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Description

FIELD OF THE INVENTION

[0001] The invention relates to inductive power trans-
fer and in particular, but not exclusively, to an inductive
power transfer system suitable for the Qi wireless power
transfer standard.

BACKGROUND OF THE INVENTION

[0002] Many systems require a wiring and/or electrical
contacts in order to supply electrical power to devices.
Omitting these wires and contacts provides for an im-
proved user experience. Traditionally, this has been
achieved using batteries located in the devices but this
approach has a number of disadvantages including extra
weight, bulk and the need to frequently replace or re-
charge the batteries. Recently, the approach of using
wireless inductive power transfer has received increas-
ing interest.
[0003] Part of this increased interest is due to the
number and variety of portable and mobile devices hav-
ing exploded in the last decade. For example, the use of
mobile phones, tablets, media players etc. has become
ubiquitous. Such devices are generally powered by in-
ternal batteries and the typical use scenario often re-
quires recharging of batteries or direct wired powering of
the device from an external power supply.
[0004] As mentioned, most present day devices re-
quire a wiring and/or explicit electrical contacts to be pow-
ered from an external power supply. However, this tends
to be impractical and requires the user to physically insert
connectors or otherwise establish a physical electrical
contact. It also tends to be inconvenient to the user by
introducing lengths of wire. Typically, power require-
ments also differ significantly, and currently most devices
are provided with their own dedicated power supply re-
sulting in a typical user having a large number of different
power supplies with each power supply being dedicated
to a specific device. Although, internal batteries may pre-
vent the need for a wired connection to an external power
supply, this approach only provides a partial solution as
the batteries will need recharging (or replacing which is
expensive). The use of batteries may also add substan-
tially to the weight and potentially cost and size of the
devices.
[0005] In order to provide a significantly improved user
experience, it has been proposed to use a wireless power
supply wherein power is inductively transferred from a
transmitter coil in a power transmitter device to a receiver
coil in the individual devices.
[0006] Power transmission via magnetic induction is a
well-known concept, mostly applied in transformers
which have a tight coupling between the primary trans-
mitter coil and the secondary receiver coil. By separating
the primary transmitter coil and the secondary receiver
coil between two devices, wireless power transfer be-

tween the devices becomes possible based on the prin-
ciple of a loosely coupled transformer.
[0007] Such an arrangement allows a wireless power
transfer to the device without requiring any wires or phys-
ical electrical connections. Indeed, it may simply allow a
device to be placed adjacent to, or on top of, the trans-
mitter coil in order to be recharged or powered externally.
For example, power transmitter devices may be arranged
with a horizontal surface on which a device can simply
be placed in order to be powered.
[0008] Furthermore, such wireless power transfer ar-
rangements may advantageously be designed such that
the power transmitter device can be used with a range
of power receiver devices. In particular, a wireless power
transfer standard known as the Qi standard has been
defined and is currently being developed further. This
standard allows power transmitter devices that meet the
Qi standard to be used with power receiver devices that
also meet the Qi standard without these having to be
from the same manufacturer or having to be dedicated
to each other. The Qi standard further includes some
functionality for allowing the operation to be adapted to
the specific power receiver device (e.g. dependent on
the specific power drain).
[0009] The Qi standard is developed by the Wireless
Power Consortium and more information can e.g. be
found on their website: http://www.wirelesspowerconsor-
tium.com/index.html, where in particular the defined
Standards documents can be found.
[0010] Wireless power transfer systems are applied in
an increasing variety and number of applications. For
example, work is ongoing to expand the Qi power transfer
standard to include high power applications with the po-
tential of powers of up to more than 1kW. Such high power
capability leads to wireless power transfer systems being
practical for more and more applications. However, this
also introduces more challenges and specifically increas-
es the risk of undesirable situations occurring. Thus,
there is a desire to introduce control aspects to wireless
power transfer systems which mitigate the risk of unde-
sirable or even potentially unsafe scenarios occurring.
[0011] For example, it is envisaged that wireless power
transfer may be used in a kitchen environment to power
to various kitchen appliances and devices, including high
power devices such as kettles, pans, blenders etc.
[0012] However, in such embodiments, additional con-
siderations must be taken into account to ensure that
undesired and unsafe scenarios do not occur. This must
also consider the potential behavior of the user. For ex-
ample, in the kitchen application there may be a range
of power provision points including some intended for
heating pans or kettles, some intended for other devices
such as blenders, mixers etc. The specific layout and
materials used may depend on a number of issues, in-
cluding aesthetic and design preferences, and therefore
different parts may use different materials etc.
[0013] However, users will generally not consider such
aspects and will typically not be focused on where de-
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vices can be positioned. For example, the user may not
consider that some devices should be restricted to spe-
cific areas or parts of the worktop due to their power trans-
fer characteristics or application.
[0014] Hence, an improved power transfer system
would be advantageous and in particular a system allow-
ing an improved user experience, increased reliability,
increased flexibility, facilitated implementation, improved
safety and/or improved performance would be advanta-
geous.

SUMMARY OF THE INVENTION

[0015] Accordingly, the Invention seeks to preferably
mitigate, alleviate or eliminate one or more of the above
mentioned disadvantages singly or in any combination.
[0016] According to an aspect of the invention there is
provided an wireless power transfer system including a
power transmitter and a power receiver, the power trans-
mitter being arranged to generate a wireless inductive
power transfer signal for powering the power receiver,
the wireless power transfer system comprising: a receiv-
er for receiving a first temperature for a first part of a
powered device, the powered device comprising a heat-
ing part capable of being heated by power from the power
transfer signal and the first part being a contact surface
of the powered device for contacting the power transmit-
ter; a comparator for comparing the first temperature to
a first reference temperature, the first reference temper-
ature being indicative of a maximum allowable contact
temperature for a surface of the power transmitter for
receiving the power receiver; and a controller for at least
one of restricting the power of the power transfer signal
and generating a user alert in response to the first tem-
perature exceeding the first reference temperature; and
wherein the power receiver comprises: a first tempera-
ture sensor for determining a second temperature for a
heating part of the powered device, a transmitter for
transmitting power control loop feedback messages for
requesting power level changes of the power transfer
signal to the power transmitter during power transfer, and
a power controller for generating power change requests
for the power control loop feedback messages in re-
sponse to the second temperature.
[0017] The invention may allow an improved wireless
power transfer system in many embodiments. In many
embodiments, an improved user experience can be
achieved. The approach may in many embodiments and
scenarios provide a safer operation and safeguard, pre-
vent, or mitigate against undesirable scenarios. The in-
vention may in particular be advantageous for scenarios
wherein a variety of different devices may be powered
by one or more power transmitters and/or where the pow-
er providing entity may comprise different parts with dif-
ferent physical characteristics and material properties.
[0018] In many embodiments, improved operation may
be achieved with one temperature control function con-
trolling the operating temperature of the heating part, and

thus specifically controlling the heating operation, where-
as another temperature control function ensures thermal
compatibility between the power transmitter and the pow-
er receiver/ powered device. The approach may allow
both accurate heating and safe operation while maintain-
ing low complexity.
[0019] The invention may in many embodiments, pre-
vent or mitigate the risk of damage to a surface of the
object/ device/ appliance comprising the power transmit-
ter. This may be achieved without generally restricting
the operation of the power transfer system. Thus, the
system may dynamically monitor and adapt to the spe-
cific scenario.
[0020] The first reference temperature may be indica-
tive of a maximum allowable contact temperature for a
surface for receiving the power receiver for/during power
transfer. The power receiver may be placed on the sur-
face during power transfer, and the first temperature may
be indicative of the temperature of a contact surface of
the power receiver which is in contact with the surface
(of the power transmitter). The surface may be a surface
comprising, in contact with, or close to (typically within
1,2,3 or 5cm) a power transmit coil arranged to generate
the power transfer signal. The maximum allowable con-
tact temperature may be the maximum temperature ac-
ceptable for a surface of a powered device which comes
into contact with the surface (of the power transmitter)
during power transfer. The surface for receiving the pow-
er receiver may specifically be a work surface of a kitchen
object or element comprising wireless power functionality
(and specifically the power transmitter).
[0021] The reference temperature is specifically be a
maximum allowable contact temperature for a surface
associated with the power transmitter, such as a surface
for receiving the power receiver/powered device when
this is powered by the power transmitter. The surface is
specifically a surface for receiving the powered device
comprising the power receiver for power transfer. The
reference temperature may be a property of a material
of the part forming the surface for receiving the powered
device. The reference temperature may be generated by
the power transmitter. In some embodiments, the refer-
ence temperature may be transmitted from the power
transmitter to the power receiver. In many embodiments,
the first temperature may be a temperature of an external
part of the powered device. The part may specifically be
a part of the powered device arranged for contact with
surfaces of the power transmitter entity, such as the bot-
tom of the powered device.
[0022] The controller may be arranged to restrict the
power by terminating the power transfer operation, and
specifically may be arranged to exit the power transfer
phase/ mode in response to the detection that the first
temperature exceeds the reference temperature.
[0023] In some embodiments, the controller may re-
strict the power by applying an upper limit to the power
of the power transfer signal.
[0024] In many embodiments, the controller may be
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arranged to both restrict the power and to generate the
user alert in response to the first temperature exceeding
the reference temperature.
[0025] The first temperature may be received from an
external or interval source.
[0026] The first temperature may be a measured tem-
perature. In accordance with an optional feature of the
invention, the power receiver comprises a second a tem-
perature sensor arranged to measure the first tempera-
ture.
[0027] The first temperature may reflect a measure-
ment of a temperature, and may for example directly be
the measured temperature or a temperature derived from
a measured temperature. The first temperature may re-
flect current conditions, and the apparatus may in many
embodiments be arranged to detect and react to dynamic
changes. For example, it may detect undesired user ac-
tion that results in the first temperature exceeding a spe-
cific reference temperature.
[0028] In accordance with an optional feature of the
invention, the first temperature is a predetermined max-
imum temperature of the contact surface.
[0029] This may allow an improved user experience
and/or reduced complexity in many embodiments. The
predetermined maximum temperature may be a temper-
ature linked to the specific powered device. The refer-
ence temperature may specifically be a predetermined
maximum temperature of an external surface of the part
of a powered device, and specifically of a surface for
contacting to a receiving surface of the power transmitter
entity.
[0030] In accordance with an optional feature of the
invention, wherein the controller is arranged to restrict
the power of the power transfer signal in response to the
first temperature exceeding the first reference tempera-
ture.
[0031] This may provide improved operation in many
embodiments and may in particular allow the system to
address potential situations where a user action may re-
sult in potential damage to parts of the power transmitter
entity.
[0032] In accordance with an optional feature of the
invention, the controller is arranged to generate the user
alert in response to the first temperature exceeding the
first reference temperature.
[0033] This may provide improved operation in many
embodiments and may in particular allow the system to
aid or control the user to prevent or address potential
situations where a user action may result in potential
damage to parts of the power transmitter entity.
[0034] In accordance with an optional feature of the
invention, the first part is a different part of the powered
device than the heating part.
[0035] In accordance with an optional feature of the
invention, the receiver, comparator and controller are
comprised in the power transmitter.
[0036] This may provide advantageous operation in
many embodiments, and may specifically allow the pow-

