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Method for wireless power transmission

The invention relates to a method for wireless power transmission between a
transmitter and a receiver, comprising a power phase and a measurement phase,
wherein the receiver measures a received power during the measurement phase and
transmits information on the measured power to the transmitter, wherein the
transmitter compares the power output by said transmitter with the power measured
by the receiver and from this determines a power loss, wherein the power phase is

suppressed when the power loss exceeds a maximum permissible limit value.

Methods for wireless transmission of a power are known in prior art. These methods
serve for charging electronic devices such as cordless telephones for example. For
this purpose, the object to be charged is placed on a charging pad, wherein the
transmitter (charging pad) and the receiver (device to be charged) permanently
exchange data in order to guarantee optimum power transmission. During this
process, the receiver requests at regular intervals changes in the power level from
the transmitter. To guarantee interoperability between charging devices and
receivers from different manufacturers, a so-called "Wireless Power Standard"
(WPC) has been established in prior art, wherein certain technical data such as the
transmitted power for instance have been standardized. The so-called "Low Power
Standard" (LP) represents such a standard. This standard transmits 5 W between

transmitter and receiver in a wireless manner.

For effecting the transmission between the transmitter and the receiver only if a
"valid" receiver is in fact present in the charging zone of the transmitter, prior art also

provides for a so-called foreign object detection which is used for verifying that the
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transmitter is in fact connected with a "valid" receiver and that a metal foreign object
such as a coin for instance which may be present in the charging zone by accident, is
in fact not present in the transmission zone in addition to the valid receiver. Metallic
foreign objects absorb electromagnetic radiation transmitted from the transmitter to
the receiver. This foreign object detection thus prevents a foreign object from being
heated to a high temperature by absorbed power.

The foreign object detection works in such a way that the receiver measures how
much power it receives from the transmitter and sends this measured value as
information to the transmitter. The transmitter in turn compares the information sent
to it with the power output therefrom. In case the power loss (transmitted power
minus received power) exceeds a predetermined value, it is assumed that a foreign
object is present in the transmission zone of the transmitter and receives more power
than allowed. In this case, the power transmission is interrupted. The threshold value
predetermined for the power loss is dependent on the measuring accuracy of the
measuring system that is employed and on the respective standard under which the
power is transmitted from the transmitter to the receiver. In the Low Power Standard,
a power of 5 W is output. At a regular measuring accuracy of approx 5%, it is
possible to measure the power loss with an accuracy down to 250 mW. This power
loss of 250 mW leads to a foreign object being heated to 80° for example. Such

heating would still be acceptable under the aspects of safety.

However, if a higher level of power is to be transmitted between the transmitter and
the receiver, considerably higher temperatures are caused with respect to a possible
foreign object, at a measuring accuracy of 5%. At the transmission of a power under
the so-called Medium Power Standard, which transmits an output power of 15 W,
accurate measurement of the power loss is possible down to 750 mW, which

however would lead to excessive heating of a foreign object.

Based on the above-described problem, it is an object of the present invention to
provide a method for wireless power transmission between a transmitter and a
receiver which enables foreign object detection in an accurately measured manner,
especially in a manner independent of the use of a particular power standard, and

thus prevents excessive and hazardous heating of foreign objects.



10

15

20

25

30

For the solution of the above-described object, the invention proposes a method for
wireless power transmission between a transmitter and a receiver, comprising a
power phase and a measurement phase, wherein the transmitter transmits a power
during the measurement phase which is smaller than the power transmitted during

the power phase.

According to the invention, the foreign object detection is thus effected at a power
level which is lower compared to that of the power phase and which is sized in such
a manner that the power loss does not lead to excessive heating of a possible foreign
object. Accordingly, for performing the measurement phase, the power transmitted
from the transmitter is reduced to an amount that guarantees safety also in case of

the presence of a metallic foreign object.

The invention further comprises features that can be used individually or in
combination with the above-described subject matter.

According to one feature of the invention, a calibration of the measuring system is

carried out during the measurement phase.

