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(57) Abstract: Provided is a power receiving apparatus that has an antenna
for receiving power and that receives the power wirelessly from a power
transmitting apparatus. The power receiving apparatus detects a voltage in-
put into a circuit between the antenna and a load to which the received
power is supplied, and adjusts an impedance between the antenna and the
load to lower the voltage in the case where the voltage is greater than a pre-
determined threshold value.
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DESCRIPTION
TITLE OF INVENTION
PCWER RECEIVING APPARATUS, CONTROL METHOD, AND STORAGE

MEDIUM

TECHNICAL FIELD
[0001] The present invention relates to wireless

power transfer techniques.

BACKGROUND ART

[0002] The development of technology for wireless
power transfer systems has become widespread in recent
years. Japanese Patent Laid-Open No. 2012-139010
discloses a technique for transferring power with high
efficiency through impedance matching between a power
receiving antenna and a power generating unit that
generates DC power.

[0003] A case such as that shown in FIGS. 1A and
1B, where power is transmitted from a single power
transmitting apparatus to a plurality of power
receiving apparatuses, can be considered as an example
of the actual operation of a wireless power transfer
system. FIG. 10 is a block diagram illustrating an
example of the internal configuration of a typical
power transmitting apparatus. In FIG. 10, 1000
indicates a constant voltage source that serves as a

power source for a class E amp 1001. 1002 indicates a
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choke coil that prevents power converted to AC by the
class E amp 1001 from returning to the DC constant
voltage source 1000, whereas 1003 and 1004 indicate
resonant capacitors that resonate with a resonant coil
1005. 1006 and 1007 indicate matching elements for a
power transmission antenna coil 1008. 1009 indicates a
control unit, such as a CPU, that has a function for
controlling the constant voltage source, an oscillator
1010 of the class E amp, and so on. In this type of
circuit, the CPU adjusts the voltage of the constant
voltage source 1000 so that a current required by the
class E amp can be supplied from at least one of the
outputs of a voltage detection function and a current
detection function (not shown) provided in the constant
voltage source.

[0004] Next, a case where a state has changed from
that shown in FIG. 1A, in which a power transmitting
apparatus 100 is transmitting power to two power
receiving apparatuses 101 and 102, to that shown in FIG.
1B, where the power receiving apparatus 102 has been
removed, will be considered. FIG. 11 shows an example
of variation in an output voltage of the constant
voltage source 1000 and an AC voltage in the power
transmission antenna coil in the power transmitting
apparatus 100, and variation in an AC voltage of a
power reception antenna coil in the power receiving

apparatus 101 that has not been removed, that occur at



WO 2014/208708 PCT/JP2014/067091

this time. In FIG. 11, a dotted line indicates a DC
output voltage of the constant voltage source 1000 in
the power transmitting apparatus 100, a thin solid. line
indicates the AC voltage at the power transmission
antenna coil, and a bold solid line indicates the AC
voltage at the power reception antenna coil of the
power receiving apparatus 101 that has not been removed.
A state (1) indicates a period in which the two power
receiving apparatuses 101 and 102 are receiving power,
and a time t0 indicates a time at which the power
receiving apparatus 102 is removed. A state (3)
indicates a period in which power is being supplied in
a stable manner to the power receiving apparatus 101
after the power redeiving apparatus 102 has been
removed, and a state (2) indicates a period of
transition from state (1) to state (3).

[0005] While power 1is being transmitted to the two
power receiving apparatuses 101 and 102, the power that
was to be supplied to the removed power receiving
apparatus 102 becomes a surplus immediately after the
time t0 at which the power receiving apparatus 102 is
removed, resulting in a state of overvoltage in the
power transmission antenna coil and the class E amp of
the power transmitting apparatus 100. Because the
power transmission current drops due to the power
transmitted to the removed power receiving apparatus

102 and the resulting surplus power, the CPU reduces
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the voltage of the constant voltage source 1000 (a time
tl). Thereafter, the CPU adjusts the voltage of the
constant voltage source 1000 in accordance with a
current value required for transmitting power to the
power recelving apparatus 101 that has not been removed
(a time t2).

