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Description

BACKGROUND OF THE DISCLOSURE

Field of the disclosure

[0001] The present disclosure relates to wireless charging and, more particularly, to an apparatus and method for
performing power calibration in a wireless power transfer system.

Related Art

[0002] The wireless power transfer (or transmission) technology corresponds to a technology that may wirelessly
transfer (or transmit) power between a power source and an electronic device. For example, by allowing the battery of a
wirelessdevice, suchasasmartphoneor a tabletPC,andsoon, tobe rechargedbysimply loading thewirelessdeviceona
wireless charging pad, the wireless power transfer technique may provide more outstanding mobility, convenience, and
safety as compared to the conventional wired charging environment, which uses a wired charging connector. Apart from
the wireless charging of wireless devices, the wireless power transfer technique is raising attention as a replacement for
the conventional wired power transfer environment in diverse fields, such as electric vehicles, Bluetooth earphones, 3D
glasses, diverse wearable devices, household (or home) electric appliances, furniture, underground facilities, buildings,
medical equipment, robots, leisure, and so on.
[0003] Thewireless power transfer (or transmission)method is also referred to as a contactless power transfermethod,
or a no point of contact power transfer method, or a wireless charging method. A wireless power transfer systemmay be
configured of a wireless power transmitter supplying electric energy by using a wireless power transfer method, and a
wireless power receiver receiving the electric energy being supplied by the wireless power transmitter and supplying the
receiving electric energy to a receiver, such as a battery cell, and so on.
[0004] The wireless power transfer technique includes diverse methods, such as a method of transferring power by
usingmagnetic coupling, amethod of transferring power by using radio frequency (RF), amethod of transferring power by
usingmicrowaves, andamethodof transferringpowerbyusingultrasound (orultrasonicwaves). Themethod that isbased
on magnetic coupling is categorized as a magnetic induction method and a magnetic resonance method. The magnetic
induction method corresponds to amethod transmitting power by using electric currents that are induced to the coil of the
receiver by a magnetic field, which is generated from a coil battery cell of the transmitter, in accordance with an
electromagnetic coupling between a transmitting coil and a receiving coil. The magnetic resonance method is similar
to the magnetic induction method in that is uses a magnetic field. However, the magnetic resonance method is different
from the magnetic induction method in that energy is transmitted due to a concentration of magnetic fields on both a
transmitting end and a receiving end, which is caused by the generated resonance.
[0005] The wireless power transmitter and the wireless power receiver include various circuit components therein and
configure independent devices, but since wireless power is transmitted therebetween bymagnetic coupling, the wireless
power transmitter and thewireless power receiver configure a singlewireless power transfer system.However, theremay
be an error between transmitted power and reception power due to a change inmagnetic coupling based on actual usage
environments of the transmitter (Tx) and the receiver (Rx) (magnitudes, frequencies, and duty cycles of signals applied to
thewireless power transfer system, distances/position alignment between the transmitter and the receiver, etc.). Such an
error may be an obstacle to elaborate foreign object detection (FOD).
[0006] Therefore, there isaneed for amethod for calibrating transmittedpowerand receptionpowerby reflectingunique
characteristics of the wireless power transfer system and changes in an actual usage environment and performing more
elaborate FOD based thereon.
[0007] EP2909 917A1describes an inductive power transfer system in accordancewith theQiwireless power transfer
standard. Therein, a calibrator is provided to perform a power loss calibration in order to determine the expected
relationship between received power indications and transmitted power indications. For calibration in different subphases
or submodes, the calibrator performsa power loss calibrationwherein compensation values are performed for a first set or
interval of power levels. At this low power level, a default or nominal expected relationship can be used to detect whether
unacceptable unaccounted for power loss is experienced. Based on this first calibration operation, the calibrator can
proceed to adapt the expected relationship to provide a more accurate indication of the relationship between transmitted
power indications and received power indications. The calibrator may then proceed to perform a second power loss
calibration operation for a second set or interval of power levels. During this second calibration operation, the detector
continues tomonitor for parasitic power losses that are unacceptably high by using the expected relationship that resulted
from the first calibration operation.
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SUMMARY OF THE DISCLOSURE

[0008] The present disclosure provides an apparatus and method for performing power calibration in a wireless power
transfer system.
[0009] The present disclosure also provides an apparatus andmethod for adaptively calibrating power in response to a
load change and performing foreign object detection (FOD).
[0010] The present disclosure also provides an apparatus andmethod for adaptively calibrating power in response to a
change in magnetic coupling between a wireless power transmitter and a wireless power receiver and performing FOD.
[0011] Technical objects to be achieved by the present disclosure are not limited to the aforementioned technical
objects, and other technical objects not described abovemay be evidently understood by a person having ordinary skill in
the art to which the present disclosure pertains from the following description.
[0012] In an aspect, a wireless power transmitter according to the present invention is set out in claim 1.
[0013] In another aspect, a wireless power receiver according to the present invention is set out in claim 4.
[0014] In another aspect, a wireless power transmitter includes: a power conversion unit configured to transmit, to a
wireless power receiver, wireless power generated based on magnetic coupling in a power transfer phase; and a
communication/control unit configured to receive, from the wireless power receiver operating at a first operating point, a
first received power packet of the first operating point and a second received power packet of the first operating point
related topower calibrationandconstruct a first power calibration curvebasedon the first receivedpower packet of the first
operating point and the second received power packet of the first operating point and configured to receive, from the
wireless power receiver operating at a second operating point, a first received power packet of the second operating point
and a second received power packet of the second operating point related to power calibration and construct a second
power calibration curve based on the first received power packet of the second operating point and the second received
power packet of the second operating point.
[0015] In another aspect, a wireless power receiver includes: a power conversion unit configured to receive, from a
wireless power transmitter, wireless power generated based on magnetic coupling in a power transfer phase; and a
communication/control unit configured to operate at a first operating point and to transmit, to the wireless power
transmitter, a first received power packet of the first operating point and a second received power packet of the first
operating point related to power calibration and configured to transmit, to the wireless power transmitter, a first received
power packet of a second operating point and a second received power packet of the second operating point related to
power calibration when an operating power is switched from the first operating point to the second operating point.
[0016] Other specific matters of the present disclosure are included in the detailed description and drawings.

Advantageous Effects

[0017] Transmission power and reception power are calibrated by adaptively responding to a newly changed wireless
charging environment and power loss is detected based thereon, thereby enabling more sophisticated FOD.
[0018] Theeffectsaccording to thepresent disclosure isnot limitedby thecontentsexemplifiedabove, andmorevarious
effects are included in the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a block diagram of a wireless power system (10) according to an exemplary embodiment of the present
disclosure.
FIG. 2 is a block diagram of awireless power system (10) according to another exemplary embodiment of the present
disclosure.
FIG. 3A shows an exemplary embodiment of diverse electronic devices adopting a wireless power transfer system.
FIG. 3B shows an example of a WPC NDEF in a wireless power transfer system.
FIG. 4A is a block diagram of a wireless power transfer system according to another exemplary embodiment of the
present disclosure.
FIG. 4B is a diagram illustrating an example of a Bluetooth communication architecture to which an embodiment
according to the present disclosure may be applied.
FIG. 4C is a block diagram illustrating a wireless power transfer system using BLE communication according to an
example.
FIG. 4D is a block diagram illustrating a wireless power transfer system using BLE communication according to
another example.
FIG. 5 is a state transition diagram for describing a wireless power transfer procedure.
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FIG. 6 shows a power control method according to an exemplary embodiment of the present disclosure.
FIG. 7 is a block diagram of a wireless power transmitter according to another exemplary embodiment of the present
disclosure.
FIG. 8 shows a wireless power receiver according to another exemplary embodiment of the present disclosure.
FIG. 9 shows a communication frame structure according to an exemplary embodiment of the present disclosure.
FIG. 10 is a structure of a sync pattern according to an exemplary embodiment of the present disclosure.
FIG. 11 shows operation statuses of a wireless power transmitter and a wireless power receiver in a shared mode
according to an exemplary embodiment of the present disclosure.
FIG. 12 is a block diagram showing a wireless charging certificate format according to an exemplary embodiment of
the present disclosure.
FIG. 13 is a capability packet structure of a wireless power transmitter according to an exemplary embodiment of the
present disclosure.
FIG. 14 is a configuration packet structure of a wireless power receiver according to an exemplary embodiment of the
present disclosure.
FIG. 15 shows an application-level data stream between a wireless power transmitter and a wireless power receiver
according to an example.
FIG. 16 is a flowchart illustrating a method of performing power calibration and foreign object detection (FOD)
according to an example out of the scope of the invention.
FIG. 17 is a format of a received power packet according to an example.
FIG. 18 is a power transfer characteristic or calibration curve according to an embodiment.
FIG. 19 is a power transfer characteristic or calibration curve according to another embodiment.
FIG. 20 is a flowchart illustrating a foreign object detection method according to an embodiment.
FIG. 21 is a flowchart illustrating a method of performing power calibration and foreign object detection (FOD)
according to another embodiment.
FIG. 22 is a flowchart illustrating a power calibration method based on a change in coupling according to an
embodiment.
FIG. 23 is a flowchart illustrating a power calibration method based on a change in coupling according to another
embodiment.
FIG. 24 shows the format of a re-ping packet according to an example.
FIG.25 isa flowchart illustratingamethodof performingpower calibrationandFODaccording toanexampleout of the
scope of the invention.
FIG. 26 is a flowchart illustrating a power calibrationmethod based on foreign object insertion or a change in coupling
according to an embodiment.
FIG. 27 is a flowchart illustrating a power calibrationmethod based on a change in coupling or foreign object insertion
according to another embodiment.
FIG. 28 is a power transfer characteristic or calibration curve according to another embodiment of the present
disclosure.
FIG. 29 is a power transfer characteristic or calibration curve according to another example out of the scope of the
invention.
FIG. 30 is a power transfer characteristic or calibration curve according to another example out of the scope of the
invention.
FIG. 31 is a graph illustrating an initial power calibration curve.
FIG. 32 is a graph illustrating an extended power calibration curve.
FIG. 33 shows a method of performing FOD when Pfo is greater than or equal to a threshold value.
FIG. 34 is a graph illustrating a method of modeling a calibration curve according to an example.
FIG. 35 is a graph illustrating a method of modeling a calibration curve according to another example.
FIG. 36 is a diagram illustrating a method of configuring an initial calibration curve according to an embodiment.
FIG. 37 shows a calibration curve obtained by updating a y intercept of an initial calibration curve.
FIG. 38 shows a calibration curve obtained by updating a gradient and a y intercept of an initial calibration curve.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0020] In this specification, "A or B" may refer to "only A", "only B" or "both A and B". In other words, "A or B" in this
specificationmay be interpreted as "A and/or B". For example, in this specification, "A, B, or C"may refer to "only A", "only
B", "only C", or any combination of "A, B and C".
[0021] The slash (/) or comma used in this specificationmay refer to "and/or". For example, "A/B"may refer to "A and/or
B". Accordingly, "A/B" may refer to "only A", "only B", or "both A and B". For example, "A, B, C" may refer to "A, B, or C".
[0022] In this specification, "at least one of A and B" may refer to "only A", "only B", or "both A and B". In addition, in this
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specification, the expression of "at least one of A or B" or "at least one of A and/or B"may be interpreted to be the same as
"at least one of A and B".
[0023] Also, in this specification, "at least one of A, B andC"may refer to "only A", "only B", "onlyC", or "any combination
of A, B and C". Also, "at least one of A, B or C" or "at least one of A, B and/or C" may refer to "at least one of A, B and C".
[0024] In addition, parenthesesused in thepresent specificationmay refer to "for example". Specifically,when indicated
as "control information (PDCCH)", "PDCCH" may be proposed as an example of "control information". In other words,
"control information" in this specification is not limited to "PDCCH", and "PDDCH" may be proposed as an example of
"control information". In addition, evenwhen indicated as "control information (i.e., PDCCH)", "PDCCH"may be proposed
as an example of "control information".
[0025] In the present specification, technical features that are individually described in one drawingmay be individually
or simultaneously implemented. The term "wirelesspower",whichwill hereinafter beused in this specification,will beused
to refer to an arbitrary formof energy that is related to an electric field, amagnetic field, and an electromagnetic field, which
is transferred (or transmitted) from a wireless power transmitter to a wireless power receiver without using any physical
electromagnetic conductors. The wireless powermay also be referred to as a wireless power signal, and this may refer to
an oscillating magnetic flux that is enclosed by a primary coil and a secondary coil. For example, power conversion for
wirelessly charging devices including mobile phones, cordless phones, iPods, MP3 players, headsets, and so on, within
the system will be described in this specification. Generally, the basic principle of the wireless power transfer technique
includes, for example, all of amethod of transferring power by usingmagnetic coupling, amethod of transferring power by
using radio frequency (RF), a method of transferring power by using microwaves, and a method of transferring power by
using ultrasound (or ultrasonic waves).
[0026] FIG. 1 is a block diagram of a wireless power system (10) according to an exemplary embodiment of the present
disclosure.
[0027] Referring to FIG. 1, the wireless power system (10) include a wireless power transmitter (100) and a wireless
power receiver (200).
[0028] The wireless power transmitter (100) is supplied with power from an external power source (S) and generates a
magnetic field. The wireless power receiver (200) generates electric currents by using the generated magnetic field,
thereby being capable of wirelessly receiving power.
[0029] Additionally, in the wireless power system (10), the wireless power transmitter (100) and the wireless power
receiver (200)may transceive (transmit and/or receive) diverse information that is required for thewireless power transfer.
Herein, communication between the wireless power transmitter (100) and the wireless power receiver (200) may be
performed (or established) in accordance with any one of an in-band communication, which uses a magnetic field that is
used for the wireless power transfer (or transmission), and an out-band communication, which uses a separate
communication carrier. Out-band communication may also be referred to as out-of-band communication. Hereinafter,
out-band communication will be largely described. Examples of out-band communication may include NFC, Bluetooth,
Bluetooth low energy (BLE), and the like.
[0030] Herein, the wireless power transmitter (100) may be provided as a fixed type or a mobile (or portable) type.
Examples of the fixed transmitter type may include an embedded type, which is embedded in in-door ceilings or wall
surfaces or embedded in furniture, such as tables, an implanted type, which is installed in out-door parking lots, bus stops,
subway stations, and so on, or being installed in means of transportation, such as vehicles or trains. The mobile (or
portable) type wireless power transmitter (100) may be implemented as a part of another device, such as amobile device
having a portable size or weight or a cover of a laptop computer, and so on.
[0031] Additionally, the wireless power receiver (200) should be interpreted as a comprehensive concept including
diverse home appliances and devices that are operated by being wirelessly supplied with power instead of diverse
electronic devices beingequippedwith a battery and apower cable. Typical examples of thewireless power receiver (200)
may include portable terminals, cellular phones, smartphones, personal digital assistants (PDAs), portablemedia players
(PDPs), Wibro terminals, tablet PCs, phablet, laptop computers, digital cameras, navigation terminals, television,
electronic vehicles (EVs), and so on.
[0032] FIG. 2 is a block diagram of a wireless power system (10) according to another exemplary embodiment of the
present disclosure.
[0033] Referring to FIG. 2, In thewireless power system (10), onewireless power receiver (200) or a plurality of wireless
power receiversmay exist. Although it is shown in FIG. 1 that the wireless power transmitter (100) and thewireless power
receiver (200) send and receive power to and from one another in a one-to-one correspondence (or relationship), as
shown in FIG. 2, it is also possible for one wireless power transmitter (100) to simultaneously transfer power to multiple
wireless power receivers (200‑1, 200‑2, ..., 200-M).Most particularly, in case thewireless power transfer (or transmission)
is performed by using amagnetic resonancemethod, onewireless power transmitter (100)may transfer power tomultiple
wireless power receivers (200‑1, 200‑2, ..., 200-M) by using a synchronized transport (or transfer) method or a time-
division transport (or transfer) method.
[0034] Additionally, although it is shown in FIG. 1 that the wireless power transmitter (100) directly transfers (or

5

EP 3 745 558 B9

5

10

15

20

25

30

35

40

45

50

55



transmits) power to the wireless power receiver (200), the wireless power system (10) may also be equipped with a
separate wireless power transceiver, such as a relay or repeater, for increasing a wireless power transport distance
between thewireless power transmitter (100) and thewireless power receiver (200). In this case, power is delivered to the
wireless power transceiver from the wireless power transmitter (100), and, then, the wireless power transceiver may
transfer the received power to the wireless power receiver (200).
[0035] Hereinafter, the terms wireless power receiver, power receiver, and receiver, which are mentioned in this
specification, will refer to the wireless power receiver (200). Also, the termswireless power transmitter, power transmitter,
and transmitter, which are mentioned in this specification, will refer to the wireless power transmitter (100).
[0036] FIG. 3a shows an exemplary embodiment of diverse electronic devices adopting a wireless power transfer
system.
[0037] As shown in FIG. 3a, the electronic devices included in the wireless power transfer system are sorted in
accordance with the amount of transmitted power and the amount of received power. Referring to FIG. 3, wearable
devices, such as smart watches, smart glasses, head mounted displays (HMDs), smart rings, and so on, and mobile
electronic devices (or portable electronic devices), such as earphones, remote controllers, smartphones, PDAs, tablet
PCs, and so on, may adopt a low-power (approximately 5W or less or approximately 20W or less) wireless charging
method.
[0038] Small-sized/Mid-sized electronic devices, such as laptop computers, robot vacuum cleaners, TV receivers,
audio devices, vacuum cleaners, monitors, and so on, may adopt a mid-power (approximately 50W or less or approxi-
mately 200W or less) wireless charging method. Kitchen appliances, such as mixers, microwave ovens, electric rice
cookers, and so on, and personal transportation devices (or other electric devices or means of transportation), such as
powered wheelchairs, powered kick scooters, powered bicycles, electric cars, and so on may adopt a high-power
(approximately 2kW or less or approximately 22kW or less) wireless charging method.
[0039] Theelectric devicesormeansof transportation,whicharedescribedabove (or shown inFIG.1)mayeach include
awireless power receiver, whichwill hereinafter be described in detail. Therefore, the above-described electric devices or
means of transportationmay be charged (or re-charged) by wirelessly receiving power from awireless power transmitter.
[0040] Hereinafter, although the present disclosure will be described based on a mobile device adopting the wireless
power chargingmethod, this ismerely exemplary. And, therefore, it shall be understood that thewireless chargingmethod
according to the present disclosure may be applied to diverse electronic devices.
[0041] A standard for the wireless power transfer (or transmission) includes awireless power consortium (WPC), an air
fuel alliance (AFA), and a power matters alliance (PMA).
[0042] The WPC standard defines a baseline power profile (BPP) and an extended power profile (EPP). The BPP is
related to a wireless power transmitter and a wireless power receiver supporting a power transfer of 5W, and the EPP is
related to awireless power transmitter andawireless power receiver supporting the transfer of a power rangegreater than
5W and less than 30W.
[0043] Diverse wireless power transmitters and wireless power receivers each using a different power level may be
covered by each standard and may be sorted by different power classes or categories.
[0044] For example, theWPCmay categorize (or sort) thewireless power transmitters and thewireless power receivers
asPC‑1,PC0,PC1,andPC2,and theWPCmayprovideastandarddocument (or specification) for eachpowerclass (PC).
ThePC‑1standard relates towirelesspower transmittersand receiversprovidingaguaranteedpowerof less than5W.The
application of PC‑1 includes wearable devices, such as smart watches.
[0045] ThePC0standard relates towireless power transmitters and receivers providing a guaranteedpower of 5W.The
PC0 standard includes an EPP having a guaranteed power ranges that extends to 30W. Although in-band (IB)
communication corresponds to a mandatory communication protocol of PC0, out-of-band (OB) communication that is
usedasanoptional backupchannelmayalsobeused forPC0. Thewirelesspower receivermaybe identified by settingup
anOBflag,which indicateswhether or not theOB is supported,within a configuration packet. Awireless power transmitter
supporting theOBmay enter anOBhandover phase by transmitting a bit-pattern for anOBhandover as a response to the
configurationpacket. The response to theconfigurationpacketmaycorrespond toanNAK,anND,oran8-bit pattern that is
newly defined. The application of the PC0 includes smartphones.
[0046] The PC1 standard relates to wireless power transmitters and receivers providing a guaranteed power ranging
from 30W to 150W. OB corresponds to a mandatory communication channel for PC1, and IB is used for initialization and
link establishment toOB.Thewirelesspower transmittermayenter anOBhandover phaseby transmitting a bit-pattern for
anOBhandover as a response to the configuration packet. Theapplication of thePC1 includes laptop computers or power
tools.
[0047] The PC2 standard relates to wireless power transmitters and receivers providing a guaranteed power ranging
from 200W to 2kW, and its application includes kitchen appliances.
[0048] As described above, the PCs may be differentiated in accordance with the respective power levels. And,
information onwhether or not the compatibility between the samePCs is supportedmaybeoptional ormandatory.Herein,
the compatibility between the same PCs indicates that power transfer/reception between the same PCs is possible. For
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example, in caseawirelesspower transmitter corresponding toPCx is capable of performing chargingof awirelesspower
receiver having the same PC x, it may be understood that compatibility is maintained between the same PCs. Similarly,
compatibility between different PCsmay also be supported. Herein, the compatibility between different PCs indicates that
power transfer/reception between different PCs is also possible. For example, in case a wireless power transmitter
corresponding to PC x is capable of performing charging of a wireless power receiver having PC y, it may be understood
that compatibility is maintained between the different PCs.
[0049] The support of compatibility between PCs corresponds to an extremely important issue in the aspect of user
experienceandestablishment of infrastructure.Herein, however, diverse problems,whichwill be describedbelow, exist in
maintaining the compatibility between PCs.
[0050] In case of the compatibility between the samePCs, for example, in case of awireless power receiver using a lap-
top charging method, wherein stable charging is possible only when power is continuously transferred, even if its
respectivewireless power transmitter has the samePC, itmay be difficult for the correspondingwireless power receiver to
stably receive power fromawireless power transmitter of the power toolmethod, which transfers power non-continuously.
Additionally, in case of the compatibility between different PCs, for example, in case awireless power transmitter having a
minimum guaranteed power of 200W transfers power to a wireless power receiver having amaximum guaranteed power
of 5W, the corresponding wireless power receiver may be damaged due to an overvoltage. As a result, it may be
inappropriate (or difficult) to use the PS as an index/reference standard representing/indicating the compatibility.
[0051] Wirelesspower transmittersand receiversmayprovideavery convenient userexperienceand interface (UX/UI).
That is, a smart wireless charging servicemay be provided, and the smart wireless charging servicemay be implemented
based on a UXlUI of a smartphone including a wireless power transmitter. For these applications, an interface between a
processor of a smartphone and a wireless charging receiver allows for "drop and play" two-way communication between
the wireless power transmitter and the wireless power receiver.
[0052] As an example, a usermay experience a smart wireless charging service in a hotel.When the user enters a hotel
room and puts a smartphone on a wireless charger in the room, the wireless charger transmits wireless power to the
smartphone and the smartphone receives wireless power. In this process, the wireless charger transmits information on
the smart wireless charging service to the smartphone.When it is detected that the smartphone is located on the wireless
charger, when it is detected that wireless power is received, or when the smartphone receives information on the smart
wireless charging service from the wireless charger, the smartphone enters a state of inquiring the user about agreement
(opt-in) of supplemental features. To this end, the smartphone may display a message on a screen in a manner with or
without an alarm sound. An example of the message may include the phrase "Welcome to ### hotel. Select" Yes" to
activate smart charging functions: Yes | No Thanks." The smartphone receives an input from the user who selects Yes or
No Thanks, and performs a next procedure selected by the user. If Yes is selected, the smartphone transmits
corresponding information to the wireless charger. The smartphone and the wireless charger perform the smart charging
function together.
[0053] The smart wireless charging service may also include receiving WiFi credentials auto-filled. For example, the
wireless charger transmits the WiFi credentials to the smartphone, and the smartphone automatically inputs the WiFi
credentials received from the wireless charger by running an appropriate application.
[0054] The smart wireless charging servicemay also include running a hotel application that provides hotel promotions
or obtaining remote check-in/check-out and contact information.
[0055] As another example, the user may experience the smart wireless charging service in a vehicle. When the user
gets in the vehicle and puts the smartphone on the wireless charger, the wireless charger transmits wireless power to the
smartphone and the smartphone receives wireless power. In this process, the wireless charger transmits information on
the smart wireless charging service to the smartphone.When it is detected that the smartphone is located on the wireless
charger, when wireless power is detected to be received, or when the smartphone receives information on the smart
wireless charging service from the wireless charger, the smartphone enters a state of inquiring the user about checking
identity.
[0056] In this state, thesmartphone isautomatically connected to thevehicle viaWiFi and/orBluetooth.Thesmartphone
maydisplayamessageon the screen in amannerwithorwithout analarmsound.Anexampleof themessagemay include
a phrase of "Welcome to your car. Select "Yes" to synch device with in-car controls: Yes | No Thanks." Upon receiving the
user’s input to select Yes orNoThanks, the smartphone performsa next procedure selected by the user. If Yes is selected,
the smartphone transmits corresponding information to thewireless charger. In addition, the smartphone and thewireless
charger may run an in-vehicle smart control function together by driving in-vehicle application/display software. The user
may enjoy the desired music and check a regular map location. The in-vehicle applications/display software may include
an ability to provide synchronous access for passers-by.
[0057] As another example, the user may experience smart wireless charging at home.When the user enters the room
and puts the smartphone on the wireless charger in the room, the wireless charger transmits wireless power to the
smartphone and the smartphone receives wireless power. In this process, the wireless charger transmits information on
the smart wireless charging service to the smartphone.When it is detected that the smartphone is located on the wireless
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charger, when wireless power is detected to be received, or when the smartphone receives information on the smart
wireless charging service from the wireless charger, the smartphone enters a state of inquiring the user about agreement
(opt-in) of supplemental features. To this end, the smartphone may display a message on the screen in a manner with or
without analarmsound. Anexample of themessagemay include aphrase suchas "Hi xxx,Would you like to activate night
mode and secure the building?: Yes | No Thanks." The smartphone receives a user input to select Yes or No Thanks and
performs a next procedure selected by the user. If Yes is selected, the smartphone transmits corresponding information to
thewirelesscharger.Thesmartphonesand thewirelesschargermay recognizeat least user’s patternand recommend the
user to lock doors and windows, turn off lights, or set an alarm.
[0058] Hereinafter, ’profiles’ will be newly defined based on indexes/reference standards representing/indicating the
compatibility. More specifically, it may be understood that by maintaining compatibility between wireless power trans-
mitters and receivers having the same ’profile’, stable power transfer/reception may be performed, and that power
transfer/reception betweenwireless power transmitters and receivers having different ’profiles’ cannot be performed. The
’profiles’maybedefined in accordancewithwhether or not compatibility is possible and/or theapplication regardless of (or
independent from) the power class.
[0059] For example, the profilemay be sorted into 3 different categories, such as i)Mobile, ii) Power tool and iii) Kitchen.
[0060] For another example, the profile may be sorted into 4 different categories, such as i) Mobile, ii) Power tool, iii)
Kitchen, and iv) Wearable.
[0061] In case of the ‘Mobile’ profile, the PC may be defined as PC0 and/or PC1, the communication protocol/method
may be defined as IB and OB communication, and the operation frequency may be defined as 87 to 205kHz, and
smartphones, laptop computers, and so on, may exist as the exemplary application.
[0062] In case of the ’Power tool’ profile, the PC may be defined as PC1, the communication protocol/method may be
defined as IB communication, and the operation frequency may be defined as 87 to 145kHz, and power tools, and so on,
may exist as the exemplary application.
[0063] In case of the ’Kitchen’ profile, the PC may be defined as PC2, the communication protocol/method may be
defined as NFC-based communication, and the operation frequency may be defined as less than 100kHz, and
kitchen/home appliances, and so on, may exist as the exemplary application.
[0064] In the case of power tools and kitchen profiles, NFC communication may be used between the wireless power
transmitter and the wireless power receiver. The wireless power transmitter and the wireless power receiver may confirm
that they are NFC devices with each other by exchanging WPC NFC data exchange profile format (NDEF).
[0065] FIG. 3B shows an example of a WPC NDEF in a wireless power transfer system.
[0066] Referring to FIG. 3B, the WPC NDEF may include, for example, an application profile field (e.g., 1B), a version
field (e.g., 1B), and profile specific data (e.g., 1B). The application profile field indicateswhether the corresponding device
is i) mobile and computing, ii) power tool, and iii) kitchen, and an upper nibble in the version field indicates amajor version
and a lower nibble indicates a minor version. In addition, profile-specific data defines content for the kitchen.
[0067] In case of the ’Wearable’ profile, the PC may be defined as PC‑1, the communication protocol/method may be
definedas IBcommunication, and theoperation frequencymaybedefinedas87 to205kHz, andwearabledevices that are
worn by the users, and so on, may exist as the exemplary application.
[0068] It may be mandatory to maintain compatibility between the same profiles, and it may be optional to maintain
compatibility between different profiles.
[0069] The above-described profiles (Mobile profile, Power tool profile, Kitchen profile, and Wearable profile) may be
generalized and expressed as first to nth profile, and a new profile may be added/replaced in accordance with the WPC
standard and the exemplary embodiment.
[0070] In case the profile is defined as described above, the wireless power transmitter may optionally perform power
transfer only to the wireless power receiving corresponding to the same profile as the wireless power transmitter, thereby
being capable of performing a more stable power transfer. Additionally, since the load (or burden) of the wireless power
transmitter may be reduced and power transfer is not attempted to a wireless power receiver for which compatibility is not
possible, the risk of damage in the wireless power receiver may be reduced.
[0071] PC1 of the ‘Mobile’ profile may be defined by being derived from an optional extension, such as OB, based on
PC0. And, the ’Power tool’ profile may be defined as a simply modified version of the PC1 ‘Mobile’ profile. Additionally, up
until now, although the profiles have been defined for the purpose of maintaining compatibility between the same profiles,
in the future, the technologymay be evolved to a level ofmaintaining compatibility between different profiles. Thewireless
power transmitter or the wireless power receiver may notify (or announce) its profile to its counterpart by using diverse
methods.
[0072] In the AFA standard, the wireless power transmitter is referred to as a power transmitting unit (PTU), and the
wireless power receiver is referred to as a power receiving unit (PRU). And, the PTU is categorized tomultiple classes, as
shown in Table 1, and the PRU is categorized to multiple classes, as shown in Table 2.
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[Table 1]