er transmitter to safeguard against undesirable situations
and potential damage.
[0037] In accordance with an optional feature of the
invention, the receiver is arranged to receive the first tem-
perature from the power receiver.
[0038] This may provide improved performance in
many embodiments and scenarios. In particular, a more
accurate operation can be achieved in many scenarios.
In some embodiments, reduced complexity and flexibility
can be achieved.
[0039] The first temperature may e.g. be received dur-
ing a power transfer phase.
[0040] In accordance with an optional feature of the
invention, the controller is arranged to restrict the power
of the power transfer signal or to generate a user alert in
response to the receiver not receiving the first tempera-
ture from the power receiver.
[0041] The controller may be arranged to determine if
a first temperature message has been received from the
power receiver within a time interval during power trans-
fer; and to at least one of generating a user alert and
restricting power transfer if no first temperature message
has been received within the time interval, and to not
generate a user alert and not restrict power transfer if a
first temperature message has been received comprising
a value for the first temperature not exceeding the first
reference temperature.
[0042] This may provide more reliable and/or safe op-
eration in many embodiments.
[0043] In many embodiments, the controller may be
arranged to both restrict the power and to generate the
user alert in response to not receiving a first temperature
from the power receiver (e.g. within a given time interval).
[0044] In accordance with an optional feature of the
invention, the power transmitter is arranged to transmit
an indication of a detection of the first temperature ex-
ceeding the first reference temperature to the power re-
ceiver.
[0045] This may allow enhanced functionality and/or
an improved user experience in many embodiments. For
example, it may allow the user alert to be generated in
the powered device (such as a heatable pan) rather than
by the power transmitter. This may for example generate
a more noticeable user alert which will typically be gen-
erated closer to the user.
[0046] In accordance with an optional feature of the
invention, the wireless power transfer system comprises
a second power transmitter; and the apparatus further
comprises: a second receiver for receiving a second tem-
perature for a part of a second powered device, the sec-
ond powered device being powered by a second power
receiver powered by the second power transmitter; a sec-
ond comparator for comparing the second temperature
to a second reference temperature associated with the
second power transmitter; and a second controller for at
least one of restricting a power of a power transfer signal
of the second power transmitter and generating a user
alert in response to the second temperature exceeding
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the second reference temperature; wherein the second
reference temperature is different from the first reference
temperature.
[0047] This may for example allow a flexible arrange-
ment where precautions can be adapted to specific prop-
erties of individual parts/ surfaces of the apparatus that
may come into contact with the powered device. For ex-
ample, a kitchen appliance may be arranged to provide
power to a range of powered devices and the approach
may allow individual adaptation to the specific character-
istics of different parts of the appliance.
[0048] In some embodiments, the apparatus may com-
prise a selector for selecting the reference temperature
from a plurality of reference temperatures in response to
a position indication for the power receiver, each refer-
ence temperature being associated with a set of posi-
tions.
[0049] Each set of positions may correspond to a sur-
face area of an entity comprising the power transmitter,
or may e.g. be a different part or element of the entity.
[0050] In some embodiments, the entity may comprise
a plurality of transmit coils or power transmitters and each
set of positions may be associated with a subset of the
transmit coils or power transmitters. The position indica-
tion may be an indication of which transmit coil or power
transmitter is powering the powered device or (often
equivalently) of which transmit coil or power transmitter
is in communication with the power receiver.
[0051] In accordance with an aspect of the invention,
there is provided a power receiver for a wireless power
transfer system further including a power transmitter ar-
ranged to generate a wireless inductive power transfer
signal for powering the power receiver, the power receiv-
er comprising: a receiver for receiving a first temperature
for a first part of a powered device, the powered device
comprising a heating part capable of being heated by
power from the power transfer signal and the first part
being a contact surface of the powered device for con-
tacting the power transmitter; a comparator for compar-
ing the first temperature to a first reference temperature,
the first reference temperature being indicative of a max-
imum allowable contact temperature for a surface of the
power transmitter for receiving the power receiver; a con-
troller for at least one of restricting the power of the power
transfer signal and generating a user alert in response
to the first temperature exceeding the first reference tem-
perature; a first temperature sensor for determining a
second temperature for a heating part of the powered
device; a transmitter for transmitting power control loop
feedback messages for requesting power level changes
of the power transfer signal to the power transmitter dur-
ing power transfer; and a power controller for generating
power change requests for the power control loop feed-
back messages in response to the second temperature.
[0052] In accordance with an optional feature of the
invention, the the controller is arranged to generate pow-
er down requests for the power control loop feedback
messages in response to the first temperature exceeding

the first reference temperature.
[0053] This may provide improved operation in many
embodiments, and may in particular provide a more ac-
curate heating by the powered device. The approach may
allow both accurate heating and safe operation while
maintaining low complexity.
[0054] In some embodiments, the apparatus may com-
prise a transmitter for transmitting a power transfer re-
striction request to the power transmitter in response to
a detection that the first temperature exceeds the refer-
ence temperature.
[0055] In accordance with an optional feature of the
invention, the power receiver further comprises a refer-
ence temperature receiver for receiving the first refer-
ence temperature from the power transmitter.
[0056] This may provide improved operation and/or im-
plementation.
[0057] In accordance with an optional feature of the
invention, the comparator is arranged to set the first ref-
erence temperature to a predetermined value in the ab-
sence of the first reference temperature being received
from the power transmitter.
[0058] This may provide improved operation in many
embodiments. It may for example allow the power receiv-
er to ensure that it operates in a safe scenario even if not
controlled by a power transmitter.
[0059] In accordance with an optional feature of the
invention, the heating part comprises an inductive heat-
ing element arranged to be heated by induction from the
power transfer signal.
[0060] The heating element may specifically be a heat-
ing plate.
[0061] According to an aspect of the invention there is
provided a method of operation for a wireless power
transfer system including a power transmitter and a pow-
er receiver, the power transmitter being arranged to gen-
erate a wireless inductive power transfer signal for pow-
ering the power receiver, the method comprising: receiv-
ing a first temperature for a first part of a powered device,
the powered device comprising a heating part capable
of being heated by power from the power transfer signal;
comparing the measured temperature to a first reference
temperature, the first reference temperature being indic-
ative of a maximum allowable contact temperature for a
surface of the power transmitter for receiving the power
receiver; and at least one of restricting the power of the
power transfer signal and generating a user alert in re-
sponse to the first temperature exceeding the first refer-
ence temperature; a temperature sensor of the power
receiver determining a second temperature for a heating
part of the powered device, the power receiver transmit-
ting power control loop feedback messages for request-
ing power level changes of the power transfer signal to
the power transmitter during power transfer, and the pow-
er receiver generating power change requests for the
power control loop feedback messages in response to
the second temperature.
[0062] These and other aspects, features and advan-

7 8 



EP 2 957 147 B1

6

5

10

15

20

25

30

35

40

45

50

55

tages of the invention will be apparent from and elucidat-
ed with reference to the embodiment(s) described here-
inafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

FIG. 1 illustrates an example of a power transfer sys-
tem in accordance with some embodiments of the
invention;
FIG. 2 illustrates an example of a power transfer sys-
tem in accordance with some embodiments of the
invention;
FIG. 3 illustrates an example of elements of a half-
bridge inverter for a power transmitter in accordance
with some embodiments of the invention;
FIG. 4 illustrates an example of elements of a full-
bridge inverter for a power transmitter in accordance
with some embodiments of the invention; and
FIG. 5 illustrates an example of a unit for powering
kitchen appliances;
FIG. 6 illustrates an example of a power transmitter
in accordance with some embodiments of the inven-
tion;
FIG. 7 illustrates an example of a power receiver in
accordance with some embodiments of the inven-
tion; and
FIG. 8 illustrates an example of a power transfer sce-
nario in accordance with some embodiments of the
invention.

DETAILED DESCRIPTION OF SOME EMBODIMENTS 
OF THE INVENTION

[0064] FIG. 1 illustrates an example of a power transfer
system in accordance with some embodiments of the
invention. The power transfer system comprises a power
transmitter 101 which includes (or is coupled to) a trans-
mitter coil/ inductor 103. The system further comprises
a power receiver 105 which includes (or is coupled to) a
receiver coil/ inductor 107.
[0065] The system provides a wireless inductive power
transfer from the power transmitter 101 to the power re-
ceiver 105. Specifically, the power transmitter 101 gen-
erates a power transfer signal, which is propagated as a
magnetic flux by the transmitter coil 103. The power
transfer signal may typically have a frequency between
around 20 kHz to 200 kHz. The transmitter coil 103 and
the receiver coil 105 are loosely coupled and thus the
receiver coil picks up (at least part of) the power transfer
signal from the power transmitter 101. Thus, the power
is transferred from the power transmitter 101 to the power
receiver 105 via a wireless inductive coupling from the
transmitter coil 103 to the receiver coil 107. The term
power transfer signal is mainly used to refer to the induc-

tive signal between the transmitter coil 103 and the re-
ceiver coil 107 (the magnetic flux signal), but it will be
appreciated that by equivalence it may also be consid-
ered and used as a reference to the electrical signal pro-
vided to the transmitter coil 103, or indeed to the electrical
signal of the receiver coil 107.
[0066] In the following, the operation of the power
transmitter 101 and the power receiver 105 will be de-
scribed with specific reference to an embodiment in ac-
cordance with the Qi standard (except for the herein de-
scribed (or consequential) modifications and enhance-
ments). In particular, the power transmitter 101 and the
power receiver 103 may substantially be compatible with
the Qi Specification version 1.0 or 1.1 (except for the
herein described (or consequential) modifications and
enhancements).
[0067] To prepare and control the power transfer be-
tween the power transmitter 101 and the power receiver
105 in the wireless power transfer system, the power
receiver 105 communicates information to the power
transmitter 101. Such communication has been stand-
ardized in the Qi Specification version 1.0 and 1.1.
[0068] On the physical level, the communication chan-
nel from the power receiver 105 to the power transmitter
101 is implemented by using the power transfer signal
as carrier. The power receiver 105 modulates the load
of the receiver coil 105. This results in corresponding
variations in the power transfer signal at the power trans-
mitter side. The load modulation may be detected by a
change in the amplitude and/or phase of the transmitter
coil 105 current, or alternatively or additional by a change
in the voltage of the transmitter coil 105. Based on this
principle, the power receiver 105 can modulate data
which the power transmitter 101 demodulates. This data
is formatted in bytes and packets. More information can
be found in the "System description, Wireless power
Transfer, Volume I: Low Power, Part 1: Interface Defini-
tion, Version 1.0 July 2010, published by the Wireless
power Consortium" available via http://www.wireless-
powerconsortium.com/downloads/wireless-power-
specification-part-1.html, also called the Qi wireless pow-
er specification, in particular chapter 6: Communications
Interface.
[0069] To control the power transfer, the system may
proceed via different phases, in particular a selection
phase, a ping phase, identification and configuration
phase, and a power transfer phase. More information
can be found in chapter 5 of part 1 of the Qi wireless
power specification.
[0070] Initially, the power transmitter 101 is in the se-
lection phase wherein it merely monitors for the potential
presence of a power receiver. The power transmitter 101
may use a variety of methods for this purpose, e.g. as
described in the Qi wireless power specification. If such
a potential presence is detected, the power transmitter
101 enters the ping phase wherein a power transfer sig-
nal is temporarily generated. The power receiver 105 can
apply the received signal to power up its electronics. After
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receiving the power transfer signal, the power receiver
105 communicates an initial packet to the power trans-
mitter 101. Specifically, a signal strength packet indicat-
ing the degree of coupling between power transmitter
and power receiver is transmitted. More information can
be found in chapter 6.3.1 of part 1 of the Qi wireless
power specification. Thus, in the Ping phase it is deter-
mined whether a power receiver 105 is present at the
interface of the power transmitter 101.
[0071] Upon receiving the signal strength message,
the power transmitter 101 moves into the Identification
& Configuration phase. In this phase, the power receiver
105 keeps its output load disconnected and communi-
cates to the power transmitter 101 using load modulation.
The power transmitter provides a power transfer signal
of constant amplitude, frequency and phase for this pur-
pose (with the exception of the change caused by load-
modulation). The messages are used by the power trans-
mitter 101 to configure itself as requested by the power
receiver 105.
[0072] Following the Identification and Configuration
phase, the system moves on to the power transfer phase
where the actual power transfer takes place. Specifically,
after having communicated its power requirement, the
power receiver 105 connects the output load and sup-
plies it with the received power. The power receiver 105
monitors the output load and measures the control error
between the actual value and the desired value of a cer-
tain operating point. It communicates such control errors
to the power transmitter 101 at a minimum rate of e.g.
every 250 ms to indicate these errors to the power trans-
mitter 101 as well as the desire for a change, or no
change, of the power transfer signal.
[0073] Thus, during the power transfer phase, the pow-
er receiver controls the provided power. This may be par-
ticularly important for embodiments wherein the power
receiver does not directly provide power to an external
load but with the receive coil 107 effectively being the
load itself. For example, for a powered device which is a
heatable device which is heated by the power transfer
signal, the receive coil 107 may be implemented as an
inductive heating element arranged to be heated by in-
duction from the power transfer signal. For example, the
power receiver may include a heating plate in which the
power transfer signal generates eddy currents by induc-
tion. The heating element will thus heat up in the pres-
ence of the power transfer signal and the heating element
can be used to heat other items. For example, the pow-
ered device may be a kettle or a pan comprising a heat
element which is heated by eddy currents generated by
the power transfer signal. The heated element may thus
be considered to form both the receive coil 107 and the
load.
[0074] The powered device is thus a powered heating
device comprising a heating part, such as a heating el-
ement e.g. in the form of a heating plate. In the example,
the power transfer signal may directly heat the heating
part by inducing eddy currents in this. In other embodi-