[0006] At this time, the AC voltage at the power
transmission antenna coil rises as indicated by the
thin solid line due to the overvoltage, then begins to
drop as the output of the constant voltage source 1000
drops, and is adjusted to the voltage indicated in the
stable state (3). Because the power reception antenna
coil of the power receiving apparatus 101 that has not
been removed is in a one-to-one relationship with the
power transmission antenna coil of the power
transmitting apparatus immediately after the power
receiving apparatus 102 is removed and thus couples at
a mutual inductance m, the voltage at the power
reception antenna coil of the power receiving apparatus
101 at this time enters a state of overvoltage. The
voltage occurring in the overvoltage state after the
power receiving apparatus 102 has been removed is
particularly high in the case where the power receiving
apparatus 102 that is removed has been receiving a
large amount of power and the power receiving apparatus
101 that is not removed has been receiving a small

amount of power. 1In this case, the power reception
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antenna coil, a matching element, a rectifier circuit,
and so on in the power receiving apparatus 101 that has
not been removed, and a constant voltage source
connected to the rectifier circuit, may be damaged due
to the overvoltage. In addition to cases where power
is being transmitted to a plurality of power receiving
apparatuses and a power receliving apparatus that is
receiving power is removed, the amount of power
transmitted from the power transmitting apparatus can
also vary drastically due to a driving apparatus such
as a motor that is carrying out positional control.
being switched from a driving state to a stopped state
and so on. Accordingly, it has been possible for other
power receiving apparatuses to be damaged due to
overvoltage in cases where power is being supplied to
other apparatuses as well.

[0007] Although Japanese Patent Laid-Open No.
2012-139010 attempts to increase the efficiency of
wireless power transfer through impedance matching, it
does not take into consideration the possibility that
an excessive voltage wiil be input to the power
recelving apparatuses as described above.

[0008] Having been achieved in light of the
aforementioned problems, the present invention prevents
an excessive voltage from being.inputted to a power

receiving apparatus during wireless power transfer.
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SUMMARY OF INVENTION
[0009] According to one aspect of the present
invention, there is provided a power receiving
apparatus that receives power wirelessly from a power
transmitting apparatus, the power receiving apparatus
comprisingf an antenna for receiving the power; first
detection means for detecting a voltage input into a
circuit between the antenna and a load to which the
received power is supplied; and adjustment means for
adjusting an impedance between the antenna and the load
to lower the voltage in the case where the voltage is
greater than a predetermined threshold value.
{0010] Further features of the present invention
will become apparent from the following description of
an exemplary embodiment (with réference to the attached

drawings) .

BRIEF DESCRIPTION OF DRAWINGS
[0011] The accompanying drawings, which are
incorporated in and constitute a part of the
specification, illustrate an embodiment of the
invention, and together with the description, serxrve to
explain the principles of the invention.
[0012] FIGS. 1A and 1B are diagrams illustrating
an example of the configuration of a system that
transfers power wirelessly.

[0013] FIG. 2 is a block diagram illustrating an
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example of the configuration of a power receiving
apparatus.

[0014] FIG. 3 is a sequencebchart illustrating
processing executed by a power transmitting apparatus
and two power receiving apparatuses.

[0015] FIG. 4 is a flowchart illustrating
processing performed by a control unit of a power
receiving apparatus.

[0016] FIG. 5 is a flowchart illustrating
processing performed by a detection unit of the power
receiving apparatus.

[0017] FIG. 6 is a flowchart illustrating
processing performed by a matching unit of the power
receiving apparatus.

[o018] FIG. 7 is a diagram schematically
illustrating information stored in a first storage unit.
[6019] FIG. 8 is a diagram schematically
illustrating information stored in a second storage
unit.

[0020] FIG. 9 is a diagram schematically
illustrating information stored in a third storage unit.
[0021] FIG. 10 is a block diagram illustrating an
example of the configuration of a conventional power
transmitting apparatus.

[0022] FIG. 11 is a diagram illustrating an
example of variations in an AC voltage at a power

transmission antenna coil, an output DC voltage from a



WO 2014/208708 PCT/JP2014/067091

constant voltage source in the power transmitting
apparatus, and an AC voltage at a power reception
antenna coil of a power receiving apparatus that
remains, in the conventional wireless power transfer

system.