PTU PTX_IN_MAX Minimum category support
requirement

Minimum value for a maximum number of
supported devices

Class 1 2W 1x Category 1 1x Category 1

Class 2 10W 1x Category 3 2x Category 2

Class 3 16W 1x Category 4 2x Category 3

Class 4 33W 1x Category 5 3x Category 3

Class 5 50W 1x Category 6 4x Category 3

Class 6 70W 1x Category 7 5x Category 3

[Table 2]

PRU PRX_OUT_MAX’ Exemplary application

Category 1 TBD Bluetooth headset

Category 2 3.5W Feature phone

Category 3 6.5W Smartphone

Category 4 13W Tablet PC, Phablet

Category 5 25W Small form factor laptop

Category 6 37.5W General laptop

Category 7 50W Home appliance

[0073] As shown in Table 1, a maximum output power capability of Class n PTU may be equal to or greater than the
PTX_IN_MAX of the corresponding class. The PRU cannot draw a power that is higher than the power level specified in the
corresponding category.
[0074] FIG. 4a is a block diagram of a wireless power transfer system according to another exemplary embodiment of
the present disclosure.
[0075] Referring to FIG. 4a, the wireless power transfer system (10) includes a mobile device (450), which wirelessly
receives power, and a base station (400), which wirelessly transmits power.
[0076] As a device providing induction power or resonance power, the base station (400) may include at least one of a
wireless power transmitter (100) and a system unit (405). The wireless power transmitter (100) may transmit induction
power or resonance power and may control the transmission. The wireless power transmitter (100) includes a power
conversion unit (110) converting electric energy to a power signal by generating amagnetic field through a primary coil (or
primary coils), and a communications & control unit (120) controlling the communication and power transfer between the
wireless power receiver (200) in order to transfer power at an appropriate (or suitable) level. The system unit (405) may
perform input power provisioning, controlling of multiple wireless power transmitters, and other operation controls of the
base station (400), such as user interface control.
[0077] The primary coil may generate an electromagnetic field by using an alternating current power (or voltage or
current). The primary coil is suppliedwith an alternating current power (or voltage or current) of a specific frequency, which
is beingoutputted from thepower conversionunit (110). And, accordingly, theprimary coilmaygenerateamagnetic field of
the specific frequency. The magnetic field may be generated in a non-radial shape or a radial shape. And, the wireless
power receiver (200) receives the generated magnetic field and then generates an electric current. In other words, the
primary coil wirelessly transmits power.
[0078] In the magnetic induction method, a primary coil and a secondary coil may have randomly appropriate shapes.
For example, the primary coil and the secondary coil may correspond to copper wire being wound around a high-
permeability formation, such as ferrite or a non-crystallinemetal. The primary coil may also be referred to as a transmitting
coil, a primary core, a primary winding, a primary loop antenna, and so on. Meanwhile, the secondary coil may also be
referred toasa receiving coil, a secondary core, a secondarywinding, a secondary loopantenna, apickupantenna, andso
on.
[0079] In caseof using themagnetic resonancemethod, theprimary coil and the secondary coilmayeachbeprovided in
the form of a primary resonance antenna and a secondary resonance antenna. The resonance antenna may have a
resonance structure including a coil and a capacitor. At this point, the resonance frequency of the resonance antennamay
be determined by the inductance of the coil and a capacitance of the capacitor. Herein, the coil may be formed to have a

9

EP 3 745 558 B9

5

10

15

20

25

30

35

40

45

50

55



loopshape.And, a coremaybeplaced inside the loop.Thecoremay includeaphysical core, suchasa ferrite core, or anair
core.
[0080] The energy transmission (or transfer) between the primary resonance antenna and the second resonance
antennamay beperformedby a resonance phenomenonoccurring in themagnetic field.When a near field corresponding
to a resonance frequency occurs in a resonance antenna, and in case another resonance antenna exists near the
corresponding resonance antenna, the resonance phenomenon refers to a highly efficient energy transfer occurring
between the two resonance antennas that are coupled with one another. When a magnetic field corresponding to the
resonance frequency is generated between the primary resonance antenna and the secondary resonance antenna, the
primary resonance antenna and the secondary resonance antenna resonate with one another. And, accordingly, in a
general case, themagnetic field is focused toward the second resonance antenna at a higher efficiency as compared to a
casewhere themagnetic field that isgenerated from theprimaryantenna is radiated toa freespace.And, therefore, energy
may be transferred to the second resonance antenna from the first resonance antenna at a high efficiency. Themagnetic
inductionmethodmay be implemented similarly to themagnetic resonancemethod. However, in this case, the frequency
of the magnetic field is not required to be a resonance frequency. Nevertheless, in the magnetic induction method, the
loops configuring the primary coil and the secondary coil are required tomatch one another, and the distance between the
loops should be very close-ranged.
[0081] Although it is not shown in thedrawing, thewirelesspower transmitter (100)may further includeacommunication
antenna. The communication antenna may transmit and/or receive a communication signal by using a communication
carrier apart from the magnetic field communication. For example, the communication antenna may transmit and/or
receive communication signals corresponding to Wi-Fi, Bluetooth, Bluetooth LE, ZigBee, NFC, and so on.
[0082] The communications & control unit (120) is configured to transmit and receive information to and from the
wireless power receiver (200). The communications & control unit (120) may include at least one of an IB communication
module and an OB communication module.
[0083] The IB communicationmodulemay transmit and/or receive information by using amagnetic wave, which uses a
specific frequency as its center frequency. For example, the communications&control unit (120)mayperform in-band (IB)
communication by transmitting communication information on the operating frequency of wireless power transfer through
the primary coil or by receiving communication information on the operating frequency through the primary coil. At this
point, the communications & control unit (120)may load information in themagnetic wave ormay interpret the information
that is carried by themagnetic wave by using amodulation scheme, such as binary phase shift keying (BPSK), Frequency
Shift Keying(FSK) or amplitude shift keying (ASK), and so on, or a coding scheme, such as Manchester coding or non-
return-to-zero level (NZR-L) coding, and so on. By using the above-described IB communication, the communications &
control unit (120)may transmit and/or receive information todistancesof up to severalmetersat adata transmission rateof
several kbps.
[0084] The OB communication module may also perform out-of-band communication through a communication
antenna. For example, the communications & control unit (120) may be provided to a near field communication module.
Examples of the near field communication module may include communication modules, such as Wi-Fi, Bluetooth,
Bluetooth LE, ZigBee, NFC, and so on.
[0085] The communications & control unit (120) may control the overall operations of the wireless power transmitter
(100). The communications & control unit (120) may perform calculation and processing of diverse information and may
also control each configuration element of the wireless power transmitter (100).
[0086] The communications & control unit (120) may be implemented in a computer or a similar device as hardware,
software, or a combination of the same. When implemented in the form of hardware, the communications & control unit
(120) may be provided as an electronic circuit performing control functions by processing electrical signals. And, when
implemented in the formof software, the communications& control unit (120)maybe provided as a program that operates
the communications & control unit (120).
[0087] By controlling the operating point, the communications & control unit (120) may control the transmitted power.
Theoperating point that is being controlledmay correspond toa combination of a frequency (or phase), a duty cycle, a duty
ratio, and a voltage amplitude. The communications & control unit (120) may control the transmitted power by adjusting
any one of the frequency (or phase), the duty cycle, the duty ratio, and the voltage amplitude. Additionally, the wireless
power transmitter (100)maysupply a consistent level of power, and thewirelesspower receiver (200)maycontrol the level
of received power by controlling the resonance frequency.
[0088] Themobile device (450) includes awireless power receiver (200) receiving wireless power through a secondary
coil, and a load (455) receiving and storing the power that is received by the wireless power receiver (200) and supplying
the received power to the device.
[0089] Thewirelesspower receiver (200) includesapowerpick-upunit (210)andacommunications&control unit (220).
The power pick-up unit (210) may receive wireless power through the secondary coil and may convert the received
wireless power to electric energy. The power pick-up unit (210) rectifies the alternating current (AC) signal, which is
received through the secondary coil, and converts the rectified signal to a direct current (DC) signal. The communications
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& control unit (220) is configured to control the transmission and reception of thewireless power (transfer and reception of
power).
[0090] The secondary coil may receive wireless power that is being transmitted from
[0091] the wireless power transmitter (100). The secondary coil may receive power by using the magnetic field that is
generated in the primary coil. Herein, in case the specific frequency corresponds a resonance frequency, magnetic
resonance may occur between the primary coil and the secondary coil, thereby allowing power to be transferred with
greater efficiency.
[0092] Although it is not shown in FIG. 4a, the communications& control unit (220)may further include a communication
antenna. The communication antenna may transmit and/or receive a communication signal by using a communication
carrier apart from the magnetic field communication. For example, the communication antenna may transmit and/or
receive communication signals corresponding to Wi-Fi, Bluetooth, Bluetooth LE, ZigBee, NFC, and so on.
[0093] The communications & control unit (220) is configured to transmit and/or receive information to and from the
wireless power transmitter (100). The communications & control unit (220) may include at least one of an IB commu-
nication module and an OB communication module.
[0094] The IB communicationmodulemay transmit and/or receive information by using amagnetic wave, which uses a
specific frequency as its center frequency. For example, the communications & control unit (220) may perform IB
communication by loading information in the magnetic wave and by transmitting the information through the secondary
coil or by receiving amagnetic wave carrying information through the secondary coil. At this point, the communications &
control unit (120)may load information in themagneticwaveormay interpret the information that is carriedby themagnetic
wavebyusingamodulationscheme,suchasbinaryphaseshift keying (BPSK),FrequencyShiftKeying(FSK)oramplitude
shift keying (ASK), and soon, or a coding scheme, suchasManchester codingor non-return-to-zero level (NZR-L) coding,
and so on. By using the above-described IB communication, the communications & control unit (220)may transmit and/or
receive information to distances of up to several meters at a data transmission rate of several kbps.
[0095] The OB communication module may also perform out-of-band communication through a communication
antenna. For example, the communications & control unit (220) may be provided to a near field communication module.
[0096] Examples of the near field communication module may include communication modules, such as Wi-Fi,
Bluetooth, Bluetooth LE, ZigBee, NFC, and so on.
[0097] The communications & control unit (220)may control the overall operations of thewireless power receiver (200).
The communications & control unit (220) may perform calculation and processing of diverse information and may also
control each configuration element of the wireless power receiver (200).
[0098] The communications & control unit (220) may be implemented in a computer or a similar device as hardware,
software, or a combination of the same. When implemented in the form of hardware, the communications & control unit
(220) may be provided as an electronic circuit performing control functions by processing electrical signals. And, when
implemented in the formof software, the communications& control unit (220)maybe provided as a program that operates
the communications & control unit (220).
[0099] When the communication/control circuit 120 and the communication/control circuit 220 are Bluetooth or Blue-
tooth LEasanOBcommunicationmodule or a short-range communicationmodule, the communication/control circuit 120
and the communication/control circuit 220may each be implemented and operatedwith a communication architecture as
shown in FIG. 4B.
[0100] FIG. 4B is a diagram illustrating an example of a Bluetooth communication architecture to which an embodiment
according to the present disclosure may be applied.
[0101] Referring to FIG. 4B, (a) of FIG. 4B shows an example of a protocol stack of Bluetooth basic rate (BR)/enhanced
data rate (EDR) supporting GATT, and (b) shows an example of Bluetooth low energy (BLE) protocol stack.
[0102] Specifically, as shown in (a) of FIG. 4B, the Bluetooth BR/EDRprotocol stackmay include an upper control stack
460 and a lower host stack 470 based on a host controller interface (HCl) 18.
[0103] Thehost stack (orhostmodule)470 refers tohardware for transmittingor receivingaBluetoothpacket toor froma
wireless transmission/reception module which receives a Bluetooth signal of 2.4 GHz, and the controller stack 460 is
connected to the Bluetooth module to control the Bluetooth module and perform an operation.
[0104] Thehost stack 470may include aBR/EDRPHY layer 12, aBR/EDRbaseband layer 14, anda linkmanager layer
16.
[0105] The BR/EDRPHY layer 12 is a layer that transmits and receives a 2.4 GHz radio signal, and in the case of using
Gaussian frequency shift keying (GFSK) modulation, the BR/EDR PHY layer 12 may transmit data by hopping 79 RF
channels.
[0106] TheBR/EDRbaseband layer 14 serves to transmit a digital signal, selects a channel sequence for hopping 1400
times per second, and transmits a time slot with a length of 625 us for each channel.
[0107] The link manager layer 16 controls an overall operation (link setup, control, security) of Bluetooth connection by
utilizing a link manager protocol (LMP).
[0108] The link manager layer 16 may perform the following functions.
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- Performs ACL/SCO logical transport, logical link setup, and control.
- Detach: It interrupts connection and informs a counterpart device about a reason for the interruption.
- Performs power control and role switch.
- Performs security (authentication, pairing, encryption) function.

[0109] Thehost controller interface layer18providesan interfacebetweenahostmoduleandacontrollermoduleso that
a host provides commands and data to the controller and the controller provides events and data to the host.
[0110] The host stack (or host module, 470) includes a logical link control and adaptation protocol (L2CAP) 21, an
attribute protocol 22, a generic attribute profile (GATT) 23, a generic access profile (GAP) 24, and a BR/EDR profile 25.
[0111] The logical link control andadaptationprotocol (L2CAP)21mayprovideonebidirectional channel for transmitting
data to a specific protocol or profile.
[0112] The L2CAP 21 may multiplex various protocols, profiles, etc., provided from upper Bluetooth.
[0113] L2CAP of Bluetooth BR/EDR uses dynamic channels, supports protocol service multiplexer, retransmission,
streaming mode, and provides segmentation and reassembly, per-channel flow control, and error control.
[0114] Thegeneric attribute profile (GATT) 23maybeoperableas aprotocol that describeshow theattribute protocol 22
is used when services are configured. For example, the generic attribute profile 23 may be operable to specify how ATT
attributes are grouped together into services and may be operable to describe features associated with services.
[0115] Accordingly, the generic attribute profile 23 and the attribute protocols (ATT) 22 may use features to describe
device’s state and services, how features are related to each other, and how they are used.
[0116] The attribute protocol 22 and the BR/EDR profile 25 define a service (profile) using Bluetooth BR/EDR and an
application protocol for exchanging these data, and the generic access profile (GAP) 24 defines device discovery,
connectivity, and security level.
[0117] As shown in (b) of FIG. 4B, the Bluetooth LE protocol stack includes a controller stack 480 operable to process a
wireless device interface important in timing and a host stack 490 operable to process high level data.
[0118] First, the controller stack 480may be implemented using a communicationmodule that may include a Bluetooth
wireless device, for example, a processor module that may include a processing device such as a microprocessor.
[0119] The host stack 490may be implemented as a part of anOS running on a processormodule or as an instantiation
of a package on the OS.
[0120] In somecases, the controller stackand thehost stackmaybe runor executedon the sameprocessing device in a
processor module.
[0121] The controller stack 480 includes a physical layer (PHY) 32, a link layer 34, and a host controller interface 36.
[0122] The physical layer (PHY, wireless transmission/receptionmodule) 32 is a layer that transmits and receives a 2.4
GHz radio signal and uses Gaussian frequency shift keying (GFSK) modulation and a frequency hopping scheme
including 40 RF channels.
[0123] The link layer 34, which serves to transmit or receive Bluetooth packets, creates connections between devices
after performing advertising and scanning functions using 3 advertising channels and provides a function of exchanging
data packets of up to 257 bytes through 37 data channels.
[0124] The host stack includes a generic access profile (GAP) 45, a logical link control and adaptation protocol (L2CAP,
41), a securitymanager (SM)42, andanattribute protocol (ATT)43, a generic attribute profile (GATT)44, a generic access
profile 45, and an LE profile 46. However, the host stack 490 is not limited thereto and may include various protocols and
profiles.
[0125] The host stack multiplexes various protocols, profiles, etc., provided from upper Bluetooth using L2CAP.
[0126] First, the logical link control and adaptation protocol (L2CAP) 41 may provide one bidirectional channel for
transmitting data to a specific protocol or profile.
[0127] The L2CAP 41 may be operable to multiplex data between higher layer protocols, segment and reassemble
packages, and manage multicast data transmission.
[0128] In Bluetooth LE, three fixed channels (one for signaling CH, one for security manager, and one for attribute
protocol) are basically used. Also, a dynamic channel may be used as needed.
[0129] Meanwhile, a basic channel/enhanced data rate (BR/EDR) uses a dynamic channel and supports protocol
service multiplexer, retransmission, streaming mode, and the like.
[0130] The security manager (SM) 42 is a protocol for authenticating devices and providing key distribution.
[0131] The attribute protocol (ATT) 43 defines a rule for accessing data of a counterpart device in a server-client
structure. The ATT has the following 6 message types (request, response, command, notification, indication, confirma-
tion).

① Request and Response message: A request message is a message for requesting specific information from the
client device to theserver device, and the responsemessage isa responsemessage to the requestmessage,which is
a message transmitted from the server device to the client device.
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② Command message: It is a message transmitted from the client device to the server device in order to indicate a
command of a specific operation. The server device does not transmit a response with respect to the command
message to the client device.

③ Notification message: It is a message transmitted from the server device to the client device in order to notify an
event, or the like. The client device does not transmit a confirmationmessagewith respect to the notificationmessage
to the server device.

④ Indicationandconfirmationmessage: It is amessage transmitted from theserver device to the client device inorder
to notify an event, or the like. Unlike the notification message, the client device transmits a confirmation message
regarding the indication message to the server device.

[0132] In the present disclosure, when theGATTprofile using the attribute protocol (ATT) 43 requests long data, a value
regarding a data length is transmitted to allow a client to clearly know the data length, and a characteristic value may be
received from a server by using a universal unique identifier (UUID).
[0133] Thegeneric accessprofile (GAP)45, a layernewly implemented for theBluetoothLE technology, isused toselect
a role for communication between Bluetooth LED devices and to control how a multi-profile operation takes place.
[0134] Also, the generic access profile (GAP) 45 is mainly used for device discovery, connection generation, and
security procedure part, defines a scheme for providing information to a user, and defines types of attributes as follows.

① Service: It defines a basic operation of a device by a combination of behaviors related to data

② Include: It defines a relationship between services

③ Characteristics: It is a data value used in a server

④ Behavior: It is a format that may be read by a computer defined by a UUID (value type).

[0135] TheLEprofile46, includingprofilesdependent upon theGATT, ismainlyapplied toaBluetoothLEdevice. TheLE
profile 46 may include, for example, Battery, Time, FindMe, Proximity, Time, Object Delivery Service, and the like, and
details of the GATT-based profiles are as follows.

① Battery: Battery information exchanging method

② Time: Time information exchanging method

③ FindMe: Provision of alarm service according to distance

④ Proximity: Battery information exchanging method

⑤ Time: Time information exchanging method

[0136] Thegenericattributeprofile (GATT)44mayoperateasaprotocol describinghow theattributeprotocol (ATT)43 is
used when services are configured. For example, the GATT 44 may operate to define how ATTattributes are grouped
together with services and operate to describe features associated with services.
[0137] Thus, the GATT 44 and the ATT 43 may use features in order to describe status and services of a device and
describe how the features are related and used.
[0138] Hereinafter, procedures of the Bluetooth low energy (BLE) technology will be briefly described.
[0139] The BLE procedure may be classified as a device filtering procedure, an advertising procedure, a scanning
procedure, a discovering procedure, and a connecting procedure.

Device Filtering Procedure

[0140] Thedevicefilteringprocedure isamethod for reducing thenumberof devicesperforminga responsewith respect
to a request, indication, notification, and the like, in the controller stack.
[0141] When requests are received from all the devices, it is not necessary to respond thereto, and thus, the controller
stack may perform control to reduce the number of transmitted requests to reduce power consumption.
[0142] Anadvertising device or scanning devicemay perform the device filtering procedure to limit devices for receiving
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an advertising packet, a scan request or a connection request.
[0143] Here, the advertising device refers to a device transmitting an advertising event, that is, a device performing an
advertisement and is also termed an advertiser.
[0144] The scanning device refers to a device performing scanning, that is, a device transmitting a scan request.
[0145] In theBLE, inacase inwhich the scanningdevice receives someadvertisingpackets from theadvertisingdevice,
the scanning device should transmit a scan request to the advertising device.
[0146] However, inacase inwhichadevicefilteringprocedure isusedsoascan request transmission isnot required, the
scanning device may disregard the advertising packets transmitted from the advertising device.
[0147] Even in a connection request process, the device filtering procedure may be used. In a case in which device
filtering is used in the connection request process, it is not necessary to transmit a responsewith respect to the connection
request by disregarding the connection request.

Advertising Procedure

[0148] The advertising device performs an advertising procedure to perform undirected broadcast to devices within a
region.
[0149] Here, the undirected broadcast is advertising toward all the devices, rather than broadcast toward a specific
device, and all the devices may scan advertising to make an supplemental information request or a connection request.
[0150] In contrast, directed advertising may make an supplemental information request or a connection request by
scanning advertising for only a device designated as a reception device.
[0151] The advertising procedure is used to establish a Bluetooth connection with an initiating device nearby.
[0152] Or, the advertising procedure may be used to provide periodical broadcast of user data to scanning devices
performing listening in an advertising channel.
[0153] In the advertising procedure, all the advertisements (or advertising events) are broadcast through an adver-
tisement physical channel.
[0154] The advertising devices may receive scan requests from listening devices performing listening to obtain
additional user data from advertising devices. The advertising devices transmit responses with respect to the scan
requests to the deviceswhich have transmitted the scan requests, through the same advertising physical channels as the
advertising physical channels in which the scan requests have been received.
[0155] Broadcast user data sent as part of advertising packets are dynamic data, while the scan response data is
generally static data.
[0156] The advertisement device may receive a connection request from an initiating device on an advertising
(broadcast) physical channel. If the advertising device has used a connectable advertising event and the initiating device
has not been filtered according to the device filtering procedure, the advertising device may stop advertising and enter a
connected mode. The advertising device may start advertising after the connected mode.

Scanning Procedure

[0157] A device performing scanning, that is, a scanning device performs a scanning procedure to listen to undirected
broadcasting of user data from advertising devices using an advertising physical channel.
[0158] Thescanningdevice transmits a scan request toanadvertisingdevice throughanadvertisingphysical channel in
order to request additional data from the advertising device. The advertising device transmits a scan response as a
response with respect to the scan request, by including additional user data which has requested by the scanning device
through an advertising physical channel.
[0159] The scanning procedure may be used while being connected to other BLE device in the BLE piconet.
[0160] If the scanning device is in an initiator mode in which the scanning device may receive an advertising event and
initiates a connection request. The scanning device may transmit a connection request to the advertising device through
the advertising physical channel to start a Bluetooth connection with the advertising device.
[0161] When the scanning device transmits a connection request to the advertising device, the scanning device stops
the initiator mode scanning for additional broadcast and enters the connected mode.

Discovering Procedure

[0162] Devices available for Bluetooth communication (hereinafter, referred to as "Bluetooth devices") perform an
advertisingprocedureandascanningprocedure inorder todiscoverdevices locatednearbyor inorder tobediscoveredby
other devices within a given area.
[0163] The discovering procedure is performed asymmetrically. A Bluetooth device intending to discover other device
nearby is termed a discovering device, and listens to discover devices advertising an advertising event that may be
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scanned. A Bluetooth device whichmay be discovered by other device and available to be used is termed a discoverable
device and positively broadcasts an advertising event such that it may be scanned by other device through an advertising
(broadcast) physical channel.
[0164] Both the discovering device and the discoverable devicemay have already been connectedwith other Bluetooth
devices in a piconet.

Connecting Procedure

[0165] A connecting procedure is asymmetrical, and requests that, while a specific Bluetooth device is performing an
advertising procedure, another Bluetooth device should perform a scanning procedure.
[0166] That is, anadvertisingproceduremaybeaimed,andasa result, only onedevicemay response to theadvertising.
After a connectable advertising event is received from an advertising device, a connecting request may be transmitted to
the advertising device through an advertising (broadcast) physical channel to initiate connection.
[0167] Hereinafter, operational states, that is, an advertising state, a scanning state, an initiating state, and aconnection
state, in the BLE technology will be briefly described.

Advertising State

[0168] A link layer (LL) enters an advertising state according to an instruction from a host (stack). In a case in which the
LL is in the advertising state, the LL transmits an advertising packet data unit (PDU) in advertising events.
[0169] Each of the advertising events include at least one advertising PDU, and the advertising PDU is transmitted
throughanadvertising channel index in use.After the advertisingPDU is transmitted throughanadvertising channel index
in use, theadvertisingeventmaybe terminated, or in a case inwhich theadvertisingdevicemayneed to secureaspace for
performing other function, the advertising event may be terminated earlier.

Scanning State

[0170] The LL enters the scanning state according to an instruction from the host (stack). In the scanning state, the LL
listens to advertising channel indices.
[0171] The scanning state includes two types: passive scanning and active scanning. Each of the scanning types is
determined by the host.
[0172] Time for performing scanning or an advertising channel index are not defined.
[0173] During the scanning state, the LL listens to an advertising channel index in a scan window duration. A scan
interval is defined as an interval between start points of two continuous scan windows.
[0174] When there is no collision in scheduling, the LL should listen in order to complete all the scan intervals of the scan
window as instructed by the host. In each scan window, the LL should scan other advertising channel index. The LL uses
every available advertising channel index.
[0175] In the passive scanning, the LL only receives packets and cannot transmit any packet.
[0176] In the active scanning, the LL performs listening in order to be relied on an advertising PDU type for requesting
advertising PDUs and advertising device-related supplemental information from the advertising device.

Initiating State

[0177] The LL enters the initiating state according to an instruction from the host (stack).
[0178] When the LL is in the initiating state, the LL performs listening on advertising channel indices.
[0179] During the initiating state, the LL listens to an advertising channel index during the scan window interval.

Connection State

[0180] When the device performing a connection state, that is, when the initiating device transmits a CONNECT_REQ
PDU to the advertising device or when the advertising device receives aCONNECT_REQPDU from the initiating device,
the LL enters a connection state.
[0181] It is considered that a connection is generated after the LL enters the connection state. However, it is not
necessary to consider that the connection should be established at a point in time at which the LL enters the connection
state. The only difference between a newly generated connection and an already established connection is a LL
connection supervision timeout value.
[0182] When two devices are connected, the two devices play different roles.
[0183] AnLLservingasamaster is termedamaster, andanLLservingasaslave is termedaslave.Themaster adjustsa

15

EP 3 745 558 B9

5

10

15

20

25

30

35

40

45

50

55



timing of a connecting event, and the connecting event refers to a point in time at which the master and the slave are
synchronized.
[0184] Hereinafter, packets defined in anBluetooth interfacewill be briefly described. BLE devices use packets defined
as follows.