The calibration is used for reducing measuring inaccuracies at measuring the power.
In the application according to the invention in which power is transmitted wirelessly
from a transmitter, for example a charging station, to a receiver, for example a mobile
terminal, a calibration can particularly compensate the following aspects. In the first
place, these are manufacturing tolerances of the transmitter and/or receiver,
especially of the transmitter and/or receiver IC as well as associated discrete
components (transistors, diodes, passive components, transmitter and receiver coils
inclusive of their ferrites), which are required for the operation of the transmitter
and/or receiver. Secondly, these are mechanical manufacturing tolerances of the
transmitter and/or receiver (e.g. charging station, mobile phone), e.g. the positioning
of the components, which are in the direct vicinity of the transmitter and receiver

coils. These surrounding components can influence the electromagnetic field and
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thus the power loss of the transmission, which in turn influences the measuring
accuracy. Namely, it can be provided that the receiver needs to report to the
transmitter the overall power that is received by the mobile device. This can also
comprise for example the power loss in the surrounding components. Tolerances in
the positioning of the surrounding components thus affect the accuracy of the
measuring results. Thirdly, these aspects can comprise manufacturing tolerances of
the load of the receiver receiving power, for example physical or chemical
manufacturing tolerances of a rechargeable battery. In devices adapted for wireless
charging, the rechargeable battery is frequently located in the direct vicinity of the
receiver coil and thus has a major influence on the power loss of the system, unless
the entire battery is protected by a ferrite or a metallic shield. On the other hand,
shielding the entire battery is often not feasible for mechanical or cost reasons so
that the influence of the battery on the wireless power transmission system is often
substantial. Rechargeable batteries (accumulators) are subject to vast manufacturing
tolerances and additionally exhibit a strong aging effect. Further, also accumulators
from different manufacturers are frequently used which may have greatly varying
influences on the electromagnetic field. Conditional on the principle, this influence
cannot be taken into consideration at the manufacture of the device chargeable in a
wireless fashion. Fourthly, these aspects may be about inaccuracies in the setting of
the foreign object detection during the development of the device. Fifthly,
inaccuracies at the calculation of the received power in the receiver or transmitter IC
are considered. Computations inside the IC may introduce additional inaccuracies
into the power computation due to various factors. For example, some receiver ICs
merely offer a limited discrete number of power correction values. Accordingly, the
optimal power correction value can be some percent away from the pre-programmed
power correction value selectable in practice, which fact can clearly deteriorate the

measuring accuracy in addition to the above-mentioned tolerances.

Such sources of error can have two effects. If the receiver, due to the above-

mentioned inaccuracies, reports for example a power that is higher than the actually
received power, a foreign object that is additionally present can receive more power
than allowed, without the transmitter being able to identify this condition. However, if

the receiver due to the above-mentioned inaccuracies reports a received power
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which is lower than the actually received power, the transmitter possibly stops the

power transmission also in a case where no foreign object is present.

The aim of the calibration proposed within the scope of the invention is to identify and
compensate the above-mentioned inaccuracies. To this end, the receiver measures

the received power in a fixedly defined state (during the measurement phase).

This state is particularly characterized in that it excludes error-prone or tolerance-
prone parameters in the measuring section by a fixed definition of one or more
measured variables. It can be provided for example that the input power for the
receiver is kept constant at a predetermined value and is not varied for example as a
function of other measured parameters. In this way, sources of errors can be
excluded and the measurement of the actual parameters of the measuring section
can thus be improved.

Accordingly, in the measurement phase, the receiver can use a predefined
measuring load which is different from the real load during normal operation
especially during the calibration. The received measuring power is then particularly
supplied exclusively to the measuring load. The dimension of this measuring load
should be exactly known in order to avoid that additional measuring inaccuracies are
introduced. Since the real (external) load (e.g. an accumulator to be charged) would
influence the measurement, the power output of the receiver IC can be deactivated
during the measurement phase. This has the advantage that all the energy received

by the cordless power transmitters flows into the measuring load.

In the measurement phase, particularly during the calibration, the transmitter
transmits a predefined power to the receiver. The amount of this power can be stored
in the receiver. From the received power, which the receiver can very precisely
measure on the basis of the measuring load, the receiver can determine how much

power loss must be taken into account in the later power transmission phase.