DESCRIPTION OF EMBODIMENTS
[0023] An exemplary embodiment of the present
invention will now be described in detail with
reference to the drawings. It should be noted that the
relative arrangement of the components, the numerical
expressions, and numerical values set forth in the
embodiment do not limit the scope of the present

invention unless it is specifically stated otherwise.

[0024]System Configuration

FIGS. 1A and 1B are diagrams illuétrating an
example of the configuration of a system that transfers
power wirelessly according to the present embodiment.
In FIGS. 1A and 1B, 100 indicates a power transmitting
apparatus, 101 indicates a first power receiving
apparatus, and 102 indicates a second power receiving
apparatus. FIG. 1A illustrates a state in which the
power transmitting apparatus 100 is transmitting power
wirelessly to the first power receiving apparatus 101
and the second power receiving apparatus 102, and the

first power receiving apparatus 101 and the second
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power receiving apparatus 102 receive power wirelessly
from the power transmitting apparatus 100. Meanwhile,
FIG. 1B illustrates a state in which the second power
receiving apparatus 102 is removed by a user, or the
like, and has moved out of a power transmission range
(not shown) of the power transmitting apparatus 100 as

a result.

[0025]Configuration of Power Receiving Apparatus

| FIG. 2 is a block diagram illustrating an example
of the configuration of the power receiving apparatus
according to the present embodiment. 200 indicates a
power receiving antenna. 201 indicates a matching
circuilt that has a function for matching an impedance
of the power receiving antenna with a load 204-side
impedance as viewed from a rectifier circuit 202
(called a "load impedance" hereinafter). The matching
circuilt is configured of an element such as a capacitor,
and the power recelving apparatus has a plurality of
such matching circuits, which have the capability of
adjusting the impedance by switching in accordance with
the load impedance, an input voltage, and so on. For
example, in the present embodiment, it is assumed that
the matching circuits have ten sets that are
combinations of elements, and an appropriate set can be
set from among the ten sets in accordance with the load

impedance.
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[0026] 203 indicates a constant voltage circuit
that converts a DC voltage output from the rectifier
circuit to a DC voltage level at which the load 204
operates and supplies that DC voltage to the load 204..
In the present embodiment, it is assumed that the
constant voltage circuit 203 supplies a DC voltage of 5
volts to the load 204. 205 indicates a matching unit.
The matching unit 205 has a function for adjusting the
impedance of the power receiving antenna to, for
example[ match the load impedance by selecting, through
a process that will be described later, a single set
from the ten sets as mentioned above. 206 indicates a
detection unit that detects a voltage input into the
constant voltage circuit 203, which is a voltage
between the rectifier circuit and the constant voltage
circuit 203. The detection unit 206 also has a
function for detecting a voltage value and a current
value between the constant voltage circuit 203 and the
load 204 (these will be called an "output voltage" and
an "output current", respectively, hereinafter).

[0027] 207 indicates a communication unit that
performs at least one of sending and receiving a
control signal regarding power transfer to a
communication unit (not shown) of the power
transmitting apparatus. In the present embodiment, the
communication unit 207 is compliant with the Bluetooth

(registered trademark) standard version 4.0 (called "BT
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4.0" hereinafter). 208 indicates a first storage unit
that stores a predetermined value regarding the input
voltage detected by the detection unit 206. 209
indicates a second storage unit that stores a plurality
of load impedances and IDs of the matching circuits
that are optimal for those load impedances. 210
indicates a third storage unit that stores an operating
state of the power receiving apparatus. 211 indicates
a first timer that prescribes a time interval at which
the power receiving apparatus notifies the power
transmitting apparatus of the received power currently
being received by the power receiving apparatus. 212
indicates a second timer that prescribes a time
interval at which the»matching unit 205 selects a set
of the matching elements held by the matching circuit.
Note that a timeout value of the second timer is set to,
for example, a lower value than a timeout value of the
first timer. 213 indicates a control unit that
controls the power receiving apparatus as a whole.
[0028] FIG. 7 is a diagram schematically
illustrating information stored in the first storage
unit 208. The first storage unit 208 stores a voltage
range for the ihput voltage at which the constant
voltage circuit 203 operates stably, or in other words,
stores a predetermined threshold value. Note that the
numerical values in FIG. 7 are in volts. In FIG. 7,