Packet Format

[0185] The LL has only one packet format used for both an advertising channel packet and a data channel packet.
[0186] Each packet includes four fields of a preamble, an access address, a PDU, and a CRC.
[0187] Whenonepacket is transmitted in anadvertisingphysical channel, thePDUmaybeanadvertising channelPDU,
and when one packet is transmitted in a data physical channel, the PDU may be a data channel PDU.

Advertising Channel PDU

[0188] An advertising channel PDU has a 16-bit header and payload having various sizes.
[0189] A PDU type field of the advertising channel PDU included in the heater indicates PDU types defined in Table 3
below.

[Table 3]

PDU Type Packet Name

0000 ADV_IND

0001 ADV_DIRECT_IND

0010 ADV_NONCONN_IND

0011 SCAN_REQ

0100 SCAN_RSP

0101 CONNECT_REQ

0110 ADV_SCAN_IND

0111‑1111 Reserved

Advertising PDU

[0190] The following advertising channel PDU types are termed advertising PDUs and used in a specific event.

ADV _IND: Connectable undirected advertising event
ADV_DIRECT_IND: Connectable directed advertising event
ADV_NONCONN_IND: Unconnectable undirected advertising event
ADV_SCAN_IND: Scannable undirected advertising event

[0191] The PDUs are transmitted from the LL in an advertising state, and received by the LL in a scanning state or in an
initiating state.

Scanning PDU

[0192] The following advertising channel DPU types are termed scanning PDUs and are used in a state described
hereinafter.
[0193] SCAN_REQ: Transmitted by the LL in a scanning state and received by the LL in an advertising state.
[0194] SCAN_RSP: Transmitted by the LL in the advertising state and received by the LL in the scanning state.

Initiating PDU

[0195] The following advertising channel PDU type is termed an initiating PDU.
[0196] CONNECT_REQ: Transmitted by the LL in the initiating state and received by the LL in the advertising state.
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Data Channel PDU

[0197] The data channel PDU may include a message integrity check (MIC) field having a 16-bit header and payload
having various sizes.
[0198] The procedures, states, and packet formats in the BLE technology discussed above may be applied to perform
the methods proposed in the present disclosure.
[0199] Referring to FIG. 4a, The load (455) may correspond to a battery. The battery may store energy by using the
power that is being outputted from the power pick-up unit (210). Meanwhile, the battery is not mandatorily required to be
included in themobiledevice (450). Forexample, thebatterymaybeprovidedasadetachableexternal feature.Asanother
example, thewirelesspower receivermay includeanoperatingmeans thatmayexecutediverse functionsof theelectronic
device instead of the battery.
[0200] As shown in the drawing, although the mobile device (450) is illustrated to be included in the wireless power
receiver (200) and the base station (400) is illustrated to be included in the wireless power transmitter (100), in a broader
meaning, the wireless power receiver (200) may be identified (or regarded) as the mobile device (450), and the wireless
power transmitter (100) may be identified (or regarded) as the base station (400).
[0201] When the communication/control circuit 120 and the communication/control circuit 220 include Bluetooth or
Bluetooth LE as an OB communication module or a short-range communication module in addition to the IB commu-
nication module, the wireless power transmitter 100 including the communication/control circuit 120 and the wireless
power receiver 200 including the communication/control circuit 220 may be represented by a simplified block diagram as
shown in FIG. 4C.
[0202] FIG. 4C is a block diagram illustrating a wireless power transfer system using BLE communication according to
an example.
[0203] Referring to FIG. 4C, the wireless power transmitter 100 includes a power conversion circuit 110 and a
communication/control circuit 120. The communication/control circuit 120 includes an in-band communication module
121 and a BLE communication module 122.
[0204] Meanwhile, the wireless power receiver 200 includes a power pickup circuit 210 and a communication/control
circuit 220. The communication/control circuit 220 includes an in-band communication module 221 and a BLE commu-
nication module 222.
[0205] In oneaspect, theBLEcommunicationmodules122and222perform thearchitectureandoperationaccording to
FIG. 4B. For example, the BLE communicationmodules 122 and 222may be used to establish a connection between the
wireless power transmitter 100 and the wireless power receiver 200 and exchange control information and packets
necessary for wireless power transfer.
[0206] In another aspect, the communication/control circuit 120 may be configured to operate a profile for wireless
charging. Here, the profile for wireless charging may be GATT using BLE transmission.
[0207] FIG. 4D is a block diagram illustrating a wireless power transfer system using BLE communication according to
another example.
[0208] Referring to FIG. 4D, the communication/control circuits 120 and 220 respectively include only in-band
communication modules 121 and 221, and the BLE communication modules 122 and 222 may be provided to be
separated from the communication/control circuits 120 and 220.
[0209] Hereinafter, the coil or coil unit includes a coil and at least one device being approximate to the coil, and the coil or
coil unit may also be referred to as a coil assembly, a coil cell, or a cell.
[0210] FIG. 5 is a state transition diagram for describing a wireless power transfer procedure.
[0211] Referring to FIG. 5, the power transfer (or transfer) from the wireless power transmitter to the wireless power
receiver according to an exemplary embodiment of the present disclosure may be broadly divided into a selection phase
(510), a ping phase (520), an identification and configuration phase (530), a negotiation phase (540), a calibration phase
(550), a power transfer phase (560), and a renegotiation phase (570).
[0212] If a specific error or a specific event is detectedwhen thepower transfer is initiatedorwhilemaintaining thepower
transfer, the selection phase (510) may include a shifting phase (or step) - reference numerals S502, S504, S508, S510,
and S512. Herein, the specific error or specific event will be specified in the following description. Additionally, during the
selectionphase (510), thewirelesspower transmittermaymonitorwhetherornotanobject existsonan interfacesurface. If
the wireless power transmitter detects that an object is placed on the interface surface, the process stepmay be shifted to
theping phase (520).During the selection phase (510), thewireless power transmittermay transmit an analogpinghaving
a power signal(or a pulse) corresponding to an extremely short duration, and may detect whether or not an object exists
within an active area of the interface surface based on a current change in the transmitting coil or the primary coil.
[0213] In case an object is sensed (or detected) in the selection phase (510), the wireless power transmitter may
measure a quality factor of a wireless power resonance circuit (e.g., power transfer coil and/or resonance capacitor).
According to the exemplary embodiment of the present disclosure, during the selection phase (510), the wireless power
transmittermaymeasure the quality factor in order to determinewhether or not a foreign object exists in the charging area
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along with the wireless power receiver. In the coil that is provided in the wireless power transmitter, inductance and/or
components of the series resistance may be reduced due to a change in the environment, and, due to such decrease, a
value of the quality factor may also be decreased. In order to determine the presence or absence of a foreign object by
using the measured quality factor value, the wireless power transmitter may receive from the wireless power receiver a
referencequality factor value,which ismeasured inadvance inastatewhereno foreignobject isplacedwithin thecharging
area. The wireless power transmitter may determine the presence or absence of a foreign object by comparing the
measured quality factor valuewith the reference quality factor value,which is received during the negotiation phase (540).
However, in case of a wireless power receiver having a low reference quality factor value - e.g., depending upon its type,
purpose, characteristics, and so on, the wireless power receiver may have a low reference quality factor value - in case a
foreign object exists, since the difference between the reference quality factor value and themeasured quality factor value
is small (or insignificant), a problem may occur in that the presence of the foreign object cannot be easily determined.
Accordingly, in this case, other determination factors should be further considered, or the present or absence of a foreign
object should be determined by using another method.
[0214] According to another exemplary embodiment of the present disclosure, in case an object is sensed (or detected)
in the selection phase (510), in order to determinewhether or not a foreign object exists in the charging area alongwith the
wireless power receiver, the wireless power transmitter may measure the quality factor value within a specific frequency
area (e.g., operation frequency area). In the coil that is provided in the wireless power transmitter, inductance and/or
components of the series resistancemay be reduced due to a change in the environment, and, due to such decrease, the
resonance frequency of the coil of the wireless power transmitter may be changed (or shifted). More specifically, a quality
factor peak frequency that corresponds to a frequency in which a maximum quality factor value is measured within the
operation frequency band may be moved (or shifted).
[0215] In the ping phase (520), if the wireless power transmitter detects the presence of an object, the transmitter
activates (or Wakes up) a receiver and transmits a digital ping for identifying whether or not the detected object
corresponds to the wireless power receiver. During the ping phase (520), if the wireless power transmitter fails to receive
a response signal for the digital ping - e.g., a signal intensity packet - from the receiver, the processmay be shifted back to
the selection phase (510). Additionally, in the ping phase (520), if the wireless power transmitter receives a signal
indicating the completion of the power transfer-e.g., charging complete packet - from the receiver, the process may be
shifted back to the selection phase (510).
[0216] If the ping phase (520) is completed, the wireless power transmitter may shift to the identification and
configuration phase (530) for identifying the receiver and for collecting configuration and status information.
[0217] In the identificationand configuration phase (530), if thewirelesspower transmitter receives anunwantedpacket
(i.e., unexpectedpacket), or if thewirelesspower transmitter fails to receiveapacket duringapredeterminedperiodof time
(i.e., out of time), or if a packet transmission error occurs (i.e., transmission error), or if a power transfer contract is not
configured (i.e., no power transfer contract), the wireless power transmitter may shift to the selection phase (510).
[0218] The wireless power transmitter may confirm (or verify) whether or not its entry to the negotiation phase (540) is
needed based on a Negotiation field value of the configuration packet, which is received during the identification and
configuration phase (530). Based on the verified result, in case a negotiation is needed, the wireless power transmitter
enters the negotiation phase (540) andmay then perform a predetermined FODdetection procedure. Conversely, in case
a negotiation is not needed, the wireless power transmitter may immediately enter the power transfer phase (560).
[0219] In the negotiation phase (540), the wireless power transmitter may receive a Foreign Object Detection (FOD)
status packet that includes a reference quality factor value. Or, the wireless power transmitter may receive an FOD status
packet that includes a reference peak frequency value. Alternatively, the wireless power transmitter may receive a status
packet that includesa referencequality factor valueanda referencepeak frequencyvalue.At thispoint, thewirelesspower
transmitter may determine a quality coefficient threshold value for FO detection based on the reference quality factor
value. The wireless power transmitter may determine a peak frequency threshold value for FO detection based on the
reference peak frequency value.
[0220] The wireless power transmitter may detect the presence or absence of an FO in the charging area by using the
determined quality coefficient threshold value for FO detection and the currently measured quality factor value (i.e., the
quality factor value that was measured before the ping phase), and, then, the wireless power transmitter may control the
transmitted power in accordancewith the FOdetection result. For example, in case the FO is detected, the power transfer
may be stopped. However, the present disclosure will not be limited only to this.
[0221] The wireless power transmitter may detect the presence or absence of an FO in the charging area by using the
determined peak frequency threshold value for FO detection and the currently measured peak frequency value (i.e., the
peak frequencyvalue thatwasmeasuredbefore thepingphase), and, then, thewirelesspower transmittermaycontrol the
transmitted power in accordancewith the FOdetection result. For example, in case the FO is detected, the power transfer
may be stopped. However, the present disclosure will not be limited only to this.
[0222] In case theFO is detected, thewireless power transmittermay return to the selection phase (510). Conversely, in
case the FO is not detected, the wireless power transmitter may proceed to the calibration phase (550) and may, then,
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enter the power transfer phase (560).More specifically, in case the FO is not detected, thewireless power transmittermay
determine the intensity of the received power that is received by the receiving end during the calibration phase (550) and
maymeasurepower loss in the receivingendand the transmittingend inorder todetermine the intensityof thepower that is
transmitted from the transmitting end. In other words, during the calibration phase (550), the wireless power transmitter
mayestimate thepower lossbasedonadifferencebetween the transmittedpowerof the transmittingendand the received
power of the receiving end. The wireless power transmitter according to the exemplary embodiment of the present
disclosure may calibrate the threshold value for the FOD detection by applying the estimated power loss.
[0223] In the power transfer phase (560), in case the wireless power transmitter receives an unwanted packet (i.e.,
unexpected packet), or in case the wireless power transmitter fails to receive a packet during a predetermined period of
time (i.e., timeout), or in case a violation of a predetermined power transfer contract occurs (i.e., power transfer contract
violation), or in case charging is completed, the wireless power transmitter may shift to the selection phase (510).
[0224] Additionally, in the power transfer phase (560), in case the wireless power transmitter is required to reconfigure
the power transfer contract in accordance with a status change in the wireless power transmitter, the wireless power
transmitter may shift to the renegotiation phase (570). At this point, if the renegotiation is successfully completed, the
wireless power transmitter may return to the power transfer phase (560).
[0225] In thisembodiment, thecalibrationstep550and thepower transferphase560aredivided into separatesteps,but
the calibration step 550maybe integrated into thepower transfer phase560. In this case, operations in the calibration step
550 may be performed in the power transfer phase 560.
[0226] The above-described power transfer contract may be configured based on the status and characteristic
information of thewireless power transmitter and receiver. For example, thewireless power transmitter status information
may include information on a maximum amount of transmittable power, information on a maximum number of receivers
that may be accommodated, and so on. And, the receiver status information may include information on the required
power, and so on.
[0227] FIG. 6 shows a power control method according to an exemplary embodiment of the present disclosure.
[0228] As shown in FIG. 6, in the power transfer phase (560), by alternating the power transfer and/or reception and
communication, the wireless power transmitter (100) and the wireless power receiver (200) may control the amount (or
size) of the power that is being transferred. The wireless power transmitter and the wireless power receiver operate at a
specificcontrol point. Thecontrol point indicatesacombinationof thevoltageand theelectric current thatareprovided from
the output of the wireless power receiver, when the power transfer is performed.
[0229] More specifically, the wireless power receiver selects a desired control point, a desired output current/voltage, a
temperature at a specific location of the mobile device, and so on, and additionally determines an actual control point at
which the receiver is currently operating. Thewireless power receiver calculates a control error value by using the desired
control point and the actual control point, and, then, the wireless power receiver may transmit the calculated control error
value to the wireless power transmitter as a control error packet.
[0230] Also, thewirelesspower transmittermayconfigure/control anewoperatingpoint - amplitude, frequency, andduty
cycle - by using the received control error packet, so as to control the power transfer. Therefore, the control error packet
may be transmitted/received at a constant time interval during the power transfer phase, and, according to the exemplary
embodiment, in case thewireless power receiver attempts to reduce the electric current of the wireless power transmitter,
the wireless power receiver may transmit the control error packet by setting the control error value to a negative number.
And, in case the wireless power receiver intends to increase the electric current of the wireless power transmitter, the
wireless power receiver transmit the control error packet by setting the control error value to a positive number. During the
inductionmode, by transmitting the control error packet to thewireless power transmitter as described above, thewireless
power receiver may control the power transfer.
[0231] In the resonance mode, which will hereinafter be described in detail, the device may be operated by using a
method that is different from the induction mode. In the resonance mode, one wireless power transmitter should be
capable of serving a plurality of wireless power receivers at the same time. However, in case of controlling the power
transfer just as in the induction mode, since the power that is being transferred is controlled by a communication that is
established with one wireless power receiver, it may be difficult to control the power transfer of additional wireless power
receivers. Therefore, in the resonance mode according to the present disclosure, a method of controlling the amount of
power that is being received by having thewireless power transmitter commonly transfer (or transmit) the basic power and
byhaving thewireless power receiver control its own resonance frequency.Nevertheless, evenduring theoperation of the
resonance mode, the method described above in FIG. 6 will not be completely excluded. And, additional control of the
transmitted power may be performed by using the method of FIG. 6.
[0232] FIG. 7 is a block diagram of a wireless power transmitter according to another exemplary embodiment of the
present disclosure. Thismay belong to awireless power transfer system that is being operated in themagnetic resonance
mode or the shared mode. The shared mode may refer to a mode performing a several-for-one (or one-to-many)
communication and charging between the wireless power transmitter and the wireless power receiver. The shared mode
may be implemented as a magnetic induction method or a resonance method.
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[0233] Referring to FIG. 7, the wireless power transmitter (700) may include at least one of a cover (720) covering a coil
assembly, a power adapter (730) supplying power to the power transmitter (740), a power transmitter (740) transmitting
wireless power, and a user interface (750) providing information related to power transfer processing and other related
information. Most particularly, the user interface (750) may be optionally included or may be included as another user
interface (750) of the wireless power transmitter (700).
[0234] The power transmitter (740) includes a coil assembly (760), an impedance matching circuit (770), an inverter
(780), a communication unit (790), and a control unit (710).
[0235] The coil assembly (760) includes at least one primary coil generating a magnetic field. And, the coil assembly
(760) may also be referred to as a coil cell.
[0236] The impedance matching circuit (770) may provide impedance matching between the inverter and the primary
coil(s). The impedance matching circuit (770) may generate resonance from a suitable frequency that boosts the electric
current of the primary coil(s). In a multi-coil power transmitter (740), the impedance matching circuit may additionally
include a multiplex that routes signals from the inverter to a subset of the primary coils. The impedance matching circuit
may also be referred to as a tank circuit.
[0237] The impedancematching circuit (770)may include a capacitor, an inductor, and a switching device that switches
the connection between the capacitor and the inductor. The impedance matching may be performed by detecting a
reflective wave of the wireless power that is being transferred (or transmitted) through the coil assembly (760) and by
switching the switching device based on the detected reflective wave, thereby adjusting the connection status of the
capacitor or the inductor or adjusting the capacitance of the capacitor or adjusting the inductance of the inductor. In some
cases, the impedance matching may be carried out even though the impedance matching circuit (770) is omitted. This
specification also includes an exemplary embodiment of the wireless power transmitter (700), wherein the impedance
matching circuit (770) is omitted.
[0238] The inverter (780) may convert a DC input to an AC signal. The inverter (780) may be operated as a half-bridge
inverter or a full-bridge inverter in order to generate a pulsewave and a duty cycle of an adjustable frequency. Additionally,
the inverter may include a plurality of stages in order to adjust input voltage levels.
[0239] The communication unit (790) may perform communication with the power receiver. The power receiver
performs load modulation in order to communicate requests and information corresponding to the power transmitter.
Therefore, the power transmitter (740)may use the communication unit (790) so as tomonitor the amplitude and/or phase
of the electric current and/or voltage of the primary coil in order to demodulate the data being transmitted from the power
receiver.
[0240] Additionally, thepower transmitter (740)maycontrol the output power to that thedatamaybe transferred through
the communication unit (790) by using a Frequency Shift Keying (FSK) method, and so on.
[0241] Thecontrol unit (710)may control communication andpower transfer (or delivery) of the power transmitter (740).
Thecontrol unit (710)maycontrol thepower transferbyadjusting theabove-describedoperatingpoint. Theoperatingpoint
may be determined by, for example, at least any one of the operation frequency, the duty cycle, and the input voltage.
[0242] The communication unit (790) and the control unit (710)may each be provided as a separate unit/device/chipset
or may be collectively provided as one unit/device/chipset.
[0243] FIG. 8 shows a wireless power receiver according to another exemplary embodiment of the present disclosure.
Thismay belong to awireless power transfer system that is being operated in themagnetic resonancemode or the shared
mode.
[0244] Referring to FIG. 8, thewireless power receiver (800)may include at least one of a user interface (820) providing
information related to power transfer processing and other related information, a power receiver (830) receiving wireless
power, a loadcircuit (840), andabase (850) supportingandcovering thecoil assembly.Most particularly, theuser interface
(820) may be optionally included or may be included as another user interface (820) of the wireless power receiver (800).
[0245] Thepower receiver (830) includesapower converter (860), an impedancematchingcircuit (870), acoil assembly
(880), a communication unit (890), and a control unit (810).
[0246] The power converter (860) may convert the AC power that is received from the secondary coil to a voltage and
electric current that are suitable for the load circuit. According to an exemplary embodiment, the power converter (860)
may include a rectifier. The rectifiermay rectify the receivedwireless power andmayconvert the power fromanalternating
current (AC) to a direct current (DC). The rectifier may convert the alternating current to the direct current by using a diode
or a transistor, and, then, the rectifier may smooth the converted current by using the capacitor and resistance. Herein, a
full-wave rectifier, ahalf-wave rectifier, a voltagemultiplier, andsoon, that are implementedasabridgecircuitmaybeused
as the rectifier. Additionally, the power converter may adapt a reflected impedance of the power receiver.
[0247] The impedance matching circuit (870) may provide impedance matching between a combination of the power
converter (860) and the load circuit (840) and the secondary coil. According to an exemplary embodiment, the impedance
matching circuit may generate a resonance of approximately 100kHz, which may reinforce the power transfer. The
impedance matching circuit (870) may include a capacitor, an inductor, and a switching device that switches the
combination of the capacitor and the inductor. The impedance matching may be performed by controlling the switching
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deviceof thecircuit that configured the impedancematchingcircuit (870)basedon thevoltagevalue, electric current value,
power value, frequency value, and so on, of the wireless power that is being received. In some cases, the impedance
matchingmaybe carried out even though the impedancematching circuit (870) is omitted. This specification also includes
an exemplary embodiment of the wireless power receiver (200), wherein the impedancematching circuit (870) is omitted.
[0248] The coil assembly (880) includes at least one secondary coil, and, optionally, the coil assembly (880)may further
include an element shielding the metallic part of the receiver from the magnetic field.
[0249] The communication unit (890) may perform load modulation in order to communicate requests and other
information to the power transmitter.
[0250] For this, the power receiver (830) may perform switching of the resistance or capacitor so as to change the
reflected impedance.
[0251] The control unit (810) may control the received power. For this, the control unit (810) may determine/calculate a
difference between an actual operating point and a target operating point of the power receiver (830). Thereafter, by
performing a request for adjusting the reflected impedance of the power transmitter and/or for adjusting an operating point
of the power transmitter, the difference between the actual operating point and the target operating point may be
adjusted/reduced. In case of minimizing this difference, an optimal power reception may be performed.
[0252] The communication unit (890) and the control unit (810) may each be provided as a separate device/chipset or
may be collectively provided as one device/chipset.
[0253] FIG.9showsacommunication framestructureaccording toanexemplaryembodiment of thepresentdisclosure.
This may correspond to a communication frame structure in a shared mode.
[0254] Referring to FIG. 9, in the shared mode, different forms of frames may be used along with one another. For
example, in the sharedmode, a slotted frame having a plurality of slots, as shown in (A), and a free format frame that does
not have a specified format, as shown in (B), may be used. More specifically, the slotted frame corresponds to a frame for
transmitting short data packets from the wireless power receiver (200) to the wireless power transmitter (100). And, since
the free format frame isnot configuredof aplurality of slots, the free format framemaycorrespond toa frame that is capable
of performing transmission of long data packets.
[0255] Meanwhile, the slotted frame and the free format framemay be referred to other diverse terms by anyone skilled
in theart. For example, theslotted framemaybealternatively referred toasachannel frame,and the free format framemay
be alternatively referred to as a message frame.
[0256] Morespecifically, the slotted framemay includeasyncpattern indicating the startingpoint (or beginning) of a slot,
ameasurement slot, nine slots, and additional sync patterns each having the same time interval that precedes each of the
nine slots.
[0257] Herein, the additional sync pattern corresponds to a sync pattern that is different from the sync pattern that
indicates the starting point of the above-described frame. More specifically, the additional sync pattern does not indicate
the starting point of the frame but may indicate information related to the neighboring (or adjacent) slots (i.e., two
consecutive slots positioned on both sides of the sync pattern).
[0258] Among the nine slots, each sync patternmay be positioned between two consecutive slots. In this case, the sync
pattern may provide information related to the two consecutive slots.
[0259] Additionally, the nine slots and the sync patterns being provided before each of the nine slotsmay have the same
time interval. For example, the nine slots may have a time interval of 50ms. And, the nine sync patterns may have a time
length of 50ms.
[0260] Meanwhile, the free format frame, as shown in (B) may not have a specific format apart from the sync pattern
indicating the starting point of the frameand themeasurement slot.More specifically, the free format frame is configured to
performa function that is different from that of theslotted frame.For example, the free format framemaybeused toperform
a function of performing communication of long data packets (e.g., additional owner information packets) between the
wireless power transmitter and thewireless power receiver, or, in case of a wireless power transmitter being configured of
multiple coils, to perform a function of selecting any one of the coils.
[0261] Hereinafter, a sync pattern that is included in each frame will be described in more detail with reference to the
accompanying drawings.
[0262] FIG. 10 is a structure of a sync pattern according to an exemplary embodiment of the present disclosure.
[0263] Referring toFIG. 10, the syncpatternmaybeconfiguredof apreamble, a start bit, a responsefield, a typefield, an
info field, and a parity bit. In FIG. 10, the start bit is illustrated as ZERO.
[0264] Morespecifically, thepreamble is configuredof consecutive bits, andall of thebitsmaybeset to 0. In otherwords,
the preamble may correspond to bits for matching a time length of the sync pattern.
[0265] The number of bits configuring the preamblemay be subordinate to the operation frequency so that the length of
the syncpatternmaybemost approximate to 50msbutwithin a range that doesnot exceed50ms.For example, in case the
operation frequency corresponds to 100kHz, the sync pattern may be configured of two preamble bits, and, in case the
operation frequency corresponds to 105kHz, the sync pattern may be configured of three preamble bits.
[0266] The start bit may correspond to a bit that follows the preamble, and the start bit may indicate ZERO. The ZERO
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maycorrespond toa bit that indicates a type of the sync pattern.Herein, the typeof sync patternsmay includea framesync
including information that is related to a frame, and a slot sync including information of the slot. More specifically, the sync
pattern may be positioned between consecutive frames and may correspond to a frame sync that indicate a start of the
frame, or the sync pattern may be positioned between consecutive slots among a plurality of slots configuring the frame
and may correspond to a sync slot including information related to the consecutive slots.
[0267] For example, in case the ZERO is equal to 0, this may indicate that the corresponding slot is a slot sync that is
positioned in-between slots. And, in case theZERO is equal to 1, thismay indicate that the corresponding sync pattern is a
frame sync being located in-between frames.
[0268] Aparity bit corresponds to a last bit of the sync pattern, and the parity bit may indicate information on a number of
bits configuring thedata fields (i.e., the response field, the type field, and the info field) that are included in the sync pattern.
For example, in case the number of bits configuring the data fields of the sync pattern corresponds to an even number, the
parity bit may be set to when, and, otherwise (i.e., in case the number of bits corresponds to an odd number), the parity bit
may be set to 0.
[0269] The responsefieldmay include response informationof thewirelesspower transmitter for its communicationwith
the wireless power receiver within a slot prior to the sync pattern. For example, in case a communication between the
wireless power transmitter and the wireless power receiver is not detected, the response field may have a value of ’00’.
Additionally, if a communication error is detected in the communication between the wireless power transmitter and the
wireless power receiver, the response field may have a value of ’01’. The communication error corresponds to a case
where twoormorewirelesspower receivers attempt to access one slot, thereby causing collision to occur between the two
or more wireless power receivers.
[0270] Additionally, the response field may include information indicating whether or not the data packet has been
accurately received from thewireless power receiver.More specifically, in case thewireless power transmitter has denied
thedata packet, the response fieldmayhaveavalue of "10" (10 - not acknowledge (NAK)). And, in case thewirelesspower
transmitter has confirmed the data packet, the response field may have a value of "11" (11 - acknowledge (ACK)).
[0271] The type fieldmay indicate the type of the sync pattern.More specifically, in case the sync pattern corresponds to
afirst syncpatternof the frame (i.e., as the first syncpattern, in case thesyncpattern is positionedbefore themeasurement
slot), the type field may have a value of ’1’, which indicates a frame sync.
[0272] Additionally, in a slotted frame, in case the sync pattern does not correspond to the first sync pattern of the frame,
the type field may have a value of ’0’, which indicates a slot sync.
[0273] Moreover, the information fieldmay determine themeaning of its value in accordancewith the sync pattern type,
which is indicated in the type field. For example, in case the type field is equal to 1 (i.e., in case the sync pattern type
indicates a frame sync), themeaningof the information fieldmay indicate the frame type.More specifically, the information
field may indicate whether the current frame corresponds to a slotted frame or a free-format frame. For example, in case
the informationfield isgivenavalueof ’00’, this indicates that thecurrent framecorresponds toaslotted frame.And, in case
the information field is given a value of ‘01’, this indicates that the current frame corresponds to a free-format frame.
[0274] Conversely, in case the type field is equal to 0 (i.e., in case the sync pattern type indicates a slot sync), the
information fieldmay indicate a state of a next slot, which is positioned after the sync pattern.More specifically, in case the
next slot corresponds to a slot that is allocated (or assigned) to a specific wireless power receiver, the information field is
given a value of ’00’. In case the next slot corresponds to a slot that is locked, so as to be temporarily used by the specific
wirelesspower receiver, the information field is givenavalueof ‘01’.Alternatively, in case thenext slot corresponds toaslot
that may be freely used by a random wireless power receiver, the information field is given a value of ’10’.
[0275] FIG. 11 showsoperation statusesof awirelesspower transmitter andawirelesspower receiver in a sharedmode
according to an exemplary embodiment of the present disclosure.
[0276] Referring to FIG. 11, the wireless power receiver operating in the shared modemay be operated in any one of a
selection phase (1100), an introduction phase (1110), a configuration phase (1120), a negotiation phase (1130), and a
power transfer phase (1140).
[0277] Firstly, the wireless power transmitter according to the exemplary embodiment of the present disclosure may
transmit a wireless power signal in order to detect the wireless power receiver. More specifically, a process of detecting a
wireless power receiver by using the wireless power signal may be referred to as an Analog ping.
[0278] Meanwhile, the wireless power receiver that has received the wireless power signal may enter the selection
phase (1100).Asdescribed above, thewireless power receiver that hasentered the selectionphase (1100)maydetect the
presence or absence of an FSK signal within the wireless power signal.
[0279] In other words, the wireless power receiver may perform communication by using any one of an exclusivemode
and a shared mode in accordance with the presence or absence of the FSK signal.
[0280] Morespecifically, in case theFSKsignal is included in thewirelesspower signal, thewirelesspower receivermay
operate in the shared mode, and, otherwise, the wireless power receiver may operate in the exclusive mode.
[0281] In case the wireless power receiver operates in the shared mode, the wireless power receiver may enter the
introduction phase (1110). In the introduction phase (1110), thewireless power receivermay transmit a control information
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(CI) packet to the wireless power transmitter in order to transmit the control information packet during the configuration
phase, the negotiation phase, and the power transfer phase. The control information packet may have a header and
information related to control. For example, in the control information packet, the header may correspond to 0X53.
[0282] In the introduction phase (1110), the wireless power receiver performs an attempt to request a free slot for
transmitting the control information (CI) packet during the following configuration phase, negotiation phase, and power
transfer phase. At this point, thewireless power receiver selects a free slot and transmits an initial CI packet. If thewireless
power transmitter transmits an ACK as a response to the corresponding CI packet, the wireless power receiver enters the
configuration phase. If the wireless power transmitter transmits a NAK as a response to the corresponding CI packet, this
indicates that another wireless power receiver is performing communication through the configuration and negotiation
phase. In this case, the wireless power receiver re-attempts to perform a request for a free slot.
[0283] If the wireless power receiver receives an ACK as a response to the CI packet, the wireless power receiver may
determine the position of a private slot within the frame by counting the remaining sync slots up to the initial frame sync. In
all of the subsequent slot-based frames, the wireless power receiver transmits the CI packet through the corresponding
slot.
[0284] If the wireless power transmitter authorizes the entry of the wireless power receiver to the configuration phase,
the wireless power transmitter provides a locked slot series for the exclusive usage of the wireless power receiver. This
may ensure the wireless power receiver to proceed to the configuration phase without any collision.
[0285] The wireless power receiver transmits sequences of data packets, such as two identification data packets (IDHI
and IDLO), by using the locked slots. When this phase is completed, the wireless power receiver enters the negotiation
phase. During the negotiation state, the wireless power transmitter continues to provide the locked slots for the exclusive
usage of the wireless power receiver. This may ensure the wireless power receiver to proceed to the negotiation phase
without any collision.
[0286] The wireless power receiver transmits one or more negotiation data packets by using the corresponding locked
slot, and the transmitted negotiation data packet(s) may be mixed with the private data packets. Eventually, the
corresponding sequence is ended (or completed) along with a specific request (SRQ) packet. When the corresponding
sequence is completed, the wireless power receiver enters the power transfer phase, and the wireless power transmitter
stops the provision of the locked slots.
[0287] In the power transfer phase, the wireless power receiver performs the transmission of a CI packet by using the
allocated slots and then receives the power. The wireless power receiver may include a regulator circuit. The regulator
circuit may be included in a communication/control unit. The wireless power receiver may self-regulate a reflected
impedance of the wireless power receiver through the regulator circuit. In other words, the wireless power receiver may
adjust the impedance that is being reflected for anamount of power that is requested byanexternal load. Thismayprevent
an excessive reception of power and overheating.
[0288] In the sharedmode, (depending upon the operationmode) since thewireless power transmittermay not perform
theadjustment of power as a response to the receivedCI packet, in this case, controlmaybeneeded in order to prevent an
overvoltage state.
[0289] Hereinafter, authenticationbetweenawirelesspower transmitter andawirelesspower receiverwill bedisclosed.
[0290] The wireless power transfer system using in-band communication may use USB-C authentication. The
authentication may include an authentication of the wireless power transmitter that is performed by the wireless power
receiver (i.e., PTx Authentication by PRx), and an authentication of the wireless power receiver that is performed by the
wireless power transmitter (PRx Authentication by PTx).
[0291] FIG. 12 is a blockdiagramshowingawireless charging certificate format according to anexemplary embodiment
of the present disclosure.
[0292] Referring to FIG. 12, the wireless charging certificate format includes a Certificate Structure Version, a reserved
field, PTx and leaf indicators, a certificate type, a signature offset, a serial number, an issuer ID, a subject ID, a public key,
and a signature.
[0293] The certificate type may, for example, by assigned with 3 bits, and the certificate type may indicate that the
corresponding certificate is any one of a root certificate, an intermediate certificate, and a last certificate. And, the
certificate typemayalso indicate that the corresponding certificate is a certificate relating to awirelesspower transmitter or
a wireless power receiver or all type.
[0294] For example, the certificate type is 3 bits and may indicate information on a root certificate, manufacture-
r/secondary certificate, and product unit certificate (for the power transmitter). More specifically, a certificate type ’001’b
may indicate the root certificate, and ‘010’bmay indicate an intermediate certificate (manufacturer/secondaryCertificate),
and ’111’b may indicate a product unit certificate for the power transmitter, which is a final certificate.
[0295] Thewireless power transmittermay notify (or announce) whether or not it supports the authentication function to
the wireless power receiver by using a capability packet (in case of an authentication of the wireless power transmitter by
the wireless power receiver (authentication of PTx by PRx)). Meanwhile, the wireless power receiver may notify (or
announce) whether or not it supports the authentication function to the wireless power transmitter by using a capability
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packet (in caseof anauthenticationof thewirelesspower receiver by thewirelesspower transmitter (authenticationofPRx
by PTx)). Hereinafter, a structure of indication information (a capability packet and a configuration packet) related to
whether or not a device supports the authentication function will be disclosed and described in detail.
[0296] FIG. 13 is a capability packet structure of awireless power transmitter according to an exemplary embodiment of
the present disclosure.
[0297] Referring to FIG. 13, a capability packet having a respective header value of 0X31 is assigned with 3 bytes.
Herein, a first byte (B0) includes apower class andaguaranteedpower value, a secondbyte (B1) includes a reserved field
and a potential power field, and a third byte (B2) includes an Authentication Initiator (AI), an Authentication Responder
(AR), a reserved field, aWPID, andaNotResSens field.More specifically, theAuthentication Initiator (AI) is assignedwith
1 bit. Herein, for example, if the value is equal to ’1b’, this may indicate that the corresponding wireless power transmitter
may operate as the authentication initiator. Additionally, the Authentication Responder (AR) is also assigned with 1 bit.
Herein, for example, if the value is equal to ’1b’, this may indicate that the corresponding wireless power transmitter may
operate as the authentication responder.
[0298] FIG.14 is aconfigurationpacket structureof awirelesspower receiver according toanexemplaryembodiment of
the present disclosure.
[0299] Referring to FIG. 14, a capability packet having a respective header value of 0X51 is assigned with 5 bytes.
Herein, a first byte (B0) includes a power class and amaximum power value, a second byte (B1) includes an AI, an AR, a
reserved field, a third byte (B2) includes a Prop, a reserved field, a ZERO field, and a Count field, a fourth value (B3)
includes a Window size and a window offset, and a fifth byte (B4) includes a Neg field, a polarity field, a Depth field, an
authentication field (Auth), and a reserved field. More specifically, the Authentication Initiator (AI) is assigned with 1 bit.
Herein, for example, if the value is equal to ’1b’, this may indicate that the corresponding wireless power receiver may
operate as the authentication initiator. Additionally, the Authentication Responder (AR) is also assignedwith 1 bit. Herein,
for example, if the value is equal to ’1b’, this may indicate that the corresponding wireless power receiver may operate as
the authentication responder.
[0300] A message that is used during the authentication procedure is referred to as an authentication message. The
authentication message is used for carrying information related to authentication. Herein, 2 different types of authentica-
tionmessages exist. One type corresponds to an authentication request, and another type corresponds to an authentica-
tion response. The authentication request is transmitted by the authentication initiator, and the authentication response is
transmitted by the authentication responder. Both the wireless power transmitter and the wireless power receiver may be
the authentication initiator or the authentication responder. For example, in case the wireless power transmitter is the
authentication initiator, the wireless power receiver becomes the authentication responder. And, in case the wireless
power receiver is the authentication initiator, the wireless power transmitter becomes the authentication responder.
[0301] An authentication request message includes a GET_DIGESTS (i.e., 4 bytes), a GET_CERTIFICATE (i.e., 8
bytes), and a CHALLENGE (i.e., 36 bytes).
[0302] Anauthentication responsemessage includes aDIGESTS (i.e., 4+32 bytes), aCERTIFICATE (i.e., 4+certificate
chain (3x512 bytes)=1,540 bytes), a CHALLENGE_AUTH (i.e., 168 bytes), and an ERROR (i.e., 4 bytes).
[0303] An authentication message may be referred to as an authentication packet and may also be referred to as
authentication data or authentication control information. Additionally, messages, such asGET_DIGEST, DIGESTS, and
so on, may also be referred to as a GET_DIGEST packet, a DIGEST packet, and so on.
[0304] FIG. 15showsanapplication-level data streambetweenawirelesspower transmitter anda receiver according to
an example.
[0305] Referring to FIG. 15, a data stream may include an auxiliary data control (ADC) data packet and/or an auxiliary
data transport (ADT) data packet.
[0306] The ADC data packet is used to open a data stream. The ADC data packet may indicate the type of a message
included in a stream and the number of data bytes. Meanwhile, the ADT data packet is sequences of data including an
actualmessage. AnADC/end data packet is used to indicate the end of the stream. For example, themaximumnumber of
data bytes in a data transport stream may be limited to 2047.
[0307] ACK or NAC (NACK) is used to indicate whether the ADC data packet and the ADT data packet are normally
received. Control information necessary for wireless charging such as a control error packet (CE) or DSR may be
transmitted between transmission timings of the ADC data packet and the ADT data packet.
[0308] Using this data stream structure, authentication related information or other application level informationmay be
transmitted and received between the wireless power transmitter and the wireless power receiver.
[0309] Hereinafter, a method of detecting a foreign object and calibrating power will be described.
[0310] Whenawirelesspower transmitter transmitswirelesspower toawirelesspower receiver usingamagnetic field, if
a foreign object is present therearound, a part ofmagnetic fieldmay be absorbed to the foreign object. That is, a part of the
wireless power transmitted from the wireless power transmitter is supplied to the foreign object and the rest is supplied to
the wireless power receiver. From the viewpoint of the efficiency of power transfer, loss of transmitted power occurs as
much as power or energy absorbed by the foreign object. Thus, since a causal relationship may be established between
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the presence of the foreign object and power loss (Ploss), thewireless power transmitter may detect howmuch power loss
occurs through the foreign object. Such a foreign object detectionmethodmay be referred to as a foreign object detection
method based on power loss.
[0311] The power lost by the foreign object may be defined as a value obtained by subtracting the power (Preceived)
actually received by the wireless power receiver from the power (Ptransmitted) transmitted from the wireless power
transmitter. From the standpoint of the wireless power transmitter, the wireless power transmitter knows the power
(Ptransmitted) transmitted by itself, and thus, the lost power may be obtained if only the power actually received by the
wireless power receiver is known. To this end, the wireless power receiver is configured to notify the wireless power
transmitter of the received power by transmitting a received power packet (RPP) to the wireless power transmitter.
[0312] Meanwhile, the wireless power transmitter and the wireless power receiver include various circuit components
therein and configure devices independent of each other. However, since wireless power is transmitted by magnetic
coupling therebetween, the wireless power transmitter and the wireless power receiver constitute one wireless power
transfer system. Inaddition, theamountofpower (transmittedpower) transmittedby thewirelesspower transmitterand the
amount of power (received power) received by thewireless power receiver are uniquely determined by the power transfer
characteristics. As an example, power transfer characteristics may be considered as a ratio or function of transmitted
power and received power. Therefore, if the wireless power transmitter knows the power transfer characteristics in
advance, the wireless power transmitter may be able to predict howmuch of the power transmitted by the wireless power
transmitterwill be receivedby thewirelesspower receiver. If actual receivedpower reportedby thewirelesspower receiver
is smaller than receivedpower predicted basedon thepower transfer characteristics, itmaybe considered that power loss
occurred in the power transfer process. The foreign object detection method based on power loss may determine that a
foreign object exists in the above case. As described above, power loss used for the determination of a foreign object is
also determined based on the power transfer characteristics, and therefore, power transfer characteristics need to be
properly recognized to increase reliability of foreign object detection.
[0313] The power transfer characteristic is dependent on an environment in which wireless power is transmitted or a
unique characteristic of a device transmitting wireless power. The wireless power transmitter and the wireless power
receiver may generally use power calibration at the start of wireless power transfer to determine the power transfer
characteristics in a certain currently given wireless charging environment. When the power transfer characteristics are
identified or set by power calibration, foreign object detection is performed accordingly.
[0314] The power transfer characteristicsmay also be dependent on a change in load or a degree ofmagnetic coupling.
For example, when the wireless power receiver uses multiple load steps or variable load (or load increase) or when the
degree of a change in magnetic coupling due to a change in position between the wireless power transmitter and the
wireless power receiver, at least a part of the power transfer characteristicsmay be changed. If at least a part of the power
transfer characteristic changes, at least a part of power calibration set according to the previous power transfer
characteristic becomes invalid. In addition, power loss and foreign object detection according to the at least part of
the set power calibration are no longer valid. Therefore, it is necessary to additionally calibrate power for the changed
power transfer characteristics.
[0315] Power calibration due to load change (1)
[0316] FIG. 16 is a flowchart illustrating amethodof performingpower calibration and foreign object detection according
to an example out of the scope of the invention.
[0317] Referring toFIG. 16, thewirelesspower receiver receivesandmeasures transmittedpower (hereinafter, referred
toasfirst light load transmittedpower;Ptr_light) from thewirelesspower transmitter ina light-loadconditionand transmitsa
first received power packet (RPP) indicating a received power value under the light load condition to the wireless power
transmitter (S1400). The first received power packet may have, for example, the format of FIG. 17.
[0318] FIG. 17 is a format of a received power packet according to an example.
[0319] Referring to FIG. 17, the received power packet totaling 24 bits, for example, may include a field indicating an
estimated received power value (e.g., 8 bits) and a mode field (e.g., 3 bits). The mode field indicates how to interpret the
received power value. Table 4 shows an example of the mode field.

