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Description

Technical Field

[0001] The present invention relates to a power trans-
mission device and a non-contact power feeding system.

Background Art

[0002] As a kind of close-range wireless communica-
tion, there is known wireless communication by NFC
(near-field communication), which uses a carrier fre-
quency of 13.56 MHz. On the other hand, there have
been proposed technologies that utilize a coil used for
NFC communication to achieve non-contact power feed-
ing by magnetic resonance.
[0003] In non-contact power feeding by magnetic res-
onance, a transmission-side resonance circuit including
a transmission-side coil is arranged in a power feeding
device, and a reception-side resonance circuit including
a reception-side coil is arranged in an electronic device
as a power reception device, with the resonance frequen-
cies of the respective resonance circuits set at a common
reference frequency. When an alternating current is
passed in the transmission-side coil, an alternating mag-
netic field at the reference frequency is produced in the
transmission-side coil. This alternating magnetic field
propagates to the reception-side resonance circuit that
resonates at the reference frequency, causing an alter-
nating current to pass in the reception-side coil. Thus,
electric power is transferred from the transmission-side
resonance circuit including the transmission-side coil to
the reception-side resonance circuit including the recep-
tion-side coil.

List of Citations

Patent Literature

[0004] Patent Document 1: Japanese Patent Applica-
tion published as No. 2014-33504

Summary of the Invention

Technical Problem

[0005] Normally, only an electronic device that is com-
patible with a power feeding device is placed on the pow-
er feeding stage (power feeding mat, or power feeding
cradle) of the power feeding device, in which case power
feeding (power transfer) is performed in a desired man-
ner. It can happen, however, that a foreign object that is
incompatible with the power feeding device is placed on
the power feeding stage by mistake. The foreign object
here can be, for example, an object (such as a card)
incorporating a wireless IC tag including a 13.56 MHz
antenna coil that does not respond to NFC communica-
tion. Or it can be an electronic device that has an NFC

communication function but has it disabled. For example,
a smartphone, even if it has an NFC communication func-
tion, if the function is turned OFF by a software setting,
can be a foreign object. Also a smartphone, even if it has
an NFC communication function enabled, if it has no pow-
er receiving function, it is categorized as a foreign object.
[0006] If the power feeding device performs power
transmission operation with such a foreign object placed
on the power feeding stage (or if such a foreign object is
placed on the power feeding stage when power feeding
operation is being performed), the strong magnetic field
generated in the transmission-side coil may damage the
foreign object. For example, the strong magnetic field
during the power transmission operation can raise the
terminal voltage of a coil in the foreign object on the power
feeding stage to as high as 100 V to 200 V, and if the
foreign object is not designed to withstand such a high
voltage, it is damaged. To prevent a foreign object from
being damaged or otherwise affected, it is beneficial to
detect the presence or absence of one and control power
transmission accordingly. Incidentally, a sheet of iron or
the like can also be a foreign object. Though depending
on the carrier frequency in power transmission, the mag-
netic field generated in the transmission-side coil can
cause a foreign object such a sheet of iron to heat up. If
the degree of heating-up is such as to pose a problem,
some measure has to be taken. It is beneficial to prevent
a foreign object from being damaged or otherwise affect-
ed through reliable foreign object detection.
[0007] On the other hand, by using a class-E amplifier
to generate the alternating-current power for magnetic
field generation, it is possible to achieve high-efficiency
power transfer. It is further preferable to simultaneously
achieve high-efficiency power transfer using a class-E
amplifier and reliable foreign object detection. US
2013/0015719 A1 discloses a core assembly used for a
wireless power transmitting device and a wireless power
transmitting device having the same. The core assembly
for the wireless power transmitting device includes: a
main coil disposed at a first level; an auxiliary coil dis-
posed at a lower side of the main coil such that the aux-
iliary coil is located at a second level lower than the first
level, and including a first sub coil and a second sub coil,
which respectively have a portion overlapped with the
main coil and respectively have a size smaller than the
main coil; and a core of a magnetic substance configured
to accommodate the main coil and the auxiliary coil.
[0008] WO 2015/097807 A1 discloses a resonant type
transmission power supply device including a transmis-
sion power state detecting circuit to detect a transmission
power state of a transmission antenna, a foreign object
detecting circuit to detect the presence or absence of a
foreign object in an electromagnetic field generated from
the transmission antenna on the basis of a detection re-
sult acquired by the transmission power state detecting
circuit, and a power control circuit to reduce lit or stop
the supply of electric power to the transmission antenna
when foreign object is detected by the foreign object de-
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tecting circuit.
[0009] Against the background discussed above, an
object of the present invention is to provide a power trans-
mission device and a non-contact power feeding system
that contribute to preventing a foreign object from being
damaged or otherwise affected, or a power transmission
device and a non-contact power feeding system that con-
tribute to enhancing power-related efficiency and pre-
venting a foreign object from being damaged or otherwise
affected.

Means for Solving the Problem

[0010] A first power transmission device according to
the present invention is a power transmission device that
can transmit electric power to a power reception device
by magnetic resonance, and includes: a transmission-
side resonance circuit which includes a transmission-
side coil for transmitting the electric power and which has
a predetermined reference frequency as the resonance
frequency; a class-E amplifier which generates an alter-
nating-current voltage at the reference frequency by
switching a direct-current voltage fed from a direct-cur-
rent power source by using a periodic signal at the ref-
erence frequency; a selective voltage division circuit
which is inserted between the class-E amplifier and the
transmission-side resonance circuit and which feeds the
transmission-side resonance circuit selectively with ei-
ther the output voltage of the class-E amplifier as a power
transmission alternating-current voltage or a voltage ob-
tained by dividing the output voltage of the class-E am-
plifier as a test alternating-current voltage; a sensing cir-
cuit which senses the amplitude of the current passing
through the transmission-side coil; and a control circuit
which controls the selective voltage division circuit and
thereby controls the supply voltage to the transmission-
side resonance circuit. The control circuit acquires, as
an evaluation value, the sensed amplitude value from
the sensing circuit when the test alternating-current volt-
age is fed to the transmission-side resonance circuit, and
controls, based on the evaluation value, whether or not
to perform power transmission by feeding the power
transmission alternating-current voltage to the transmis-
sion-side resonance circuit.
[0011] Specifically, for example, in the first power
transmission device described above, the control circuit
can judge, based on the evaluation value, the presence
or absence of a foreign object which differs from the pow-
er reception device and in which a current based on the
magnetic field generated in the transmission-side coil can
be generated, and can control, based on the result of the
judgment, whether or not to perform the power transmis-
sion.
[0012] More specifically, for example, in the first power
transmission device described above, the control circuit
can, on judging that no foreign object is present, permit
the power transmission and, on judging that a foreign
object is present, inhibit the power transmission.

[0013] For another example, in the first power trans-
mission device described above, the control circuit can
judge the presence or absence of a foreign object by
judging whether or not the evaluation value falls outside
a predetermined range.
[0014] For another example, in the first power trans-
mission device described above, the class-E amplifier
can include: a switching device which performs switching
operation according to the periodic signal; a first coil
which is interposed between the direct-current power
source and the switching device; a first capacitor which
is connected in parallel with the switching device; and a
resonance circuit which is connected to the connection
node between the switching device and the first coil and
which includes a second coil and a second capacitor.
The alternating-current voltage can be output via the res-
onance circuit.
[0015] For another example, in connection with the first
power transmission device described above, the power
reception device can include: a reception-side resonance
circuit which includes a reception-side coil for receiving
the electric power and which has the reference frequency
as the resonance frequency; and a changing/short-
circuiting circuit which either changes the resonance fre-
quency of the reception-side resonance circuit from the
reference frequency or short-circuits the reception-side
coil. When the evaluation value is acquired, according to
a signal communicated from the power transmission de-
vice, the resonance frequency of the reception-side res-
onance circuit can be changed or the reception-side coil
can be short-circuited in the power reception device.
[0016] For another example, in the first power trans-
mission device described above, the direct-current volt-
age can have a voltage value such that, when the test
alternating-current voltage is fed to the transmission-side
resonance circuit, the absolute value of the difference
between a first value and a second value, or the ratio of
the absolute value to the first or second value, is equal
to or lower than a predetermined value. The first value
can be the sensed amplitude value from the sensing cir-
cuit acquired when the test alternating-current voltage is
fed to the transmission-side resonance circuit and in ad-
dition the power reception device is not present in a pre-
determined power transmission region for performing the
power transmission. The second value can be the sensed
amplitude value from the sensing circuit acquired when
the test alternating-current voltage is fed to the transmis-
sion-side resonance circuit and in addition the power re-
ception device is present in the power transmission re-
gion in a state where the resonance frequency of the
reception-side resonance circuit is changed or the recep-
tion-side coil is short-circuited.
[0017] A second power transmission device according
to the present invention is a power transmission device
that can transmit electric power to a power reception de-
vice by magnetic resonance, and includes: a transmis-
sion-side resonance circuit which includes a transmis-
sion-side coil for transmitting the electric power and
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which has a predetermined reference frequency as the
resonance frequency; a class-E amplifier which gener-
ates a power transmission alternating-current voltage at
the reference frequency by switching a direct-current
voltage fed from a direct-current power source by using
a periodic signal at the reference frequency; an input sig-
nal amplifier which generates and outputs a test alternat-
ing-current voltage at the reference frequency by ampli-
fying an input alternating-current voltage at the reference
frequency; a selection circuit which feeds the transmis-
sion-side resonance circuit selectively with either the
power transmission alternating-current voltage or the test
alternating-current voltage; a sensing circuit which sens-
es the amplitude of the current passing through the trans-
mission-side coil; and a control circuit which controls the
selection circuit and thereby controls the supply voltage
to the transmission-side resonance circuit. The control
circuit acquires, as an evaluation value, the sensed am-
plitude value from the sensing circuit when the test alter-
nating-current voltage is fed to the transmission-side res-
onance circuit, and controls, based on the evaluation val-
ue, whether or not to perform power transmission by feed-
ing the power transmission alternating-current voltage to
the transmission-side resonance circuit.
[0018] Specifically, for example, in the second power
transmission device described above, the control circuit
can judge, based on the evaluation value, the presence
or absence of a foreign object which differs from the pow-
er reception device and in which a current based on the
magnetic field generated in the transmission-side coil can
be generated, and can control, based on the result of the
judgment, whether or not to perform the power transmis-
sion.
[0019] More specifically, for example, in the second
power transmission device described above, the control
circuit can, on judging that there is no foreign object, per-
mit the power transmission and, on judging that there is
a foreign object, inhibit the power transmission.
[0020] For another example, in the second power
transmission device described above, the control circuit
can judge the presence or absence of a foreign object
by judging whether or not the evaluation value falls out-
side a predetermined range.
[0021] For another example, in the second power
transmission device described above, the class-E ampli-
fier can include: a switching device which performs
switching operation according to the periodic signal; a
first coil which is interposed between the direct-current
power source and the switching device; a first capacitor
which is connected in parallel with the switching device;
and a resonance circuit which is connected to the con-
nection node between the switching device and the first
coil and which includes a second coil and a second ca-
pacitor. The alternating-current voltage can be output via
the resonance circuit.
[0022] For another example, in the second power
transmission device described above, the amplitude of
the test alternating-current voltage can be smaller than

the amplitude of the power transmission alternating-cur-
rent voltage.
[0023] For another example, in the second power
transmission device described above, the periodic signal
to the class-E amplifier and the input alternating-current
voltage to the input signal amplifier can be generated
based on a common signal having the reference frequen-
cy.
[0024] For another example, in connection with the
second power transmission device described above, the
power reception device can include: a reception-side res-
onance circuit which includes a reception-side coil for
receiving the electric power and which has the reference
frequency as the resonance frequency; and a chang-
ing/short-circuiting circuit which either changes the res-
onance frequency of the reception-side resonance circuit
from the reference frequency or short-circuits the recep-
tion-side coil. When the evaluation value is acquired, ac-
cording to a signal communicated from the power trans-
mission device, the resonance frequency of the recep-
tion-side resonance circuit can be changed or the recep-
tion-side coil can be short-circuited in the power reception
device.
[0025] A non-contact power feeding system according
to the present invention is a non-contact power feeding
system that includes the first or the second power trans-
mission device described above and a power reception
device, and enables transmission and reception of the
electric power between the first or the second power
transmission device and the power reception device by
magnetic resonance.

Advantageous Effects of the Invention

[0026] According to the present invention, it is possible
to provide a power transmission device and a non-con-
tact power feeding system that contribute to preventing
a foreign object from being damaged or otherwise affect-
ed, or a power transmission device and a non-contact
power feeding system that contribute to enhancing pow-
er-related efficiency and preventing a foreign object from
being damaged or otherwise affected.

Brief Description of Drawings

[0027]

Figs. 1A and 1B are each a schematic exterior view
of a power feeding device and an electronic device
according to a first embodiment of the present inven-
tion;
Fig. 2 is a schematic internal configuration diagram
of the power feeding device and the electronic device
according to the first embodiment of the present in-
vention;
Fig. 3 is a schematic internal configuration diagram
of the power feeding device and the electronic device
according to the first embodiment of the present in-
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vention;
Fig. 4 is a configuration diagram of a part of the power
feeding device, including an internal block diagram
of an IC in the power feeding device, according to
the first embodiment of the present invention;
Fig. 5 is a configuration diagram of a part of the elec-
tronic device, including an internal block diagram of
an IC in the electronic device, according to the first
embodiment of the present invention;
Fig. 6 is a diagram showing how magnetic field in-
tensity changes as NFC communication and power
transfer alternate;
Fig. 7 is a diagram showing the relationship among
a power transmission circuit, a load sensing circuit,
and a resonance circuit in the power feeding device;
Fig. 8 is a waveform diagram of a voltage drop across
a sense resistor in the load sensing circuit;
Fig. 9 is a circuit diagram showing one example of
a resonance state changing circuit according to the
first embodiment of the present invention;
Fig. 10 is a circuit diagram showing another example
of the resonance state changing circuit according to
the first embodiment of the present invention;
Figs. 11A and 11B are a schematic external view
and a schematic internal configuration diagram, re-
spectively, of a foreign object according to the first
embodiment of the present invention;
Fig. 12 is a circuit diagram of a part of the power
feeding device, including a detailed circuit diagram
of the power transmission circuit, according to the
first embodiment of the present invention;
Fig. 13 is a diagram showing the waveform of signals
related to a class-E amplifier;
Figs. 14A and 14B are diagrams showing a direct-
connected state and a divided-voltage state, respec-
tively, of a selective voltage division circuit according
to the first embodiment of the present invention;
Fig. 15 is an operation flow chart of a pFOD process
performed in the power feeding device according to
the first embodiment of the present invention;
Fig. 16 is an operation flow chart of an initial setting
process performed in the power feeding device ac-
cording to the first embodiment of the present inven-
tion;
Figs. 17A to 17D are diagrams showing examples
of the arrangement relationship among a power
feeding stage, an electronic device, and a foreign
object;
Fig. 18 is a diagram showing an arrangement rela-
tionship among a power feeding stage, an electronic
device, and a foreign object;
Fig. 19 is a diagram illustrating the exchange of sig-
nals between the power feeding device and the elec-
tronic device according to the first embodiment of
the present invention;
Fig. 20 is a diagram showing how NFC communica-
tion, the pFOD process, and power transfer are per-
formed sequentially and repeatedly according to the

first embodiment of the present invention;
Fig. 21 is an operation flow chart of the power feeding
device according to the first embodiment of the
present invention;
Fig. 22 is an operation flow chart of the electronic
device according to the first embodiment of the
present invention;
Fig. 23 is an operation flow chart of an mFOD proc-
ess performed in the power feeding device according
to the first embodiment of the present invention;
Figs. 24A and 24B are diagrams illustrating current
amplitude variations in a transmission-side coil re-
sulting from insertion of a foreign object during power
transfer;
Fig. 25 is a diagram showing the results of experi-
ments conducted with a non-contact power feeding
system according to the first embodiment of the
present invention;
Fig. 26 is a diagram showing the results of experi-
ments conducted with the non-contact power feed-
ing system according to the first embodiment of the
present invention;
Fig. 27 is a diagram showing a part of a circuit pro-
vided on an experimental power reception board;
Fig. 28 is a diagram for a study of the results of ex-
periments corresponding to Figs. 25 and 26;
Fig. 29 is a circuit diagram of a part of a power feeding
device, including a detailed circuit diagram of a pow-
er transmission circuit, according to a second em-
bodiment of the present invention;
Figs. 30A and 30B are diagrams showing a first
switch state and a second switch state, respectively,
of a selection circuit according to the second embod-
iment of the present invention;
Fig. 31 is an operation flow chart of a pFOD process
performed in the power feeding device according to
the second embodiment of the present invention;
Fig. 32 is an operation flow chart of an initial setting
process performed in the power feeding device ac-
cording to the second embodiment of the present
invention;
Fig. 33 is a configuration diagram of a part of a power
feeding device, including an internal block diagram
of an IC in the power feeding device, according to a
third embodiment of the present invention;
Fig. 34 is a configuration diagram of a part of an
electronic device, including an internal block dia-
gram of an IC in the electronic device, according to
the third embodiment of the present invention;
Fig. 35 is a diagram showing a sense resistor insert-
ed in a transmission-side resonance circuit accord-
ing to the third embodiment of the present invention;
Figs. 36A to 36F are diagrams showing examples of
antenna coils to be incorporated in a non-contact IC
card according to the third embodiment of the
present invention;
Fig. 37 is a circuit diagram of a power transmission
circuit and two resonance circuits in the power feed-
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ing device according to the third embodiment of the
present invention;
Fig. 38 is a diagram showing the relationship be-
tween the states of switches and a plurality of volt-
ages in the circuit shown in Fig. 37 according to the
third embodiment of the present invention;
Fig. 39 is an operation flow chart of a pFOD process
performed in the power feeding device according to
the third embodiment of the present invention;
Fig. 40 is an operation flow chart of an initial setting
process performed in the power feeding device in
the third embodiment of the present invention;
Fig. 41 is an operation flow chart of an mFOD proc-
ess performed in the power feeding device in the
third embodiment of the present invention;
Fig. 42 is a diagram showing how NFC communica-
tion, the pFOD process, and power transfer are per-
formed sequentially and repeatedly according to the
third embodiment of the present invention;
Fig. 43 is an operation flow chart of the power feeding
device according to the third embodiment of the
present invention;
Fig. 44 is an operation flow chart of the electronic
device according to the third embodiment of the
present invention;
Fig. 45 is a diagram showing the relationship be-
tween the X, Y, and Z axes and a power feeding
stage according to the third embodiment of the
present invention; and
Figs. 46A to 46C are a schematic top view, a sche-
matic perspective view, and a schematic sectional
view, respectively, of two transmission-side coils ac-
cording to the third embodiment of the present in-
vention;

Description of Embodiments

[0028] Embodiments of the present invention will be
described specifically below with reference to the accom-
panying drawings. Among the drawings referred to in the
course, the same parts are identified by the same refer-
ence numerals, and in principle no overlapping descrip-
tion as to the same parts will be repeated. In the present
description, for the sake of simple description, symbols
and other designations referring to information, signals,
physical quantities, states, components, and the like are
occasionally used with the names of the corresponding
information, signals, physical quantities, states, compo-
nents, and the like omitted or abbreviated. In any flow
chart referred to later, any plurality of processes in any
plurality of steps can be performed in any modified order,
or concurrently, so long as they do not conflict with each
other.

< First Embodiment >

[0029] A first embodiment of the present invention will
be described. Figs. 1A and 1B are schematic exterior

views of a power feeding device 1 and an electronic de-
vice 2 according to the first embodiment of the present
invention. While Fig. 1A is an exterior view of the power
feeding device 1 and the electronic device 2 as they are
in a detached state, Fig. 1B is an exterior view of the
power feeding device 1 and the electronic device 2 as
they are in a regularly placed state. The significance of
the detached state and the regularly placed state will be
described in detail later. The power feeding device 1 and
the electronic device 2 together constitute a non-contact
power feeding system. The power feeding device 1 in-
cludes a power plug 11 for receiving commercial alter-
nating-current electric power and a power feeding stage
12 formed of a resin material.
[0030] Fig. 2 is a schematic internal configuration dia-
gram of the power feeding device 1 and the electronic
device 2. The power feeding device 1 includes: an AC-
DC converter 13 which generates and yields, from a com-
mercial alternating-current voltage fed to it via the power
plug 11, a direct-current voltage with a predetermined
voltage value; a transmission-side IC 100 (hereinafter
referred to also as the "IC 100") which is an integrated
circuit that operates by using the output voltage of the
AC-DC converter 13; and a transmission-side resonance
circuit TT (hereinafter referred to also as the "resonance
circuit TT") which is connected to the IC 100. The AC-
DC converter 13, the transmission-side IC 100, and the
resonance circuit TT can be arranged inside the power
feeding stage 12. Other than the IC 100, any circuit that
operates by using the output voltage of the AC-DC con-
verter 13 can be provided in the power feeding device 1.
[0031] The electronic device 2 includes: a reception-
side IC 200 (hereinafter referred to also as the "IC 200")
which is an integrated circuit; a reception-side resonance
circuit RR (hereinafter referred to also as the "resonance
circuit RR") which is connected to the IC 200; a battery
21 which is a secondary battery; and a functional circuit
22 which operates based on the output voltage of the
battery 21. As will be described in detail later, the IC 200
can feed charging electric power to the battery 21. The
IC 200 may operate by using the output voltage of the
battery 21, or may operate based on a voltage from any
voltage source other than the battery 21. Instead, a direct-
current voltage obtained by rectifying a signal for NFC
communication (described in detail later) received from
the power feeding device 1 may be used as the operating
voltage for the IC 200. In that case, even when the battery
21 is depleted of its remaining capacity, the IC 200 can
operate.
[0032] The electronic device 2 may be any electronic
device, and can be, for example, a mobile telephone (in-
cluding one classified as a smartphone), personal digital
assistant, tablet personal computer, digital camera, MP3
player, pedometer, or Bluetooth (registered trademark)
headset. The functional circuit 22 performs the functions
to be performed by the electronic device 2. Accordingly,
for example, in a case where electronic device 2 is a
smartphone, the functional circuit 22 includes a teleph-
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ony processor for conducting telephone communication
with a partner device, a communication processor for ex-
changing information with another device across a net-
work, and the like. For another example, in a case where
the electronic device 2 is a digital camera, the functional
circuit 22 includes a drive circuit for driving an image sen-
sor, an image processing circuit for generating image
data from the output signal of the image sensor, and the
like. The functional circuit 22 may be taken as a circuit
that is provided in a device external to the electronic de-
vice 2.
[0033] As shown in Fig. 3, the resonance circuit TT
includes a coil TL, which is a transmission-side coil, and
a capacitor TC, which is a transmission-side capacitor;
the resonance circuit RR includes a coil RL, which is a
reception-side coil, and a capacitor RC, which is a recep-
tion-side capacitor. In the following description, for con-
creteness’ sake, unless otherwise stated, it is assumed
that the transmission-side coil TL and the transmission-
side capacitor TC are connected in parallel with each oth-
er to form the resonance circuit TT as a parallel reso-
nance circuit, and that the reception-side coil RL and the
reception-side capacitor RC are connected in parallel with
each other to form the resonance circuit RR as a parallel
resonance circuit. Instead, the transmission-side coil TL
and the transmission-side capacitor TC may be connect-
ed in series with each other to form the resonance circuit
TT as a serial resonance circuit, and the reception-side
coil RL and the reception-side capacitor RC may be con-
nected in series with each other to form the resonance
circuit RR as a serial resonance circuit.
[0034] When the electronic device 2 is placed in a pre-
determined region on the power feeding stage 12 as
shown in Fig. 1B, between the devices 1 and 2, commu-
nication as well as power transmission and power recep-
tion is possible by magnetic field resonance (that is, by
utilizing magnetic field resonance). Magnetic field reso-
nance is also known as magnetic field induction or the
like.
[0035] The communication between the devices 1 and
2 is wireless communication by NFC communication
(near-field communication) (hereinafter referred to as
NFC communication), and the frequency of the carrier
wave for the communication is 13.56 MHz (megahertz).
In the following description, the frequency of 13.56 MHz
is referred to as the reference frequency. The NFC com-
munication between the devices 1 and 2 is conducted by
magnetic field resonance utilizing the resonance circuits
TT and RR, and thus the resonance frequencies of the
resonance circuits TT and RR are both set at the refer-
ence frequency. However, as will be described later, the
resonance frequency of the resonance circuit RR can be
temporarily changed from the reference frequency.
[0036] The power transmission and power reception
between the devices 1 and 2 comprise power transmis-
sion by NFC from the power feeding device 1 to the elec-
tronic device 2 and power reception by NFC in the elec-
tronic device 2. Such power transmission and power re-

ception are collectively referred to as NFC power transfer
or, simply, power transfer. Through the delivery of electric
power from the coil TL to the coil RL by magnetic field
resonance, power transfer is achieved on a non-contact
basis.
[0037] In power transfer utilizing magnetic field reso-
nance, passing an alternating current in the transmission-
side coil TL generates an alternating magnetic field at the
reference frequency in the transmission-side coil TL.
Then, the alternating magnetic field propagates to the
resonance circuit RR which resonates (in other words,
resounds) at the reference frequency, and an alternating
current passes in the coil RL. That is, electric power is
delivered from the resonance circuit TT including the
transmission-side coil TL to the resonance circuit RR in-
cluding the reception-side coil RL. In the following de-
scription, even though no express mention is made, un-
less otherwise stated, the magnetic field generated in the
coil TL or RL in NFC communication or in power transfer
is an alternating magnetic field that oscillates at the ref-
erence frequency.
[0038] A state where the electronic device 2 is placed
in a predetermined power transmission region on the
power feeding stage 12 (the power feeding device 1 and
the electronic device 2 are in a predetermined positional
relationship) so that NFC communication and NFC power
transfer as mentioned above are possible is called the
regularly placed state (see Fig. 1B). On the other hand,
a state where the electronic device 2 is sufficiently away
from the power feeding stage 12 so that NFC communi-
cation and power transfer mentioned above are not pos-
sible is called the detached state (see Fig. 1A). Although
the power feeding stage 12 shown in Fig. 1A has a flat
surface, it may instead have formed in it a depression or
the like that fits the shape of the electronic device 2 to
be placed on it. The regularly placed state can be under-
stood to belong to a state where the electronic device 2
is present in a predetermined power transmission region
in which power transmission/reception is possible be-
tween the power feeding device 1 and the electronic de-
vice 2 (in other words, a region in which to perform power
transmission and power reception); the detached state
can be understood to belong to a state where the elec-
tronic device 2 is not present in that power transmission
region.
[0039] Fig. 4 is a configuration diagram of a part of the
power feeding device 1, including an internal block dia-
gram of the IC 100. The IC 100 includes blocks identified
by the reference signs 110, 120, 130, 140, 150, and 160.
Fig. 5 is a configuration diagram of a part of the electronic
device 2, including an internal block diagram of the IC
200. The IC 200 includes blocks identified by the refer-
ence signs 210, 220, 230, 240, and 250. The IC 200 may
have connected to it a capacitor 23 which outputs the
operating voltage for the IC 200. The capacitor 23 can
output a direct-current voltage obtained by rectifying a
signal for NFC communication received from the power
feeding device 1.
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[0040] A switch circuit 110, under the control of a con-
trol circuit 160, connects either an NFC communication
circuit 120 or an NFC power transmission circuit 130 to
the resonance circuit TT. The switch circuit 110 can com-
prise a plurality of switches provided between the reso-
nance circuit TT and the circuits 120 and 130. Any switch
mentioned in the present description can comprise a
semiconductor switching device such as a field-effect
transistor.
[0041] A switch circuit 210, under the control of a con-
trol circuit 250, connects the resonance circuit RR to ei-
ther an NFC communication circuit 220 or an NFC power
reception circuit 230. The switch circuit 210 can comprise
a plurality of switches provided between the circuits 220
and 230 and the resonance circuit RR.
[0042] A state where the resonance circuit TT is con-
nected via the switch circuit 110 to the NFC communica-
tion circuit 120 and in addition the resonance circuit RR
is connected via the switch circuit 210 to the NFC com-
munication circuit 220 is called a communication-con-
nected state. In the communication-connected state,
NFC communication is possible. In the communication-
connected state, the NFC communication circuit 120 can
feed an alternating-current signal (alternating-current
voltage) at the reference frequency to the resonance cir-
cuit TT. The NFC communication between the devices
1 and 2 is performed by half-duplex operation.
[0043] In the communication-connected state, when
the power feeding device 1 is on the transmitting side,
the alternating-current signal that the NFC communica-
tion circuit 120 feeds to the resonance circuit TT can be
superimposed with any information signal so that the in-
formation signal will be transmitted from the coil TL as a
power feeding device-side antenna coil and received by
the coil RL as an electronic device-side antenna coil. The
information signal received by the coil RL is extracted in
the NFC communication circuit 220. In the communica-
tion-connected state, when the electronic device 2 is on
the transmitting side, the NFC communication circuit 220
can transmit any information signal (response signal)
from the coil RL in the resonance circuit RR to the coil TL
in the resonance circuit TT. The transmission here is car-
ried out, as is well known, in conformity with an ISO stand-
ard (for example, the ISO 14443 standard), by load mod-
ulation which involves varying the impedance of the coil
RL (electronic device-side antenna coil) as observed from
the coil TL (power feeding device-side antenna coil). The
information signal delivered from the electronic device 2
is extracted in the NFC communication circuit 120.
[0044] A state where the resonance circuit TT is con-
nected via the switch circuit 110 to the NFC power trans-
mission circuit 130 and in addition the resonance circuit
RR is connected via the switch circuit 210 to the NFC
power reception circuit 230 is called a power feeding-
connected state.
[0045] In the power feeding-connected state, the NFC
power transmission circuit 130 can perform power trans-
mission operation, and the NFC power reception circuit

230 can perform power reception operation. The power
transmission operation and the power reception opera-
tion together achieve power transfer. In the power trans-
mission operation, the power transmission circuit 130
feeds the resonance circuit TT with a power transmission
alternating-current signal (power transmission alternat-
ing-current voltage) at the reference frequency to gener-
ate a power transmission magnetic field (power trans-
mission alternating magnetic field) at the reference fre-
quency in the transmission-side coil TL; thereby electric
power is transmitted from the resonance circuit TT (trans-
mission-side coil TL) to the resonance circuit RR by mag-
netic field resonance. The electric power received at the
reception-side coil RL as a result of the power transmis-
sion operation is fed to the power reception circuit 230,
so that, in the power reception operation, the power re-
ception circuit 230 generates and yields desired direct-
current electric power from the receive electric power.
With the output power of the power reception circuit 230,
the battery 21 can be charged.
[0046] Also when NFC communication is performed in
the communication-connected state, a magnetic field is
generated in the coil TL or RL; however, the magnetic
field intensity in NFC communication falls within a pre-
determined range. The lower and upper limit values of
the range are prescribed in the NFC standard, being 1.5
A/m and 7.5 A/m respectively. By contrast, the intensity
of the magnetic field generated in the transmission-side
coil TL in power transfer (that is, in the power transmission
operation) (the magnetic field intensity of the power trans-
mission magnetic field) is higher than the just-mentioned
upper limit, being, for example, about 45 to 60 A/m. In
the non-contact power feeding system including the de-
vices 1 and 2, NFC communication and power transfer
(NFC power transfer) can be performed alternately, and
how the magnetic field intensity behaves in such a case
is shown in Fig. 6.
[0047] A load sensing circuit 140 senses the magni-
tude of the load of the transmission-side coil TL, that is,
the magnitude of the load to the transmission-side coil
TL as observed when the transmission-side coil TL is fed
with an alternating-current signal from the power trans-
mission circuit 130. Fig. 7 shows the relationship among
the power transmission circuit 130, the load sensing cir-
cuit 140, and the resonance circuit TT in the power feed-
ing-connected state. It should be noted that, in Fig. 7, the
switch circuit 110 is omitted from illustration (the same
is true with Fig. 12, which will be referred to later).
[0048] The power transmission circuit 130 can output
an alternating-current voltage between a pair of output
terminals TM1 and TM2. The resonance circuit TT has
a pair of input terminals TM3 and TM4, and in the power
feeding-connected state, the terminals TM3 and TM4 are
connected to the terminals TM1 and TM2 respectively.
The resonance circuit TT has a capacitor MTC inserted
in it. The capacitor MTC is an impedance matching ca-
pacitor for setting at a desired value the impedance of
the resonance circuit TT as observed from the power
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transmission circuit 130. The desired value is here as-
sumed to be 50 Ω. In the first embodiment, unless oth-
erwise stated, an impedance is that at the reference fre-
quency.
[0049] The terminal TM3 is connected to one end of
the capacitor MTC. The other end of the capacitor MTC
is connected to one end of the capacitor TC and to one
end of the coil TL. The other end of the coil TL is connected
via a sense resistor 141 to the other end of the capacitor
TC and to the terminal TM4. The load sensing circuit 140
includes the sense resistor 141, an envelope curve de-
tector 142, an amplifier 143, and an A-D converter 144.
[0050] The power transmission operation is carried out
by the power transmission circuit 130 feeding an alter-
nating-current voltage (power transmission alternating-
current voltage) to the resonance circuit TT (that is, be-
tween the terminals TM3 and TM4). In the power feeding-
connected state, when the alternating-current voltage is
fed from the power transmission circuit 130 to the reso-
nance circuit TT, an alternating current at the reference
frequency passes in the transmission-side coil TL, with
the result that an alternating-current voltage drop occurs
across the sense resistor 141. In Fig. 8, a solid-line wave-
form is the voltage waveform of the voltage drop across
the sense resistor 141. With respect to the resonance
circuit TT, while the intensity of the magnetic field gen-
erated in the transmission-side coil TL is constant, bring-
ing the electronic device 2 closer to the power feeding
stage 12 causes a current based on the magnetic field
generated in the transmission-side coil TL to pass in the
reception-side coil RL; simultaneously, a back electro-
motive force based on the current passing in the recep-
tion-side coil RL is generated in the transmission-side coil
TL, and this back electromotive force acts to reduce the
current passing in the coil transmission-side TL. Thus, as
shown in Fig. 8, the amplitude of the voltage drop across
the sense resistor 141 in the regularly placed state is
smaller than that in the detached state.
[0051] The envelope curve detector 142 detects the
envelope curve of the signal of the voltage drop across
the sense resistor 141, and thereby yields an analog volt-
age signal that is proportional to the voltage v in Fig. 8.
The amplifier 143 amplifies and then yields the output
signal of the envelope curve detector 142. The A-D con-
verter 144 coverts the output voltage signal of the ampli-
fier 143 into a digital signal, and thereby yields a digital
voltage value VD. As will be understood from what has
been discussed, the voltage value VD has a value that is
proportional to the amplitude of the current passing in
the sense resistor 141 (hence, the amplitude of the cur-
rent passing in the transmission-side coil TL) (as the am-
plitude increases, the voltage value VD increases). Ac-
cordingly, the load sensing circuit 140 can be taken as a
current amplitude sensing circuit which senses the am-
plitude of the current passing in the transmission-side
coil TL, and its sensed amplitude value can be taken as
the voltage value VD. The envelope curve detector 142
may be provided in the stage succeeding the amplifier