ments, the provision of power from the power transfer
signal to the heating part may include intermediate func-
tions. For example, in some embodiments the powered
device may include a separate receive coil 107 in the
form of an inductor in which current is induced. This in-
duced power may be converted into an electrical signal
which is fed to the heating part. Thus, the heating part
may electrically be connected as a conventional load to
a wireless power receiver.
[0075] In the system, the power control operation is
based on a temperature sensor of the power receiver
105. In particular, the power receiver comprises a heating
part temperature sensor which determines a temperature
for the heating part, henceforth referred to as the heating
part temperature. The power receiver 105 is arranged to
determine desired power changes based on the heating
part temperature. Specifically, if the heating part temper-
ature is below a first threshold, the power receiver 105
may request an increase of power of the power transfer
signal, and if the heating part temperature is above a
second threshold (higher or equal to the first threshold),
the power receiver 105 may request a decrease of power
of the power transfer signal. The power receiver 105 may
then generate corresponding power control loop feed-
back messages and transmit these back to the power
transmitter 101. In response, the power transmitter 101
increases or decreases the power of the power transfer
signal.
[0076] Thus, in the system of FIG. 1, the power control
operation is temperature based and may directly be used
to control the operating temperature of the heating part,
and thus may control the heating operation of the pow-
ered heating device.
[0077] Wireless power transfer such as that provided
by Qi power transfer systems is becoming increasingly
popular and may increasingly be used in different appli-
cations and different contexts, and with an increased va-
riety of setups, equipment, surroundings etc. The current
Qi system provides support for efficient power transfer,
and the intended enhancements and developments are
aimed at providing an improved fiznctionality and user
experience in a wider range of applications. However,
there is a general desire to further improve the function-
ality, flexibility and user friendliness to allow an increased
uptake of wireless power transfer. Specifically, the in-
crease to higher powers and a greater variety of appli-
cations result in an increased desire and need for ensur-
ing that the system operates safely and without freely
allowing unintended and undesired results or scenarios
arising.
[0078] FIG. 2 illustrates a wireless power transfer sys-
tem that may provide enhanced functionality and/or op-
eration. The system of FIG. 2 may specifically illustrated
enhanced control functionality employed in the system
of FIG. 1.
[0079] Thus, the system of FIGs. 1 and 2 utilize a tem-
perature based power control loop to control the temper-
ature of a heating part of a powered heating device. The
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power control loop is accordingly used to control the op-
erating temperature of the heating part, and thus to con-
trol the heating performance of the powered heating de-
vice.
[0080] In addition to this temperature based power
control loop, the system is arranged to evaluate a tem-
perature of a part of the powered device (such as an
external contact surface) relative to a reference temper-
ature associated with the power transmitter. Thus, the
system specifically considers the relationship between
two temperatures where one relates to the power receiv-
er side and another relates to the power transmitter side
of the power transfer. The reference temperature is de-
pendent on a characteristic which is associated with the
power transmitter and which will typically be the same
regardless of which (or if any) power receiver is present.
Conversely, the first temperature is typically not depend-
ent on the characteristics of the power transmitter the
power receiver is used with but relates to characteristics
of the device which is powered by the power receiver
(the powered device). Typically, the first temperature
may be a dynamically measured temperature whereas
the reference temperature is often a predetermined val-
ue.
[0081] The reference temperature is specifically a
maximum acceptable temperature for a contact surface
of an appliance comprising the power transmitter. The
reference temperature may be a maximum allowable
temperature for a surface for receiving the powered de-
vice during power transfer. The surface may for example
be a flat surface of the power transmitter on which the
powered device is put for power transfer operations, i.e.
when a power transfer is desired.
[0082] The first temperature specifically indicates the
current temperature of a part of the power receiver that
will come into contact with the contact surface when the
powered device is placed on the contact surface. Indeed,
the first temperature is provided for a contact surface of
the powered device for contacting the power transmitter.
Thus, the reference temperature and first temperature
may be indicative of temperatures (e.g. the maximum
allowable and the measured temperature) of contact sur-
faces of respectively the power transmitter and the pow-
ered device which will come into contact with each other
during power transfer.
[0083] The system is arranged to detect if the first tem-
perature exceeds the reference temperature. Specifical-
ly, if the current temperature of the contact surface of the
powered device is higher than a maximum allowable sur-
face temperature of a contact surface on which the pow-
ered device may be positioned during power transfer,
this will be detected by the system.
[0084] FIG. 2 illustrates a driver 201 which is coupled
to the transmit coil 103 and which generates the power
transfer signal and provides this to the transmit coil 103.
Thus, during power transfer, the driver 201 provides the
power transfer signal to the power receiver 105 via the
transmit coil 103 (and the receive coil 107).

[0085] The driver 201 thus generates the current and
voltage which is fed to the transmitter coil 103. The driver
201 is typically a drive circuit in the form of an inverter
which generates an alternating signal from a DC Voltage.
FIG. 3 shows a half-bridge inverter. The switches S1 and
S2 are controlled such that they are never closed at the
same time. Alternatingly S1 is closed while S2 is open
and S2 is closed while S1 is open. The switches are
opened and closed with the desired frequency, thereby
generating an alternating signal at the output. Typically,
the output of the inverter is connected to the transmitter
coil via a resonance capacitor. FIG. 4 shows a full-bridge
inverter. The switches S1 and S2 are controlled such that
they are never closed at the same time. The switches S3
and S4 are controlled such that they are never closed at
the same time. Alternatingly switches S1 and S4 are
closed while S2 and S3 are open, and then S2 and S3
are closed while S1 and S4 or open, thereby creating a
block-wave signal at the output. The switches are open
and closed with the desired frequency.
[0086] The driver 201 also comprises control function-
ality for operating the power transfer function and may
specifically comprise a controller arranged to operate the
power transmitter 101 in accordance with the Qi stand-
ard. For example, the controller may be arranged to per-
form the Identification and Configuration as well as the
power transfer phases of the Qi standard.
[0087] The receiver coil 107 is coupled to a power re-
ceiver controller 203, which comprises various function-
ality for operating the power transfer function, and is in
the specific example arranged to operate the power re-
ceiver 105 in accordance with the Qi standard. For ex-
ample, the power receiver controller 203 may be ar-
ranged to perform the Identification and Configuration as
well as the power transfer phases of the Qi standard.
[0088] The power receiver controller 203 is arranged
to receive the power transfer signal and to extract the
power during the power transfer phase. The power re-
ceiver controller 203 is coupled to a power load 205 which
is the load powered from the power transmitter 101 during
the power transfer phase. The power load 205 may spe-
cifically be a heating part, such as a heating element
heated by power extracted from the power transfer sig-
nal.
[0089] In many embodiments, the powered device may
comprise a heating element which is directly heated by
the power transfer signal inducing eddy currents in the
heating element. Thus, the load 205 and receive coil 107
may be integrated into one single element with the load
being powered directly without the power receiver con-
troller 203 as an intermediate. In such embodiments, the
power receiver controller 203 may however provide the
required control and interfacing technology including
communicating with the power transmitter, controlling the
power as part of the power control loop etc.
[0090] The power controller 203 may further control
the power control operation based on the measurement
of the heating part temperature. Specifically, it may gen-
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erate power requests which are transmitted to the power
transmitter 101 in power control loop feedback messag-
es. E.g. if the heating part temperature is below a thresh-
old, an increase in the power of the power transfer signal
is requested, and if it is above the threshold a decrease
in power is requested. Thus, the power receiver controller
203 can control the operating temperature of the heating
part/ element.
[0091] The system of FIG. 2 provides enhanced func-
tionality by providing an additional control of the opera-
tion, and especially functionality that in many embodi-
ments may prevent undesired and potentially damaging
scenarios from occurring. In particular, the system allows
the operation to be adapted based on a temperature of
a part of the powered device relative to a reference tem-
perature which reflects a characteristic of the power
transmitter such as a device, appliance or other entity of
which the power transmitter functions are a part of. Spe-
cifically, the entity may be an entity, device, or object
comprising the functions of the power transmitter 101.
The use of a power control loop to control the operating
temperature of the heating part combined with a separate
temperature control function which is based on compar-
ison of temperatures of respectively the power transmit-
ting and the power receiving sides provides efficient op-
eration and additional safety. It may provide additional
flexibility in allowing different types of power receivers
and power transmitters to flexibly interwork without re-
quiring the thermal compatibility to be designed for worst
case combinations.
[0092] The system of FIG. 2 comprises a temperature
receiver 207 which receives a temperature, henceforth
referred to as the first temperature. The first temperature
may be received from any suitable internal or external
source.
[0093] The first temperature is indicative of a temper-
ature of a contact surface of the powered device which
is arranged for contacting the power transmitter. The con-
tact surface of the powered device is often a bottom sur-
face which is placed on a surface of the power transmitter
to allow the power transmission. Thus, typically the power
transfer signal is provided to the power receiver 105 from
the power transmitter 101 via the contact surface of the
power transmitter 101 for which the first reference tem-
perature is provided and the contact surface of the power
receiver 105 for which the first temperature is provided.
The two contact surfaces are accordingly in contact dur-
ing power transfer (in typical use).
[0094] The first temperature is in many embodiments
indicative of measured temperature but may in some em-
bodiments be indicative of an estimated or maximum op-
erating temperature of the part. The part is typically be
an external part, and the first temperature may specifi-
cally be indicative of a current temperature of a surface
of the powered device. The surface is typically a contact
surface which comes into contact with a contact surface
of the power transmitter during normal power transfer
operations.

[0095] The temperature receiver 207 is coupled to a
comparator 209 which is further coupled to a reference
source 211 that provides a reference temperature to the
comparator 209. The reference temperature is associat-
ed with the power transmitter 101 and specifically indi-
cates a maximum allowable contact temperature for a
surface for receiving the powered device. The surface
may specifically be a surface through which the powered
device is powered, such as the surface of an object com-
prising the power transmitter 101 and on which the pow-
ered device may be positioned for power transfer.
[0096] The comparator 209 is arranged to compare the
measured temperature to a reference temperature asso-
ciated with the power transmitter 101. The comparator
209 is coupled to a first controller 213 which is provided
with the result of the comparison.
[0097] The first controller 213 is arranged to react to a
detection that the first temperature exceeds the reference
temperature. Specifically, if the comparator 209 indicates
that the first temperature exceeds the reference temper-
ature, the first controller 213 may proceed to restrict the
power of the power transfer signal. The restriction may
specifically be by terminating the power transfer, exiting
the power transfer phase/mode, or e.g. by reducing the
power of the power transfer signal by a given amount, or
restricting it to not exceed a given threshold.
[0098] In some embodiments (particularly when the
first controller 213 is implemented in the power transmit-
ter 101, the first controller 213 may restrict the power by
modifying the operation of the power transmitter 101, and
specifically by modifying the operation of the driver 201.
In other embodiments (particularly when the first control-
ler 213 is implemented in the power receiver 105), the
first controller 213 may modify the operation of the power
controller 203. For example, the power loop control op-
eration may be modified such that the power receiver
105 continuously transmits power down requests until
the first temperature no longer exceeds the reference
temperature (typically with a margin). Thus, in this case
the first controller 213 may proceed to transmit power
down requests even when the heating part temperature
falls below the lower threshold for requesting increased
power.
[0099] Alternatively or additionally, the first controller
213 may generate a user alert. The first controller 213 is
specifically coupled to a user interface 215 which may
be controlled by the first controller 213 to provide a user
alert. The user alert may for example be a visual indica-
tion (e.g. flashing light) or an audio indication (e.g. a warn-
ing tone). In some embodiments, more complex user
alerts may be generated, such as a text or graphical user
display describing the cause of the user alert.
[0100] Thus, the system of FIG. 2 may detect that a
temperature of a part of the powered device exceeds a
temperature suitable for the power transmitter 101. For
example, the system may detect that a first temperature,
reflecting a temperature of a contact surface of the pow-
ered device, exceeds a reference temperature repre-

15 16 



EP 2 957 147 B1

10

5

10

15

20

25

30

35

40

45

50

55

senting a maximum allowable contact temperature for a
particular contact surface of the power transmitter. Ac-
cordingly, it may detect that if the powered device is po-
sitioned on the particular surface of the power transmitter,
damage to this surface could occur. The system may
address such risks by generating a user alert (possibly
before the powered device is positioned on the surface)
or/and reducing or switching off the power (typically when
the powered device is positioned on the surface).
[0101] The approach thus provides an additional con-
trol option that allows the system to detect potentially
undesired scenarios and to take action to avoid these or
to mitigate the consequences.
[0102] In the system of FIG. 1 and 2, a wirelessly pow-
ered device comprises a heating part that is powered by
a power transfer signal generated by a power transmitter.
The power receiver includes a temperature sensor which
determines a temperature of the heating part, and a pow-
er controller which generates power control loop feed-
back messages based on the determined temperature.
The power receiver comprises a transmitter for transmit-
ting the feedback messages to the power transmitter.
[0103] Thus, a power control loop can be implemented
which allows the power transmitter 101 to control the gen-
erated power transfer signal to provide an appropriate
amount of power to the power receiver 103. The power
is controlled on the basis of a temperature of the heating
part of the powered device and accordingly the power
control loop can specifically control the power of the pow-
er transfer signal to generate a desired temperature of
the heating part.
[0104] In addition to this temperature controlled power
control loop, the system is arranged to also consider an-
other temperature of a part of the powered device. This
temperature (the first temperature) is specifically com-
pared to a reference temperature which represents a
maximum allowable contact temperature for a surface of
the power transmitter for receiving the power receiver.
Thus, in addition to the temperature based power control
loop, which specifically can be used to maintain a desired
temperature of the heating part/ element of the powered
device, the system includes functionality for comparing
another temperature of a part of the powered device to
a maximum allowable temperature for the contact sur-
face of the power transmitter 101 that is arranged to re-
ceive the power receiver 105. This second temperature
(the heating part temperature) relates to the contact sur-
face of the powered device which will contact the power
transmitter 101. If the temperature of this part of the pow-
ered device exceeds the maximum contact temperature,
the system restricts the power of the power transfer signal
or generates a user alert.
[0105] This second temperature control does not
merely correspond to a conventional temperature control
seeking to control an operating temperature of a heating
element to have a desired value. Indeed, a standard tem-
perature control will typically be based on increasing or
decreasing transmitted power in response to the pow-