[Table 4]

Mode Indication contents

’000’ Normal value; Response requested

’001’ Light-load calibration value; Response requested

’010’ Connected-load calibration value; Response requested

’011’ reserved

’100’ Normal value; no response requested
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[0320] Referring to Table 4, the mode field=‘000’ indicates that a received power value is a general power value (which
may be indicated asRP/0), and themode field=‘001’ or ‘010’may indicate that a received power packet is related to power
calibration (which may be indicated as RP/1, RP/2, respectively). That is, the wireless power receiver may instruct power
calibration by transmitting the received power packet with the mode field=‘001’ or ‘010’ to the wireless power transmitter.
Specifically, the mode field=‘001’ (i.e., RP/1), the received power packet refers to the first information for constructing a
power calibration curve and may indicate a power value (hereinafter, referred to as a light-load calibration value,
Prec_light) received by the wireless power receiver. In addition, when the mode field=‘010’ (i.e., RP/2), the received
power packet refers to additional information for constructing a power calibration curve and may indicate a power value
received by the wireless power receiver (hereinafter, referred to as a connected-load calibration value, Prec_connected)
when the wireless power receiver is generally in a connected-load condition. The light load condition may refer to a
condition in which a load (e.g., a battery) is not electrically connected to the wireless power receiver, and the connected-
load conditionmay refer to a condition inwhich a load is connected to thewireless power receiver.Meanwhile, thewireless
power transmitter may know that power calibration is still ongoing by receiving the received power packet with the mode
field=‘001’ or ‘010’ from the wireless power receiver. Referring back to FIG. 16, since the first received power packet
indicates the received power value (i.e., the light load calibration value, Prec_light) measured under the light load
condition, themode field of the first received power packet=‘001’(i.e., RP/1). Therefore, step S1400may further include a
step in which the wireless power receiver sets the mode field to ’001’ (mode field=‘001’). When it is determined that the
mode field=‘001’, the wireless power transmitter may identify that the received power value indicated by the first received
power packet is first information for constructing the power calibration curve, and the first information for constructing the
power calibration curve may be a light load calibration value (Prec_light). The wireless power transmitter may store the
light load calibration value Prec_light in a memory to perform power calibration. Although not shown, the wireless power
transmitter may transmit ACK or NAK to the wireless power receiver in response to the first received power packet. In
addition, the first received power packet may be continuously transmitted a plurality of times until an ACK response is
received from thewirelesspower transmitter. In this case, thefirst receivedpowerpacketwhich is continuously transmitted
(i.e., RP/1) may be treated as one received power packet (i.e., a single RP/1).
[0321] In one aspect, when receiving the RP/1, the wireless power transmitter transmits NAK until the wireless power
receiver stably reaches a corresponding power level (whilemonitoring aCEvalue), andwhen the power level is stabilized,
the wireless power transmitter transmits ACK and takes the RP1 value at that time.
[0322] The wireless power receiver receives and measures a first connected-load transmitted power (Ptr_connected
(1)) from the wireless power transmitter under the first connected load condition, and then transmits a second received
power packet (i.e., RP/2) indicating the first connected-load calibration value (Prec_connected(1)) to the wireless power
transmitter (S1405).
[0323] Step S1405 may further include a step in which the wireless power receiver sets the mode field to ’010’ (mode
field=’010’). When the mode field=’010’ is confirmed, the wireless power transmitter identifies that the received power
value indicated by the second received power packet is the first connected-load calibration value (Prec_connected (1)).
Thewireless power transmittermay store the first connected-load calibration value (Prec_connected (1)) in thememory to
perform power calibration.
[0324] Althoughnot shown, thewirelesspower transmittermay transmit anACKorNAK to thewirelesspower receiver in
response to the second received power packet RP/2. Also, the second received power packet RP/2 may be transmitted
multiple times in succession. In this case, the second received power packet RP/2 which is continuously transmitted may
be treated as one received power packet (i.e., a single RP/2). When receiving the RP/2, the wireless power transmitter
transmits NAK until the wireless power receiver stably reaches the corresponding power level (while monitoring the CE
value), and when the power level is stabilized, the wireless power transmitter transmits ACK and takes the RP2 value at
that time.
[0325] The light load transmitted power (Ptr_light), the light load calibration value (Prec_light), the first connected-load
transmitted power (Ptr_connected (1)), and the first connected-load calibration value (Prec_connected (1)) obtained in
steps S1400 and S1405 are called power calibration data. Power transfer characteristics may be derived or set by the
power calibrationdata. Thederivedpower transfer characteristicmaybe referred toasa calibrationcurve.Throughout this
specification, theoperation of calculating or deriving or setting thepower transfer characteristic or the operation of deriving
or setting or calculating the calibration curve is widely referred to as power calibration. The power calibration performed at
the start of the power transfer phase is called initial power calibration. Therefore, the wireless power transmitter performs
initial power calibration using RP1 and RP2 at the time of sending the ACK.
[0326] FIG. 18 is a power transfer characteristic or calibration curve according to an embodiment.
[0327] Referring to FIG. 18, when the power calibration data (light load transmitted power (Ptr_light), the light load
calibration value (Prec_light), the first connected-load transmittedpower (Ptr_connected (1)), and the first connected-load
calibration value are expressed in the form of coordinates (x, y) composed of a pair of transmission power and reception
power, one is first coordinates (Ptr_light, Prec_light) under the light load condition and the other is second coordinates
(Ptr_connected (1), Prec_connected (1)) under the first connected-load condition.
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[0328] If the graph is represented by linear interpolation based on the first and second coordinates, a power transfer
characteristic or a calibration curve as shown in FIG. 18 may be derived. The power transfer characteristic (or calibration
curve) is gradient a and a y-axis offset is set by b. Here, a is a first calibration constant and b may be called a second
calibration constant.
[0329] The process of deriving the calibration constants a and b is expressed as follows.

[0330] Since the power transfer characteristic (or calibration curve) according to FIG. 18 is derived using two
coordinates according to two load conditions, it may also be referred to as 2 point calibration.
[0331] Meanwhile, power calibration is valid within a range of the power calibration data (i.e., the range in which the
transmittedpowerPtr isPtr_light≤Ptr≤Ptr_connected (1)). That is,when thefirst connected-load transmittedpower is used
as the power calibration data for power calibration, the corresponding power calibration may be valid within a range less
than or equal to the first connected-load transmitted power, and a range greater than the first connected-load transmitted
power (e.g., a range of Ptr_connected (1) < Ptr) may not be valid. When the wireless power transmitter performs power
calibrationbyextrapolatinga rangenot coveredby thecalibrationcurve, falsedetectionornon-detectionof a foreignobject
may be caused.
[0332] Referring back to FIG. 16, the wireless power receiver changes the connected-load (S1410). The change in the
connected-loadmay includean increaseor decrease in the connected-load. Thechange in the connected-loadmaymean
that a target rectifiedvoltage (targetVrec) or target powerof thewirelesspower receiver increasesor decreasescompared
to the previous connected-load. A situation in which the connected-load is changed may include a case in which the
wirelesspower receiver usesmultiple loadsteps to reach the target power.When theconnected-load is changed, at least a
part of the previously set power transfer characteristicsmay be changed, or additional power transfer characteristicsmay
be set, while maintaining the previously set power transfer characteristics. For example, if the transmitted power Ptr
increases to a range where Ptr_connected (1) < Ptr due to an increase in the connected-load, the power transfer
characteristic of FIG. 18 cannot cover this situation.
[0333] Therefore, additional power calibration data is required to reflect the changed state of the connected-load in the
power calibration. To this end, thewirelesspower receiver receivesandmeasures the second connected-load transmitted
power (Ptr_connected (2)) from the wireless power transmitter under the second connected-load condition, and then
transmits a third received power packet indicating the second connected-load calibration value (Prec_connected (2)) to
the wireless power transmitter (S1415). When the wireless power transmitter responds with ACK to the second received
power packet RP/2 in step S1410, additional RP/2 transmission of the wireless power receiver may not be permitted.
However, in order to improve the power loss-based foreign object detection function, the limitation on the timing of power
calibration may be removed and multi-point power calibration of two or more points may be required, and thus, the
transmission of the third received power packet as in step S1415 may be permitted.
[0334] Step S1415 may further include a step in which the wireless power receiver set the mode field to ’010’ (mode
field=’010’). When it is confirmed that the mode field=‘010’, the wireless power transmitter identifies that the received
power value indicatedby the third receivedpower packet is the secondconnected-load calibration value (Prec_connected
(2)). Since the mode field=’010’, the wireless power transmitter may know that additional power calibration is required.
[0335] In order to perform power calibration, the wireless power transmitter may store the second connected-load
calibration value (Prec_connected (2)) in a memory.
[0336] Power transfer characteristicsmaybederivedor set basedon thepowercalibrationdataobtained in stepsS1400
to S1415. FIG. 19 shows a graph representing the derived power transfer characteristics by an interpolation technique.
[0337] FIG. 19 is a power transfer characteristic or calibration curve according to another embodiment.
[0338] Referring to FIG. 19, when the power calibration data (light load transmitted power (Ptr_light), the light load

27

EP 3 745 558 B9

5

10

15

20

25

30

35

40

45

50

55



calibration value (Prec_light), the first connected-load transmitted power (Ptr_connected (1)), the first connected-load
calibration value (Prec_connected (1)), the second connected-load transmitted power (Ptr_connected (2)), and the
second connected-load calibration value (Prec_connected (2)) are represented in the formof coordinates (x, y) consisting
of a pair of transmitted power and received power, first coordinates (Ptr_light, Prec_light), second coordinates (Ptr_con-
nected (1), Prec_connected (1)), and third coordinates (Ptr_connected (2), Prec_connected (2)) may be obtained.
[0339] When graphed by linear interpolation based on the first to third coordinates, power transfer characteristics or
calibration curves having different gradients for each section may be derived as illustrated in FIG. 19. For convenience of
description, it is assumed that the first to third coordinates are (x0, y0), (x1, y1), and (x2, y2), respectively.
[0340] The power transfer characteristic (or calibration curve) in a first section (x0 to x1) has a gradient a0 and a y-axis
offset is derived by b0. In addition, the power transfer characteristic (or calibration curve) in a second section (x1 to x2) has
a gradient a1 and a y-axis offset is derived by b1. The process of deriving the calibration constants a0, b0, a1, and b1 is
expressed as follows.