The power loss at a higher power transmission during the power phase behaves
almost linearly in relation to the measured power of the measurement phase. In

some cases, however, a non-linear behavior must be considered, e.g. due to
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saturation of the ferrite at high levels of power transmission. Conditional on the
principle, this cannot be measured at a low power transmission. To determine the
corresponding gradient and the offset of the power loss, it can be advantageous for
the calibration being performed at different levels of power, i.e. to take power loss
measurements with several different measuring power levels. The gradient of the
power loss is caused by normal absorption of electromagnetic radiation. The offset
can be caused by losses in the receiver IC for example which are not dependent on

the intensity of the transmitted power.

According to an advantageous feature of the invention, a measuring load (e.g. a
resistance) can be directly integrated in the receiver, especially in a receiver IC. This
is advantageous particularly in a case where the transmitted power is limited during
the measurement phase. Such an integrated measuring load can be set to a very
precise value at the manufacture of the receiver, especially of the IC. This enables a
correspondingly accurate measurement of the received power (and hence the power
loss). Measuring the power loss with the use of integrated measuring loads during
the transmission of high power is difficult because of the thermal load of the ICs. The
total transmitted power minus the power losses would have to be dissipated through
the measuring load. A measuring load outside of the IC, which could accept higher
power losses, would be possible, but is not to be preferred. In this case, the
measuring load would in turn be subject to uncertainties which could strongly
influence the system, e.g. the above-mentioned manufacturing tolerances and also
the inaccuracies at the implementation of the circuit. Further, such a measuring load
for higher loads requires a large space, which is often not advantageous in the given
applications. Moreover, the measurement at a high measuring load in the terminal
device causes a very high thermal load, even though only for a short time during the
(repeating) measurement phase. All in all, these drawbacks can be removed with the
measuring load integrated in the receiver, for which reasons this embodiment is

particularly advantageous.

Without the above-described calibration it has only been possible up to present to
manufacture devices with a measuring accuracy in the receiver in the range of 5% at
a cost level of mass production. Accordingly, with 5 W of transmitted power, a

measuring inaccuracy of +/-250mW is obtainable, which keeps the heating of a
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typical foreign object within tolerable limits. When the power transmission is
increased to 15 W, the possible power loss in a foreign object correspondingly
increases to temperatures which cannot be considered safe any longer. Namely, a
measuring tolerance of 5% results in a not securely determinable power loss in the

foreign object of 750 mW.

It turned out that with the above-described calibration the measuring accuracy can be
improved to e.g. 2%, without considerable additional efforts and costs for the system
components. At 15 W and a measuring accuracy of 2%, this corresponds to a
possible power loss in the foreign object of 300 mW, which presently can still be
regarded as safe. Accordingly, if the above-described calibration is used, the
measuring accuracy can be considerably increased with the use of standard
components as far as possible, and can even be increased to such an extent that a
reliable foreign object detection is still possible at a transmission of a relatively high

power of 15 W.

According to an alternative or additional feature of the invention, the power can be
gradually changed between the measurement phase, in particular the calibration, and
the power phase. This kind of change in the level of power can be initiated on part of
the receiver and/or transmitter. This gradual change can take place within a defined
period of time, i.e. there can be provided a maximum duration within which the
change to a desired power value has to be concluded. In other words: there can be
predetermined a kind of change characteristic. By the detection of a pre-known
change characteristic, the transmitter and/or receiver can be prepared for a transition

to take place between the measurement phase and the power phase.

For example, if the receiver detects a decreasing transmitted power despite requiring
the transmitter to keep the power constant or to increase the power and if the power
decreases in a previously defined time interval by a previously defined amount, the
receiver has to assume that the transmitter intends to initiate a measurement phase.
Accordingly, the receiver can get ready for the measurement phase because it is not
suddenly deprived of its available power. The receiver frequently obtains its power
necessary for operation only from the power which is transmitted wirelessly. At a

sudden loss of this wirelessly transmitted power, the receiver is unable to warn for
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instance the device which is supplied with power through the receiver against the

power loss.