700 indicates a first threshold value that serves as an
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upper limit value of the input voltage at which the
constant voltage circuit 203 operates stably.
Furthermore, 701 indicates a second threshold wvalue
that serves as a lower limit value of the input voltage
at which the constant voltage circuit 203 operates
stably. As shown in FIG. 7, the constant voltage
circuit 203 can stably output the aforementioned output
voltage (5 volts) as long as the input ﬁoltage is
between 30 and 5 volts.

[0029] FIG. 8 is a diagram schematically
illustrating information stored in the second storage
unit 209 of a first power receiving apparatus. The
second storage unit 209 stores a load impedance
corresponding to an amount of power consumed by the
load 204 and an optimal matching circuit ID. In the
present embodiment, it is assumed that the maximum
amount of power consumed by the first power receiving
apparatus 101 is 10 watts. Accordingly, a set
including a load impedance and an optimal matching
circuit ID is stored in the second storage unit 209 for
a case where the amount of power consumed is no more
than 10 watts.

[0030] In FIG. 8, 800 indicates received powers,
and in the present embodiment, indicates amounts of
power consumed by the load 204. 801 indicates load
impedance ranges, whereas 802 indicates matching

circuit IDs asscciated with respective load impedance
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ranges. Here, identification information regarding the
optimal sets of matching circuits 1is stored as the
matching circuit ID for each of a plurality of load
impedance ranges.

[0031] Next, information stored in the second
storage unit 209 as indicated in FIG. 8 will be
described for a specific example in which the received
power is no less than 9 watts but is less than 10 watts.
In the case where the received power is 9 watts, the
output voltage is 5 volts, and thus the load impedance
is 2.8 ohms, obtained by squaring 5 volts and dividing
by 9 watts. Likewise, in the case where the received
power is 10 watts, the load impedance is 2.5 ohms,
obtained by squaring 5 volts and dividing by 10 watts.
Accordingly, in the case where the load impedance is
greater than 2.5 ohms and no greater than 2.8 ohms, the
matching circuit ID through which impedance matching
can be achieved is 1. At this time, impedance matching
is achieved between the power receiving antenna and the
rectifler circuit, and there is no voltage and power
reflection, and thus highly-efficient power transfer is
possible. Meanwhile, although the input voltage will
change in the case where the impedance matching is not
achieved due to the difference between the impedance of
the power receiving antenna and the load impedance, it
is assumed in the present embodiment that the input

voltage is lower the lower the load impedance is. That
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is, reducing the load impedance makes it possible to
reduce the input voltage.

[0032] FIG. 9 is a diagram schematically
illustrating information stored in the third storage
unit 210. In FIG. 9, 900 indicates matching circuit
IDs, where identifiers of matching circuits that are to
be set are stored. In the present embodiment, it is
assumed that an operating mode of the matching unit 205
is determined based on a result of comparing the input
voltage with a power threshold value stored in the
first storage unit 208. Here, for example, a first
operating mode is a mode for executing highly-efficient
power transfer through impedance matching, whereas a
second operating mode is a mode in which an excessive
input voltage is prevented from being applied to the
constant voltage circuit 203 by reducing the input
voltage. It should be noted that because reducing the
input voltage is the purpose of the second operating
mode, impedance matching is not of paramount concern,
and thus such matching is not achieved.

[0033] In the third stbrage unit 210, a value of
"O" for the operating mode indicates the first
cperating mode, whereas a value of "1" indicates the
second operating mode. 902 indicates a next operating
mode, and this value is derived as a result of
comparing the input voltage with the power threshold

value stored in the first storage unit 208. 901
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indicates a current operating mode, which is determined,
for example, based on a result of comparing the input
voltage from the previous cycle with the power
threshold value stored in the first storage unit 208.
903 indicates the load impedance. FIG. 9 indicates
information stored sequentially in the third storage
unit 210 of the first power receiving apparatus as
processing advances. In other words, in a state 904,
the next operating mode is the first operating mode,
and as a result of impedance matching performed in the
first operating mode, the matching circuit ID has been
changed from 4 to 5 as indicated in a state 905.
Likewise, as shown in FIG. 9, the state transits to a
state 906 after operating in a state 905, and transits
to a state 907 after the state 906. Although fhe
present embodiment describes past states as being
stored in the third storage unit 210 for the sake of
simplicity, it is not necessary to store past states,
and such states may be overwritten and updated.