143. However, providing the envelope curve detector 142
in the stage preceding the amplifier 143 as shown in Fig.
7 is more advantageous because it is then possible to
adopt, as the amplifier 143, one with lower response at
high frequencies .
[0052] Seen from the transmission-side coil TL, which
generates a magnetic field, a coil, like the reception-side
coil RL, that magnetically couples with the transmission-
side coil TL can be taken as a load; thus, depending on
the magnitude of the load, the sensing value of the load
sensing circuit 140, namely the voltage value VD, varies.
Thus, the load sensing circuit 140 can be taken as sens-
ing the magnitude of the load by outputting the voltage
value VD. Here, the magnitude of the load can be said to
be the magnitude of the load to the transmission-side coil
TL during power transmission, or can be said to be the
magnitude of the load of the electronic device 2 as ob-
served from the power feeding device 1 during power
transmission. The sense resistor 141 may be provided
inside the IC 100, or may be provided outside the IC 100.
[0053] A memory 150 (see Fig. 4) comprises a non-
volatile memory, and stores any information on a non-
volatile basis. The control circuit 160 controls the oper-
ation of the individual blocks in the IC 100 in a compre-
hensive manner. The control performed by the control
circuit 160 includes, for example: controlling the switch-
ing operation of the switch circuit 110, controlling what
to perform in, and whether or not to perform, the com-
munication operation and power transfer operation by
the communication circuit 120 and the power transmis-
sion circuit 130; controlling the operation of the load sens-
ing circuit 140; and controlling writing to and reading from
the memory 150. The control circuit 160 incorporates a
timer (unillustrated), and can count the length of time
between any time points.
[0054] In the electronic device 2, a resonance state
changing circuit 240 (see Fig. 5) is a resonance frequency
changing circuit which changes (can change) the reso-
nance frequency of the resonance circuit RR from the
reference frequency to another predetermined frequency
fM or a coil short-circuiting circuit which short-circuits (can
short-circuit) the reception-side coil RL in the resonance
circuit RR.
[0055] Fig. 9 shows a resonance frequency changing
circuit 240A as an example of a resonance frequency
changing circuit as the resonance state changing circuit
240. The resonance frequency changing circuit 240A in-
cludes a serial circuit of a capacitor 241 and a switch
242. One end of the serial circuit is connected to both
one end of the capacitor RC and one end of the coil RL.
The other end of the serial circuit is connected to both
the other end of the capacitor RC and the other end of
the coil RL. The switch 242 is turned ON or OFF under
the control of the control circuit 250. When the switch 242
is OFF, the capacitor 241 is disconnected from the ca-
pacitor RC and the coil RL; thus, if the parasitic inductance
and the parasitic capacitance are ignored, the resonance
circuit RR is composed only of the coil RL and the capac-

15 16 



EP 3 331 129 B1

10

5

10

15

20

25

30

35

40

45

50

55

itor RC, and the resonance frequency of the resonance
circuit RR equals the reference frequency. That is, when
the switch 242 is OFF, the reception-side capacitance
which determines the resonance frequency of the reso-
nance circuit RR is that of the capacitor RC itself. When
the switch 242 is ON, the capacitor 241 is connected in
parallel with the capacitor RC; thus, the resonance circuit
RR is composed of the coil RL and the combined capac-
itance of the capacitors RC and 241. As a result, the res-
onance frequency of the resonance circuit RR equals a
frequency fM lower than the reference frequency. That
is, when the switch 242 is ON, the reception-side capac-
itance which determines the resonance frequency of the
resonance circuit RR equals the just-mentioned com-
bined capacitance. Here, it is assumed that the frequency
fM is deviated from the reference frequency in such a
degree that, when the switch 242 is ON, the resonance
circuit RR does not act as a load to the transmission-side
coil TL (that is, in such a degree that no sufficient magnetic
resonance occurs between the resonance circuits TT and
RR). For example, the resonance frequency of the res-
onance circuit RR with the switch 242 ON (that is, the
frequency fM) is set at several hundred kilohertz to one
megahertz.
[0056] So long as the resonance frequency of the res-
onance circuit RR can be changed to the frequency fM,
the resonance frequency changing circuit as the chang-
ing circuit 240 is not limited to the resonance frequency
changing circuit 240A; the frequency fM may be higher
than the reference frequency. For example, the reso-
nance frequency changing circuit may be a circuit that
switches the path between the coil RL and the capacitor
RC between a connected and a disconnected state by
turning ON and OFF a switch inserted in series in the
current loop connecting the coil RL and the capacitor RC
together (in the disconnected state, the coil RL combined
with the parasitic capacitance of the wiring and the like
determines the resonance frequency (> the reference
frequency) of the resonance circuit RR). Thus, with con-
sideration given to the possibility of the reception-side
resonance circuit RR being a serial resonance circuit,
the following can be said: the reception-side resonance
circuit RR includes a parallel or serial circuit of the recep-
tion-side coil (RL) and the reception-side capacitance,
and when the reception-side capacitance equals a pre-
determined reference capacitance, the resonance fre-
quency fO of the reception-side resonance circuit RR
equals the reference frequency. The resonance frequen-
cy changing circuit can, whenever necessary, increase
or decrease the reception-side capacitance from the ref-
erence capacitance. Thus, in the reception-side reso-
nance circuit RR, the reception-side coil (RL) along with
the reception-side capacitance that is higher or lower
than the reference capacitance forms a parallel or serial
circuit, with the result that the resonance frequency fO of
the reception-side resonance circuit RR is changed from
the reference frequency.
[0057] Fig. 10 shows a coil short-circuiting circuit 240B

as an example of a coil short-circuiting circuit as the res-
onance state changing circuit 240. The coil short-
circuiting circuit 240B comprises a switch 243 connected
(inserted) between the node at which one end of the ca-
pacitor RC and one end of the coil RL are connected to-
gether in the resonance circuit RR and the node at which
the other end of the capacitor RC and the other end of
the coil RL are connected together in the resonance cir-
cuit RR. The switch 243 is turned ON or OFF under the
control of the control circuit 250. When the switch 243 is
ON, the coil RL in the resonance circuit RR is short-
circuited (more precisely, the coil RL is short-circuited
across its terminals). With the reception-side coil RL
short-circuited, the reception-side resonance circuit RR
is no longer present (a state that is equivalent to a state
where no reception-side resonance circuit RR is present
comes into effect). Accordingly, with the reception-side
coil RL short-circuited, the load to the transmission-side
coil TL is sufficiently light (that is, a state as if no electronic
device 2 were present on the power feeding stage 12
comes into effect). So long as the reception-side coil RL
can be short-circuited, the coil short-circuiting circuit as
the changing circuit 240 is not limited to the coil short-
circuiting circuit 240B.
[0058] In the following description, the operation of
changing the resonance frequency fO of the reception-
side resonance circuit RR from the reference frequency
to the predetermined frequency fM is called resonance
frequency changing operation, and the operation of
short-circuiting the reception-side coil RL by use of the
coil short-circuiting circuit is called coil short-circuiting
operation. For simplicity’s sake, resonance frequency
changing operation or coil short-circuiting operation is
occasionally referred to as fO changing/short-circuiting
operation.
[0059] The control circuit 250 (see Fig. 5) controls the
operation of the individual blocks in the IC 200 in a com-
prehensive manner. The control performed by the control
circuit 250 includes, for example: controlling the switch-
ing operation of the switch circuit 210; controlling what
to perform in, and whether or not to perform, the com-
munication operation and power reception operation by
the communication circuit 220 and the power reception
circuit 230; and controlling the operation of the changing
circuit 240. The control circuit 250 incorporates a timer
(unillustrated), and can count the length of time between
any time points. For example, the timer in the control
circuit 250 can count the time for which the resonance
frequency fO is kept changed to the predetermined fre-
quency fM, or the time for which the reception-side coil
RL is kept short-circuited, by the fO changing/short-
circuiting operation (that is, it can count the time TM men-
tioned later; see step S207 in Fig. 22).
[0060] The control circuit 160 in the power feeding de-
vice 1 can judge the presence or absence of a foreign
object on the power feeding stage 12 and control the
power transmission circuit 130 to perform the power
transmission operation only when no foreign object is
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present. In the first embodiment, a foreign object can be
an object which differs from the electronic device 2 or its
components (such as the reception-side coil RL) and in
addition in which, when it is brought close to the power
feeding device 1, an electric current (an electric current
inside the foreign object) can be generated based on the
magnetic field generated in the transmission-side coil TL.
In the first embodiment, the presence of a foreign object
can be understood to denote the presence of a foreign
object at a position where a non-negligible electric current
based on the magnetic field generated in the transmis-
sion-side coil TL passes in the foreign object. The electric
current that passes in the foreign object based on the
magnetic field generated in the transmission-side coil TL
generates an electromotive force (or back electromotive
force) in a coil (such as TL or RL) located opposite and
coupled with the foreign object; thus, it can exert a non-
negligible effect on the characteristics of the circuit that
includes that coil.
[0061] Fig. 11A is a schematic exterior view of a foreign
object 3 as a kind of foreign object, and Fig. 11B is a
schematic internal configuration diagram of the foreign
object 3. The foreign object 3 includes: a resonance cir-
cuit JJ comprising a parallel circuit of a coil JL and a ca-
pacitor JC; and a foreign object internal circuit 300 con-
nected to the resonance circuit JJ. The resonance fre-
quency of the resonance circuit JJ is set at the reference
frequency. Unlike the electronic device 2, the foreign ob-
ject 3 is a device that is incompatible with the power feed-
ing device 1. For example, the foreign object 3 is an object
(such as a non-contact IC card) fitted with a wireless IC
tag including a 13.56 MHz antenna coil (coil JL) that does
not respond to NFC communication. For another exam-
ple, the foreign object 3 is an electronic device that does
have an NFC communication function itself but has it
disabled. For example, a smartphone that has an NFC
communication function but has it turned off by a software
setting can be a foreign object 3. Even a smartphone that
has an NFC communication function enabled, if it does
not have a power reception function, is classified as a
foreign object 3.
[0062] In a state where a foreign object 3 as mentioned
above is placed on the power feeding stage 12, if the
power feeding device 1 performs the power transmission
operation, the strong magnetic field generated by the
transmission-side coil TL (for example, a magnetic field
with a magnetic field intensity of 12 A/m or more) may
damage the foreign object 3. For example, the strong
magnetic field in the power transmission operation can
raise the terminal voltage of the coil JL in the foreign object
3 on the power feeding stage 12 to as high as 100 V to
200 V, and if the foreign object 3 is not designed to with-
stand such a high voltage, it is damaged.

[Configuration Example of the Power Transmission Cir-
cuit]

[0063] Fig. 12 shows a configuration example of the

power transmission circuit 130 which is suitable for for-
eign object presence/absence detection and which op-
erates with high efficiency. Fig. 12 also shows some cir-
cuits other than the power transmission circuit 130 that
are provided in the power feeding device 1. Fig. 12, like
Fig. 7, assumes the power feeding-connected state.
[0064] The power transmission circuit 130 in Fig. 12
includes: an oscillation circuit 410 which generates and
outputs a clock signal that is a square-wave signal at the
reference frequency; an enable circuit 420 which switch-
es whether or not to feed a drive circuit 430 with a signal
synchronous with the clock signal from the oscillation cir-
cuit 410; a drive circuit 430 which, when fed from the
enable circuit 420 with the signal synchronous with the
clock signal, feeds a class-E amplifier 440 with a drive
signal synchronous with the clock signal and thereby
drives the class-E amplifier 440; a class-E amplifier 440
which generates and outputs an alternating-current volt-
age VE at the reference frequency by switching a direct-
current voltage VIN fed from a direct-current power
source VS1 with the drive signal that is a square-wave
signal at the reference frequency; and a selective voltage
division circuit 450 which is inserted between the class-
E amplifier 440 and the transmission-side resonance cir-
cuit TT and which feeds the resonance circuit TT selec-
tively with either the output voltage VE of the class-E am-
plifier 440 or a voltage obtained by dividing the output
voltage VE of the class-E amplifier 440.
[0065] To follow is a further description of an example
of the circuit configuration of the blocks 410 to 450.
[0066] The oscillation circuit 410 includes blocks iden-
tified by the reference signs 411 to 415. An oscillator 411
is an oscillator which comprises a crystal oscillator or a
ceramic oscillator and which yields an oscillation output
at the reference frequency. A resistor 412 is connected
in parallel with the oscillator 411. One end of the oscillator
411 is connected to the input terminal of an inverter circuit
(logic NOT circuit) 413, and is also connected via a ca-
pacitor 414 to ground. The other end of the oscillator 411
is connected to the output terminal of the inverter circuit
413, and is also connected via a capacitor 415 to ground.
Ground has a reference potential of 0 V (volts). The in-
verter circuit 413 yields, from its output terminal, a clock
signal that is a square-wave signal at the reference fre-
quency with a duty of 50%.
[0067] The enable circuit 420 includes blocks identified
by the reference signs 421 to 424. A transistor 421 is
formed as an N-channel MOSFET (metal-oxide-semi-
conductor field-effect transistor). Of the transistor 421,
the gate is fed with an enable signal EN, the drain is
connected to the input terminal of an inverter circuit 423
and is also connected via a resistor 422 to a terminal to
which a direct-current voltage LVIN is applied, and the
source is connected to ground. The direct-current volt-
ages VIN and LVIN having predetermined positive direct-
current voltage values are generated respectively by di-
rect-current sources VS1 and VS2 provided in the power
feeding device 1 (for example, in the IC 100). The logic
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circuits in the power transmission circuit 130 operate by
using the direct-current voltage LVIN. A first and a second
input terminal of a two-input NAND circuit (negative log-
ical conjunction circuit) 424 are fed respectively with the
output signals of the inverter circuits 413 and 423.
[0068] The drive circuit 430 comprises an inverter cir-
cuit 431. The input terminal of the inverter circuit 431 is
fed with the output signal of the NAND circuit 424.
[0069] The class-E amplifier 440 includes blocks iden-
tified by the reference signs 441 to 445. A transistor 441
is formed as an N-channel MOSFET. Of the transistor
441, the gate is fed with the output signal of the inverter
circuit 431, the drain is connected to a node ND, and the
source is connected to ground. Of a choke coil 442, one
end is connected to the node ND, and the other end is
fed with the direct-current voltage VIN. Thus, the choke
coil 442 is interposed in series between the direct-current
voltage source VS1 and the transistor 441. The node ND
is connected to one end of a capacitor 443, and the other
end of the capacitor 443 is connected to ground. Thus,
the capacitor 443 is connected in parallel with the tran-
sistor 441. In addition, the node ND is connected to one
end of an LC resonance circuit composed of a capacitor
444 and a coil 445, so that between the other end of the
LC resonance circuit, which is the output terminal 446 of
the class-E amplifier 440, and ground, the output voltage
VE of the class-E amplifier 440 appears. More specifical-
ly, the node ND is connected to one end of the capacitor
444, the other end of the capacitor 444 is connected to
one end of the coil 445, and the other end of the coil 445
is connected to the terminal 446. The capacitor 444 and
the coil 445 may be arranged the other way around.
[0070] The selective voltage division circuit 450 in-
cludes blocks identified by the reference signs 451 to
454. The terminal 446 is connected to one end of a par-
allel circuit of a switch 452 and a resistor 451, and the
other end of the parallel circuit is connected to the termi-
nal TM1. The terminal 446 is connected to one end of a
serial circuit of a resistor 453 and a switch 454, and the
other end of the serial circuit is connected to ground. The
terminal TM2 is connected to ground. Fig. 12 shows the
selective voltage division circuit 450 in a direct-connected
state (see Fig. 14A), which will be described later.
[0071] The control circuit 160 feeds selectively either
a LOW-level or HIGH-level enable signal EN to the gate
of the transistor 421.
[0072] When the level of the enable signal EN fed to
the gate of the transistor 421 is HIGH, the transistor 421
is ON, and thus an inverse clock signal, which is the in-
verted signal of the clock signal, is output from the NAND
circuit 424, with the result that a drive signal, which is a
square-wave signal at the reference frequency with a du-
ty of 50%, is fed from the inverter circuit 431 to the gate
of the transistor 441. The drive signal is generally the
same signal as the clock signal.
[0073] When the level of the enable signal EN fed to
the gate of the transistor 421 is LOW, the transistor 421
is OFF, and thus the output signal of the NAND circuit

424 is held at HIGH level, with the result that the potential
at the gate of the transistor 441 is held at LOW level, and
thus the transistor 441 remains OFF (accordingly, the
class-E amplifier 440 stops operating, and ceases to out-
put the alternating-current voltage).
[0074] The transistor 441 may be configured as a par-
allel circuit of a plurality of transistors, in which case the
inverter circuit 431 may be configured as a parallel circuit
of a plurality of inverter circuits. Some of the components
of the power transmission circuit 130 shown in Fig. 12
(for example, the oscillator 411 and the coil in the class-
E amplifier 440) can be provided outside the IC 100.
[0075] Witt reference to Fig. 13, the operation of the
class-E amplifier 440 will be described. Fig. 13 shows
the waveforms of signals relevant to the class-E amplifier
440. In the following description, unless otherwise stated,
it is assumed that a HIGH-level enable signal EN is being
fed to the gate of the transistor 421.
[0076] The drive signal fed to the gate of the transistor
441 makes the transistor 441 perform switching opera-
tion, that is, turn ON and OFF, repeatedly. Suppose now
that, during the repetition, the transistor 441 has just
turned from ON to OFF. Even when the transistor 441
turns OFF, the choke coil 442 acts to keep a current pass-
ing from the choke coil 442 toward the node ND; thus,
electric charge accumulates in the capacitor 443, and
the potential at the node ND rises. Shortly, the potential
at the node ND stops rising and starts to fall. This is be-
cause the electric charge accumulated in the capacitor
443 now flows toward the resonance circuit composed
of the capacitor 444 and the coil 445.
[0077] Here, for the class-E amplifier 440 to operate
with optimal efficiency (in other words, with the least loss),
when the transistor 441 is turned from OFF to ON, the
first and second class-E operation conditions described
below have to be satisfied. The first class-E operation
condition requires that, at the moment that the transistor
441 is turned from OFF to ON, the potential at the node
ND equal generally 0 V. The second class-E operation
condition requires that, at the moment that the transistor
441 is turned from OFF to ON, the slope of the voltage
waveform at the node ND equals generally zero. When
these conditions are satisfied, the alternating-current
voltage VE with a sinusoidal waveform at the reference
frequency is generated with low loss. The operation of
generating the alternating-current voltage VE that satis-
fies the first and second class-E operation conditions is
referred to as class-E amplification operation.
[0078] Whether or not class-E amplification operation
is achieved depends on the inductances of the coils 442
and 445 and the capacitances of the capacitors 443 and
444. To make the class-E amplifier 440 operate with high
efficiency (low loss) and thereby achieve high-efficiency
power transfer in the system as a whole, the inductances
of the coils 442 and 445 and the capacitances of the
capacitors 443 and 444 can be previously so set that
class-E amplification operation is achieved. More specif-
ically, the inductances of the coils 442 and 445 and the
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capacitances of the capacitors 443 and 444 can be so
set, for example, that class-E amplification operation is
achieved when the power transmission operation is per-
formed in the regularly placed state with the electronic
device 2 placed on the power feeding stage 12, and/or
that class-E amplification operation is achieved in the
detached state.
[0079] With reference to Figs. 14A and 14B, the oper-
ation and function of the selective voltage division circuit
450 will be described. The control circuit 160 can, by
turning ON and OFF the switches 452 and 454 individu-
ally, switch the selective voltage division circuit 450 be-
tween a direct-connected state and a divided-voltage
state. Fig. 14A and 14B shows the selective voltage di-
vision circuit 450 in the direct-connected state and in the
divided-voltage state respectively. In the following de-
scription, unless otherwise stated, the direct-connected
and divided-voltage states refer to those when the switch
circuit 110 is in the power feeding-connected state.
[0080] In the direct-connected state, the switch 452 is
ON and the switch 454 is OFF. Thus, in the direct-con-
nected state, the output terminal 446 of the class-E am-
plifier 440 is connected via the terminal TM1 directly to
the terminal TM3 (see also Fig. 12), with the result that
the output voltage VE itself of the class-E amplifier 440
is fed to the resonance circuit TT. As mentioned earlier,
owing to the impedance matching capacitor MTC, the im-
pedance value of the resonance circuit TT as observed
from the power transmission circuit 130 equals 50 Ω.
Accordingly, in the direct-connected state, the imped-
ance value of the selective voltage division circuit 450
and the resonance circuit TT as observed from the class-
E amplifier 440 equals 50 Ω, if the effect of a foreign
object or the like is ignored (the effect of a foreign object
or the like will be discussed later).
[0081] In the divided-voltage state, the switch 452 is
OFF and the switch 454 is ON. Thus, in the power feed-
ing-connected state and in addition in the divided-voltage
state, the output terminal 446 of the class-E amplifier 440
is connected via the resistor 451 to the terminals TM1
and TM3 (see also Fig. 12), with the result that a voltage
(hereinafter referred to as the division voltage VE’) ob-
tained by dividing the output voltage VE of the class-E
amplifier 440 is fed to the resonance circuit TT. The re-
sistance values of the resistors 451 and 453 are set at
450 Ω and 55 Ω respectively. Moreover, as mentioned
earlier, owing to the impedance matching capacitor MTC,
the impedance value of the resonance circuit TT as ob-
served from the power transmission circuit 130 equals
50 Ω. Accordingly, in the divided-voltage state, the im-
pedance value of the selective voltage division circuit 450
and the resonance circuit TT as observed from the class-
E amplifier 440 equals "(1 / 55 + 1 / (450 + 50))-1 ≈ 50",
that is, about 50 Ω, if the effect of a foreign object or the
like is ignored (the effect of a foreign object or the like
will be discussed later). Based on the resistance values
mentioned above, the amplitude of the division voltage
VE’ is 1/10 of the amplitude of the output voltage VE. This

means that the electric power that is fed from the class-
E amplifier 440 to the resonance circuit TT in the divided-
voltage state is 1/100 of that in the direct-connected state.
It should be noted that the just-mentioned voltage division
ratio (the amplitude ratio between VE and VE’) is merely
an example and may be changed as desired.
[0082] The power feeding device 1 can perform a for-
eign object detection process to detect the presence or
absence of a foreign object. A foreign object detection
process that is performed before power transfer is per-
formed, in particular, is referred to as a pFOD process.
When a magnetic field is being generated in the trans-
mission-side coil TL, placing a foreign object on the power
feeding stage 12 causes an electric current based on the
magnetic field generated in the coil TL to pass in the for-
eign object; the current in the foreign object generates a
voltage in the resonance circuit TT, and causes a varia-
tion in the current amplitude in the transmission-side coil
TL (hereinafter referred to as a detection target current
amplitude variation for convenience’s sake). Thus, by ob-
serving a detection target current amplitude variation, it
is possible to judge the presence or absence of a foreign
object. However, generating a strong magnetic field in
the pFOD process may lead to, as mentioned earlier, the
foreign object being damaged or otherwise affected.
[0083] One possible approach is to lower the direct-
current voltage VIN in the pFOD process compared with
that in the power transmission operation so that, while
the lowering is in effect, the alternating-current voltage
VE output from the class-E amplifier 440 is fed to the
resonance circuit TT (hereinafter referred to as the low-
ered VIN approach). The lowered VIN approach requires
a configuration, unlike that of the first embodiment, where
the selective voltage division circuit 450 is omitted from
the power transmission circuit 130 and the output termi-
nal 446 of the class-E amplifier 440 is connected directly
to the terminals TM1 and TM3 (see also Fig. 12). The
lowered VIN approach may help avoid damaging a for-
eign object but, because of the use of the class-E ampli-
fier 440 in the power transmission circuit 130 with a view
to achieving high-efficiency operation, raises the follow-
ing concern.
[0084] If a foreign object is present at a position where
it causes a detection target current amplitude variation,
due to magnetic coupling and the like between the foreign
object and the transmission-side coil TL, the impedance
value of the resonance circuit TT as observed from the
class-E amplifier 440 deviates from 50 Ω. The class-E
amplifier 440 is designed to perform class-E amplification
operation on the assumption that the impedance value
of the resonance circuit TT as observed from the class-
E amplifier 440 equals 50 Ω, and thus a deviation in the
impedance value from 50 Ω produces a variation in the
output of the class-E amplifier 440 compared with that
when the impedance value equals 50 Ω. The variation in
the output here includes a variation in the amplitude of
the output voltage VE of the class-E amplifier 440 and a
variation in the waveform of the output voltage VE. A var-
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iation in the output of the class-E amplifier 440 resulting
from a deviation in the impedance value from 50 Ω caus-
es a variation in the current amplitude in the transmission-
side coil TL. This variation in the current amplitude in the
transmission-side coil TL resulting from a variation in the
output of the class-E amplifier 440 is referred to, for con-
venience’ sake, as a noise current amplitude variation.
The presence of a noise current amplitude variation in-
terferes with the detection of a detection target current
amplitude variation which should rather be observed for
foreign object detection.
[0085] If, for discussion’s sake, the amount and direc-
tion of a variation in current amplitude resulting from a
noise current amplitude variation are determined une-
quivocally, it is possible, by taking what results from the
noise current amplitude variation into consideration, to
perform foreign object detection by the pFOD process
with high accuracy. However, in reality, depending on
factors such as the kind of the foreign object and how it
is placed on the power feeding stage 12, the amount and
direction of a variation in current amplitude resulting from
a noise current amplitude variation vary (that is, a noise
current amplitude variation may cause the current am-
plitude in the transmission-side coil TL to increase in
some cases and decrease in other cases, and by varying
amounts). Thus, a noise current amplitude variation low-
ers the accuracy of foreign object detection by the pFOD
process.
[0086] Out of these considerations, in the first embod-
iment, the lowered VIN approach is not adopted, but in-
stead the effect of a noise current amplitude variation is
alleviated by use of the selective voltage division circuit
450. Specifically, in the first embodiment, the voltage val-
ue of the direct-current voltage VIN is fixed, and when
the power transmission operation is performed, the se-
lective voltage division circuit 450 is kept in the direct-
connected state so that the maximum electric power that
the class-E amplifier 440 can output is fed to the reso-
nance circuit TT, while, in the pFOD process, the selec-
tive voltage division circuit 450 is kept in the divided-volt-
age state. In the divided-voltage state, the impedance of
the selective voltage division circuit 450 and the reso-
nance circuit TT as observed from the class-E amplifier
440 is composed of an impedance component ascribable
to the resistance value, 450 Ω, of the resistor 451 and
an impedance component (50 Ω if the presence of a for-
eign object or the like is ignored) of the circuits in the
stages succeeding the terminals TM3 and TM4. The
former impedance component, which accounts for about
90%, is constant irrespective of the presence or absence
of a foreign object, and thus, in the divided-voltage state,
a variation ascribable to the presence of a foreign object
in the impedance value (the impedance value of the res-
onance circuit TT as observed from the class-E amplifier
440) is about 1/10 of that in the direct-connected state.
Thus, the effect of a noise current amplitude variation on
a detection target current amplitude variation in the di-
vided-voltage state is about 1/10 of that in the direct-

connected state. Needless to say, the values mentioned
above such as "1/10" change as the voltage division ratio
(the amplitude ratio between VE and VE’) changes.

[pFOD Process (pFOD Process Before Power Transfer)]

[0087] With reference to Fig. 15, a pFOD process
based on what has been discussed above will be de-
scribed. Fig. 15 is a flow chart of the pFOD process.
[0088] When the pFOD process is performed, the pow-
er transmission circuit 130 is connected to the resonance
circuit TT. Then, first, at step S11, the divided-voltage
state is put into effect. Thus, at step S12, the division
voltage VE’ is, as a test alternating-current voltage, fed
from the class-E amplifier 440 via the selective voltage
division circuit 450 to the resonance circuit TT, with the
result that a test magnetic field with a predetermined test
intensity as its magnetic field intensity H is generated in
the transmission-side coil TL. The magnetic field intensity
H is the magnetic field intensity of the magnetic field gen-
erated in the transmission-side coil TL, and more precise-
ly it is the magnetic field intensity of the alternating mag-
netic field generated by the transmission-side coil TL and
oscillating at the reference frequency. The test intensity,
which is the magnetic field intensity of the test magnetic
field, is significantly lower than the intensity of the mag-
netic field generated in the transmission-side coil TL in
power transfer (that is, in the power transmission oper-
ation) (that is, the magnetic field intensity of the power
transmission magnetic field; for example, 45 to 60 A/m),
and falls, for example, within the range between the lower
limit value, 1.5 A/m, and the upper limit value, 7.5 A/m,
of communication magnetic field intensity. Thus, there is
no or almost no danger of the test magnetic field dam-
aging or otherwise affecting the foreign object 3.
[0089] Subsequently to step S12, at step S13, by using
the load sensing circuit 140, the control circuit 160 ac-
quires, as a sensed current amplitude value VpFOD, the
voltage value VD as observed when the test magnetic
field is being generated. The sensed current amplitude
value VpFOD has a value commensurate with the ampli-
tude of the current passing in the transmission-side coil
TL when the test magnetic field is being generated in the
transmission-side coil TL. During the period in which the
pFOD process is performed, according to an instruction
from the power feeding device 1 via NFC communication,
the fO changing/short-circuiting operation (resonance
frequency changing operation or coil short-circuiting op-
eration) is performed in the electronic device 2. Accord-
ingly, the resonance circuit RR (reception-side coil RL)
generally does not act as a load to the transmission-side
coil TL, and thus causes no or almost no decrease in the
sensed current amplitude value VpFOD.
[0090] Subsequently to step S13, at step S14, the con-
trol circuit 160 checks whether or not the sensed current
amplitude value VpFOD falls within a predetermined nor-
mal pFOD range. If the sensed current amplitude value
VpFOD falls within the normal pFOD range, the control
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circuit 160 judges that no foreign object 3 is present on
the power feeding stage 12 (step S15). This judgment is
referred to as a foreign-object-absent judgment. On the
other hand, if the sensed current amplitude value VpFOD
falls outside the normal pFOD range, the control circuit
160 judges that a foreign object 3 is present on the power
feeding stage 12 (step S16). This judgment is referred
to as a foreign-object-present judgment. After a foreign-
object-absent or foreign-object-present judgment, the
selective voltage division circuit 450 is brought into the
direct-connected state (step S17), and the pFOD process
is ended. On making a foreign-object-absent judgement,
the control circuit 160 recognizes that the power trans-
mission operation by the power transmission circuit 130
is permissible, and permits the power transmission circuit
130 to perform the power transmission operation (power
transmission using the resonance circuit TT); on making
a foreign-object-present judgment, the control circuit 160
recognizes that the power transmission operation by the
power transmission circuit 130 is not permissible, and
inhibits the power transmission circuit 130 from perform-
ing the power transmission operation. In the power trans-
mission operation, the selective voltage division circuit
450 is kept in the direct-connected state; thus, the alter-
nating-current voltage VE is, as a power transmission
alternating-current voltage, fed from the class-E amplifier
440 via the selective voltage division circuit 450 to the
resonance circuit TT, so that a predetermined power
transmission magnetic field is generated in the transmis-
sion-side coil TL.
[0091] The normal pFOD range is a range of values
equal to or larger than a predetermined lower limit value
V pREFL but equal to or smaller than a predetermined
upper limit value VpREFH (0 < VpREFL < VpREFH).
Accordingly, when the check inequality "VpREFL ≤ VpFOD
≤ VpREFH" is satisfied, a foreign-object-absent judgment
is made, and otherwise a foreign-object-present
judgment is made.
[0092] When the pFOD process is performed, if a for-
eign object 3 is present on the power feeding stage 12,
the resonance circuit JJ (coil JL) in the foreign object 3
acts as a load to the transmission-side coil TL, with the
result that a decrease is observed in the sensed current
amplitude value VpFOD as compared with when no foreign
object 3 is present on the power feeding stage 12.
[0093] A foreign object can be a foreign object 3a (un-
illustrated) different from the foreign object 3. The foreign
object 3a is, for example, a metal body containing alumi-
num (a foil or sheet of aluminum) or a metal body con-
taining copper. When the pFOD process is performed, if
a foreign object 3a is present on the power feeding stage
12, due to electric and magnetic effects, an increase is
observed in the sensed current amplitude value VpFOD
as compared with when no foreign object 3a is present
on the power feeding stage 12.
[0094] The lower limit value VpREFL and the upper limit
value VpREFH are set beforehand through experiments
or the like and stored in the memory 150 such that, before

