drive the res

hting Frequency range f,, = 110 ... 120kHz, the assembly of Primary Coil and Shielding h
tance of 24.0¥1°% yH. The induefahce and capacitances in the impedance matching circui
ctively, Ly, = 8.2%2°% uH, C, 5"100**% nF and C,,, = 100*** nF. The input voltage to the

e inverter is 12¥5% V.
Near resonance, the-voltage developed across the series capacitance can reach levels exceeding 100V pk

r Transmitter design A27 uses the phase difference between the control signals to two halves
ridge invertér'to control the amount of power that is transferred, see Figure 104. For this pur
inge of the‘phase difference « is 0...180°—with a larger phase difference resulting in a lower p

fer. In_order to achieve a sufficient accurate adjustment of the power that is transferred, a typg
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r Transmitter shall be able to control the phase difference with a resolution of 0.42° or better

WVhen

a type A27 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Interface

Defin

itions), it shall use an initial phase difference of 120°.
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the phase difference between the two halves of the full-bridge inverter. In order to guarantee sufficiently
accurate power control, a type A27 Transmitter shall determine the amplitude of the current into the
Primary Coil with a resolution of 7 mA or better. Finally, Table 74 provides the values of several

parameters, which are used in the PID algorithm.

Figure 103. Electrical diagram (outline) of Power Transmitter design A27
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Table 74. Control parameters for power control

Parameter Symbol Value Unit
Proportional gain K, 1 mA'!
Integral gain K, 0 mA-1ms-1
Derivative-gain e 6 MA-Lms
Integral term limit M, N.A. N.A.
PID output limit Mp1p 2,000 N.A.
Scaling factor Sy 0.01 ¢
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2.2.28 Power Transmitter design A28

Figure 105 illustrates the functional block diagram of this Power Transmitter design A28, which consists

of two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 105. Functional block diagram of Power Transmitter design A28
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ower Conversion Unit on the'right-hand side of Figure 105 comprises the analog parts of the d
hverter converts the DE input to an AC waveform that drives a resonant circuit, which consists
fed Primary Coil _plus a series capacitor. The selected Primary Coil is one from three par

Selection¢ofthe appropriate Primary Coil proceeds by the Power Transmitter attempti

mpohitors the Primary Coil current.

bSign.
bf the
tially

apping Primary Coils, as appropriate for the position of the Power Receiver relative to the Primary

g to

lish communication with a Power Receiver using anyone of the Primary Coils. Finally, the current

The Communications and Controt UNIT on the teft-hand side of rigure 1U5 comprises botl analog C

rcuit

and digital logic. This unit receives and decodes messages from the Power Receiver, configures the Coil

Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms

and protocols, and drives the frequency of the AC waveform to control the power transfer. The

Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.28.1 Maechanical details
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Power Transmitter design A28 includes one or more Primary Coils as defined in Section 2.2.28.1.1,
Shielding as defined in Section 2.2.28.1.2, and Interface Surface as defined in Section 2.2.28.1.3.

2.2.28.1.1 Primary Coil

The |
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Prim

n
TTIoT oo

rixaary Codl 1o of tbha e yazonnd S and concicte of oo 17 ANAIC (1 10 o diooatar) sunn
y-CotHs-ef-the-wire-wound-type; nsists-ef-ro—--AWGE{35-mm-dia

having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure. 10

hry Coil has a rectangular shape and consists of a single layer. Table 75 lists the dimefisiens

hry Coil.

Figure 106. Primary Coil of Power Transmitter design A28
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Table 75. Primary Coil parameters of Power Transmitter design A28

Powdr Transmitter design A28 contains one or more Primary Coils. Rower Transmitter design)
contdins at least one Primary Coil. Odd numbered coils are placed alongside each other wj

Parameter Symbol Value
Outer length dy; 47,5510 mm
Inner length dy 28.0*%0 mm
Quterwidth Ao 39 5£10 ym
Inner width diw 19.5%1% mm
Thickness d. 1.5%%°> mm
Number of turns per layer N 9
Number of layers - il

A28
ith a

displacement of d,, = 49.2%* mm between their centers. Even numbéred coils are placed orthogonal to

the old numbered coils with a displacement of d,, = 24.6%? mm between their centers. See Figure 1

¢
)\

)

Figure 107. Primary Coils of Power Transmitter design A28
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2.2.28.1.2 Shielding

As shown in Figure 108, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coils. The Shielding extends to at least the outer dimensions of the Primary
Coils, has a thickness of at least 0.5 mm, and is placed below the Primary Coils at a distance of at most

ds = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a choice

from[the roliowing Iist o materials:

= Material 44 — Fair Rite Corporation.

=  Miaterial 28 — Steward, Inc.

= (CMG22G — Ceramic Magnetics, Inc.

= Kbplektor 22G — Kolektor.

= Le¢aderTech SB28B2100-1 — LeaderTech Inc.
TopFlux “A“ — TopFlux.

= ToppFlux “B“ — TopFlux.
ACME K081 — Acme Electronics.

= LYH — TDK Corporation.

= PE22 — TDK Corporation.

= FK2 — TDK Corporation.

Figure 108. Primary €oil assembly of Power Transmitter design A28

Interface
Surface

5 mm min.
Jd:
|

= __ . T id,;
0

\Primary Coils

Base Shielding
Station



https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

IEC PAS 63095-2:2017 © IEC 2017 - 164 —

2.2.28.1.3 Interface Surface

As shown in Figure 108, the distance from the Primary Coil to the Interface Surface of the Base Station is

d, = 2¥53. mm, across the top face of the Primary Coil. In addition, the Interface Surface of the Base

Station extends at least 5 mm beyond the outer dimensions of the Primary Coils.

2.2.28.1.4 Inter coil separation

If the

Powd

2.2.2

As sh
Prim
asser
Surfd

capa

the Interface Surface. The input voltage to the full-bridge inverter is 5¥5% V.

NOTE

Powd
to co
the f]
10...9
in th
amoy
with

= 0

= 0

or be

ares

Base Station contains multiple type A28 Power Transmitters, the Primary Coils of any pair of

r Transmitters shall have a center-to-center distance of at least 49.2%* mm.

8.2 Electrical details

own in Figure 109, Power Transmitter design A28 uses a full-bridge inverter to drive an indiv

hry Coil and a series capacitance. Within the Operating Frequency.range specified below

hbly of Primary Coils and Shielding has a self inductance 6.4+1°%

9110%

uH for coils closest to the Intg
ce and inductance 6. uH for coils furthest from the Interface“Surface. The value of the g

itance is 400%5% nF for coils closest to the Interface Surface<and 357%%% nF for coils furthest

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design A28 uses the Operating Frequency and duty cycle of the Power Signal in
htrol the amount of power that is transferred:. For this purpose, the Operating Frequency ran
ill-bridge inverter is f,, = 115 ... 205 kHz" with a duty cycle of 50%; and its duty cycle ran
0% at an Operating Frequency of 205'kHz. A higher Operating Frequency or lower duty cycle 1

e transfer of a lower amount of power. In order to achieve a sufficiently accurate adjustment

those

idual
, the
rface
eries

from

k-pk.

brder
ge of
ge is
esult
f the

nt of power that is transferred,’a type A28 Power Transmitter shall control the Operating Frequency

h resolution of

01 X f,, — 0.7 kHz, for f,, in the 115...175 kHz range;
015 X f,, — 1.58 kHz, for f,, in the 175...205 kHz range;
tter. In addition, a type A28 Power Transmitter shall control the duty cycle of the Power Signal

blution of 0.1% or better.

Whelt
Defin

with

itions), it shall use an initial Operating Frequency of 175 kHz (and a duty cycle of 50%).

rface


https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

- 165 — IEC PAS 63095-2:2017 © IEC 2017

Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the Operating Frequency or the duty cycle. In order to guarantee sufficiently accurate power control, a
type A28 Power Transmitter shall determine the amplitude of the Primary Cell current—which is equal to
the Primary Coil current—with a resolution of 7 mA or better. Finally, Table 76, Table 77, and Table 78

provide the values of several parameters, which are used in the PID algorithm.

Figure 109. Electrical diagram (outline) of Power Transmitter design A28
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Table 76. PID parameters for Operating Frequency control

Paramet;e;' : Symbol Value Unit
Proportional gain K, 10 mA™?
[htegral gain K 0.05 mA 'ms™?
Derivative gain Ky 0 mA~lms
Integral term limit M, 3,000 N.A.
PID output limit Mpip 20,000 N.A.
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Table 77. Operating Frequency dependent scaling factor

- 166 —

Frequency Range [kHz] Scaling Factor S, [Hz]

115...140 1.5

140...160 2

160...180 3

180...205 5

Table 78. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 10 mA~!
Integral gain K; 0.05 mA~lms~
Derivative gain Ky 0 mA~lms
Integral term limit M, 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling factor Sy -0.01 %
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2.2.29 Power Transmitter design A29

Figure 110 illustrates the functional block diagram of Power Transmitter Design A29.

Figure 110. Functional block diagram of Power Transmitter A29
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The Fower Conversion Unit on the right-hand side of Figure 110 comprises the analog parts of the d¢sign.
The ipverter converts the DCinput to an AC waveform that drives a resonant circuit, which consists ¢f the
Primary Coil plus a series capacitor. Finally, the voltage and current sense monitors the Primary Coil

voltage and current.

The Communications and Control Unit on the left-hand side of Figure 110 comprises the digital logi¢ part
of the design. The unit receives and decodes messages from the Power Receiver, executes the relgvant

powsercortrol algorithms and protocols, and drives the input power and frequency of the AC wavefofm to

control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.29.1 Mechanical details

Power Transmitter design A29 includes a Primary Coil array as defined in Section 2.2.29.1.1, Shielding as
defined in Section 2.2.29.1.2, and an Interface Surface as defined in Section 2.2.29.1.3.

2.2.29.1.1 Primary Coil

The Primary Coil is of the wire-wound type, and consists of litz wire with nylon spinning having 180
stranlds of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure 111 the Primary Coil has a
circular shape and consists of two layers with a total of 13 turns. Table 79 lists the dimenSions ¢f the

Primary Coil.

Figure 111. Primary Coil of Power Transmitter A29

Table 79. Primary-Coil parameters of Power Transmitter design A29

Parameter Symbol Value
Outer diameter d, 41*2mm
Inner diameter d; 21#05mm
Thickness d, 3#05mm
Numbers of turns per layer 6.5

Number of layers - 2
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2.2.29.1.2 Shielding

As shown in Figure 112, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 3.5 mm beyond the outer diameter of the
Primary Coil, has a thickness of at least 2.5 mm, and is placed below the Primary Coil at a distance of at

most dg = 1.0 mm. This version of Part 4: Reference Designs limits the composition of the Shielding to a

choide Trom the following list of materials:
= N|-Zn ferrite (ACME)

Figure 112. Primary Coil assembly of Power Transmitter design A29

Interface
. Surfaee
f 317 mm min. 5 mm min.
] ] ] \
1.0° max. | : \ — ] 1 Jw‘dg
Primary Coil 4 }63_5 mm min.
Basg Shielding
Station

2.2.29.1.3 Interface Surface

As shown in Figure 112, the distance from the Primary Coil to the Interface Surface of the Base Statjon is
d, = [2.5%%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the|Base

Statign extends at least 5-mm beyond the outer diameter of the Primary Coil.

NOTH This Primaxy=-Coil-to-Interface-Surface distance implies that the tilt angle between the Primary Coil and a flat
Interface Surface is'at most 1.0° Alternatively, in case of a non-flat Interface Surface, this Primary-Coil-to-Interface-
Surfage distance implies a radius of curvature of the Interface Surface of at least 317 mm, centered on the Prjmary

Coil. Jeeigure 112.
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2.2.29.1.4 Alignment Aid

The user manual of the Base Station containing a type A29 Power Transmitter shall have information

about the location of its Active Area(s).