[0034] In the present embodiment, it is assumed
that in an initial state, the power received by the
first power receiving apparatus is 6.5 watts. The
third storage unit 210 stores this initial state (904).
According to the information (904) stored in the third
storage unit 210, the load impedance is 3.8 ohms,
obtained by squaring the output voltage of 5 volts and

dividing by the received power of 6.5 watts. Referring
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to the second storage unit 209, the matching circuit ID
suited to a load impedance of 3.8 ohms is "4", and thus
the matching circuit ID in the information (904) stored
in the third storage unit 210 is also "4". This
indicates that a matching circuit ID of "4" should be

set when the load impedance is 3.8 ohms.

[0035]0Operations of System and Power Receiving
Apparatus

Next, operations performed by the system, and
particularly operations performed by the power
receiving apparatus, will be described using FIGS. 3
through 6. FIG. 3 is a sequence chart illustrating
operations performed by the system, FIG. 4 is a
flowchart illustrating an example of processing
performed by the control unit 213 of the power
receiving apparatus, FIG. 5 is a flowchart illustrating
an example of processing performed by the detection
unit 206 of the power receiving apparatus, and FIG. 6
is a flowchart illustrating an example of processing
performed by the matching unit 205 of the power
receiving apparatus.
[0036] First, it is assumed that the power
received by the first power receiving apparatus is 6.5
watts and the power received by the second power
recelving apparatus is 13.5 watts, resulting in a total

of 20 watts being transmitted by the power transmitting
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apparatus (F301l). The control unit 213 starts the
first timer (S401), and then starts the second timer
(S402). When the second timer times out (YES in S$402),
the control unit 213 causes the detection unit 206 to
operate (S404).
[0037] Because the timer that timed out in S402 is
- not the first timer (NO in S500), the detection unit
206 updates the operating mode to the next étate from
the current state (the initial state; 904 in FIG. 9)
(8501) . Specifically, because a next operating mode
902 in the current state 904 is "0", a current
operating mode 901 in the updated state 905 is set to
"0". Then, in order to determine the next operating
mode in the updated state 905, the detection unit 206
detects the input voltage input into the constant
voltage circuit 203 (8502).
[0038] The detection unit 206 then compares the
input voltage value detected in S502 with the first
threshold value stored in the first storage unit 208.
In the case where the load 204 is used in applications
where the load experiences comparatively low variations,
such as the case where the load 204 is configured of a
charging circuit and a chargeable battery, a sudden
impedance mismatch normally will not occur.
Accordingly, it is assumed here that the input voltage
is within the voltage range, at which the circuit

operates stably (no more than the first threshold value
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and no less than the second threshold value), stored in
the first storage unit 208 (NO in S503 and S8505). At
this time, the detection unit 206 determines that the
constant voltage circuit 203 is operating stably and
that the transfer efficiency can be approved by causing
the matching unit 205 to operate in the first operating
mode and matching the impedances. Accordingly, the
detection unit 206 sets the next operating mode 902 in
the updated state 905 to "0" (S504), after which the
process ends.

[0039] Returning to FIG. 4, the control unit 213
then causes the matching unit 205 to operate. The
matching unit 205 refers to the operating mode in the
information stored in the third storage unit 210 (S600).
According to the information 905 stored in the third
storage unit 210, the next operating mode is "0" (NO in
S601). Accordingly, the matching unit 205 determines
that the matching circuit is to be selected in order to
match the impedances (S602), and then refers to the
current operating mode. According to the information
905 stored in the third storage unit 210, the current
operating mode is "0" (NO in S$S603). Accordingly, the
matching unit 205 calculates the load impedance based
on the output voltage of the constant voltage circuit
203 and the received power (S604). Here, it is assumed
that the received power (the amount of power consumed)

has decreased from the aforementioned 6.5 watts to 5.5
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watts, due to a change in the state of the load 204 or
the like. At this time, the load impedance is 4.5 ohms,
obtained by squaring 5 volts and dividing by 5.5 watts.
The matching unit 205 then updates the load impedance
in the state 905 stored in the third storage unit 210
to "4.5".