power transfer is performed: if a foreign object 3 is
present on the power feeding stage 12, the sensed cur-
rent amplitude value VpFOD is lower than the lower limit
value VpREFL; if a foreign object 3a is present on the pow-
er feeding stage 12, the sensed current amplitude value
VpFOD is higher than the upper limit value V pREFH; and
if no foreign object (3 or 3a) is present on the power feed-
ing stage 12, the sensed current amplitude value VpFOD
falls within the normal pFOD range.
[0095] When a power transmission magnetic field is
generated with a foreign object 3a present on the power
feeding stage 12, the foreign object 3a may absorb
electric power and heat up. In the first embodiment,
where the reference frequency as the carrier frequency
for power transfer is assumed to be 13.56 MHz, it can be
said that no such heating-up is likely. Accordingly, it is
also possible, with no consideration given to the
presence of the foreign object 3a, to make a foreign-
object-present judgment only if the sensed current
amplitude value VpFOD is lower than the lower limit value
VpREFL and to make a foreign-object-absent judgment
always if the sensed current amplitude value VpFOD is
equal to or higher than the lower limit value VpREFL (that
is, the upper limit value VpREFH may be omitted).
However, in the invention according to the first
embodiment, the reference frequency is not limited to
13.56 MHz; when the reference frequency is set at, for
example, about several hundred kilohertz, the foreign
object 3a is likely to heat up, and therefore it is preferable
to adopt the previously described method in which the
normal pFOD range is defined by not only the lower limit
value VpREFL but also the upper limit value VpREFH.
[0096] An additional description will now be given of
how the lower limit value VpREFL is determined. The lower
limit value V pREFL is determined in an initial setting proc-
ess. Fig. 16 is an operation flow chart of the initial setting
process. The initial setting process is performed by the
IC 100 in an initial setting environment as described be-
low. In the initial setting environment, the load to the
transmission-side coil TL is null or negligibly small, and
no object in which an electric current can be generated
by the magnetic field generated in the transmission-side
coil TL (including a coil that magnetically couples with the
transmission-side coil TL) is present except the compo-
nents of the power feeding device 1. The detached state
in Fig. 1A can be taken as satisfying the initial setting
environment. To secure an initial setting environment,
the initial setting process can be performed, for example,
at the time of manufacture, shipment, or the like of the
power feeding device 1. So long as an initial setting en-
vironment can be secured, the initial setting process can
be performed at any time.
[0097] When the initial setting process is performed,
the power transmission circuit 130 is connected to the
resonance circuit TT. Then, first, at step S21, the divided-
voltage state is put into effect. Thus, at step S22, the
division voltage VE’ is, as a test alternating-current volt-
age, fed from the class-E amplifier 440 via the selective
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voltage division circuit 450 to the resonance circuit TT,
with the result that a test magnetic field with a predeter-
mined test intensity as its magnetic field intensity H is
generated in the transmission-side coil TL. Subsequently
to step S22, at step S23, by using the load sensing circuit
140, the control circuit 160 acquires, as a voltage value
VDO, the voltage value VD as observed when the test
magnetic field is being generated. Then, at step S24, a
lower limit value V pREFL based on the voltage value VDO
is stored in the memory 150. The lower limit value VpREFL
is set at a value lower than the voltage value VDO so that,
only when a foreign object 3 is present, the pFOD process
yields a foreign-object-present judgment. For example,
the setting may be such that "V pREFL = VDO - ΔV" or
"VpREFL = VDO 3 k". Here, ΔV is a predetermined positive
minute value (it may also be that ΔV = 0); k represents
a coefficient with a predetermined positive value smaller
than 1. The voltage value VD that is expected to be ob-
tained when the magnetic field intensity H is set at a pre-
determined test intensity in the initial setting environment
can be estimated at the stage of designing. Based on the
value derived from the estimation, it is possible, without
performing the initial setting process, to determine the
lower limit value VpREFL and store it in the memory 150.
[0098] With reference to Figs. 17A to 17D, a first to a
fourth case related to the detection of a foreign object 3
will be considered. In the first case, only the electronic
device 2 is present on the power feeding stage 12. In the
second case, the electronic device 2 and a foreign object
3 are present on the power feeding stage 12. In the third
case, only a foreign object 3 is present on the power
feeding stage 12. In the fourth case, neither the electronic
device 2 nor a foreign object 3 is present on the power
feeding stage 12.
[0099] As mentioned earlier, during the period in which
the pFOD process is performed, the fO changing/short-
circuiting operation is performed in the electronic device
2. Thus, in the first case, the load to the transmission-
side coil TL is sufficiently light (a state as if no electronic
device 2 were present on the power feeding stage 12),
and the sensed current amplitude value VpFOD is suffi-
ciently large, so that a foreign-object-absent judgment is
made. On the other hand, in the second case, though
the resonance frequency of the resonance circuit RR is
changed to the above-mentioned frequency fM, or the
reception-side coil RL is short-circuited, the foreign object
3 remains a load to the transmission-side coil TL (the
resonance frequency of the resonance circuit JJ in the
foreign object 3 remains at the reference frequency), and
thus the sensed current amplitude value VpFOD is suffi-
ciently small, so that a foreign-object-present judgment
is made.
[0100] In the third and fourth cases, no electronic de-
vice 2 that responds to NFC communication is present
on the power feeding stage 12, and thus in the first place,
no power transmission operation is necessary; accord-
ingly, the pFOD process itself is not performed. The pow-
er feeding device 1 can, by NFC communication, check

whether or not an electronic device 2 compatible with
power transfer is present on the power feeding stage 12.
A state where a foreign object 3 is present on the power
feeding stage 12 is not limited to a state where the foreign
object 3 is in direct contact with the power feeding stage
12. For example, as shown in Fig. 18, a state where the
electronic device 2 is present on the power feeding stage
12 in direct contact with it and a foreign object 3 is present
on the electronic device 2 also counts, so long as a for-
eign-object-present judgment is made, as a state where
a foreign object 3 is present on the power feeding stage
12.

[Signal Exchange Before Power Transfer, Fig. 19]

[0101] With reference to Fig. 19, the exchange of sig-
nals between the devices 1 and 2 before power transfer
is performed will be described. In connection with the first
embodiment, unless otherwise stated, the following de-
scription assumes that the electronic device 2 is present
on the power feeding stage 12 in the regularly placed
state (Fig. 1B).
[0102] First, with the power feeding device 1 on the
transmitting side and the electronic device 2 on the re-
ceiving side, the power feeding device 1 (IC 100) trans-
mits an inquiry signal 510 to a device on the power feed-
ing stage 2 (hereinafter referred to also as the power
feeding target device) by NFC communication. The pow-
er feeding target device includes the electronic device 2,
and can include a foreign object 3. The inquiry signal 510
includes a signal inquiring individual identification infor-
mation of the power feeding target device, a signal in-
quiring whether or not the power feeding target device is
in a state enabled to perform NFC communication, and
a signal inquiring whether or not the power feeding target
device can receive electric power or is requesting trans-
mission of electric power.
[0103] On receiving the inquiry signal 510, the elec-
tronic device 2 (IC 200) transmits a response signal 520
responding to the inquiry of the inquiry signal 510 to the
power feeding device 1 by NFC communication. On re-
ceiving the response signal 520, the power feeding de-
vice 1 (IC 100) analyzes the response signal 520, and if
the power feeding target device is enabled to perform
NFC communication and in addition it can receive electric
power or is requesting transmission of electric power, the
power feeding device 1 (IC 100) transmits a test request
signal 530 to the power feeding target device by NFC
communication. On receiving the test request signal 530,
the electronic device 2 (IC 200) as the power feeding
target device transmits a response signal 540 responding
to the test request signal 530 to the power feeding device
1 by NFC communication, and then promptly performs
the fO changing/short-circuiting operation (resonance
frequency changing operation or coil short-circuiting op-
eration). The test request signal 530 is, for example, a
signal requesting and indicating the execution of the fO
changing/short-circuiting operation, and when triggered
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by the reception of the test request signal 530, the control
circuit 250 in the electronic device 2 makes the resonance
state changing circuit 240 perform the fO changing/short-
circuiting operation. Before the reception of the test re-
quest signal 530, the fO changing/short-circuiting opera-
tion remains unperformed. The test request signal 530
may be any signal so long as it can trigger the execution
of the fO changing/short-circuiting operation, and may be
contained in the inquiry signal 510.
[0104] On receiving the response signal 540, the pow-
er feeding device 1 (IC 100) performs the above-de-
scribed pFOD process. During the period in which the
pFOD process is performed, the electronic device 2 (IC
200) continues performing the fO changing/short-
circuiting operation. Specifically, the electronic device 2
(IC 200), by using an incorporated timer, continues per-
forming the fO changing/short-circuiting operation for a
time corresponding to the length of the period for which
the pFOD process is performed, and then stops the fO
changing/short-circuiting operation.
[0105] In the pFOD process, if it is judged that no for-
eign object is present on the power feeding stage 12, the
power feeding device 1 (IC 100) transmits a verification
signal 550 to the power feeding target device by NFC
communication. The verification signal 550 includes, for
example, a signal notifying the power feeding target de-
vice of the forthcoming power transmission. On receiving
the verification signal 550, the electronic device 2 (IC
200) transmits a response signal 560 responding to the
verification signal 550 to the power feeding device 1 by
NFC communication. The response signal 560 includes,
for example, a signal notifying recognition of what is con-
veyed by the verification signal 550 or a signal giving
permission to what is conveyed by the verification signal
550. On receiving the response signal 560, the power
feeding device 1 (IC 100) connects the power transmis-
sion circuit 130 to the resonance circuit TT to perform
the power transmission operation, and thus power trans-
fer 570 is achieved. As mentioned above, when the power
transmission operation is performed, the selective volt-
age division circuit 450 is kept in the direct-connected
state.
[0106] In the first case in Fig. 17A, power transfer 570
is performed through the procedure described above.
However, in the second case in Fig. 17B, although the
procedure proceeds up to the transmission and reception
of the response signal 540, in the pFOD process, it is
judged that a foreign object is present on the power feed-
ing stage 12; thus, no power transfer 570 is performed.
A single session of power transfer 570 may be performed
for a predetermined time. The sequence of operation
from the transmission of the inquiry signal 510 to power
transfer 570 may be performed repeatedly. In practice,
as shown in Fig. 20, NFC communication, a pFOD proc-
ess, and power transfer (NFC power transfer) can be
performed sequentially and repeatedly. That is, in the
non-contact power feeding system, operation for per-
forming NFC communication, operation for performing a

pFOD process, and operation for performing power
transfer (NFC power transfer) can be performed sequen-
tially and repeatedly on a time-division basis.

[Operation Flow Chart of a Power Feeding Device and 
an Electronic Device]

[0107] Next, the flow of the operation of the power feed-
ing device 1 will be described. Fig. 21 is an operation
flow chart of the power feeding device 1. The operation
of the communication circuit 120 and the power trans-
mission circuit 130 is performed under the control of the
control circuit 160.
[0108] When the power feeding device 1 starts up, first,
at step S101, the control circuit 160 controls the switch
circuit 110 such that the communication circuit 120 is
connected to the resonance circuit TT. Subsequently, at
step S102, the control circuit 160 transmits an inquiry
signal 510 to the power feeding target device by NFC
communication using the communication circuit 120 and
the resonance circuit TT, and then, at step S103, the
control circuit 160 waits for the reception of a response
signal 520. When the communication circuit 120 receives
the response signal 520, the control circuit 160 analyzes
the response signal 520, and if the power feeding target
device is enabled to perform NFC communication and in
addition it can receive electric power or is requesting
transmission of electric power, it is judged that a power
transmission target is present (step S104, Y), and an
advance is made to step S105; otherwise (step S104,
N), a return is made to step S102.
[0109] At step S105, the control circuit 160 transmits
a test request signal 530 to the power feeding target de-
vice by NFC communication using the communication
circuit 120 and the resonance circuit TT, and then, at step
S106, the control circuit 160 waits for the reception of a
response signal 540. When the communication circuit
120 receives the response signal 540, then, at step S107,
the control circuit 160 controls the switch circuit 110 such
that the power transmission circuit 130 is connected to
the resonance circuit TT, and subsequently, at step
S108, the above-described pFOD process is performed.
[0110] After the pFOD process, at step S109, the con-
trol circuit 160 controls the switch circuit 110 such that
the communication circuit 120 is connected to the reso-
nance circuit TT, and an advance is made to step S110.
If, in the pFOD process at step S108, a foreign-object-
present judgment has been made, a return is made from
step S110 to step S102; if a foreign-object-absent judg-
ment has been made, an advance is made from step
S110 to step S111.
[0111] At step S111, the control circuit 160 transmits
a verification signal 550 to the power feeding target de-
vice by NFC communication using the communication
circuit 120 and the resonance circuit TT, and then, at step
S112, the control circuit 160 waits for the reception of a
response signal 560. When the communication circuit
120 receives the response signal 560, then, at step S113,
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the control circuit 160 controls the switch circuit 110 such
that the power transmission circuit 130 is connected to
the resonance circuit TT, and an advance is made to step
S114.
[0112] At step S114, the control circuit 160 sets a pow-
er transmission permit flag to ON, and starts power trans-
mission operation and an mFOD process, and then an
advance is made to step S115. As mentioned above,
when the power transmission operation is performed, the
selective voltage division circuit 450 is kept in the direct-
connected state. As will be described in detail later,
through the mFOD process, the presence or absence of
a foreign object during power transfer is checked, and if
a foreign object is detected, the power transmission per-
mit flag is turned to OFF. The control circuit 160 counts
the time that has elapsed from the start of the power
transmission operation, and, at step S115, the control
circuit 160 compares the time elapsed with a predeter-
mined time tA (for example, 10 minutes) and checks the
status of the power transmission permit flag. When the
time elapsed reaches the predetermined time tA, or when
through the mFOD process the power transmission per-
mit flag is set to OFF, an advance is made to step S116.
At step S116, the control circuit 160 turns the power trans-
mission permit flag from ON to OFF, or keeps the power
transmission permit flag set to OFF, and stops the power
transmission operation and the mFOD process; a return
is then made to step S101.
[0113] Next, the flow of the operation of the electronic
device 2 will be described. Fig. 22 is an operation flow
chart of the electronic device 2, and the procedure start-
ing at step S201 is performed concurrently with the op-
eration of the power feeding device 1 shown in Fig. 21.
The operation of the communication circuit 220 and the
power reception circuit 230 is performed under the con-
trol of the control circuit 250.
[0114] When the electronic device 2 starts up, first, at
step S201, the control circuit 250 controls the switch cir-
cuit 210 such that the communication circuit 220 is con-
nected to the resonance circuit RR. When the electronic
device 2 starts up, the fO changing/short-circuiting oper-
ation remains unperformed. Subsequently, at step S202,
the control circuit 250, by using the communication circuit
220, waits for the reception of an inquiry signal 510. When
the communication circuit 220 receives the inquiry signal
510, then, at step S203, the control circuit 250 analyzes
the inquiry signal 510 to generate a response signal 520,
and transmits the response signal 520 to the power feed-
ing device 1 by NFC communication using the commu-
nication circuit 220. At this point, the control circuit 250
checks the condition of the battery 21, and if the battery
21 is not in a fully charged state and in addition the battery
21 does not exhibit any abnormality, the control circuit
250 includes in the response signal 520 a signal indicat-
ing readiness to receive electric power or requesting
transmission of electric power. On the other hand, if the
battery 21 is in a fully charged state or the battery 21
exhibits an abnormality, the control circuit 250 includes

in the response signal 520 a signal indicating unreadi-
ness to receive electric power.
[0115] Thereafter, when, at step S204, the test request
signal 530 is received by the communication circuit 220,
an advance is made to step S205. At step S205, the
control circuit 250 transmits a response signal 540 to the
power feeding device 1 by NFC communication using
the communication circuit 220, and subsequently, at step
S206, the control circuit 250, by using the resonance
state changing circuit 240, performs the fO chang-
ing/short-circuiting operation. Specifically, the control cir-
cuit 250 changes the resonance frequency fO from the
reference frequency to the frequency fM, or short-circuits
the reception-side coil RL. The control circuit 250 counts
the time that elapses after the start of the execution of
the fO changing/short-circuiting operation (step S207),
and when the time elapsed reaches a predetermined time
tM, the control circuit 250 stops the fO changing/short-
circuiting operation (step S208). Specifically, the control
circuit 250 changes the resonance frequency fO back to
the reference frequency, or ceases to short-circuit the
reception-side coil RL. Then, an advance is made to step
S209. The time tM is determined beforehand such that,
during the period in which the pFOD process is performed
in the power feeding device 1 (that is, during the period
in which the test magnetic field is being generated), the
execution of the fO changing/short-circuiting operation is
continued and, as soon as the period expires, the fO
changing/short-circuiting operation is promptly stopped.
The time tM may be specified in the test request signal
530.
[0116] At step S209, the control circuit 250 waits for
the reception of a verification signal 550 by use of the
communication circuit 220. When the communication cir-
cuit 220 receives the verification signal 550, then, at step
S210, the control circuit 250 transmits a response signal
560 responding to the verification signal 550 to the power
feeding device 1 by NFC communication using the com-
munication circuit 220. If a foreign object is present on
the power feeding stage 12, no verification signal 550 is
transmitted from the power feeding device 1 (see step
S110 in Fig. 21), and thus if, at step S209, no verification
signal 550 is received for a predetermined time, a return
can be made to step S201.
[0117] After the transmission of the response signal
560, at step S211, the control circuit 250 controls the
switch circuit 210 such that the power reception circuit
230 is connected to the resonance circuit RR, and sub-
sequently, at step S212, the control circuit 250 starts the
power reception operation using the power reception cir-
cuit 230. The control circuit 250 counts the time that
elapses after the start of the power reception operation,
and compares the time elapsed with a predetermined
time tB (step S213). When the time elapsed reaches the
time tB (step S213, Y), then, at step S214, the control
circuit 250 stops the power reception operation; a return
is then made to step S201.
[0118] The time tB is previously determined or is spec-
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ified in the verification signal 550 previously such that the
period in which the power reception operation is per-
formed generally coincides with the period in which the
power transmission operation is performed in the power
feeding device 1. A configuration is also possible where,
after the start of the power reception operation, the con-
trol circuit 250 monitors the charge current to the battery
21, and when the charge current value becomes equal
to or smaller than a predetermined value, the control cir-
cuit 250 judges that the power transmission operation
has ended and stops the power reception operation, an
advance then being made to step S201.

[mFOD process]

[0119] It can happen that a foreign object is placed on
the power feeding stage 12 after the start of power trans-
mission operation. An mFOD process serves as a foreign
object detection process during power transfer, and
through the mFOD process, the presence or absence of
a foreign object is constantly monitored during power
transfer.
[0120] Fig. 23 is an operation flow chart of the mFOD
process. During the period in which the power transmis-
sion operation is performed, the control circuit 160 per-
forms the mFOD process in Fig. 23 repeatedly. In the
mFOD process, first, at step S51, the control circuit 160
acquires the most recent voltage value VD as a sensed
current amplitude value VmFOD. The sensed current am-
plitude value VmFOD has a value commensurate with the
amplitude of the current that passes in the transmission-
side coil TL when a power transmission magnetic field is
being generated in the transmission-side coil TL. Subse-
quently, at step S52, the control circuit 160 checks wheth-
er or not the sensed current amplitude value VmFOD falls
within a predetermined normal mFOD range. If the
sensed current amplitude value VmFOD falls within the
normal mFOD range, a foreign-object-absent judgment
is made (step S53), and a return is made to step S51, so
that steps S51 and S52 are repeated. On the other hand,
if the sensed current amplitude value VmFOD falls outside
the normal mFOD range, then, at step S54, a foreign-
object-present judgment is made, and a power transmis-
sion permit flag is set to OFF. The power transmission
permit flag is a flag that is controlled by the control circuit
160, and is set to ON or OFF. When the power transmis-
sion permit flag is set to ON, the control circuit 160 permits
the execution of the power transmission operation; when
the power transmission permit flag is set to OFF, the con-
trol circuit 160 inhibits the execution of the power trans-
mission operation, or stops the power transmission op-
eration.
[0121] The normal mFOD range is a range of values
equal to or larger than a predetermined lower limit value
VmREFL but equal to or smaller than a predetermined
upper limit value VmREFH (0 < VmREFL < VmREFH).
Accordingly, when the check inequality "VmREFL ≤ VmFOD
≤ VmREFH" is satisfied, a foreign-object-absent judgment

is made, and otherwise a foreign-object-present
judgment is made.
[0122] With reference to Fig. 24A, consider, for exam-
ple, a case where, while the power transmission opera-
tion is being performed, a foreign object 3 configured as
a non-contact IC card is inserted between the power feed-
ing stage 12 of the power feeding device 1 and the elec-
tronic device 2. In this case, the reception-side coil RL in
the electronic device 2 and the coil JL in the foreign object
3 magnetically couple, and, along with the resonance
frequency of the resonance circuit JJ in the foreign object
3, the resonance frequency of the resonance circuit RR
in the electronic device 2 deviates from the reference
frequency (13.56 MHz). Then, the reception electric pow-
er in the reception-side coil RL lowers, and the power
transmission load as observed from the transmission-
side coil TL becomes lighter, with the result that the am-
plitude of the current passing in the transmission-side
coil TL becomes larger (the upper limit value VmREFH can
be determined such that "VmREFH < VmFOD" in this case).
[0123] For another example, with reference to Fig.
24B, consider a case where, while the power transmis-
sion operation is being performed, a foreign object 3b
configured as a sheet of iron or ferrite is inserted between
the power feeding stage 12 of the power feeding device
1 and the electronic device 2. Then, due to electric and
magnetic effects, an electric current passes in the foreign
object 3b, with the result that the amplitude of the current
passing in the transmission-side coil TL becomes smaller
(the lower limit value VmREFL can be determined such
that "VmFOD < VmREFL" in this case).
[0124] Thus, the presence or absence of a foreign ob-
ject like the foreign object 3 and the foreign object 3b
causes a variation in the sensed current amplitude value
VmFOD. A lower limit value VmREFL and an upper limit
value VmREFH that have been determined appropriately
beforehand through experiments or the like with consid-
eration given to every imaginable type of foreign object
and every imaginable state of arrangement can be stored
in the memory 150. Instead, how far the sensed current
amplitude value VmFOD varies due to the presence of a
foreign object during power transfer may be estimated
by theoretic calculation so that, based on the results of
the estimation, with no need for experiments, a lower limit
value VmREFL and an upper limit value VmREFH can be
determined and stored in the memory 150. In that case,
for example, an object that causes the sensed current
amplitude value VmFOD to vary by a predetermined factor
of variation or more about the center value of the normal
mFOD range can be defined as a foreign object.
[0125] The amplification factor of the amplifier 143
shown in Fig. 7 is variable. The amplitude of the current
passing in the transmission-side coil TL is significantly
larger when the power transmission operation and the
mFOD process are preformed than when the pFOD proc-
ess is performed. Accordingly, the control circuit 160 sets
the amplification factor of the amplifier 143 lower when
the mFOD process is performed than when the pFOD
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process is performed, and thereby keeps generally equal
the input signal range of the A-D converter 144 between
in the pFOD process and in the mFOD process.
[0126] For another example, between the envelope
curve detector 142 and the A-D converter 144 (more spe-
cifically, between the envelope curve detector 142 and
the amplifier 143, or between the amplifier 143 and the
A-D converter 144), a high-range reduction circuit (unil-
lustrated) may be inserted. In that case, amplitude infor-
mation obtained by subjecting the voltage drop signal
across the sense resistor 141 to high-range reduction (in
other words, averaging or low-pass filtering) can be ob-
tained as the voltage value VD from the A-D converter
144. The high-range reduction here is a process where-
by, of the voltage drop signal across the sense resistor
141, comparatively low-frequency signal components
are passed while comparatively high-frequency signal
components are reduced (attenuated). Through the high-
range reduction, inhibition of power transmission is pre-
vented from occurring due to noise, slight vibration of the
electronic device 2 on the power feeding stage 12, or the
like.
[0127] For another example, instead of a high-range
reduction circuit being provided between the envelope
detector 142 and the A-D converter 144, high-range re-
duction by calculation may be applied to the voltage value
VD based on the output signal of the A-D converter 144
so that the voltage value VD after the high-range reduc-
tion is used as the sensed current amplitude value VmFOD
(similar handling is possible also for the sensed current
amplitude value VpFOD in the pFOD process). High-range
reduction by calculation is a process performed in the
control circuit 160 whereby, of the output signal of the A-
D converter 144, comparatively low-frequency signal
components are passed while comparatively high-fre-
quency signal components are reduced (attenuated).
[0128] The function of the mFOD process is not limited
to foreign object presence/absence judgment. The
mFOD process serves to turn the power transmission
permit flag to OFF in any situation unsuitable to continue
the power transmission operation such as when the
sensed current amplitude value VmFOD falls outside the
normal mFOD range. For example, after the start of the
power transmission operation, when the electronic de-
vice 2 is removed off the power feeding stage 12, the
load of power transmission as observed from the trans-
mission-side coil TL becomes lighter and the sensed cur-
rent amplitude value VmFOD exceeds the upper limit value
VmREFH; thus, the power transmission permit flag is
turned to OFF (step S54 in Fig. 23).
[0129] Thus, in the first embodiment, an alternating-
current voltage for generating a magnetic field is gener-
ated by use of the low-loss class-E amplifier 440, and
this helps increase the efficiency of the entire system
involved in power transfer. Moreover, the foreign object
detection process makes it possible to prevent a foreign
object from being damaged or otherwise affected. In the
foreign object detection process (the pFOD process) be-

fore power transfer, the above-mentioned noise current
amplitude variation may degrade the accuracy of foreign
object presence/absence detection, but voltage division
using the selective voltage division circuit 450 reduces
the effect of the noise current amplitude variation, and
this keeps the accuracy of foreign object presence/ab-
sence detection high.

[Operating Conditions for the Class-E Amplifier]

[0130] Next, the processes and results of experiments
conducted to find out, in connection with the pFOD proc-
ess, the optimal operating conditions of the class-E am-
plifier 440. Fig. 25 is a table showing at a glance the data
obtained in the experiments.
[0131] In the experiments, the selective voltage divi-
sion circuit 450 was kept in the divided-voltage state. In
the experiments, the class-E amplifier 440 was brought
into one of a first to a fourteenth output state. For a given
integer i, the amplitude of the output voltage of the class-
E amplifier 440 in the (i+1)th output state was larger than
the amplitude of the output voltage of the class-E ampli-
fier 440 in the ith output state. In the experiments, the
direct-current voltage VIN was varied to obtain the differ-
ent output states. Accordingly, the direct-current voltage
VIN that yielded the (i+1)th output state was higher than
the direct-current voltage VIN that yielded the ith output
state.
[0132] In the experiments, a first and a second exper-
imental condition were defined. In the first experimental
condition, the initial setting environment mentioned
above was maintained (accordingly, the experimental
power reception board mentioned later was not placed
in the predetermined power transmission region on the
power feeding stage 12). In the second experimental con-
dition, in contrast to the first experimental condition, the
experimental power reception board was placed in the
predetermined power transmission region on the power
feeding stage 12. The experimental power reception
board was a board on which the reception-side reso-
nance circuit RR was mounted, and to the reception-side
resonance circuit RR, the fO changing/short-circuiting op-
eration was applied. Thus, a state that satisfied the sec-
ond experimental condition can be taken to be equivalent
to a state where an electronic device 2 in which the fO
changing/short-circuiting operation was being performed
was placed in the power transmission region on the pow-
er feeding stage 12.
[0133] The experiments gave a value VT1 represent-
ing the amplitude of the supply voltage to the resonance
circuit TT (that is, the amplitude of the alternating-current
voltage between the terminals TM3 and TM4; see Fig.
12). Here, it is assumed that the amplitude represented
by VT1 was twice the crest value, given in volts, of the
supply voltage to the resonance circuit TT. The values
of VT1 obtained in the first and second experimental con-
ditions are represented by VT1A and VT1B respectively.
The experiments also gave a value VT2 representing the
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digital output value of the A-D converter 144 which indi-
cates the voltage value VD (see Fig. 7). The values of
VT2 obtained in the first and second experimental con-
ditions are represented by VT2A and VT2B respectively.
DELTA and RVT2 are given by "DELTA = VT2B - VT2A"
and "RVT2 = DELTA/VT2A". It may also be that "RVT2 =
DELTA/VT2B".
[0134] In the experiments, for each of the first to four-
teenth output states, a unit process was performed in
which, with the class-E amplifier 440 in the ith output
state, the values of VT1A, VT1B, VT2A, VT2B, DELTA,
and RVT2 were determined. The results are shown in Fig.
25. A graph based on those results is shown in Fig. 26.
In Fig. 26, a segmented line 610 represents the relation-
ship between VT1A and DELTA, and a segmented line
620 represents the relationship between VT1A and RVT2.
[0135] So long as the fO changing/short-circuiting op-
eration is performed properly on the experimental power
reception board, ideally, the presence of the experimen-
tal power reception board has no effect on the impedance
value of the resonance circuit TT as observed from the
class-E amplifier 440, with the result that no variation is
supposed to be observed in either VT1 or VT2 between
the first and second experimental conditions. However,
in reality, a slight effect appears through the magnetic
coupling and the like between the transmission-side coil
TL and the reception-side coil RL on the experimental
power reception board. Here, how the effect appears de-
pends on VT1; depending on the value of VT1, DELTA
and RVT2 can increase or decrease.
[0136] The experiments revealed the following.

With the class-E amplifier 440 in the third output
state, "VT1A = 1.06". With "VT1A = 1.06", "DELTA =
0" and "RVT2 = 0". VT1A is in volts, and RVT2 is in
percent.
With the class-E amplifier 440 in the fourteenth out-
put state, "VT1A = 10.30". With "VT1A = 10.30",
"DELTA = -1" and "RVT2 = 0.1".
With "VT1A < 1.06", as VT1A decreased from 1.06,
DELTA increased from 0, and RVT2 increased from 0.
With "1.06 < VT1A < 10.30", as VT1A increased from
1.06, DELTA decreased from 0, and RVT2 decreased
from 0. As VT1A was increased from 1.06, when
VT1A equaled 5 to 6, DELTA and RVT2 took relative
minima, and even after DELTA and RVT2 took rela-
tive minima, as VT1A was increased toward 10.30,
DELTA and RVT2 decreased from their respective
relative minima toward 0.

[0137] That is, it was found that, only at the singular
point 631 corresponding to "VT1A = 1.06" and the singular
point 632 corresponding to "VT1A = 10.30", DELTA and
RVT2 equaled generally zero, and that as VT1A deviated
from the voltage at a singular point, DELTA and RVT2
increased or decreased from zero.
[0138] The pFOD process is a process whereby for-
eign object presence/absence is judged by observing the

presence or absence of a current amplitude variation (de-
tection target current amplitude variation) in the trans-
mission-side coil TL ascribable to the presence of a for-
eign object. During the observation, if a variation arises
in the current amplitude in the transmission-side coil TL
due to the presence of the electronic device 2, the vari-
ation becomes noise to foreign object presence/absence
judgment. Therefore, when the pFOD process is per-
formed, operating the class-E amplifier 440 under a con-
dition that minimizes the current amplitude variation in
the transmission-side coil TL due to the presence of the
electronic device 2 leads to higher accuracy in foreign
object detection. That is, based on the experiment results
in Fig. 25, operating the class-E amplifier 440 at or near
the singular point 631 corresponding to "VT1A = 1.06" or
the singular point 632 corresponding to "VT1A = 10.30"
lead to optimized or adequate accuracy of the foreign
object detection through the pFOD process.
[0139] Out of these considerations, a preferable ap-
proach is as follows.
[0140] The magnitude (voltage value) of the direct-cur-
rent voltage VIN can be determined such that, in the
pFOD process, when the division voltage VE’ (test alter-
nating-current voltage) is being fed to the resonance cir-
cuit TT, the division voltage VE’ (test alternating-current
voltage) has such an amplitude (VT1A or VT1B) as to
make the absolute value (|DELTA|) of the difference be-
tween VT2A and VT2B equal to or smaller than a prede-
termined value, or has such an amplitude (VT1A or VT1B)
as to make the ratio of the absolute value to VT2A (|DEL-
TA|/VT2A) or the ratio of the absolute value to VT2B
(|DELTA|/VT2B) equal to or smaller than a predetermined
value.
[0141] In other words, the magnitude (voltage value)
of the direct-current voltage VIN can be determined such
that, in the pFOD process, when the division voltage VE’
(test alternating-current voltage) is being fed to the res-
onance circuit TT, the absolute value (|DELTA|) of the
difference between VT2A and VT2B is equal to or smaller
than a predetermined value, or the ratio of the absolute
value to VT2A (|DELTA|/VT2A) or the ratio of the absolute
value to VT2B (|DELTA|/VT2B) is equal to or smaller than
a predetermined value. A magnitude of the direct-current
voltage VIN as described above was, in the circuit used
in the experiments, the magnitude of the direct-current
voltage VIN observe in the third or fourteenth output state.
[0142] The experimental power reception board in the
experiments is equivalent to the electronic device 2 in
which the fO changing/short-circuiting operation is being
performed, and thus
VT2A corresponds to the sensed current amplitude value
VD as observed when the division voltage VE’ (test alter-
nating-current voltage) is being fed to the resonance cir-
cuit TT and in addition the electronic device 2 is not
present in the predetermined power transmission region
for power transmission, and
VT2B corresponds to the sensed current amplitude value
VD as observed when the division voltage VE’ (test alter-
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nating-current voltage) is being fed to the resonance cir-
cuit TT and in addition the electronic device 2 in a state
where the fO changing/short-circuiting operation is being
performed is present in the predetermined power trans-
mission region for power transmission
[0143] One factor due to which DELTA and RVT2 de-
pend on VT1 is the non-linearity of the circuit that is ac-
tually connected to the reception-side resonance circuit
RR. Fig. 27 is a diagram showing the resonance circuit
RR configured as a parallel resonance circuit along with
circuits around it. The experiment data in Figs. 25 and
26 were obtained with the circuit in Fig. 27 assembled
on the experimental power reception board. That is, on
the experimental power reception board, in addition to
the resonance circuit RR, there were mounted a rectifi-
cation circuit DD, a transistor SS, and a resistor RSS as
well as lines LN1 to LN4 as wiring. The experimental
power reception board can be taken as the whole or a
part of the electronic device 2, and any circuit that is
mounted on the experimental power reception board can
be taken as one that can be mounted also on the elec-
tronic device 2. The rectification circuit DD is a full-wave
rectification circuit composed of diodes (rectifying devic-
es) D1 to D4. The transistor SS is formed as an N-channel
MOSFET.
[0144] In the circuit in Fig. 27, one end of the reception-
side coil RL and one end of the reception-side capacitor
RC are together connected to the line LN1. The other end
of the reception-side coil RL and the other end of the
reception-side capacitor RC are together connected to
the line LN2. The line LN1 is connected to both the anode
of the diode D1 and the cathode of the diode D3. The
line LN2 is connected to both the anode of the diode D2
and the cathode of the diode D4. The cathodes of the
diodes D1 and D2 are together connected to the line LN3.
The anodes of the diodes D3 and D4 are together con-
nected to the line LN4. Of the transistor SS, the drain is
connected to the line LN3, the source is connected to the
line LN4, and the gate is connected via the resistor RSS
to line LN4.
[0145] A control circuit of the experimental power re-
ception board, which corresponds to the control circuit
250 of the electronic device 2, controls the gate voltage
of the transistor SS to turn ON or OFF the transistor SS.
When the transistor SS is OFF, based on the magnetic
field generated in the transmission-side coil TL, an alter-
nating current passes in the reception-side coil RL, and
electric power based on the alternating current is rectified
by the rectification circuit DD and delivered to between
the lines LN3 and LN4, so that a positive voltage appears
on the line LN3 relative to the potential on the line LN4.
On the experimental power reception board, and hence
on the electronic device 2, the circuit composed of the
rectification circuit DD, the transistor SS, and the resistor
RSS can be provided between the resonance circuit RR
and the communication circuit 220, or between the res-
onance circuit RR and the power reception circuit 230.
Incidentally, the switch circuit 210 (see Fig. 5), which is

supposed to be interposed between the resonance circuit
RR and the rectification circuit DD, is omitted from illus-
tration in Fig. 27.
[0146] On the other hand, when the transistor SS is
ON, the reception-side coil RL is short-circuited via the
rectification circuit DD (more precisely, via the combina-
tion of the diodes D1 and D4 or the combination of the
diodes D2 and D3), and thus no voltage appears between
the lines LN3 and LN4 (for simplicity’s sake, the drain-
source voltage of the transistor SS is assumed to be ze-
ro). In the experiments in Figs. 25 and 26, the transistor
SS was ON. Thus, while the transistor SS in Fig. 27 cor-
responds to the switch 243 in Fig. 10, in the circuit in Fig.
27, between the resonance circuit RR and the transistor
SS corresponding to the switch 243, there is interposed
the circuit (DD) which is composed of semiconductor de-
vices (D1 to D4) with non-linear characteristics.
[0147] A graph 640 that approximates a part (the re-
gion where VT1A is generally equal to or larger than 2)
of the segmented line 620 representing the VT1A de-
pendence of RVT2 shown in Fig. 26 is shown in Fig. 28.
In the graph 640, in a region 641 where "2 ≤ VT1A < 7"
generally holds, RVT2 is kept at a constant negative value;
in a region 642 where "7 ≤ VT1A" generally holds, as
VT1A increases, RVT2 monotonically increases from the
predetermined negative value toward zero until, at the
singular point 632 (see also Fig. 26), it generally equals
zero.
[0148] In the region 641 where VT1A is comparatively
small, the voltage generated in the resonance circuit RR
resulting from the magnetic field generated in the trans-
mission-side coil TL is small, and thus the diodes D1 to
D4 are in a non-conducting state. Then, even when the
transistor SS is turned ON, the resonance circuit RR res-
onates at the reference frequency (13.56 MHz). That is,
in the region 641 where VT1A is comparatively small, the
resonance circuit RR acts as a load to the transmission-
side coil TL, and DELTA (hence RVT2) has a compara-
tively large value.
[0149] As VT1A is increased starting with the diodes
D1 to D4 in the non-conducting state, the diodes D1 to
D4 turn from the non-conducting state to a conducting
state; thus, the transistor SS, which is ON, brings, via the
diodes D1 to D4, the reception-side coil RL toward a short-
circuited state. This causes the transition from the region
641 to the region 642 in the graph 640. It is considered
that, when VT1A increases until the reception-side coil
RL comes into a state where it can be regarded as com-
pletely short-circuited, DELTA (hence RVT2) substantially
equals zero.