For the best user experience, it is recommended to employ at least one user feedback mechanism during

Mobile Device positioning to help alignment.

NOTH Examples of Base Station alignment aids to assist the user positioning of the Mobile Device include:

= A marked Interface Surface to indicate the location of the Active Area(s)—e.g. by means ofithe logo or|other

visual marking, lighting, etc.
= Avisual feedback display—e.g. by means of illuminating an LED to indicate proper‘alignment.

= An audible or haptic feedback mechanism.
2.2.29.1.4.1 Inter coil separation

If the Base Station contains multiple type A29 Power Transmitters,.the Primary Coils of any pair of those

Powgr Transmitters shall have a center-to-center distance of dtdeast 70 mm.

2.2.29.2 Electrical Details

As sHown in Figure 113, Power Transmitter design‘A29 uses a full-bridge inverter to drive the res¢nant
netwprk with a primary Coil with a series capacitance. Within the Operating Frequency range spetified
below, the assembly of Primary Coil and Shi€lding, has a self inductance L, = 10%19% yH. The value ¢f the

total |series capacitance C, = 247%5% pF)where the individual series capacitances may have any palue

less than the sum.
NOTH Near resonance, the voltagedeveloped across the series capacitance can reach levels exceeding 100 V pk-pk.

Powdr Transmitter design“A29 uses the input voltage to the inverter to control the amount of power
transferred. For this purpose, the input voltage has a range 1+5%.,.12%5% V, with a resolution of 40 thV or
bettelr; a higher dfiput voltage results in more power transferred. The Operating Frequency is 13033 kHz

with p duty cyele of 50%.

ower Signal (Digital Ping; see Parts 1 and 2: Interface

U KHZ and a recomimended Imput voltage or 4 v.

Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the input voltage. Finally, Table 80 provides the values of several parameters, which are used in the PID

algorithm.
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Figure 113. Electrical diagram (outline) Primary Coil of Power Transmitter design A29
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Table 80. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional Gain K, 10 mA-1
Integral Gain K; 0.05 mA-ms-1
Derivatiye'Gain Ky 0 mA-1ms-1
Integral*Term Limit M; 3,000 N.A.
RIDoutput limit Mpyp 20,000 N.A.
Scaling factor S, 0.01 %
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2.2.30 Power Transmitter design A30

Figure 114 illustrates the functional block diagram of the Power Transmitter design A30, which consists

of two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 114. Functional block diagram of Power Transmitter design A30

Input Power

!

Current
Sense

U] UOISISAUOY) JaMO]

Communications Inverter
& Control Unit

l_

Primary
Colil

||

The Rower Conversion. Unit on the right-hand side of Figure 114 comprises the analog parts of the d¢sign.
The yoltage and current sense monitors the System voltage and current. The inverter converts the DC
inpu to an AC waveform that drives a resonant circuit, which consists of the Primary Coil plus a deries

capagitor.

The Communications and Control Unit on the left-hand side of Figure 114 comprises the digital logi¢ part

of the design. The unit receives and decodes messages from the Power ReCelver, executes the relevant
power control algorithms and protocols, and drives the input power and frequency of the AC waveform to
control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.30.1 Mechanical details

Power Transmitter design A30 includes one Primary Coil as defined in Section 2.2.30.1.1, Shielding as
defined in Section 2.2.30.1.2, and an Interface Surface as defined in Section 2.2.30.1.3.

2.2.30.1.1 Primary Coil

The Primary Coil is of the wire-wound type, and consists of litz wire having 115 strands of 008 mm
diamgter, or equivalent. As shown in Figure 115, a Primary Coil has a racetrack-like shape and consists of
a single layer. Table 81 lists the dimensions of a Primary Coil.

Figure 115. Primary Coil of Power Transmitter design A30
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Table 81. Primary, Coil parameters of Power Transmitter design A30

Parameter Symbol Value
Outer length dy 65.51%5 mm
Inner léngth d; 16.5%%° mm
Outer'width dow 57.11%5 mm
Inner width diy 45195 mm
Thickness d, 133015 mm
NUmber of turns per layer N 72
Number of layers - 1
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2.2.30.1.2 Shielding

As shown in Figure 116, soft-magnetic material protects the Base Station from the magnetic field that is
generated in the Primary Coil. The Shielding extends to at least 2.5 mm beyond the outer edge of the
Primary Coil, and has a thickness of at least 2.0 mm. The version of Part 4: Reference Designs limits the

composition of the Shielding to a choice from the following list of materials:

= N|-Mn-Ferrite Core - any supplier
=  Mn-Zn-Ferrite Core - any supplier

Figure 116. Primary Coil assembly of Power Transmitter design A30
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Coil Surface
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Station

2.2.30.1.3 Interface Surface

As shown in Figure 116, the distance from the Primary Coil to the Interface Surface of the Base Statjon is
d, =[5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the|Base

Statign extends at least 5-im beyond the outer diameter of the Primary Coil.

2.2.30.1.4 Separation between multiple Power transmitters

If thg Base Station contains multiple type A30 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmitters shall have a center-to-center distance of at least 80 mm.
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2.2.30.2 Electrical details

2017

As shown in Figure 117, Power Transmitter design A30 uses a full-bridge inverter to drive the Primary

Coil and a series capacitance. Within the Operating Frequency range Specified below, the assembly of

Primary Coil and Shielding has a self inductance L, = 24.0¥1°% uH. The input voltage to the full-bridge

inverter is 12%

5% V. The value of the series capacitance is Cp = 1001°% pF.

NOTE

Powgq

to co
110.

Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

r Transmitter design A30 uses the Operating Frequency and duty cycle of the Power Signal in

ntrol the amount of power transferred. For this purpose, The Operating Frequency ‘fange is
. 205 kHz, and the duty cycle range of 2...50%.

When a type A30 Power Transmitter first applies a Power Signal (Digital Ping;-see’Parts 1 and 2: Intd

Defin
25%1
the H
The |
to th
Stren)

itions), the Power Transmitter shall use an Operating Frequency of 130%° kHz, and a duty cy|
%_If the Power Transmitter does not to receive a Signal StrengthrPacket from the Power Rec
ower Transmitter shall remove the Power Signal as defined in{Parts 1 and 2: Interface Defini
ower Transmitter may re-apply the Power Signal multiple times at consecutively higher duty
 full-bridge inverter within the range specified above, until the Power Transmitter receives a §

gth Packet containing an appropriate Signal Strength‘Value.

Figure 117. Electrical diagram (outline) of Power Transmitter design A30
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the Operating Frequency to the full-bridge inverter and duty cycle. It is recommended that control of the
power occurs primarily by means of adjustments to the Operating Frequency and that duty cycle
adjustments are made according to the amount of current. In order to guarantee sufficiently accurate

power control, a type A30 Power Transmitter shall determine the amplitude of the Primary Coil current

with E_MMMMMMMLMMQMMMVGFaI
paramneters, which are used in the PID algorithm.

Table 82. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz

Table 83. PID parameters for duty cycle control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID qutput limit Mpyp 20,000 N.A.
S¢aling factor Sy -0.1 °
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2.2.31 Power Transmitter design A31

Figure 118 illustrates the functional block diagram of Power Transmitter design A31, which consists of

two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 118. Functional block diagram of Power Transmitter design A31
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The Rower Conversion Unit on the right-hand side of Figure 118 comprises the analog parts of the d¢sign.
The ipverter converts the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the
Primary Coil plus a series capacitor. Finally, the voltage and current sense monitors the Primary Coil

voltage and<current.

The Comimunications and Control Unit on the left-hand side of Figure 118 comprises the digital logi¢ part

of the design. The unit receives and decodes messages from the Power Receiver, executes the relevant
power control algorithms and protocols, and drives the input power and frequency of the AC waveform to
control the power transfer. The Communications and Control Unit also interfaces with other subsystems

of the Base Station, e.g. for user interface purposes.
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2.2.31.1 Maechanical details

Power Transmitter design A31 includes one Primary Coil as defined in Section 2.2.31.1.1, Shielding as

defined in Section 2.2.31.1.2, and an Interface Surface as defined in Section 2.2.31.1.3.

2.2.31.1.1 Primary Coil

yes—6£-6-08 mm

The Primary-GoiHs—ofthe—wire-wound—type—and-eonsists—of Hiz—wire-havingH+15
diampter, or equivalent. As shown in Figure 119, a Primary Coil has a racetrack-like shape and censists of

a single layer. Table 84 lists the dimensions of a Primary Coil.

Figure 119. Primary Coil of Power Transmitter design A31
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Table 84. Primary Coil, parameters of Power Transmitter design A31

Parameter Symbol Value
Outer length dy 65.5*> mm
Inner length dy 16.5%%5 mm
Outefvwidth dow 57.1%%5 mm
Infier width di 4,505 mm
Thickness d, 133015 mm
Number of turns per layer N 22
Number of layers - 1
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2.2.31.1.2 Shielding

As shown in Figure 120, soft-magnetic material protects the Base Station from the magnetic field that is

generated in the Primary Coil. The Shielding extends to at least 2.5 mm beyond the outer edge of the

Primary Coil, and has a thickness of at least 2.0 mm. This version of Part 4: Reference Designs limits the

comp

osition of the Shielding to a choice from the following list of materials:

. MIn-Zn-Ferrite Core - any supplier

= N

If the

Powse

-Zn Ferrite Core - any supplier

Figure 120. Primary Coil assembly of Power Transmitter design A31
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.31.1.3 Interface Surface

own in Figure 120, the distance from the Primary Coil to the Interface Surface of the Base Stat
3.0%%5 mm, across the top face of the Primary Coil. In addition, the Interface Surface of the

n extends at least 5.0:mm beyond the outer diameter of the Primary Coil.

.31.1.4 Separation between multiple Power transmitters

Base Station contains multiple type A31Power Transmitters, the Primary Coils of any pair of

r Transmitters shall have a center-to-center distance of at least 71.0 mm.

on is

Base
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2.2.31.2 Electrical details

As shown in Figure 121, Power Transmitter design A31 uses a full-bridge inverter to drive the Primary
Coil and a series capacitance. Within the Operating Frequency range specified below, the assembly of

Primary Coil and Shielding has a self inductance L, = 24%1°% yH. The input voltage to the full-bridge

5%

inverter is 12+5% V. The value of the series capacitance is Cp = 148%5% nF.

NOTEH Near resonance, the voltage developed across the series capacitance can reach levels up to 100 V pk<pk.

Powagr Transmitter design A31 uses the Operating Frequency and duty cycle of the Power Sighal in prder

to cgntrol the amount of power transferred. For this purpose, the Operating Erequency is|f,, =
87 ...[110 kHz and the duty cycle range of 2...50%.

When a type A31 Power Transmitter first applies a Power Signal (Digital Ping;-see’Parts 1 and 2: Interface
Definjitions), the Power Transmitter shall use an Operating Frequency of 98%*0° kHz, and a duty cyfle of
25+19-004, If the Power Transmitter does not to receive a Signal Strength Packet from the Power Recgiver,
the Hower Transmitter shall remove the Power Signal as defined in{Parts 1 and 2: Interface Definitions.
The Power Transmitter may reapply the Power Signal multiple times at consecutively higher duty qycles
to the full bridge inverter within the range specified above, until the Power Transmitter receives a §ignal
Strenlgth Packet containing an appropriate Signal Strength\Value.