[0341] Since the power transfer characteristic (or calibration curve) according to FIG. 19 is derived using three
coordinates based on the three load conditions, it may also be referred to as 3 point calibration or multiple calibration.
[0342] When comparing FIG. 19 and FIG. 18, it may be seen that the range of calibration of the 3 point calibration is
increased toPtr_connected (2) compared to a 2 point calibration. Therefore, it is possible to detect a foreign object even in
a section in which the transmitted power is Ptr_connected (2) < Ptr ≤ Ptr_connected (2).
[0343] Thereafter, when the wireless power receiver receives a received power packet indicating a normal value (i.e.,
mode field=’000’b) Preceived, rather than the received power packet (i.e., mode field=‘001’b or ’01 0b’) related to power
calibration no longer for the power Ptransmitted transmitted by the wireless power transmitter (S1420), the wireless power
transmitter terminates the power calibration and performs FOD based on the transmitted power Ptransmitted and the
received power Preceived (S1425). For example, step S1425 may include a step in which the wireless power transmitter
performs FOD based on the power loss according to FIG. 20.
[0344] Although not shown in the figure, the wireless power transmitter transmits ACK or NAK to the wireless power
receiver in response to receiving of the received power packet related to power calibration.
[0345] Specifically, the wireless power transmitter may repeat the operation of transmitting NAK to the wireless power
receiver until control is achieved at a target operating point.
[0346] For example, according to the example according to FIG. 16, after the wireless power receiver transmits the first
received power packet to the wireless power transmitter (S1400), when the NAK is received, the wireless power receiver
may transmit a control error packet to the wireless power transmitter, while changing operating points. When control is
achieved toa target operating point, thewirelesspower transmittermay transmitACK to thewirelesspower receiver. From
the standpoint of the wireless power transmitter, the wireless power transmitter determines whether the first received
powerpacket is transmitted in astable stateof thewirelesspower receiver basedon the receivedcontrol error packet. That
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is, when it is determined that thewireless power receiver is not stabilized, thewireless power transmitter transmitsNAK for
the first received power packet, andwhen control is achieved to a target operating point by changing operating points, the
wireless power transmitter transmits ACK to the wireless power receiver.
[0347] When theACK is received in response to the first received power packet, thewireless power receiver transmits a
second received power packet to the wireless power transmitter (S1405). By transmitting a control error packet between
the received power packets to the wireless power transmitter, the wireless power receiver may inform the wireless power
transmitter about the degree to which the operating point of the wireless power receiver deviates from a target operating
point. This operation is repeated each time the wireless power receiver receives the NAK in response to the second
received power packet, and is finally terminatedwhen thewireless power transmitter transmits ACK to thewireless power
receiver when the wireless power transmitter is controlled to the target operating point.
[0348] Thereafter, due to a change in the connected-load (S1410), the wireless power receiver may transmit a third
received power packet to thewireless power transmitter (S1415), and transmit a control error packet to thewireless power
transmitter. This operation is repeated each time the wireless power receiver receives the NAK in response to the second
received power packet, and then when the wireless power transmitter is controlled to the target operating point and
transmits the ACK to the wireless power receiver, the wireless power transmitter terminates power calibration.
[0349] Thereafter, when the wireless power receiver receives a received power packet indicating a normal value (i.e.,
mode field=’000’b) Preceived, rather than the received power packet (i.e., mode field= ’001’b or ’010b’) related to power
calibration no longer (S1420), the wireless power transmitter calibrates Preceived based on power calibration, calculates
power loss, and performs FOD based on the power loss (S1425).
[0350] Meanwhile, another embodiment includes a wireless power transmitter and method and a wireless power
receiver and method for performing power calibration associated with an authentication procedure.
[0351] As an example, thewireless power receiver supporting authenticationmay adaptively perform power calibration
according to whether the wireless power transmitter is authenticated or by authentication performing steps.
[0352] For example, the present embodiment includes a wireless power receiver and method including a step of
performing power calibration using a connected load corresponding to a basic power profile (BPP or 5V) at the time of
entering an initial power transfer phase, a step of verifying that the wireless power transmitter supports an authenticated
(i.e., Qi-certified) extended power profile (EPP or 5W or greater), a step of making a contract for power transfer with a
desired target power value (i.e., 8Wor15W)whenauthentication is successfully performedasa result of verification, anda
step of transmitting a received power packet regarding power calibration to the wireless power transmitter under a
connected-load condition.
[0353] Thus, the wireless power transmitter is controlled to perform additional power calibration. Here, the step of
making the contract for power transfer with the target power value (i.e. 8W or 15W) may be performed in a renegotiation
phase. When receiving the received power packet RP/1 under the light load condition or the received power packet RP/2
under the connected-load condition, thewireless power transmittermay inform thewireless power received that the power
calibration operation has beennormally performedby sending anACKsignal for theRP(1) orRP(2)when it is controlled to
the target operating point with reference to a control error packet value.
[0354] FIG. 20 is a flowchart illustrating a foreign object detection method according to an embodiment.
[0355] Referring to FIG. 20, the wireless power transmitter compares transmit power Ptransmitted with power calibration
data x0, x1, and x2 to determine which calibration section the transmit power belongs to (S1800, S1820). If the transmit
powerPtransmitted exists between x0 and x1 (S1800), thewireless power transmitter calculates a calibrated transmit power
value Pcalibrated using the calibration constants a0 and b0 (S1805). If the transmit power Ptransmitted exists between x1 and
x2 (S1820), the wireless power transmitter calculates the calibrated transmit power value Pcalibrated using the calibration
constants a1 and b1 (S1825).
[0356] When the calibrated transmit power value Ptransmitted is calculated, the wireless power transmitter calculates
power lossPloss fromadifferencebetween thecalibrated transmit power valuePtransmittedand the receivedpowerPreceived
(S1810). In addition, the wireless power transmitter detects a foreign object based on the power loss Ploss (S1815).
[0357] Since the calibration range is increased, a wider range of power valuesmay be calibrated, and since reliability of
the calibration is increased, the reliability of foreign object detection based on power loss may also be increased.
[0358] This embodiment describes a case in which three received power packets related to power calibration are
continuously transmitted and received, but the present disclosure is not limited to the above embodiment. That is, the
embodiment of the present disclosure may also include a case where more received power packets related to power
calibration (e.g., received power packetsRP/1 andRP/ for power calibration calculation) are continuously transmitted and
received according to the number of changing connected loads or the number of multiple load steps.
[0359] In addition, the present embodiment includes an operation of performing power calibration during the power
transfer phase if the load of the wireless power receiver changes in the power transfer phase. That is, in steps S1400 to
S1425, the wireless power transmitter and the wireless power receiver are operating in the power transfer phase and the
wireless power transmitter may continuously transmit wireless power.
[0360] The wireless power transmitter according to FIGS. 16 to 20 corresponds to the wireless power transmission
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device, thewireless power transmitter, or power transmission part disclosed in FIGS. 1 to 15. Accordingly, the operation of
the wireless power transmitter is implemented by one or a combination of two or more of the components of the wireless
power transmitter in FIGS. 1 to 15. For example, the operation of transmitting wireless power may be performed by the
power conversion unit 110. In addition, in the present embodiment, the operation of receiving the received power packet,
the operation of performing power calibration, the operation of deriving or calculating the power transfer characteristic, the
operation of performing FOD, etc., may be performed by the communication/control unit 120.
[0361] In addition, the wireless power receiver according to FIGS 16 to 20 corresponds to the wireless power reception
device, thewirelesspower receiver, or thepower receptionpart disclosed inFIGS.1 to15.Accordingly, theoperationof the
wireless power receiver is implemented by one or a combination of two or more of the components of the wireless power
receiver inFIGS.1 to15.Forexample, anoperationof receivingwirelesspowermaybeperformedby thepowerpickupunit
210. Inaddition, theoperationofgeneratingand transmitting the receivedpowerpacket, theoperationofperformingpower
calibration, the operation of performing FOD, etc., may be performed by the communication/control unit 220.
[0362] FIG. 21 is a flowchart illustrating amethodof performingpower calibration and foreign object detection according
to another embodiment. This embodiment relates to power re-calibration that performs power calibration again after the
renegotiation phase.
[0363] Referring to FIG. 21, the wireless power transmitter and the wireless power receiver in the negotiation step
establish an initial basic power contract (e.g., 5W), and when the power transfer phase starts, the wireless power
transmitter and the wireless power receiver perform power calibration (S1900). Here, the power calibration may include
power calibration as described in FIGS. 16 to 20.
[0364] In oneaspect, the power calibration according to stepS1900 includes a step inwhich thewireless power receiver
transmits a plurality of received power packets related to power calibration to the wireless power transmitter and a step in
which the wireless power transmitter performs multiple calibrations using the power calibration data according to the
plurality of received power packets. As an example, when the plurality of received power packets is two received power
packets, multiple calibrationmay be two-point calibration. In the case of two-point calibration, a calibration curve or power
transfer characteristic derived according to step S1900 may be as shown in FIG. 18. As another example, when the
plurality of received power packets is three received power packets, multiple calibration may be three point calibration. In
thecaseof three-point calibration, acalibrationcurveorpower transfer characteristic derivedaccording tostepS1900may
be as shown in FIG. 19.
[0365] The wireless power receiver transmits the first received power packet with the mode field set to ‘000’b or ‘100’b
(normal value) to thewireless power transmitter (S1905). Thewireless power transmitter performs FODbased on the first
received power packet to checkwhether there is a foreign object (S1910), and if no foreign object is detected, thewireless
power transmitter transmits anACK response for the first received power packet to thewireless power receiver (S1915). If
it is determined that there is no foreign object based on the ACK response, the wireless power receiver transmits a
renegotiation packet to the wireless power transmitter (S1920). In one aspect, the wireless power receiver supporting
authenticationmay perform verification on thewireless power transmitter supporting authentication to determinewhether
the wireless power transmitter has been authenticated, and request renegotiation if the wireless power transmitted has
been authenticated. By transmitting a renegotiation packet, the wireless power receiver requests renegotiation to update
anexistingpowercontract (e.g., increase tohigherpower).Here, thepowercontractmaybeupdatedwithahigher required
power (GP) (i.e., greater than 5W) than the existing power.
[0366] After the renegotiation phase, the wireless power receiver transmits the second received power packet with the
mode field set to ‘010’b to the wireless power transmitter (S1925). That is, the second received power packet is related to
power adjustment, and upon receiving the second received power packet, the wireless power transmitter may perform
power adjustment again under the requested power (or target power) updated by renegotiation.
[0367] When confirming that the mode field=‘010’, the wireless power transmitter may store the received power value
indicatedby thesecond receivedpowerpacket in thememoryandperformpower calibration. Throughpower calibration, a
power transfer characteristic (or a calibration curve) as shown inFIG. 19maybederived, for example. That is,whenpower
calibration data (light load transmitted power (Ptr_light), light load calibration value (Prec_light), first connected-load
transmitted power (Ptr_connected (1)), first connected-load calibration value (Prec_connected (1)), second connected-
load transmitted power (Ptr_connected (2)), and second connected-load calibration value (Prec_connected (2)) are
represented in the form of coordinates (x, y) composed of a pair of transmitted power and reception power by power
calibration, first coordinates (Ptr_light, Prec_light), second coordinates (Ptr_connected(1), Prec_connected(1)), and third
coordinates (Ptr_connected(2), Prec_connected(2)) may be derived and power transfer characteristics or calibration
curves different in gradient in each section may be derived as shown in FIG. 19.
[0368] Meanwhile, steps S1920 and S1925 may be repeatedly performed.
[0369] Thereafter, when the wireless power receiver receives a received power packet indicating a normal value (i.e.,
mode field=’000’b), rather than a received power packet (i.e., mode field=’001’b or ’010b’) related to power calibration no
longer for the power Ptransmitted transmitted by the wireless power transmitter (S1930), the wireless power transmitter
performs FOD based on the transmitted power Ptransmitted and the received power Preceived (S1935). For example, step
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S1935may includeastep inwhich thewirelesspower transmitterperformsFODbasedonpower lossaccording toFIG.20.
[0370] Meanwhile, another embodiment includes a wireless power transmitter and method and a wireless power
receiver and method for performing power calibration associated with an authentication procedure.
[0371] As an example, thewireless power receiver supporting authenticationmay adaptively perform power calibration
according to whether the wireless power transmitter is authenticated or by authentication performing steps.
[0372] For example, the present embodiment includes a wireless power receiver and method including a step of
performing power calibration using a connected load corresponding to a basic power profile (BPP or 5V) at the time of
entering an initial power transfer phase, a step of verifying that the wireless power transmitter supports an authenticated
(i.e., Qi-certified) extended power profile (EPP or 5W or greater), a step of making a contract for power transfer with a
desired target power value (i.e., 8Wor15W)whenauthentication is successfully performedasa result of verification, anda
step of transmitting a received power packet regarding power calibration to the wireless power transmitter under a
connected-load condition.
[0373] Thus, the wireless power transmitter is controlled to perform additional power calibration. Here, the step of
making the contract for power transfer with the target power value (i.e. 8W or 15W) may be performed in a renegotiation
phase. When receiving the received power packet RP/1 under the light load condition or the received power packet RP/2
under the connected-load condition, thewireless power transmittermay inform thewireless power received that the power
calibration operation has beennormally performedby sending anACKsignal for theRP(1) orRP(2)when it is controlled to
the target operating point with reference to a control error packet value.
[0374] The wireless power transmitter in the embodiments according to FIG. 21 corresponds to the wireless power
transmissiondevice, thewirelesspower transmitter, or power transmissionpart disclosed inFIGS.1 to15.Accordingly, the
operation of the wireless power transmitter in this embodiment is implemented by one or a combination of two or more of
the components of the wireless power transmitter in FIGS. 1 to 15. For example, in this embodiment, the operation of
transmitting wireless power may be performed by the power conversion unit 110. In addition, in the present embodiment,
the operation of receiving the received power packet, the operation of performing power calibration, the operation of
deriving or calculating the power transfer characteristic, the operation of performing FOD, etc., may be performed by the
communication/control unit 120.
[0375] In addition, the wireless power receiver in the embodiment according to FIG. 21 corresponds to the wireless
power reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly,
the operation of the wireless power receiver in this embodiment is implemented by one or a combination of two ormore of
the components of thewirelesspower receiver inFIGS. 1 to15. For example, in this embodiment, anoperationof receiving
wireless power may be performed by the power pickup unit 210. In addition, in this embodiment, the operation of
generating and transmitting the received power packet, the operation of performing power calibration, the operation of
performing FOD, etc., may be performed by the communication/control unit 220.
[0376] As described above, the wireless power transmitter and the wireless power receiver perform initial power
calibration using RP/1 and RP/2 when entering the power transfer phase. Thereafter, when the wireless power receiver
increases load power to RP/2 or greater, additional power calibration may be performed. However, the wireless power
receiver may transmit an RP/2 packet for additional power calibration to the wireless power transmitter when the wireless
power transmitter supports an additional power calibration mode (e.g., WPC ver.1.3 or higher). Here, whether additional
power calibration is supported by the wireless power transmitter may be confirmed by a version number of a standard
supported by thewireless power transmitter. For example, theWPCQi wireless power transmitter may support additional
power calibration only in ver.1.3 or higher. Meanwhile, regarding awireless power transmitter supporting a higher version
(e.g.,WPCver.1.3 or higher), thewireless power receivermay indicateRP/3 as shown in Table 5 and transmit the same to
distinguish the RP/2 packet for additional power calibration from the existing RP/2.
[0377] Power calibration due to change in coupling and/or foreign object insertion (1)
[0378] Apositionof thewirelesspower receivermaybechangedby theuser’s intentionormaybechanged regardlessof
the user’s intention. In addition, the change in the position of the wireless power receiver causes a change in coupling
between thewirelesspower transmitter and thewirelesspower receiver. For example, if receivedpower doesnot increase
despite increased transmitted power, itmay be due to a change in coupling or foreign object insertion. Alternatively, after a
control error (CE) converges to 0, if the CE is suddenly changed despite no intentional change to a load of the wireless
power receiver, it may be due to a change in coupling or foreign object insertion. The wireless power transmitter cannot
discriminate between foreign object insertion and a change in coupling in the power transfer phase. When the wireless
power transmitter detects a phenomenon related to a change in coupling or foreign object insertion, the wireless power
transmitter may restart the entire foreign object detection procedure from the beginning.
[0379] When the coupling is changed, the existing power calibration is no longer valid because the power transfer
characteristics at the light load/connected load depend on a specific coupling condition. In otherwords, the power transfer
characteristic derived under a specific coupling condition is no longer valid if the coupling condition is changed.
[0380] Hereinafter, a method of detecting a change in coupling and/or foreign object insertion and a method of re-
performing FODand/or performing power calibration according to a change in coupling and/or foreign object insertion will
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be described in more detail. Hereinafter, for convenience of description, the change in coupling and/or the insertion of a
foreign object will be collectively referred to as a change in coupling. FIG. 22 is a flowchart illustrating an operation of the
wireless power transmitter and the wireless power receiver according to the present embodiment.
[0381] FIG.22 isaflowchart illustratinganoperationofawirelesspower transmitter andawirelesspower receiverbased
on a change in coupling according to an embodiment.
[0382] Referring to FIG. 22, the wireless power transmitter transmits wireless power to the wireless power receiver in a
power transfer phase (S2000). In thepower transfer phase, thewirelesspower receiver transmits a receivedpowerpacket
(RPP) and a control error packet (CEP) to the wireless power transmitter (S2005).
[0383] The wireless power transmitter monitors information on power transmitted in the power transfer phase and/or
information (or packet) received from the wireless power receiver and detects the occurrence of a change in coupling
based on the monitoring result (S2010).
[0384] As an example, if transmitted power (Ptransmitted) increases even though there is no increase in received power,
the wireless power transmitter may determine that a change in coupling event has occurred or that a foreign object has
been inserted.
[0385] As another example, after the control error (CE) converges to almost 0, if the CE is rapidly changed despite no
intentional load change in thewireless power receiverwhile receivingRP/0, thewireless power transmittermay determine
that a coupling change event has occurred or that a foreign object has been inserted. Here, thewireless power transmitter
may determine whether the change in the CE is due to an intentional change in the load condition of the wireless power
receiver through themodefield of the receivedpower packet (RPP). That is, thewirelesspower transmittermaydetermine
whether a coupling change event occurs based on CEP and RPP.
[0386] When the change in coupling (or foreign object insertion) is detected in step S2010, the wireless power
transmitter performs the entire FOD procedure again (Q factor-based FOD and APLD) to detect a foreign object or
perform power calibration. Here, the power calibration includes an operation of updating power calibration set before the
change in coupling.
[0387] The wireless power transmitter may perform an operation of transmitting a specific bit pattern response to the
wireless power receiver in response to the received power packet received in step S2005 in order to inform the wireless
power receiver that a change in coupling has occurred (S2015).
[0388] FSKmodulationmay be used for transmission of the bit pattern response. For example, the bit pattern response
is 8 bits and may be called ATN (attention) or RFC (request for communication). By setting the bit pattern response to a
specific bit value and transmitting the same to thewireless power receiver, thewireless power transmittermay request the
wireless power receiver to transmit a DSR (Poll) packet, request the wireless power receiver to transmit a power-related
packet, draw the wireless power receiver’s attention, request the wireless power receiver to transmit a specific packet
(e.g., EPT packet), or provide a response for a packet received from the wireless power receiver. Here, the power-related
packet may be an EPT packet or a re-ping initiation packet. When the power-related packet is the EPT packet, the EPT
packet may include EPT/rst (0x0B).
[0389] As an example, an ACK response indicating a request approval may be indicated by a bit pattern of ’11111111’, a
NAK response rejecting a request may be indicated by a bit pattern of ’00000000’, and an ND response indicating an
unrecognizable or invalid request may be indicated by a bit pattern of ‘01010101’. In addition, ATN may be defined by
various8-bit sizedbit patternsexcept for thebit patternsdefined for theaboveACK/NAK/NDresponses.Forexample,ATN
may be defined as ‘00001111’, ’11110000’, ’10101010’, ’10110110’, ‘00110011’, or ‘01001001’. However, this is merely an
example, and the ATN may be configured with various bit patterns.
[0390] Since the ATN bit pattern response generally informs the wireless power receiver that there is a message to be
transmitted by the wireless power transmitter, the wireless power receiver, upon receiving the ATN bit pattern response,
transmits aDSR (poll) packet to thewirelesspower transmitter to specifically recognize forwhat reason thewirelesspower
transmitter has sent the ATN bit pattern response (S2020).
[0391] In this case, thewireless power transmitter induces re-ping or power transfer interruption (EPT) by transmitting a
power-related request packet to thewireless power receiver in response to aDSR (poll) packet (S2025). This is to perform
power calibration again according to the change in coupling. Step S2025 corresponds to an operation requested by the
wireless power transmitter to the wireless power receiver so that the wireless power receiver stops re-ping or power
transfer. As an example, the power-related request packet is a packet transmitted by thewireless power transmitter to the
wireless power receiver, andmay also be referred to as an end power transfer request (EPTR) packet. In one aspect, the
end power transfer request packet may have the same structure as the end power transfer (EPT) packet that the wireless
power receiver transmits to the wireless power transmitter. For example, the end power transfer request packet may
indicate the following values.
[0392] 0x00-EPT/nul-use if none of the other codes is appropriate.
[0393] 0x01-EPT/cc-charge complete; use to indicate that the battery is full.
[0394] 0x02-EPT/if-internal fault; use if an internal logic error has been encountered.
[0395] 0x03-EPT/ot-over temperature; use if (e.g.) the battery temperature exceeds a limit.
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[0396] 0x04-EPT/ov-over voltage; use if a voltage exceeds a limit.
[0397] 0x05-EPT/oc-over current; use if the current exceeds a limit.
[0398] 0x06-EPT/bf-battery failure; use if the battery cannot be charged.
[0399] 0x08-EPT/nr-no response; use if the target operating point cannot be reached.
[0400] 0x0A--EPT/an--aborted negotiation; use if a suitable Power Transfer Contract cannot be negotiated.
[0401] 0x0B--EPT/rst--restart; use to restart the power transfer.
[0402] 0x0C--EPT/rep--re-ping; use to restart the power transfer after a specified delay (the re-ping delay).
[0403] Here, a value of the end power transfer request packet in this embodiment may indicate restart or re-ping. Since
an initiator of re-ping or power transfer stop is thewireless power receiver, thewireless power transmitter cannot arbitrarily
enter re-pingorpower transfer stopwithout permissionof thewirelesspower receiver, and thus, aprocessof requesting re-
ping or power transfer stop from the wireless power receiver which is an initiator of re-ping or power transfer stop is
predeterminatively performed as in step S2025.
[0404] The wireless power receiver receiving the request of re-ping or power-related packet transmits ACK to the
wireless power transmitter in response to the power-related request packet (S2030) and transmits the power-related
packet to thewireless power transmitter (S2035). Here, the power-related packetmay be called a re-ping initiation packet.
As an example, the power-related packetmay be an end power transfer (EPT) packet, and theEPTpacketmay be set to a
value indicating re-ping (e.g., ’0x0D’ or ’0x0C’) or a value (e.g., ’0x0B’) indicating restart of power transfer. Re-pingmay be
performedafter a specific predetermined re-ping delay. Here, the re-ping delay valuemaybe set by, for example, a re-ping
time (or delay) packet in a negotiation step (e.g., when the value of theEPTpacket is ’0x0C’). Alternatively, re-pingmay be
performed immediately during a negotiation step despite a specific re-ping delay time preset by the re-ping time (or delay)
packet (e.g., in case where the value of the EPT packet=’0x0D’ or ’0x0E’).
[0405] When the power-related packet is received, the wireless power transmitter resets the wireless power receiver
according to the value indicated by the power-related packet and performs Q measurement and FOD again (S2040).
During the process of step S2040, thewireless power receivermay indicate that it is charging on a user interface although
wireless power is not supplied to the wireless power receiver. The FOD in step S2040 may correspond to the FOD
operation before power transfer. If the wireless power transmitter fails to receive the power-related packet within a certain
time in step S2035, the wireless power transmitter may reset the wireless power receiver and perform the entire FOD
procedure again.
[0406] In this case, the wireless power transmitter may suppress a step of transmitting an analog ping signal in the
selection step and a step of detecting and identifying the wireless power receiver (a beep signal indicating detection/i-
dentification may be output here).
[0407] Here, power calibration may be performed again. In this case, in the present embodiment, the wireless power
transmitter may include a step of performing FOD through Q measurement and new power calibration again. The new
power calibration in this casemay include the power calibration described in FIGS. 16 to 21. The new power calibration of
the wireless power transmitter may include a power calibration operation of the wireless power transmitter according to
FIGS. 16 to 21, and the new power calibration of the wireless power receiver may include a power calibration operation of
thewireless power receiver according toFIGS. 16 to 21. Accordingly, additional power calibration according to the change
in coupling is completed, and power calibration data such as the calibrated transmitted power value and/or a calibrated
received power value according to the new power calibration may be derived.
[0408] The wireless power transmitter in the embodiments according to FIG. 22 corresponds to the wireless power
transmissiondevice, thewirelesspower transmitter, or power transmissionpart disclosed inFIGS.1 to15.Accordingly, the
operation of the wireless power transmitter in this embodiment is implemented by one or a combination of two or more of
the components of thewireless power transmitter in FIGS. 1 to 15. For example, in the present embodiment, the operation
of transmitting wireless power to the wireless power receiver in the power transfer phase according to step S2000may be
performed by the power conversion unit 110. In addition, the operation of receiving RPP, CEP, etc., according to step
S2005, the operation of detecting a change in coupling according to step S2010, the operation of transmitting a power-
related request packet according to step S2025, the operation of receiving a power related packet according to step
S2035, and the operation for performing Q measurement and FOD according to S2040 may be performed by the
communication/control unit 120.
[0409] In addition, the wireless power receiver in the embodiment according to FIG. 22 corresponds to the wireless
power reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly,
the operation of the wireless power receiver in this embodiment is implemented by one or a combination of two ormore of
the components of the wireless power receiver in FIGS. 1 to 15. For example, in this embodiment, the operation of
receivingwireless power from thewireless power transmitter in the power transfer phase according to step S2000may be
performed by the power pickup unit 210. In addition, the operation of generating and transmitting a packet such as RPP,
CEP, etc., according to stepS2005, the operation of detectinga change in coupling according to stepS2010, the operation
of receiving a power related request packet according to step S2025, and the operation of generating and transmitting a
power related packet according to step S2035 may be performed by the communication/control unit 220.
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[0410] The power calibrationmethod according to FIG. 22 is an example of a casewhere the wireless power receiver is
an initiator of re-ping.Hereinafter, however, for instant re-ping, thewirelesspower transmittermaybean initiator of re-ping.
Accordingly, hereinafter, a method of calibrating power when the initiator of re-ping is a wireless power transmitter is
disclosed.
[0411] FIG. 23 is a flowchart illustrating a power calibrationmethod based on a change in coupling according to another
embodiment.
[0412] Referring to FIG. 23, stepsS2100 to S2120 are the sameas stepsS2000 toS2020, respectively. However, in the
embodiment of FIG. 23, since the wireless power transmitter is an initiator of re-ping, the wireless power transmitter
transmits a power-related packet instead of sending a power-related request packet to the wireless power receiver
(S2125) and receive ACK from the wireless power receiver (S2130) to enter the power calibration phase. The power-
related packet in stepS2125 is, for example, 1 byte (8 bits) andmay have a format of a re-ping packet as shown in FIG. 24.
[0413] FIG. 24 shows a format of a re-ping packet according to an example.
[0414] Referring to FIG. 24, the re-ping packet may have a packet structure including reserved bits of 2 bits and a field
(e.g., 6 bits) indicating re-ping time information. The re-ping time information is anatural number from1 to64and is used to
calculate the re-ping time Tre-ping. For example, the re-ping time may be Tre-ping=(ripping time information) x 0.2s.
Therefore, the re-ping time is 0.2s, 0.4s,... , 12.6s.Of course, the number of bits included in the field indicating the reserved
bit and the re-ping time may be variously modified.
[0415] Referring back to FIG. 23, the wireless power transmitter may perform the entire FOD procedure again (Q factor
based FOD and APLD) to detect a foreign object or perform power calibration (S2135). The FOD in step S2135 may
correspond to the FOD operation before power transfer. As an example, re-execution of the FOD procedure includes a
process inwhich thewireless power transmitter removespower and restarts fromQmeasurement to adigital ping step.As
another example, power calibration includes an operation of updating the power calibration set before the change in
coupling.
[0416] While re-ping is performed, the wireless power transmitter may suppress a step of transmitting an analog ping
signal in the selection step and a step of detecting and identifying the wireless power receiver (a beep signal indicating
detection/identification may be output here).
[0417] If thewirelesspower receiver receives thedigital pingsignal earlier or later than the re-ping time, thismay indicate
that the wireless power receiver overlying the wireless power transmitter has been replaced by the user. Accordingly, the
wireless power receivermay perform a default UX (amessage indicating a beep signal or initiation of wireless charging to
the user).
[0418] The wireless power transmitter in the embodiments according to FIG. 23 corresponds to the wireless power
transmissiondevice, thewirelesspower transmitter, or power transmissionpart disclosed inFIGS.1 to15.Accordingly, the
operation of the wireless power transmitter in this embodiment is implemented by one or a combination of two or more of
the components of thewireless power transmitter in FIGS. 1 to 15. For example, in the present embodiment, the operation
of transmitting wireless power to the wireless power receiver in the power transfer phase according to step S2100may be
performed by the power conversion unit 110. In addition, the operation of receiving RPP, CEP, etc., according to step
S2105, the operation of detecting a change in coupling and/or insertion of a foreign object according to step S2110, the
operation of generating and transmitting a bit pattern response according to step S2115, the operation of receiving aDSR
packet according to step S2120, the operation of transmitting the power-related packet according to step S2125, the
operation of receiving the ACK response according to step S2130, and the operation of performing Qmeasurement and
FOD or performing power calibration according to step S2135may be performed by the communication/control unit 120.
[0419] In addition, the wireless power receiver in the embodiment according to FIG. 23 corresponds to the wireless
power reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly,
the operation of the wireless power receiver in this embodiment is implemented by one or a combination of two ormore of
the components of the wireless power receiver in FIGS. 1 to 15. For example, in this embodiment, the operation of
receivingwireless power from thewireless power transmitter in the power transfer phase according to step S2100may be
performed by the power pickup unit 210. In addition, the operation of generating and transmitting a packet such as RPP,
CEP,etc., according tostepS2105, theoperationof receivingabit pattern responseaccording tostepS2115, theoperation
of generating and transmitting aDSRpacket according to stepS2120, the operation of receiving the power-related packet
according to step S2125, and the operation of transmitting ACK according to S2130 may be performed by the commu-
nication/control unit 220.
[0420] Power calibration due to load change (2): using RP/3
[0421] FIG. 25 is a flowchart illustrating amethod of performing power calibration andFODaccording to an example out
of the scope of the invention.
[0422] Referring toFIG. 25, thewirelesspower receiver receivesandmeasures transmittedpower (hereinafter, referred
toasfirst light load transmittedpower;Ptr_light) from thewirelesspower transmitter ina light-loadconditionand transmitsa
first received power packet (RPP) indicating a received power value under the light load condition to the wireless power
transmitter (S2300). The first received power packet may have, for example, the format of FIG. 17. In addition, the mode
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field indicates a method for interpreting the received power value, and an example of the mode field is shown in Table 5.