< Studies on the Present Invention, Part 1 >

[0150] To follow are studies on the present invention
as embodied as the first embodiment described above.
[0151] A power transmission device W1 according to
one aspect of the present invention is a power transmis-
sion device that can transmit electric power to a power
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reception device by magnetic resonance, and includes:
a transmission-side resonance circuit (TT) which in-
cludes a transmission-side coil (TL) for transmitting the
electric power and which has a predetermined reference
frequency as the resonance frequency; a class-E ampli-
fier (440) which generates and outputs an alternating-
current voltage (VE) at the reference frequency by switch-
ing a direct-current voltage fed from a direct-current pow-
er source by using a periodic signal at the reference fre-
quency; a selective voltage division circuit (450) which
is inserted between the class-E amplifier and the trans-
mission-side resonance circuit and which feeds the trans-
mission-side resonance circuit selectively with either the
output voltage of the class-E amplifier as a power trans-
mission alternating-current voltage (VE) or a voltage ob-
tained by dividing the output voltage of the class-E am-
plifier as a test alternating-current voltage (VE’); a sensing
circuit (140) which senses the amplitude of the current
passing through the transmission-side coil; and a control
circuit (160) which controls the selective voltage division
circuit and thereby controls the supply voltage to the
transmission-side resonance circuit. The control circuit
acquires, as an evaluation value (VpFOD), the sensed am-
plitude value from the sensing circuit when the test alter-
nating-current voltage is fed to the transmission-side res-
onance circuit, and controls, based on the evaluation val-
ue, whether or not to perform power transmission by feed-
ing the power transmission alternating-current voltage to
the transmission-side resonance circuit.
[0152] The use of the class-E amplifier permits high-
efficiency power transfer. On the other hand, a property
is observed such that, if a foreign object is present at a
place where it responds to the magnetic field generated
in the transmission-side coil, a variation appears in the
current amplitude in the transmission-side coil. By utiliz-
ing this property, it is possible to detect the presence or
absence of a foreign object based on a variation in the
current amplitude; it is then possible to perform control
such that, if a foreign object is detected being present,
power transmission is inhibited from being performed.
[0153] However, when a foreign object is present, a
variation may occur in the impedance value of the trans-
mission-side resonance circuit as observed from the
class-E amplifier; this variation in the impedance value
causes a variation in the output of the class-E amplifier,
and eventually causes a variation in the current amplitude
in the transmission-side coil. A variation (noise current
amplitude variation) in the current amplitude in the trans-
mission-side coil ascribable to a variation in the imped-
ance value interferes with the detection of the current
amplitude variation (detection target current amplitude
variation) that should rather be observed for foreign ob-
ject detection.
[0154] As a solution, in the power transmission device
W1, the selective voltage division circuit is provided to
alleviate the effect of the noise current amplitude varia-
tion. Specifically, the evaluation value used to control
whether or not to perform power transmission is acquired

in a state where a division voltage of the output of the
class-E amplifier is being used; thus, the variation in the
impedance value ascribable to the presence of a foreign
object is reduced by a factor corresponding to the voltage
division ratio. As a result, the effect of the noise current
amplitude variation on the detection target current am-
plitude variation is reduced; it is thus possible, while re-
ceiving the benefits of high-efficiency power transfer ow-
ing to the class-E amplifier, to ensure high-accuracy for-
eign object detection (that is, to ensure proper power
transmission permission/inhibition control). Since the
test alternating-current voltage is lower than the power
transmission alternating-current voltage for power trans-
mission, the intensity of the magnetic field generated in
the transmission-side coil when the evaluation value is
acquired can be held low. It is thus possible to prevent a
foreign object from being damaged or otherwise affected
by the magnetic field generated when the evaluation val-
ue is acquired.
[0155] Specifically, for example, in the power transmis-
sion device W1, the control circuit can judge, based on
the evaluation value (VpFOD), the presence or absence
of a foreign object which differs from the power reception
device and in which a current based on the magnetic field
generated in the transmission-side coil can be generated,
and can control, based on the result of the judgment,
whether or not to perform the power transmission.
[0156] More specifically, for example, in the power
transmission device W1, the control circuit can, on judg-
ing that no foreign object is present, permit the power
transmission and, on judging that a foreign object is
present, inhibit the power transmission.
[0157] For another example, in the power transmission
device W1, the control circuit can judge the presence or
absence of a foreign object by judging whether or not the
evaluation value falls outside a predetermined range.
[0158] For another example, in the power transmission
device W1, the class-E amplifier (440) can include: a
switching device (441) which performs switching opera-
tion according to the periodic signal; a first coil (442)
which is interposed between the direct-current power
source and the switching device; a first capacitor (443)
which is connected in parallel with the switching device;
and a resonance circuit which is connected to the con-
nection node between the switching device and the first
coil and which includes a second coil (445) and a second
capacitor (444). The alternating-current voltage can be
output via the resonance circuit.
[0159] For another example, in connection with the
power transmission device W1, the power reception de-
vice can include: a reception-side resonance circuit (RR)
which includes a reception-side coil (RL) for receiving the
electric power and which has the reference frequency as
the resonance frequency; and a changing/short-
circuiting circuit (240) which either changes the reso-
nance frequency of the reception-side resonance circuit
from the reference frequency or short-circuits the recep-
tion-side coil. When the evaluation value is acquired, ac-
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cording to a signal communicated from the power trans-
mission device, the resonance frequency of the recep-
tion-side resonance circuit can be changed or the recep-
tion-side coil can be short-circuited in the power reception
device.
[0160] It is thus possible to suppress the influence of
the reception-side resonance circuit on the current am-
plitude in the transmission-side coil, and thereby to en-
sure high accuracy in foreign object detection.
[0161] In that case, for example, in the power trans-
mission device W1, the direct-current voltage (VIN) can
have a voltage value such that, when the test alternating-
current voltage is fed to the transmission-side resonance
circuit, the absolute value (|DELTA|) of the difference be-
tween a first value (VT2A) and a second value (VT2B),
or the ratio (|DELTA|/VT2A or |DELTA|/VT2B) of the ab-
solute value to the first or second value, is equal to or
lower than a predetermined value. The first value (VT2A)
can be the sensed amplitude value from the sensing cir-
cuit acquired when the test alternating-current voltage is
fed to the transmission-side resonance circuit and in ad-
dition the power reception device is not present in a pre-
determined power transmission region for performing the
power transmission. The second value (VT2B) can be
the sensed amplitude value from the sensing circuit ac-
quired when the test alternating-current voltage is fed to
the transmission-side resonance circuit and in addition
the power reception device is present in the power trans-
mission region in a state where the resonance frequency
of the reception-side resonance circuit is changed or the
reception-side coil is short-circuited.
[0162] It is thus possible to optimize, or make ade-
quate, the accuracy of foreign object detection.
[0163] The power feeding device 1 itself in the first em-
bodiment described above may function as a power
transmission device according to the present invention,
or a part of the power feeding device 1 in the first em-
bodiment described above may function as a power
transmission device according to the present invention.
Likewise, the electronic device 2 itself in the first embod-
iment described above may function as a power recep-
tion device according to the present invention, or a part
of the electronic device 2 in the first embodiment de-
scribed above may function as a power reception device
according to the present invention.

<Second Embodiment>

[0164] A second embodiment of the present invention
will be described below. Like the first embodiment, the
second embodiment deals with the details of a non-con-
tact power feeding system including a power feeding de-
vice 1 and an electronic device 2 as shown Fig. 1A or
1B. The second embodiment is based on the first em-
bodiment, and thus, for those features of the second em-
bodiment which are not specifically mentioned, unless
inconsistent, the relevant parts of the description given
above in connection with the first embodiment apply sim-

ilarly to the second embodiment. In the second embod-
iment, for those features of the second embodiment
which contradict the corresponding features in the first
embodiment, the description given in connection with the
second embodiment prevails.
[0165] First, the parts of the description given in con-
nection with the first embodiment with reference to Fig.
1A, 1B, 2 to 10, 11A, and 11B apply similarly to the second
embodiment. It should however be noted that, in the sec-
ond embodiment, the circuit configuration of the power
transmission circuit differs from that shown in Fig. 12.
[0166] Fig. 29 shows a circuit diagram of the power
transmission circuit 130A according to the second em-
bodiment. In the second embodiment, the power trans-
mission circuit 130A is used as the power transmission
circuit 130 described previously. Like the power trans-
mission circuit 130 in Fig. 12, the power transmission
circuit 130A in Fig. 29 is suitable for foreign object pres-
ence/absence detection and achieves high-efficiency op-
eration. Fig. 29 also shows some circuits other than the
power transmission circuit 130A that are provided in the
power feeding device 1. Fig. 29, like Fig. 7, assumes the
power feeding-connected state. When any part of the
description of the first embodiment is applied to the sec-
ond embodiment, "power transmission circuit 130" in the
description of the first embodiment is to be read as "power
transmission circuit 130A".
[0167] The power transmission circuit 130A in Fig. 29
includes: an oscillation circuit 410 which generates and
outputs a clock signal that is a square-wave signal at the
reference frequency; an enable circuit 420 which switch-
es whether or not to feed the circuit in the succeeding
stage with a signal synchronous with the clock signal
from the oscillation circuit 410; a drive circuit 430 which,
when fed from the enable circuit 420 with the signal syn-
chronous with the clock signal, feeds a class-E amplifier
440 with a drive signal synchronous with the clock signal
and thereby drives the class-E amplifier 440; a class-E
amplifier 440 which generates and outputs an alternat-
ing-current voltage VE at the reference frequency by
switching a direct-current voltage VIN fed from a direct-
current power source VS1 with the drive signal that is a
square-wave signal at the reference frequency; a BPF
(band-pass filter) 455 which, when fed with the signal
synchronous with the clock signal from the enable circuit
420, extracts from the signal a signal component at the
reference frequency and thereby outputs a sine-wave
signal at the reference frequency; a class-A amplifier 460
which amplifies the output signal of the BPF 455 at a
predetermined amplification factor and outputs the result;
and a selection circuit 470 which is inserted between, at
one end, the class-E amplifier 440 and the class-A am-
plifier 460 and, at the other end, the transmission-side
resonance circuit TT and which feeds the resonance cir-
cuit TT selectively with either the output voltage VE of the
class-E amplifier 440 or the output voltage VA of the class-
A amplifier 460.
[0168] The circuit configuration of the power transmis-
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sion circuit 130A will be described further. The oscillation
circuit 410 includes blocks identified by the reference
signs 411 to 415. An oscillator 411 is an oscillator which
comprises a crystal oscillator or a ceramic oscillator and
which yields an oscillation output at the reference fre-
quency. A resistor 412 is connected in parallel with the
oscillator 411. One end of the oscillator 411 is connected
to the input terminal of an inverter circuit (logic NOT cir-
cuit) 413, and is also connected via a capacitor 414 to
ground. The other end of the oscillator 411 is connected
to the output terminal of the inverter circuit 413, and is
also connected via a capacitor 415 to ground. Ground
has a reference potential of 0 V (volts). The inverter circuit
413 yields, from its output terminal, a clock signal that is
a square-wave signal at the reference frequency with a
duty of 50%.
[0169] The enable circuit 420 includes blocks identified
by the reference signs 421 to 424. A transistor 421 is
formed as an N-channel MOSFET (metal-oxide-semi-
conductor field-effect transistor). Of the transistor 421,
the gate is fed with an enable signal EN, the drain is
connected to the input terminal of an inverter circuit 423
and is also connected via a resistor 422 to a terminal to
which a direct-current voltage LVIN is applied, and the
source is connected to ground. The direct-current volt-
ages VIN and LVIN having predetermined positive direct-
current voltage values are generated respectively by di-
rect-current sources VS1 and VS2 provided in the power
feeding device 1 (for example, in the IC 100). The logic
circuits in the power transmission circuit 130A operate
by using the direct-current voltage LVIN. A first and a
second input terminal of a two-input NAND circuit (neg-
ative logical conjunction circuit) 424 are fed respectively
with the output signals of the inverter circuits 413 and 423.
[0170] The drive circuit 430 comprises an inverter cir-
cuit 431. The input terminal of the inverter circuit 431 is
fed with the output signal of the NAND circuit 424.
[0171] The class-E amplifier 440 includes blocks iden-
tified by the reference signs 441 to 445. A transistor 441
is formed as an N-channel MOSFET. Of the transistor
441, the gate is fed with the output signal of the inverter
circuit 431, the drain is connected to a node ND, and the
source is connected to ground. Of a choke coil 442, one
end is connected to the node ND, and the other end is
fed with the direct-current voltage VIN. Thus, the choke
coil 442 is interposed in series between the direct-current
voltage source VS1 and the transistor 441. The node ND
is connected to one end of a capacitor 443, and the other
end of the capacitor 443 is connected to ground. Thus,
the capacitor 443 is connected in parallel with the tran-
sistor 441. In addition, the node ND is connected to one
end of an LC resonance circuit composed of a capacitor
444 and a coil 445, so that between the other end of the
LC resonance circuit, which is the output terminal 446 of
the class-E amplifier 440, and ground, the output voltage
VE of the class-E amplifier 440 appears. More specifical-
ly, the node ND is connected to one end of the capacitor
444, the other end of the capacitor 444 is connected to

one end of the coil 445, and the other end of the coil 445
is connected to the terminal 446. The capacitor 444 and
the coil 445 may be arranged the other way around.
[0172] The BPF 455 is a band-pass filter which extracts
from the output signal of the NAND circuit 424 a signal
component at the reference frequency and which then
outputs the extracted signal.
[0173] The class-A amplifier 460 amplifies the output
signal of the BPF 455 (the input signal from the BPF 455)
at a predetermined amplification factor by class-A ampli-
fication, and outputs a voltage VA based on the amplified
signal. The operating voltage of the class-A amplifier 460
may be the direct-current voltage VIN, or may be any
other direct-current voltage.
[0174] The selection circuit 470 comprises a switch
471, and connects selectively either the output terminal
446 of the class-E amplifier 440 or the output terminal of
the class-A amplifier 460 to the terminal TM1. Fig. 29
shows a state where the output terminal 446 of the class-
E amplifier 440 is connected to the terminal TM1.
[0175] The control circuit 160 feeds selectively either
a LOW-level or HIGH-level enable signal EN to the gate
of the transistor 421.
[0176] When the level of the enable signal EN fed to
the gate of the transistor 421 is HIGH, the transistor 421
is ON, and thus an inverse clock signal, which is the in-
verted signal of the clock signal, is output from the NAND
circuit 424, with the result that a drive signal, which is a
square-wave signal at the reference frequency with a du-
ty of 50%, is fed from the inverter circuit 431 to the gate
of the transistor 441. The drive signal is generally the
same signal as the clock signal. When the NAND circuit
424 outputs the inverse clock signal as a square-wave
signal at the reference frequency, the BPF 455 outputs
a sine-wave signal at the reference frequency. Then, the
class-A amplifier 460 outputs an alternating-current volt-
age VA with a sinusoidal waveform at the reference fre-
quency.
[0177] When the level of the enable signal EN fed to
the gate of the transistor 421 is LOW, the transistor 421
is OFF, and thus the output signal of the NAND circuit
424 is held at HIGH level, with the result that the potential
at the gate of the transistor 441 is held at LOW level, and
thus the transistor 441 remains OFF (accordingly, the
class-E amplifier 440 stops operating, and ceases to out-
put the alternating-current voltage). When the output sig-
nal of the NAND circuit 424 is held at HIGH level, the
class-A amplifier 460 outputs no alternating-current volt-
age.
[0178] The transistor 441 may be configured as a par-
allel circuit of a plurality of transistors, in which case the
inverter circuit 431 may be configured as a parallel circuit
of a plurality of inverter circuits. Some of the components
of the power transmission circuit 130A shown in Fig. 29
(for example, the oscillator 411 and the coil in the class-
E amplifier 440) can be provided outside the IC 100.
[0179] The operation of the class-E amplifier 440 is as
described in connection with the first embodiment with
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reference to Fig. 13.
[0180] Referring to Figs. 30A and 30B, the control cir-
cuit 160 can control the switch 471 to switch the selection
circuit 470 between a first switch state and a second
switch state. Figs. 30A and 30B show the selection circuit
470 in the first and second switch states respectively. In
the following description, unless otherwise stated, the
first and second switch states refer to those as observed
when the switch circuit 110 is in the power feeding-con-
nected state.
[0181] In the first switch state, the output terminal 446
of the class-E amplifier 440 is connected to the terminal
TM1, with the result that the output voltage (output alter-
nating-current voltage) VE of the class-E amplifier 440 is
fed to the resonance circuit TT. In the second switch
state, the output terminal of the class-A amplifier 460 is
connected to the terminal TM1, with the result that the
output voltage (output alternating-current voltage) VA of
the class-A amplifier 460 is fed to the resonance circuit
TT. The amplitude of the alternating-current voltage VA
is smaller than (for example, one out of several to several
tens of parts of) the amplitude of the alternating-current
voltage VE. Accordingly, the intensity of the magnetic field
generated in the transmission-side coil TL as a result of
the resonance circuit TT being fed with the alternating-
current voltage VA is significantly lower than the intensity
of the magnetic field generated in the transmission-side
coil TL as a result of the resonance circuit TT being fed
with the alternating-current voltage VE.
[0182] The power feeding device 1 can perform a for-
eign object detection process to detect the presence or
absence of a foreign object. A foreign object detection
process that is performed before power transfer is per-
formed, in particular, is referred to as a pFOD process.
When a magnetic field is being generated in the trans-
mission-side coil TL, placing a foreign object on the power
feeding stage 12 causes an electric current based on the
magnetic field generated in the transmission-side coil TL
to pass in the foreign object; the current in the foreign
object generates a voltage in the resonance circuit TT,
and causes a variation in the current amplitude in the
transmission-side coil TL (as mentioned earlier, this var-
iation is referred to as a detection target current amplitude
variation). By observing a detection target current ampli-
tude variation, it is possible to judge the presence or ab-
sence of a foreign object. However, generating a strong
magnetic field in the pFOD process may lead to, as men-
tioned earlier, the foreign object being damaged or oth-
erwise affected.
[0183] One possible approach is, considering that the
alternating-current voltage VE is used as a supply voltage
to the resonance circuit TT not only in the power trans-
mission operation but also in the pFOD process, to lower
the direct-current voltage VIN in the pFOD process com-
pared with that in the power transmission operation (in
the second embodiment, this approach is referred to as
the lowered VIN approach). The lowered VIN approach
requires a configuration, different from that of the this

embodiment, where the BPF 455, the class-A amplifier
460, and the selection circuit 470 are omitted from the
power transmission circuit 130A and the output terminal
446 of the class-E amplifier 440 is connected directly to
the terminal TM1. The lowered VIN approach may help
avoid damaging or otherwise affecting a foreign object
but, because of the use of the class-E amplifier 440 in
the power transmission circuit 130A with a view to achiev-
ing high-efficiency operation, raises the following con-
cerns.
[0184] If a foreign object is present at a position where
it causes a detection target current amplitude variation,
due to magnetic coupling and the like between the foreign
object and the transmission-side coil TL, the impedance
value of the resonance circuit TT as observed from the
class-E amplifier 440 deviates from 50 Ω. The class-E
amplifier 440 is designed to perform class-E amplification
operation on the assumption that the impedance value
of the resonance circuit TT as observed from the class-
E amplifier 440 equals 50 Ω, and thus a deviation in the
impedance value from 50 Ω produces a variation in the
output of the class-E amplifier 440 compared with that
when the impedance value equals 50 Ω. The variation in
the output here includes a variation in the amplitude of
the output voltage VE of the class-E amplifier 440 and a
variation in the waveform of the output voltage VE. A var-
iation in the output of the class-E amplifier 440 resulting
from a deviation in the impedance value from 50 Ω caus-
es a variation in the current amplitude in the transmission-
side coil TL. This variation in the current amplitude in the
transmission-side coil TL resulting from a variation in the
output of the class-E amplifier 440 is referred to, for con-
venience’ sake, as a noise current amplitude variation.
The presence of a noise current amplitude variation in-
terferes with the detection of a detection target current
amplitude variation which should rather be observed for
foreign object detection.
[0185] If, for discussion’s sake, the amount and direc-
tion of a variation in current amplitude resulting from a
noise current amplitude variation are determined une-
quivocally, it is possible, by taking what results from the
noise current amplitude variation into consideration, to
perform foreign object detection by the pFOD process
with high accuracy. However, in reality, depending on
factors such as the kind of the foreign object and how it
is placed on the power feeding stage 12, the amount and
direction of a variation in current amplitude resulting from
a noise current amplitude variation vary (that is, a noise
current amplitude variation may cause the current am-
plitude in the transmission-side coil TL to increase in
some cases and decrease in other cases, and by varying
amounts). Thus, a noise current amplitude variation low-
ers the accuracy of foreign object detection by the pFOD
process.
[0186] Out of these considerations, in this embodi-
ment, the lowered VIN approach is not adopted, but in-
stead the effect of a noise current amplitude variation is
eliminated by use of the class-A amplifier 460 and the

49 50 



EP 3 331 129 B1

27

5

10

15

20

25

30

35

40

45

50

55

selection circuit 470. Specifically, in this embodiment, the
voltage value of the direct-current voltage VIN is fixed,
and when the power transmission operation is per-
formed, the selection circuit 470 is kept in the first switch
state so that high-efficiency operation using the class-E
amplifier 440 is achieved, while, in the pFOD process,
the selection circuit 470 is kept in the second switch state
so that the output voltage VA of the class-A amplifier 460
is fed to the resonance circuit TT. The class-A amplifier
460 functions, regardless of the impedance value of the
circuit in the succeeding stage as observed from it, to
amplify the signal fed to it at a predetermined amplifica-
tion factor and then output the result; thus, the class-A
amplifier 460 yields a constant output irrespective of the
presence or absence of a foreign object, and does not
produce a current amplitude variation that constitutes a
noise current amplitude variation.

[pFOD Process (pFOD Process Before Power Transfer)

[0187] With reference to Fig. 31, a pFOD process
based on what has been discussed above will be de-
scribed. Fig. 31 is a flow chart of the pFOD process in
the second embodiment.
[0188] When the pFOD process is performed, the pow-
er transmission circuit 130A is connected to the reso-
nance circuit TT. Then, first, at step S11A, the second
switch state is put into effect. Thus, at step S12A, the
output voltage VA of the class-A amplifier 460 is, as a
test alternating-current voltage, fed via the selection cir-
cuit 470 to the resonance circuit TT, with the result that
a test magnetic field with a predetermined test intensity
as its magnetic field intensity H is generated in the trans-
mission-side coil TL. The magnetic field intensity H is the
intensity of the magnetic field generated in the transmis-
sion-side coil TL, and more precisely it is the magnetic
field intensity of the alternating magnetic field generated
by the transmission-side coil TL and oscillating at the ref-
erence frequency. The test intensity, which is the mag-
netic field intensity of the test magnetic field, is signifi-
cantly lower than the intensity of the magnetic field gen-
erated in the transmission-side coil TL in power transfer
(that is, in the power transmission operation) (that is, the
magnetic field intensity of the power transmission mag-
netic field; for example, 45 to 60 A/m), and falls, for ex-
ample, within the range between the lower limit value,
1.5 A/m, and the upper limit value, 7.5 A/m, of commu-
nication magnetic field intensity. Thus, there is no or al-
most no danger of the test magnetic field damaging or
otherwise affecting the foreign object 3.
[0189] Subsequently to step S12A, at step S13, by us-
ing the load sensing circuit 140, the control circuit 160
acquires, as a sensed current amplitude value VpFOD,
the voltage value VD as observed when the test magnetic
field is being generated. The sensed current amplitude
value VpFOD has a value commensurate with the ampli-
tude of the current passing in the transmission-side coil
TL when the test magnetic field is being generated in the

transmission-side coil TL. During the period in which the
pFOD process is performed, according to an instruction
from the power feeding device 1 via NFC communication,
the fO changing/short-circuiting operation (resonance
frequency changing operation or coil short-circuiting op-
eration) is performed in the electronic device 2. Accord-
ingly, the resonance circuit RR (reception-side coil RL)
generally does not act as a load to the transmission-side
coil TL, and thus causes no or almost no decrease in the
sensed current amplitude value VpFOD.
[0190] Subsequently to step S13, at step S14, the con-
trol circuit 160 checks whether or not the sensed current
amplitude value VpFOD falls within a normal pFOD range.
If the sensed current amplitude value VpFOD falls within
the normal pFOD range, the control circuit 160 judges
that no foreign object 3 is present on the power feeding
stage 12 (step S15). This judgment is referred to as a
foreign-object-absent judgment. On the other hand, if the
sensed current amplitude value VpFOD falls outside the
normal pFOD range, the control circuit 160 judges that
a foreign object 3 is present on the power feeding stage
12 (step S16). This judgment is referred to as a foreign-
object-present judgment. After a foreign-object-absent
or foreign-object-present judgment, the selection circuit
470 is brought into the first switch state (step S17A), and
the pFOD process is ended. On making a foreign-object-
absent judgement, the control circuit 160 recognizes that
the power transmission operation by the power transmis-
sion circuit 130A is permissible, and permits the power
transmission circuit 130A to perform the power transmis-
sion operation (power transmission using the resonance
circuit TT); on making a foreign-object-present judgment,
the control circuit 160 recognizes that the power trans-
mission operation by the power transmission circuit 130A
is not permissible, and inhibits the power transmission
circuit 130A from performing the power transmission op-
eration. In the power transmission operation, the selec-
tion circuit 470 is kept in the first switch state; thus, the
output voltage VE of the class-E amplifier 440 is, as a
power transmission alternating-current voltage, fed via
the selection circuit 470 to the resonance circuit TT, so
that a predetermined power transmission magnetic field
is generated in the transmission-side coil TL.
[0191] The normal pFOD range is a range of values
equal to or larger than a predetermined lower limit value
VpREEL but equal to or smaller than a predetermined up-
per limit value VpREFH (0 < VpREFL < VpREFH). According-
ly, when the check inequality "VpREFL ≤ VpFOD ≤ VpREFH"
is satisfied, a foreign-object-absent judgment is made,
and otherwise a foreign-object-present judgment is
made.
[0192] When the pFOD process is performed, if a for-
eign object 3 is present on the power feeding stage 12,
the resonance circuit JJ (coil JL) in the foreign object 3
acts as a load to the transmission-side coil TL, with the
result that a decrease is observed in the sensed current
amplitude value VpFOD as compared with when no foreign
object 3 is present on the power feeding stage 12.
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[0193] A foreign object can be a foreign object 3a (un-
illustrated) different from the foreign object 3. The foreign
object 3a is, for example, a metal body containing alumi-
num (a foil or sheet of aluminum) or a metal body con-
taining copper. When the pFOD process is performed, if
a foreign object 3a is present on the power feeding stage
12, due to electric and magnetic effects, an increase is
observed in the sensed current amplitude value VpFOD
as compared with when no foreign object 3a is present
on the power feeding stage 12.
[0194] The lower limit value VpREFL and the upper limit
value VpREFH are set beforehand through experiments
or the like and stored in the memory 150 such that, before
power transfer is performed: if a foreign object 3 is
present on the power feeding stage 12, the sensed cur-
rent amplitude value VpFOD is lower than the lower limit
value VpREFL; if a foreign object 3a is present on the pow-
er feeding stage 12, the sensed current amplitude value
VpFOD is higher than the upper limit value VpREFH; and if
no foreign object (3 or 3a) is present on the power feeding
stage 12, the sensed current amplitude value VpFOD falls
within the normal pFOD range.
[0195] When a power transmission magnetic field is
generated with a foreign object 3a present on the power
feeding stage 12, the foreign object 3a may absorb elec-
tric power and heat up. In this embodiment, where the
reference frequency as the carrier frequency for power
transfer is assumed to be 13.56 MHz, it can be said that
no such heating-up is likely. Accordingly, it is also pos-
sible, with no consideration given to the presence of the
foreign object 3a, to make a foreign-object-present judg-
ment only if the sensed current amplitude value VpFOD
is lower than the lower limit value VpREFL and to make a
foreign-object-absent judgment always if the sensed cur-
rent amplitude value VpFOD is equal to or higher than the
lower limit value VpREFL (that is, the upper limit value
VpREFH may be omitted). However, in the invention ac-
cording to this embodiment, the reference frequency is
not limited to 13.56 MHz; when the reference frequency
is set at, for example, about several hundred kilohertz,
the foreign object 3a is likely to heat up, and therefore it
is preferable to adopt the previously described method
in which the normal pFOD range is defined by not only
the lower limit value VpREFL but also the upper limit value
VpREFH.
[0196] An additional description will now be given of
how the lower limit value VpREFL is determined. The lower
limit value VpREFL is determined in an initial setting proc-
ess. Fig. 32 is an operation flow chart of the initial setting
process according to the second embodiment. The initial
setting process is performed by the IC 100 in an initial
setting environment as described below. In the initial set-
ting environment, the load to the transmission-side coil
TL is null or negligibly small, and no object in which an
electric current can be generated by the magnetic field
generated in the transmission-side coil TL (including a
coil that magnetically couples with the transmission-side
coil TL) is present except the components of the power

feeding device 1. The detached state in Fig. 1A can be
taken as satisfying the initial setting environment. To se-
cure an initial setting environment, the initial setting proc-
ess can be performed, for example, at the time of man-
ufacture, shipment, or the like of the power feeding device
1. So long as an initial setting environment can be se-
cured, the initial setting process can be performed at any
time.
[0197] When the initial setting process is performed,
the power transmission circuit 130A is connected to the
resonance circuit TT. Then, first, at step S21A, the sec-
ond switch state is put into effect. Thus, at step S22A,
the output voltage VA of the class-A amplifier 460 is, as
a test alternating-current voltage, fed via the selection
circuit 470 to the resonance circuit TT, with the result that
a test magnetic field with a predetermined test intensity
as its magnetic field intensity H is generated in the trans-
mission-side coil TL. Subsequently to step S22A, at step
S23, by using the load sensing circuit 140, the control
circuit 160 acquires, as a voltage value VDO, the voltage
value VD as observed when the test magnetic field is
being generated. Then, at step S24, a lower limit value
VpREFL based on the voltage value VDO is stored in the
memory 150. The lower limit value VpREFL is set at a
value lower than the voltage value VDO so that, only when
a foreign object 3 is present, the pFOD process yields a
foreign-object-present judgment. For example, the set-
ting may be such that "VpREFL = VDO - ΔV" or "VpREFL =
VDO 3 k". Here, ΔV represents a predetermined positive
minute value (it may also be that ΔV = 0); k represents
a coefficient with a predetermined positive value smaller
than 1. The voltage value VD that is expected to be ob-
tained when the magnetic field intensity H is set at a pre-
determined test intensity in the initial setting environment
can be estimated at the stage of designing. Based on the
value derived from the estimation, it is possible, without
performing the initial setting process, to determine the
lower limit value VpREFL and store it in the memory 150.
[0198] The description given with reference to Figs.
17A to 17D and 18 in connection with the first embodi-
ment applies similarly to the second embodiment.