Figure 121. Electrical diagram (outline) of Power Transmitter design A31
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v(¥introduced in the definition of that algorithm represents
the Operating Frequency as well as the duty cycle to the full-bridge inverter. It is recommended that
control of the power occurs primarily by means of adjustments to the Operating Frequency, and that duty
cycle adjustments are made according to the amount of current. In order to guarantee sufficiently
accurate power control, a type A31 Power Transmitter shall determine the amplitude of the Primary Coil

current with a reso 0N Q mA or hette ing able 85 and Table 86 provide the values of several

paramneters, which are used in the PID algorithm.

Table 85. PID parameters for Operating Frequency control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor Sy 1.0 Hz

Table 86. PID parameters for duty control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID qutput limit Mpyp 20,000 N.A.
S¢aling factor Sy -0.1 °
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2.2.32 Power Transmitter design A32

Figure 122 illustrates the functional block diagram of Power Transmitter design A32, which consists of

two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 122. Functional block diagram of Power Transmitter design A32
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The Rower Conversion Unit on the right-hand side of Figure 122 comprises the analog parts of the d¢sign.
The ipvertey converts the DC input to an AC waveform that drives a resonant circuit, which consists ¢f the

selecfed\Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear arrpy of

partially overlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the
Primary Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to establish
communication with a Power Receiver using any of the Primary Coils. Note that the array may consist of a
single Primary Coil only, in which case the selection is trivial. Finally, the current sense monitors the
Primary Coil current.
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The Communications and Control Unit on the left-hand side of Figure 122 comprises the digital logic part
of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil
Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms
and protocols, and drives the frequency of the AC waveform to control the power transfer. The
Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.

2.2.32.1 Mechanical details

Powgr Transmitter design A32 includes one Primary Coil as defined in Section 2.2.32.171, Shieldipg as

definkd in Section 2.2.32.1.2, and an Interface Surface as defined in Section 2.2.32.1.3.

2.2.32.1.1 Primary coil

The Rrimary Coil consists of at least one PCB coil. Figure 115 shows a view/of a single Primary Coil. Table

87 ligts the dimensions of the Primary Coil.

Figure 123. Primary Coil of Power Transmitter design A32

do2?
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Table 87. Primary Coil parameters of Power Transmitter design A32

Powsd
along
orthd
124.

Parameter Symbol Value
Outer length dol 53.4*0.7 mm
Inner length dil 27.5¥07 mm
Quter width do2 45 807 mm
Inner width di2 19.5%075 mm
4- layer PCB

Track width dw 0.82#02 mm
Track width plus spacing dw+ds 1.08%02 mm
Corner rounding* Ti 16.75-0 mm
Number of turns N 12#025
5...8 layer PCB

Track width dw 0.55%015 mm
Track width plus spacing dw+ds 1.1#015 mm
Corner rounding* i 13.1#1:31 mm
Number of turns N 12#025

r Transmitter design A32 contains-af;least one Primary Coil. Odd numbered coils are p
side each other with a displacement of dhz between their centers. Even numbered coils are p|

gonal to the odd numbered ceils With a displacement of dhi mm between their centers. See K

laced
laced

igure
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Figure 124. Primary Coils of Power Transmitter design A32
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Figure 125. Primary Coils of Power Transmitter design A32

Total 4 to 8 layers
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Table 88. Primary Coil parameters of Power Transmitter design A32
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A

2.2.3

As sh
gene
has 4
mm.

folloy

= N

Parameter Symbol Value
4- layer PCB

Center-to-center distance dn1 23.8*1.0 mm
Center-to-center distance di 47 52+20 mm
PCB copper thickness dcu 0.105%0-015 mm
Dielectric thickness dd 0.375%0063 mm
5...8layer PCB

Center-to-center distance dn1 23.76*15 mm
Center-to-center distance dn2 47.52%30 mm
PCB copper thickness dcu 0.105%00161 mm
Dielectric thickness dd 012500254 mm

2.1.2 Shielding

own in Figure 126, soft-magnetic material protects-the Base Station from the magnetic field t
rated in the Primary Coil. The Shielding extends’to at least the outer dimensions of the Primary

thickness of at least 0.5 mm, and is placed below the Primary Coil at a distance of at most ds

hat is
Coils,
=1.0

The version of Part 4: Reference Designs’limits the composition of the Shielding to a choice from the

ving list of materials:

-Mn-Ferrite Core - any supplier

= Mn-Zn-Ferrite Core - any supplier

= N

-Zn- Ferrite Core —any supplier
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Figure 126. Primary Coil assembly of Power Transmitter design A32
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2.2.32.1.3 Interface Surface

As shown in Figure 126, the distance from the Primary Coil«o,the Interface Surface of the Base Statjon is
dz=2|75*1 mm, across the top face of the Primary Coil. In.addition, the Interface Surface of the Base Station

exterlds at least 0.5 mm beyond the outer dimensionstofthe Primary Coils.

2.2.32.1.4 Separation between multiple Power transmitters

If thg Base Station contains multiple type-A32 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmitters shall have a centet-to-center distance of at least 49.2+4 mm.
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2.2.32.2 Electrical details

As shown in Figure 117, Power Transmitter design A32 uses a full-bridge inverter to drive an individual

Primary Coil and a series capacitance. Within the Operating Frequency range Specified below, the

assembly of Primary Coil and Shielding has a self-inductance L, = 11.5%1°% uH for coils closest to the

interface surface, and inductance Lp = 12.5%10% for coils furthest from the Interface Surface. The value of

indud
1/nF

NOTE

Powef

Powsg

is transferred. For this purpose, the input voltage has a range of 1...12 V, with-a resolution of 10 1}

bette]

When a type A32 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin

Prim

tances L1and Lz1s 1=20% pH. The value of the total series capacitance is 1/Cserl + 1/Cserz = 1/2

The value of the parallel capacitance is Cpar = 400%10% nF.,

Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V |

r Transmitter design A32 uses the input voltage of the inverter to control the @amount of powe

r. The Operating Frequency is fop= 105 ... 115 kHz, with a duty cycleof 50%.

itions), it shall use an initial voltage of 3.5+0.5 V for a bottomPrimary Coil, and 3.0+0.5 V for

hry Coil, and a recommended Operating Frequency of 110\kHz.

Figure 127. Electrical diagram (outline)-of Power Transmitter design A32
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Control of the power transfer shall proceed using the PID algorithm, which is defined in Parts 1 and 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the input voltage to the inverter. In order to guarantee sufficiently accurate power control, a type A32
Power Transmitter shall determine the amplitude of the Primary Cell current—which is equal to the
Primary Coil current— with a resolution of 7 mA or better. Finally, Table 89 provides the values of

several parameters, which are used in the PID algorithm.

Table 89. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 0.03 mA-1
Integral gain K; 0.01 mA-1ms-1
Derivative gain Ky 0 mA-1ms
Integral term limit M, 3,000 N.A.
PID output limit Mpyp 20,000 N.A.
Scaling factor Sy -1 mV
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2.2.33 Power Transmitter design A33

Power Transmitter design A33 enables Free Positioning of Power Receiver. Figure 128 illustrates the

functional block diagram of this Power Transmitter design A33, which consists of two major functional

units,

namely a Power Conversion Unit and a Communications and Control Unit.

The K
Thei
selec
parti

Prim

Figure 128. Functional block diagram of Power Transmitter design A33
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ower Conversion-Unit on the right-hand side of Figure 128 comprises the analog parts of the d
hverter converts the DC input to an AC waveform that drives a resonant circuit, which consists

ted Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear arr

bsign.
f the
ay of

hlly, averlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the

hry. Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to est3

blish

communication with a Power Receiver using any of the Primary Coils. Note that the array may consist of a

single Primary Coil only, in which case the selection is trivial. Finally, the current sense monitors the

Primary Coil current.
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The Communications and Control Unit on the left-hand side of Figure 128 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil

Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms

and protocols, and drives the frequency of the AC waveform to control the power transfer. The

Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.

2.2.33.1 Mechanical details

Powgr Transmitter design A33 includes one or more Primary Coils as defined in Section 2.2.3

Shielfling as defined in Section 2.2.33.1.2, an Interface Surface as defined in Section 2.2:33)1.3.

2.2.33.1.1 Primary coil

The Brimary Coil consists of at least one PCB coil. Figure 129 shows a view/of a single Primary Coil.

90 ligts the dimensions of the Primary Coil.

dol

Figure 129. Primary Coil of Power Transmitter design A33
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lable
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Table 90. Primary Coil parameters of Power Transmitter design A33

Parameter Symbol Value
Outer length dy; 55.5%%2 mm
Inner length dy 27.91%2 mm
Quterwidth Ao 44,8102 o
Inner width diw 18.4%%2 mm
Track width d, 0.61%2 mm
Outer Corner rounding* R,. 16.5%%2 mm
Inner Corner rounding** R;. 2.74%2mm
Number of turns N 12

* outermost winding only

** innermost winding only

Powdr Transmitter design A33 contains at least one Primary Coil. Odd numbered coils are placed
alongside each other with a displacement of d,, between their centers. Even numbered coils are pllaced
orthdgonal to the odd numbered coils with a displacement of d,. between their centers. See Figur¢ 130

and Higure 131. Table 91 lists the dimensions of the*Primary Coils.
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Figure 130. Three Primary Coils of Power Transmitter design A33
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Figure 131. Four Primary Coils of Power Transmitter design A33
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Table 91. Primary Q@parameters of Power Transmitter design A33
|
O
Parameter C;\\ Symbol Value
Center-to-center\QiStance doo 49,2192 mm
Center-to-cs_r@istance doe 24.6%°2 mm
PCB cop‘@(\.ﬂgickness dey 105 pm
-~

Dieke@ﬁ: thickness dg 200 pm

x

shows the layered structure of the Primary Coils array. Note: 1 coil configuration uses 1

metal

layer, 2 and 3 coils configuration uses 2 metal layers, 4 coils and more coils configuration use 3 metal

layers.
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Figure 132. Layered structure of the Primary Coils of Power Transmitter design A33
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3.1.2 Shielding

own in Figure 133, soft-magnetic material protects th€ Base Station from the magnetic field t
rated in the Primary Coil. The Shielding extends to at least the outer dimensions of the Primary

thickness of at least 0.5 mm, and is placed belowrthe Primary Coil at a distance of at most d

ving list of materials:

aterial 44 — Fair Rite Corporation.

aterial 28 — Steward, Inc.

MG22G — Ceramic Magnetics, Inc.

blektor 22G — Kolektor.

paderTech SB28B2100-1 — LeaderTech Inc.
ppFlux “A“ <~TopFlux.

ppFlux<B* — TopFlux.

= A

CME/K081 — Acme Electronics.

2017

hat is
Coils,
= 1.0

This version of Part 4: Reference Designs limitséthe composition of the Shielding to a choice from the

= L7H — TDK Corporation.

= PE22 — TDK Corporation.

= FK2 — TDK Corporation.
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Figure 133. Primary Coil assembly of Power Transmitter design A33
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As shown in Figure 133, the distance from the Primary Coil to the‘lnterface Surface of the Base Stat
d, =[3*!
from|the Primary Coil to the Interface Surface of the Base Station is d, = 4.5*' mm, across the top fj

the Primary Coil. In addition, the Interface Surface of thé\Base Station extends at least 5 mm beyon|

outet

2.2.3
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dimensions of the Primary Coils.

3.1.4 Inter coil separation

Base Station contains multiple type A33 Power Transmitters, the Primary Coils of any pair of

r Transmitters shall have a center-to-center distance of at least 49.

2

mm.