[Table 5]

Mode Indication contents

’000’ Normal value; response requested

’001’ Light-load calibration value; response requested

’010’ Connected-load calibration value; response requested

’011’ Multi-point connected-load calibration value, response requested

’100’ Normal value; no response requested

[0423] Referring to Table 5, the mode field=‘000’ indicates that a received power value is a normal power value (which
maybe indicatedasRP/0), and themodefield=‘001’, ‘010’, and ’011’may indicate that the receivedpowerpacket is related
to power calibration (which may be represented by RP/1, RP/2, and RP/3, respectively). That is, the wireless power
receivermay indicate power calibrationby transmittinga receivedpowerpacket having themodefield=‘001’, ‘010’, or ’011’
to thewirelesspower transmitter. Specifically, if themodefield=‘001’ (i.e., RP/1), the receivedpower packetmay indicate a
power value (hereinafter, referred to as a light-load calibration value, Prec_light) received by the wireless power receiver
when thewireless power receiver is in the light-load condition. Also, if themode field=‘010’ (i.e., RP/2), the received power
packet may indicate a power value (hereinafter, referred to as a connected-load calibration value, Prec_connected)
received by the wireless power receiver when the wireless power receiver is in the connected-load condition. Also, if the
mode field=’011’ (i.e., RP/3), it may indicate that the received power packet is related to a multi-point connected-load
calibration value. The light load condition may refer to a condition in which a load (e.g., a battery) is not electrically
connected to the wireless power receiver, and the connected-load condition may refer to a condition in which a load is
connected to the wireless power receiver.
[0424] The wireless power transmitter and the wireless power receiver perform initial power calibration using RP/1 and
RP/2 when entering the power transfer phase. Thereafter, when the wireless power receiver increases the load power to
RP/2or greater, additional power calibration is required. Accordingly, thewirelesspower receiver transmits theRP/3 to the
wireless power transmitter, so that the wireless power transmitter may perform additional power calibration.
[0425] Here, the wireless power receiver may transmit an RP/3 packet for additional power calibration to the wireless
power transmitter when the wireless power transmitter supports an additional power calibration mode (e.g., WPC ver.1.3
or higher). Whether the wireless power transmitter supports additional power calibration may be confirmed, for example,
by a version number of a standard supported by the wireless power transmitter. That is, the WPC Qi wireless power
transmitter may support additional power calibration only in ver.1.3 or higher.
[0426] Referring back to FIG. 25, since the first received power packet indicates the received power value (i.e., the light
loadcalibrationvalue,Prec_light)measuredunder the light loadcondition, themodefieldof thefirst receivedpowerpacket
is ’001 ’(i.e., RP/1). Therefore, step S2300 may further include a step in which the wireless power receiver sets the mode
field=‘001’.When themodefield=‘010’ is confirmed, thewirelesspower transmitter identifies that the receivedpower value
indicated by the second received power packet is the light-load calibration value (Prec_light). The wireless power
transmittermay store the light-load calibration value (Prec_light) in thememory to performpower calibration. Although not
shown, the wireless power transmitter may transmit an ACK or NAK to the wireless power receiver in response to the first
received power packet. Also, the first received power packet may be transmitted multiple times or continuously. In this
case, the first received power packet (i.e., RP/1) which is continuously transmittedmay be treated as one received power
packet (i.e., a single RP/1).
[0427] In one aspect, when receiving the RP/1, the wireless power transmitter transmits NAK until the wireless power
receiver stably reaches the corresponding power level (while monitoring the CE value), and when the power level is
stabilized, the wireless power transmitter transmits ACK and takes the RP1 value at that time.
[0428] Thewireless power receiver receives andmeasures the first connected-load transmitted power (Ptr_connected
(1)) from the wireless power transmitter under the first connected-load condition and then transmits the second received
power packet (i.e., RP/2) indicating the first connected-load calibration value (Prec_connected (1)) to the wireless power
transmitter (S2305).
[0429] Step S2305may further include a step in which the wireless power receiver sets themode field=‘010’. When the
mode field=‘010’ is confirmed, the wireless power transmitter identifies that the received power value indicated by the
second received power packet is the first connected-load calibration value (Prec_connected (1)). The wireless power
transmitter may store the first connected-load calibration value (Prec_connected (1)) in the memory to perform power
calibration.
[0430] Power transfer characteristics or calibration curves according toFIG. 18andEquations 1 to 2maybederived, for
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example, based on RP/1 and RP/2.
[0431] The wireless power receiver changes the connected-load (S2310). The change in the connected-load may
include an increase or decrease in the connected-load. The change in the connected-loadmaymean that a target rectified
voltage (target Vrec) or target power of the wireless power receiver increases or decreases compared to the previous
connected-load. A situation in which the connected-load is changed may include a case in which the wireless power
receiver uses multiple load steps to reach the target power. When the connected-load is changed, at least a part of the
previously set power transfer characteristics may be changed, or additional power transfer characteristics may be set,
whilemaintaining thepreviously set power transfer characteristics. Forexample, if the transmittedpowerPtr increases toa
rangewherePtr_connected (1) <Ptr due to an increase in the connected-load, the power transfer characteristic of FIG. 18
cannot cover this situation.
[0432] Accordingly, in order to reflect the state in which the connected-load is changed in the power calibration and
improve FOD performance, the wireless power transmitter and/or the wireless power receiver perform multi-point power
calibration. To this end, thewireless power receiver receivesandmeasures the second connected-load transmitted power
(Ptr_connected (2)) from thewireless power transmitter under the second connected-load condition, and then transmits a
third received power packet RP/3 indicating the second connected-load calibration value (Prec_connected (2)) to the
wireless power transmitter (S2315). When the wireless power transmitter responds with ACK to the second received
power packet RP/2 in step S2310, additional RP/2 transmission of the wireless power receiver may not be permitted.
However, in order to improve the power loss-based foreign object detection function, the limitation on the timing of power
calibration may be removed and multi-point power calibration of two or more points may be required, and thus, the
transmission of the third received power packet as in step S2325 may be permitted.
[0433] Step S2325 may further include a step in which the wireless power receiver set the mode field to ’011’ (mode
field=‘01 1’). When it is confirmed that the mode field=‘011’, the wireless power transmitter identifies that the received
power value indicated by the third received power packet is amulti-point calibration value (Prec_connected (2)). Since the
mode field=‘011’, the wireless power transmitter may know that additional power calibration is required.
[0434] Asanexample related to a transmission timingofRP/3, the transmissionofRP/3maybeperformedat any timeat
which the wireless power receiver steps up the target load power. That is, initial power calibration is performed based on
RP/1 and RP/2 at the start of the power transfer phase (according to steps S2300 to S2310), and after the initial power
calibration, multi-point power calibration may be performed at any time at which the wireless power receiver gradually
steps up the target load power.
[0435] As another example related to a transmission timing of RP/3, the wireless power receiver may transmit RP/3
betweenaplurality ofRP/0sorbetweenaplurality ofRP/0sandCEP in thepower transfer phase.Here, the transmissionof
the RP/3 may be performed at any time at which the wireless power receiver steps up the target load power.
[0436] In order toperformmulti-point power calibration, thewirelesspower transmittermaystore thesecondconnected-
load calibration value (Prec_connected (2)) in the memory.
[0437] Based on the power calibration data obtained through steps S2300, S2305, and S2325, power transfer
characteristics may be derived or set. The derived power transfer characteristics may be, for example, shown in FIG.
19 and Equations 3 to 6.
[0438] Regarding the power Ptransmitted transmitted by the wireless power transmitter, if the wireless power receiver
receivesa fourth receivedpower packet (i.e.,RP/0) indicatinganormal value (i.e.,modefield=’000’b)Preceived, rather than
the received power packet (i.e., mode field=‘001’b or ‘010b’) related to power calibration no longer, (S2330), the wireless
power transmitter completes power calibration and performs FOD based on the transmitted power Ptransmitted and the
received power Preceived (S2335). For example, step S2335 may include a step in which the wireless power transmitter
performs FOD based on power loss according to FIG. 20.
[0439] Although not shown, the wireless power transmitter may transmit ACK or NAK to the wireless power receiver in
response toRP/1,RP/2, andRP/3. Thewireless power transmittermay repeat the operation of transmitting theNAK to the
wireless power receiver until control is achieved to a target operating point. In addition, the wireless power receiver may
transmit one or more CE packet(s) between all received power packets including RP/2, RP/2, and RP/3.
[0440] For example, according to the example of FIG. 25, thewireless power receiver transmits the first received power
packet RP/1 to the wireless power transmitter (S2300). However, if the corresponding power level is not reached, the
wireless power transmitter transmits the NAK to the wireless power receiver. In this case, the wireless power transmitter
checks one or more CE packet(s) transmitted from the wireless power receiver, while changing the operating point and
determines whether the wireless power receiver has reached the target operating point. This process (RP/1 (NAK)‑CE-
CE-CE-CE-RP1 (NAK)‑CE-CE-CE) is repeated, and when the power level is stable, the wireless power transmitter
transmits ACK and takes the RP/1 value at that time as power calibration data.
[0441] When the ACK is received in response to the first received power packet RP/1, the wireless power receiver
transmits the second received power packet RP/2 to the wireless power transmitter (S2305). However, if the correspond-
ing power level is not reached, the wireless power transmitter transmits NAK to the wireless power receiver. In this case,
the wireless power transmitter checks one or more CE packet(s) transmitted from the wireless power receiver, while
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changing the operating points, and determines whether the wireless power receiver has reached a target operating point.
Theprocess (RP/2 (NAK) -CE-CE -CE-CE -RP2(NAK) -CE-CE-CE) is repeatedandwhen thepower level is stable, the
wireless power transmitter transmits ACK and takes the RP/2 value at that time as a power calibration parameter.
[0442] Thereafter, the wireless power receiver transmits the third received power packet RP/3 to the wireless power
transmitter according toachange in theconnected-load (S2310) (S2325).However, if the correspondingpower level is not
reached, the wireless power transmitter transmits NAK to the wireless power receiver. In this case, the wireless power
transmitter checks one or more CE packet(s) transmitted from the wireless power receiver, while changing the operating
points, and determines whether the wireless power receiver has reached a target operating point.
Theprocess (RP/3(NAK) -CE -CE -CE -CE -RP3(NAK) -CE-CE -CE) is repeatedandwhen thepower level is stable, the
wireless power transmitter transmits ACK and takes the RP/3 value at that time as power calibration data.
[0443] Thereafter, thewireless power receiver receives a received power packet indicating the normal value (i.e., mode
field=’000’b) Preceived, rather than the received power packet (i.e.,mode field=’001’b or ’010b’) related to power calibration
no longer, (S330), thewireless power transmitter calibrates the Preceived based on the power calibration, calculates power
loss, and performs FOD based on the power loss (S2335).
[0444] The wireless power transmitter in the example according to FIG. 25 corresponds to the wireless power
transmission device, the wireless power transmitter, or power transmission part disclosed in FIGS. 1 to 15. Accordingly,
theoperationof thewirelesspower transmitter is implementedbyoneoracombinationof twoormoreof thecomponentsof
the wireless power transmitter in FIGS. 1 to 15. For example, processing of power calibration, transmission of ACK/NAK,
and/or reception of RP and CEP by the wireless power transmitter in the above examples may be performed by the
communication/control unit 120.
[0445] In addition, the wireless power receiver in the example according to FIG. 25 corresponds to the wireless power
reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly, the
operation of the wireless power receiver is implemented by one or a combination of two or more of the components of the
wireless power receiver in FIGS. 1 to 15. For example, processing of power calibration, transmission of RP and CEP,
and/or reception of ACK/NAK by the wireless power receiver in the above examples may be performed by the
communication/control unit 220.
[0446] Another embodiment of the present disclosure includes awireless power transmitter andmethod and awireless
power receiver and method for performing power calibration associated with an authentication procedure, That is, multi-
point power calibration may be performed in association with authentication.
[0447] As an example, a method of performing multi-point power calibration for a wireless power receiver without an
authentication function may include performing an initial power calibration using RP/1 and/or RP/2 at an intermediate
power level (e.g., basic power profile (BPP or 5W) when the wireless power transmitter and the wireless power receiver
enter an initial power transfer phase, performing power transfer at the intermediate power level by the wireless power
transmitter, and continuously transmitting, by the wireless power receiver, the RP/3 packet to the wireless power
transmitter after the initial power calibration to increase a load power to a target load power by stages. Here, the wireless
power receiver may perform uncalibrated or partially power-calibrated FOD. In addition, the wireless power receiver may
transmit RP/0, while maintaining the power level.
[0448] As another example, a method of performing multi-point power calibration for a wireless power receiver without
an authentication function may include performing initial power calibration using RP/1 and/or RP/2 at an intermediate
power level (e.g., basic power profile (BPP or 5W) when the wireless power transmitter and the wireless power receiver
enters the initial power transfer phase, performing power transfer by the wireless power transmitter at the intermediate
power level, transmitting, by the wireless power receiver, RP/0 to the wireless power transmitter, while maintaining the
target loadpower, and transmitting, by thewirelesspower receiver, anRP/3packet to thewirelesspower transmitter at any
timing to increase the load power by stages. Here, the wireless power receiver may perform uncalibrated or partially
power-calibrated FOD.
[0449] As another example, a method of performing multi-point power calibration for a wireless power receiver that
performs an authentication function includes performing initial power calibration based on RP/1 and/or RP/2 at an
intermediate power level (i.e., BPPor 5W)when thewireless power transmitter and thewireless power receiver enters the
initial power transfer phase, performing authentication by the wireless power transmitter and/or the wireless power
receiver transmits power at the intermediate power level, and transmitting, by thewireless power receiver, anRP/3 packet
to thewirelesspower transmitter to increase the loadpowerbystagesafterauthentication is successfully completed.Here,
the step of performing authentication may further include verifying whether authenticated (i.e., Qi-certified) extended
power profile (EPPor 5Wor greater) is supported andmaking a contract for power transfer at a desired target power value
(i.e., 8W or 15W) when authentication is successfully performed as a result of the verification. Also, the wireless power
receiver may transmit an RP/0 packet to the wireless power transmitter during authentication.
[0450] Accordingly, thewireless power transmitter is controlled to performadditional power calibration.Here, the step of
making the contract for power transfer with the target power value (i.e. 8Wor 15W)may be performed in the renegotiation
phase. That is, after the authentication is completed and the renegotiation phase, the wireless power receiver may
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increase the target power. In this case, the wireless power receiver performs additional power calibration by transmitting
the RP/3 to the wireless power transmitter.

Power calibration due to change in coupling and/or FOD (2): using EPT/fod

[0451] When the wireless power transmitter performs FOD using the RP/0 value, the wireless power transmitter does
not clearly distinguishbetweenachangedue toactual foreignobject insertionandachangecausedby theusermoving the
wireless power receiver, and thus, the wireless power transmitter may re-perform FOD using Q and a resonant value to
stop power transfer only when a foreign object is actually detected.
[0452] Accordingly, there is also a need for a method for preventing foreign object misdetection by redoing pre-power
FOD when a foreign object is inserted midway or coupling is changed. This method may be performed based on an end
power transfer (EPT) packet.
[0453] The method for performing FOD according to an embodiment includes monitoring, by the wireless power
transmitter and/or thewireless power receiver, aRP/0 and/or CEP, detecting, by thewireless power transmitter and/or the
wireless power receiver, the occurrence of a specific event, transmitting, by the wireless power receiver, a EPT packet
(EPT/fod) for FOD to thewireless power transmitter, and performing, by thewireless power transmitter, FODbased on the
EPT packet.
[0454] Here, the specific event includes, for example, a casewhere a foreign object is inserted or a casewhere coupling
is changed as the wireless power receiver is moved due to an external influence during the power transfer phase.
[0455] The EPT packet for the FOD generated by the wireless power receiver may be, for example, EPT/fod or EPT/rst
or EPT/rep ((0x0B-EPT/rst-restart; use to restart the power transfer/0x0C-EPT/rep-re-ping; use to restart the power
transfer after a specified delay (the re-ping delay)). TheEPT packet for the FODmay have a structure as shown in FIG. 17
and may indicate any one of the values in Table 6 below.

[Table 6]

> 0x00-EPT/nul-use if none of the other codes is appropriate.>
0x01-Reserved> 0x02-EPT/if-internal fault; use if an internal logic error has been encountered.> 0x03—EPT/ot—
over temperature; use if (e.g.) the battery temperature exceeds a limit.> 0x04—EPT/ov—over voltage; use if a vol-
tage exceeds a limit.> 0x05-EPT/oc-over current; use if the current exceeds a limit.> 0x06-Reserved> 0x08-Re-
served.> 0x0A-Reserved.> 0x0B-EPT/rst-restart; use to restart the power transfer. NOTE Typically, a Power Trans-
mitter engages in FOD after stopping the power transfer and before restarting it. For details about this procedure,
see the Qi Specification, Foreign Object Detection.> 0x0C-EPT/rep-re-ping; use to restart the power transfer after a
specified delay (the re-ping delay). NOTE A Power Receiver should use this End Power Transfer Code only if it has
verified that the Power Transmitter complies with version 1.3 or higher of the Qi Specification.> EPT/rfid-RFID/NFC
card; use if an RFID/NFC card has been detected> EPT/fod - Pre-power FOD and re-calibration

[0456] Here, the EPT/fod may indicate a reason for pre-power FOD and additional power calibration. That is, the
wireless power receiver may use the EPT/fod value when the necessity of FOD and additional power calibration before
power transfer is recognized from internal observation. As an example, the wireless power transmitter may determine a
case of suspected foreign object insertion using a calibrated power value and the wireless power receiver may suspect
foreign object insertion when a received power value or an operating point (e.g., rectified voltage) value is abnormally
changed.
[0457] The EPT/rst may cause the wireless power transmitter and/or the wireless power receiver to cause noise due to
restart and may give the user an undesirable experience. EPT/rep may be used To provide a better wireless charging
service to the user. That is, thewireless power receivermay transmit EPT/rep packets to thewireless power transmitter. In
this case, the wireless power transmitter may further includemeasuring a Q factor before power transfer (pre-power) and
performing FOD through new power calibration.
[0458] If the wireless power receiver uses EPT/rep, there is a problem that the wireless power transmitter cannot
determine a time required for pre-power FOD. Therefore, it is necessary to define EPT/fod by a new code of the EPT
packet. In addition, the wireless power receiver transmits the EPT/fod packet to the wireless power transmitter so that the
wirelesspower transmitter stopspower transfer andperformspre-powerFOD.EPT/fodpackets, likeEPT/reppackets, are
defined to prevent noise from occurring in the wireless power transmitter and/or the wireless power receiver.
[0459] A method for performing FOD according to another embodiment includes monitoring, by the wireless power
transmitter and/or thewireless power receiver, aRP/0 and/or CEP, detecting, by thewireless power transmitter and/or the
wireless power receiver, the occurrence of a specific event, transmitting, by thewireless power transmitter, anEPTpacket
(EPT/fod) for FOD to the wireless power receiver, performing FOD, by the wireless power transmitter, based on the EPT
packet, and restarting power transfer according to the result of FOD.
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[0460] In oneaspect, theEPTpacket for FODgenerated by thewireless power transmittermay have the samestructure
as theEPTpacket for FODgeneratedby thewirelesspower receiver as shown inFIG. 17. In this case, theEPTpacketmay
indicate any one of the values in Table 7 below

[Table 7]

> 0x00—EPT/nul—use if none of the other codes is appropriate.>
0x01-Reserved> 0x02-EPT/if-internal fault; use if an internal logic error has been encountered.> 0x03—EPT/ot—
over temperature; use if (e.g.) the battery temperature exceeds a limit.> 0x04—EPT/ov—over voltage; use if a vol-
tage
exceeds a limit.> 0x05-EPT/oc-over current; use if the current exceeds a limit.>
0x06-Reserved> 0x08-Reserved.> 0x0A-Reserved.> 0x0B-EPT/rst-restart; use to restart the power transfer.NOTE
Typically, a Power Transmitter engages in FOD after stopping the power transfer and before restarting it. For de-
tails about this procedure, see the Qi Specification, Foreign Object Detection.>
0x0C-EPT/rep-re-ping; use to restart the power transfer after a specified delay (the re-ping delay). NOTE A Power
Receiver should use this End Power Transfer Code only if it has verified that the Power Transmitter complies with
version 1.3 or higher of the Qi Specification.> EPT/rfid-RFID/NFC card; use if an RFID/NFC card has been de-
tected> EPT/fod - Pre-power FOD and re-calibration

[0461] For example, the EPT packet may indicate a specific value signifying EPT/fod, and here, EPT/fod may indicate
pre-power FODand a reason for additional power calibration. That is, thewireless power transmittermay use the EPT/fod
value when the necessity of pre-power FOD and the additional power calibration is recognized from internal observation.
[0462] In another aspect, the EPT packet for FOD generated by the wireless power transmitter may have a different
structure from theEPTpacket for FODgeneratedby thewirelesspower receiver. In this case, at least someof the values in
Table 8 below indicating the EPT packet may be reused.

[Table 8]

> 0x00—EPT/nul—use if none of the other codes is appropriate.>
0x01-Reserved> 0x02-EPT/if-internal fault; use if an internal logic error has been encountered.> 0x03—EPT/ot—
over temperature; use if (e.g.) the battery temperature exceeds a limit.> 0x04—EPT/ov—over voltage; use if a vol-
tage exceeds a limit.> 0x05-EPT/oc-over current; use if the current exceeds a limit.> 0x06-Reserved> 0x08-Re-
served.> 0x0A-Reserved.> 0x0B-EPT/rst-restart;
use to restart the power transfer. NOTE Typically, a Power Transmitter engages in FOD after stopping the power
transfer and before restarting it. For details about this procedure, see the Qi Specification, Foreign Object Detec-
tion.>
0x0C-EPT/rep-re-ping; use to restart the power transfer after a specified delay (the re-ping delay).NOTE A Power
Receiver should use this End Power Transfer Code only if it has verified that the Power Transmitter complies with
version 1.3 or higher of the Qi Specification.> EPT/rfid-RFID/NFC card; use if an RFID/NFC card has been de-
tected> EPT/fod - Pre-power FOD and re-calibration