[Signal Exchange Before Power Transfer]

[0199] Though the exchange of signals between the
devices 1 and 2 before power transfer is performed is
similar to that shown in Fig. 19, the exchange of signals
in the second embodiment will be described below. In
connection with the second embodiment, unless other-
wise stated, the following description assumes that the
electronic device 2 is present on the power feeding stage
12 in the regularly placed state (Fig. 1B).
[0200] Referring to Fig. 19, first, with the power feeding
device 1 on the transmitting side and the electronic device
2 on the receiving side, the power feeding device 1 (IC
100) transmits an inquiry signal 510 to a device on the
power feeding stage 2 (hereinafter referred to also as the
power feeding target device) by NFC communication.
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The power feeding target device includes the electronic
device 2, and can include a foreign object 3. The inquiry
signal 510 includes a signal inquiring individual identifi-
cation information of the power feeding target device, a
signal inquiring whether or not the power feeding target
device is in a state enabled to perform NFC communica-
tion, and a signal inquiring whether or not the power feed-
ing target device can receive electric power or is request-
ing transmission of electric power.
[0201] On receiving the inquiry signal 510, the elec-
tronic device 2 (IC 200) transmits a response signal 520
responding to the inquiry of the inquiry signal 510 to the
power feeding device 1 by NFC communication. On re-
ceiving the response signal 520, the power feeding de-
vice 1 (IC 100) analyzes the response signal 520, and if
the power feeding target device is enabled to perform
NFC communication and in addition it can receive electric
power or is requesting transmission of electric power, the
power feeding device 1 (IC 100) transmits a test request
signal 530 to the power feeding target device by NFC
communication. On receiving the test request signal 530,
the electronic device 2 (IC 200) as the power feeding
target device transmits a response signal 540 responding
to the test request signal 530 to the power feeding device
1 by NFC communication, and then promptly performs
the fO changing/short-circuiting operation (resonance
frequency changing operation or coil short-circuiting op-
eration). The test request signal 530 is, for example, a
signal requesting and indicating the execution of the fO
changing/short-circuiting operation, and when triggered
by the reception of the test request signal 530, the control
circuit 250 in the electronic device 2 makes the resonance
state changing circuit 240 perform the fO changing/short-
circuiting operation. Before the reception of the test re-
quest signal 530, the fO changing/short-circuiting opera-
tion remains unperformed. The test request signal 530
may be any signal so long as it can trigger the execution
of the fO changing/short-circuiting operation, and may be
contained in the inquiry signal 510.
[0202] On receiving the response signal 540, the pow-
er feeding device 1 (IC 100) performs the above-de-
scribed pFOD process. During the period in which the
pFOD process is performed, the electronic device 2 (IC
200) continues performing the fO changing/short-
circuiting operation. Specifically, the electronic device 2
(IC 200), by using an incorporated timer, continues per-
forming the fO changing/short-circuiting operation for a
time corresponding to the length of the period for which
the pFOD process is performed, and then stops the fO
changing/short-circuiting operation.
[0203] In the pFOD process, if it is judged that no for-
eign object is present on the power feeding stage 12, the
power feeding device 1 (IC 100) transmits a verification
signal 550 to the power feeding target device by NFC
communication. The verification signal 550 includes, for
example, a signal notifying the power feeding target de-
vice of the forthcoming power transmission. On receiving
the verification signal 550, the electronic device 2 (IC

200) transmits a response signal 560 responding to the
verification signal 550 to the power feeding device 1 by
NFC communication. The response signal 560 includes,
for example, a signal notifying recognition of what is con-
veyed by the verification signal 550 or a signal giving
permission to what is conveyed by the verification signal
550. On receiving the response signal 560, the power
feeding device 1 (IC 100) connects the power transmis-
sion circuit 130A to the resonance circuit TT to perform
the power transmission operation, and thus power trans-
fer 570 is achieved. As mentioned above, when the power
transmission operation is performed, the selection circuit
470 is kept in the first switch state.
[0204] In the first case in Fig. 17A, power transfer 570
is performed through the procedure described above.
However, in the second case in Fig. 17B, although the
procedure proceeds up to the transmission and reception
of the response signal 540, in the pFOD process, it is
judged that a foreign object is present on the power feed-
ing stage 12; thus, no power transfer 570 is performed.
A single session of power transfer 570 may be performed
for a predetermined time. The sequence of operation
from the transmission of the inquiry signal 510 to power
transfer 570 may be performed repeatedly. In practice,
as shown in Fig. 20, NFC communication, a pFOD proc-
ess, and power transfer (NFC power transfer) can be
performed sequentially and repeatedly. That is, in the
non-contact power feeding system, operation for per-
forming NFC communication, operation for performing a
pFOD process, and operation for performing power
transfer (NFC power transfer) can be performed sequen-
tially and repeatedly on a time-division basis.
[0205] [Operation Flow Chart of a Power Feeding De-
vice and an Electronic Device] The operation flow chart
of the power feeding device 1 according to the second
embodiment is similar to that shown in Fig. 21; the flow
of the operation of the power feeding device 1 described
in connection with the first embodiment applies similarly
to the power feeding device 1 in the second embodiment.
However, in the second embodiment, when the power
transmission operation is performed, the selection circuit
470 is kept in the first switch state. Moreover, as men-
tioned above, when any part of the description of the first
embodiment is applied to the second embodiment, "pow-
er transmission circuit 130" in the description of the first
embodiment is to be read as "power transmission circuit
130A".
[0206] The operation flow chart of the electronic device
2 according to the second embodiment is similar to that
shown in Fig. 22; the flow of the operation of the electronic
device 2 described in connection with the first embodi-
ment applies similarly to the electronic device 2 in the
second embodiment.

[mFOD process]

[0207] It can happen that a foreign object is placed on
the power feeding stage 12 after the start of power
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transmission operation. An mFOD process serves as a
foreign object detection process during power transfer,
and through the mFOD process, the presence or
absence of a foreign object is constantly monitored
during power transfer. During the period in which the
power transmission operation is performed, the control
circuit 160 performs the mFOD process repeatedly. What
is performed in the mFOD process, including how and at
what specific values the lower and upper limit values
VmREFL and VmREFH used in the mFOD process are set,
is similar to what has been previously described in
connection with the first embodiment with reference to
Figs. 23, 24A, and 24B, and accordingly no overlapping
description will be repeated.
[0208] The function of the mFOD process is not limited
to foreign object presence/absence judgment. The
mFOD process serves to turn the power transmission
permit flag to OFF in any situation unsuitable to continue
the power transmission operation such as when the
sensed current amplitude value VmFOD falls outside the
normal mFOD range. For example, after the start of the
power transmission operation, when the electronic de-
vice 2 is removed off the power feeding stage 12, the
load of power transmission as observed from the trans-
mission-side coil TL becomes lighter and the sensed cur-
rent amplitude value VmFOD exceeds the upper limit value
VmREFH; thus, the power transmission permit flag is
turned to OFF (step S54 in Fig. 23).
[0209] Thus, in this embodiment, an alternating-cur-
rent voltage for power transmission is generated by use
of the low-loss class-E amplifier 440, and this helps in-
crease the efficiency of the entire system involved in pow-
er transfer. Moreover, the foreign object detection proc-
ess makes it possible to prevent a foreign object from
being damaged or otherwise affected. In a case where
also the foreign object detection process (the pFOD proc-
ess) before power transfer is attempted by use of the
class-E amplifier 440, the above-mentioned noise cur-
rent amplitude variation may degrade the accuracy of
foreign object presence/absence detection; however, in
this embodiment, the foreign object detection process
(the pFOD process) before power transfer is performed
by use of the class-A amplifier 460, and this helps keep
the accuracy of foreign object presence/absence detec-
tion high.
[0210] The amplifier (460) for feeding the alternating-
current voltage VA to the resonance circuit TT in the
pFOD process can be any amplifier other than a class-
A amplifier, for example, a class-B push-pull amplifier,
so long as it can amplify the input alternating-current sig-
nal at the reference frequency and output the result for
both positive and negative signal components.

< Studies on the Present Invention, Part 2 >

[0211] To follow are studies on the present invention
as embodied as the second embodiment described
above.

[0212] A power transmission device W2 according to
one aspect of the present invention is a power
transmission device that can transmit electric power to a
power reception device by magnetic resonance, and
includes: a transmission-side resonance circuit (TT)
which includes a transmission-side coil (TL) for
transmitting the electric power and which has a
predetermined reference frequency as the resonance
frequency; a class-E amplifier (440) which generates and
outputs a power transmission alternating-current voltage
(VE) at the reference frequency by switching a direct-
current voltage fed from a direct-current power source
by using a periodic signal at the reference frequency; an
input signal amplifier (460) which generates and outputs
a test alternating-current voltage (VA) at the reference
frequency by amplifying an input alternating-current
voltage at the reference frequency; a selection circuit
(470) which feeds the transmission-side resonance
circuit selectively with either the power transmission
alternating-current voltage or the test alternating-current
voltage; a sensing circuit (140) which senses the
amplitude of the current passing through the
transmission-side coil; and a control circuit (160) which
controls the selection circuit and thereby controls the
supply voltage to the transmission-side resonance
circuit. The control circuit acquires, as an evaluation
value (VpFOD), the sensed amplitude value from the
sensing circuit when the test alternating-current voltage
is fed to the transmission-side resonance circuit, and
controls, based on the evaluation value, whether or not
to perform power transmission by feeding the power
transmission alternating-current voltage to the
transmission-side resonance circuit.
[0213] The use of the class-E amplifier permits high-
efficiency power transfer. On the other hand, a property
is observed such that, if a foreign object is present at a
place where it responds to the magnetic field generated
in the transmission-side coil, a variation appears in the
current amplitude in the transmission-side coil. By utiliz-
ing this property, it is possible to detect the presence or
absence of a foreign object based on a variation in the
current amplitude; it is then possible to perform control
such that, if a foreign object is detected being present,
power transmission is inhibited.
[0214] However, when a foreign object is present, a
variation may occur in the impedance value of the trans-
mission-side resonance circuit as observed from the
class-E amplifier; this variation in the impedance value
causes a variation in the output of the class-E amplifier,
and eventually causes a variation in the current amplitude
in the transmission-side coil. A variation (noise current
amplitude variation) in the current amplitude in the trans-
mission-side coil ascribable to a variation in the imped-
ance value interferes with the detection of the current
amplitude variation (detection target current amplitude
variation) that should rather be observed for foreign ob-
ject detection.
[0215] As a solution, in the power transmission device
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W2, separately from the class-E amplifier, the input signal
amplifier is provided so that, before power transmission
is performed, the sensed current amplitude value (eval-
uation value) is acquired by use of the input signal am-
plifier. It is thus possible, while receiving the benefits of
high-efficiency power transfer owing to the class-E am-
plifier, to ensure high-accuracy foreign object detection
(that is, to ensure proper power transmission permis-
sion/inhibition control).
[0216] Specifically, for example, in the power transmis-
sion device W2, the control circuit can judge, based on
the evaluation value (VpFOD), the presence or absence
of a foreign object which differs from the power reception
device and in which a current based on the magnetic field
generated in the transmission-side coil can be generated,
and can control, based on the result of the judgment,
whether or not to perform the power transmission.
[0217] More specifically, for example, in the power
transmission device W2, the control circuit can, on judg-
ing that there is no foreign object, permit the power trans-
mission and, on judging that there is a foreign object,
inhibit the power transmission from being performed.
[0218] For another example, in the power transmission
device W2, the control circuit can judge the presence or
absence of a foreign object by judging whether or not the
evaluation value falls outside a predetermined range.
[0219] For another example, in the power transmission
device W2, the class-E amplifier (440) can include: a
switching device (441) which performs switching opera-
tion according to the periodic signal; a first coil (442)
which is interposed between the direct-current power
source and the switching device; a first capacitor (443)
which is connected in parallel with the switching device;
and a resonance circuit which is connected to the con-
nection node between the switching device and the first
coil and which includes a second coil (445) and a second
capacitor (444). The alternating-current voltage can be
output via the resonance circuit.
[0220] For another example, in the power transmission
device W2, the amplitude of the test alternating-current
voltage can be smaller than the amplitude of the power
transmission alternating-current voltage.
[0221] It is thus possible to hold the intensity of the
magnetic field generated in the transmission-side coil
when the evaluation value is acquired relatively low, and
thereby to prevent a foreign object from being damaged
or otherwise affected by the magnetic field generated
when the evaluation value is acquired.
[0222] For another example, in the power transmission
device W2, the periodic signal to the class-E amplifier
and the input alternating-current voltage to the input sig-
nal amplifier can be generated based on a common signal
having the reference frequency.
[0223] For another example, in connection with second
power transmission device W2, the power reception de-
vice can include: a reception-side resonance circuit (RR)
which includes a reception-side coil (RL) for receiving the
electric power and which has the reference frequency as

the resonance frequency; and a changing/short-
circuiting circuit (240) which either changes the reso-
nance frequency of the reception-side resonance circuit
from the reference frequency or short-circuits the recep-
tion-side coil. When the evaluation value is acquired, ac-
cording to a signal communicated from the power trans-
mission device, the resonance frequency of the recep-
tion-side resonance circuit can be changed or the recep-
tion-side coil can be short-circuited in the power reception
device.
[0224] It is thus possible to suppress the influence of
the reception-side resonance circuit on the current am-
plitude in the transmission-side coil, and thereby to en-
sure high accuracy in foreign object detection.
[0225] The power feeding device 1 itself in the second
embodiment described above may function as a power
transmission device according to the present invention,
or a part of the power feeding device 1 in the second
embodiment described above may function as a power
transmission device according to the present invention.
Likewise, the electronic device 2 itself in the second em-
bodiment described above may function as a power re-
ception device according to the present invention, or a
part of the electronic device 2 in the second embodiment
described above may function as a power reception de-
vice according to the present invention.

< Third Embodiment >

[0226] A third embodiment of the present invention will
be described below. Like the first embodiment, the third
embodiment deals with the details of a non-contact power
feeding system including a power feeding device 1 and
an electronic device 2 as shown Fig. 1A or 1B. The third
embodiment is based on the first embodiment, and thus,
for those features of the third embodiment which are not
specifically mentioned, unless inconsistent, the relevant
parts of the description given above in connection with
the first embodiment apply similarly to the third embodi-
ment. In the third embodiment, for those features of the
third embodiment which contradict the corresponding
features in the first embodiment, the description given in
connection with the third embodiment prevails. The third
embodiment may instead be based on the second em-
bodiment, and thus, for those features of the third em-
bodiment which are not specifically mentioned, unless
inconsistent, the relevant parts of the description given
above in connection with the second embodiment apply
similarly to the third embodiment. In that case, in the third
embodiment, for those features of the third embodiment
which contradict the corresponding features in the sec-
ond embodiment, the description given in connection with
the third embodiment prevails.
[0227] First, the parts of the description given in con-
nection with the first embodiment with reference to Fig.
1A, 1B, 2, and 3 apply similarly to the third embodiment.
It should however be noted that the transmission-side IC
100 in the third embodiment is referred to as the trans-
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mission-side IC 100B, or simply as the IC 100B, and that
the reception-side IC 200 in the third embodiment is re-
ferred to as the transmission-side IC 200B, or simply as
the IC 200B.
[0228] Accordingly (see Fig. 1B and 2), the power feed-
ing device 1 according to the third embodiment includes:
an AC-DC converter 13 which generates and yields, from
a commercial alternating-current voltage fed to it via a
power plug 11, a direct-current voltage with a predeter-
mined voltage value; a transmission-side IC 100B which
is an integrated circuit that operates by using the output
voltage of the AC-DC converter 13; and a transmission-
side resonance circuit TT which is connected to the IC
100B. The electronic device 2 according to the third em-
bodiment includes: a reception-side IC 200B which is an
integrated circuit; a reception-side resonance circuit RR
which is connected to the IC 200B; a battery 21 which is
a secondary battery; and a functional circuit 22 which
operates based on the output voltage of the battery 21.
[0229] A regularly placed state and a detached state
are defined as in the first embodiment; in the third em-
bodiment, they may be defined also in the following man-
ner.
[0230] A state where the electronic device 2 is placed
in a predetermined range on the power feeding stage 12
so that NFC communication and power transfer as men-
tioned previously are possible is called the regularly
placed state (see Fig. 1B). In a case where magnetic
resonance is utilized, communication and power transfer
are possible even over a comparatively large distance to
the partner. However, once the electronic device 2 is sig-
nificantly distant from the power feeding stage 12, NFC
communication and power transfer are no longer possi-
ble. A state where the electronic device 2 is sufficiently
away from the power feeding stage 12 so that NFC com-
munication and power transfer are not possible is called
the detached state (see Fig. 1A). Although the power
feeding stage 12 shown in Fig. 1A has a flat surface, the
power feeding stage 12 may have formed in it a depres-
sion or the like that fits the shape of the electronic device
2 to be placed on it.
[0231] Fig. 33 is a configuration diagram of a part of
the power feeding device 1, including an internal block
diagram of the IC 100B. The IC 100B includes blocks
identified by the reference signs 110B, 120, 130B, 140,
150, and 160. The power feeding device 1 according to
the third embodiment includes n resonance circuits TT,
and these n resonance circuits TT are connected to the
IC 100B. Wherever the n resonance circuits TT need to
be distinguished from each other, they are referred to by
reference signs TT[1] to TT[n]. Here, n is any integer
equal to or larger than 2. The resonance circuits TT[1] to
TT[n] each have the same configuration as the reso-
nance circuit TT described in connection with the first
embodiment. The resonance circuits TT[1] to TT[n] all
have their respective resonance frequencies set at the
reference frequency. In the following description, what is
referred to simply as a transmission-side coil TL or trans-

mission-side capacitor TC denotes the transmission-side
coil TL or transmission-side capacitor TC in any of the
resonance circuits TT[1] to TT[n].
[0232] Fig. 34 is a configuration diagram of a part of
the electronic device 2, including an internal block dia-
gram of the IC 200B. The IC 200B includes blocks iden-
tified by the reference signs 210B, 220, 230, 240, and
250. The IC 200B may have connected to it a capacitor
23 which outputs the operating voltage for the IC 200B.
The capacitor 23 can output a direct-current voltage ob-
tained by rectifying a signal for NFC communication re-
ceived from the power feeding device 1.
[0233] A switch circuit 110B, under the control of a con-
trol circuit 160, connects one or more of the resonance
circuits TT[1] to TT[n] to either an NFC communication
circuit 120 or an NFC power transmission circuit 130B.
The switch circuit 110B can comprise a plurality of switch-
es provided between the resonance circuits TT[1] to
TT[n] and the circuits 120 and 130B. Any switch men-
tioned in the present description can comprise a semi-
conductor switching device such as a field-effect transis-
tor.
[0234] A switch circuit 210B, under the control of a con-
trol circuit 250, connects the resonance circuit RR to ei-
ther an NFC communication circuit 220 or an NFC power
reception circuit 230. The switch circuit 210B can com-
prise a plurality of switches provided between the reso-
nance circuit RR and the circuits 220 and 230.
[0235] In the third embodiment, a state where the res-
onance circuit TT[1] is connected via the switch circuit
110B to the NFC communication circuit 120 and in addi-
tion the resonance circuit RR is connected via the switch
circuit 210B to the NFC communication circuit 220 is
called a communication-connected state. In the commu-
nication-connected state, NFC communication is possi-
ble. In the communication-connected state, the NFC
communication circuit 120 can feed an alternating-cur-
rent signal (alternating current) at the reference frequen-
cy to the resonance circuit TT[1]. The NFC communica-
tion between the devices 1 and 2 is carried out by half-
duplex operation.
[0236] In the communication-connected state, when
the power feeding device 1 is on the transmitting side,
the alternating-current signal that the NFC communica-
tion circuit 120 feeds to the resonance circuit TT[1] can
be superimposed with any information signal so that the
information signal will be transmitted from the coil TL in
the resonance circuit TT[1] as a power feeding device-
side antenna coil and received by the coil RL in the res-
onance circuit RR as an electronic device-side antenna
coil. The information signal received by the coil RL is ex-
tracted in the NFC communication circuit 220. In the com-
munication-connected state, when the electronic device
2 is on the transmitting side, the NFC communication
circuit 220 can transmit any information signal (response
signal) from the coil RL in the resonance circuit RR to the
coil TL in the resonance circuit TT[1]. The transmission
here is carried out, as is well known, in conformity with
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an ISO standard (for example, the ISO 14443 standard),
by load modulation which involves varying the imped-
ance of the coil RL in the resonance circuit RR (electronic
device-side antenna coil) as observed from the coil TL in
the resonance circuit TT[1] (power feeding device-side
antenna coil). The information signal delivered from the
electronic device 2 is extracted in the NFC communica-
tion circuit 120.
[0237] In the third embodiment, a state where the res-
onance circuits TT[1] to TT[n] are connected via the
switch circuit 110B to the NFC power transmission circuit
130B and in addition the resonance circuit RR is con-
nected via the switch circuit 210B to the NFC power re-
ception circuit 230 is called a power feeding-connected
state. How the resonance circuits TT[1] to TT[n] are con-
nected to the NFC power transmission circuit 130B in the
power feeding-connected state will be described in detail
later.
[0238] In the power feeding-connected state, the NFC
power transmission circuit 130B can perform power
transmission operation, and the NFC power reception
circuit 230 can perform power reception operation. The
power transmission operation and the power reception
operation together achieve power transfer. In the power
transmission operation, the power transmission circuit
130B feeds the resonance circuits TT[1] to TT[n] with a
power transmission alternating-current voltage (power
transmission alternating-current signal) at the reference
frequency to make the transmission-side coils TL in the
resonance circuits TT[1] to TT[n] generate a power trans-
mission magnetic field (power transmission alternating
magnetic field) at the reference frequency, and thereby
transmits electric power by magnetic resonance from the
transmission-side coils TL in the resonance circuits TT[1]
to TT[n] to the resonance circuit RR. The power trans-
mission magnetic field in the power transmission opera-
tion is a composite magnetic field generated by all of the
transmission-side coils TL in the resonance circuits TT[1]
to TT[n]. However, as will be described in detail later,
power transmission is achieved chiefly by the resonance
circuit TT[1], and the chief generation source of the power
transmission magnetic field is the transmission-side coil
TL in the resonance circuit TT[1]. Accordingly, in the pow-
er transmission operation, the amplitude of the power
transmission alternating-current voltage fed to the reso-
nance circuit TT[1] is set significantly larger than the am-
plitudes of the power transmission alternating-current
voltages fed to the resonance circuits TT[2] to TT[n]. The
electric power received in the reception-side coil RL as
a result of the power transmission operation is delivered
to the power reception circuit 230 so that, in the power
reception operation, the power reception circuit 230 gen-
erates and yields desired direct-current electric power
from the received electric power. With the output power
of the power reception circuit 230, the battery 21 can be
charged.
[0239] Also when NFC communication is performed in
the communication-connected state, a magnetic field is

generated in the coil TL or RL; however, the intensity of
the magnetic field generated in NFC communication falls
within a predetermined range. The lower limit value and
the upper limit value of the range are prescribed in the
NFC standard, being 1.5 A/m and 7.5 A/m, respectively.
By contrast, the magnetic field intensity of the power
transmission magnetic field is higher than the just-men-
tioned upper limit value, being, for example, about 45 to
60 A/m. In the non-contact power feeding system includ-
ing the devices 1 and 2, NFC communication and power
transfer (NFC power transfer) can be performed alter-
nately, and how the magnetic field intensity behaves in
such a case is shown in Fig. 6.
[0240] A load sensing circuit 140 senses the magni-
tude of the load of each transmission-side coil TL, that
is, the magnitude of the load to each transmission-side
coil TL as observed when each transmission-side coil TL
is fed with an alternating-current signal (alternating cur-
rent) from the power transmission circuit 130B. To a
transmission-side coil TL which generates a magnetic
field, a coil that magnetically couples with it, such as the
reception-side coil RL, can be considered a load, and
depending on the magnitude of the load, the amplitude
of the current passing in the transmission-side coil TL
(hereinafter also referred to simply as the current ampli-
tude) varies. The load sensing circuit 140 according to
the third embodiment can, for each of the resonance cir-
cuits TT[1] to TT[n], sense the current amplitude in the
transmission-side coil TL and thereby sense the magni-
tude of the load to the transmission-side coil TL.
[0241] As shown in Fig. 35, for example, in the reso-
nance circuit TT[i] (where i is any integer), a sense re-
sistor 141 can be connected in series with the transmis-
sion-side coil TL such that the same current that passes
in the transmission-side coil TL passes in the sense re-
sistor 141; it is then possible, by sensing a voltage drop
across the sense resistor 141 to sense the current am-
plitude in the transmission-side coil TL. In the third em-
bodiment, the solid-line waveform in Fig. 8 indicates the
waveform of the voltage drop across the sense resistor
141 for the resonance circuit TT[i]. With respect to the
resonance circuit TT[i], while the intensity of the magnetic
field generated in the transmission-side coil TL is con-
stant, as the electronic device 2 is brought closer to the
power feeding stage 12, on one hand, a current based
on the magnetic field generated in the transmission-side
coil TL passes in the reception-side coil RL, and on the
other hand, a back electromotive force based on the cur-
rent passing in the reception-side coil RL appears in the
transmission-side coil TL, the back electromotive force
acting to reduce the current passing in the transmission-
side coil TL. Thus, as shown in Fig. 8, the amplitude of
the voltage drop across the sense resistor 141 (corre-
sponding to v in Fig. 8) in the regularly placed state is
smaller than that in the detached state. That is, by sens-
ing the voltage drop across the sense resistor 141 which
corresponds to the current amplitude in the transmission-
side coil TL, it is possible to sense the magnitude of the
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load to the transmission-side coil TL.
[0242] A memory 150 (see Fig. 33) comprises a non-
volatile memory, and stores any information on a non-
volatile basis. The control circuit 160 controls the oper-
ation of the individual blocks in the IC 100B in a compre-
hensive manner. The control performed by control circuit
160 includes, for example: controlling the switching op-
eration of the switch circuit 110B, controlling what to per-
form in, and whether or not to perform, the communica-
tion operation and power transfer operation by the com-
munication circuit 120 and the power transmission circuit
130B; controlling the operation of the load sensing circuit
140; and controlling writing to and reading from the mem-
ory 150. The control circuit 160 incorporates a timer (un-
illustrated), and can count the length of time between any
time points.
[0243] In the electronic device 2, a resonance state
changing circuit 240 (see Fig. 34) is a resonance fre-
quency changing circuit which can change the resonance
frequency of the resonance circuit RR from the reference
frequency to another predetermined frequency fM or a
coil short-circuiting circuit which can short-circuit the re-
ception-side coil RL in the resonance circuit RR.
[0244] Fig. 9 shows a resonance frequency changing
circuit 240A as an example of a resonance frequency
changing circuit as the resonance state changing circuit
240A. The configuration and operation of the circuit 240A
are as described in connection with the first embodiment.
Here, it is assumed that the frequency fM is deviated from
the reference frequency to such a degree that, when the
switch 242 is ON, the resonance circuit RR does not act
as a load to the transmission-side coil TL (that is, to such
a degree that no sufficient magnetic resonance occurs
between the resonance circuit TT[i] and the resonance
circuit RR, where i is any integer). For example, the res-
onance frequency of the resonance circuit RR with the
switch 242 ON (that is, the frequency fM) is set at several
hundred kilohertz to one megahertz. However, as men-
tioned in connection with the first embodiment, so long
as the resonance frequency of the resonance circuit RR
can be changed to the frequency fM, the resonance fre-
quency changing circuit as the changing circuit 240 is
not limited to the resonance frequency changing circuit
240A; the frequency fM may be higher than the reference
frequency.
[0245] Fig. 10 shows a coil short-circuiting circuit 240B
as an example of a coil short-circuiting circuit as the res-
onance state changing circuit 240. The configuration and
operation of the circuit 240B are as described in connec-
tion with the first embodiment. So long as the reception-
side coil RL can be short-circuited, the coil short-circuiting
circuit as the changing circuit 240 is not limited to the coil
short-circuiting circuit 240B.
[0246] As in the first embodiment, the operation of
changing the resonance frequency fO of the reception-
side resonance circuit RR from the reference frequency
to the predetermined frequency fM is called resonance
frequency changing operation, and the operation of

short-circuiting the reception-side coil RL by use of the
coil short-circuiting circuit is called coil short-circuiting
operation. For simplicity’s sake, resonance frequency
changing operation or coil short-circuiting operation is
occasionally referred to as fO changing/short-circuiting
operation.
[0247] The control circuit 250 (see Fig. 34) controls the
operation of the individual blocks in the IC 200B in a com-
prehensive manner. The control performed by the control
circuit 250 includes, for example: controlling the switch-
ing operation of the switch circuit 210B; controlling what
to perform in, and whether or not to perform, the com-
munication operation and reception operation by the
communication circuit 220 and the power reception cir-
cuit 230; and controlling the operation of the changing
circuit 240. The control circuit 250 incorporates a timer
(unillustrated), and can count the length of time between
any time points. For example, the timer in the control
circuit 250 can count the time for which the resonance
frequency fO is kept changed to the predetermined fre-
quency fM, or the time for which the reception-side coil
RL is kept short-circuited, by fO changing/short-circuiting
operation (that is, it can count the time TM mentioned
later; see step S207B in Fig. 44).
[0248] The control circuit 160 in the power feeding de-
vice 1 can check the presence or absence of a foreign
object on the power feeding stage 12 and control the
power transmission circuit 130B to perform the power
transmission operation only if no foreign object is present.
In the third embodiment, a foreign object can be an object
which is different from the electronic device 2 or its com-
ponent (such as the reception-side coil RL) and in addition
in which, when it is brought close to the power feeding
device 1, an electric current (an electric current inside
the foreign object) can be generated based on the mag-
netic field generated in the transmission-side coils TL in
resonance circuits TT. In this embodiment, the presence
of a foreign object can be understood to denote the pres-
ence of a foreign object at a position where a non-negli-
gible electric current based on the magnetic field gener-
ated in the transmission-side coils TL in the resonance
circuits TT passes in the foreign object. The electric cur-
rent that passes in the foreign object based on the mag-
netic field generated in the transmission-side coil TL gen-
erates an electromotive force (or back electromotive
force) in a coil (such as TL or RL) located opposite and
coupled with the foreign object; thus, it can exert a non-
negligible effect on the characteristics of the circuit that
includes that coil.
[0249] The foreign object 3 shown in Figs. 11A and
11B is a kind of foreign object in the third embodiment.
[0250] In a state where a foreign object 3 as mentioned
above is placed on the power feeding stage 12, if the
power feeding device 1 performs the power transmission
operation, the strong magnetic field generated by the
transmission-side coil TL (for example, a magnetic field
with a magnetic field intensity of 12 A/m or more) may
damage the foreign object 3. For example, the strong
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magnetic field in the power transmission operation can
raise the terminal voltage of the coil JL in the foreign object
3 on the power feeding stage 12 to as high as 100 V to
200 V, and if the foreign object 3 is not designed to with-
stand such a high voltage, it is damaged.
[0251] When the foreign object 3 is present, the coil JL
in the foreign object 3 magnetically couples with the trans-
mission-side coil TL and/or the reception-side coil RL,
with the result that a variation is observed in the current
amplitude in the transmission-side coil TL. This behavior
can be utilized to perform foreign object presence/ab-
sence judgment based on the current amplitude. How-
ever, the shape of the antenna coil (coil JL) differs from
one foreign object 3 to another, and depending on the
shape, the presence of the foreign object 3 produces
different variations in the current amplitude.
[0252] This will now be explained with reference to
Figs. 36A to 36F. AT1 to AT6 respectively represent ref-
erence antenna coils prescribed in ISO 14443 as antenna
coils to be incorporated in non-contact IC cards. A non-
contact IC card including any of the antenna coils AT1
to AT6 as the coil JL in Fig. 11B can be the foreign object
3. The antenna coils AT1 to AT6 have different shapes
from each other, and basically, from AT1 to AT6, the an-
tenna coils have increasingly small sizes. In the present
description, the shape of a coil is a concept that includes
the size of the coil. Accordingly, even if a first and a sec-
ond coil are geometrically similar, if they are different
sizes, the first and second coils have different shapes.
For a given coil, the size of the coil can be taken as the
area occupied by the circumference of the coil in the di-
rection perpendicular to the center axis of the coil. In a
case where a coil forms a loop antenna, the area of that
part of the loop plane (the plane on which the winding of
the coil is arranged) of the loop antenna which is sur-
rounded by the winding of the coil corresponds to the
size of the coil.
[0253] Though the transmission-side coil TL in the res-
onance circuit TT[1] used in NFC communication and
power transfer may be any of the antenna coils AT1 to
AT6 or any antenna coil different from the antenna coils
AT1 to AT6, it is here assumed that the same antenna
coil as the antenna coil AT6 is used as the transmission-
side coil TL in the resonance circuit TT[1]. Accordingly,
the same antenna coil as the antenna coil AT6 or an
antenna coil similar to the antenna coil AT6 can be used
as the reception-side coil RL in the electronic device 2.
[0254] In a case where the same antenna coil as the
antenna coil AT6 is used as the transmission-side coil
TL in the resonance circuit TT[1], when the coil JL in the
foreign object 3 is the antenna coil AT6, the degree of
magnetic coupling between the transmission-side coil TL
in the resonance circuit TT[1] and the coil JL in the foreign
object 3 is comparatively high; thus, the sensitivity of
presence/absence detection of the foreign object 3 using
the current amplitude in the transmission-side coil TL of
the resonance circuit TT[1] in sufficiently high (according
to whether a foreign object 3 is present or absent, a com-