ered device comparing a measured temperature to a lo-
cal temperature reference reflecting the desired temper-
ature. However, rather than merely setting a preferred
operating temperature, the second temperature control
is concerned with the interoperation between the power
transmitter and the powered device. Indeed, the second
temperature control is directed to comparing a tempera-
ture characteristic of the powered device to a tempera-
ture characteristic of the power transmitter. Thus, it is not
merely directed to providing a desired temperature for a
heating element but rather is a relative comparison be-
tween values representing different devices. It can use
this to detect whether the power transmitter and the pow-
ered device operate in a way that is compatible with each
other.
[0106] For example, a power transmitter may be pro-
vided e.g. in a kitchen environment where devices to be
powered (e.g. kitchen appliances) can be positioned di-
rectly on the worktop surface through which the power
transfer signal is transmitted. This power transmitter may
be used with a range of different appliances, and many
different powered devices may be positioned on the work
surface. Different devices will typically have different re-
quirements and will also have different temperature char-
acteristics.
[0107] When a powered heating device is positioned
on the work surface, the power transmitter may provide
a power transfer signal which results in the desired heat-
ing in the heating part/element. The power of the power
transfer signal can be controlled via a power control loop,
and this power control loop can be standardized. Accord-
ingly, a powered heating device can control the power of
the power transfer signal to provide the desired operating
temperature of the heating element. The power control
loop can maintain this temperature by requesting that the
power of the power transfer signal is increased or de-
creased.
[0108] As the power control loop can be standardized,
this approach can be used with all powered heating de-
vices and with all power transmitters that are compatible
with the standard. Indeed, the same power control mes-
sages as for non-heated powered devices can be used.
However, whereas this approach and standardization
ensures operational compatibility between all power
transmitters and powered devices of the standard, it does
not address all issues.
[0109] The Inventors have realized that one problem
of such powered heating devices is that the powered
heating device may potentially generate temperatures
that could damage the power transmitter. In order to pre-
vent a heating device from damaging surfaces, the sur-
faces are made by materials that are heat resistant and
are capable of withstanding any temperature that may
be encountered by any heating device. Such an ap-
proach puts restrictions on both the materials of the sur-
faces and the heating elements.
[0110] However, in the approach of FIGs. 1 and 2, the
second temperature control can be used to dynamically
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measure thermic compatibility between the contact sur-
face of the power transmitter 101 and the corresponding
temperature of the powered heating device. This may
provide an increased design freedom for manufacturers
of both power transmitters and powered heating device
while at the same time preventing damage. In particular,
it may remove the need for manufacturers to design all
products to be capable of handling all worst-case sce-
narios.
[0111] The approach may for example allow a range
of power transmitters to be developed in accordance with
a standard but while allowing the power transmitters to
use various materials for the contact surfaces to power
receivers. The different materials can have different ther-
mal resistances (in particular in the sense of being able
to withstand heat without damage). At the same time, a
range of powered heating devices may be developed in
accordance with the standard where the different heating
devices having different thermal properties, and specifi-
cally with different heating devices exhibiting different
temperature characteristics in different scenarios. De-
spite all devices being compatible with the standard, it is
not required that all powered heating devices are ther-
mally compatible with all power transmitters. Rather, it
may be allowed that some combinations of powered
heating devices and power transmitters could potentially
result in situations where the powered heating device
could cause damage to a contact surface of the power
transmitter.
[0112] As an example, a range of power transmitters
for kitchen applications may include one implemented
with a wooden contact surface and another with a granite
contact surface, such as e.g. a wooden or granite kitchen
worktop. A range of powered heating devices may e.g.
include a kettle where the heating element is comprised
inside a thermally insulating material (resulting in low
temperature of the part that is placed on the work sur-
face). However, in order to improve power transfer, an-
other kettle may have the heating element exposed and
indeed in direct contact with the worktop. The first kettle
may be used with both worktops whereas the last kettle
can only be used with the granite contact surface/ work-
top. Although a user could manually restrict operations
to be between compatible products, inevitable mistakes
(e.g. when used by the elderly) can result in potential
damage to the worktop.
[0113] In the approach of the system of FIGs. 1 and 2,
any such incompatibility between a power receiver and
a power transmitter can be detected automatically and
in response the power of the power transfer signal may
be restricted or a user alert (e.g. alarm signal) can be
generated.
[0114] The approach is based on comparing thermal
characteristics of the power transmitter to thermal char-
acteristics of the power receiver and this comparison al-
lows the system to detect a potentially undesirable situ-
ation. Comparison of values representing properties of
different devices is thus employed.

[0115] Specifically, the system compares a tempera-
ture which is individual to the power receiver (and is not
inherently known by the power transmitter) to a property
(the maximum allowable contact temperature for a sur-
face of the power transmitter for receiving the power re-
ceiver) which is individual to the power transmitter (and
is not inherently known by the power receiver). The com-
parison is of temperature characteristics of two different
devices and reflect properties of two devices.
[0116] The approach may allow an automated detec-
tion of thermal incompatibility between a power transmit-
ter and power receiver. By including such a compatibility
check, the system accordingly allows for e.g. a common
standard to be developed which provides increased de-
sign flexibility by allowing the possibility of thermally in-
compatible power receivers and powered devices.
[0117] The two temperature controls can accordingly
support different functions and provide an overall im-
proved operation. Specifically, the temperature control-
led power control loop may control the heating part to
have a desired operating temperature, and thus may pro-
vide a flexible control of the operating point to provide a
desired temperature performance. The temperature con-
trolled power control loop can specifically address the
operational requirements during heating and can ensure
that the desired heating is provided by the heating part.
In addition to this operational control, the second tem-
perature control can ensure that the devices are thermal-
ly compatible. Thus, whereas the first temperature con-
trol can be directed to controlling the heating perform-
ance of the specific pairings of power transmitters and
powered devices, the second temperature can address
uncertainty resulting from there being many possible
combinations of power receivers and power transmitters,
including some combinations that are not thermally com-
patible. Such combinations may include scenarios
wherein a setting within a normal operating range for the
power receiver will result in damage to a contact surface
of the power transmitter. The system can provide an ad-
ditional safety protection and thereby allow substantially
more design flexibility. In the following, the approach will
be exemplified with focus on a specific embodiment
wherein a kitchen appliance/unit/object/ element is ar-
ranged to provide wireless power to a plurality of different
powered devices, each of which comprises a power re-
ceiver. The powered devices may thus specifically be
kitchen appliances such as kettles, pans, pots, blenders,
etc.
[0118] A specific exemplary application will be de-
scribed wherein a kitchen unit may comprise two zones
for food processing, namely:

1. A cooking zone. This zone may comprise e.g. an
inductive cooking stove on which pans, pots, kettles
etc. may be heated. The zone provides a number of
transmit coils each of which can power a powered
device, which specifically may be a heatable kitchen
appliance such as a kettle, pan etc. The powered
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devices may specifically comprise a heating element
in which heating is achieved by the induction of eddy
currents. The heatable powered devices may be-
come very hot and indeed the external parts and
contact surfaces of the powered devices may be-
come very hot. Accordingly, the zone is generated
to be able to withstand high temperatures, such as
typically to withstand temperatures up to at least
200°C. Accordingly, the heatable devices can be
heated to a high temperature while being positioned
somewhere in the cooking zone. The user may con-
trol the heating via a suitable user interface, and con-
trol functionality in the appropriate power receiver
and power transmitter may ensure appropriate pow-
er transfer and heating (e.g. using the feedback pow-
er loop).
2. Preparation zone. The zone may also comprise a
number of transmit coils which may power various
powered devices by wireless power transfer. The
powered devices may specifically be kitchen appli-
ances such as blenders, mixers etc. However, in
contrast to the cooking zone, the preparation zone
is not designed for heating applications. Accordingly,
the preparation zone is not designed to have a heat
resistance, and typically the maximum acceptable
contact temperature for an item positioned in the
preparation zone is substantially lower than the tem-
perature of contact surfaces of heatable kitchen ap-
pliances.

[0119] In both zones, a work surface may thus be pro-
vided which comprises power transmitter coils for wire-
less power transfer to powered devices that may be po-
sitioned on the work surface. However, whereas the
cooking zone is intended for heatable devices and ac-
cordingly is designed to withstand high temperatures, the
preparation zone is intended for power devices that are
not intended for heating, and which accordingly are not
expected to heat the work surface. Accordingly, the prep-
aration zone work surface may not be designed to with-
stand high temperatures but may instead (e.g. for aes-
thetic design reasons) be made of materials that are sen-
sitive to high temperatures.
[0120] The work surfaces of the preparation zone and
the cooking zone may thus be constructed from different
materials, such as e.g. ceramic or glass having relatively
high temperature resistance or e.g. laminated wood with
relatively high temperature vulnerability. Indeed, in some
scenarios, the cooking zone may be made from material,
which is sensitive to higher temperatures. Such units may
allow heatable devices, which effectively isolate the con-
tact surfaces from the heating element to be used while
not allowing devices that do not provide such tempera-
ture isolation to be used.
[0121] An example of the exemplary kitchen scenario
is provided in FIG. 5. In the example, a cooking zone 501
comprises two power transmitters Tx2, Tx1 and a prep-
aration zone 503 comprises two power transmitters Tx4,

Tx3. In the example, a kettle 505 is being powered by
one of the power transmitters TX1 of the cooking zone
501. Accordingly, the temperature of the kettle 505 may
be high. A pot 507 is also positioned on the work surface
of the cooking zone but is not currently being powered
and accordingly may not have a high temperature. In this
scenario, it may be acceptable for a user to move the pot
507 to a part of the preparation zone 503 where it will not
be powered (and thus not heated). However, if the kettle
505 was moved to the preparation zone 503, the tem-
perature may exceed that which the material of the prep-
aration zone 503 can withstand and this could result in
damage.
[0122] Thus, whereas the approach of providing mul-
tiple power transmitters with different purposes may pro-
vide a number of advantages, it may also susceptible to
potential undesired scenarios. For example, if a heatable
device is positioned on a power transmitter of the prep-
aration zone rather than one of the cooking zone, the
devices may be heated to a temperature that will result
in damage to the low temperature resistant work surface.
[0123] The example in FIG.5 with a cooking zone and
a food preparation may of course be extended to include
further zones. It may for example be an advantage to
have a zone at a table where users consume the food /
drinks, or any other place where wirelessly powered de-
vices may be placed.
[0124] The system of FIG. 2 may prevent or reduce
the risk of such situations occurring while still allowing
different materials to be used with different power trans-
mitters/ power transmitter coils.
[0125] For example, the power receiver may commu-
nicate the maximum temperature and/or the actual tem-
perature of the base of the powered device to the power
transmitter. The power transmitter may then on the basis
of a comparison of the temperature that the work-surface
can withstand (i.e. the reference temperature in the ex-
ample) and the maximum temperature and/or actual tem-
perature of the base of the powered device (i.e. the first
temperature in the example) determine whether to allow
power transmission and too which level. Thus, it may
specifically prevent power transfer, or it may restrict the
power level of the power transfer signal to a level that is
known to not cause a temperature which exceeds the
allowable temperature. If the power receiver does not
provide any temperature data, the power transmitter may
prevent power transfer.
[0126] The power transmitter may in some examples
optionally inform the user of the status of the system. For
example, it may provide user indications that indicate:

- if it powers the appliance;
- if the power level is reduced;
- if the appliance is too hot for the work-surface (an

alarm may be generated); and/or
- the actual temperature of the base of the appliance.

[0127] In some embodiments, the system may not
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modify the power transfer, but may simply generate a
user alert that can specifically indicate to the user that
the specific powered device should not be used with the
specific power transmitter. For example, the power trans-
mitter may be one in the preparation zone, and if the
power receiver is for a heatable device, a user alert may
be generated if the user attempts to power it from a power
transmitter of the preparation zone. The user may instead
move the powered device to a power transmitter in the
cooking zone. Thus, damage to the work surface of the
preparation zone can be avoided.
[0128] The additional control functions described with
reference to FIG. 2 may be implemented in different unit
or elements in different embodiments. In particular, each
of the individual functional blocks/ features may (typically
independently) be implemented in the power transmitter
101, the power receiver 105, or may be distributed be-
tween these.
[0129] As an example, in some embodiments, the func-
tionality may be implemented in the power transmitter
101. An example of a power transmitter 101 for such an
embodiment is illustrated in FIG. 6. The example corre-
sponds directly to the system of FIG. 2 but with the dif-
ferent additional control functions being illustrated as part
of the power transmitter 101.
[0130] In the example, the power transmitter compris-
es the temperature receiver 207 which may receive the
first temperature from an internal or external source. The
power transmitter further comprises the comparator 209
as well as the reference source 211. Based on the com-
parison, the first controller 213 proceeds to control the
power transfer via the driver 201 and/or generate a user
alert via the user interface 215.
[0131] As an example of a system where the control
functionality is provided in the power transmitter, the tem-
perature receiver 207 may receive the first temperature
from a first temperature sensor positioned on or very near
the surface of the kitchen work surface such that it can
measure the temperature of a powered device placed on
the work surface. For example, the temperature sensor
may be positioned on or very close to the surface at the
position of a transmit coil of one of the power transmitters
of the preparation zone. When a powered device is po-
sitioned on the power transmitter, the temperature sensor
may come into contact with the bottom of the powered
device thereby allowing it to measure the temperature of
this contact surface.
[0132] The comparator 209 of the power transmitter
101 may compare this to a reference temperature which
specifically may represent a maximum allowable contact
temperature for the material of the work surface of the
preparation zone. If the measured temperature exceeds
that of the reference temperature, the power controller
303 of the power transmitter 101 proceeds to restrict or
possibly terminate power transfer. Alternatively or addi-
tionally, the power controller 303 may control the user
interface 215 to generate a user alert. For example, the
kitchen unit including the power transmitter 101 may gen-