The reduction of power should take place within a predefined time interval and
should also keep a predefined value, because otherwise the receiver could
misinterpret other power reductions as an initiation of the measurement phase. Such
power reductions can be caused for instance by a loss of electric current of the

transmitter or by removing the receiver device from the charging station.

As a change characteristic there can also be predetermined for instance a value
"power change per second", on the detection of which a measurement or power

phase needs to be initiated.

According to an additional or alternative feature of the invention it can be provided
that the measurement phases and the power phases alternate in a temporal
succession. The measurement phase is repeated at a particular time interval
between successive power phases in order to thus guarantee a high degree of safety

at regular intervals.

Alternatively, it can also be provided that a one-time measurement phase is
performed in a temporal succession prior to a power phase. The measurement phase
serves as an initial process ahead of a long continuous power phase. This variant of
the embodiment is based on the assumption that it is relatively unlikely under certain
structural conditions of the transmitter and the receiver that a foreign object comes
between the transmitter and the receiver during the charging process and may thus
be heated. Applied to the transmission of an output power of 15 W (Medium Power
Standard), the power loss can be measured for example within a 5 W measurement
phase (Low Power Standard) and the calculated power loss can be memorized so
that the same serves as a calibration for guaranteeing the measuring accuracy also
at 15 W. Such switching from a 15 W power phase to a 5 W measurement phase and
vice versa is possible because both standards are compatible with each other and
especially have a same transmission frequency. In case no foreign object is detected
during the measurement phase, i.e. the power loss is below the maximum allowable

limit value, the power phase is switched.
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It is provided in particular that the transmitter outputs a power of more than 5 W,
particularly 15 W, during a power phase. With such a configuration, it is possible to
benefit from the invention in a particularly advantageous way. Power phases with an
output power of more than 5 W, particularly 15 W, are unsuitable for taking a safe
measurement of the power loss. If the measurement was taken at the output power
of the power phase (e.g. 15 W), the resulting power loss would be 250 mW at a
measuring accuracy of 5% and the resulting foreign object temperatures would
accordingly be higher than 80°C for example. This can lead to dangerous burns or
even to fire. Insofar the invention is useful and advantageous wherever more than 5

W are transmitted during the power phase.

It is particularly advisable that the transmitter transmits a power of 5 W at maximum
during a measurement phase. But also a power clearly lower than 5 W can be
transmitted. Thus the power transmitted during the measurement phase is preferably
lower than the power of more than 5 W, particularly 15 W in the Medium Power
Standard, transmitted during the power phase. Accordingly, this configuration
advantageously results in a power phase with high power and in a measurement
phase with low power so that a high power can be transmitted during the power
phase on the one hand and on the other hand the foreign object detection can be

performed without the risk of fire or injury during the measurement phase.

According to a first embodiment of the invention, the transmitter initiates a
measurement phase. In this case, the transmitter transmits on its own initiative an
output power of 5 W for instance. The repetition frequency of the measurements
during the measurement phases advantageously corresponds to the repetition
frequency of the measurements during the power phase known in prior art. In the
present Medium Power Standard, the repetition frequency of the foreign object
measurement typically is 1.5 s and 4 s at maximum. This means that the time
difference between two successive measurements amounts to 1.5 s and to 4 s at
maximum. In this manner, there is simultaneously defined the time interval within
which the receiver needs to report the information on the received power to the
transmitter. Accordingly, the period between two reports shall typically be 1.5 s, but

can also be 4 s at maximum. The receiver identifies the measurement phase by the
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reduction of the power to 5 W and thereupon measures the power received during
this measurement phase and transmits information on that back to the transmitter.
After the receiver has received the information, it increases the transmitted power to
the power of the power phase, i.e. to more than 5 W, particularly 15 W, if the
measured power loss between the transmitted power and the received power does
not exceed a predetermined limit value. For this transmitter-initiated change of the

power level there is merely required a receiver of a simple structure.