paratively large variation occurs in the voltage v in Fig.
8). However, when the coil JL in the foreign object 3 is
the antenna coil AT1, the degree of magnetic coupling
between the transmission-side coil TL in the resonance
circuit TT[1] and the transmission-side coil TL is compar-
atively low; thus, the sensitivity of presence/absence de-
tection of the foreign object 3 using the current amplitude
in the transmission-side coil TL of the resonance circuit
TT[1] is low (according to whether a foreign object 3 is
present or absent, a comparatively small variation occur
in the voltage v in Fig. 8), resulting in lower accuracy of
presence/absence detection of the foreign object 3.
[0255] With this taken into consideration, in this em-
bodiment, in addition to the resonance circuit TT[1], res-
onance circuits TT[2] to TT[n] are provided in the power
feeding device 1, and the presence or absence of a for-
eign object is checked by use of the resonance circuits
TT[1] to TT[n]. The n transmission-side coils TL in the
resonance circuits TT[1] to TT[n] have different shapes
(including sizes as mentioned above) from each other.
For example, in a case where n = 6, the transmission-
side coils TL in the resonance circuits TT[2] to TT[6] may
have the same shapes as the antenna coils AT1 to AT5
respectively.
[0256] In the following description, for concreteness’
sake, suppose, chiefly, that "n = 2". Here it is assumed
that, while the transmission-side coil TL in the resonance
circuit TT[1] has the same shape as the antenna coil AT6,
the transmission-side coil TL in the resonance circuit
TT[2] has the same shape as the antenna coil AT3. Ac-
cordingly, the size of the transmission-side coil TL in the
resonance circuit TT[1] is smaller than the size of the
transmission-side coil TL in the resonance circuit TT[2].
[0257] Fig. 37 is a circuit diagram of the power trans-
mission circuit 130B and the resonance circuits TT[1] and
TT[2]. The circuits and components shown in Fig. 37 are
provided in the power feeding device 1. In Fig. 37, the
power feeding-connected state is assumed, and the
switch circuit 110B is omitted from illustration. For a given
integer i, the coil TL and the capacitor TC in the resonance
circuit TT[i] are referred to by the reference signs TL[i]
and TC[i].
[0258] For a given integer i, the resonance circuit TT[i]
includes an impedance matching capacitor MTC[i]. The
load sensing circuit 140 includes unit sensing circuits
which are provided one for each of the resonance circuits
TT. The unit sensing circuit provided for the resonance
circuit TT[i] is identified by the reference sign 140[i]. For
a given integer i, the unit sensing circuit 140[i] includes
blocks identified by the reference signs 141[i] to 144[i],
and outputs a voltage value VDET[i]. Moreover, a switch
circuit comprising switches SW1a, SW1b, SW2a, SW2b,
SW3, SW4, and SW5 is provided in the power feeding
device 1, and the individual switches that constitute the
switch circuit are controlled by the control circuit 160 to
be turned ON and OFF. The whole or a part of the switch
circuit may be taken as a constituent element of the
switch circuit 110B. Moreover, the power feeding device
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1 includes a voltage division resistor RDV in series with
the switch SW3.
[0259] The power transmission circuit 130B includes:
a signal generator 131 which generates a sine-wave sig-
nal at the reference frequency; and an amplifier (power
amplifier) 132 which amplifies the sine-wave signal gen-
erated by the signal generator 131 and which outputs the
resulting alternating-current voltage V0 with a sinusoidal
waveform to a line 133 relative to a predetermined ground
potential. While the signal strength of the sine-wave sig-
nal generated by the signal generator 131 is fixed at a
constant value, the amplification factor of the amplifier
132 is set variably by the control circuit 160. That is, the
magnitude (amplitude) of the alternating-current voltage
V0 is variably controlled by the control circuit 160.
[0260] In the power feeding-connected state, the line
133 is connected to one end of the switch SW4 and to
one end of the switch SW5; the other end of the switch
SW4 and the other end of the switch SW5 are connected
to lines LN[1] and LN[2] respectively. To the line LN[1],
one end of the switch SW3 is connected, and the other
end of the switch SW3 is connected via the voltage divi-
sion resistor RDV to the line LN[2]
[0261] In the resonance circuit TT[1], one end of the
capacitor TC[1] is connected via the capacitor MTC[1] to
the line LN[1], and is also connected via the switch SW1a
to one end of the coil TL[1]. The other end of the capacitor
TC[1] is connected via a serial circuit of a sense resistor
141 [1] and the switch SW1b to the other end of the coil
TL[1]. To the connection node between the other end of
the capacitor TC[1] and the sense resistor 141[1], a
ground potential is applied.
[0262] In the resonance circuit TT[2], one end of the
capacitor TC[2] is connected via the capacitor MTC[2] to
the line LN[2], and is also connected via the switch SW2a
to one end of the coil TL[2]. The other end of the capacitor
TC[2] is connected via a serial circuit of a sense resistor
141 [2] and the switch SW2b to the other end of the coil
TL[2]. To the connection node between the other end of
the capacitor TC[2] and the sense resistor 141[2], a
ground potential is applied.
[0263] The unit sensing circuits 140[1] and 140[2] have
the same circuit configuration, and carry out the same
operation. In the circuit 140[i], that is, in the unit sensing
circuit 140[1] or 140[2], an envelope curve detector 142[i]
detects the envelope curve of the signal of the voltage
drop across the sense resistor 141 [i], and thereby yields
an analog voltage signal that is proportional to the voltage
v in Fig. 8; an amplifier 143[i] amplifies and then yields
the output signal of the envelope curve detector 142; and
an A-D converter 144[i] coverts the output voltage signal
of the amplifier 143[i] into a digital signal, and thereby
yields a digital voltage value VDET[i]. As will be under-
stood from what has been discussed, the voltage value
VDET[i] has a value that is proportional to the amplitude
of the current passing in the sense resistor 141[i] (hence,
the amplitude of the current passing in the transmission-
side coil TL) (as the amplitude increases, the voltage val-

ue VDET[i] increases). Accordingly, the load sensing cir-
cuit 140[i] can be taken as a current amplitude sensing
circuit which senses the amplitude of the current passing
in the transmission-side coil TL[i], and its sensed ampli-
tude value can be taken as the voltage value VDET[i]. The
envelope curve detector 142[i] may be provided in the
stage succeeding the amplifier 143[i]. However, provid-
ing the envelope curve detector 142[i] in the stage pre-
ceding the amplifier 143[i] as shown in Fig. 37 is more
advantageous because it is then possible to adopt, as
the amplifier 143[i], one with lower response at high
frequencies .
[0264] V1 represents the voltage that is present on the
line LN[1] and that is the supply voltage to the resonance
circuit TT[1]. V2 represents the voltage that is present on
the line LN[2] and that is the supply voltage to the reso-
nance circuit TT[2]. The capacitor MTC[i] is an impedance
matching capacitor for making the impedance value of
the resonance circuit TT[i] as observed from the power
transmission circuit 130B equal to the desired value.
Here, the desired value is assumed to be 50 Ω. In this
embodiment, unless otherwise stated, an impedance is
that at the reference frequency.
[0265] Fig. 38 shows the ON/OFF states of the switch-
es SW1a, SW1b, SW2a, SW2b, SW3, SW4, and SW5
along with the states of the supply voltages from the pow-
er transmission circuit 130B to the resonance circuits
TT[1] and TT[2]. The power feeding device 1 can take
one of a first to a third voltage supply state. The first to
third voltage supply states are respectively different
forms of the power feeding-connected state. The switch-
es SW1a, SW1b, SW2a, SW2b, SW3, SW4, and SW5
are controlled such that, in the first voltage supply state,
only the switches SW1a, SW1b, and SW4 are ON (thus,
the other switches are OFF); in the second voltage supply
state, only the switches SW2a, SW2b, and SW5 are ON
(thus, the other switches are OFF); and in the third volt-
age supply state, only the switches SW1a, SW1b, SW2a,
SW2b, SW3, and SW4 are ON (thus, the switch SW5 is
OFF).
[0266] In the first and second voltage supply states,
the output alternating-current voltage V0 of the amplifier
(power amplifier) 132 is an alternating-current voltage
V0L with a predetermined amplitude. Accordingly, in the
first voltage supply state, the alternating-current voltage
V0L is, as the voltage V1, fed to the resonance circuit
TT[1], while the supply voltage V2 to the resonance circuit
TT[2] is zero; in the second voltage supply state, the al-
ternating-current voltage V0L is, as the voltage V2, fed to
the resonance circuit TT[2], while the supply voltage V1
to the resonance circuit TT[1] is zero.
[0267] In the third voltage supply state, the output al-
ternating-current voltage V0 of the amplifier (power am-
plifier) 132 is an alternating-current voltage V0H with a
predetermined amplitude. Here, the alternating-current
voltage V0H is an alternating-current voltage higher than
the alternating-current voltage V0L. That is, the amplitude
of the alternating-current voltage V0H is larger than the
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amplitude of the alternating-current voltage V0L. For ex-
ample, the amplitude of the alternating-current voltage
V0H is set at about several times the amplitude of the
alternating-current voltage V0L. In the third voltage supply
state, the alternating-current voltage V0H is, as the volt-
age V1, fed to the resonance circuit TT[1], while an alter-
nating-current voltage (kDV 3 V0H) is, as the voltage V2,
fed to the resonance circuit TT[2]. In the third voltage
supply state, the supply voltage (kDV 3 V0H) to the res-
onance circuit TT[2] corresponds to a division voltage of
the supply voltage V0H to the resonance circuit TT[1].
The symbol kDV represents the voltage division ratio
which is determined based on the ratio of the impedance
value of the voltage division resistor RDV and the imped-
ance value of the resonance circuit TT[2] both as ob-
served from the power transmission circuit 130B, and is
naturally smaller than one. For example, the resistance
value of the voltage division resistor RDV can be set such
that kDV is about one out of several to several tens of
parts. The amplitude of the voltage (kDV 3 V0H) may be
equal to, or similar to, the amplitude of the voltage V0L.
[0268] In the non-contact power feeding system ac-
cording to this embodiment, a foreign object detection
process can be performed by which the presence or ab-
sence of a foreign object is detected by using VDET[1]
and VDET[2] which are the output values of the load sens-
ing circuit 140. The foreign object detection process in-
cludes a pFOD process and a mFOD process. The pFOD
process is a foreign object detection process that is per-
formed before power transfer, and the mFOD process is
a foreign object detection process that is performed dur-
ing power transfer.

[pFOD Process (Foreign Object Detection Process Be-
fore Power Transfer)

[0269] With reference to Fig. 39, a pFOD process ac-
cording to the third embodiment will be described. Fig.
39 is a flow chart of the pFOD process according to the
third embodiment. In the pFOD process in Fig. 39, first,
at step S11B, the control circuit 160 puts the first voltage
supply state into effect, and thereby feeds a compara-
tively low alternating-current voltage V0L only to the res-
onance circuit TT[1]. Thus, a test magnetic field is gen-
erated in the transmission-side coil TL[1]. The test mag-
netic field is an alternating magnetic field that has as its
magnetic field intensity a predetermined test intensity
and that oscillates at the reference frequency. The test
intensity is significantly lower than the magnetic field in-
tensity (for example, 45 to 60 A/m) of the power trans-
mission magnetic field generated in power transfer (that
is, in the power transmission operation), and falls within
the range between the lower limit value, 1.5 A/m, and the
upper limit value, 7.5 A/m, of communication magnetic
field intensity. Thus, there is no or almost no danger of
the test magnetic field damaging or otherwise affecting
the foreign object 3.
[0270] Subsequently to step S11B, at step S12B, the

control circuit 160 acquires, as a sensed current
amplitude value VpFOD[1], the voltage value VDET[1] as
observed when the test magnetic field is being generated
in the transmission-side coil TL[1]. The sensed current
amplitude value VpFOD[1] has a value commensurate
with the current amplitude in the transmission-side coil
TL[1] when the test magnetic field is being generated in
the transmission-side coil TL[1]. During the period in
which the pFOD process is performed, according to an
instruction from the power feeding device 1 via NFC
communication, the fO changing/short-circuiting
operation (resonance frequency changing operation or
coil short-circuiting operation) is performed in the
electronic device 2. Accordingly, the resonance circuit
RR (reception-side coil RL) generally does not act as a
load to the transmission-side coil TL[1], and thus causes
no or almost no decrease in the sensed current amplitude
value VpFOD[1].
[0271] Subsequently to step S12B, at step S13B, the
control circuit 160 checks whether or not the sensed cur-
rent amplitude value VpFOD[1] falls within a predeter-
mined first normal pFOD range. If the sensed current
amplitude value VpFOD[1] falls within the first normal
pFOD range, an advance is made to step S14B (the first
normal pFOD range will be described later).
[0272] At step S14B, the control circuit 160 puts the
second voltage supply state into effect, and thereby feeds
a comparatively low alternating-current voltage V0L only
to the resonance circuit TT[2]. Thus, a test magnetic field
is generated in the transmission-side coil TL[2].
[0273] Subsequently to step S14B, at step S15B, the
control circuit 160 acquires, as a sensed current ampli-
tude value VpFOD[2], the voltage value VDET[2] as ob-
served when the test magnetic field is being generated
in the transmission-side coil TL[2]. The sensed current
amplitude value VpFOD[2] has a value commensurate
with the current amplitude in the transmission-side coil
TL[2] when the test magnetic field is being generated in
the transmission-side coil TL[2]. As mentioned above,
during the period in which the pFOD process is per-
formed, according to an instruction from the power feed-
ing device 1 via NFC communication, the fO chang-
ing/short-circuiting operation (resonance frequency
changing operation or coil short-circuiting operation) is
performed in the electronic device 2. Accordingly, the
resonance circuit RR (reception-side coil RL) generally
does not act as a load to the transmission-side coil TL[2],
and thus causes no or almost no decrease in the sensed
current amplitude value VpFOD[2].
[0274] Subsequently to step S15B, at step S16B, the
control circuit 160 checks whether or not the sensed cur-
rent amplitude value VpFOD[2] falls within a second nor-
mal pFOD range. If the sensed current amplitude value
VpFOD[2] falls within the second normal pFOD range, an
advance is made to step S17B.
[0275] At step S17B, to which an advance is made only
if the sensed current amplitude value VpFOD[1] falls within
the first normal pFOD range and in addition the sensed
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current amplitude value VpFOD[2] falls within the second
normal pFOD range, the control circuit 160 judges that
no foreign object is present on the power feeding stage
12. This judgment is referred to as a foreign-object-
absent judgment. On the other hand, if the sensed current
amplitude value VpFOD[1] falls outside the first normal
pFOD range or the sensed current amplitude value
VpFOD[2] falls outside the second normal pFOD range,
an advance is made to step S18B. At step S18B, the
control circuit 160 judges that a foreign object is present
on the power feeding stage 12. This judgment is referred
to as a foreign-object-present judgment. On making a
foreign-object-absent judgement, the control circuit 160
recognizes that the power transmission operation by the
power transmission circuit 130B is permissible, and
permits the power transmission circuit 130B to perform
the power transmission operation; on making a foreign-
object-present judgment, the control circuit 160
recognizes that the power transmission operation by the
power transmission circuit 130B is not permissible, and
inhibits (restricts) the power transmission circuit 130B
from performing the power transmission operation.
[0276] The first normal pFOD range is a range of values
equal to or larger than a predetermined lower limit value
VpREFL[1] but equal to or smaller than a predetermined
upper limit value VpREFR[1] (0 < VpREFL[1] < VpREFH[1]).
The second normal pFOD range is a range of values
equal to or larger than a predetermined lower limit value
VpREFL[2] but equal to or smaller than a predetermined
upper limit value VpREFH[2] (0 < VpREFL[2] < VpREFH[2]).
Accordingly, only when the check inequalities "VpREFL[1]
≤ VpFOD[1] ≤ VpREFH[1]" and "VpREFL[2] ≤ VpFOD[2] ≤
VpREFH[2]" are both satisfied, a foreign-object-absent
judgment is made, and otherwise a foreign-object-
present judgment is made. The first and second normal
pFOD ranges may be identical, or may have different
lower and/or upper limit values.
[0277] When the pFOD process is performed, if a for-
eign object 3 is present on the power feeding stage 12,
the resonance circuit JJ (coil JL) in the foreign object 3
acts as a load to the transmission-side coil TL[i], with the
result that a decrease is observed in the sensed current
amplitude value VpFOD[i] as compared with when no for-
eign object 3 is present on the power feeding stage 12.
In this embodiment, the presence or absence of the for-
eign object 3 is judged by use of sensed current amplitude
values in a plurality of transmission-side coils with varying
sizes, and this allows detection of the foreign object 3
with improved accuracy.
[0278] A foreign object can be a foreign object 3a (un-
illustrated) different from the foreign object 3. The foreign
object 3a is, for example, a metal body containing alumi-
num (a foil or sheet of aluminum) or a metal body con-
taining copper. When the pFOD process is performed, if
a foreign object 3a is present on the power feeding stage
12, due to electric and magnetic effects, an increase is
observed in the sensed current amplitude value VpFOD[i]
as compared with when no foreign object 3a is present

on the power feeding stage 12.
[0279] The lower limit value VpREFL[i] and the upper
limit value VpREFH[i] are set beforehand through
experiments or the like and stored in the memory 150
such that, before power transfer is performed: if a foreign
object 3 is present on the power feeding stage 12, the
sensed current amplitude value VpFOD[i] is lower than the
lower limit value VpREFL[i]; if a foreign object 3a is present
on the power feeding stage 12, the sensed current
amplitude value VpFOD[i] is higher than the upper limit
value VpREFH[i]; and if no foreign object (3 or 3a) is
present on the power feeding stage 12, the sensed
current amplitude value VpFOD[i] falls within the ith normal
pFOD range.
[0280] When a power transmission magnetic field is
generated with a foreign object 3a present on the power
feeding stage 12, the foreign object 3a may absorb elec-
tric power and heat up. In this embodiment, where the
reference frequency as the carrier frequency for power
transfer is assumed to be 13.56 MHz, it can be said that
no such heating-up is likely. Accordingly, it is also pos-
sible, with no consideration given to the presence of the
foreign object 3a, to omit the upper limit values of the first
and second normal pFOD ranges (in that case, VpREFH[1]
and VpREFH[2] can be taken as infinitely great). However,
in the invention according to this embodiment, the refer-
ence frequency is not limited to 13.56 MHz; when the
reference frequency is set at, for example, about several
hundred kilohertz, the foreign object 3a is likely to heat
up, and therefore it is preferable to adopt the previously
described method in which the ith normal pFOD range
is defined by not only the lower limit value VpREFL[i] but
also the upper limit value VpREFH[i].
[0281] In the first voltage supply state, when the
sensed value VpFOD[1] as to the resonance circuit TT[1]
is acquired, the switches SW2a and SW2b are OFF, and
the resonance circuit TT[2] is practically not formed. This
prevents the transmission-side coil TL[2] from behaving
like the coil TJ in the foreign object 3. The same applies
similarly to the second voltage supply state.
[0282] An additional description will now be given of
how the lower limit value VpREFL[i] is determined. The
lower limit value VpREFL[i] is determined in an initial set-
ting process. Fig. 40 is an operation flow chart of the
initial setting process according to the third embodiment.
The initial setting process according to the third embod-
iment is performed by the IC 100B in an initial setting
environment as described below. In the initial setting en-
vironment, the load to each transmission-side coil TL[i]
is null or negligibly small, and no object in which an elec-
tric current can be generated by the magnetic field gen-
erated in any transmission-side coil TL[i] (including a coil
that magnetically couples with the transmission-side coil
TL[i]) is present except the components of the power
feeding device 1. The detached state in Fig. 1A can be
taken as satisfying the initial setting environment. To se-
cure an initial setting environment, the initial setting proc-
ess can be performed, for example, at the time of man-
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ufacture, shipment, or the like of the power feeding device
1. So long as an initial setting environment can be se-
cured, the initial setting process can be performed at any
time.
[0283] In the initial setting process, first, at step S21B,
the control circuit 160 puts the first voltage supply state
into effect, and thereby feeds a comparatively low alter-
nating-current voltage V0L only to the resonance circuit
TT[1]. Thus, a test magnetic field is generated in the
transmission-side coil TL[1]. Subsequently to step S21B,
at step S22B, the control circuit 160 acquires, as a voltage
value VINIT[1], the voltage value VDET[1] as observed
when the test magnetic field is being generated in the
transmission-side coil TL[1], and stores a lower limit value
VpREFL[1] based on the voltage value VINIT[1] in the mem-
ory 150. Subsequently, at step S23B, the control circuit
160 puts the second voltage supply state into effect, and
thereby feeds a comparatively low alternating-current
voltage V0L only to the resonance circuit TT[2]. Thus, a
test magnetic field is generated in the transmission-side
coil TL[2]. Subsequently to step S23B, at step S24B, the
control circuit 160 acquires, as a voltage value VINIT[2],
the voltage value VDET[2] as observed when the test mag-
netic field is being generated in the transmission-side coil
TL[2], and stores a lower limit value VpREFL[2] based on
the voltage value VINIT[2] in the memory 150.
[0284] The lower limit value VpREFL[i] is set at a value
lower than the voltage value VINIT[1] so that the pFOD
process yields a foreign-object-present judgment only
when a foreign object 3 is present. The setting can be
made, for example, such that "VpREFL[i] = VINIT[i] - ΔV"
or "VpREFL[i] = VINIT[i] 3 k". Here, ΔV is a predetermined
positive minute value (it may also be that ΔV = 0); k is a
coefficient with a predetermined positive value smaller
than one. The voltage value VINIT[i] that is expected to
be obtained when the test magnetic field is generated in
the transmission-side coil TL[i] in the initial setting envi-
ronment can be estimated at the stage of designing.
Based on the value derived from the estimation, it is pos-
sible, without performing the initial setting process, to de-
termine the lower limit value VpREFL[i] and store it in the
memory 150.
[0285] With reference to Figs. 17A to 17D, a first to a
fourth case will be considered. In the first case, only the
electronic device 2 is present on the power feeding stage
12. In the second case, the electronic device 2 and a
foreign object 3 are present on the power feeding stage
12. In the third case, only a foreign object 3 is present on
the power feeding stage 12. In the fourth case, neither
the electronic device 2 nor a foreign object 3 is present
on the power feeding stage 12.
[0286] As mentioned earlier, during the period in which
the pFOD process is performed, the fO changing/short-
circuiting operation is performed in the electronic device
2. Thus, in the first case, the load to the transmission-
side coil TL is sufficiently light (a state as if no electronic
device 2 were present on the power feeding stage 12),
and the sensed values VpFOD[1] and VpFOD[2] fall within

their respective normal pFOD ranges, with the result that
a foreign-object-absent judgment is made. On the other
hand, in the second case, though the resonance frequen-
cy of the resonance circuit RR is changed to the above-
mentioned frequency fM, or the reception-side coil RL is
short-circuited, the foreign object 3 remains a load to the
transmission-side coil TL[i] (the resonance frequency of
the resonance circuit JJ in the foreign object 3 remains
at the reference frequency), and thus one or both of the
sensed values VpFOD[1] and VpFOD[2] are sufficiently
small, with the result that a foreign-object-present judg-
ment is made.
[0287] In the third and fourth cases, no electronic de-
vice 2 that responds to NFC communication is present
on the power feeding stage 12, and thus in the first place,
no power transmission operation is necessary; accord-
ingly, the pFOD process itself is not performed. The pow-
er feeding device 1 can, by NFC communication, check
whether or not an electronic device 2 compatible with
power transfer is present on the power feeding stage 12.
A state where a foreign object 3 is present on the power
feeding stage 12 is not limited to a state where the foreign
object 3 is in direct contact with the power feeding stage
12. For example, as shown in Fig. 18, a state where the
electronic device 2 is present on the power feeding stage
12 in direct contact with it and a foreign object 3 is present
on the electronic device 2 also counts, so long as a for-
eign-object-present judgment is made, as a state where
a foreign object 3 is present on the power feeding stage
12.
[0288] [mFOD Process (Foreign Object Detection
Process During Power Transfer) Next, an mFOD process
according to the third embodiment will be described. The
mFOD process is performed repeatedly during power
transfer unless, during the process, a foreign-object-
present judgment is made. In the third embodiment, the
third voltage supply state is maintained during power
transfer, and thus the mFOD process is performed in the
third voltage supply state. In the third voltage supply
state, the resonance circuit TT[1] is fed with the alternat-
ing-current voltage V0H, and the resonance circuit TT[2]
is fed with the alternating-current voltage (kDV 3 V0H);
thus, a power transmission magnetic field is generated
in the transmission-side coils TL[1] and TL[2]. While this
power transmission magnetic field is a composite mag-
netic field generated by both of the transmission-side
coils TL[1] and TL[2], the chief generator of the power
transmission magnetic field is the transmission-side coil
TL[1] in the resonance circuit TT[1] which is fed with a
relatively high voltage. That is, between the transmission-
side coils TL[1] and TL[2], a large part of transmission
electric power is output from the transmission-side coil
TL[1], and the transmission electric power from the trans-
mission-side coil TL[2] is significantly lower than that from
the transmission-side coil TL[1].
[0289] The shape of the reception-side coil RL in the
electronic device 2 is the same as that of the transmis-
sion-side coil TL[1], or is more similar to that of the trans-
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mission-side coil TL[1] than to that of the transmission-
side coil TL[2]. Since the shape of a coil is a concept
including its size, in other words, the size of the reception-
side coil RL is equal to the size of the transmission-side
coil TL[1], or is closer to the size of the transmission-side
coil TL[1] than to the size of the transmission-side coil
TL[2]. As a result, magnetic coupling is stronger between
the coil TL[1] and the coil RL than between the coil TL[2]
and the coil RL; thus, transmitting electric power by using
chiefly the coil TL[1] results in higher power transfer effi-
ciency. Moreover, feeding a high voltage to the coil TL[2]
which exhibits a comparatively lower degree of magnetic
coupling with the coil RL may lead to excessive unnec-
essary radiation from the coil TL[2]; by contrast, feeding
a comparatively low voltage to the resonance circuit TT[2]
helps suppress an increase in such unnecessary radia-
tion.
[0290] Fig. 41 is a flow chart of the mFOD process
according to the third embodiment. In the mFOD process
according to the third embodiment, first, at step S31B,
the control circuit 160 acquires the most recent voltage
values VDET[1] and VDET[2] as sensed current amplitude
values VmFOD[1] and VmFOD[2] respectively. The sensed
current amplitude value VmFOD[i] has a value commen-
surate with the current amplitude in the transmission-side
coil TL[i] as observed when power transfer is being per-
formed in the third voltage supply state. Subsequently to
step S31B, at steps S32B and 33B, the control circuit
160 checks whether or not the sensed current amplitude
value VmFOD[1] falls within a first normal mFOD range,
and checks whether or not the sensed current amplitude
value VmFOD[2] falls within a second normal mFOD
range. Only if the sensed value VmFOD[1] falls within the
first normal mFOD range and the sensed value VmFOD[2]
falls within the second normal mFOD range, a foreign-
object-absent judgment is made (step S34B), and a re-
turn is made to step S31B, so that the process is repeated
starting at step S31B. On the other hand, if at least one
of the sensed values VmFOD[1] and VmFOD[2] falls outside
the corresponding normal mFOD range, a foreign-object-
present judgment is made at step S35B, and the power
transmission permit flag is set to OFF. The power trans-
mission permit flag is a flag that is controlled by the control
circuit 160, and is set to ON or OFF. When the power
transmission permit flag is set to ON, the control circuit
160 permits the execution of the power transmission op-
eration; when the power transmission permit flag is set
to OFF, the control circuit 160 inhibits the execution of
the power transmission operation (or, if the power trans-
mission operation is underway, it is stopped).
[0291] The first normal mFOD range is a range of
values equal to or larger than a predetermined lower limit
value VmREFL[1] but equal to or smaller than a
predetermined upper limit value VmREFH[1] (0 <
VmREFL[1] < VmREFH[1]). The second normal mFOD
range is a range of values equal to or larger than a
predetermined lower limit value VmREFL[2] but equal to
or smaller than a predetermined upper limit value

VmREFH[2] (0 < VmREFL[2] < VmREFH[2]). Accordingly, only
when the check inequalities "VmREFL[1] ≤ VmFOD[1] ≤
VmREFH[1]" and "VmREFL[2] ≤ VmFOD[2] ≤ VmREFH[2]" are
both satisfied, a foreign-object-absent judgment is made,
and otherwise a foreign-object-present judgment is
made.
[0292] With reference to Fig. 24A, consider, for exam-
ple, a case where, while the power transmission opera-
tion is being performed, a foreign object 3 configured as
a non-contact IC card is inserted between the power feed-
ing stage 12 of power feeding device 1 and the electronic
device 2. In this case, the reception-side coil RL in the
electronic device 2 and the coil JL in the foreign object 3
magnetically couple, and, along with the resonance fre-
quency of the resonance circuit JJ in the foreign object
3, the resonance frequency of the resonance circuit RR
in the electronic device 2 deviates from the reference
frequency (13.56 MHz). Then, the reception electric pow-
er at the reception-side coil RL lowers, and the power
transmission load as observed from the transmission-
side coil TL[i] becomes lighter, with the result that the
current amplitude in the transmission-side coil TL[i] be-
comes larger (the upper limit value VmREFH[i] can be de-
termined such that "VmREFH[i] < VmFOD[i]" in this case).
[0293] Considered above has been the effect on the
current amplitude in the transmission-side coil TL[i] from
the perspective of the magnetically coupled relationship
between the reception-side coil RL and the coil JL in the
foreign object 3. In the example in Fig. 24A, also the
transmission-side coil TL[i] itself magnetically couples
with the reception-side coil RL and the coil JL, and the
magnetic coupling between the coil TL[1] and the coil JL
depends on the relationship between the shape of the
coil TL[i] and the shape of the coil JL. Thus, in the case
in Fig. 24A, for example, according to whether the coil
JL in the foreign object 3 is the antenna coil AT6 or the
antenna coil AT3, the amount of variation in the current
amplitude in the transmission-side coil TL[1] differs. As
a result, for example, suppose that the mFOD process
is performed without acquiring the sensed value
VmFOD[2] but depending only on the sensed value
VmFOD[1], then if the coil JL in the foreign object 3 is the
antenna coil AT6, a deviation of the sensed value
VmFOD[1] from the first normal mFOD range is observed,
but if the coil JL in the foreign object 3 is the antenna coil
AT3, it can happen that no such deviation is observed.
Reversely, for example, suppose that the mFOD process
is performed without acquiring the sensed value
VmFOD[1] but depending only on the sensed value
VmFOD[2], then if the coil JL in the foreign object 3 is the
antenna coil AT3, a deviation of the sensed value
VmFOD[2] from the second normal mFOD range is
observed, but if the coil JL in the foreign object 3 is the
antenna coil AT6, it can happen that no such deviation
is observed. In the mFOD process according to this
embodiment, foreign object presence/absence detection
is performed by use of the current amplitudes in the
transmission-side coils TL[1] and TL[2] with different
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sizes, improved foreign object detection accuracy is
expected. That is, detection of a foreign object that is
difficult to detected by use of the sensed value VmFOD[1]
in the coil TL[1] can be complemented by use of the
sensed value VmFOD[2] in the coil TL[2].
[0294] For another example, with reference to Fig.
24B, consider a case where, while the power
transmission operation is being performed, a foreign
object 3b configured as a sheet of iron or ferrite is inserted
between the power feeding stage 12 of the power feeding
device 1 and the electronic device 2. Then, due to electric
and magnetic effects, an electric current passes in the
foreign object 3b, with the result that the current
amplitude in the transmission-side coil TL[i] becomes
smaller (the lower limit value VmREFL[i] can be determined
such that "VmFOD[i] < VmREFL[i]" in this case).
[0295] Thus, the presence or absence of a foreign ob-
ject like the foreign object 3 and the foreign object 3b
causes a variation in the sensed current amplitude value
VmFOD[i]. A lower limit value VmREFL[i] and an upper limit
value VmREFH[i] that have been determined appropriately
beforehand through experiments or the like with consid-
eration given to every imaginable type of foreign object
and every imaginable state of arrangement can be stored
in the memory 150. Instead, how far the sensed current
amplitude value VmFOD[i] varies due to the presence of
a foreign object during power transfer may be estimated
by theoretic calculation so that, based on the results of
the estimation, with no need for experiments, a lower limit
value VmREFL[i] and an upper limit value VmREFH[i] can
be determined and stored in the memory 150. In that
case, for example, an object that causes the sensed cur-
rent amplitude value VmFOD[i] to vary by a predetermined
factor of variation or more about the center value of the
ith normal mFOD range can be defined as a foreign ob-
ject.
[0296] The lower limit value VmREFL[i] and the upper
limit value VmREFH[i] can be determined also in the fol-
lowing manner. When power transfer is underway, the
control circuit 160 acquires one sensed current amplitude
value VmFOD[i] after another periodically in the third volt-
age supply state; then, of the sensed current amplitude
values VmFOD[i] acquired periodically, one moving aver-
age after another can be calculated. Here, it is assumed
that the moving average of 16 consecutive sensed values
VmFOD[i] is calculated.
[0297] After the start of power transfer, the control
circuit 160 takes the moving average of the most recently
obtained 16 sensed values VmFOD[i] as a reference value
VmREF[i]. Then, based on the reference value VmREF[i],
the control circuit 160 sets a lower limit value VmREFL[i]
and a upper limit value VmREFH[i]. Specifically, (VmREF[i]
- ΔVmREF) and (VmREF[i] + ΔVmREF) are taken as the lower
limit value VmREFL[i] and the upper limit value VmREFH[i]
respectively. Or (VmREF[i] - kmREF · VmREF[i]) and
(VmREF[i] + kmREF · VmREF[i]) are taken as the lower limit
value VmREFL[i] and the upper limit value VmREFH[i]
respectively. ΔVmREF is a predetermined positive value,

and kmREF is a predetermined positive coefficient smaller
than one. After the reference value VmREF[i] is set for the
first time, every time a sensed value VmFOD[i] is newly
acquired, the reference value VmREF[i] is updated with
the moving average of 16 sensed values VmFOD[i]
including that new sensed value VmFOD[i]. While, after
the start of power transfer, the number of sensed values
VmFOD[i] acquired is less than 16, the average of all the
sensed values VmFOD[i] acquired after the start of power
transfer can be taken as the reference value VmREF[i].
For the sensed value VmFOD[i] acquired first after the start
of power transfer, the operation at steps S32B through
S35B in Fig. 41 is not performed (because the reference
value VmREF[i] has not been set yet).
[0298] With this method, VmREFL[i] and VmREFFI[i] are
set by use of one or more sensed current amplitude val-
ues VmFOD[i] acquired in the past. The purpose of the
mFOD process is to check the presence or absence of
a foreign object that can be inserted after the start of
power transfer, in the middle of power transfer, and this
check can be achieved by monitoring the change from
the reference value VmREF[i] based on past sensed val-
ues VmROF[i]. Moreover, using the moving average helps
suppress malfunction due to an abrupt change such as
noise. After the moving average of the 16 sensed values
VmFOD[i] acquired immediately after the start of power
transfer is taken as the reference value VmREF[i], the ref-
erence value VmREF[i] may be kept constant throughout
that session of power transfer (that is, the reference value
VmREF[i] may be left un-updated).
[0299] Of the amplifiers 143[1] and 143[2] (see Fig.
37), at least the amplifier 143[1] has a variable amplifi-
cation factor. The current amplitude in the transmission-
side coil TL[1] is significantly larger when the sensed val-
ue VmFOD[1] is acquired in the mFOD process, where the
supply voltage V1 is relatively high, than when the sensed
value VpFOD[1] is acquired in the pFOD process, where
the supply voltage V1 is relatively low. Accordingly, when
performing the mFOD process, the control circuit 160
can set the amplification factor of the amplifier 143[1]
smaller than when performing the pFOD process and
thereby make the range of the input signal to the A-D
converter 144[1] about equal between in the pFOD proc-
ess and in the mFOD process. Also in a case where the
current amplitude in the transmission-side coil TL[2] is
larger when the sensed value VmFOD[2] is acquired in the
mFOD process than when the sensed value VpFOD[2] is
acquired in the pFOD process (that is, in a case where
"(kDV 3 V0H) > V0L"), the control circuit 160 can set the
amplification factor of the amplifier 143[2] lower when
performing the mFOD process than when performing the
pFOD process and thereby make the range of the input
signal to the A-D converter 144[2] about equal between
in the pFOD process and in the mFOD process.
[0300] For another example, in the load sensing circuit
140[i], between the envelope curve detector 142[i] and
the A-D converter 144[i] (more specifically, between the
envelope curve detector 142[i] and the amplifier 143[i],
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or between the amplifier 143[i] and the A-D converter
144[i]), a high-range reduction circuit (unillustrated) may
be inserted. In that case, amplitude information obtained
by subjecting the voltage drop signal across the sense
resistor 141[i] to high-range reduction (in other words,
averaging or low-pass filtering) can be obtained as the
voltage value VDET[i] from the A-D converter 144[i]. The
high-range reduction here is processing whereby, of the
voltage drop signal across the sense resistor 141[i], com-
paratively low-frequency signal components are passed
while comparatively high-frequency signal components
are reduced (attenuated). Through the high-range reduc-
tion, inhibition of power transmission is prevented from
occurring due to noise, slight vibration of the electronic
device 2 on the power feeding stage 12, or the like.
[0301] For another example, instead of a high-range
reduction circuit being provided between the envelope
curve detector 142[i] and the A-D converter 144[i], high-
range reduction by calculation may be applied to the volt-
age value VDET[i] based on the output signal of the A-D
converter 144[i] so that the voltage value VDET[i] after the
high-range reduction is used as the sensed current am-
plitude value VmFOD[i] (similar handling is possible also
for the sensed current amplitude value VpFOD[i] in the
pFOD process). High-range reduction by calculation is
processing performed in the control circuit 160 whereby,
of the output signal of the A-D converter 144[i], compar-
atively low-frequency signal components are passed
while comparatively high-frequency signal components
are reduced (attenuated).
[0302] The function of the mFOD process is not limited
to foreign object presence/absence judgment. The
mFOD process serves to turn the power transmission
permit flag to OFF in any situation unsuitable to continue
the power transmission operation such as when the
sensed current amplitude value VmFOD[i] falls outside the
ith normal mFOD range. For example, after the start of
the power transmission operation, when the electronic
device 2 is removed off the power feeding stage 12, the
load of power transmission as observed from the trans-
mission-side coil TL[i] becomes lighter and the sensed
current amplitude value VmFOD[i] exceeds the upper limit
value VmREFH[i]; thus, the power transmission permit flag
is turned to OFF (step S35B in Fig. 41).