erate a visual or audio alarm.
[0133] In this way, the power transmitter 101 may ac-
cordingly comprise functionality that can prevent or re-
duce the probability of a powered device damaging the
work surface of the preparation zone.
[0134] In many embodiments, the reference tempera-
ture may accordingly represent a maximum allowable
contact temperature for a surface of an object comprising
the power transmitter 101. The surface may specifically
be an upper surface intended to receive power receivers
for wireless power transfer. The first temperature may
represent the maximum temperature that the work-sur-
face can withstand.
[0135] This parameter can e.g. be determined during
manufacture and thus may be a pre-configured temper-
ature limit of the work-surface. As another example, it
may be stored during installation such as e.g. by setting
a dipswitch or via an installation interface. In some em-
bodiments, the reference temperature may be a temper-
ature limit which is determined by detecting the type of
material of which the work-surface is made.
[0136] In most embodiments, the temperature receiver
207 is arranged to receive the first temperature from the
power receiver 105.
[0137] The communication of the reference tempera-
ture to the power transmitter 101 may in some embodi-
ments be via load modulation of the power transfer signal,
such as e.g. is known from the Qi communication system.
However, this communication requires the power trans-
fer signal to be present and thus limits the communication
to specific operational modes, such as e.g. to scenarios
where an active power transfer is ongoing. Furthermore,
load modulation may be susceptible to noise caused by
load variations.
[0138] Therefore, in some embodiments, the first tem-
perature may alternatively or additionally be communi-
cated using a secondary communication system or chan-
nel (often referred to as out of band signaling). For ex-
ample, in many embodiments, the power transmitter 101
and the power receiver 105 may comprise Near Field
Communication (NFC) functionality allowing them to ex-
change data over a short range communication link.
[0139] NFC is a communication technique wherein the
communication uses the near field generated by a trans-
mitter antenna which typically is a (planar) coil. The re-
ceiver antenna (which also typically is a (planar) coil is
positioned in the near field of the transmitter. The com-
munication is a (very) short range communication with a
range of typically no more than 10cm and often only a
few cm. A specific NFC system has been standardized
by the NFC Forum and specific information may be found
in the developed standard specifications, including for
example ISO/IEC_18092, "Information technology - Tel-
ecommunications and information exchange between
systems - Near Field Communication - Interface and Pro-
tocol (NFCIP-1)", Second edition, 15 March 2013.
[0140] The use of a short range communication system
with a communication range of no more than, say, 20cm
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provides the advantage that if the first temperature can
be communicated from the power receiver 105 to the
power transmitter 101, then the power transmitter 101
will inherently be positioned very close to, and typically
on the transmit coil, of the power transmitter 101. Thus,
by using short range communication, the control func-
tionality automatically controls the operation based on
substantially co-located devices. For example, for a pow-
er transmitter located in the preparation zone, it can be
assumed that if the first temperature can be received
from a power receiver, then this power receiver must be
positioned in the preparation zone.
[0141] In some embodiments, the first temperature is
a predetermined maximum temperature of a surface of
the powered device. The power receiver 105 may be ar-
ranged to transmit this predetermined maximum temper-
ature to the power transmitter 101 which may proceed
to compare this to the stored reference temperature.
[0142] The first temperature may thus in some embod-
iments be a predetermined maximum temperature rather
than a measured temperature. The predetermined max-
imum temperature may be a temperature which reflects
the maximum temperature that the surface can reach
during (non-faulty) operation of the powered device. The
maximum temperature may be dependent on the oper-
ation and control algorithm of the power receiver or may
e.g. be dependent on the physical characteristics of the
power receiver as well as the maximum power which can
be provided by the power transmitter (e.g. as limited by
the standards or specifications of the wireless transfer
system). The predetermined maximum temperature may
e.g. be determined during the manufacturing or design
phase for the powered device and may be stored in the
power receiver.
[0143] The comparator 209 may then compare the re-
ceived predetermined maximum temperature to a refer-
ence temperature reflecting the maximum allowable tem-
perature of a surface for receiving the powered device.
If the predetermined maximum temperature received
over the short-range communication link (or by load mod-
ulation for an active power transfer) exceeds the refer-
ence temperature for the surface, then the specific pow-
ered device has potential for damaging the surface. Ac-
cordingly, a user alarm may be generated urging the user
to move the powered device, and/or power transfer to
the power receiver may be inhibited. E.g. the power trans-
fer may be prevented or only allowed below a given power
limit which is guaranteed to not result in temperatures
that may damage the surface.
[0144] In most embodiments, the first temperature is
a measured temperature, i.e. it is a value that is directly
provided by a temperature sensor, or it may be a tem-
perature that has been derived from such a measure-
ment. Such temperatures may allow a dynamic adapta-
tion of the control functions and may specifically provide
improved flexibility and usability. For example, a powered
device may operate without any modifications provided
the current temperature does not exceed acceptable lev-

els. For example, a pot may be used at low heat settings
even if positioned in the preparation zone but with power
being restricted if the temperature of a surface increases
to levels that could result in damage to the work surface.
[0145] In some embodiments, the first temperature
may thus directly be measured by a temperature sensor
in contact with the relevant part of the powered device.
In many embodiments, the first temperature may reflect
a temperature of a surface that will contact with a surface
of the power transmitter when the power receiver is po-
sitioned on the power transmitter for power transfer. The
first temperature may accordingly be provided by a tem-
perature sensor which is in contact with such a surface.
[0146] In some embodiments, the first temperature
may be calculated or estimated from a temperature pro-
vided by a temperature sensor which is not in direct con-
tact with the specific part or surface of the powered de-
vice, i.e. an indirect measurement may be made.
[0147] For example, a measurement may be made on
another part of the powered device and a thermal model
may be used to assess the corresponding temperature
on the relevant part, such as e.g. on the contact surface.
The thermal model may be a complex model taking into
account other operating parameters, a plurality of tem-
perature measurements etc. In other embodiments, the
model may for example be a simple look-up table which
for a given measured temperature value provides the es-
timated/ indirectly measured temperature of the relevant
part.
[0148] For example, the first temperature may e.g. be
measured by measuring the actual temperature of the
heating element and then using the thermal resistance
of an isolation layer between the heating element and a
base of the appliance to determine the expected temper-
ature on the base of the heating element.
[0149] The determination of the temperature is typical-
ly performed in the power receiver such that the first tem-
perature transmitted to the power transmitter can be used
directly as an estimate/ measurement of the current tem-
perature of the relevant part of the powered device. This
allows the power transmitter to use a standard approach
for all powered devices and it does not need to consider
specific characteristics of the individual powered device.
[0150] In many embodiments, the power transmitter is
further arranged to restrict the power of the power transfer
signal and/or to generate a user alert in response to not
receiving a first temperature from the power receiver (e.g.
within a given time interval).
[0151] Thus, if the power transmitter 101 detects the
presence of a power receiver 105 which is to be powered
(or is being powered), it proceeds to monitor for data
messages being received which indicate the first tem-
perature. If none are received, the power transmitter may
proceed to terminate any ongoing power transfer or pre-
vent a new one starting. Alternatively, it may allow power
transfer but restrict this to a level that can be guaranteed
to not heat an external device to unacceptable temper-
atures. This may ensure that unacceptable temperatures
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are not reached even for devices that do not support the
enhanced functionality (or are faulty).
[0152] Typically, a user alert may also be generated in
such scenarios in order to indicate to the user the reason
for the powered device not being powered. Indeed, in
some embodiments, the power transfer may proceed as
normal but with a user alert being generated to alert the
user to the potential risk. In such an embodiment, the
user may thus make a decision on the appropriate action
to take (if any).
[0153] It will be appreciated that the approach may be
used for a plurality of power transmitters. Indeed, in the
specific example (e.g. of FIG. 5), an apparatus is provided
with a plurality of power transmitters. The functionality of
FIG. 2 or 6 may be provided for each of these power
transmitters. Furthermore, the reference temperature
which is used for the comparison may be different for
different power transmitters. Specifically, the reference
temperature for the power transmitters that are located
in the preparation zone may be substantially lower than
the reference temperature for power transmitters that are
located in the cooking zone.
[0154] In some embodiments, the system of FIG. 2
may include a selector for selecting the reference tem-
perature from a plurality of reference temperatures in re-
sponse to a position indication for the power receiver
where each reference temperature is associated with a
set of positions. The reference temperatures for the dif-
ferent sets will typically be different (and typically sub-
stantially different).
[0155] For example, the temperature receiver 207 may
be arranged to receive first temperatures from a plurality
of different power receivers, typically with each power
receiver being powered by a different power transmitter
or power transmitter coil. The comparator 209 may com-
pare each received temperature to a reference temper-
ature but with the specific reference temperature used
depending on where the power receiver is positioned.
Specifically, the reference temperature may be depend-
ent on which power transmitter receives the first temper-
ature (over a short communication link). If the comparator
209 detects that the received first temperature exceeds
the selected reference temperature, it instructs the first
controller 213 of this and accordingly the first controller
213 proceeds to restrict the power level of the power
transfer signal generated by the power transmitter asso-
ciated with the short range communication unit that re-
ceived the first temperature.
[0156] (It will be appreciated that the temperature re-
ceiver 207 in this case may be considered to be distrib-
uted and include all the short range communication units
of the different power transmitters, or the temperature
receiver 207 may be considered to be a central unit which
receives the first temperatures from the different short
range communication units).
[0157] The position indication which is used to select
the reference temperature to use may typically be an
indication of which power transmitter/ power transmitter

coil the power receiver is coupling to, and this may typi-
cally be indicated by which of short range communication
unit is receiving the first temperature. Thus, in many em-
bodiments, the reference temperature is selected in de-
pendence on which short range communication unit re-
ceives the first temperature.
[0158] The system may thus provide different function-
ality for power transmitters/ power transmitter coils in dif-
ferent zones. The reference temperature for the prepa-
ration zone may for example be selected to be much
lower than the reference temperature for the cooking
zone.
[0159] In some embodiments, a detection of the first
temperature exceeding the reference temperature will re-
sult in a user alert being generated by the power trans-
mitter side, e.g. by the kitchen unit. However, in some
embodiments, the unit may comprise a transmitter which
is arranged to transmit an indication of the detection of
the first temperature exceeding the reference tempera-
ture to the power receiver. The power receiver may then
(alternatively or additionally) generate a user alert. For
example, the powered device may comprise a warning
light which lights up if it is positioned on a power trans-
mitter located under a surface that could be damaged by
the current temperature of a contact surface of the pow-
ered device. The indication by the powered device may
in many embodiments be more immediate than if provid-
ed (only) at the transmitting side.
[0160] It will be appreciated that any suitable means
of communication can be used to communicate data from
the power transmitter to the power receiver. For example,
data may be modulated on to the power transfer signal,
or in many embodiments the NFC short range commu-
nication may be a bidirectional communication
[0161] In some embodiments, the comparator 209 may
be comprised in the power receiver 105.
[0162] In such embodiments, the reference source 211
may comprise a receiver which is arranged to receive
the reference temperature from the power transmitter
101. For example, the power transmitter 101 may be ar-
ranged to transmit the reference temperature to the pow-
er receiver 105 when it detects the presence of the power
receiver 105. The communication may specifically be via
the NFC short range communication link. The reference
source 211 may thus receive the reference temperature
over the NFC communication link when the powered de-
vice is positioned such that it couples to the power trans-
mitter 101.
[0163] The reference temperature is fed to the compa-
rator 209 which also receives the first temperature from
the temperature receiver 207. The temperature receiver
207 may in this case receive the first temperature from
an internal source, such as from a temperature sensor
in contact with the relevant part of the powered device
(or from a temperature sensor providing a measurement
from which the first temperature can be estimated/calcu-
lated).
[0164] If the comparator 209 detects that the first tem-
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perature exceeds the reference temperature, the power
receiver 105 may in some embodiments transmit an in-
dication of this detection to the power transmitter 101. In
response, the power transmitter 101 may proceed to re-
strict power of the power transfer signal and/or to gener-
ate a user alert.
[0165] Thus, in such scenarios, the first controller 213
may be considered to be implemented in the power re-
ceiver 105 and to restrict power/ generate user alerts by
transmitting appropriate messages to the power trans-
mitter 101. Similarly, it could be considered that the first
controller 213 is implemented in the power transmitter
101 and receives messages from the comparator 209
comprised in the power receiver 105 resulting in the first
controller 213 controlling the power of the power transfer
signal.
[0166] Thus, in an exemplary embodiment wherein
most of the enhanced control functionality is comprised
in the power receiver 105, the power transmitter 101 may
communicate the allowed maximum temperature of the
work-surface to the power receiver 105. The power re-
ceiver 105 can then decide, based on the allowed tem-
perature of the work-surface and the maximum temper-
ature and/or actual temperature of the base of the appli-
ance, if

- power reception is allowed and
- to which power level.