T

mm, across the top face of the Primary Coil. In thecasé of a single Primary Coil, the dis

on is
tance
ice of
d the

those
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2.2.33.2 Electrical details

As shown in Figure 134, Power Transmitter design A33 uses a full-bridge inverter to drive an individual

Primary Coil and a series capacitance. Within the Operating Frequency range specified below, the

assembly of Primary Coils and Shielding has a self inductance L, = 11.5%10% yH for coils closest to the

Interface Surface and inductance L, = 12.5%19% ;i H for coils furthest from the Interface Surface. The value

of in
1/20

valud
NOTH

Powd
is trg
bette

When a type A33 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Inté

Defin

Contl

Intery

the ipput voltage to the inverter. In order to guarantee sufficiently accurate power control, a typsg

Powse

Prim

parameters, which are used in the PID algorithm.

ductances L; and L, is 1¥2°% yH. The value of the total series capacitance is 1/Cserq + LAC,
0110%

of the parallel capacitance is Cyor = 400¥1°% nF.
Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V p

r Transmitter design A33 uses the input voltage of the inverter to control the amount of powe

r. The Operating Frequency is f,, = 120...130 kHz, with a duty cycle 0£50%.

itions), it shall use an initial voltage of 4*5% V, and a recommended Operating Frequency of 125
ol of the power transfer shall proceed using the PID/algorithm, which is defined in Parts 1 g

face Definitions. The controlled variable v introdused in the definition of that algorithm repre

r Transmitter shall determine the amplitude of the Primary Cell current—which is equal t

hry Coil current—with a resolution of.7gmA or better. Finally, Table 92 provides the values of se

1/nF, where the individual series capacitances may have any value less than thessum|

er2 =

The

k-pk.

- that

nsferred. For this purpose, the input voltage has a range of 1...9V, with“a resolution of 10mV or

rface
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Figure 134. Electrical diagram (outline) of Power Transmitter design A33
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Table 92. PID parameters for voltage control
Parameter Symbol Value Unit
Proportional gain K, 0.03 mA~!
Integral gain K; 0.01 mA~lms™?
Derivative gain K, 0 mA~lms
Integral term limit M, 3,000 N.A.
PID output limit Mpp 20,000 N.A.
Scaling-factor Sy -1 mV
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34 Power Transmitter design A34

2017

Figure 135 illustrates the functional block diagram of Power Transmitter design A34, which consists of

two major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 135. Functional block diagram of Power Transmitter design A34
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ower Conversion Unit on the right-hand side of Figure 135 comprises the analog parts of the d
hverter converts the DC.input to an AC waveform that drives a resonant circuit, which consists

fed Primary Coil plus a series capacitor. The selected Primary Coil is one from a linear arr

hry Coils. Selection of the Primary Coil proceeds by the Power Transmitter attempting to est3
hunication-with a Power Receiver using any of the Primary Coils. Note that the array may consis
e Primary Coil only, in which case the selection is trivial. Finally, the current sense monitor

hry. Coil current.

psign.
f the
ay of

hlly overlapping Primary Coils, as appropriate for the position of the Power Receiver relative to the

blish
tofa
s the

The Communications and Control Unit on the left-hand side of Figure 135 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the Coil

Selection block to connect the appropriate Primary Coil, executes the relevant power control algorithms

and protocols, and drives the frequency of the AC waveform to control the power transfer. The

Communications and Control Unit also interfaces with other subsystems of the Base Station, e.g. for user

interface purposes.
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2.2.34.1 Mechanical details

Power Transmitter design A34 includes one or more Primary Coils as defined in Section 2.2.34.1.1,

Shielding as defined in Section 2.2.34.1.2, an Interface Surface as defined in Section 2.2.34.1.3.

2.2.34.1.1 Primary Coil

The |

2 litz

wire
Prim

Prim

ixaary Codl ic of +bha vzt yazonad g o dconcicte of na 17 ANC (1 10 oo dioantare) tyoa
....... y-CotHs-of-the-wire-wound-typeand-econsists-ofro— 7 AWGEG {11 5-mm-diameter)-type
having 105 strands of no. 40 AWG (0.08 mm diameter), or equivalent. As shown in Figure.13
hry Coil has a rectangular shape and consists of a single layer. Table 93 lists the dimefisiens

hry Coil.

Figure 136. Primary Coil of Power Transmitter design A34
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Table 93. Primary Coil parameters of Power Transmitter design A34

b, the
f the

Parameter Symbol Value
Outer length dg 53.2105 mm
Inneftlength d; 27.5%05 mm
Quter width dow 452105 mm
Inner width di 19.5%%5 mm
Thickness d, 1.5%%5 mm
Number of turns per layer N 12 turns
Number of layers - 1
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Power Transmitter design A34 contains at least one Primary Coil. Odd numbered coils are placed

alongside each other with a displacement of d,, = 49.2** mm between their centers. Even numbered

coils are placed orthogonal to the odd numbered coils with a displacement of d,, = 24.6%> mm between

their

centers. See Figure 137.

Figure 137. Primary Coils of Power Transmitter design A34
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4.1.2 Shielding

own in Figure 138, soft-magnetic material protects the Base Station from the magnetic field t
fated in the Primary Coil. The Shielding extends to at least the outer dimensions of the Primary

thickness of at least 0.5 mm;-and is placed below the Primary Coil at a distance of at most
m. This version of Part 4: Reference Designs limits the composition of the Shielding to a choice

llowing list of materials:
aterial 44 — Fair-Rite Corporation.
aterial 28-=<Steward, Inc.

MG226G— Ceramic Magnetics, Inc.

= K

hat is
Coils,
d, =

from

blektor 22G — Kolektor.

= LeaderTech SB28B2100-1 — LeaderTech Inc.

= TopFlux “A“ — TopFlux.

= TopFlux “B“ — TopFlux.

= ACME K081 — Acme Electronics.

= L7H — TDK Corporation.
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= PE22 — TDK Corporation.
= FK2 — TDK Corporation.

Figure 138. Primary Coil assembly of Power Transmitter design A34
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2.2.34.1.3 Interface Surface

As shown in Figure 138, the distance from the Primaty. €oil to the Interface Surface of the Base Statjon is
d, =[3*' mm, across the top face of the Primary,Co6il. In the case of a single Primary Coil, the distance
from|the Primary Coil to the Interface Surface of the Base Station is d, = 4.5*' mm, across the top face of
the Primary Coil. In addition, the Interface Strface of the Base Station extends at least 5 mm beyond the

outerf dimensions of the Primary Coils.

2.2.34.1.4 Inter coil separation

If the Base Station contains'multiple type A34 Power Transmitters, the Primary Coils of any pair of those

Powdr Transmitters shall have a center-to-center distance of at least 49.2%* mm.
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2.2.34.2 Electrical details

As shown in Figure 139, Power Transmitter design A34 uses a half-bridge inverter to drive an individual
Primary Coil and a series capacitance. Within the Operating Frequency range specified below, the
assembly of Primary Coils and Shielding has a self inductance Lp = 11.5%1%% yH for coils closest to the

Interface Surface and inductance Lp = 12.5%10% yH for coils furthest from the Interface Surface. The value

of in|ructanceL s 3.3%*Y""uH. The value of series capacitance is Cy,, = 1638~ 7 nF. The value, df the

parallel capacitance is C,,, = 400*'°% nF.
NOTH Near resonance, the voltage developed across the series capacitance can reach levels exceeding 100 V pk-pk.

Powdr Transmitter design A34 uses the input voltage of the inverter to control the anieunt of powef that
is transferred. For this purpose, the input voltage has a range of 2...24 V, with @vesolution of 20 mV or
better. The Operating Frequency is f,, = 105 ... 115 kHz, with a duty cycle of 50%.

Wher a type A34 Power Transmitter first applies a Power Signal (Digital Ping; see Parts 1 and 2: Interface
Definjitions), it shall use an initial voltage of 7.0*° V for a bottom“Primary Coil, and 6.0+° V for p top

Primary Coil, and a recommended Operating Frequency of 110 kHz)

Contyol of the power transfer shall proceed using the PIDyalgorithm, which is defined in Parts 1 dnd 2:
Interface Definitions. The controlled variable v introduced in the definition of that algorithm represents
the ipput voltage to the inverter. In order to guarantee sufficiently accurate power control, a typg A34
Powgr Transmitter shall determine the amplitude of the Primary Cell current—which is equal tp the
Primgry Coil current—with a resolution of 71mA or better. Finally, Table 94 provides the values of sqveral

paraineters, which are used in the PID algorithm.
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Figure 139. Electrical diagram (outline) of Power Transmitter design A34
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Table 94. PID parameters for voltage control

Parameter Symbol Value Unit
Proportional gain K, 0.03 mA-1
Integral gain K; 0.01 mA-1ms-1
Derivative gain Ky 0 mA-1ms
Integral term-limit M; 3,000 N.A.
PID outputlimit Mpp 20,000 N.A.
Scaling factor Sy -2 mV
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2.3 Baseline Power Profile designs that activate multiple Primary

Coils simultaneously

This Section 2.2.34 defines all type B Power Transmitter designs in the Baseline Power Profile. In addition

to th

definitions in this section, each Power Transmitter design shall implement the relevant parts

f the

protd

2.3.

Powse
diagn
a Corj

cols and communications interface defined in Parts 1 and 2: Interface Definitions.
1 Power Transmitter design B1
r Transmitter design B1 enables Free Positioning. Figure 140 illustrates)the functional

hmunications and Control Unit.

Figure 140. Functional block diagram of Power Transmitter design B1
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The Power Conversion Unit on the right-hand side of Figure 140 comprises the analog parts of the design.
The design uses an array of partly overlapping Primary Coils to provide for Free Positioning. Depending
on the position of the Power Receiver, the multiplexer connects and/or disconnects the appropriate
Primary Coils. The impedance matching network forms a resonant circuit with the parts of the Primary
Coil array that are connected. The sensing circuits monitor (amongst others) the Primary Cell current and

voltage, and the inverter converts the DC input to an AC waveform that drives the Primary Coil array.

The Communications and Control Unit on the left-hand side of Figure 140 comprises the digital logi¢ part
of thle design. This unit receives and decodes messages from the Power Receiver, configuref the
multiplexer to connect the appropriate parts of the Primary Coil array, executes the releyant power
contyjol algorithms and protocols, and drives the frequency and input voltage to the invetter'to contrpl the
amoynt of power provided to the Power Receiver. The Communications and ContrehUnit also interjfaces

with fhe other subsystems of the Base Station, e.g. for user interface purposes.

2.3.1.1 Maechanical details

Powgr Transmitter design B1 includes a Primary Coil array as defifi€d in Section 2.3.1.1.1, Shieldipg as

definled in Section 2.3.1.1.2, and an Interface Surface as defined in/Section 2.3.1.1.3.

2.3.1.1.1  Primary Coil array

The Brimary Coil array consists of 3 layers. Figure 14%(a) shows a top view of a single Primary Coil, hich
is of the wire-wound type, and consists of litz wireshaving 24 strands of no. 40 AWG (0.08 mm diamgter),

or equivalent.
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Figure 141. Primary Coil array of Power Transmitter design B1
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As shown in Figure 141(a), the Primary Coil has a circular shape and consists of a single layer. Figure

141(b) shows a side view of the layer structure of the Primary Coil array. Figure 141(c) provides a top

view of the Primary Coil array, showing that the individual Primary Coils are packed in a hexagonal grid.

The solid hexagons show the closely packed structure of the grid of Primary Coils on layer 1 of the

Primary Coil array. The dashed hexagon illustrates that the grid of Primary Coils on layer 2 is offset over a

distance t, to the right, such that the centers of the Primary Coils in layer 2 coincide with the corners of

Primary Colls in layer 1. Likewise, the dash-dotted hexagon illustrates that the grid of Primary Lo

layer|3 is offset over a distance t5 to the left, such that the centers of the Primary Coils in layer-3‘eoi

Is on

hcide

with the corners of Primary Coils in layer 1. As a result, the centers, respectively corners, of the Primary

Coils|on layer 2 and the corners, respectively centers, of the Primary Coils on layer 3 ceincide as w¢

Primpry Coils are stacked with the same polarity. See Section 2.3.1.2 for the meatiing of the sH

hexagons.