Alternatively, it can be provided that the receiver initiates a measurement phase. In
this variant of the embodiment, the receiver prompts the transmitter to reduce the
transmitted power, for example to 5 W. In this case, too the repetition frequency of
the measurements during the measurement phase advantageously corresponds to
the repetition frequency of the measurements during the power phases known in
prior art, wherein the repetition frequency changes more or less, because according
to this variant the receiver may determine when it takes the measurement as long as
it remains within the maximum allowable time period between two measurements

(4 s). Advantageously, this "request” of the receiver is made using a particular data
format "foreign object detection”, which can accelerate the process compared to a
common misperformance data packet. After power reduction, the receiver measures
the power received within the measurement phase and reports this information to the
transmitter. The transmitter receives this information and compares the power
transmitted therefrom with the power received by the receiver. Depending on the
power loss that is determined in this way, the power transmission is either continued
or not, i.e. in case the power loss is below the predetermined limit value, the receiver
can again request an output power which is higher than the measurement power. It is
advantageous that the receiver itself can spontaneously determine the point of time
best suited for initiating the measurement phase. It is possible in particular that the
receiver chooses a point of time for the initiation at which small differences in power
exist for both the transmitter and the receiver itself between the power phase and the
measurement phase. The receiver may particularly choose the best point of time in
dependence of the present charging current. Moreover, as the power transmitted
from the transmitter is requested by the receiver, it is possible for the receiver to
initiate a gradual reduction of the transmitted power so that between the power of the

power phase and the power of the measurement phase there is not a gradual change
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in the power but rather a continuous loss of power. Thus the occurrence of
electromagnetic interfering fields within the integrated circuits of both the receiver
and the transmitter is prevented.

In the following the invention will be described in more detail by way of examples.

It is shown by:

Fig. 1

a) a transmitter with a receiver placed thereon,

b) a transmitter with a foreign object placed thereon,

C) a transmitter with a receiver and a foreign object placed thereon;

Fig. 2 power characteristics of the transmitter and receiver during a transmitter-
initiated process;

Fig. 3 power characteristics of the transmitter and receiver during a receiver-

initiated process;

Fig. 4 a block diagram of a possible power flow between the transmitter and the

receiver.

Fig. 1a) to c) illustrate the different situations the transmitter 1 can be in.

According to a), a receiver 2, for example a cordless telephone, is in communication
with the transmitter 1. Prior to transmitting power, the receiver 2 identifies itself to the
transmitter 1. In this phase, the transmitter 1 preferably is in the measurement phase
5 so that it outputs only a low power. For the purpose of measurement, the
transmitter 1 receives from receiver 2 a response signal including information on the
power the receiver 2 has received from the transmitter 1. Now the transmitter
calculates a power loss as a difference from the power transmitted therefrom and the
power transmitted back from the receiver 2. In case the amount of this power loss is

below a maximum limit value, the transmitter 1 identifies the receiver 2 as a "valid



10

15

20

25

30

12

object" and switches from the measurement phase 5 (e.g. 5 W) to the power phase
(e.g. 15 W). Thereafter the receiver 2 is charged with 15 W power.

According to b), there is only a foreign object 3 placed on the transmitter 1. This
foreign object 3 can be a coin for example. On the basis of changes in the
electromagnetic field, the transmitter 1 recognizes that a field-absorbing object 3 is
placed on the transmitter. As a consequence, the transmitter 1 increases the output
power for a short time, with the aid of which the receiver 1 typically identifies itself to
the transmitter 1 via feedback. As the foreign object 3 does, however, not possess
such feedback capabilities, the transmitter 1 again cuts off the output power as a

result of the lacking feedback.

In c), a situation is shown in which both a receiver 2 and a foreign object 3 are in
contact with the transmitter 1. In this situation, the transmitter 1 receives from the
receiver 2 information on the power which the receiver 2 receives from the
transmitter 1. Due to the foreign object 3, which is additionally placed on the
transmitter 1, the receiver 2 receives a lower power from the transmitter 1 than this
would be the case without a foreign object 3. The transmitter 1 then compares the
power transmitted therefrom to the power received by the receiver 2 and calculates
the difference, i.e. the power loss. In case this power loss exceeds a predetermined
limit value, the power phase is not initiated, i.e. the transmitter 1 remains in the
measurement phase 5 until the foreign object 3 is removed. As the power loss can be
determined only with an accuracy that is dependent on the measuring method, a
"dark zone" is produced in which the presence of the foreign object 3 cannot be
detected and the latter is therefore heated. Accordingly, the threshold for the power

loss is predetermined by the measuring accuracy of the measuring system.