[0167] It may then proceed to control the power trans-
fer operation accordingly.
[0168] The powered device may optionally inform the
user of the status of the system, and may specifically
indicate:

- if it is being powered,
- if the power level is reduced,
- if the powered device is too hot for the work-surface

(alarm), and/or
- the actual temperature of the base of the appliance

[0169] An advantage of the approach of having this
functionality in the power receiver is that the power re-
ceiver does not have to wait for a decision of the power
transmitter. It may often allow a faster indication to the
user of a risk of potential damage to the work-surface.
[0170] For example, the power receiver may monitor
the first temperature constantly and control the power
transfer such that it never exceeds the first reference
temperature.
[0171] As another example, the power receiver could
use a further, typically predetermined, reference temper-
ature that is considered to be safe for any surface and
/or for being touched by a human. The controller (213)
may allow this predetermined reference temperature to
only be exceeded if it has received a first reference tem-
perature from the power transmitter (to which it is asso-
ciated for power transfer). However, if the power receiver

is not associated with any power transmitter (or is asso-
ciated with one that has not provided a reference tem-
perature), it will use the predetermined reference tem-
perature. For example if the device comprising the power
receiver has been powered by a power transmitter in the
cooking zone and the user lifts the device in order to
place it somewhere else, the power receiver may warn
the user that the first temperature exceeds the predeter-
mined reference temperature. This can prevent that the
user touches an excessively hot part of the device and/or
can prevent the user from placing the powered device in
an area where the receiving surface is not capable of
withstanding a high temperature.
[0172] Thus, in some embodiments, the power receiv-
er may be arranged to determine the reference temper-
ature as a predetermined reference temperature if a ref-
erence temperature has not been received from an as-
sociated power transmitter (i.e. from the power transmit-
ter providing power). The predetermined reference tem-
perature may be stored in the power receiver and may
not be associated with any power transmitters. Rather,
the predetermined reference temperature may be a de-
fault or nominal reference temperature used in the ab-
sence of a specific reference temperature being provided
by a power transmitter. If a specific reference tempera-
ture is received from a power transmitter providing power
to the power receiver (or just communicating using a short
range communication system), this reference tempera-
ture may overwrite the predetermined reference temper-
ature for as long as the power receiver is coupled to this
power transmitter.
[0173] FIG. 7 illustrates an example of power receiver
wherein the control functionality of FIG. 2 is implemented
in the power receiver.
[0174] In some embodiments, the first controller 213
may be implemented in the power receiver 105 and may
restrict the power of the power transfer signal by request-
ing the power transmitter 101 to reduce the power of the
power transfer signal. For example, in response to a de-
tection that the first temperature exceeds the reference
temperature, the first controller 213 may initiate that pow-
er down requests are transmitted to the power transmitter
101 until the first temperature has dropped to a reason-
able level. The first controller 213 may specifically modify
the power control loop operation to cause the reported
error control messages to request power down. This may
for example allow the system to be used with a standard
non-enhanced power transmitter.
[0175] Thus the power receiver 105 supports a power
control loop where power control loop feedback messag-
es are transmitted from the power receiver 105 to the
power transmitter 101. The power control loop feedback
messages may request that the power of the power trans-
fer signal is increased, decreased or remain the same.
The power transmitter 101 may then adjust the power of
the power transfer signal accordingly.
[0176] Specifically, as illustrated in FIG. 7, the power
receiver 105 may comprise a power control transmitter
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701 which is arranged to transmit power control loop
feedback messages to the power transmitter 101. The
power control loop feedback messages may specifically
be transmitted by load modulation and may specifically
be transmitted at least every 250 msec corresponding to
the Qi spec. The power control loop feedback messages
may request a power up or a power down for the power
transfer signal. When the power transmitter 101 receives
a power control loop feedback message, it may proceed
according to the request, i.e. it may increase or decrease
the power level by predetermined amount.
[0177] The power receiver 105 furthermore comprises
a power controller 703 which is coupled to the power
control transmitter 701. The power controller 703 is ar-
ranged to generate the power change requests for the
power control loop feedback messages, i.e. it may de-
termine whether power up or power down (or no change)
requests should be included in the power control loop
feedback messages.
[0178] In the power receiver 105 of FIG. 7, the power
control loop is temperature based and the power change
requests are determined based on a temperature, and
specifically based on the heating part temperature. Ac-
cordingly, the power receiver 105 comprises a heating
part temperature sensor 705 which measures the heating
part temperature. The heating part temperature sensor
705 may for example be directly in contact with the heat-
ing part temperature, or may e.g. be measured via other
elements. In the latter case, a thermal model may e.g.
be used to estimate the heating part temperature from
the measured temperature, or any estimated difference
may for example be included in the processing of the
heating part temperature, such as specifically may be
included in an operating reference temperature being
modified accordingly.
[0179] The heating part temperature sensor 705 is cou-
pled to the power controller 703. During heating, the pow-
er controller 703 may compare the measured heating
part temperature to a desired operating temperature of
the heating part. If the measured heating part tempera-
ture exceeds the desired operating temperature, a power
request requesting that power is decreased is generated
and otherwise a power request requesting that power is
increased is generated. As a result, the power of the pow-
er transfer signal will be biased towards a level that re-
sults in the heating part temperature having the desired
operating temperature.
[0180] The power receiver 105 of FIG. 7, and thus the
systems of FIG. 1 and 2, may accordingly support a tem-
perature controlled power control loop which can control
the power of the power transfer signal to result in a de-
sired operating temperature of the heating part temper-
ature.
[0181] In some embodiments, this power control loop
may additionally be dependent on the first temperature,
i.e. on the temperature of the contact surface of the pow-
ered device. Specifically power down requests may be
transmitted if the first temperature exceeds the reference

temperature. Thus, the power change requests of the
power control loop feedback messages may also depend
on the first temperature.
[0182] The power control loop feedback messages
may during normal operation depend on the desired op-
erating conditions. Specifically, when the first tempera-
ture is below the reference temperature, the power con-
trol loop may depend on the desired operating tempera-
ture of the heating part temperature. However, if the first
temperature exceeds the reference temperature, the op-
eration may be modified such that power down requests
are transmitted regardless of the difference between the
current and desired operating temperatures. Thus, the
comparison of the first temperature to the reference tem-
perature may be a safety precaution that can override
the normal operation of the power control loop.
[0183] The power receiver accordingly may comprise
two or more temperature sensors. A first sensor may be
used to determine the first temperature. For example,
the temperature sensor may be positioned in contact with
a contact surface of the powered device.
[0184] The power receiver further comprises a second
temperature sensor which is used to determine a second
temperature being a temperature of a heating part of the
powered device, such as e.g. the heating element of a
kettle or pot.
[0185] Thus, the system may (directly or indirectly)
measure the temperature of the heating element of a
powered device as well as a temperature of a contact
surface of the powered device.
[0186] The power control loop may in such an embod-
iment be based on the second temperature, i.e. the power
control loop can be controlled to provide the desired tem-
perature of the heating element. However, rather than
just operate the power transfer to provide the desired
temperature of the heating element, the system further
includes a safety operation which detects if the temper-
ature of a contact surface of the powered device exceeds
a given reference temperature (typically corresponding
to a maximum allowable temperature of a surface of the
device or unit comprising the power transmitter).
[0187] If overheating is detected, the system may ter-
minate power transfer, reduce power and/or generate a
user alert in accordance with any of the previously de-
scribed approaches.
[0188] In some embodiments, the power control loop
controller may specifically generate power requests de-
pendent on both the first and second temperature. Spe-
cifically, the power requests may be generated in de-
pendence on the second temperature as long as the first
temperature is below the reference temperature. How-
ever, if the first temperature exceeds the reference tem-
perature, power down requests may be generated re-
gardless of the second temperature.
[0189] A specific example of the operation of a power
transfer system in accordance with the described ap-
proach will be provided with specific reference to FIG. 8.
[0190] In the example, a powered device 801 in the
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form of kettle may be heated by a power transmitter.
[0191] The powered device 801 comprises a heating
element in the form of an iron plate 803, one temperature
sensor 805 measuring the temperature of the heating
element, one temperature sensor 807 measuring the
temperature of a contact surface (base) of the powered
device 801. The iron plate 803 will heat up if exposed to
an alternating magnetic field.
[0192] The powered device 801 further comprises a
secondary communication coil 809, a short range com-
munication unit 811, and a user interface 813.
[0193] In the example, there is a distance (e.g. 1 cm)
between the iron plate 803 and the base/ contact surface
of the powered device 801 in order to thermally insulate
the base from the plate. The first temperature sensor 801
is attached to the iron plate 803 such that it provides a
value representing the temperature of the plate 803. The
second temperature sensor 807 is attached to the base
of the powered device 801 such that it provides a value
representing the temperature of the base of the powered
device 801 which is in touch with a work-surface 815 of
a kitchen unit which can wirelessly power the iron plate
803.
[0194] The unit comprises at least one power transmit-
ter 101, and specifically comprises a transmit power coil
817 for powering the powered device 801 and a primary
communication coil 819 for communicating with the pow-
er receiver. The power transmitter 101 further comprises
a short range NFC communication unit 821 for commu-
nicating with the communication unit 811 of the receiver.
[0195] The exemplary system may specifically operate
as follows:

1) The power transmitter 101 may detect the pow-
ered device 801 by sending a ping signal through
the primary communication coil 819. The communi-
cation unit 811 of the powered device 801 receives
the ping signal through the secondary communica-
tion coil 809. The communication unit 811 unit re-
sponds with e.g. an identification message through
the communication coils 809, 819 to the transmitter
communication unit 821 to indicate the presence of
the powered device 801.
Optionally the power transmitter may indicate to the
user that it has detected an appliance, e.g. by pro-
ducing a sound. Optionally the power device 801
may indicate to the user that it has been pinged by
a power transmitter, e.g. by turning on an LED at the
user interface 813.
The primary communication unit 821 may transmit
a maximum allowed temperature of the work-surface
to the power receiver (i.e. a reference temperature).
2) The user starts the powered device 801 e.g. by
setting a desired temperature and pushing a button
on the user interface 813. The power receiver then
requests a power transfer and communicates an in-
itial power demand to the power transmitter 101. The
power transmitter 101 starts a power driver to pro-

vide a magnetic field through the primary power coil
817. The iron plate 803 of the powered device 801
is exposed to the magnetic field and starts to heat up.
3) The power receiver regulates the temperature of
the iron plate 803 based on the difference between
the desired temperature and the actual temperature
as measured by the first temperature sensor 801.
The control of the temperature is achieved by regu-
larly sending an update of the required power de-
mand to the power transmitter 101. The power trans-
mitter 101 modifies the magnetic field by controlling
the power driver according to the actual power de-
mand. Additionally, the power receiver limits its pow-
er demand when the temperature of the base indi-
cated by the second temperature sensor 807 reach-
es the reference temperature. Additionally the power
receiver may inform the user of the operation via the
user interface 813, e.g. by displaying the actual tem-
perature of the iron plate 803, indicating the limiting
functionality caused by the allowed temperature limit
of the work-surface, etc. If the temperature of the
base of the powered device 801 exceeds the allowed
limit of the work-surface 815, e.g. because the ap-
pliance is moved from a work-surface that can with-
stand a high temperature to one that cannot with-
stand this high temperature (or simply due to the
powered device heating up to a level which cannot
be supported by the work surface), the power receiv-
er will detect this and warn the user that the actual
temperature of the base exceeds the temperature
limit of the work-surface. It may for example indicate
an alarm by flashing a light indicating that the user
has to remove the appliance from the work-surface.
4) The power receiver communicates the tempera-
ture of the base of the powered device 801 to the
power transmitter 101. If the temperature of the base
of the appliance reaches the maximum allowed tem-
perature (e.g. 50 degrees Celsius), the power trans-
mitter 101 reduces the power of the power transfer
signal, and may specifically abandon the power
transfer.
Typically, the power transmitter 101 may also warn
the user when the temperature of the base of the
powered device 801 has reached the allowed limit
of the work-surface 815, e.g. by producing a warning
sound. If the temperature of the base of the powered
device 801 exceeds the allowed limit of the work-
surface 815, e.g. because the powered device 801
is moved from a work-surface that can withstand a
high temperature to one that cannot withstand such
a high temperature, the power transmitter 101 can
warn the user that the actual temperature of the base
exceeds the temperature limit of the work-surface,
e.g. by producing an alarm sound thereby indicating
that the user should remove the appliance from the
work-surface. In some scenarios, the power trans-
mitter 101 can inform the power receiver of the de-
tection of an excessive temperature and the power
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receiver can then warn the user via the user interface
813.