Tablg 95 lists the relevant parameters of the Primary Coil array.

Table 95. Primary Coil array parameters of Power Transmitter design B1

Parameter Symbol Value
Outer diameter d, 28.5_y; mm
Inner diameter d; 10.5%%3 mm
Layer thickness" d, 0.6139°> mm
Number of turns 16
Array thickness d, 1.9%53 mm
Center-to-center distance dy, 28.6"1 mm
Offset 2nd layer array t, 16.57%¢ mm
Offset 3rd layer array ts 16.57%¢ mm

*Value includes thickness of connection wires.

11. All
aded
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2.3.1.1.2 Shielding

As shown in Figure 142, Transmitter design B1 employs Shielding to protect the Base Station from the
magnetic field that is generated in the Primary Coil array. The Shielding extends to at least 2 mm beyond
the outer edges of the Primary Coil array, and is placed at a distance of at most d; = 0.5 mm below the

Primary Coil array.

The $hielding consists of soft magnetic material that has a thickness of at least 0.5 mm. This Versitm of
Part #: Reference Designs limits the composition of the Shielding to a choice from the follewing list of
matefials:

= Material 78 — Fair Rite Corporation.
= 394 — Ferroxcube.

= NB7 — Epcos AG.

= P(C44 — TDK Corp.

= FK2 — TDK Corp (atleast 0.8 mm thickness).

Figure 142. Primary Coil array assembly of-Power Transmitter design B1
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2.3.1.1.3 Interface Surface

As sHown_in-Eigure 142, the distance from the Primary Coil array to the Interface Surface of the|Base

Statignds d; = 21355 mm, across the top face of the Primary Coil array. In addition, the Interface Syrface
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2.3.1.2 Electrical details

As shown in Figure 143, Power Transmitter design B1 uses a half-bridge inverter to drive the Primary
Coil array. In addition, Power Transmitter design B1 uses a multiplexer to select the position of the Active
Area. The multiplexer shall configure the Primary Coil array in such a way that one, two, or three Primary

Coils are connected—in parallel—to the driving circuit. The connected Primary Coils together constitute

a Pri mary Lell. As an additional constraint, the multiplexer shall select the Frimary Colls such that each

selecfed Primary Coil has an overlap with every other selected Primary Coil; see Figure 140(¢) fpr an

example.
Figure 143. Electrical diagram (outline) of Power Transmitter design B1
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Within the_Operating Frequency range f,, = 105...113 kHz, the assembly of Primary Coil array and

Shielfling ‘has an inductance of 8.1%! uH for each individual Primary Coil in layer 1 (closest tp the

Interface Surface), 8.7 UH for each individual Primary Coil in layer 2 and 963! yH for each individual
Primary Coil in layer 3. The capacitances and inductance in the impedance matching circuit are,
respectively, C,,; = 300¥5% nF, C,,,3 = 200%5% nF,and L, = 3.8%5% pH. The capacitances C; and C, in the
half-bridge inverter both are 68 pF. The switch S is open if the Primary Cell consists of a single Primary

Coil; otherwise, the swich S is closed.

NOTE The voltage across the capacitance C,, can reach levels exceeding 36 V pk-pk.
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Power Transmitter design B1 uses the input voltage to the half-bridge inverter to control the amount of

power that is transferred. For this purpose, the input voltage range is 0...20 V, where a lower input

voltage results in the transfer of a lower amount of power. In order to achieve a sufficiently accurate

adjustment of the power that is transferred, a type B1 Power Transmitter shall be able to control the

input voltage with a resolution of 35 mV or better.

When a type B1 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 and

2: Interface Definitions), it shall use an initial input voltage of 12 V.

Control of the power transfer shall proceed using the PID algorithm, which is defined in\the A
transfer control section in Parts 1 and 2: Interface Definitions. The controlled variable v®|introduc
the definition of that algorithm represents the input voltage to the half-bridge inverter. In ord
guardntee sufficiently accurate power control, a type B1 Transmitter shall determinethe amplitude

currgnt into the Primary Cell with a resolution of 5 mA or better. In addition to.the PID algorithm, 4
B1 P¢wer Transmitter shall limit the current into the Primary Cell to at mest4 A RMS in the case th

Primary Cell consists of two or three Primary Coils, or at most 2 A RMS in ‘the case that the Primar

ower
ed in
er to
pf the
type
nt the
y Cell

consists of one Primary Coil. For that purpose, the Power Transmittet may limit the input voltage o the

paramneters, which are used in the PID algorithm.

Table 96. PID parameters for voltage control

half—I:idge inverter to value that is lower than 20 V. Finally, Table 96 provides the values of sd

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms-!
Derivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID outputdimit Mpp 2,000 N.A.
Scaling(factor Sy -1 mV

veral
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2.3.13

Scalability

-212 -

Sections 2.3.1.1 and 2.3.1.2 define the mechanical and electrical details of Power Transmitter design B1.

As defined in Section 2.1, a type B1 Power Transmitter serves a single Power Receiver only. In order to

serve multiple Power Receivers simultaneously, a Base Station may contain multiple type B1 Power

Transmitters. As shown in Figure 144, these Power Transmitters may share the Primary Coil array and

multiplexer. However, each individual POwer Iransmitter shall have a separafely controllable mv

impe
2.3.1

indiv|

Cq

dance matching circuit, and means to determine the Primary Cell current, as defined-in. Se

2. In addition, the multiplexer shall ensure that it does not connect multiple inverters tg

dual Primary Coil.

Figure 144. Multiple type B1 Power Transmitters sharing a multiplexer and Primary Coil array
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2.3.2 Power Transmitter design B2

Power Transmitter design B2 enables Free Positioning. The main difference between Power Transmitter

desig

n B2 and Power Transmitter design B1 is the Primary Coil array. Power Transmitter design B2 is

based on a Printed Circuit Board (PCB) type Primary Coil array. The functional block diagram of a type B2

Power Transmitter is identical to the functional block diagram of a type B1 Power Transmitter; see Figure

140 3

2.3.2.

Powgq
defin|

2.3.2

The
Prim
layer
Figur
hexa
roun
two 3
4,5, (
Coils
Coils
Prim
ident]
respe
Coils
Coils
dash
dista

corng

nd the descriptive text in Section 2.3.1.

1 Mechanical details

r Transmitter design B2 includes a Primary Coil array as defined in Section 2.3/271.1, Shieldipg as

d in Section 2.3.2.1.2, and an Interface Surface as defined in Section 2.3.2.1.3.

.1.1  Primary Coil array

rimary Coil array consists of an 8 layer PCB. The inner six lay€ps;of the PCB each contain a gfid of
hry Coils, and the bottom layer contains the leads to each ofithe individual Primary Coils. Thie top
can be used for any purpose, but shall not influence the inductance values of the Primary [oils.
e 145(a) shows a top view of a single Primary Coil,«¥hich consists of a trace that runs through 18
ponal turns. As shown in the top inset of Figure.145(a), the corners of this hexagonal shape are
Hed. The bottom inset of Figure 145(a) shows the'width of the trace as well as the distance between
djacent turns. Figure 145(b) shows a side wiew of the layer structure of the PCB. Copper layers 2, 3,
b, and 7 each contain a grid of Primary Coils. Copper layer 8 contains the leads to each of the Primary
Figure 145(c) provides a top view of the Primary Coil array, showing that the individual PrI:ary
are packed in a hexagonal grid. The solid hexagons show the closely packed structure of the grjds of
hry Coils on layer 2 and layer 7 of the Primary Coil array. Each solid hexagon represents a set of two

ical Primary Coils—in this/case one Primary Coil on layer 2 and one Primary Coil on layer 7,

ctively—which are coninected in parallel. The dashed hexagon illustrates that the grids of Primary

on layer 3 and layer6 are offset over a distance t, to the right, such that the centers of the Primary
in layer 3 and layer 6 coincide with the corners of Primary Coils in layer 2 and layer 7. Likewisp, the
dotted hegagon illustrates that the grids of Primary Coils on layer 4 and layer 5 are offset over a
hce t; torthe left, such that the centers of the Primary Coils in layer 4 and layer 5 coincide with the

rs/ofPrimary Coils in layer 2 and layer7. As a result, the centers, respectively corners, of the Primary

Coils

Drima oils on layer 4 andllayer

5 coincide as well. See Section 2.3.2.2 for the meaning of the shaded hexagons.
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Table 97. Primary Coil array parameters of Power Transmitter design B2

Tabld
1.3%1

Parameter Symbol Value
Outer diameter d, 31t%4 mm
Track width d,, 0.421%03 mm
Track width plus-spacing Aot 0.6%0-03 yym
Corner rounding” T, 553 mm
Number of turns N 18
Track thickness dey 0.07%0014 mm
Dielectric thickness 1 da 0.089*515mm
Dielectric thickness 2 dg, 0.1£%9%3 mm
Array thickness d, 1:44%%%5 mm
Center-to-center distance dy, 31.855*02 mm
Offset 2nd layer array t, 18.4*0-1 mm
Offset 3rd layer array ts 18.4%01 mm

* Value applies to the outermost winding.

97 lists the relevant parameters of the Primary Coil array. The finished PCB

0% mm.

thicknd

Ss is
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Figure 145. Primary Coil array of Power Transmitter design B2
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2.3.2.1.2 Shielding

Power Transmitter design B2 employs Shielding that is identical to the Shielding of Power Transmitter
design B1. See Section 2.3.1.1.2.

2.3.2.1.3 Interface Surface

The ¢ :
acrogs the top face of the Primary Coil array. See also Figure 142 in Section 2.3.1.1.3. In additiof

611 e Rray 6 < oy v e RAt€ e t a€e—o e atHeH &7 =01

Interface Surface extends at least 5 mm beyond the outer edges of the Primary Coil array.

2.3.2.2 Electrical details

The gqutline of the electrical diagram of Power Transmitter design B2 follows the‘outline of the electrical

diagram of Power Transmitter design B1. See also Figure 143 in Section 2.3.1.2:

Powgr Transmitter design B2 uses a half-bridge inverter to drive thé Primary Coil array. In addition,
Powdr Transmitter design B2 uses a multiplexer to select the positiotiof the Active Area. The multiflexer
shall|configure the Primary Coil array in such a way that one, tw(, or three sets of two Primary Coils are
conngcted—in parallel—to the driving circuit. The connected Primary Coils together constitute a Primary
Cell. As an additional constraint, the multiplexer shall select the Primary Coils such that each selpcted

Primary Coil has an overlap with every other selectediRrimary Coil; see Figure 145(c) for an exampléd.

With|n the Operating Frequency range f,, = 105:.. 113 kHz, the assembly of Primary Coil array and
Shielfling has an inductance of 11.7£* uH foréach set of Primary Coils in layer 2 and layer 7 (connected in
parallel), 11.8%! uH for each set of Primary Coils in layer 3 and layer 6 (connected in parallel), and
12.3%! pH for each set of Primary Coils in layer 4 and 5 (connected in parallel). The capacitanc¢ and
indugtance in the impedance mdteHing circuit (Figure 143) are, respectively, C,,; = 256%5% nF, C},5 =
147%% nF and L,, = 3.8+5% uH:-The capacitances C_1 and C_2 in the half-bridge inverter both are 8 uF.

The dwitch S is open if thesPrimary Cell consists of a single Primary Coil; otherwise, the swich S is closed.
NOTH The voltage across'the capacitance C,, can reach levels exceeding 36 V pk-pk.