[Signal Exchange Before Power Transfer]

[0303] Though the exchange of signals between the
devices 1 and 2 before power transfer is performed is
similar to that shown in Fig. 19, the exchange of signals
in the third embodiment will be described below. In con-
nection with the third embodiment, unless otherwise stat-
ed, the following description assumes that the electronic
device 2 is present on the power feeding stage 12 in the
regularly placed state (Fig. 1B).
[0304] Referring to Fig. 19, first, with the power feeding
device 1 on the transmitting side and the electronic device
2 on the receiving side, the power feeding device 1 (IC

100B) transmits an inquiry signal 510 to a device on the
power feeding stage 2 (hereinafter referred to also as the
power feeding target device) by NFC communication.
The power feeding target device includes the electronic
device 2, and can include a foreign object 3. The inquiry
signal 510 includes a signal inquiring individual identifi-
cation information of the power feeding target device, a
signal inquiring whether or not the power feeding target
device is in a state enabled to perform NFC communica-
tion, and a signal inquiring whether or not the power feed-
ing target device can receive electric power or is request-
ing transmission of electric power.
[0305] On receiving the inquiry signal 510, the elec-
tronic device 2 (IC 200B) transmits a response signal 520
responding to the inquiry of the inquiry signal 510 to the
power feeding device 1 by NFC communication. On re-
ceiving the response signal 520, the power feeding de-
vice 1 (IC 100B) analyzes the response signal 520, and
if the power feeding target device is enabled to perform
NFC communication and in addition it can receive electric
power or is requesting transmission of electric power, the
power feeding device 1 (IC 100B) transmits a test request
signal 530 to the power feeding target device by NFC
communication. On receiving the test request signal 530,
the electronic device 2 (IC 200B) as the power feeding
target device transmits a response signal 540 responding
to the test request signal 530 to the power feeding device
1 by NFC communication, and then promptly performs
the fO changing/short-circuiting operation (resonance
frequency changing operation or coil short-circuiting op-
eration). The test request signal 530 is, for example, a
signal requesting and indicating the execution of the fO
changing/short-circuiting operation, and when triggered
by the reception of the test request signal 530, the control
circuit 250 in the electronic device 2 makes the resonance
state changing circuit 240 perform the fO changing/short-
circuiting operation. Before the reception of the test re-
quest signal 530, the fO changing/short-circuiting opera-
tion remains unperformed. The test request signal 530
may be any signal so long as it can trigger the execution
of the fO changing/short-circuiting operation, and may be
contained in the inquiry signal 510.
[0306] On receiving the response signal 540, the pow-
er feeding device 1 (IC 100B) performs the above-de-
scribed pFOD process. During the period in which the
pFOD process is performed, the electronic device 2 (IC
200B) continues performing the fO changing/short-
circuiting operation. Specifically, the electronic device 2
(IC 200), by using an incorporated timer, continues per-
forming the fO changing/short-circuiting operation for a
time corresponding to the length of the period in which
the pFOD process is performed, and then stops the fO
changing/short-circuiting operation.
[0307] In the pFOD process, if it is judged that no for-
eign object is present on the power feeding stage 12, the
power feeding device 1 (IC 100B) transmits a verification
signal 550 to the power feeding target device by NFC
communication. The verification signal 550 includes, for
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example, a signal notifying the power feeding target de-
vice of the forthcoming power transmission. On receiving
the verification signal 550, the electronic device 2 (IC
200B) transmits a response signal 560 responding to the
verification signal 550 to the power feeding device 1 by
NFC communication. The response signal 560 includes,
for example, a signal notifying recognition of what is con-
veyed by the verification signal 550 and a signal giving
permission to what is conveyed by the verification signal
550. On receiving the response signal 560, the power
feeding device 1 (IC 100B) connects the power transmis-
sion circuit 130B to the resonance circuit TT (more spe-
cifically, puts the third voltage supply state into effect) to
perform power transmission operation, and thus power
transfer 570 is achieved.
[0308] In the first case in Fig. 17A, power transfer 570
is performed through the procedure described above.
However, in the second case in Fig. 17B, although the
procedure proceeds up to the transmission and reception
of the response signal 540, in the pFOD process, it is
judged that a foreign object is present on the power feed-
ing stage 12; thus, no power transfer 570 is performed.
A single session of power transfer 570 may be performed
for a predetermined time. The sequence of operation
from the transmission of the inquiry signal 510 to power
transfer 570 may be performed repeatedly. In practice,
as shown in Fig. 42, NFC communication, a pFOD proc-
ess, and power transfer (NFC power transfer) can be
performed sequentially and repeatedly. That is, in the
non-contact power feeding system, operation for per-
forming NFC communication, operation for performing a
pFOD process, and operation for performing power
transfer (NFC power transfer) can be performed sequen-
tially and repeatedly on a time-division basis.

[Operation Flow Chart of a Power Feeding Device and 
an Electronic Device]

[0309] Next, the flow of the operation of the power feed-
ing device 1 will be described. Fig. 43 is an operation
flow chart of the power feeding device 1. The operation
of the communication circuit 120 and the power trans-
mission circuit 130B is performed under the control of
the control circuit 160.
[0310] When the power feeding device 1 starts up, first,
at step S101B, the control circuit 160 controls the switch
circuit 110B such that the communication circuit 120 is
connected to the resonance circuit TT[1]. Subsequently,
at step S102B, the control circuit 160 transmits an inquiry
signal 510 to the power feeding target device by NFC
communication using the communication circuit 120 and
the resonance circuit TT[1], and then, at step S103B, the
control circuit 160 waits for the reception of a response
signal 520. When the communication circuit 120 receives
the response signal 520, the control circuit 160 analyzes
the response signal 520, and if the power feeding target
device is enabled to perform NFC communication and in
addition it can receive electric power or is requesting

transmission of electric power, it is judged that a power
transmission target is present (step S104B, Y), and an
advance is made to step S105B; otherwise (step S104B,
N), a return is made to step S102B.
[0311] At step S105B, the control circuit 160 transmits
a test request signal 530 to the power feeding target de-
vice by NFC communication using the communication
circuit 120 and the resonance circuit TT[1], and then, at
step S106B, the control circuit 160 waits for the reception
of a response signal 540. When the communication cir-
cuit 120 receives the response signal 540, then, at step
S107B, the control circuit 160 controls the switch circuit
110B such that the connection destination to the reso-
nance circuits TT[1] and TT[2] is switched from the com-
munication circuit 120 to the power transmission circuit
130B, and subsequently, at step S108B, the above-de-
scribed pFOD process is performed.
[0312] After the pFOD process, at step S109B, the con-
trol circuit 160 controls the switch circuit 110B such that
the communication circuit 120 is connected to the reso-
nance circuit TT[1], and an advance is made to step
S110B. If, in the pFOD process at step S108B, a foreign-
object-present judgment has been made, a return is
made from step S110B to step S102B; if a foreign-object-
absent judgment has been made, an advance is made
from step S110B to step S111B.
[0313] At step S111B, the control circuit 160 transmits
a verification signal 550 to the power feeding target de-
vice by NFC communication using the communication
circuit 120 and the resonance circuit TT[1], and then, at
step SI 12B, the control circuit 160 waits for the reception
of a response signal 560. When the communication cir-
cuit 120 receives the response signal 560, then, at step
S113B, the control circuit 160 controls the switch circuit
110B such that connection destination to the resonance
circuits TT[1] and TT[2] is switched from the communi-
cation circuit 120 to the power transmission circuit 130B,
and in addition puts the above-described third voltage
supply state into effect (see Figs. 37 and 38). Thereafter,
an advance is made to step S114B.
[0314] At step S114B, the control circuit 160 sets a
power transmission permit flag to ON, and starts the pow-
er transmission operation and the mFOD process, and
then an advance is made to step S115B. As mentioned
above, through the mFOD process, the presence or ab-
sence of a foreign object during power transfer is
checked, and if a foreign object is detected, the power
transmission permit flag is set to OFF (see Fig. 41). The
control circuit 160 counts the time that has elapsed from
the start of the power transmission operation, and, at step
S115B, the control circuit 160 compares the time elapsed
with a predetermined time tA (for example, 10 minutes)
and checks the status of the power transmission permit
flag. When the time elapsed reaches the predetermined
time tA, or when through the mFOD process the power
transmission permit flag is set to OFF, an advance is
made to step S116B. At step S116B, the control circuit
160 turns the power transmission permit flag from ON to
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OFF, or keeps the power transmission permit flag set to
OFF, and stops the power transmission operation and
the mFOD process. Thereafter, a return is made to step
S101B.
[0315] Next, the flow of the operation of the electronic
device 2 will be described. Fig. 44 is an operation flow
chart of the electronic device 2, and the procedure start-
ing at step S201B is performed concurrently with the op-
eration of the power feeding device 1 shown in Fig. 43.
The operation of the communication circuit 220 and the
power reception circuit 230 is performed under the con-
trol of the control circuit 250.
[0316] When the electronic device 2 starts up, first, at
step S201B, the control circuit 250 controls the switch
circuit 210B such that the communication circuit 220 is
connected to the resonance circuit RR. When the elec-
tronic device 2 starts up, the fO changing/short-circuiting
operation remains unperformed. Subsequently, at step
S202B, the control circuit 250, by using the communica-
tion circuit 220, waits for the reception of an inquiry signal
510. When the communication circuit 220 receives the
inquiry signal 510, then, at step S203B, the control circuit
250 analyzes the inquiry signal 510 to generate a re-
sponse signal 520, and transmits the response signal
520 to the power feeding device 1 by NFC communication
using the communication circuit 220. At this point, the
control circuit 250 checks the condition of the battery 21,
and if the battery 21 is not in a fully charged state and in
addition the battery 21 does not exhibit any abnormality,
the control circuit 250 includes in the response signal 520
a signal indicating readiness to receive electric power or
requesting transmission of electric power. On the other
hand, if the battery 21 is in a fully charged state or the
battery 21 exhibits an abnormality, the control circuit 250
includes in the response signal 520 a signal indicating
unreadiness to receive electric power.
[0317] Thereafter, when, at step S204B, the test re-
quest signal 530 is received by the communication circuit
220, an advance is made to step S205B. At step S205B,
the control circuit 250 transmits a response signal 540
to the power feeding device 1 by NFC communication
using the communication circuit 220, and subsequently,
at step S206B, the control circuit 250, by using the res-
onance state changing circuit 240, performs the fO
changing/short-circuiting operation. Specifically, the
control circuit 250 changes the resonance frequency fO
from the reference frequency to the frequency fM, or
short-circuits the reception-side coil RL. The control cir-
cuit 250 counts the time that elapses after the start of the
execution of the fO changing/short-circuiting operation
(step S207B), and when the time elapsed reaches a pre-
determined time tM, the control circuit 250 stops the fO
changing/short-circuiting operation (step S208B). Spe-
cifically, the control circuit 250 changes the resonance
frequency fO back to the reference frequency, or stops
short-circuiting the reception-side coil RL. Then, an ad-
vance is made to step S209B. The time tM is determined
beforehand such that, during the period in which the

pFOD process is performed in the power feeding device
1 (that is, during the period in which the test magnetic
field is generated), the execution of the fO chang-
ing/short-circuiting operation is continued and, as soon
as the period expires, the fO changing/short-circuiting op-
eration is promptly stopped. The time tM may be specified
in the test request signal 530.
[0318] At step S209B, the control circuit 250, by using
the communication circuit 220, waits for the reception of
a verification signal 550. When the communication circuit
220 receives the verification signal 550, then, at step
S210B, the control circuit 250 transmits a response signal
560 responding to the verification signal 550 to the power
feeding device 1 by NFC communication using the com-
munication circuit 220. If a foreign object is present on
the power feeding stage 12, no verification signal 550 is
transmitted from the power feeding device 1 (see step
S110B in Fig. 43), and thus if, at step S209B, no verifi-
cation signal 550 is received for a predetermined time, a
return can be made to step S201B.
[0319] After the transmission of the response signal
560, at step S211B, the control circuit 250 controls the
switch circuit 210B such that the power reception circuit
230 is connected to the resonance circuit RR, and sub-
sequently, at step S212B, the control circuit 250 starts
the power reception operation using the power reception
circuit 230. The control circuit 250 counts the time that
elapses after the start of the power reception operation,
and compares the time elapsed with a predetermined
time tB (step S213B). When the time elapsed reaches
the time tB (step S213B, Y), then, at step S214B, the
control circuit 250 stops the power reception operation,
and a return is then made to step S201B.
[0320] The time tB is previously determined or is spec-
ified in the verification signal 550 such that the period in
which the power reception operation is performed gen-
erally coincides with the period in which the power trans-
mission operation is performed in the power feeding de-
vice 1. A configuration is also possible where, after the
start of the power reception operation, the control circuit
250 monitors the charge current to the battery 21, and
when the charge current value becomes equal to or
smaller than a predetermined value, the control circuit
250 judges that the power transmission operation has
ended and stops the power reception operation, an ad-
vance then being made to step S201B.
[0321] As described above, when electric power is be-
ing transmitted in the power transmission operation, the
control circuit 160 performs the mFOD process to monitor
whether or not the sensed current amplitude value falls
outside the normal mFOD range, and thereby controls
whether or not continue power transmission. Thus, in a
situation unsuitable to continue the power transmission
operation such as when a foreign object is placed on the
power feeding stage 12 after the start of the power trans-
mission operation, the power transmission operation is
stopped through the mFOD process; it is thus possible
to prevent the foreign object from being damaged or oth-

85 86 



EP 3 331 129 B1

45

5

10

15

20

25

30

35

40

45

50

55

erwise affected as a result of the power transmission op-
eration being continued. This is achieved by use of
sensed current amplitude values in a plurality of trans-
mission-side coils with mutually different sizes, and this
helps improve the accuracy (sensibility) of foreign object
detection.

[Examples of Arrangement of Transmission-Side Coils]

[0322] Examples of the arrangement of transmission-
side coils TL[1] and TL[2] will be described below. Prior
to the description of examples of arrangement, an X axis,
a Y axis, and a Z axis that are perpendicular to each other
are defined as shown in Fig. 45. The X and Y axes are
parallel to the placement surface of the power feeding
stage 12, and accordingly the Z axis is perpendicular to
the placement surface of the power feeding stage 12.
The placement surface of the power feeding stage 12 is
the surface on which an electronic device 2 is to be
placed, and on that placement surface, an electronic de-
vice 2 and a foreign object can be placed.
[0323] Fig. 46A is a schematic top view of the trans-
mission-side coils TL[1] and TL[2], and Fig. 46B is a sche-
matic perspective view of the transmission-side coils
TL[1] and TL[2]. Fig. 46C is a schematic sectional view
of the transmission-side coils TL[1] and TL[2] across a
sectional plane parallel to the Y and Z axes. In Figs. 46A
and 46B, to keep illustration simple and avoid complica-
tion, the winding of each transmission-side coil TL[i] is
represented by a double rectangular frame. In any dia-
gram illustrating a coil, line segments extending sideways
from the double rectangular representing the coil repre-
sent leads leading from the coil.
[0324] The transmission-side coils TL[1] and TL[2]
each form a loop antenna, and the loop planes of those
loop antennas (that is the planes on which the windings
of the transmission-side coils TL[1] and TL[2] are ar-
ranged) are parallel to the X and Y axes. The size of the
transmission-side coil TL[1] is smaller than the size of the
transmission-side coil TL[2]. As mentioned above, for ex-
ample, the transmission-side coil TL[1] is the same as
the antenna coil AT6, and the transmission-side coil TL[2]
is the same as the antenna coil AT3 (see Figs. 36F and
36C).
[0325] For example, the center axis of the transmis-
sion-side coil TL[1] as a loop antenna and the center axis
of the transmission-side coil TL[2] as a loop antenna co-
incide with each other, and as seen from the Z-axis di-
rection, the winding of the transmission-side coil TL[1] is
arranged inward of the arrangement position of the wind-
ing of the transmission-side coil TL[2]. However, as
shown in Fig. 46C, while the plane on which the winding
of the transmission-side coil TL[2] is arranged and the
plane on which the winding of the transmission-side coil
TL[1] is arranged are parallel to each other, they are a
predetermined distance apart from each other in the Z-
axis direction. In a structure different from that shown in
Figs. 46B and 46C, the winding of the transmission-side

coil TL[2] and the winding of the transmission-side coil
TL[1] can be arranged on the identical plane. In that case,
only the leads from the winding of the transmission-side
coil TL[2] and the leads from the winding of the transmis-
sion-side coil TL[1] can be arranged apart from each other
in the up-down direction (Z-axis direction).
[0326] The shape of the reception-side coil RL in the
electronic device 2 is supposed to be the same as that
of the antenna coil AT6; thus, when the electronic device
2 is place on the placement surface of the power feeding
stage 12 (that is, in the regularly placed state), the loop
plane of the loop antenna as the reception-side coil RL
(that is, the plane on which the winding of the reception-
side coil RL is arranged) is parallel to the X and Y axes.
This increases the degree of magnetic coupling between
the transmission-side coil TL[i] and the reception-side coil
RL. When a foreign object 3 as exemplified by a non-
contact IC card is placed on the placement surface of the
power feeding stage 12, the loop plane of the loop an-
tenna as the coil JL of the foreign object 3 (that is, the
plane on which the winding of the coil JL is arranged) is
also parallel to the X and Y axes.
[0327] Although it is above assumed that the size of
the transmission-side coil TL[2] is larger than the size of
the transmission-side coil TL[1], their size relationship
may be the other way around.
[0328] As mentioned above, the number of transmis-
sion-side coils TL (that is, the value of n) may be three
or more. In a case where "n = 3", there can be additionally
provided a unit sensing circuit 140[3] which connects a
resonance circuit TT[3] having the same configuration
as the resonance circuit TT[2] in Fig. 37 via a switch sim-
ilar to the switch SW5 to the line 133 and which senses
the current amplitude in the transmission-side coil TL[3]
in the resonance circuit TT[3] to output the sensed value
as VDET[3]. Then, in the pFOD process, the alternating-
current voltage V0L from the amplifier (power amplifier)
132 can be fed to the resonance circuits TT[1] to TT[3]
one after another to acquire VDET[i] from each unit sens-
ing circuit 140[i] as VpFOD[i], and based on VpFOD[1] to
VpFOD[3], a foreign-object-absent or foreign-object-
present judgment can be made to permit or restrict the
start of power transmission. After the start of the power
transmission operation, the alternating-current voltage
V0H can be fed from the amplifier (power amplifier) 132
to the resonance circuit TT[1], and in addition a division
voltage (kDV 3 V0H) of the alternating-current voltage V0H
can be fed to each of the resonance circuits TT[2] and
TT[3]. In the mFOD process performed in this state,
VDET[i] from each unit sensing circuit 140[i] is acquired
as VmFOD[i], and based on VmFOD[1] to VmFOD[3], a for-
eign-object-absent or foreign-object-present judgment
can be made to control whether or not continue power
transmission.

< Studies on the Present Invention, Part 3 >

[0329] To follow are studies on the present invention
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as embodied as the third embodiment described above.
[0330] A power transmission device W3 according to
one aspect of the present invention is a power transmis-
sion device that can transmit electric power to a power
reception device by magnetic resonance, and includes:
a plurality of transmission-side resonance circuits (TT[1]
to TT[n]) which include a plurality of transmission-side
coils respectively; a power transmission circuit (130B)
which can feed an alternating-current voltage to each of
the transmission-side resonance circuits; a sensing cir-
cuit (140) which senses the current passing through each
of the transmission-side coils; and a control circuit (160)
which controls transmission of the electric power by con-
trolling the supply state of the alternating-current voltage
to each of the transmission-side resonance circuits. The
plurality of transmission-side coils (TL[1] to TL[n]) includ-
ed in the plurality of transmission-side resonance circuits
have different sizes from each other. The control circuit
starts the power transmission by feeding the alternating-
current voltage to the plurality of transmission-side res-
onance circuits and thereafter controls whether or not to
continue the power transmission based on a plurality of
sensed amplitude values (VmFOD[1] to VmFOD[n]) sensed
by the sensing circuit with respect to the plurality of trans-
mission-side coils.
[0331] With the power transmission device W3, in a
situation unsuitable to continue power transmission op-
eration such as when a foreign object comes to be
present at a position within the reach of the magnetic
field generated in the transmission-side coil after the start
of power transmission operation, it is possible, for exam-
ple, to stop the power transmission operation. It is thus
possible to prevent the foreign object from being dam-
aged or otherwise affected as a result of power transmis-
sion being continued. This is achieved by use of sensed
current amplitude values in a plurality of transmission-
side coils with mutually different sizes, and this helps
improve the accuracy (sensibility) of foreign object de-
tection.
[0332] Specifically, for example, in the power transmis-
sion device W3, when the power transmission is being
performed, the control circuit can control whether or not
to continue the power transmission by monitoring, for the
transmission-side coils respectively, whether or not the
sensed amplitude values fall outside a reference range
(normal mFOD range).
[0333] More specifically, for example, in the power
transmission device W3, when the power transmission is
being performed, the control circuit can stop the power
transmission if the sensed amplitude value from at least
one transmission-side coil out of the plurality of transmis-
sion-side coils falls outside the reference range.
[0334] A situation where a sensed amplitude value
from the sensing circuit falls outside the reference range
is considered to correspond to a situation unsuitable to
continue power transmission operation such as when a
foreign object comes to be present at a position within
the reach of the magnetic field generated in the trans-

mission-side coil. In such a situation, by stopping power
transmission, it is possible, for example, to prevent the
foreign object from being damaged or otherwise affected
as a result of power transmission being continued.
[0335] Specifically, for another example, in the power
transmission device W3, when the power transmission is
being performed, the control circuit can judge, for the
transmission-side coils respectively, whether or not the
sensed amplitude values fall outside the reference range
and thereby judge the presence or absence of a foreign
object which differs from the power reception device and
in which a current based on the magnetic field generated
in the transmission-side coils can be generated, and can
stops the power transmission on judging that a foreign
object is present.
[0336] In that case, for example, in the power trans-
mission device W3, when the power transmission is being
performed, the control circuit can judge, for the transmis-
sion-side coils respectively, whether or not the sensed
amplitude values exceed the upper limit value of the ref-
erence range and thereby judge whether or not, as the
foreign object, a foreign object including a coil is present.
[0337] For another example, in the power transmission
device W3, the reference range can be set for each of
the transmission-side coils.
[0338] For another example, in the power transmission
device W3, the plurality of transmission-side resonance
circuits can include at least a first transmission-side res-
onance circuit (TT[1]) and a second transmission-side
resonance circuit (TT[2]). When the power transmission
is being performed, from the power transmission circuit,
a predetermined first alternating-current voltage (V0H)
can be fed to the first transmission-side resonance circuit
and a second alternating-current voltage (kDV 3 V0H)
lower than the first alternating-current voltage can be fed
to the second transmission-side resonance circuit.
[0339] Thus, electric power is transmitted chiefly from,
of the first and second transmission-side resonance cir-
cuits, the first transmission-side resonance circuit. Mak-
ing the size of the transmission-side coil in the first trans-
mission-side resonance circuit equal to, or close to, the
size of the reception-side coil in the power reception de-
vice helps improve power transfer efficiency.
[0340] Specifically, for example, in the power transmis-
sion device W3, when the power transmission is being
performed, a division voltage of the first alternating-cur-
rent voltage can be fed, as the second alternating-current
voltage, to the second transmission-side resonance cir-
cuit.
[0341] A non-contact power feeding system W3A ac-
cording to one aspect of the present invention is a non-
contact power feeding system that includes the power
transmission device W3 and a power reception device,
and enables transmission and reception of the electric
power between the power transmission device and the
power reception device by magnetic resonance.
[0342] For example, in the non-contact power feeding
system W3A, the power reception device can include: a
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reception-side resonance circuit (RR) which includes a
reception-side coil (RL) for receiving the electric power;
and a changing/short-circuiting circuit (240) which can,
prior to reception of the electric power from the power
transmission device, either change the resonance
frequency of the reception-side resonance circuit from
the reference frequency during the power reception or
short-circuit the reception-side coil. The control circuit
(160) can, in a state where the resonance frequency of
the reception-side resonance circuit is changed or the
reception-side coil is short-circuited in the power
reception device according to a signal communicated
from the power transmission device, prior to the power
transmission, have a third alternating-current voltage
(V0L) lower than the first alternating-current voltage (V0H)
fed to the plurality of transmission-side resonance circuits
sequentially to acquire from the sensing circuit a plurality
of pre-transmission sensed amplitude values (VpFOD[1]
to VpFOD[n]) with respect to the plurality of transmission-
side coils, and can permit or restrict the start of the power
transmission based on the plurality of pre-transmission
sensed amplitude values.
[0343] With this configuration, in a situation unsuitable
to start power transmission operation such as when a
foreign is present at a position within the reach of the
magnetic field generated in the transmission-side coil, it
is possible, for example, to restrict the start of power
transmission. It is thus possible to prevent the foreign
object from being damaged or otherwise affected as a
result of power transmission being started. This is
achieved by use of pre-transmission sensed amplitude
values in a plurality of transmission-side coils with mutu-
ally different sizes, and this helps improve the accuracy
(sensibility) of foreign object detection.
[0344] A non-contact power feeding system W3B ac-
cording to one aspect of the present invention is a non-
contact power feeding system that includes the power
transmission device W3 and a power reception device,
and enables transmission and reception of the electric
power between the power transmission device and the
power reception device by magnetic resonance. In addi-
tion, the power reception device includes a reception-
side resonance circuit (RR) which includes a reception-
side coil (RL) for receiving electric power. The size of the
reception-side coil is equal to the size of the transmission-
side coil in the first transmission-side resonance circuit,
or is closer to the size of the transmission-side coil in the
first transmission-side resonance circuit than to the size
of the transmission-side coil in the second transmission-
side resonance circuit.
[0345] In this case, a configuration can be adopted
where, while the power transmission is being performed
in the power transmission device W3, from the power
transmission circuit, a predetermined first alternating-
current voltage (V0H) is fed to the first transmission-side
resonance circuit and a second alternating-current volt-
age (kDV 3 V0H) lower than the first alternating-current
voltage is fed to the second transmission-side resonance

circuit. Then, electric power is transmitted chiefly from,
of the first and second transmission-side resonance cir-
cuits, the first transmission-side resonance circuit. This
helps improve power transfer efficiency.
[0346] A power reception device according to the
present invention can include a plurality of reception-side
coils (hence a plurality of reception-side resonance cir-
cuits including those reception-side coils respectively).
[0347] The power feeding device 1 itself in the third
embodiment described above may function as a power
transmission device according to the present invention,
or a part of the power feeding device 1 in the third em-
bodiment described above may function as a power
transmission device according to the present invention.
Likewise, the electronic device 2 itself in the third em-
bodiment described above may function as a power re-
ception device according to the present invention, or a
part of the electronic device 2 in the third embodiment
described above may function as a power reception de-
vice according to the present invention.

< Variations and Modifications >

[0348] The embodiments described above merely
present examples of how the present invention can be
implemented, and the senses of the terms used to de-
scribe the present invention and its features are not lim-
ited to those in which the terms are used in the description
of the embodiments. Any specific values mentioned in
the above description are merely examples, and, need-
less to say, can be changed to many different values. As
notes applicable to the embodiments described above,
notes 1 to 4 are given below. Unless inconsistent, any of
the notes below can be combined with any other.

[Note 1]

[0349] In the embodiments described above, the fre-
quencies of different signals and the resonance frequen-
cies are set at 13.56 MHz, that is, at the reference fre-
quency. The frequency 13.56 MHz, however, is simply a
target value for such settings, and in actual devices, those
frequencies contain errors.

[Note 2]

[0350] In the embodiments, the present invention is
implemented in conformity with the NFC standard, and
this necessitates that the reference frequency be 13.56
MHz. The reference frequency, however, may instead
be any frequency other than 13.56 MHz. In this connec-
tion, the communication and power transfer conducted
between a power feeding device and an electronic device
according to the present invention may be communica-
tion and power transfer conforming to any standard other
than NFC.
[0351] Also in a case where the reference frequency
of a non-contact power feeding system according to the
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present invention is set at a frequency (for example, 6.78
MHz) other than 13.56 MHz and in addition the resonance
frequency of the resonance circuit JJ in a foreign object
3 configured as a non-contact IC card is 13.56 MHz, when
the foreign object 3 is placed on the power feeding stage
12, a certain degree of variation is observed in the voltage
value VD or VDET in the pFOD process or in the mFOD
process. Thus, also in such cases, a foreign object 3 can
be detected by the method described above.

[Note 3]

[0352] The transistors mentioned in the description of
the embodiments given above may be transistors of any
type. Accordingly, for example, the transistors 421 and
441, which are shown as MOSFETs in Figs. 12 and 29,
may be replaced with junction FETs or bipolar transistors.

[Note 4]

[0353] A target device, that is, a power reception de-
vice or a power transmission device, according to the
present invention can be built as hardware, such as an
integrated circuit, or as a combination of hardware and
software. Arbitrary particular functions, which are all or
part of the functions performable by the target device,
may be written in a program, and this program may be
stored in a flash memory that can be mounted on the
target device so that, when the program is run on a pro-
gram execution device (for example, a microcomputer
that can be mounted on the target device), those partic-
ular functions will be performed. The program can be
stored in or fixed to any recording medium. The recording
medium in or to which the program is stored or fixed may
be mounted on or connected to a device (such as a server
device) separate from the target device.