[0463] Meanwhile, before the step of transmitting, by the wireless power transmitter, the EPT packet for FOD to the
wirelesspower receiver, a stepof transmitting, by thewirelesspower transmitter,ATN to thewirelesspower receiver, a step
of transmitting, by the wireless power receiver, CEP to the wireless power transmitter, and a step of transmitting, by the
wirelesspower receiver,DSR/poll to thewirelesspower transmittermaybeperformed. In addition, upon receiving theEPT
packet for FOD, the wireless power receiver may transmit DSR/ACK to the wireless power transmitter.
[0464] Meanwhile, after restarting power transfer based on the EPT/fod packet, the wireless power transmitter and the
wireless power receiver may immediately enter the power transfer phase if it is determined that there is no foreign object.
Themethod of entering the power transfer phasemay be different depending on a case where the user wants to enter the
power transfer phase immediately after restarting and a case where a full protocol is to be performed. Specifically, the
operation of entering the power transfer phase may be defined as follows from the standpoint of the wireless power
receiver and the wireless power transmitter.
[0465] First, the operation of the wireless power receiver is as follows.
[0466] As an example, thewireless power receivermay transmit RP/0 as a first packet to thewireless power transmitter
when it is desired to enter the power transfer phase immediately after restarting. After the restart, initial power calibration
may be performed at the power transfer phase, and the previous power contract may be effectively preserved.
[0467] As another example, when attempting to perform a full protocol after restart, the wireless power receiver may
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transmit a signal strength (SS) packet as a first packet to the wireless power transmitter.
[0468] In this case, the wireless power receiver enters the power transfer phase through a digital ping step, an
identification and configuration step, and a negotiation step after restarting. In addition, the wireless power receiver
performs initial power calibration by transmitting RP/1 and RP/2 at the start of power transfer, and thereafter, the wireless
power receivermayperformadditional powercalibrationby transmittingRP/3each time the target loadpower is increased.
[0469] Next, the operation of the wireless power transmitter is as follows.
[0470] Thewireless power transmittermay havea different procedure to enter the power transfer phase according to an
initial packet of the wireless power receiver.
[0471] As an example, when thewireless power transmitter receives a signal strength (SS) packet as a first packet from
the wireless power receiver, the wireless power transmitter performs a full protocol.
[0472] FIG. 26 is a flowchart illustrating a power calibration method based on a foreign object insertion or a change in
coupling according to an embodiment.
[0473] Referring toFIG. 26, thewirelesspower transmitter transmitswirelesspower to thewirelesspower receiver in the
power transfer phase (S2400). In thepower transfer phase, thewirelesspower receiver transmits a receivedpowerpacket
(RPP) and a control error packet (CEP) to the wireless power transmitter (S2405).
[0474] The wireless power transmitter monitors information on power transmitted in the power transfer phase and/or
information (or packet) received from the wireless power receiver and detects foreign object insertion or a change in
coupling based on the monitoring result (S2410).
[0475] As an example, if the transmitted power (Ptransmitted) is increased despite no increase in the received power, the
wireless power transmitter may determine that a coupling change event has occurred or that a foreign object has been
inserted.
[0476] As another example, after the control error (CE) converges to almost 0, if the CE is rapidly changed despite no
intentional load change in the wireless power receiver, the wireless power transmitter may determine that a coupling
changeevent has occurred or that a foreign object has been inserted.Here, thewireless power transmittermay determine
whether the change in the CE is due to an intentional change in the load condition of the wireless power receiver through
the mode field of the received power packet (RPP). That is, the wireless power transmitter may determine whether a
coupling change event occurs based on CEP and RPP.
[0477] When the change in coupling (or foreign object insertion) is detected in step S2410, the wireless power
transmitter performs the entire FOD procedure again (Q factor-based FOD and APLD) to detect a foreign object or
perform power calibration. Here, the power calibration includes an operation of updating power calibration set before the
change in coupling.
[0478] The wireless power transmitter may perform an operation of transmitting a specific bit pattern response to the
wireless power receiver in response to the received power packet received in step S2405 in order to inform the wireless
power receiver that a change in coupling has occurred (S2415).
[0479] FSKmodulationmay be used for transmission of the bit pattern response. For example, the bit pattern response
is 8 bits and may be called ATN (attention) or RFC (request for communication). By setting the bit pattern response to a
specific bit value and transmitting the same to thewireless power receiver, thewireless power transmittermay request the
wireless power receiver to transmit a DSR (Poll) packet or to transmit an EPT/fod packet.
[0480] As an example, an ACK response indicating a request approval may be indicated by a bit pattern of ‘11111111’, a
NAK response rejecting a request may be indicated by a bit pattern of ’00000000’, and an ND response indicating an
unrecognizable or invalid request may be indicated by a bit pattern of ’01010101’. In addition, ATN may be defined by
various8-bit sizedbit patternsexcept for thebit patternsdefined for theaboveACK/NAK/NDresponses.Forexample,ATN
may be defined as ‘00001111’, ‘11110000’, ’10101010’, ’10110110’, ‘00110011’, or ‘01001001’. However, this is merely an
example, and the ATN may be configured with various bit patterns.
[0481] Since the ATN bit pattern response generally informs the wireless power receiver that there is a message to be
transmitted by the wireless power transmitter, the wireless power receiver, upon receiving the ATN bit pattern response,
transmits aDSR (poll) packet to thewirelesspower transmitter to specifically recognize forwhat reason thewirelesspower
transmitter has sent the ATN bit pattern response (S2420).
[0482] Here, the wireless power transmitter transmits a packet requesting re-ping for Q factor measurement to the
wireless power receiver in response to theDSR (poll) packet (S2425). This is to performpower calibration again according
to the change in coupling or foreign object insertion. Step S2425 corresponds to an operation requested by the wireless
power transmitter to the wireless power receiver so that the wireless power receiver stops re-ping or power transfer.
[0483] The wireless power receiver receiving the packet requesting re-ping transmits an end power transfer packet
(EPT/fod) for FOD for Q factor measurement to the wireless power transmitter (S2430). The EPT packet may be set to a
value (e.g., ’0x0B’) indicating FOD or a value indicating restart of power transfer.
[0484] When theEPTpacket is received, thewireless power transmitter resets thewireless power receiver according to
the value indicated by theEPTpacket andperformsQmeasurement andFOD (S2435).During theprocessof stepS2435,
thewirelesspower receivermay indicate that it is chargingonauser interfacealthoughwirelesspower isnot supplied to the
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wireless power receiver. The FOD in step S2435 may correspond to the pre-power FOD operation. If the wireless power
transmitter fails to receive theEPTpacketwithin a certain time in stepS2430, thewireless power transmittermay reset the
wireless power receiver and perform the entire FOD procedure again.
[0485] In this case, the wireless power transmitter may suppress a step of transmitting an analog ping signal in the
selection step and a step of detecting and identifying the wireless power receiver (a beep signal indicating detection/i-
dentification may be output here).
[0486] Here, power calibration may be performed again. In this case, in the present embodiment, the wireless power
transmitter may include a step of performing FOD through Q measurement and new power calibration again.
[0487] The new power calibration in this case may include the power calibration described in FIGS. 16 to 21. The new
power calibration in this casemay include the power calibration described in FIGS. 16 to 21. The new power calibration of
thewireless power transmitter includes a power calibration operation of thewireless power transmitter according to FIGS.
16 to 21, and the newpower calibration of thewireless power reception device according to FIGS. 16 to 21 Itmay include a
power calibration operation of the wireless power receiver. Accordingly, additional power calibration according to the
change in coupling is completed, and power calibration data such as a calibrated transmit power value and/or a calibrated
received power value according to the new power calibration may be derived.
[0488] The wireless power transmitter in the embodiments according to FIG. 26 corresponds to the wireless power
transmissiondevice, thewirelesspower transmitter, or power transmissionpart disclosed inFIGS.1 to15.Accordingly, the
operation of the wireless power transmitter in this embodiment is implemented by one or a combination of two or more of
the components of thewireless power transmitter in FIGS. 1 to 15. For example, in the present embodiment, the operation
of transmitting wireless power to the wireless power receiver in the power transfer step according to step S2400 may be
performed by the power conversion unit 110. In addition, the operation of receiving RPP, CEP, etc., according to step
S2405, the operation of detectinga change in couplingor foreign object insertion according to stepS2410, the operation of
transmitting a re-ping request packet according to stepS2425, the operation of receiving anEPT packet according to step
S2430, and the operation for performing Q measurement and FOD according to S2435 may be performed by the
communication/control unit 120.
[0489] In addition, the wireless power receiver in the embodiment according to FIG. 26 corresponds to the wireless
power reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly,
the operation of the wireless power receiver in this embodiment is implemented by one or a combination of two ormore of
the components of the wireless power receiver in FIGS. 1 to 15. For example, in this embodiment, the operation of
receiving wireless power from the wireless power transmitter in the power transfer step according to step S2400 may be
performed by the power pickup unit 210. In addition, the operation of generating and transmitting a packet such as RPP,
CEP, etc., according to step S2405, the operation of receiving a re-ping request packet according to step S2425, and the
operation of generating and transmitting the EPT packet according to step S2430 may be performed by the commu-
nication/control unit 220.
[0490] FIG. 27 is a flowchart illustrating a power calibration method based on a change in coupling or foreign object
insertion according to another embodiment.
[0491] Referring to FIG. 27, stepsS2500 to S2520 are the sameas stepsS2400 toS2420, respectively. However, in the
embodiment of FIG. 27, since the wireless power transmitter is an initiator of re-ping, the wireless power transmitter
transmits an EPT packet instead of sending a power-related request packet to the wireless power receiver (S2425) and
receive ACK from the wireless power receiver (S2530) to enter the power calibration phase.
[0492] In stepS2525, theEPTpacket forFODgeneratedby thewirelesspower receivermaybe, for example,EPT/fodor
EPT/rst or EPT/rep ((0x0B-EPT/rst-restart; use to restart the power transfer/0x0C--EPT/rep--re-ping; use to restart the
power transfer after a specifieddelay (the re-pingdelay)).Here, theEPT/fodmay indicatea reason for pre-powerFODand
additional power calibration. That is, thewireless power receivermayuse theEPT/fod valuewhen thenecessity of the pre-
power FOD and additional power calibration is recognized from internal observation.
[0493] The EPT/rst may cause the wireless power transmitter and/or the wireless power receiver to cause noise due to
restart and may give the user an undesirable experience. EPT/rep may be used To provide a better wireless charging
service to the user. That is, the wireless power receiver may transmit EPT/rep packets to the wireless power transmitter.
[0494] Thewireless power transmittermay perform the entire FODprocedure again (Q factor based FODandAPLD) to
detect a foreignobject or performpowercalibration (S2535).Asanexample, re-executionof theFODprocedure includesa
process inwhich thewireless power transmitter removespower and restarts fromQmeasurement to adigital ping step.As
another example, power calibration includes an operation of updating the power calibration set before the change in
coupling.
[0495] While re-ping is performed, the wireless power transmitter may suppress a step of transmitting an analog ping
signal in the selection step and a step of detecting and identifying the wireless power receiver (a beep signal indicating
detection/identification may be output here).
[0496] If thewirelesspower receiver receives thedigital pingsignal earlier or later than the re-ping time, thismay indicate
that the wireless power receiver overlying the wireless power transmitter has been replaced by the user. Accordingly, the
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wireless power receivermay perform a default UX (amessage indicating a beep signal or initiation of wireless charging to
the user).
[0497] The wireless power transmitter and the wireless power receiver may restart the power transfer based on the
result of the FOD.Meanwhile, after restarting power transfer based on the EPT/fod packet, thewireless power transmitter
and the wireless power receiver may immediately enter the power transfer phase if it is determined that there is no foreign
object. The method of entering the power transfer phase may be different depending on a case where the user wants to
enter thepower transfer phase immediately after restartingandacasewherea full protocol is tobeperformed.Specifically,
the operation of entering the power transfer phase may be defined as follows from the standpoint of the wireless power
receiver and the wireless power transmitter.
[0498] First, the operation of the wireless power receiver is as follows.
[0499] As an example, thewireless power receivermay transmit RP/0 as a first packet to thewireless power transmitter
when it is desired to enter the power transfer phase immediately after restarting. After the restart, initial power calibration
may be performed at the power transfer phase, and the previous power contract may be effectively preserved.
[0500] As another example, when attempting to perform a full protocol after restart, the wireless power receiver may
transmit a signal strength (SS) packet as a first packet to the wireless power transmitter. After the restart, initial power
calibration may be performed in the power transfer phase and the previous power contract may be effectively preserved.
[0501] Next, the operation of the wireless power transmitter is as follows.
[0502] Thewireless power transmittermay havea different procedure to enter the power transfer phase according to an
initial packet of the wireless power receiver.
[0503] As an example, when thewireless power transmitter receives a signal strength (SS) packet as a first packet from
the wireless power receiver, the wireless power transmitter performs a full protocol.
[0504] The wireless power transmitter in the embodiments according to FIG. 27 corresponds to the wireless power
transmissiondevice, thewirelesspower transmitter, or power transmissionpart disclosed inFIGS.1 to15.Accordingly, the
operation of the wireless power transmitter in this embodiment is implemented by one or a combination of two or more of
the components of thewireless power transmitter in FIGS. 1 to 15. For example, in the present embodiment, the operation
of transmitting wireless power to the wireless power receiver in the power transfer step according to step S2500 may be
performed by the power conversion unit 110. In addition, the operation of receiving RPP, CEP, etc., according to step
S2505, the operation of detecting a change in coupling and/or foreign object insertion according to step S2510, the
operation of generating and transmitting a bit pattern response according to step S2514, the operation of receiving the
DSR packet according to step S2520, the operation of transmitting EPT packet according to step S2525, the operation of
receiving an ACK response according to step S2530, and the operation for performing Q measurement and FOD
according to S2535 may be performed by the communication/control unit 120.
[0505] In addition, the wireless power receiver in the embodiment according to FIG. 27 corresponds to the wireless
power reception device, the wireless power receiver, or the power reception part disclosed in FIGS. 1 to 15. Accordingly,
the operation of the wireless power receiver in this embodiment is implemented by one or a combination of two ormore of
the components of the wireless power receiver in FIGS. 1 to 15. For example, in this embodiment, the operation of
receiving wireless power from the wireless power transmitter in the power transfer step according to step S2500 may be
performed by the power pickup unit 210. In addition, the operation of generating and transmitting a packet such as RPP,
CEP, etc., according to step S2505, the operation of a bit pattern response according to step S2515, the operation of
generatingand transmittingaDSRpacket according to stepS2520, theoperationof receiving theEPTpacket according to
step S2525, and the operation of transmitting ACK according to step S2530 may be performed by the communication/-
control unit 220.
[0506] Hereinafter, a method of configuring a power calibration curve according to another embodiment will be
described.
[0507] The power calibration curve should be able to represent a charging profile of the wireless power receiver. In one
aspect, the power calibration curve may include multiple segments. In another aspect, each segment of the power
calibration curve may represent a charging profile of a specific power range at a specific operating point of the wireless
power receiver.
[0508] Each segment of the power calibration curve may be represented by a received power value of the wireless
power receiver. For example, each segment of the power calibration curvemay be represented by a power level of the first
received power RP/1, the second received power RP/2, and the third received power RP/3 of thewireless power receiver.
In one aspect, the initial calibration curve is based on two points. Here, the two points may be determined by the first
received power RP/1 and the second received power RP/2. In another aspect, an extended calibration curve is based on
multiple points of double points or greater. Here, themultiple pointsmay be determined by at least two of the first received
power RP/1, the second received power RP/2, and the third received power RP/3. That is, one or multiple third reception
powersRP/3may be used to extend the initial calibration curve. In another aspect, a relationship of RP/1 <=RP/2 <=RP/3
may be established.
[0509] FIG. 28 is a power transfer characteristic or calibration curve according to another embodiment of the present
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disclosure.
[0510] Referring to FIG. 28, when the wireless power receiver operates in a different operating mode (e.g., when the
wireless power receiver operates at a different operating point), the wireless power receiver transmits the first received
power packet RP/1, the second received power packet RP/2, and the third received power packet RP/3 to the wireless
power transmitter. Inotherwords, thewirelesspower transmitter receives thefirst receivedpowerpacketRP/1, thesecond
receivedpowerpacketRP/2, and the third receivedpowerpacketRP/3 from thewirelesspower receiverwhen thewireless
power receiver changes its operating points (op. points 1, 2, 3).
[0511] An example of a time point at which the wireless power receiver changes its operating point may include an
initiation time point of the power transfer phase. Another example of a time point at which the wireless power receiver
changes its operating point may include a time point of stepping up the operating point after renegotiation of the power
transfer contract (e.g., after successful authentication). Another example of a time point at which the wireless power
receiver changes its operating point may include a time point of stepping down the operating point during the power
transfer phase.
[0512] A format of the received power packet according to the present embodiment may be the same as the format
shown in FIG. 17.However, themode fieldmay indicate 0 to 4 as shown in [Table 9] below, and the received power packets
of modes ’000’, ’001’, ’010’, ’011’, and ’100’ are RP/It may be represented by RP/0, RP/1, RP/2, RP/3, and RP/4,
respectively.

[Table 9]

Mode Indication contents

’000’ Normal value; response requested

’001’ First calibration data point; response requested

’010’ Second calibration data point or additional calibration data point; response requested

’011’ Extended calibration data point; response requested

’100’ Normal value; no response requested

Protocol for initial power calibration

[0513] The wireless power transmitter and/or the wireless power receiver performs initial power calibration at each
operating point using a plurality of received power packets. Here, the plurality of received power values include the first
received power packet RP/1 and the second received power packet RP/2. Each time the operating point of the wireless
power receiver is changed, the wireless power transmitter and the wireless power receiver are configured to derive a new
calibration curve by new receiving power packets RP/1 and RP/2.
[0514] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1). After receiving the first received power packet RP/1 and the
second received power packet RP/2, the wireless power transmitter constructs a first power calibration curve at the first
operating point (op. point 1) based on the first received power packet RP/1 and the second received power packet RP/2.
The first power calibration curve becomes a first segment of the calibration curve.
[0515] Thereafter, the wireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the second operating point (op. point 2). After receiving the first received power packet RP/1 and the
second received power packet RP/2, the wireless power transmitter constructs a second power calibration curve at the
second operating point (op. point 2) based on the first received power packet RP/1 and the second received power packet
RP/2. The second power calibration curve becomes a second segment of the calibration curve.
[0516] Thereafter, the wireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the third operating point (op. point 3). After receiving the first received power packet RP/1 and the
second received power packet RP/2, the wireless power transmitter constructs a third power calibration curve at the third
operating point (op. point 3) based on the first received power packet RP/1 and the second received power packet RP/2.
The third power calibration curve becomes a third segment of the calibration curve.
[0517] FIG. 28 shows an example in which the power calibration curves are configured at three operating points (op.
points 1, 2, and 3), respectively, but as the operating points of the wireless power receiver are changed, three or more
power calibration curves may be constructed or three or less power calibration curves may be constructed.

Protocol for extending initial power calibration curve

[0518] The wireless power transmitter and/or the wireless power receiver may derive an extended initial calibration
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curve at each operating point using the third received power packet RP/3.
[0519] Thewirelesspower receivermay transmit a series of ormultipleRP/3 to thewirelesspower transmitter so that the
wireless power transmitter may extend the power calibration curve, each time the initial power calibration curve at the
respective operating points (op. points 1, 2, and 3) needs to be extended.
[0520] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1) and the wireless power transmitter constructs a first power
calibration curve based on the first received power packet RP/1 and the second received power packet RP/2, and
thereafter, the wireless power receiver transmits the third received power packet RP/3 to the wireless power transmitter.
The wireless power transmitter is configured to expand the first power calibration curve based on the received third
received power packet RP/3. The wireless power transmitter extends to a power calibration curve connecting the first
power calibration curve to estimated received power values of the first received power packet RP/1 and the second
received power packet RP/2 and connecting estimated received power values of the second received power packet RP/2
and the third received power packet RP/3 (see FIG. 17).
[0521] Thewireless power receivermay transmit the third received power packetRP/3 to thewireless power transmitter
even at the second operating point (op. point 2) and/or the third operating point (op. point 3), and the wireless power
transmitter may extend the second power calibration curve and/or the third power calibration curve by receiving the third
received power packet RP/3 according to each operating point.
[0522] According to an embodiment, the wireless power transmitter and/or the wireless power receiver may derive an
extended initial calibration curve at each operating point using the second received power packet RP/2 instead of the third
receivedpowerpacketRP/3.That is, each time the initial powercalibrationcurveateachoperatingpoint (op.point 1, 2, and
3) needs to be extended, the wireless power receiver additionally transmits a series of or multiple RP/2 to the wireless
power transmitter so that the wireless power transmitter may extend the power calibration curve.
[0523] According to an embodiment, the second received power packet RP/2 may be referred to as an additional
received power packet, and the third received power packet RP/3 may be referred to as an extended received power
packet.
[0524] FIG. 29 isapower transfer characteristic or calibration curveaccording to another example out of the scopeof the
invention.
[0525] Referring to FIG. 29, a first segment (first power calibration curve) of the calibration curve may be defined by
RP/1, RP/2, and RP/3. In one aspect, the wireless power transmitter and/or wireless power receiver may use two points
based on RP/1 and RP/2 to derive or calculate the initial calibration curve of the first power calibration curve. In another
aspect, the wireless power transmitter and/or wireless power receiver may use RP/3 to derive or calculate an extended
calibration curve of the first power calibration curve.Here, one ormultipleRP/3maybeused to extend the initial calibration
curve of the first power calibration curve. In addition, a relationship of RP/1 <= RP/2 <= RP/3 may be established.
[0526] A second segment of the calibration curve may be determined or defined by received power packets RP of a
plurality ofmodesdifferent from the receivedpowerpacketsRPused todetermine thefirst segment.Asanexample, anext
segmentof thecalibrationcurvemaybedefinedbyafifth receivedpowerpacketRP/5, asixth receivedpowerpacketRP/6,
and a seventh received power packet RP/7. In one aspect, the wireless power transmitter and/or wireless power receiver
may use two points based on RP/5 and RP/6 to derive or calculate an initial calibration curve of the second segment
(second power calibration curve). In another aspect, the wireless power transmitter and/or wireless power receiver may
use the seventh received power packet RP/7 to derive or calculate an extended calibration curve of the second power
calibration curve. Here, one ormultiple seventh received power packets RP/7may be used to extend the initial calibration
curve of the second power calibration curve. In addition, a relationship of RP/5 <= RP/6 <= RP/7 may be established.
[0527] Asshown inFIG. 29, the fifth receivedpower packetRP/5, the sixth receivedpower packetRP/6, and the seventh
received power packet RP/7 may be used to configure segments (power calibration curve) of the third segment (third
power calibration curve) or higher.
[0528] A format of the received power packet according to the present examplemaybe the sameas the format shown in
FIG. 17. However, the mode field may indicate 0 to 7 as shown in [Table 10] below, and received power packets of the
modes ’000’, ’001’, ‘010’, ’011’, ‘100’, ’101’, ‘110’ , and ‘111’ may be represented by RP/0, RP/1, RP/2, RP/3, RP/4, RP/5,
RP/6, and RP/7, respectively.

[Table 10]

Mode Indication contents

’000’ normal value

’001’ First calibration data point of first segment of calibration curve

’010’ Second calibration data point of first segment of calibration curve

’011’ Extended calibration data point of first segment of calibration curve
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(continued)

Mode Indication contents

’100’ Normal value; no response requested

’101’ First calibration data point of second segment of calibration curve

’110’ Second calibration data point of second segment of calibration curve

’111’ Extended calibration data point of second segment of calibration curve

[0529] That is,when thewireless power receiver changes its operating point, thewireless power receivermayusea first
received power packet set (RP/1, RP/2, RP/3) or a second received power packet set (RP/5, RP/6, RP/7). In other words,
the wireless power transmitter may receive the first received power packet set (RP/1, RP/2, RP3) or the second set of
receivedpowerpackets (RP/5,RP/6,RP/7) from thewirelesspower receiverwhen thewirelesspower receiver changes its
operating points (op. Point 1, 2, 3). An example of a time point at which the wireless power receiver changes its operating
pointmay include an initiation timepoint of the power transfer phase. Another example of a timepoint atwhich thewireless
power receiver changes its operatingpointmay includea timepoint of steppingup theoperatingpoint after renegotiationof
the power transfer contract (e.g., after successful authentication). Another example of a time point at which the wireless
power receiver changes its operating pointmay include a time point of stepping down the operating point during the power
transfer phase.

Protocol for initial power calibration

[0530] The wireless power transmitter and/or the wireless power receiver may perform initial power calibration at each
operating point using a plurality of received power packets. Here, the plurality of received power values may include the
first receivedpowerpacketRP/1and thesecond receivedpowerpacketRP/2.Each time theoperatingpoint of thewireless
power receiver is changed, thewireless power transmitter and/or thewireless power receivermayderive a newcalibration
curve by new receiving power packets RP/5 and RP/6.
[0531] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1). After receiving the first received power packet RP/1 and the
second received power packet RP/2, the wireless power transmitter constructs a first power calibration curve at the first
operating point (op. point 1) based on the first received power packet RP/1 and the second received power packet RP/2.
The first power calibration curve becomes a first segment of the calibration curve.
[0532] Thereafter, the wireless power receiver transmits the fifth received power packet RP/5 and the sixth received
power packet RP/6 at the second operating point (op. point 2). After receiving the fifth received power packet RP/5 and the
sixth received power packet RP/6, the wireless power transmitter constructs a second power calibration curve at the
second operating point (op. point 2) based on the first received power packet RP/1 and the second received power packet
RP/2. The second power calibration curve becomes a second segment of the calibration curve.
[0533] Thereafter, the wireless power receiver transmits the fifth received power packet RP/5 and the sixth received
power packet RP/6 at the third operating point (op. point 3) again. After receiving the fifth received power packet RP/5 and
the sixth received power packet RP/6, thewireless power transmitter constructs a third power calibration curve at the third
operating point (op. point 3) based on the first received power packet RP/1 and the second received power packet RP/2.
The third power calibration curve becomes a third segment of the calibration curve.
[0534] FIG. 29 shows an example in which the power calibration curves are configured at three operating points (op.
points 1, 2, and 3), respectively, but as the operating points of the wireless power receiver are changed, three or more
power calibration curves may be configured or three or less power calibration curves may be configured.

Protocol for extending initial power calibration curve

[0535] The wireless power transmitter and/or the wireless power receiver may derive an extended initial calibration
curve at each operating point using the third received power packet RP/3 or the seventh received power packet RP/7. The
wireless power receiver may transmit a series of or multiple third received power packet RP/3 or the seventh received
power packet RP/7 to the wireless power transmitter so that the wireless power transmitter may extend the power
calibration curve, each time the initial power calibration curve at the respective operating points (op. points 1, 2, and 3)
needs to be extended.
[0536] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1) and the wireless power transmitter constructs a first power
calibration curve based on the first received power packet RP/1 and the second received power packet RP/2, and
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thereafter, the wireless power receiver transmits the third received power packet RP/3 to the wireless power transmitter.
The wireless power transmitter is configured to expand the first power calibration curve based on the received third
received power packet RP/3. The wireless power transmitter extends to a power calibration curve connecting the first
power calibration curve to estimated received power values of the first received power packet RP/1 and the second
received power packet RP/2 and connecting estimated received power values of the second received power packet RP/2
and the third received power packet RP/3 (see FIG. 17).
[0537] The wireless power receiver may transmit the seventh received power packet RP/7 to the wireless power
transmitter even at the second operating point (op. point 2) and/or the third operating point (op. point 3), and the wireless
power transmittermay extend the second power calibration curve and/or the third power calibration curve by receiving the
seventh received power packet RP/7 according to each operating point.
[0538] According to an example, the first received power packet RP/1 and the fifth received power packet RP/5may be
referred to as first received power packets, the second received power packet RP/2 and the sixth received power packet
RP/6may be referred to as additional received power packets, and the third received power packet RP/2 and the seventh
received power packet RP/7 may be referred to as extended received power packets.
[0539] FIG. 30 is a power transfer characteristic or calibration curve according to example out of the scope of the
invention.
[0540] Referring to FIG. 30, a first segment (first power calibration curve) of the calibration curve may be defined by
RP/1, RP/2, and RP/3. In one aspect, the wireless power transmitter and/or wireless power receiver may use two points
based on RP/1 and RP/2 to derive or calculate the initial calibration curve of the first power calibration curve. In another
aspect, the wireless power transmitter and/or wireless power receiver may use RP/3 to derive or calculate an extended
calibration curve of the first power calibration curve.Here, one ormultipleRP/3maybeused to extend the initial calibration
curve of the first power calibration curve. In addition, a relationship of RP/1 <= RP/2 <= RP/3 may be established.
[0541] Anext segment of the calibration curvemay bedeterminedor definedbyRP/3. In one aspect, thewireless power
transmitter and/or wireless power receiver may use two points based on two RP/3 to derive or calculate the initial
calibration curve. In another aspect, the wireless power transmitter and/or wireless power receiver may use additional
RP/3 to derive or calculate an extended calibration curve.
[0542] A format of the received power packet according to the present examplemaybe the sameas the format shown in
FIG. 17. The mode field may be as shown in [Table 8],
[0543] After the wireless power transmitter constructs the extended first power calibration curve by receiving the first
received power packet RP/1, the second received power packet RP/2, and/or the third received power packet RP/3 from
the wireless power receiver, the wireless power receiver may transmit the third received power packet RP/3 when
changing its operating points. In other words, the wireless power transmitter may receive the third received power packet
RP/3 from the wireless power receiver when the wireless power receiver changes its operating points (op. Point 1, 2, 3).
[0544] An example of a time point at which the wireless power receiver changes its operating point may include an
initiation time point of the power transfer phase. Another example of a time point at which the wireless power receiver
changes its operating point may include a time point of stepping up the operating point after renegotiation of the power
transfer contract (e.g., after successful authentication). Another example of a time point at which the wireless power
receiver changes its operating point may include a time point of stepping down the operating point during the power
transfer phase.

Protocol for initial power calibration

[0545] The wireless power transmitter and/or the wireless power receiver are configured to perform initial power
calibration at each operating point using a plurality of received power packets. Here, the plurality of received power values
may include the first received power packet RP/1 and the second received power packet RP/2. Each time the operating
point of the wireless power receiver is changed, the wireless power transmitter and the wireless power receiver are
configured to derive a new calibration curve by new receiving power packets RP/1 and RP/2.
[0546] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1). After receiving the first received power packet RP/1 and the
second received power packet RP/2, the wireless power transmitter constructs a first power calibration curve at the first
operating point (op. point 1) based on the first received power packet RP/1 and the second received power packet RP/2.
The first power calibration curve becomes a first segment of the calibration curve.
[0547] Thereafter, the wireless power receiver sequentially transmits two third received power packet RP/3 at the
second operating point (op. point 2). After receiving the two third received power packets RP/3, the wireless power
transmitter constructs a second power calibration curve at the second operating point (op. point 2) based on the received
power packets RP/3. The second power calibration curve becomes a second segment of the calibration curve.
[0548] Thereafter, the wireless power receiver sequentially transmits two third received power packet RP/3 at the third
operating point (op. point 3). After receiving the two third received power packets RP/3, the wireless power transmitter
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constructs a third power calibration curve at the third operating point (op. point 3) based on the received power packets
RP/3. The third power calibration curve becomes a third segment of the calibration curve.
[0549] FIG. 30 shows an example in which the power calibration curves are configured at three operating points (op.
points 1, 2, and 3), respectively, but as the operating points of the wireless power receiver are changed, three or more
power calibration curves may be configured or three or less power calibration curves may be configured.

Protocol for extending initial power calibration curve

[0550] The wireless power transmitter and/or the wireless power receiver may derive an extended initial calibration
curve at each operating point using the third received power packet RP/3.
[0551] Thewirelesspower receivermay transmit a series of ormultipleRP/3 to thewirelesspower transmitter so that the
wireless power transmitter may extend the power calibration curve, each time the initial power calibration curve at the
respective operating points (op. points 1, 2, and 3) needs to be extended.
[0552] Specifically, thewireless power receiver transmits the first received power packet RP/1 and the second received
power packet RP/2 at the first operating point (op. point 1) and the wireless power transmitter constructs a first power
calibration curve based on the first received power packet RP/1 and the second received power packet RP/2, and
thereafter, the wireless power receiver transmits the third received power packet RP/3 to the wireless power transmitter.
The wireless power transmitter is configured to expand the first power calibration curve based on the received third
received power packet RP/3. The wireless power transmitter extends to a power calibration curve connecting the first
power calibration curve to estimated received power values of the first received power packet RP/1 and the second
received power packet RP/2 and connecting estimated received power values of the second received power packet RP/2
and the third received power packet RP/3 (see FIG. 17).
[0553] Thewireless power receivermay transmit the third received power packetRP/3 to thewireless power transmitter
even at the second operating point (op. point 2) and/or the third operating point (op. point 3), and the wireless power
transmitter may extend the second power calibration curve and/or the third power calibration curve by receiving the third
received power packet RP/3 according to each operating point.
[0554] According to an example, the second received power packet RP/2 may be referred to as an additional received
power packet, and the third received power packet RP/3 may be referred to as an extended received power packet.
[0555] Hereinafter, a method of constructing a power calibration curve according to another embodiment will be
described.
[0556] FIG. 31 is a graph illustrating an initial power calibration curve.
[0557] Referring to FIG. 31, the wireless power receiver maywirelessly transmit at least the first received power packet
RP/1 and the second received power packet RP/2 when constructing an initial calibration curve. In other words, the
wireless power transmitter may receive at least RP/1 andRP/2 from thewireless power receiver when thewireless power
receiver constructs the initial calibration curve.
[0558] Anexampleofa timepoint atwhich thewirelesspower receiver constructs the initial calibrationcurvemay include
an initiation time point of the power transfer phase.
[0559] It is assumed that the x-axis and y-axis are a measured transmitted power value (Pt(est)) and a measured
receivedpower value (Pr(est)), respectively, anactual transmittedpower value isPt, andanactual receivedpower value is
Pr. In this case, [Equation 7] below is established.

[0560] Here,δPt is anerror between theactual transmittedpower value and themeasured transmittedpower value, and
δPr may be an error between the actual received power value and the measured received power value. This is a case
where a foreign object is not detected when pre-power FOD is used.
[0561] Based on [Equation 7], the calibrated power value (cal) may be calculated by [Equation 8] below.
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[0562] Therefore, when RP/1 and RP/2 are substituted into [Equation 8], the calibrated power valuemay be expressed
by [Equation 9], respectively.