Powgr Transmittér design B2 uses the input voltage to the half-bridge inverter to control the amoynt of
powdr that<is.transferred. For this purpose, the input voltage range is 0...20 V, where a lower fnput

voltage/tesults in the transfer of a lower amount of power. In order to achieve a sufficiently accurate

d' dtment-of-thepowerthat-is—transferred—a—tpe-B2-PRowerTransmittershall-be-able—to—contrdl th
adjustent —tHe-power—taatiS—trahRSterrea—a—type—pLr—roWwer—FahiSittter—Sharpe—aure—+t6—cohtre e

input voltage with a resolution of 35 mV or better.

When a type B2 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 and

2: Interface Definitions), it shall use an initial input voltage of 12 V.
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Control of the power transfer shall proceed using the PID algorithm, which is defined in the Power
transfer control section in Parts 1 and 2: Interface Definitions. The controlled variable v introduced in
the definition of that algorithm represents the input voltage to the half-bridge inverter. In order to
guarantee sufficiently accurate power control, a type B2 Transmitter shall determine the amplitude of the
current into the Primary Cell (i.e. the sum of the currents through each of its three constituent Primary

Coils) with a resolution of 5 mA or better. In addition to the PID algorithm, a type B2 Power Transmitter

shall limit the current into the Primary Cell to at most 3.5 A RMS in the case that the Primary Cell gopsists
of two or three Primary Coils, or at most 1.75 A RMS in the case that the Primary Cell congists of one
Primary Coil. For that purpose, the Power Transmitter may limit the input voltage to thelhalf-bridge
inverfter to value that is lower than 20 V. Finally, Table 96 in Section 2.3.1.2 provides thé-values of sqveral

parameters, which are used in the PID algorithm.

2.3.2.3  Scalability

Powdr Transmitter Design B2 offers the same scalability options as Power Transmitter design B1. See
Sectipn 2.3.1.3.
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2.3.3 Power Transmitter design B3

Power Transmitter design B3 enables Free Positioning, and has a design similar to Power Transmitter

desig

n B1. See Section 2.3.1 for an overview.

2.3.3.1 Maechanical details

Powse
defin

2.3.3

The |
centi]
grid
The
and
Prim
the P|

The ¥

or eq|

Each
Figur
2.3.2

Figui
pack
Coils
Prim
Prim
dash
the I

r Transmitter design B3 includes a Primary Coil array as defined in Section 2.3.3.1.1, Shieldi

ed in Section 2.3.3.1.2, and an Interface Surface as defined in Section 2.3.3.1.3.

.1.1  Primary Coil array

rimary Coil array consists of a hybrid PCB/wire wound coil structure. As shown Figure 146(a
al part of this structure is a 4-layer PCB. The inner two layers of this REB“each contain an ide
f coils, where corresponding coils are connected in parallel to form asingle two-layer Primary
uter two layers of the PCB serve as a mounting area for the wire-wound Primary Coils (laye
b). In addition, layer 4 of the PCB contains the leads to beth the internal and the wire w
hry Coils; and layer 1 can be used for any purpose, but shall not influence the inductance valy

rimary Coils.

vire-wound Primary Coils consist of litz wire having 24 strands of no. 40 AWG (0.08 mm diam

uivalent. Each wire wound Primary Coil has.a-¢itcular shape as shown in Figure 146(b).

Primary Coil inside the PCB consists, of a trace that runs through 18 hexagonal turns as shoy
e 146(c), and are identical to the Primary Coils of Power Transmitter design B2 defined in Se
1.1.

e 146(d) provides a top view of the Primary Coil array, showing that the individual Primary Coi

on layer (a) of the Primary Coil array. The dashed hexagon illustrates that the identical gri
hry Coils on layers/(2) and (3) are offset over a distance t, to the right, such that the centers

hry Coils indayers (2) and (3) coincide with the corners of Primary Coils in layer (a). Likewis
dotted heexagon illustrates that the grid of Primary Coils on layer (b) is offset over a distancg

ft, such-that the centers of the Primary Coils in layer (b) coincide with the corners of Primary

ng as

the
htical
Coil.
s (a)

ound

es of

eter),

vn in

ction

S are

bd in a hexagonal gridsThe solid hexagons show the closely packed structure of the grid of Primary

ds of
f the
b the
ts to

Coils

in lay

er (a). As a result, the centers, respectively corners, of the Primary Coils on layer (2) and (3), an

d the

corners, respectively centers, of the Primary Coils on layer (b) coincide as well. All Primary Coils are

stacked with the same polarity. See Section 2.3.3.2 for the meaning of the shaded hexagons.

Table 98 lists the relevant parameters of the Primary Coil array.
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Figure 146. Primary Coil array of Power Transmitter design B3
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Table 98. Primary Coil array parameters of Power Transmitter design B3

Parameter Symbol Value
Outer diameter d, 31.1%% mm
Inner diameter d; 10.6%%3 mm
Layer thickness de 045005 o
Number of turns N 18
Outer diameter dq 31t%4 mm
Track width d,, 0.421%03 mm
Track width plus spacing dy, + d 0.6%%%3 fim
Corner rounding” T 5% mm
Number of turns N 18
Track thickness dey 0.07%0015 mm
Dielectric thickness 1 dgq 0.088131 mm
Dielectric thickness 2 dgy 0.145%%92 mm
PCB thickness 0.6%%! mm
Array thickness d, 1.5%%2 mm
Center-to-center distance dy, 31.855%02 mm
Offset 2nd layer array t, 18.4+01 mm
Offset 3rd layer array ts 18.4%01 mm
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2.3.3.1.2 Shielding

2017

As shown in Figure 147, Transmitter design B3 employs Shielding to protect the Base Station from the

magnetic field that is generated in the Primary Coil array. The Shielding extends to at least 2 mm beyond

the outer edges of the Primary Coil array, and is placed at a distance of at most d; = 0.5 mm below the

Prim
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ary Coil array.

[94 — Ferroxcube.
B7 — Epcos AG.

(44 — TDK Corp.

Figure 147. Primary Coil array assembly of Power Transmitter design B3
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.1.3 Interface Surface

own in Figure 147, the distance from the Primary Coil array to the Interface Surface of the
n is d, =2%51 mm, across the top face of the Primary Coil array. In addition, the Interface Sy

ds,atleast 5 mm beyond the outer edges of the Primary Coil array.

The $hielding consists of soft magnetic material that has a thickness of at least 0.5 mm. This Versitm of
1: Reference Designs limits the composition of the Shielding to a choice from the following list of
matefials:

Base

rface
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2.3.3.2  Electrical details

As shown in Figure 148, Power Transmitter design B3 uses a full-bridge inverter to drive the Primary Coil
array. In addition, Power Transmitter design B3 uses a multiplexer to select the position of the Active
Area. The multiplexer shall configure the Primary Coil array in such a way that one, two, or three Primary

Coils are connected—in parallel—to the driving circuit. The connected Primary Coils together constitute

a Pri mary Lell. As an additional constraint, the multiplexer shall select the Frimary Colls such that each

selecfed Primary Coil has an overlap with every other selected Primary Coil; see Figure 146(d) ‘fpr an

Control

example.
Figure 148. Electrical diagram (outline) of Power Transmitter design B3
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With|n the Operdting Frequency range f,, = 105...113 kHz, the assembly of Primary Coil array and
Shielfling has(an inductance of 11.6*! pH for each individual Primary Coil in layer (a) (closest tp the
Interface Surface), 12.4*! uH for each individual Primary Coil in PCB layers 2 and 3, and 13.5%'° yH for
each |individual Primary Coil in layer (b). The capacitances and inductance in the impedance matfhing

circuit are, respectively, C,,; = 222%5% nF, C,»3 = 133*>% nF, and L,, = 3.8%5% uH. The switch S is open if

the Primary Cell consists of a single Primary Coil; otherwise, the swich S is closed. The input voltage to
the full-bridge inverter is 12+5% v,

NOTE The voltage across the capacitance C,, can reach levels exceeding 36 V pk-pk.
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Power Transmitter design B3 uses the phase difference between the control signals to two halves of the

full-bridge inverter to control the amount of power that is transferred, see Figure 149. For this purpose,

the range of the phase difference « is 0...180°—with a larger phase difference resulting in a lower power

transfer. In order to achieve a sufficient accurate adjustment of the power that is transferred, a type B3

Power transmitter shall be able to control the phase difference with a resolution of 0.42° or better. When

a type B3 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 and 2:

Interface Definitions), it shall use an initial phase difference of 120°.

Contj
trans
the d
inver
the a|
PID 4
RMS

case

parameters that are used-in-the PID algorithm.

Figure 149. Control signals to the inverter

a time

ol of the power transfer shall proceed using the PID algorithm, which is defined in the f
fer control section in Parts 1 and 2: Interface Definitions. The controlled variable v® introdud
efinition of that algorithm represents the phase difference between the two halves of the full-b
ter. In order to guarantee sufficiently accurate power control, a type B3 Transmitter shall detey
mplitude of the current into the Primary Cell with a resolution of 5 mA or better. In addition

lgorithm, a type B3 Power Transmitter shall limit the current into the Primary Cell to at mos

that the Primary Cell consists of one Primary Coil. Finally, Table 99 provides the values of se

Table 99. PID parameters for voltage control

ower
ed in
ridge
mine
o the
t4A

in the case that the Primary Cell consists of two or three Primary Coils, or at most 2 A RMS in the

veral

Parameter Symbol Value Unit
Proportional gain K, 1 mA!
trtegratgaim i 0 A TS
Derivative gain Ky 0 mA-ms
Integral term limit M, N.A. N.A.
PID output limit Mp1p 2,000 N.A.
Scaling factor Sy 0.01 °
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2.3.3.3  Scalability

Power Transmitter Design B3 offers the same scalability options as Power Transmitter design B1. See
Section 2.3.1.3.
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2.3.4 Power Transmitter design B4

Power Transmitter design B4 enables Free Positioning. Figure 150 illustrates the functional block
diagram of this design, which consists of two major functional units, namely a Power Conversion Unit and

a Communications and Control Unit.

Figure 150. Functional block diagram of Power Transmitter design B4
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The Rower Conversion Unit on the right-hand side of Figure 150 comprises the analog parts of the d¢sign.

The design uses an array of partly overlapping Primary Coils to provide for Free Positioning. Depending
on the position of the Power Receiver, the multiplexer connects and/or disconnects the appropriate
Primary Coils. The impedance matching network forms a resonant circuit with the parts of the Primary
Coil array that are connected. The sensing circuits monitor (amongst others) the Primary Cell current and

voltage, and the inverter converts the DC input to an AC waveform that drives the Primary Coil array.
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The Communications and Control Unit on the left-hand side of Figure 150 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the

multiplexer to connect the appropriate parts of the Primary Coil array, executes the relevant power

control algorithms and protocols, and drives the inverter to control the amount of power provided to the

Power Receiver. The Communications and Control Unit also interfaces with the other subsystems of the

Base

Station, e.g. for user interface purposes.

2.3.4

Powd
defin

2.3.4

The 1|
top v
turng
havir

such

}.1 Mechanical details

r Transmitter design B4 includes a Primary Coil array as defined in Section 2.3.4.1.1,-Shieldi

ed in Section 2.3.4.1.2, and an Interface Surface as defined in Section 2.3.4.1.3.