List of Reference Signs

[0354]

1 power feeding device
2 electronic device
130, 130A, 130B NFC power transmission circuit
140 load sensing circuit
160 control circuit
440 class-E amplifier
450 selective voltage division circuit
460 class-A amplifier
470 selection circuit
TT, TT[i] transmission-side resonance circuit
TL, TL[i] transmission-side coil
TC, TC[i] transmission-side capacitor
RR reception-side resonance circuit
RL reception-side coil
RC reception-side capacitor

Claims

1. A power transmission device (1) that is adapted to
transmit electric power to a power reception device
(2) by magnetic resonance, comprising:

a transmission-side resonance circuit (TT)
which includes a transmission-side coil (TL) for
transmitting the electric power and which has a
predetermined reference frequency as a reso-
nance frequency;
a class-E amplifier (440) which is adapted to
generate and output an alternating-current volt-
age (VE) at the reference frequency by switching
a direct-current voltage (VIN) fed from a direct-
current power source (VS1) by using a periodic
signal at the reference frequency;
a selective voltage division circuit (450) which
is inserted between the class-E amplifier (440)
and the transmission-side resonance circuit
(TT) and which is adapted to feed the transmis-
sion-side resonance circuit (TT) selectively with
either an output voltage (VE) of the class-E am-
plifier (440) as a power transmission alternating-
current voltage or a voltage (VE’) obtained by
dividing the output voltage (VE) of the class-E
amplifier (440) as a test alternating-current volt-
age;
a sensing circuit (140) which is adapted to sense
an amplitude of a current passing through the
transmission-side coil (TL); and
a control circuit (160) which is adapted to control
the selective voltage division circuit (450) and
thereby control a supply voltage to the transmis-
sion-side resonance circuit (TT),
wherein
the control circuit (160) is adapted to acquire,
as an evaluation value (VpFOD), a sensed am-
plitude value from the sensing circuit (140) when
the test alternating-current voltage is fed to the
transmission-side resonance circuit, and
to control, based on the evaluation value, wheth-
er or not to perform power transmission by feed-
ing the power transmission alternating-current
voltage to the transmission-side resonance cir-
cuit (TT).

2. The power transmission device according to claim
1, wherein
the control circuit is adapted to judge, based on the
evaluation value, presence or absence of a foreign
object (3) which differs from the power reception de-
vice and in which a current based on a magnetic field
generated in the transmission-side coil can be gen-
erated, and to control, based on a result of the judg-
ment, whether or not to perform the power transmis-
sion.
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3. The power transmission device according to claim
2, wherein the control circuit, on judging that no for-
eign object is present, is adapted to permit the power
transmission and, on judging that a foreign object is
present, is adapted to inhibit the power transmission.

4. The power transmission device according to claim 2
or 3, wherein the control circuit is adapted to judge
the presence or absence of a foreign object by judg-
ing whether or not the evaluation value falls outside
a predetermined range.

5. The power transmission device according to any one
of claims 1 to 4, wherein the class-E amplifier in-
cludes:

a switching device (441) which is adapted to per-
form switching operation according to the peri-
odic signal;
a first coil (442) which is interposed between the
direct-current power source and the switching
device;
a first capacitor (443) which is connected in par-
allel with the switching device; and
a resonance circuit which is connected to a con-
nection node between the switching device and
the first coil and which includes a second coil
(445) and a second capacitor (444), and the am-
plifier is adapted to output the alternating-cur-
rent voltage via the resonance circuit.

6. The power transmission device according to any one
of claims 1 to 5, wherein the power reception device
includes:

a reception-side resonance circuit (RR) which
includes a reception-side coil (RL) for receiving
the electric power and which has the reference
frequency as a resonance frequency; and
a changing/short-circuiting circuit (240) which is
adapted to either change the resonance fre-
quency of the reception-side resonance circuit
from the reference frequency or short-circuit the
reception-side coil, and
when the evaluation value is acquired, accord-
ing to a signal communicated from the power
transmission device, to change the resonance
frequency of the reception-side resonance cir-
cuit or to short-circuit the reception-side coil in
the power reception device.

7. The power transmission device according to claim
6, wherein the direct-current voltage is adapted to
have a voltage value such that, when the test alter-
nating-current voltage is fed to the transmission-side
resonance circuit, an absolute value (|DELTA|) of a
difference between a first value (VT2A) and a second
value (VT2B), or a ratio (|DELTA|/VT2A or |DEL-

TA|/VT2B) of the absolute value to the first or second
value, is equal to or lower than a predetermined val-
ue,
the first value is the sensed amplitude value from the
sensing circuit acquired when the test alternating-
current voltage is fed to the transmission-side reso-
nance circuit and in addition the power reception de-
vice is not present in a predetermined power trans-
mission region for performing the power transmis-
sion, and
the second value is the sensed amplitude value from
the sensing circuit acquired when the test alternat-
ing-current voltage is fed to the transmission-side
resonance circuit and in addition the power reception
device is present in the power transmission region
in a state where the resonance frequency of the re-
ception-side resonance circuit is changed or the re-
ception-side coil is short-circuited.

8. A power transmission device (1) that can transmit
electric power to a power reception device (2) by
magnetic resonance, comprising:

a transmission-side resonance circuit (TT)
which includes a transmission-side coil (TL) for
transmitting the electric power and which has a
predetermined reference frequency as a reso-
nance frequency;
a class-E amplifier (440) which is adapted to
generate and output a power transmission alter-
nating-current voltage (VE) at the reference fre-
quency by switching a direct-current voltage
(VIN) fed from a direct-current power source
(VS1) by using a periodic signal at the reference
frequency;
an input signal amplifier (460) which is adapted
to generate and output a test alternating-current
voltage (VA) at the reference frequency by am-
plifying an input alternating-current voltage at
the reference frequency;
a selection circuit (470) which is adapted to feed
the transmission-side resonance circuit selec-
tively with either the power transmission alter-
nating-current voltage or the test alternating-
current voltage;
a sensing circuit (140) which is adapted to sense
an amplitude of a current passing through the
transmission-side coil; and
a control circuit (160) which is adapted to control
the selection circuit and thereby control a supply
voltage to the transmission-side resonance cir-
cuit,
wherein
the control circuit is adapted to acquire, as an
evaluation value (VpFOD), a sensed amplitude
value from the sensing circuit when the test al-
ternating-current voltage is fed to the transmis-
sion-side resonance circuit, and
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is adapted to control, based on the evaluation
value, whether or not to perform power trans-
mission by feeding the power transmission al-
ternating-current voltage to the transmission-
side resonance circuit.

9. The power transmission device according to claim
8, wherein
the control circuit is adapted to judge, based on the
evaluation value, presence or absence of a foreign
object (3) which differs from the power reception de-
vice and in which a current based on a magnetic field
generated in the transmission-side coil can be gen-
erated, and is adapted to control, based on a result
of the judgment, whether or not to perform the power
transmission.

10. The power transmission device according to claim
9, wherein
the control circuit, on judging that there is no foreign
object, is adapted to permit the power transmission
and, on judging that there is a foreign object, is adapt-
ed to inhibit the power transmission.

11. The power transmission device according to claim 9
or 10, wherein
the control circuit is adapted to judge the presence
or absence of a foreign object by judging whether or
not the evaluation value falls outside a predeter-
mined range.

12. The power transmission device according to any one
of claims 8 to 11, wherein
the class-E amplifier includes:

a switching device (441) which is adapted to per-
form switching operation according to the peri-
odic signal;
a first coil (442) which is interposed between the
direct-current power source and the switching
device;
a first capacitor (443) which is connected in par-
allel with the switching device; and
a resonance circuit which is connected to a con-
nection node between the switching device and
the first coil and which includes a second coil
(445) and a second capacitor (444), and the am-
plifier is adapted to output the alternating-cur-
rent voltage via the resonance circuit.

13. The power transmission device according to any one
of claims 8 to 12, wherein an amplitude of the test
alternating-current voltage is smaller than an ampli-
tude of the power transmission alternating-current
voltage.

14. The power transmission device according to any one
of claims 8 to 13, wherein the periodic signal to the

class-E amplifier and the input alternating-current
voltage to the input signal amplifier are generated
based on a common signal having the reference fre-
quency.

15. The power transmission device according to any one
of claims 8 to 14, wherein the power reception device
includes:

a reception-side resonance circuit (RR) which
includes a reception-side coil (RL) for receiving
the electric power and which has the reference
frequency as a resonance frequency; and
a changing/short-circuiting circuit (240) which is
adapted to either change
the resonance frequency of the reception-side
resonance circuit from the reference frequency
or short-circuit the reception-side coil, and
when the evaluation value is acquired, accord-
ing to a signal communicated from the power
transmission device, to change the resonance
frequency of the reception-side resonance cir-
cuit or to short-circuit the reception-side coil in
the power reception device.

16. A non-contact power feeding system comprising:

the power transmission device (1) according to
any one of claims 1 to 15; and
a power reception device (2),
wherein
transmission and reception of the electric power
being possible between the power transmission
device (1) and the power reception device (2)
by magnetic resonance.

Patentansprüche

1. Energieübertragungsvorrichtung (1), die ausgelegt
ist, um elektrische Energie an eine Energieemp-
fangsvorrichtung (2) durch Magnetresonanz zu
übertragen, umfassend:

eine übertragungsseitige Resonanzschaltung
(TT), die eine übertragungsseitige Spule (TL)
zum Übertragen der elektrischen Energie auf-
weist und die eine vorbestimmte Referenzfre-
quenz als Resonanzfrequenz aufweist;
einen Klasse-E-Verstärker (440), der ausgelegt
ist, um eine Wechselspannung (VE) mit der Re-
ferenzfrequenz zu erzeugen und auszugeben,
indem er eine von einer Gleichstrom-Energie-
quelle (VS1) zugeführte Gleichspannung (VIN)
unter Verwendung eines periodischen Signals
bei der Referenzfrequenz umschaltet;
eine selektive Spannungsteilungsschaltung
(450), die zwischen dem Klasse-E-Verstärker
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(440) und der übertragungsseitigen Resonanz-
schaltung (TT) eingesetzt ist und die ausgelegt
ist, um der übertragungsseitigen Resonanz-
schaltung (TT) selektiv entweder eine Aus-
gangsspannung (VE) des Klasse-E-Verstärkers
(440) als Energieübertragung-Wechselspan-
nung oder eine Spannung (VE’), die durch Teilen
der Ausgangsspannung (VE) des Klasse-E-Ver-
stärkers (440) erhalten wird, als Testwechsel-
spannung zuzuführen;
eine Messschaltung (140), die ausgelegt ist, um
eine Amplitude eines Stroms, der durch die
übertragungsseitige Spule (TL) fließt, zu mes-
sen; und
eine Steuerschaltung (160), die ausgelegt ist,
um die selektive Spannungsteilungsschaltung
(450) zu steuern und dadurch eine Versor-
gungsspannung zu der übertragungsseitigen
Resonanzschaltung (TT) zu steuern,
wobei
die Steuerschaltung (160) ausgelegt ist, um, als
Evaluationswert (VpFOD), einen gemessenen
Amplitudenwert von der Messschaltung (140)
zu erfassen, wenn die Testwechselspannung
der übertragungsseitigen Resonanzschaltung
zugeführt wird, und um, basierend auf dem Eva-
luationswert, zu steuern, ob eine Energieüber-
tragung durchzuführen ist oder nicht, indem der
übertragungsseitigen Resonanzschaltung (TT)
die Energieübertragung-Wechselspannung zu-
geführt wird.

2. Energieübertragungsvorrichtung nach Anspruch 1,
wobei
die Steuerschaltung ausgelegt ist, um, basierend auf
dem Evaluationswert, ein Vorhandensein oder
Nichtvorhandensein eines Fremdkörpers (3), der
von der Energieempfangsvorrichtung abweicht und
in dem ein Strom basierend auf einem in der über-
tragungsseitigen Spule erzeugten Magnetfeld er-
zeugt werden kann, zu beurteilen und um, basierend
auf einem Ergebnis der Beurteilung, zu steuern, ob
die Energieübertragung durchzuführen ist oder
nicht.

3. Energieübertragungsvorrichtung nach Anspruch 2,
wobei
die Steuerschaltung, beim Beurteilen, dass kein
Fremdkörper vorhanden ist, ausgelegt ist, um die
Energieübertragung zu erlauben und, beim Beurtei-
len, dass ein Fremdkörper vorhanden ist, ausgelegt
ist, um die Energieübertragung zu verhindern.

4. Energieübertragungsvorrichtung nach Anspruch 2
oder 3,
wobei die Steuerschaltung ausgelegt ist, um das
Vorhandensein oder Nichtvorhandensein eines
Fremdkörpers zu beurteilen, indem sie beurteilt, ob

der Evaluationswert außerhalb eines vorbestimmten
Bereichs liegt oder nicht.

5. Energieübertragungsvorrichtung nach einem der
Ansprüche 1 bis 4, wobei der Klasse-E-Verstärker
Folgendes aufweist:

eine Umschaltvorrichtung (441), die ausgelegt
ist, um ein Umschalten eines Betriebs gemäß
dem periodischen Signal durchzuführen;
eine erste Spule (442), die zwischen der Gleich-
strom-Energiequelle und der Umschaltvorrich-
tung zwischengeordnet ist;
einen ersten Kondensator (443), der mit der Um-
schaltvorrichtung parallel geschaltet ist; und
eine Resonanzschaltung, die mit einem Verbin-
dungsknoten zwischen der Umschaltvorrich-
tung und der ersten Spule verbunden ist und die
eine zweite Spule (445) und einen zweiten Kon-
densator (444) aufweist, und der Verstärker
ausgelegt ist, um die Wechselspannung über
die Resonanzschaltung auszugeben.

6. Energieübertragungsvorrichtung nach einem der
Ansprüche 1 bis 5, wobei der Energieempfangsvor-
richtung Folgendes aufweist:

eine empfangsseitige Resonanzschaltung
(RR), welche eine empfangsseitige Spule (RL)
zum Empfangen der elektrischen Energie auf-
weist und welche die Referenzfrequenz als Re-
sonanzfrequenz aufweist; und
eine Änderungs-/Kurzschließschaltung (240),
die ausgelegt ist, um entweder die Resonanz-
frequenz der empfangsseitigen Resonanz-
schaltung von der Referenzfrequenz zu ändern
oder die empfangsseitige Spule kurzzuschlie-
ßen, und wenn der Evaluationswert erfasst wird,
gemäß einem von der Energieübertragungsvor-
richtung kommunizierten Signal, die Resonanz-
frequenz der empfangsseitigen Resonanz-
schaltung zu ändern oder die empfangsseitige
Spule in der Energieempfangsvorrichtung kurz-
zuschließen.

7. Energieübertragungsvorrichtung nach Anspruch 6,
wobei
die Gleichspannung ausgelegt ist, um einen derar-
tigen Spannungswert aufzuweisen, dass, wenn der
übertragungsseitigen Resonanzschaltung die Test-
wechselspannung zugeführt wird, ein absoluter Wert
(|DELTA|) einer Differenz zwischen einem ersten
Wert (VT2A) und einem zweiten Wert (VT2B) oder
ein Verhältnis (|DELTA|/VT2A oder |DELTA|/VT2B)
des absoluten Werts zu dem ersten oder zweiten
Wert kleiner oder gleich einem vorbestimmten Wert
ist,
der erste Wert der gemessene Amplitudenwert von
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der Messschaltung ist, der gemessen wird, wenn die
Testwechselspannung der übertragungsseitigen
Resonanzschaltung zugeführt wird und zudem die
Energieempfangsvorrichtung in einem vorbestimm-
ten Energieübertragungsbereich zum Durchführen
der Energieübertragung nicht vorhanden ist, und
der zweite Wert der gemessene Amplitudenwert von
der Messschaltung ist, der gemessen wird, wenn die
Testwechselspannung der übertragungsseitigen
Resonanzschaltung zugeführt wird und zudem die
Energieempfangsvorrichtung in dem Energieüber-
tragungsbereich in einem Zustand vorhanden ist, in
dem die Resonanzfrequenz der empfangsseitigen
Resonanzschaltung geändert ist oder die empfangs-
seitige Spule kurzgeschlossen ist.

8. Energieübertragungsvorrichtung (1), die eine elek-
trische Energie an eine Energieempfangsvorrich-
tung (2) durch Magnetresonanz übertragen kann,
umfassend:

eine übertragungsseitige Resonanzschaltung
(TT), die eine übertragungsseitige Spule (TL)
zum Übertragen der elektrischen Energie auf-
weist und die eine vorbestimmte Referenzfre-
quenz als Resonanzfrequenz aufweist;
einen Klasse-E-Verstärker (440), der ausgelegt
ist, um eine Energieübertragung-Wechselspan-
nung (VE) mit der Referenzfrequenz zu erzeu-
gen und auszugeben, indem er eine von einer
Gleichstrom-Energiequelle (VS1) zugeführte
Gleichspannung (VIN) unter Verwendung eines
periodischen Signals bei der Referenzfrequenz
umschaltet;
einen Eingangssignalverstärker (460), der aus-
gelegt ist, um eine Testwechselspannung (VA)
mit der Referenzfrequenz zu erzeugen und aus-
zugeben, indem er eine Eingangswechselspan-
nung bei der Referenzfrequenz verstärkt;
eine Auswahlschaltung (470), die ausgelegt ist,
um der übertragungsseitige Resonanzschal-
tung selektiv entweder die Energieübertragung-
Wechselspannung oder die Testwechselspan-
nung zuzuführen;
eine Messschaltung (140), die ausgelegt ist, um
eine Amplitude eines Stroms, der durch die
übertragungsseitige Spule fließt, zu messen;
und
eine Steuerschaltung (160), die ausgelegt ist,
um die Auswahlschaltung zu steuern und da-
durch eine Versorgungsspannung zu der über-
tragungsseitigen Resonanzschaltung zu steu-
ern,
wobei
die Steuerschaltung ausgelegt ist, um, als Eva-
luationswert (VpFOD), einen gemessenen Amp-
litudenwert von der Messschaltung zu erfassen,
wenn die Testwechselspannung der übertra-

gungsseitigen Resonanzschaltung zugeführt
wird, und ausgelegt ist, um, basierend auf dem
Evaluationswert, zu steuern, ob eine Energieü-
bertragung durchzuführen ist oder nicht, indem
der übertragungsseitigen Resonanzschaltung
die Energieübertragung-Wechselspannung zu-
geführt wird.

9. Energieübertragungsvorrichtung nach Anspruch 8,
wobei
die Steuerschaltung ausgelegt ist, um, basierend auf
dem Evaluationswert, ein Vorhandensein oder
Nichtvorhandensein eines Fremdkörpers (3), der
von der Energieempfangsvorrichtung abweicht und
in dem ein Strom basierend auf einem in der über-
tragungsseitigen Spule erzeugten Magnetfeld er-
zeugt werden kann, zu beurteilen, und ausgelegt ist,
um, basierend auf einem Ergebnis der Beurteilung,
zu steuern, ob die Energieübertragung durchzufüh-
ren ist oder nicht.

10. Energieübertragungsvorrichtung nach Anspruch 9,
wobei
die Steuerschaltung, beim Beurteilen, dass es kei-
nen Fremdkörper gibt, ausgelegt ist, um die Ener-
gieübertragung zu erlauben und, beim Beurteilen,
dass es einen Fremdkörper gibt, ausgelegt ist, um
die Energieübertragung zu verhindern.

11. Energieübertragungsvorrichtung nach Anspruch 9
oder 10, wobei
die Steuerschaltung ausgelegt ist, um das Vorhan-
densein oder Nichtvorhandensein eines Fremdkör-
pers zu beurteilen, indem sie beurteilt, ob der Eva-
luationswert außerhalb eines vorbestimmten Be-
reichs liegt oder nicht.

12. Energieübertragungsvorrichtung nach einem der
Ansprüche 8 bis 11, wobei der Klasse-E-Verstärker
Folgendes aufweist:

eine Umschaltvorrichtung (441), die ausgelegt
ist, um ein Umschalten eines Betriebs gemäß
dem periodischen Signal durchzuführen;
eine erste Spule (442), die zwischen der Gleich-
strom-Energiequelle und der Umschaltvorrich-
tung zwischengeordnet ist;
einen ersten Kondensator (443), der mit der Um-
schaltvorrichtung parallel geschaltet ist; und
eine Resonanzschaltung, die mit einem Verbin-
dungsknoten zwischen der Umschaltvorrich-
tung und der ersten Spule verbunden ist und die
eine zweite Spule (445) und einen zweiten Kon-
densator (444) aufweist, und der Verstärker
ausgelegt ist, um die Wechselspannung über
die Resonanzschaltung auszugeben.

13. Energieübertragungsvorrichtung nach einem der
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Ansprüche 8 bis 12, wobei
eine Amplitude der Testwechselspannung kleiner ist
als eine Amplitude der Energieübertragung-Wech-
selspannung.

14. Energieübertragungsvorrichtung nach einem der
Ansprüche 8 bis 13, wobei
das periodische Signal zu dem Klasse-E-Verstärker
und die Eingangswechselspannung zu dem Ein-
gangssignalverstärker basierend auf einem gemein-
samen Signal mit der Referenzfrequenz erzeugt
werden.

15. Energieübertragungsvorrichtung nach einem der
Ansprüche 8 bis 14, wobei der Energieempfangs-
vorrichtung Folgendes aufweist:

eine empfangsseitige Resonanzschaltung
(RR), welche eine empfangsseitige Spule (RL)
zum Empfangen der elektrischen Energie auf-
weist und welche die Referenzfrequenz als Re-
sonanzfrequenz aufweist; und
eine Änderungs-/Kurzschließschaltung (240),
die ausgelegt ist, um entweder die Resonanz-
frequenz der empfangsseitigen Resonanz-
schaltung von der Referenzfrequenz zu ändern
oder die empfangsseitige Spule kurzzuschlie-
ßen, und wenn der Evaluationswert erfasst wird,
gemäß einem von der Energieübertragungsvor-
richtung kommunizierten Signal, die Resonanz-
frequenz der empfangsseitigen Resonanz-
schaltung zu ändern oder die empfangsseitige
Spule in der Energieempfangsvorrichtung kurz-
zuschließen.

16. Kontaktloses Energiezuführsystem, umfassend:

die Energieübertragungsvorrichtung (1) nach
einem der Ansprüche 1 bis 15; und
eine Energieempfangsvorrichtung (2),
wobei
eine Übertragung und ein Empfang der elektri-
schen Energie zwischen der Energieübertra-
gungsvorrichtung (1) und der Energieemp-
fangsvorrichtung (2) durch Magnetresonanz
möglich sind.

Revendications

1. Dispositif de transmission d’énergie (1) qui est conçu
pour transmettre de l’énergie électrique à un dispo-
sitif de réception d’énergie (2) par résonance ma-
gnétique, comprenant :

un circuit de résonance côté transmission (TT),
qui comprend une bobine côté transmission (TI)
pour transmettre l’énergie électrique et qui a une

fréquence de référence prédéterminée en tant
que fréquence de résonance;
un amplificateur de classe E (440) qui est conçu
pour générer et délivrer une tension alternative
(VE) à la fréquence de référence en commutant
une tension continue (VIN) fournie à partir d’une
source d’alimentation en courant continu (VS1)
en utilisant un signal périodique à la fréquence
de référence;
un circuit de division de tension sélectif (450)
qui est inséré entre l’amplificateur de classe E
(440) et le circuit de résonance côté transmis-
sion (TT) et qui est conçu pour alimenter le circuit
de résonance côté transmission (TT) de maniè-
re sélective avec soit une tension de sortie (VE)
de l’amplificateur de classe E (440) en tant que
tension alternative de transmission d’énergie
soit une tension (VE’) obtenue en divisant la ten-
sion de sortie (VE) de l’amplificateur de classe
E (440) en tant que tension alternative d’essai;
un circuit de détection (140) qui est conçu pour
détecter une amplitude d’un courant passant à
travers la bobine côté transmission (TL); et
un circuit de commande (160) qui est conçu pour
commander le circuit de division de tension sé-
lectif (450) et commander ainsi une tension d’ali-
mentation du circuit de résonance côté trans-
mission (TT),
dans lequel
le circuit de commande (160) est conçu pour
acquérir, en tant que valeur d’évaluation
(VpFOD), une valeur d’amplitude détectée à
partir du circuit de détection (140) lorsque la
tension alternative d’essai est fournie au circuit
de résonance côté transmission, et commander,
sur la base de la valeur d’évaluation, si oui ou
non il faut effectuer une transmission d’énergie
en fournissant la tension alternative de
transmission d’énergie au circuit de résonance
côté transmission (TT).

2. Dispositif de transmission d’énergie selon la reven-
dication 1, dans lequel le circuit de commande est
conçu pour juger, sur la base de la valeur d’évalua-
tion, la présence ou l’absence d’un objet étranger
(3) qui diffère du dispositif de réception d’énergie et
dans lequel un courant basé sur un champ magné-
tique généré dans la bobine côté transmission peut
être généré, et pour commander, sur la base d’un
résultat du jugement, si oui ou non il faut effectuer
la transmission d’énergie.

3. Dispositif de transmission d’énergie selon la reven-
dication 2, dans lequel
le circuit de commande, lorsqu’il juge qu’aucun objet
étranger n’est présent, est conçu pour permettre la
transmission d’énergie et, lorsqu’il juge qu’un objet
étranger est présent, est conçu pour inhiber la trans-
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mission d’énergie.

4. Dispositif de transmission d’énergie selon la reven-
dication 2 ou 3, dans lequel
le circuit de commande est conçu pour juger la pré-
sence ou l’absence d’un objet étranger en jugeant
si la valeur d’évaluation se situe en dehors ou non
d’une plage prédéterminée.

5. Dispositif de transmission d’énergie selon l’une quel-
conque des revendications 1 à 4, dans lequel l’am-
plificateur de classe E comprend :

un dispositif de commutation (441) qui est conçu
pour effectuer une opération de commutation en
fonction du signal périodique;
une première bobine (442) qui est interposée
entre la source d’alimentation à courant continu
et le dispositif de commutation;
un premier condensateur (443) qui est connecté
en parallèle avec le dispositif de commutation; et
un circuit de résonance qui est connecté à un
nœud de connexion entre le dispositif de com-
mutation et la première bobine et qui comporte
une seconde bobine (445) et un second con-
densateur (444), et l’amplificateur est conçu
pour délivrer la tension alternative par l’intermé-
diaire du circuit de résonance.

6. Dispositif de transmission d’énergie selon l’une quel-
conque des revendications 1 à 5, dans lequel le dis-
positif de réception d’énergie comprend :

un circuit de résonance côté réception (RR), qui
comprend une bobine côté réception (RL) pour
recevoir l’énergie électrique et qui a la fréquence
de référence en tant que fréquence de résonan-
ce; et
un circuit de modification/court-circuit (240) qui
est conçu soit pour modifier la fréquence de ré-
sonance du circuit de résonance côté réception
par rapport à la fréquence de référence, soit
pour court-circuiter la bobine côté réception, et
lorsque la valeur d’évaluation est acquise, en
fonction d’un signal transmis à partir du dispositif
de transmission d’énergie, pour modifier la fré-
quence de résonance du circuit de résonance
côté réception ou court-circuiter la bobine côté
réception dans le dispositif de réception d’éner-
gie.

7. Dispositif de transmission d’énergie selon la reven-
dication 6, dans lequel
la tension continue est conçue pour avoir une valeur
de tension de telle que, lorsque la tension alternative
d’essai est fournie au circuit de résonance côté
transmission, une valeur absolue (|DELTA|) d’une
différence entre une première valeur (VT2A) et une

seconde valeur (VT2B), ou un rapport (|DEL-
TA|/VT2A ou |DELTA|/VT2B) entre la valeur absolue
et la première ou la seconde valeur, est égal ou in-
férieur à une valeur prédéterminée,
la première valeur est la valeur d’amplitude détectée
à partir du circuit de détection, acquise lorsque la
tension alternative d’essai est fournie au circuit de
résonance côté transmission, et en outre, le dispo-
sitif de réception d’énergie n’est pas présent dans
une région de transmission d’énergie prédéterminée
pour effectuer la transmission d’énergie, et
la seconde valeur est la valeur d’amplitude détectée
à partir du circuit de détection, acquise lorsque la
tension alternative d’essai est fournie au circuit de
résonance côté transmission, et en outre, le dispo-
sitif de réception d’énergie est présent dans la région
de transmission d’énergie dans un état où la fréquen-
ce de résonance du circuit de résonance côté récep-
tion est modifiée ou la bobine côté réception est
court-circuitée.

8. Dispositif de transmission d’énergie (1) qui peut
transmettre de l’énergie électrique à un dispositif de
réception d’énergie (2) par résonance magnétique,
comprenant : un circuit de résonance côté transmis-
sion (TT), qui comprend une bobine côté transmis-
sion (TL) pour transmettre l’énergie électrique et qui
a une fréquence de référence prédéterminée en tant
que fréquence de résonance; un amplificateur de
classe E (440) qui est conçu pour générer et délivrer
une tension alternative de transmission d’énergie
(VE) à la fréquence de référence en commutant une
tension continue (VIN) fournie à partir d’une source
d’alimentation en courant continu (VS1) en utilisant
un signal périodique à la fréquence de référence;
un amplificateur de signal d’entrée (460) qui est con-
çu pour générer et délivrer une tension alternative
d’essai (VA) à la fréquence de référence en ampli-
fiant une tension alternative d’entrée à la fréquence
de référence;
un circuit de sélection (470) qui est conçu pour ali-
menter le circuit de résonance côté transmission sé-
lectivement avec soit la tension alternative de trans-
mission d’énergie, soit la tension alternative d’essai;
un circuit de détection (140) qui est conçu pour dé-
tecter une amplitude d’un courant passant à travers
la bobine côté transmission; et
un circuit de commande (160) qui est conçu pour
commander le circuit de sélection et commander ain-
si une tension d’alimentation du circuit de résonance
côté transmission, dans lequel
le circuit de commande est conçu pour acquérir, en
tant que valeur d’évaluation (VpFOD), une valeur
d’amplitude détectée à partir du circuit de détection
lorsque la tension alternative d’essai est fournie au
circuit de résonance côté transmission, et est conçu
pour commander, sur la base de la valeur d’évalua-
tion, si oui ou non il faut effectuer une transmission
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d’énergie en fournissant la tension alternative de
transmission d’énergie au circuit de résonance côté
transmission.

9. Dispositif de transmission d’énergie selon la reven-
dication 8, dans lequel
le circuit de commande est conçu pour juger, sur la
base de la valeur d’évaluation, la présence ou l’ab-
sence d’un objet étranger (3) qui diffère du dispositif
de réception d’énergie et dans lequel un courant ba-
sé sur un champ magnétique généré dans la bobine
côté transmission peut être généré, et est conçu pour
commander, sur la base d’un résultat du jugement,
si oui ou non il faut effectuer la transmission d’éner-
gie.

10. Dispositif de transmission d’énergie selon la reven-
dication 9, dans lequel
le circuit de commande, lorsqu’il juge qu’il n’y a pas
d’objet étranger, est conçu pour permettre la trans-
mission d’énergie et, lorsqu’il juge qu’il y a un objet
étranger, est conçu pour inhiber la transmission
d’énergie.

11. Dispositif de transmission d’énergie selon la reven-
dication 9 ou 10, dans lequel
le circuit de commande est conçu pour juger la pré-
sence ou l’absence d’un objet étranger en jugeant
si la valeur d’évaluation se situe en dehors ou non
d’une plage prédéterminée.

12. Dispositif de transmission d’énergie selon l’une quel-
conque des revendications 8 à 11, dans lequel l’am-
plificateur de classe E comprend :

un dispositif de commutation (441) qui est conçu
pour effectuer une opération de commutation en
fonction du signal périodique;
une première bobine (442) qui est interposée
entre la source d’alimentation à courant continu
et le dispositif de commutation;
un premier condensateur (443) qui est connecté
en parallèle avec le dispositif de commutation; et
un circuit de résonance qui est connecté à un
nœud de connexion entre le dispositif de com-
mutation et la première bobine et qui comporte
une seconde bobine (445) et un second con-
densateur (444), et l’amplificateur est conçu
pour délivrer la tension alternative par l’intermé-
diaire du circuit de résonance.

13. Dispositif de transmission d’énergie selon l’une quel-
conque des revendications 8 à 12, dans lequel
une amplitude de la tension alternative d’essai est
inférieure à une amplitude de la tension alternative
de transmission d’énergie.

14. Dispositif de transmission d’énergie selon l’une quel-

conque des revendications 8 à 13, dans lequel le
signal périodique de l’amplificateur de classe E et la
tension alternative d’entrée de l’amplificateur de si-
gnal d’entrée sont générés sur la base d’un signal
commun ayant la fréquence de référence.

15. Dispositif de transmission d’énergie selon l’une quel-
conque des revendications 8 à 14, dans lequel le
dispositif de réception d’énergie comprend :

un circuit de résonance côté réception (RR), qui
comprend une bobine côté réception (RL) pour
recevoir l’énergie électrique et qui a la fréquence
de référence en tant que fréquence de résonan-
ce; et
un circuit de modification/court-circuit (240) qui
est conçu soit pour modifier la fréquence de ré-
sonance du circuit de résonance côté réception
par rapport à la fréquence de référence, soit
pour court-circuiter la bobine côté réception, et
lorsque la valeur d’évaluation est acquise, en
fonction d’un signal transmis à partir du dispositif
de transmission d’énergie, pour modifier la fré-
quence de résonance du circuit de résonance
côté réception ou court-circuiter la bobine côté
réception dans le dispositif de réception d’éner-
gie.

16. Système d’alimentation électrique sans contact
comprenant :

le dispositif de transmission d’énergie (1) selon
l’une quelconque des revendications 1 à 15; et
un dispositif de réception d’énergie (2),
dans lequel
une transmission et une réception de l’énergie
électrique étant possibles entre le dispositif de
transmission d’énergie (1) et le dispositif de ré-
ception d’énergie (2) par résonance magnéti-
que.
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