[0563] FIG. 32 is a graph illustrating an extended power calibration curve.
[0564] Referring to FIG. 32, after the initial calibration curve is configured based onEquations 7 to 9, thewireless power
transmitter and the wireless power receiver may extend the initial calibration curve based on a changed event (e.g.,
change in operating points of the wireless power receiver). For example, when a specific event related to the wireless
power receiver occurs, the wireless power receiver may transmit the third received power packet RP/3 to the wireless
power transmitter. Here, the wireless power transmitter may configure an extended calibration curve by extending the
initial calibration curve using RP/3. In FIG. 32, it can be seen that the gradients of the calibration curves before and after
P2(cal) are changed. That is, the gradient before P2(cal) corresponds to the initial calibration curve and the gradient after
P2(cal) corresponds to the extended calibration curve.
[0565] When Equation 9 is applied to RP/3 as it is, an additional calibrated power value may be derived as shown in
Equation 10.

[0566] Meanwhile, by takingRP/3,which is locatedabove theexisting (or initial) calibrationcurvesection (or range), asa
new calibration point, foreign object detectability may be improved.
[0567] As an example, when the RP/3 exceeds the range of the existing calibration curve, the existing calibration curve
may be extended or changed.
[0568] As another example, when the RP/3 is lower than the range of the existing calibration curve, the existing
calibration curve may be maintained or pre-power FOD may be performed according to more detailed conditions.
[0569] For example, the wireless power transmitter may maintain the existing calibration curve or perform pre-power
FOD according to a result of comparing the Pfo derived by Equation 11 below and the threshold value TH.

[0570] When the Pfo is less than the threshold value, it is assumed that a foreign object does not exist and the wireless
power transmitter and/or the wireless power receiver may maintain the existing calibration curve.
[0571] Meanwhile, when the Pfo is greater than or equal to the threshold value, it is estimated that there is a high
possibility of foreign object being present, and the wireless power transmitter may perform an operation of confirming the
existence of the foreign object by performing pre-power FOD. A specific operation thereof is illustrated in FIG. 33.
[0572] FIG. 33 shows a method of performing FOD when Pfo is greater than or equal to a threshold value.
[0573] Referring to FIG. 33, the method includes transmitting, by the wireless power receiver, the third received power
packet RP/3 (S2600), determining, by thewireless power transmitted which has received the third received power packet
RP/3, that Pfo is equal to or greater than the threshold value and transmitting an ATN pattern (S2610), transmitting, by the
wireless power receiver, a CE packet to the wireless power transmitter (S2615), transmitting, by the wireless power
receiver, a DSR (poll) packet to the wireless power transmitter (S2620), transmitting, by the wireless power transmitter
which has received the DSR (poll) packet, an end power transfer (EPT) (PTx) packet for requesting the wireless power
receiver to transfer an EPT packet to the wireless power receiver in response to the DSR (poll) packet (S2630), and
transmitting, by the wireless power receiver which has received the EPT (PTx) packet, to the wireless power transmitter

48

EP 3 745 558 B9

5

10

15

20

25

30

35

40

45

50

55



(S2635).
[0574] When the EPT packet (EPT/rst or EPT/re-ping) is received from the wireless power receiver, the wireless power
transmitter performspre-power FOD, andwhen it is determined that there is no foreign object as a result of FODdetection,
the wireless power transmitter may perform re-ping so that recalibration may be performed in the power transfer phase.
[0575] The EPT (PTx) packet of the wireless power transmitter may have the same format as the EPT packet of the
wireless power receiver, and following values of the EPT code may be used.
[0576] 0x00-EPT/nul-use if none of the other codes is appropriate.

0x01-Reserved

[0577] 0x02-EPT/if ‑PTx internal fault; use if an internal logic error has been encountered.

0x03-EPT/ot-PTx over temperature; use if (e.g.) the battery temperature exceeds a limit

[0578] 0x04-EPT/ov-PTx over voltage; use if a voltage exceeds a limit.
[0579] 0x05-EPT/oc-PTx over current; use if the current exceeds a limit.

0x06-Reserve

[0580] 0x08-Reserved.
[0581] 0x0A--Reserved.
[0582] 0x0B-EPT/rst-PTx restart; use to restart the power transfer.

NOTE PTx engages in FOD after stopping the power transfer and before restarting it. For details about this procedure

[0583] 0x0C-EPT/rep ‑PTx re-ping; use to restart the power transfer after a specified delay (the re-ping delay).
[0584] NOTE.PTx should use this EndPower Transfer Code only if it has verified that thePRx complieswith version 1.3
or higher of the Qi Specification.

EPT/rfid-RFID/NFC card; use if an RFID/NFC card has been detected by PTx

[0585] Hereinafter, a method of constructing a power calibration curve according to another embodiment will be
described.
[0586] FIG. 34 is a graph illustrating a method of modeling a calibration curve according to an example.
[0587] Referring to FIG. 34, the wireless power transmitter constructs an initial calibration curve (first power calibration
curve) using a first received power packet RP/1 and a second received power packet RP/2 received from the wireless
power receiver and constructs an updated calibration curve (second power calibration curve) by receiving a plurality of
third receivedpowerpacketsRP/3 transmitted from thewirelesspower receiverwhile thewirelesspower receiver changes
an operating point from a first operating point (op. point 1) to a second operating point (op. point 2). The second received
power packet RP/2 may be referred to as an additional received power packet, and the third received power packet RP/3
may be referred to as an extended received power packet.
[0588] FIG. 35 is a graph illustrating a method of modeling a calibration curve according to another example.
[0589] Referring to FIG. 35, the wireless power transmitter constructs an initial calibration curve (first power calibration
curve) using a first received power packet RP/1 and a second received power packet RP/2 received from the wireless
power receiverandconstructsanupdatedcalibrationcurve (secondpowercalibrationcurve)by receiving thefirst received
power packet RP/1 and the second received power packet RP/2 retransmitted from the wireless power receiver while the
wirelesspower receiver changesanoperatingpoint fromafirst operatingpoint (op.point 1) toasecondoperatingpoint (op.
point 2). The second received power packet RP/2 may be referred to as an additional received power packet.
[0590] FIG. 36 is a view for explaining amethod of constructing an initial calibration curve according to an embodiment.
[0591] Referring toFIG. 36, in order to construct an initial calibration curve, thewireless power receivermay transmit the
first received power packet RP/1 and the second received power packet RP/2. In other words, the wireless power
transmitter may receive the first received power packet RP/1 and the second received power packet RP/2 from the
wireless power receiver and construct an initial calibration curve based thereon. An example of a time point at which the
wireless power receiver configures the initial calibration curve may include an initiation time point of the power transfer
phase.
[0592] P(cal) (e.g.,P1(cal) and/orP2(cal)) calculatedbasedonEquation7,Equation8,Equation9,etc., described in the
embodiment of FIG. 31 described above are negative numbers, the valuesmaybe set to zero. This is because if theP(cal)
is negative, an erroneous FOD event may be increased. Therefore, the initial calibration curve is configured in a manner
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that goesbeyondanuncalibratedcurve, so that it is possible to further improvedetectability of a foreignobject compared to
the uncalibrated case.
[0593] According to FIG. 36, the initial calibration curve configured based on the first received power packet RP/1 and
the second received power packet RP/2 may be interpreted as a linear function of gradient a.
[0594] The gradient a may be expressed by Equation 12 below.

[0595] Meanwhile, when the wireless power transmitter identifies a danger of the foreign object using the calibration
curve, the wireless power transmitter needs to check the presence of a foreign object using pre-power FOD.
[0596] Thewireless power transmitter may calculate Pfo based on Equation 11 described in the embodiment of FIG. 31
described above and estimate the presence or absence of a foreign object based on the Pfo. As described in the
embodiment of FIG. 31, the wireless power transmitter compares Pfo with the threshold value TH. If Pfo is less than the
threshold value, the wireless power transmitter estimates that a foreign object does not exist and if Pfo is greater than or
equal to the threshold value, thewireless power transmitter estimates that a foreign object exists, and performs a protocol
to perform FOD as shown in FIG. 33.
[0597] Meanwhile, a calibration time-out for initial calibration may be defined. If the wireless power transmitter cannot
transmit an ACK response within the calibration time-out for the second received power packet RP/2 received from the
wireless power receiver, a power signal may be removed. The calibration time-out may be defined, for example, within a
range of 13.5±1.5 seconds.
[0598] After the initial calibration curve is constructed, the calibration curve may be updated in a specific situation.
[0599] Asan example, thewireless power receivermay update a y-intercept of the calibration curve by transmitting only
a single calibration point to the wireless power transmitter using RP/3.
[0600] FIG. 37 shows a calibration curve obtained by updating the y-intercept of the initial calibration curve.
[0601] Referring to FIG. 37, when a specific event related to the wireless power receiver (e.g., a change in operating
point) occurs, the wireless power receiver may transmit a third received power packet RP/3 to the wireless power
transmitter. The wireless power transmitter may construct a new calibration curve by updating the y-intercept while
maintaining the gradient a1 of the initial calibration curve using the received single third received power packet RP/3. The
wireless power receiver may continuously transmit the third received power packet RP/3 until ACK is received from the
wireless power transmitter, and the wireless power transmitter may construct a new calibration curve using the third
receivedpowerpacketRP/3 that has transmitted theACKamong the third receivedpowerpacketsRP/3 transmittedby the
wireless power receiver. The third received power packet RP/3may be referred to as an extended received power packet.
[0602] WhenEquation 9 is applied toRP/3, an additionally calibrated power value (P3(cal)) may be derived as shown in
Equation 10 described above.
[0603] As described above, in order to prevent an erroneous FOD event, if P(cal) is negative, the valuemay be set to 0.
Therefore, the calibration curve updated by the third received power packet RP/3 is configured in a manner that exceeds
theuncalibrated curve, so that it is possible to further improvedetectability of a foreignobject compared to thecasewhere it
is not calibrated.
[0604] Thewireless power transmitter may calculate Pfo based on Equation 11 described in the embodiment of FIG. 31
described above and estimate the presence or absence of a foreign object based onPfo. As described in the embodiment
of FIG. 31, thewireless power transmitter comparesPfowith the threshold valueTH. If Pfo is less than the threshold value,
the wireless power transmitter estimates that there is no foreign object, and if Pfo is equal to or greater than the threshold
value, the wireless power transmitter may estimate that there is a high possibility of a foreign object being present and
perform a protocol for performing FOD as shown in FIG. 33.
[0605] Anexampleof configuringanupdatedcalibrationcurveusingasingle third receivedpowerpacketRP/3hasbeen
described, but the updated calibration curve may be configured using the first received power packet RP/1 instead of the
third received power packet RP/3. That is, when a specific event (e.g., a change in operating point) occurs, the wireless
power receiver additionally transmits thefirst receivedpowerpacketRP/1 to thewirelesspower transmitter andconfigures
a new calibration curve by updating the y-intercept, while maintaining the gradient a1 of the initial calibration curve, using
the received first received power packet RP/1.
[0606] An example of configuring an updated calibration curve using the single third received power packet RP/3 has
been described, but the updated calibration curve may be configured using the second received power packet RP/2
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instead of the third received power packet RP/3. That is, when a specific event (e.g., a change in operating point) occurs,
the wireless power receiver additionally transmits the second received power packet RP/2 to the wireless power
transmitter and configures a new calibration curve by updating the y-intercept, while maintaining the gradient a1 of
the initial calibration curve, using the received second received power packet RP/2. The second received power packet
RP/2 may be referred to as an additional received power packet.
[0607] As another example, the wireless power receiver may update the gradient and the y-intercept of the calibration
curve by transmitting a plurality of consecutive calibration points to the wireless power transmitter using RP/3.
[0608] FIG. 38 showsacalibration curveobtainedbyupdating thegradient andy-intercept of the initial calibration curve.
[0609] Referring to FIG. 38, when a specific event (e.g., a change in operating point) related to the wireless power
receiver occurs, the wireless power receiver may transmit a plurality of consecutive third received power packets RP/3 to
thewireless power transmitter. Here, thewireless power transmittermay construct a newcalibration curve byupdating the
gradient and y-intercept of the initial calibration curve using the plurality of third received power packets RP/3.
[0610] As shown in FIG. 38, the new calibration curves may be configured to have a new gradient a2 and y intercept
passing through (Pt3(1), RP3(1)) and (Pt3(2), RP3(2)).
[0611] When Equation 9 is applied to RP/3, an additional calibrated power value P3(cal) may be derived as shown in
Equation 10 described above.
[0612] As described above, in order to prevent an erroneous FOD event, if P(cal) is negative, the valuemay be set to 0.
Therefore, the calibration curve updated by the third received power packet RP/3 is configured in a manner that exceeds
theuncalibrated curve, so that it is possible to further improvedetectability of a foreignobject compared to thecasewhere it
is not calibrated.
[0613] Thewireless power transmitter may calculate Pfo based on Equation 11 described in the embodiment of FIG. 31
described above and estimate the presence or absence of a foreign object based onPfo. As described in the embodiment
of FIG. 31, thewireless power transmitter comparesPfowith the threshold valueTH. If Pfo is less than the threshold value,
the wireless power transmitter estimates that there is no foreign object, and if Pfo is equal to or greater than the threshold
value, the wireless power transmitter may estimate that there is a high possibility of a foreign object being present and
perform a protocol for performing FOD as shown in FIG. 33.
[0614] Meanwhile, a calibration time-out for updating the calibration curve may be defined.
[0615] The calibration time-out for updating the calibration curve may be defined as a time required for the wireless
power transmitter to transmit an ACK response for the third received power packet RP/3 received next after the wireless
power transmitter receives a first third received power packetRP/3 transmitted from thewireless power receiver to update
the calibration curve. For example, the calibration time-out for updating the calibration curvemaybedefinedwithin a range
of 7±1.5 seconds.
[0616] An example of configuring the updated calibration curve using a plurality of third received power packets RP/3
has been described, but the updated calibration curvemay be configured using new first received power packet RP/1 and
second received power packet RP/2 instead of the plurality of third received power packets RP/3. That is, when a specific
event (e.g., a change in operating point) occurs, the wireless power receiver may additionally transmit the first received
power packet RP/1 and the second received power packet RP/2 to thewireless power transmitter, and thewireless power
transmittermay construct a newcalibration curve using the received newfirst received power packetRP/1 and the second
received power packet RP/2. The second received power packet RP/2may be referred to as an additional received power
packet.
[0617] In this case, the calibration time-out for updating the calibration curve may be defined as a time required for the
wireless power transmitter to transmit an ACK response for a second received power packet RP/2 received next after the
wireless power transmitter receives the first received power packet RP/1 transmitted from the wireless power receiver to
update the calibration curve.
[0618] The wireless power transmitter according to FIGS. 28 to 38 corresponds to the wireless power transmission
device, thewireless power transmitter, or power transmission part disclosed in FIGS. 1 to 15. Accordingly, the operation of
the wireless power transmitter is implemented by one or a combination of two or more of the components of the wireless
power transmitter in FIGS. 1 to 15. The operation of receiving the received power packet from thewireless power receiver
and the operation of constructing a calibration curve are performed by the communication/control unit 120.
[0619] Thewireless power receiver according to FIGS. 28 to 38 corresponds to thewireless power reception device, the
wireless power receiver, or power reception part disclosed in FIGS. 1 to 15. Accordingly, the operation of the wireless
power receiver is implementedbyoneor a combination of twoormoreof the components of thewireless power transmitter
in FIGS. 1 to 15. The operation of transmitting the received power packet to thewireless power transmitter is performed by
the communication/control unit 220.
[0620] The embodiments disclosed in the present disclosure are intended to illustrate rather than limit the scope of the
present disclosure The scope of the present disclosure is construed by claims below.
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Claims

1. A wireless power transmitter (100) comprising:

a power conversion unit (110) configured to transmit, to a wireless power receiver (200), wireless power
generated based on magnetic coupling in a power transfer phase; and
a communication/control unit (120) configured to:

receive, from thewirelesspower receiver (200) in afirst operatingmode, a first receivedpower packet related
to power calibration, wherein a mode value included in the first received power packet is 1,
receive after the first received power packet, from the wireless power receiver (200) in the first operating
mode, a second received power packet related to power calibration, wherein a mode value included in the
second received power packet is 2,
construct a first power calibration curve based on a received power value included in the first received power
packet as a first calibration data point of the first power calibration curve and a received power value included
in thesecond receivedpowerpacket asanadditional calibrationdatapoint of thefirst power calibrationcurve,
receive after the second received power packet,
from the wireless power receiver (200) in a second operatingmode, a third received power packet related to
power calibration, wherein a mode value included in the third received power packet is 1,
receive after the third received power packet,
from thewireless power receiver (200) in the second operatingmode, a fourth received power packet related
to power calibration, wherein a mode value included in the fourth received power packet is 2, and
construct a second power calibration curve based on a received power value included in the third received
power packet as a first calibration data point of the second power calibration curve and a received power
value included in the fourth receivedpower packet as anadditional calibration data point of the secondpower
calibration curve.

2. The wireless power transmitter (100) of claim 1, wherein
the communication/control unit (120) is configured not to calibrate transmitted power if a calibration value of the
transmitted power calculated based on the second power calibration curve is a negative value.

3. The wireless power transmitter (100) of claim 1, wherein
the communication/control unit (120) is configured to perform foreign object detection (FOD) if a difference between
the sum of estimated transmitted power and a calibration value of transmitted power calculated based on the second
power calibration curveandestimated receivedpower included in a received power packet received from thewireless
power receiver is equal to a threshold value or exceeds the threshold value.

4. A wireless power receiver (200) comprising:

a power conversion unit configured to receive, fromawireless power transmitter (100),wirelesspower generated
based on magnetic coupling in a power transfer phase; and
a communication/control unit (220) configured to transmit, to the wireless power transmitter (100), a received
power packet including a received power value and a mode value,
wherein the communication/control unit (220) is configured to:

transmit, to thewirelesspower transmitter (100), afirst receivedpowerpacket related topowercalibration ina
first operating mode, wherein a mode value included in the first received power packet is 1,
transmit after the first received power packet,
to the wireless power transmitter (100), a second received power packet related to power calibration in the
first operatingmode,wherein amode value included in the second received power packet is changeafter the
second received power packet,
an operating mode from the first operating mode to a second operating mode,
transmit, to thewireless power transmitter (100), a third received power packet related to power calibration in
the second operating mode, wherein a mode value included in the third received power packet is 1, and
transmit after the third received power packet, to the wireless power transmitter (100), a fourth received
power packet related to power calibration in the second operating mode, wherein a mode value included in
the fourth received power packet is 2.
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Patentansprüche

1. Drahtloser Leistungssender (100) umfassend:

eine Leistungsumwandlungseinheit (110), die zum Senden von drahtloser Leistung, die basierend auf magnet-
ischer Kopplung in einer Leistungstransferphase erzeugt wird, an einen drahtlosen Leistungsempfänger (200)
eingerichtet ist; und
eine Kommunikations‑/Steuereinheit (120), die eingerichtet ist zum:

Empfangen eines ersten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung von dem
drahtlosen Leistungsempfänger (200) in einem ersten Betriebsmodus, wobei ein in dem ersten Empfangs-
leistungspaket enthaltener Moduswert 1 ist,
Empfangen eines zweiten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung nach dem
ersten Empfangsleistungspaket von dem drahtlosen Leistungsempfänger (200) im ersten Betriebsmodus,
wobei ein in dem zweiten Empfangsleistungspaket enthaltener Moduswert 2 ist,
Erstellen einer ersten Leistungskalibrierungskurve basierend auf einem in dem ersten Empfangsleistungs-
paket enthaltenen Empfangsleistungswert als ein erster Kalibrierungsdatenpunkt der ersten Leistungskali-
brierungskurveundeinem in demzweitenEmpfangsleistungspaket enthaltenenEmpfangsleistungswert als
ein zusätzlicher Kalibrierungsdatenpunkt der ersten Leistungskalibrierungskurve,
Empfangen eines dritten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung nach dem
zweiten Empfangsleistungspaket von dem drahtlosen Leistungsempfänger (200) in einem zweiten Be-
triebsmodus, wobei ein in dem dritten Empfangsleistungspaket enthaltener Moduswert 1 ist,
Empfangen eines vierten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung nach dem
dritten Empfangsleistungspaket von demdrahtlosen Leistungsempfänger (200) im zweiten Betriebsmodus,
wobei ein in dem vierten Empfangsleistungspaket enthaltener Moduswert 2 ist, und
Erstellen einer zweitenLeistungskalibrierungskurve basierendauf einem in demdrittenEmpfangsleistungs-
paket enthaltenen Empfangsleistungswert als ein erster Kalibrierungsdatenpunkt der zweiten Leistungs-
kalibrierungskurve und einem in dem vierten Empfangsleistungspaket enthaltenen Empfangsleistungswert
als ein zusätzlicher Kalibrierungsdatenpunkt der zweiten Leistungskalibrierungskurve.

2. Drahtloser Leistungssender (100) nach Anspruch 1, wobei
die Kommunikations‑/Steuereinheit (120) so eingerichtet ist, dass sie die Sendeleistung nicht kalibriert, wenn ein auf
der Grundlage der zweiten Leistungskalibrierungskurve berechneter Kalibrierungswert der Sendeleistung ein
negativer Wert ist.

3. Drahtloser Leistungssender (100) nach Anspruch 1, wobei
die Kommunikations‑/Steuereinheit (120) dazu eingerichtet ist, eine Fremdkörpererkennung, FOD, durchzuführen,
wenn eine Differenz zwischen der Summe der geschätzten Sendeleistung und einem basierend auf der zweiten
Leistungskalibrierungskurve berechneten Kalibrierungswert der Sendeleistung und der geschätzten Empfangs-
leistung, die in einemvon demdrahtlosenLeistungsempfänger empfangenenEmpfangsleistungspaket enthalten ist,
gleich einem Schwellenwert ist oder den Schwellenwert übersteigt.

4. Drahtloser Leistungsempfänger (200) umfassend:

eine Leistungsumwandlungseinheit, die zum Empfangen von drahtloser Leistung, die basierend auf magnet-
ischer Kopplung in einer Leistungstransferphase erzeugt wird, von einem drahtlosen Leistungssender (100)
eingerichtet ist; und
eine Kommunikations‑/Steuereinheit (220), die zum Senden eines Empfangsleistungspakets, das einen Emp-
fangsleistungswert und einen Moduswert enthält, an den drahtlosen Leistungssender (100) eingerichtet ist,
wobei die Kommunikations‑/Steuereinheit (220) eingerichtet ist zum:

Senden eines ersten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung in einem ersten
Betriebsmodus an den drahtlosen Leistungssender (100), wobei ein in demerstenEmpfangsleistungspaket
enthaltener Moduswert 1 ist,
Senden eines zweiten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung in dem ersten
Betriebsmodus an den drahtlosen Leistungssender (100) nach demersten Empfangsleistungspaket, wobei
ein in dem zweiten Empfangsleistungspaket enthaltener Moduswert 2 ist,
Ändern eines Betriebsmodus von dem ersten Betriebsmodus in einen zweiten Betriebsmodus nach dem
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zweiten Empfangsleistungspaket,
Senden eines dritten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung in dem zweiten
Betriebsmodus an den drahtlosen Leistungssender (100), wobei ein in demdrittenEmpfangsleistungspaket
enthaltener Moduswert 1 ist, und
Senden eines vierten Empfangsleistungspakets in Bezug auf eine Leistungskalibrierung in dem zweiten
Betriebsmodus nach demdritten Empfangsleistungspaket an den drahtlosen Leistungssender (100), wobei
ein in dem vierten Empfangsleistungspaket enthaltener Moduswert 2 ist.

Revendications

1. Transmetteur de puissance sans fil (100) comprenant:

une unité de conversion depuissance (110) conçuepour transmettre, au récepteur de puissance sans fil (200), la
puissance sans fil générée sur la base de couplage magnétique dans une phase de transfert de puissance; et
une unité de commande/communication (120) conçue pour:

recevoir, en provenance du récepteur de puissance sans fil (200) dans un premiermode de fonctionnement,
un bloc de puissance reçu lié à l’étalonnage de puissance, une valeur de mode incluse dans le premier bloc
de puissance reçu étant 1,
recevoir, après le premier bloc de puissance reçu, en provenance du récepteur de puissance sans fil (200)
dans le premier mode de fonctionnement, un deuxième bloc de puissance reçu lié à l’étalonnage de
puissance, une valeur de mode incluse dans le premier paquet de puissance reçu étant 2,
construire une première courbe d’étalonnage de puissance sur la base d’une valeur de puissance reçue
incluse dans le premier bloc de puissance reçu en tant que premier point de données d’étalonnage de la
première courbe d’étalonnage de puissance et une valeur de puissance reçue dans le deuxième bloc de
puissance reçu en tant que point de données d’étalonnage supplémentaire de la première courbe d’éta-
lonnage de puissance,
recevoir, après le deuxièmebloc de puissance reçu, en provenance du récepteur de puissance sans fil (200)
dans un second mode de fonctionnement, un troisième bloc de puissance reçu lié à l’étalonnage de
puissance, une valeur de mode incluse dans le troisième bloc de puissance reçu étant 1,
recevoir, après le troisième bloc de puissance reçu, en provenance du récepteur de puissance sans fil (200)
dans le second mode de fonctionnement, un quatrième bloc de puissance reçu lié à l’étalonnage de
puissance, une valeur de mode incluse dans le quatrième bloc de puissance reçu étant 2, et
construire une seconde courbe d’étalonnage de puissance sur la base d’une valeur de puissance reçue
incluse dans le troisième bloc de puissance reçu en tant que premier point de données d’étalonnage de la
seconde courbe d’étalonnage de puissance et une valeur de puissance reçue dans le quatrième paquet de
puissance reçu en tant que point de données d’étalonnage supplémentaire de la seconde courbe d’éta-
lonnage de puissance.

2. Transmetteur de puissance sans fil (100) selon la revendication 1, dans lequel
l’unité de communication/commande (120) est conçue pour ne pas étalonner la puissance transmise si une valeur
d’étalonnagede la puissance transmisecalculéesur labasede la secondecourbed’étalonnagedepuissanceest une
valeur négative.

3. Transmetteur de puissance sans fil (100) selon la revendication 1, dans lequel
l’unité de communication/commande (120) est conçue pour effectuer une détection d’objet étranger (FOD) si une
différence entre la somme de la puissance transmise estimée et une valeur d’étalonnage de la puissance transmise
calculée sur la base de la seconde courbe d’étalonnage de puissance et la puissance reçue estimée incluse dans un
bloc de puissance reçu en provenance du récepteur de puissance sans fil est égale à une valeur seuil ou dépasse la
valeur seuil.

4. Récepteur de puissance sans fil (200) comprenant:

uneunitédeconversiondepuissanceconçuepour recevoir, enprovenancedu transmetteurdepuissancesansfil
(100), la puissance sans fil générée sur la base de couplage magnétique dans une phase de transfert de
puissance ; et
une unité de commande/communication (220) conçue pour transmettre, au transmetteur de puissance sans fil
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(100), un bloc de puissance reçu comprenant une valeur de puissance reçue et une valeur de mode,
dans lequel l’unité de communication/commande (220) est conçue pour:

transmettre, au transmetteur de puissance sans fil (100) unpremier bloc de puissance reçu lié à l’étalonnage
de puissance dans un premiermode de fonctionnement, une valeur demode incluse dans le premier bloc de
puissance reçu est 1,
transmettre, après le premier bloc de puissance reçu, au transmetteur de puissance sans fil (100), un
deuxième bloc de puissance reçu lié à l’étalonnage de puissance dans le premier mode de fonctionnement,
une valeur de mode incluse dans le deuxième paquet de puissance reçu étant 2,
faire passer, après le deuxième bloc de puissance reçu, un mode de fonctionnement du premier mode de
fonctionnement au second mode de fonctionnement,
transmettre, au transmetteur de puissance sans fil (100) un troisième bloc de puissance reçu lié à
l’étalonnage de puissance dans le second mode de fonctionnement, une valeur de mode incluse dans le
troisième bloc de puissance reçu est 1, et
transmettre, après le troisième bloc de puissance reçu, au transmetteur de puissance sans fil (100), un
quatrième bloc de puissance reçu lié à l’étalonnage de puissance dans le secondmode de fonctionnement,
une valeur de mode incluse dans le quatrième paquet de puissance reçu étant 2.
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