.1.1  Primary Coil array

rimary Coil array consists of partly overlapping square shaped planar ‘coils. Figure 151(a) sh
iew of a single Primary Coil, which consists of a bifilar trace that funs through 11 square sh
in a single layer of a PCB. Another realization of a single Primary*Coil is to construct it from lit7
g 24 strands of no. 40 AWG (0.08 mm diameter), or equivalent. Figure 151(b) shows a top vi

wire-wound Primary Coil. Table 100 lists the relevant panameters of the coils shown in Figure 1

Figure 151. Top view of PCB and wire-wound Primary Coil of Power Transmitter design B4

ng as

ws a
aped
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Table 100. Primary Coil parameters of Power Transmitter design B4

The |
(hybt
the B
area.
with
153 3

wire

parameters of the Primary Coil‘array. Any layer of the PCB—if present—may contain functionality

than,

affect

Parameter Symbol Value
Litz wire based Primary Coil

Outer diameter d, 45.07%3 mm
Innerdiameter 4 18.6103 mm
Number of turns N 11

PCB based Primary Coil

Outer diameter dq 4504 mm
Track width d, 0.42%093
Track width plus spacing dy, + ds 0.6%%% mm
Corner rounding” T 9+ mm
Number of turns N 11

* Value applies to the outermost winding.

rimary Coil array may be constructed from PCB-cgils, wire-wound coils or any combination th
id). Power Transmitter design B4 enables one-dimensional freedom of positioning. For that pu
rimary Coils are placed in a row, such that.there is an overlap of approximately two-thirds

Each Primary Coil (except for the Primary Coils at both ends of the Primary Coil array) ove
two Primary Coils in different layers=Figure 152 shows the layout of the Primary Coil array. K
hows the layered structure of the'Primary Coil array in the case of a PCB only implementation,

only implementation and .a‘hybrid PCB-litz wire implementation. Table 101 lists the rel

the inductance yalues of the Primary Coils.

ereof
'pose
f the
rlaps
igure
a litz
bvant

pther

or in addition to, the.Primary Coils. If such other functionality is present, that functionality shall not
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Figure 152. Top view (a) and cross section (b) of the Primary Coil array of Power Transmitter design B4.
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Figure 153. Layered structure of the Primary Coil array
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Table 101. Primary Coil array parameters of Power Transmitter design B4

Shiglding

Parameter Symbol Value
Center‘torcenter distance dy 46.5%%2 mm
Offset'2nd layer array t, 15.5%%1 mm
Offset 3rd layer array ts 15.5¥%1 mm
Litz-layer thickness d. 0.4133s mm
PCB-copper thickness dcy 0.07=%% mm
Dielectric thickness 1 dgy 0.08823'° mm

Dielectric thickness 2

0.126%%039 mm
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2.3.4.1.2 Shielding

As shown in Figure 153, Transmitter design B4 employs Shielding to protect the Base Station from the

magnetic field that is generated in the Primary Coil array. The Shielding extends to at least 2 mm beyond

the outer edges of the Primary Coil array, and is placed at a distance of at most d; = 0.5 mm below the

Primary Coil array.

The $hi

Part #: Reference Designs limits the composition of the Shielding to a choice from the following*list of
matefials:

= Material 78 — Fair Rite Corporation.

= 3(€94 — Ferroxcube.

= NB7 — Epcos AG.

= PC44 — TDK Corp.

2.3.1

As sh
Stati

extern

F]

K2 — TDK Corp (at least 0.8 mm thickness).

Figure 154. Primary Coil array assembly of Power Transmitter design B4

.1.3 Interface)Surface

ds‘atleast 5 mm beyond the outer edges of the Primary Coil array.

Interface
d, Surface
AL ds
1
Base Primary Cejl Array Shielding 2 mm min.
Station

own in Figare 154, the distance from the Primary Coil array to the Interface Surface of the

n is dz-=2%%5 mm, across the top face of the Primary Coil array. In addition, the Interface Sy

Base

rface
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2.3.4.2 Electrical details

As shown in Figure 155, Power Transmitter design B4 uses a full-bridge inverter to drive the Primary Coil
array. In addition, Power Transmitter design B4 uses a multiplexer to select the position of the Active
Area. The multiplexer shall configure the Primary Coil array in such a way that one, or two Primary Coils

are connected—in parallel—to the driving circuit. The connected Primary Coils together constitute a

Prim Hry Lell. In the case that two Frimary Lolls are selected, these two Frimary Lolls shall haye an

overlap of two-thirds of the area of a single Primary Coil.
Figure 155. Electrical diagram (outline) of Power Transmitter design B4
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L
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Within the Operating Frequency range f,, = 105...113 kHz, the assembly of Primary Coil array and

Shielfling has an inductance of 8.8*! pH for each individual Primary Coil in layer (a) (closest tp the

1! uH for each individual Primary Coil in layer (b), and 9.5%! pH for each individual

Interface Surface), 9.
Primary Coil in layer (c) (closest to the Shielding). The capacitances and inductance in the impedance
matching(circuit are, respectively, C,, = 300¥>% nF, and L,,, = 3.8%5% pH. The input voltage to thq full-

briddeinverter is 12+5% V.

NOTE The voltage across the capacitance C,, can reach levels exceeding 36 V pk-pk.

Power Transmitter design B4 uses the phase difference between the control signals to two halves of the
full-bridge inverter to control the amount of power that is transferred, see Figure 156. For this purpose,
the range of the phase difference « is 0...180°—with a larger phase difference resulting in a lower power
transfer. In order to achieve a sufficient accurate adjustment of the power that is transferred, a type B4

Power Transmitter shall be able to control the phase difference with a resolution of 0.42° or better. When
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a type B4 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 and 2:

Interface Definitions), it shall use an initial phase difference of 120°.

Figure 156. Control signals to the inverter

BwWw N

o time

Contyol of the power transfer shall proceed using the PID algorithm, ywhich is defined in the Rower
transffer control section in Parts 1 and 2: Interface Definitions. The tortrolled variable v introduded in
the definition of that algorithm represents the phase difference between the two halves of the full-bridge
inverter. In order to guarantee sufficiently accurate power control, a type B4 Transmitter shall detefjmine
the anplitude of the current into the Primary Cell with-a resolution of 5 mA or better. In addition fo the
PID glgorithm, a type B4 Power Transmitter shall limit'the current into the Primary Cell to at mo§t 4 A
RMS |n the case that the Primary Cell consists of two-Primary Coils, or at most 2 A RMS in the case that the
Primgry Cell consists of one Primary Coil. Findlly, Table 102 provides the values of several parameters,

which are used in the PID algorithm.

Table 102. Control parameters for power control

Parameter Symbol Value Unit
Proportional-gain K, 1 mA-!
Integral gain K; 0 mA-1ms1
Dérivative gain Ky 0 mA-1ms
Integral term limit M, N.A. N.A.
PID output limit Mpp 2,000 N.A.
Scaling factor Sy 0.01 °

2.3.4.3 Scalability

Power Transmitter Design B4 offers the same scalability options as Power Transmitter design B1. See

Section 2.3.1.3.
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Figure 157 illustrates the functional block diagram of Power Transmitter design B5, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.
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Figure 157. Functional block diagram of Power Transmitter design B5

ower Conversion Unit on the right-hand side of Figure 157 comprises the analog parts of the d

lésigh uses an array of partly overlapping Primary Coils to provide for Free Positioning. Depe

U[) UOISISAUOTYI3MO]

psign.

nding

on the position of the Power Receiver, the multiplexer connects and/or disconnects the appropriate

Primary Coils. The impedance matching network forms a resonant circuit with the parts of the Primary

Coil array that are connected. The sensing circuits monitor (amongst others) the Primary Cell current and

voltage, and the inverter converts the DC input to an AC waveform that drives the Primary Coil array.
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The Communications and Control Unit on the left-hand side of Figure 157 comprises the digital logic part

of the design. This unit receives and decodes messages from the Power Receiver, configures the

multiplexer to connect the appropriate parts of the Primary Coil array, executes the relevant power

control algorithms and protocols, and drives the inverter to control the amount of power provided to the

Power Receiver. The Communications and Control Unit also interfaces with the other subsystems of the

Base

Station, e.g. for user interface purposes.

2.3.5

Powd
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.1 Mechanical details

r Transmitter design B5 includes a Primary Coil array as defined in Section 2.3.5.1°1, Shieldi

ed in Section 2.3.5.1.2, and an Interface Surface as defined in Section 2.3.5.1.3.

.1.1  Primary Coil array

rimary Coil array consists of partly overlapping square shaped planar ‘coils. Figure 158(a) sh
iew of a single Primary Coil, which consists of a bifilar trace that funs through 11 square sh
in a single layer of a PCB. Another realization of a single Primary*Coil is to construct it from lit7
g 24 strands of no. 40 AWG (0.08 mm diameter), or equivalent. Figure 158(b) shows a top vi

wire-wound Primary Coil. Table 103 lists the relevant panameters of the coils shown in Figure 1

Figure 158. Top view of PCB and wire-wound Primary Coil of Power Transmitter design B5
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Table 103. Primary Coil parameters of Power Transmitter design B5

The |
(hybt
the B
area.
with
160

wire

parameters of the Primary Coiltarray. Any layer of the PCB—if present—may contain functionality

than,

affect

Parameter Symbol Value
Litz wire based Primary Coil

Outer diameter d, 45.07%3 mm
Innerdiameter 4 18.6103 mm
Number of turns N 11

PCB based Primary Coil

Outer diameter dq 4504 mm
Track width d, 0.42%093
Track width plus spacing dy, + ds 0.6%%% mm
Corner rounding” T 9+ mm
Number of turns N 11

* Value applies to the outermost winding.

rimary Coil array may be constructed from PCB-cgils, wire-wound coils or any combination th
id). Power Transmitter design B5 enables one-dimensional freedom of positioning. For that pu
rimary Coils are placed in a row, such that.there is an overlap of approximately two-thirds

Each Primary Coil (except for the Primary Coils at both ends of the Primary Coil array) ove
two Primary Coils in different layers=Figure 159 shows the layout of the Primary Coil array. K
hows the layered structure of the'Primary Coil array in the case of a PCB only implementation,

only implementation and .a‘hybrid PCB-litz wire implementation. Table 104 lists the rel

the inductance yalues of the Primary Coils.

ereof
'pose
f the
rlaps
igure
a litz
bvant

bther

or in addition to, the.Primary Coils. If such other functionality is present, that functionality shall not
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Figure 159. Top view (a) and cross section (b) of the Primary Coil array of Power Transmitter design B5.
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Figure 160. Layered structure of the Primary Coil array
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Table 104. Primary Coil array parameters of Power Transmitter design B5

Parameter Symbol Value
Centér-to-center distance dy 46.5%%2 mm
Offset 2nd layer array t, 15.5%%1 mm
Offset 3rd layer array ts 15.5¥%1 mm
Litz-layer thickness d. 04133 mm
PCB-copper thickness dey 0.071%915 mm
Dielectric thickness 1 dgy 0.08823'° mm
Dielectric thickness 2 dgy 0.126%%039 mm
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2.3.5.1.2 Shielding

As shown in Figure 159, Transmitter design B5 employs Shielding to protect the Base Station from the

magnetic field that is generated in the Primary Coil array. The Shielding extends to at least 2 mm beyond

the outer edges of the Primary Coil array, and is placed at a distance of at most d; = 0.5 mm below the

Primary Coil array.

The $hi

Part #: Reference Designs limits the composition of the Shielding to a choice from the following*list of
matefials:

= Material 78 — Fair Rite Corporation.

= 3(€94 — Ferroxcube.

= NB7 — Epcos AG.

= PC44 — TDK Corp.

2.3.5

As sh
Stati

extern

F]

K2 — TDK Corp (at least 0.8 mm thickness).

Figure 161. Primary Coil array assembly of Power Transmitter design B5

.1.3 Interface)Surface

ds‘atleast 5 mm beyond the outer edges of the Primary Coil array.