Fig. 2 shows an example in which switching between the power phase 4 and the
measurement phase 6 is initiated by the transmitter 1. The example is directed to a
variant of the embodiment in which the method according to the invention is carried
out with the power phases 4 and the measurement phases 5 alternating. Based on a
power phase 4, in which the transmitter 1 transmits 15 W power, the transmitter 1
switches the transmitted power from 15 W to 5 W after a predetermined time period.

The transmission of a power of 5 W here corresponds to the measurement phase. As
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can be seen in the Figure, this results in a gradual decrease from 15 W to 5 W. The
output power respectively stated corresponds to the power of the Medium Power
Standard and the Low Power Standard, although the invention can be implemented
also with other power values. In the WPC MP Standard (Medium Power Standard),
the period between the individual transmissions typically corresponds to 1.5 s and to
4 s at maximum. During the measurement phase 5, the receiver 2 measures the
power received from the transmitter 1 and correspondingly informs the transmitter 1
on the power it has received. In the present example, the received power amounts to
4 W. Then the transmitter 1 calculates the difference between the power (5W)
transmitted therefrom and the power (4 W) received by the receiver 2. In case the
difference (0.2 W), i.e. the power loss, is below a predetermined limit value, it will be
inferred that no foreign object 3 is present on the transmitter (this is assumed in the
present case). Then the transmitter 1 again switches the power transmitted therefrom
from 5 W to 15 W. With this action, a next power phase 4 begins. The switching
between the power phase 4 and the measurement phase 5 can take place at a
predetermined interval. But alternatively it would also be possible for this switching to
take place at irregular intervals, for example based on an instruction transmitted from
the receiver 2, wherein the instruction is transmitted at a moment which is deemed

suitable by the receiver 2.

Fig. 3 shows a method in which the change in power level is initiated by the receiver
2. At a point of time that can be freely determined by the transmitter 1, the transmitter
1 is prompted by the receiver 2 to reduce the transmitted power so that a
measurement phase 5 can be performed with lower output power. As shown in Fig.
1, the receiver 2 can gradually request the transmitter 1 to continuously reduce the
transmitted power until the power has decreased from 15 W to 5 W. The receiver 2
can determine the best point of time for switching the transmitted power in
accordance with its present charging and load current situation. In case the receiver
2 only receives 13 W out of 15 W, as in the given example, the same can prompt an
immediate measurement phase 5 in which it is verified if a foreign object 3 is present
between the transmitter 1 and the receiver 2. During the measurement phase 5, the
receiver 2 measures the power received from the transmitter 1 and informs the
transmitter 1 about its measuring result. After the transmitter 1 has received this

information from the receiver 2, it calculates the power loss and prevents switching to
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the power phase 4 until the foreign object 3 is removed if the presence of a foreign
object is assumed. On the other hand, if the power loss is below the respective
predetermined limit value, the transmitter 1 switches the power from the
measurement power, e.g. 5 W, back to the power for the power phase 4, e.g. 15 W,

on request from the receiver 2.

Fig. 4 shows an embodiment of a possible power flow between the transmitter 1 and
the receiver 2. The transmitter 1 emits a power that is supplied as input power 10 to
the receiver 2. In the receiver 2, there is shown in an exemplary manner a real load 7
on the one side and a measuring device on the other side. The real load 7 represents
the transmission distance in the receiver 2 minus the measuring device 9. The real
load 7 particularly comprises the battery to be charged (e.g. of a smartphone).
Moreover it also includes an error such as manufacturing tolerances of the battery
and/or the receiver, particularly of a receiver IC, mechanical manufacturing
tolerances of the battery and/or the receiver, errors at the setting of the foreign object
detection, computation-related inaccuracies caused by an analog-to-digital

conversion or the like.