[0196] It will be appreciated that in some embodiments,
redundancy may be introduced by e.g. independent con-
trol functionality being implemented in both the power
transmitter 101 and the power receiver 105. For example,
the power transmitter of FIG. 6 can be used with power
receivers of FIG. 7.
[0197] An advantage of this approach is that if one of
the comparator instances (109), or one of the controller
instances (213), fails, the other instance could still be
operable and prevent or reduce the risk of undesirable
scenarios. Another advantage of this approach is that
the power receiver may provide a fast reaction or close
control to prevent an undesirable situation before the
power transmitter reacts. For example, the power receiv-
er may be in control to prevent that the first temperature
does not exceed the reference temperature. If the power
receiver fails in this, the power transmitter can take over
control as a back-up safety measure and e.g. terminate
power transfer.
[0198] It will be appreciated that the above description
for clarity has described embodiments of the invention
with reference to different functional circuits, units and
processors. However, it will be apparent that any suitable
distribution of functionality between different functional
circuits, units or processors may be used without detract-
ing from the invention. For example, functionality illus-
trated to be performed by separate processors or con-
trollers may be performed by the same processor or con-
trollers. Hence, references to specific functional units or
circuits are only to be seen as references to suitable
means for providing the described functionality rather
than indicative of a strict logical or physical structure or
organization.
[0199] The invention can be implemented in any suit-
able form including hardware, software, firmware or any
combination of these. The invention may optionally be
implemented at least partly as computer software running
on one or more data processors and/or digital signal proc-
essors. The elements and components of an embodi-
ment of the invention may be physically, functionally and
logically implemented in any suitable way. Indeed the
functionality may be implemented in a single unit, in a
plurality of units or as part of other functional units. As
such, the invention may be implemented in a single unit
or may be physically and functionally distributed between
different units, circuits and processors.
[0200] Although the present invention has been de-
scribed in connection with some embodiments, it is not
intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only
by the accompanying claims. Additionally, although a
feature may appear to be described in connection with
particular embodiments, one skilled in the art would rec-
ognize that various features of the described embodi-
ments may be combined in accordance with the inven-

tion. In the claims, the term comprising does not exclude
the presence of other elements or steps.
[0201] Furthermore, although individually listed, a plu-
rality of means, elements, circuits or method steps may
be implemented by e.g. a single circuit, unit or processor.
Additionally, although individual features may be includ-
ed in different claims, these may possibly be advanta-
geously combined, and the inclusion in different claims
does not imply that a combination of features is not fea-
sible and/or advantageous. Also the inclusion of a feature
in one category of claims does not imply a limitation to
this category but rather indicates that the feature is equal-
ly applicable to other claim categories as appropriate.
Furthermore, the order of features in the claims do not
imply any specific order in which the features must be
worked and in particular the order of individual steps in
a method claim does not imply that the steps must be
performed in this order. Rather, the steps may be per-
formed in any suitable order. In addition, singular refer-
ences do not exclude a plurality. Thus references to "a",
"an", "first", "second" etc do not preclude a plurality. Ref-
erence signs in the claims are provided merely as a clar-
ifying example shall not be construed as limiting the
scope of the claims in any way.

Claims

1. A wireless power transfer system including a power
transmitter (101) and a power receiver (105), the
power transmitter (101) being arranged to generate
a wireless inductive power transfer signal for pow-
ering the power receiver (105), the wireless power
transfer system comprising:

a receiver (207) for receiving a first temperature
for a first part of a powered device, the powered
device comprising a heating part arranged to be
heated by power from the power transfer signal
and the first part being a contact surface of the
powered device for contacting the power trans-
mitter (101);
a comparator (209) for comparing the first tem-
perature to a first reference temperature, the first
reference temperature being indicative of a
maximum allowable contact temperature for a
surface of the power transmitter (101) for receiv-
ing the power receiver (105); and
a controller (213) for at least one of restricting
the power of the power transfer signal and gen-
erating a user alert in response to the first tem-
perature exceeding the first reference tempera-
ture; and wherein

the power receiver (105) comprises

a first temperature sensor (705) for determining
a second temperature for a heating part of the
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powered device,
a transmitter (703) for transmitting power control
loop feedback messages for requesting power
level changes of the power transfer signal to the
power transmitter (101) during power transfer,
and
a power controller (701) for generating power
change requests for the power control loop feed-
back messages in response to the second tem-
perature.

2. The wireless power transfer system of claim 1 where-
in the power receiver (105) comprises a second a
temperature sensor arranged to measure the first
temperature.

3. The wireless power transfer system of claim 1 where-
in the first temperature is a predetermined maximum
temperature of the contact surface.

4. The wireless power transfer system of claim 1 where-
in the controller is arranged to restrict the power of
the power transfer signal in response to the first tem-
perature exceeding the first reference temperature.

5. The wireless power transfer system of claim 1 where-
in the controller (213) is arranged to generate the
user alert in response to the first temperature ex-
ceeding the first reference temperature.

6. The wireless power transfer system of claim 1 where-
in the first part is a different part of the powered de-
vice than the heating part.

7. The wireless power transfer system of claim 1 where-
in the receiver (207), comparator (209) and controller
(213) are comprised in the power transmitter (101).

8. The wireless power transfer system of claim 7 where-
in the receiver (207) is arranged to receive the first
temperature from the power receiver (105).

9. The wireless power transfer system of claim 8 where-
in the controller (213) is arranged to restrict the power
of the power transfer signal or to generate a user
alert in response to the receiver (213) not receiving
the first temperature from the power receiver.

10. The wireless power transfer system of claim 7 where-
in the power transmitter (101) is arranged to transmit
an indication of a detection of the first temperature
exceeding the first reference temperature to the pow-
er receiver (105).

11. The wireless power transfer system of claim 1 further
comprising a second power transmitter; and:

a second receiver for receiving a second tem-

perature for a part of a second powered device,
the second powered device being powered by
a second power receiver powered by the second
power transmitter;
a second comparator for comparing the second
temperature to a second reference temperature
associated with the second power transmitter;
and
a second controller for at least one of restricting
a power of a power transfer signal of the second
power transmitter and generating a user alert in
response to the second temperature exceeding
the second reference temperature; wherein the
second reference temperature is different from
the first reference temperature.

12. A power receiver for a wireless power transfer sys-
tem including a power transmitter (101) arranged to
generate a wireless inductive power transfer signal
for powering the power receiver (105), the power re-
ceiver (105) comprising:

a receiver (207) for receiving a first temperature
for a first part of a powered device, the powered
device comprising a heating part arranged to be
heated by power from the power transfer signal
and the first part being a contact surface of the
powered device for contacting the power trans-
mitter(101);
a comparator (209) for comparing the first tem-
perature to a first reference temperature, the first
reference temperature being indicative of a
maximum allowable contact temperature for a
surface of the power transmitter (101) for receiv-
ing the power receiver (105);
a controller (213) for at least one of restricting
the power of the power transfer signal and gen-
erating a user alert in response to the first tem-
perature exceeding the first reference tempera-
ture;
a first temperature sensor (801) for determining
a second temperature for a heating part of the
powered device;
a transmitter for transmitting power control loop
feedback messages for requesting power level
changes of the power transfer signal to the pow-
er transmitter (101) during power transfer; and
a power controller for generating power change
requests for the power control loop feedback
messages in response to the second tempera-
ture.

13. The power receiver of claim 12 wherein the controller
(213) is arranged to generate power down requests
for the power control loop feedback messages in re-
sponse to the first temperature exceeding the first
reference temperature.
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14. The power receiver of claim 12 further comprising a
reference temperature receiver for receiving the first
reference temperature from the power transmitter
(101).

15. The power receiver of claim 14 wherein the compa-
rator (209) is arranged to set the first reference tem-
perature to a predetermined value in the absence of
the first reference temperature being received from
the power transmitter (101).

16. The power receiver of claim 1 or 12 wherein the heat-
ing part is an inductive heating element arranged to
be heated by induction from the power transfer sig-
nal.

17. A method of operation for a wireless power transfer
system including a power transmitter (101) and a
power receiver (105), the power transmitter (101)
being arranged to generate a wireless inductive pow-
er transfer signal for powering the power receiver
(105), the method comprising:

receiving a first temperature for a first part of a
powered device, the powered device comprising
a heating part being heated by power from the
power transfer signal;
comparing the measured temperature to a first
reference temperature, the first reference tem-
perature being indicative of a maximum allowa-
ble contact temperature for a surface of the pow-
er transmitter (101) for receiving the power re-
ceiver (105); and
at least one of restricting the power of the power
transfer signal and generating a user alert in re-
sponse to the first temperature exceeding the
first reference temperature;
a temperature sensor (801) of the power receiv-
er (105) determining a second temperature for
a heating part of the powered device,
the power receiver (105) transmitting power
control loop feedback messages for requesting
power level changes of the power transfer signal
to the power transmitter (101) during power
transfer, and
the power receiver (105) generating power
change requests for the power control loop feed-
back messages in response to the second tem-
perature.

Patentansprüche

1. Drahtloses Leistungsübertragungssystem, einen
Leistungstransmitter (101) und einen Leistungs-
empfänger (105) umfassend, wobei der Leistungs-
transmitter (101) angeordnet ist, um ein drahtloses
induktives Leistungsübertragungssignal zur Versor-

gung des Leistungsempfängers (105) mit Leistung
zu erzeugen, wobei das drahtlose Leistungsübertra-
gungssystem folgendes umfasst:

einen Empfänger (207) zum Empfangen einer
ersten Temperatur für einen ersten Teil eines
mit Leistung versorgten Gerätes, wobei das mit
Leistung versorgte Gerät ein Wärmeteil um-
fasst, das angeordnet ist, um durch die Leistung
aus dem Leistungsübertragungssignal erwärmt
zu werden, und das erste Teil eine Kontaktfläche
des mit Leistung versorgten Gerätes zur Kon-
taktnahme mit dem Leistungstransmitter (101)
ist;
einen Vergleicher (209) zum Vergleichen der
ersten Temperatur mit einer ersten Bezugstem-
peratur, wobei die erste Bezugstemperatur auf
eine maximal zulässige Kontakttemperatur für
eine Oberfläche des Leistungstransmitters
(101) zur Aufnahme des Leistungsempfängers
(105) hindeutet; und
einen Controller (213) für zumindest entweder
die Einschränkung der Leistung des Leistungs-
übertragungssignals oder die Erzeugung einer
Benutzerwarnung als Reaktion auf die erste
Temperatur, die die erste Bezugstemperatur
übersteigt; und wobei

der Leistungsempfänger (105) folgendes umfasst

einen ersten Temperatursensor (705) zum Be-
stimmen einer zweiten Temperatur für ein Wär-
meteil des mit Leistung versorgten Gerätes,
einen Transmitter (703) zum Übertragen von
Rückmeldungen über den Leistungsregelkreis
zum Anfordern von Änderungen der Leistungs-
stufe des Leistungsübertragungssignals zum
Leistungstransmitter (101) während der Leis-
tungsübertragung, und
einen Leistungscontroller (701) zum Erzeugen
von Leistungsänderungsanforderungen für die
Rückmeldungen über den Leistungsregelkreis
als Reaktion auf die zweite Temperatur.

2. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei der Leistungsempfänger (105) ei-
nen zweiten Temperatursensor umfasst, der ange-
ordnet ist, um die erste Temperatur zu messen.

3. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei die erste Temperatur eine vorbe-
stimmte Höchsttemperatur der Kontaktfläche ist.

4. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei der Controller angeordnet ist, um
die Leistung des Leistungsübertragungssignals als
Reaktion auf die erste Temperatur einzuschränken,
die die erste Bezugstemperatur übersteigt.

39 40 



EP 2 957 147 B1

22

5

10

15

20

25

30

35

40

45

50

55

5. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei der Controller (213) angeordnet ist,
um die Benutzerwarnung als Reaktion auf die erste
Temperatur einzuschränken, die die erste Bezugs-
temperatur übersteigt.

6. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei das erste Teil ein anderes Teil des
mit Leistung versorgten Gerätes ist, als das Wärme-
teil.

7. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, wobei der Empfänger (207), Vergleicher
(209) und Controller (213) im Leistungstransmitter
(101) enthalten sind.

8. Drahtloses Leistungsübertragungssystem nach An-
spruch 7, wobei der Empfänger (207) angeordnet
ist, um die erste Temperatur vom Leistungsempfän-
ger (105) zu empfangen.

9. Drahtloses Leistungsübertragungssystem nach An-
spruch 8, wobei der Controller (213) angeordnet ist,
um die Leistung des Leistungsübertragungssignals
einzuschränken oder um eine Benutzerwarnung als
Reaktion darauf zu erzeugen, dass der Empfänger
(213) die erste Temperatur vom Leistungsempfän-
ger nicht empfängt.

10. Drahtloses Leistungsübertragungssystem nach An-
spruch 7, wobei der Leistungstransmitter (101) an-
geordnet ist, um einen Hinweis für eine Erkennung
der ersten Temperatur, die die Bezugstemperatur
übersteigt, an den Leistungsempfänger (105) zu
übertragen.

11. Drahtloses Leistungsübertragungssystem nach An-
spruch 1, darüber hinaus einen zweiten Leistungs-
transmitter umfassend, und:

einen zweiten Empfänger zum Empfangen einer
zweiten Temperatur für ein Teil eines zweiten
mit Leistung versorgten Gerätes, wobei das
zweite mit Leistung versorgte Gerät durch einen
zweiten Leistungsempfänger mit Leistung ver-
sorgt wird, der durch den zweiten Leistungs-
transmitter mit Leistung versorgt wird;
einen zweiten Vergleicher zum Vergleichen der
zweiten Temperatur mit einer zweiten Bezugs-
temperatur, die dem zweiten Leistungstransmit-
ter zugeordnet ist; und
einen zweiten Controller für zumindest entwe-
der die Einschränkung der Leistung des Leis-
tungsübertragungssignals des zweiten Leis-
tungstransmitters oder die Erzeugung einer Be-
nutzerwarnung als Reaktion auf die zweite Tem-
peratur, die die zweite Bezugstemperatur über-
steigt; wobei sich die zweite Bezugstemperatur

von der ersten Bezugstemperatur unterschei-
det.