Interface
d, Surface
AL ds
1
Base Primary Cejl Array Shielding 2 mm min.
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own in Figare 161, the distance from the Primary Coil array to the Interface Surface of the

n is dz=2*35. mm, across the top face of the Primary Coil array. In addition, the Interface Sy

Base

rface
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2.3.5.2  Electrical details

As shown in Figure 162, Power Transmitter design B5 uses a full-bridge inverter to drive the Primary Coil
array. In addition, Power Transmitter design B5 uses a multiplexer to select the position of the Active
Area. The multiplexer shall configure the Primary Coil array in such a way that one, or two Primary Coils

are connected—in parallel—to the driving circuit. The connected Primary Coils together constitute a

Prim Hry Lell. In the case that two Frimary Lolls are selected, these two Frimary CLolls shall haye an

overlap of two-thirds of the area of a single Primary Coil.
Figure 162. Electrical diagram (outline) of Power Transmitter design B5
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Within the Operating Frequency range f,, = 96 + 2 kHz, the assembly of Primary Coil array and Shiglding

has 4n inductance ,0f8/8%! uH for each individual Primary Coil in layer (a) (closest to the Intdrface

Surface), 9.1*! uH for each individual Primary Coil in layer (b), and 9.5*! uH for each individual Primary
Coil in layer.(c))(closest to the Shielding). The capacitances and inductance in the impedance matfhing
circuft aré, respectively, Cpy; = 356%3% nF, €53 = 8215% nF, and L,, = 3.8%5% uH. The switch S is open if
the Hrimary Cell consists of a single Primary Coil; otherwise, the swich S is closed. The input voltage to
the full-bridge inverter is 12+5% V.

NOTE The voltage across the capacitance C,, can reach levels exceeding 36 V pk-pk.
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Power Transmitter design B5 uses the phase difference between the control signals to two halves of the

full-bridge inverter to control the amount of power that is transferred, see Figure 163. For this purpose,
the range of the phase difference « is 0...180°—with a larger phase difference resulting in a lower power
transfer. In order to achieve a sufficient accurate adjustment of the power that is transferred, a type B5
Power Transmitter shall be able to control the phase difference with a resolution of 0.42° or better. When

a type B5 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 and 2:

Interface Definitions), it shall use an initial phase difference of 120°.

Control of the power transfer shall proceed usingthe PID algorithm, which is defined in the A
transfer control section in Parts 1 and 2: Interface Definitions. The controlled variable v¥ introduc
the definition of that algorithm represents:the phase difference between the two halves of the full-b

inverter. In order to guarantee sufficiently accurate power control, a type B5 Transmitter shall deter]

L=
time

Figure 163. Control signals to the inverter

ower
led in
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the amplitude of the current into the_.Primary Cell with a resolution of 5 mA or better. In addition fo the

PID glgorithm, a type B5 Power Transmitter shall limit the current into the Primary Cell to at mo§
RMS |n the case that the Primary Cell consists of two Primary Coils, or at most 2 A RMS in the case th

Primary Cell consists of-ene Primary Coil. Finally, Table 105 provides the values of several param

which are used in thePID algorithm.

Table 105. Control parameters for power control

t4A
ht the

bters,

Parameter Symbol Value Unit
Proportional gain K, 1 mA-L
Integral gain K; 0 mA-1ms-1
Derivative gain Ky 0 mA-ms
Integral term limit M, N.A. N.A.
PID output limit Mp1p 2,000 N.A.
Scaling factor Sy 0.01 °
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2.3.5.3  Scalability

Power Transmitter Design B5 offers the same scalability options as Power Transmitter design B1. See
Section 2.3.1.3.
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2.3.6 Power Transmitter design B6

Figure 164 illustrates the functional block diagram of Power Transmitter design B6, which consists of two

major functional units, namely a Power Conversion Unit and a Communications and Control Unit.

Figure 164. Functional block diagram of Power Transmitter design B6
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Primgry Coil(s). The respnance capacitor forms a resonant circuit with the parts of the Primary Coil
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and the inverterconverts the DC input to an AC waveform that drives the Primary Coil array.
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ower Conversion Unit on theright-hand side of Figure 164 comprises the analog parts of the d

e position of the Power Receiver, the multiplexer connects and/or disconnects the approfj

ommunications and Control Unit on the left-hand side of Figure 164 comprises the digital logi

bSign.
hding
riate
array

Itage,

part
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e “désign. This unit receives and decodes messages from the Power Receiver, configure

multiplexer to connect the appropriate parts of the Primary Coil array, executes the relevant power

control algorithms and protocols, and drives the inverter to control the amount of power provided to the

Power Receiver. The Communications and Control Unit also interfaces with the other subsystems of the

Base

Station, e.g. for user interface purposes.
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2.3.6.1 Maechanical details

Power Transmitter design B6 includes a Primary Coil array as defined in Section 2.3.6.1.1, Shielding as

defined in Section 2.3.6.1.2, and an Interface Surface as defined in Section 2.3.6.1.3.

2.3.6.1.1 Primary Coil array

Each
windjngs of each 11 turns of litz wire having 24 strands of no. 40 AWG (0.08 mm diameter), or

equivyalent!. As shown in Figure 165, the Primary Coil has an oval shape and consists of a'single layer.

Tablg 106 lists the dimensions of the Primary Coil.

Figure 165. Primary coil of Power Transmitter design B6
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Table 106. Design parameéters for Primary Coil array of Power Transmitter B6

Parameter Symbol Value
Outer léngth dy 45,015 mm
Innkerjlength d; 18.4%%5 mm
Outer width dow 34.0793 mm
Inner width i 7.2%%5 mm
Litz layer thickness dc 0.65%%3 mm
Number of turns per layer N 11 turns
Number of layers - 1

1 One equivalent example is a single winding of 11 turns of Litz wire having 96 strands of no. 40 AWG (0.08mm
diameter)


https://iecnorm.com/api/?name=8cf17ee2b03ae490f5b706d525ed5f3d

IEC PAS 63095-2:2017 © IEC 2017 — 244 -

Power Transmitter design B6 contains at least two Primary Coils and allows for 1-dimensional freedom
of positioning. All adjacent Primary Coils are placed with their long sides alongside each other with a
displacement of d, = 17.0733 mm between their centers, such that there is an overlap of about 50% of
the area. Figure 166 shows the functional arrangement of coils in the Primary Coil array. See also Table

106 for details of the parameters.

Figure 166. Arrangement of coils in the Primary Coil array of Power Transmitter B6
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The Communications & Control Unit of a single Power Transmitter selects 1 or 2 coils from the array to
form|a Primary Cell for,power transfer when a Power Receiver is positioned on the Active Area. In the

case Where 2 coilssare selected, these 2 coils shall have an overlap.
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2.3.6.1.2  Shielding

2017

As shown in Figure 166, Transmitter design B6 employs Shielding to protect the Base Station from the

magnetic field that is generated in the Primary Coil array. The Shielding extends to at least 1.5 mm

beyond the outer edges of the Primary Coil array, and is placed at a distance of at most d;, = 0.5 mm

below the Primary Coil array.

The §
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K2 — TDK Corp.

(44 — TDK Corp.
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aterial 78 — Fair Rite Corp.

Figure 167. Primary Coil array assembly of Power Transmitter design B6
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2.3.6.2 Electrical details

As shown in Figure 168, Power Transmitter design B6 uses a full-bridge inverter to drive the Primary Coil

array. In addition, Power Transmitter design B6 uses a multiplexer to select the position of the Active

Area. The multiplexer shall configure the Primary Coil array in such a way that one or two (overlapping;

see Section 2.3.6.1.1) Primary Coils are connected—in parallel—to the driving circuit. The connected

Prim

In
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The ¢

matc

NOTE

ATy COl11(5) tOgether consttute a Primary Cell.

Figure 168. Electrical diagram (outline) of Power Transmitter design B6
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face Surface), and 6:2%%° uH for each individual Primary Coil in layer (b) (closest to the ShielI
apacitance in.the impedance matching circuit is C,, = 1000+5% nF. The inductance in the impe

hing circuit\is L,, = 1 pH. The input voltage to the full-bridge inverter is 5£5% V.

Thie voltage across the capacitance C,, can reach levels exceeding 25V pk-pk.

and

Hing has an inductangee® of 5.8%° uH for each individual Primary Coil in layer (a) (closest tp the

ing).
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Switches §; and S, may be used to change the impedance the inverter sees when driving the Primary Cell,

allowing the inverter to drive the Primary Cell at Operating Points that are more efficient (i.e. requiring

less current). During normal operation both switches should be open. However, during a Digital Ping

switch S; should be closed and switch S, should be open. Basically there are three combinations of switch

positions as indicated in the Table 107 below. The initial Operating Point of the Power Transmitter occurs

during a Digital Ping. In this situation a low amount of power is transferred to allow any Power Receiver

to injitialize and respond. Switch S; may be used to provide a smooth transition from the da

indug

currqg

Powg
full-H
ther
trang
Powg
a typ
Intery}

open

tive state to the resonant state (both switches open) and ensures that there is no magne

nt flowing through L, when switch S; is turned off.

Table 107. Power Transmitter design B6 switch configurations

S1 S, Inverter state Comment
Closed Open Damped inductive Digital Ping—~low power
Any Closed Normal inductive Transition#—medium power
Open Open Resonant Power Transfer—high power

r Transmitter design B6 uses the phase difference between the control signals to two halves
ridge inverter to control the amount of power that\s transferred, see Figure 169. For this pur

hinge of the phase difference « is 0...180°—withra larger phase difference resulting in a higher p

mped

[izing

f the
pose,

ower

fer. In order to achieve a sufficient accurate-adjustment of the power that is transferred, a type B6

r Transmitter shall be able to control-tlie phase difference with a resolution of 0.42° or better. \
e B6 Power Transmitter first applies a Power Signal (see the Digital Ping section in Parts 1 g

[ace Definitions), it shall use an(initial phase difference of 180° and switch S; closed and swit

Figure 169. Control signals to the inverter

Vhen
nd 2:
ch S,

time
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Control of the power transfer shall proceed using the PID algorithm, which is defined in the Power

transfer control section in Parts 1 and 2: Interface Definitions. The controlled variable v introduced in

the definition of that algorithm represents the phase difference between the two halves of the full-bridge

inverter. In order to guarantee sufficiently accurate power control, a type B6 Transmitter shall determine

the amplitude of the current into the Primary Cell with a resolution of 5 mA or better. In addition to the

PID algorithm, a type B6 Power Transmitter shall limit the current into the Primary Cell to at most 5 A

RMS
Prim

whic

2.3.6

Secti
As dd
servg

Tran

multiplexer. However,-each individual Power Transmitter shall have a separately controllable inv

resof
addit]

Prim

n the case that the Primary Cell consists of two Primary Coils, or at most 3 A RMS in the caseth
hry Cell consists of one Primary Coil. Finally, Table 108 provides the values of several param

h are used in the PID algorithm.

Table 108. Control parameters for power control

Parameter Symbol Value Unit
Proportional gain K, 1 mA-1
Integral gain K; 0 mA-1ms1
Derivative gain Ky 0 mA-lms
Integral term limit M, N.A. N.A.
PID output limit Mo 2,000 N.A.
Scaling factor Sy 0.01 °

).3  Scalability

bns 2.3.6.1 and 2.3.6.2 define the"mrechanical and electrical details of Power Transmitter desig
fined in Section 2.1, a type B6 Power Transmitter serves a single Power Receiver only. In ord
multiple Power Receivers’/simultaneously, a Base Station may contain multiple type B6 P

bmitters. As shown in Figure 170, these Power Transmitters may share the Primary Coil arra

ance circuit, and means to determine the Primary Cell current, as defined in Section 2.3.6
ion, the multiplexer shall ensure that it does not connect multiple inverters to any indiv

hry Coil.

ht the

bters,

n B6.
er to
ower
7 and
breer,
2. In

idual
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