During normal operation, the measuring device 9 measures this real load 7 and
hence all related errors and tolerances. For the purpose of calibration it is now
provided that there can be switched between the real load 7 and a measuring load 8
within the receiver 2. A switch 6 serves this purpose. The switch 6 can be part of an
integrated circuit and/or can receive signals for switching from a corresponding

control unit.

Depending on the switching position of the switch 6, the input power 10 is either
exclusively applied to the real load 7 or to the measuring load 8. Both loads are
connected with the measuring device 9. Therefore the measuring device 9 can

measure both the power applied to the real load 7 and to the measuring load 8.

The measuring load 8 has the advantage already described above that the load, for
example a resistance, can be very precisely determined. This means that there is

available in the measuring device 9 very precise information on the power that should
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be measured at the measuring load 8. Accordingly, the quality of the above-
described errors can be precisely inferred from a possibly measured deviation.

The measuring device 9 outputs a measuring power 11. This can be transmitted to
the transmitter 1 so that the same can make a comparison between the input power
10 transmitted therefrom to the receiver 2 on the one side and a measured

measuring power 11 on the other side.

According to an advantageous further development, the measuring load 8 together
with the measuring device 9 can be integrated in an IC. Thus the measurement can

be rendered even more precisely so that errors can be identified still more precisely.

The above-described calibration has the advantage that the errors in the receiver 2,
which respectively lead to shares in power loss, can be detected very precisely. In
this manner, the accuracy of the measuring system can be clearly increased without
the need of using expensive components. In this manner it is even possible to
implement a wireless power transmission of medium-scale power such as 15 W,
while foreign objects can be detected with the required accuracy (approx 250 mW) as

before.
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Patent claims

Method for wireless transmission of a power between a transmitter (1) and a
receiver (2), comprising a power phase (4) and a measurement phase (5),
wherein the receiver (2) measures a received power during the measurement
phase (5) by means of a measuring device (9) and transmits information on the
measured power to the transmitter (1), wherein the transmitter (1) compares the
power transmitted therefrom with the power measured by the receiver (2) and
identifies a power loss therefrom, wherein the power phase (4) is suppressed
when the power loss exceeds a maximum allowable limit value,

characterized in that the transmitter (1) outputs a power during the
measurement phase (5) which is lower than the power output during the power
phase (4), wherein a calibration of the measuring device (9) is performed during

the measurement phase (5).

Method according to claim 1, characterized in that for the purpose of calibration
switching between a real load and a measuring load is performed in the

receiver.

Method according to claim 2, characterized in that for the purpose of calibration
switching to a measuring load integrated in the measuring device of the receiver

is performed.

Method according to any one of the preceding claims, characterized in that
during calibration there is transmitted from the transmitter to the receiver a

power which is predefined and stored in the measuring device.

Method according to any one of the preceding claims, characterized in that
during calibration there are transmitted from the transmitter to the receiver at

least two power levels different from each other in magnitude.
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14.
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Method according to any one of the preceding claims, characterized in that the
power transmitted from the transmitter to the receiver during the measurement

phase, in particular during calibration, is limited to a maximum value.

Method according to any one of the preceding claims, characterized in that the
measurement phases (5) and power phases (4) alternate in a succession of

time.

Method according to any one of the preceding claims, characterized in that the
measurement phases (5), especially also the calibration, are performed at

regular time intervals.

Method according to one of the preceding claims 1 to 7, characterized in that
prior to a power phase (4), a one-time measurement phase (5) and/or

calibration is performed.

Method according to any one of the preceding claims, characterized in that
during a power phase (4), the transmitter (1) outputs a power of more than 5 W,

particularly 15 W.

Method according to any one of the preceding claims, characterized in that
during a measurement phase (5), the transmitter (1) outputs a power of 5 W at

maximum.

Method according to any one of the preceding claims, characterized in that the

transmitter (1) initiates a measurement phase (5).

Method according to any one of the preceding claims, characterized in that the

receiver (2) initiates a measurement phase (5).

Method according to any one of the preceding claims, characterized in that the
power is gradually changed at a transition between the power phase and the

measurement phase.
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15. Method according to claim 14, characterized in that the gradual change of the
power is performed at a predefined time interval.