12. Leistungsempfänger für ein drahtloses Leistungsü-
bertragungssystem, einen Leistungstransmitter
(101) umfassend, der angeordnet ist, um ein draht-
loses induktives Leistungsübertragungssignal zur
Versorgung des Leistungsempfängers (105) mit
Leistung zu erzeugen, wobei der Leistungsempfän-
ger (105) folgendes umfasst:

einen Empfänger (207) zum Empfangen einer
ersten Temperatur für ein erstes Teil eines mit
Leistung versorgten Gerätes, wobei das mit
Leistung versorgte Gerät ein Wärmeteil um-
fasst, das angeordnet ist, um durch die Leistung
aus dem Leistungsübertragungssignal erwärmt
zu werden, und das erste Teil eine Kontaktfläche
des mit Leistung versorgten Gerätes zur Kon-
taktnahme mit dem Leistungstransmitter (101)
ist;
einen Vergleicher (209) zum Vergleichen der
ersten Temperatur mit einer ersten Bezugstem-
peratur, wobei die erste Bezugstemperatur auf
eine maximal zulässige Kontakttemperatur für
eine Oberfläche des Leistungstransmitters
(101) zur Aufnahme des Leistungsempfängers
(105) hindeutet;
einen Controller (213) für zumindest entweder
die Einschränkung der Leistung des Leistungs-
übertragungssignals oder die Erzeugung einer
Benutzerwarnung als Reaktion auf die erste
Temperatur, die die erste Bezugstemperatur
übersteigt;
einen ersten Temperatursensor (801) zum Be-
stimmen einer zweiten Temperatur für ein Wär-
meteil des mit Leistung versorgten Gerätes;
einen Transmitter zum Übertragen von Rück-
meldungen über den Leistungsregelkreis zum
Anfordern von Änderungen der Leistungsstufe
des Leistungsübertragungssignals zum Leis-
tungstransmitter (101) während der Leistungs-
übertragung; und
einen Leistungscontroller zum Erzeugen von
Leistungsänderungsanforderungen für die
Rückmeldungen über den Leistungsregelkreis
als Reaktion auf die zweite Temperatur.

13. Leistungsempfänger nach Anspruch 12, wobei der
Controller (213) angeordnet ist, um Ausschaltanfor-
derungen für die Rückmeldungen über den Leis-
tungsregelkreis als Reaktion auf die erste Tempera-
tur zu erzeugen die die erste Bezugstemperatur
übersteigt.

14. Leistungsempfänger nach Anspruch 12, darüber hi-
naus einen Bezugstemperaturempfänger zum Emp-
fangen der ersten Bezugstemperatur vom Leis-
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tungstransmitter (101) umfassend.

15. Leistungsempfänger nach Anspruch 14, wobei der
Vergleicher (209) angeordnet ist, um die erste Be-
zugstemperatur auf einen vorbestimmten Wert ein-
zustellen, wenn die erste Bezugstemperatur vom
Leistungstransmitter (101) nicht empfangen wird.

16. Leistungsempfänger nach Anspruch 1 oder 12, wo-
bei das Wärmeteil ein induktives Heizelement ist,
das angeordnet ist, um durch Induktion aus dem
Leistungsübertragungssignal erwärmt zu werden.

17. Verfahren zum Betreiben eines drahtlosen Leis-
tungsübertragungssystems, einen Leistungstrans-
mitter (101) und einen Leistungsempfänger (105)
umfassend, wobei der Leistungstransmitter (101)
angeordnet ist, um ein drahtloses induktives Leis-
tungsübertragungssignal zur Versorgung des Leis-
tungsempfängers (105) mit Leistung zu erzeugen,
wobei das Verfahren folgendes umfasst:

Empfangen einer ersten Temperatur für ein ers-
tes Teil eines mit Leistung versorgten Gerätes,
wobei das mit Leistung versorgte Gerät ein Wär-
meteil umfasst, das angeordnet ist, um durch
die Leistung aus dem Leistungsübertragungssi-
gnal erwärmt zu werden;
Vergleichen der gemessenen Temperatur mit
einer ersten Bezugstemperatur, wobei die erste
Bezugstemperatur auf eine maximal zulässige
Kontakttemperatur für eine Oberfläche des Leis-
tungstransmitters (101) zur Aufnahme des Leis-
tungsempfängers (105) hindeutet; und
zumindest entweder die Einschränkung der
Leistung des Leistungsübertragungssignals
oder die Erzeugung einer Benutzerwarnung als
Reaktion auf die erste Temperatur, die die erste
Bezugstemperatur übersteigt;
wobei ein Temperatursensor (801) des Leis-
tungsempfängers (105) eine zweite Temperatur
für ein Wärmeteil des mit Leistung versorgten
Geräts bestimmt,
wobei der Leistungsempfänger (105) Rückmel-
dungen über den Leistungsregelkreis zum An-
fordern von Änderungen der Leistungsstufe des
Leistungsübertragungssignals zum Leistungs-
transmitter (101) während der Leistungsüber-
tragung überträgt, und
wobei der Leistungsempfänger (105) Leistungs-
änderungsanforderungen für die Rückmeldun-
gen über den Leistungsregelkreis als Reaktion
auf die zweite Temperatur erzeugt.

Revendications

1. Système de transfert d’énergie sans fil comprenant

un transmetteur d’énergie (101) et un récepteur
d’énergie (105), le transmetteur d’énergie (101)
étant aménagé pour générer un signal de transfert
d’énergie inductif sans fil pour alimenter le récepteur
d’énergie (105), le système de transfert d’énergie
sans fil comprenant :

un récepteur (207) pour recevoir une première
température pour une première partie d’un dis-
positif alimenté, le dispositif alimenté compre-
nant une partie de chauffage aménagée pour
être chauffée par l’énergie du signal de transfert
d’énergie et la première partie étant une surface
de contact du dispositif alimenté pour venir en
contact avec le transmetteur d’énergie (101) ;
un comparateur (209) pour comparer la premiè-
re température à une première température de
référence, la première température de référence
étant indicative d’une température de contact
maximale autorisée pour une surface du trans-
metteur d’énergie (101) pour recevoir le récep-
teur d’énergie (105) ;
un contrôleur (213) pour au moins l’un d’un mo-
de de restriction de l’énergie du signal de trans-
fert d’énergie et d’un mode de génération d’une
alerte utilisateur en réponse à la première tem-
pérature qui dépasse la première température
de référence ; et dans lequel :

le récepteur d’énergie (105) comprend :

un premier capteur de température (705) pour
déterminer une seconde température pour une
partie de chauffage du dispositif alimenté,
un émetteur (703) pour transmettre des messa-
ges de rétroaction de boucle de commande
d’énergie pour demander des changements de
niveau d’énergie du signal de transfert d’énergie
au transmetteur d’énergie (101) au cours du
transfert d’énergie et
un contrôleur d’énergie (701) pour générer des
demandes de changement d’énergie pour les
messages de rétroaction de boucle de comman-
de d’énergie en réponse à la seconde tempéra-
ture.

2. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel le récepteur d’énergie
(105) comprend un second capteur de température
aménagé pour mesurer la première température.

3. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel la première température
est une température maximale prédéterminée de la
surface de contact.

4. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel le contrôleur est aménagé
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pour restreindre l’énergie du signal de transfert
d’énergie en réponse à la première température qui
dépasse la première température de référence.

5. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel le contrôleur (213) est
aménagé pour générer l’alerte utilisateur en réponse
à la première température qui dépasse la première
température de référence.

6. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel la première partie est une
partie du dispositif alimenté différente de la partie de
chauffage.

7. Système de transfert d’énergie sans fil selon la re-
vendication 1, dans lequel le récepteur (207), le com-
parateur (209) et le contrôleur (213) sont compris
dans le transmetteur d’énergie (101).

8. Système de transfert d’énergie sans fil selon la re-
vendication 7, dans lequel le récepteur (207) est
aménagé pour recevoir la première température du
récepteur d’énergie (105).

9. Système de transfert d’énergie sans fil selon la re-
vendication 8, dans lequel le contrôleur (213) est
aménagé pour restreindre l’énergie du signal de
transfert d’énergie ou pour générer une alerte utili-
sateur en réponse au récepteur (213) qui ne reçoit
pas la première température du récepteur d’énergie.

10. Système de transfert d’énergie sans fil selon la re-
vendication 7, dans lequel le transmetteur d’énergie
(101) est aménagé pour transmettre une indication
de la détection de la première température qui dé-
passe la première température de référence au ré-
cepteur d’énergie (105).

11. Système de transfert d’énergie sans fil selon la re-
vendication 1 comprenant en outre un second trans-
metteur d’énergie ; et :

un second récepteur pour recevoir une seconde
température pour une partie d’un second dispo-
sitif alimenté, le second dispositif alimenté étant
alimenté par un second récepteur d’énergie ali-
menté par le second transmetteur Dénergie ; -,
un second comparateur pour comparer la se-
conde température à une seconde température
de référence associée au second transmetteur
d’énergie ; et
un second contrôleur pour au moins l’un d’un
mode de restriction de l’énergie d’un signal de
transfert d’énergie du second transmetteur
d’énergie et d’un mode de génération d’une aler-
te utilisateur en réponse à la seconde tempéra-
ture qui dépasse la seconde température de

référence ; dans lequel la seconde température
de référence est différente de la première tem-
pérature de référence.

12. Récepteur d’énergie pour un système de transfert
d’énergie sans fil comprenant un transmetteur
d’énergie (101) aménagé pour générer un signal de
transfert d’énergie inducteur sans fil afin d’alimenter
le récepteur d’énergie (105), le récepteur d’énergie
(105) comprenant :

un récepteur (207) pour recevoir une première
température pour une première partie d’un dis-
positif alimenté, le dispositif alimenté compre-
nant une partie de chauffage aménagée pour
être chauffée par l’énergie du signal de transfert
d’énergie et la première partie étant une surface
de contact du dispositif alimenté pour venir en
contact avec le transmetteur d’énergie (101) ;
un comparateur (209) pour comparer la premiè-
re température à une première température de
référence, la première température de référence
étant indicative d’une température de contact
maximale autorisée pour une surface du trans-
metteur d’énergie (101) pour recevoir le récep-
teur d’énergie (105) ;
un contrôleur (213) pour au moins l’un d’un mo-
de de restriction de l’énergie du signal de trans-
fert d’énergie et d’un mode de génération d’une
alerte utilisateur en réponse à la première tem-
pérature qui dépasse la première température
de référence ;
un premier capteur de température (801) pour
déterminer une seconde température pour une
partie de chauffage du dispositif alimenté ;
un émetteur pour transmettre des messages de
rétroaction de boucle de commande d’énergie
pour demander des changements de niveau
d’énergie du signal de transfert d’énergie au
transmetteur d’énergie (101) au cours du trans-
fert d’énergie ; et
un contrôleur d’énergie pour générer des de-
mandes de changement d’énergie pour les mes-
sages de rétroaction de boucle de commande
d’énergie en réponse à la seconde température.

13. Récepteur d’énergie selon la revendication 12, dans
lequel le contrôleur (213) est aménagé pour générer
des demandes de réduction d’énergie pour les mes-
sages de rétroaction de boucle de commande
d’énergie en réponse à la première température qui
dépasse la première température de référence.

14. Récepteur d’énergie selon la revendication 12, com-
prenant en outre un récepteur de température de
référence pour recevoir la première température de
référence du transmetteur d’énergie (101).
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15. Récepteur d’énergie selon la revendication 14, dans
lequel le comparateur (209) est aménagé pour régler
la première température de référence à une valeur
prédéterminée en l’absence de la première tempé-
rature de référence qui est reçue du transmetteur
d’énergie (101).

16. Récepteur d’énergie selon la revendication 1 ou la
revendication 12, dans lequel la partie de chauffage
est un élément de chauffage inducteur aménagé
pour être chauffé par induction à partir du signal de
transfert d’énergie.

17. Procédé de fonctionnement pour un système de
transfert d’énergie sans fil comprenant un transmet-
teur d’énergie (101) et un récepteur d’énergie (105),
le transmetteur d’énergie (101) étant aménagé pour
générer un signal de transfert d’énergie inducteur
sans fil pour alimenter le récepteur d’énergie (105),
le procédé comprenant les étapes consistant à :

recevoir une première température pour une
première partie d’un dispositif alimenté, le dis-
positif alimenté comprenant une partie de chauf-
fage chauffée par l’énergie du signal de transfert
d’énergie ;
comparer la température mesurée à une pre-
mière température de référence, la première
température de référence étant indicative d’une
température de contact maximale autorisée
pour une surface du transmetteur d’énergie
(101) pour recevoir le récepteur d’énergie
(105) ; et
au moins l’un d’un mode de restriction d’énergie
du signal de transfert d’énergie et d’un mode de
génération d’une alerte utilisateur en réponse à
la première température qui dépasse la premiè-
re température de référence ;
un capteur de température (801) du récepteur
d’énergie (105) déterminant une seconde tem-
pérature pour une partie de chauffage du dispo-
sitif alimenté,
le récepteur d’énergie (105) transmettant des
messages de rétroaction de boucle de comman-
de d’énergie pour demander des changements
de niveau d’énergie du signal de transfert
d’énergie au transmetteur d’énergie (101) au
cours du transfert d’énergie et
le récepteur d’énergie (105) générant des de-
mandes de changement d’énergie pour les mes-
sages de rétroaction de la boucle de commande
d’énergie en réponse à la seconde température.
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