[0040] The matching unit 205 then refers to the
matching circuit IDs in the second storage unit 209
(S605), and searches for the optimal matching circuit
ID when the load impedance is 4.5 ohms. According to
FIG. 8, it can be seen that the optimal matching
circuit ID is "5" in the case where the load impedance
is no less than 4.2 ohms but less than 5 ohms. Then,
the matching unit 205 refers to the matching circuit
IDs in the information 904 stored in the third storage
unit 210 in order to determine the current matching
circuit ID (S606).

[0041] According to the information 904, the
‘matching circuit ID currently set is "4", which differs
from the "5" searched out in S605. Accordingly, the
matching unit 205 determines, from the relationship
between the current load impedance and the current
matching circuit ID, that the impedances for power
receiving do not match (NO in 38607), and selects the
optimal matching circuit ID of "5" from the second
storage unit 209 (S608). Then, after setting the

matching circuit ID to "5" in the updated state 905 in
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the third storage unit 210 (S609), the matching unit
205 sets the matching circuit (S610), and the process
ends.

[0042] On the other hand, in 8607, in the case
where it is determined based on the current load
impedance and the current matching circuit ID that the
impedances match (YES in S607), it is not necessary to
change the matching circuit, and thus the pfocess ends
directly. Thus in the first operating mode, the
efficiency of the power transfer is increased by the
matching unit 205 selecting the matchinglcircuit that
enables impedance matching in response to a change in
the load impedance caused by a change in the amount of
power consumed by the load.

{0043] Returning to FIG. 4, when the processing
performed by the matching unit 205 ends, the control
unit 213 determines that the first timer has timed out
(S406). If the first timer has not yet timed out (NO
in S406), the processes of the aforementioned $402 to
S405 are executed again, and the matching circuit is
selected and set.

[0044] On the other hand, in the case where the
first timer has timed out (YES in S406), the control
unit 213 causes the detection unit 206 to operate
{S407). 1In this case, because the first timer has
timed out (YES in S500), the detection unit 206 detects

the output voltage and the output current of the
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constant voltage circuit 203, and calculates the
received power by multiplying those values (5506).
Here, an output voltage of 5 volts and an output
current of 1.1 amperes are detected, and thus 5.5 watts
is detected as the received power.

[0045] Next, the detection unit 206 starts the
communication unit 207 (S507). Then, after a wireless
connection has been established with a communication
unit (not shown) of the power transmitting apparatus
100, the detection unit 206 notifies the power
transmitting apparatus 100 of the detected received
power (S508). Specifically, an ADV_IND packet, which
is one type of advertising packet defined in the BT 4.0
standard, is transmitted from the power receiving
apparatus 101 to the power transmitting apparatus 100
(F302) . The ADV_IND packet holds information such as
address information of BT 4.0-compliant devices,
services supported by upper-layer applications, and so
on. The power transmitting apparatus 100 transmits a
CONNECT_REQ packet in response to the ADV_IND packet in
order to establish the wireless connection with the
first power receiving apparatus. At this point in time,
the communication unit (not shown) of the power
transmitting apparatus 100 and the communication unit
207 of the first power receiving apparatus 101 are
wirelessly connected through BT 4.0, and are thus

capable of communicating using BT 4.0.
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[0046] After the wireless connection has been
established, the communication unit 207 notifiesvthe
power transmifting apparatus 100 of information
including a value of 5.5 watts as the received power
detected in S506 (F304, $508), after which the process
ends. Likewise, the second power receiving apparatus
102 establishes a wireless connection with the power
transmitting apparatus 100, and notifies the power
transmitting apparatus 100 of information indicating
the received power (F305). It is assumed that the
second power receiving apparatus 102 communicates a
value of 12.5 watts as the received power at this time.
[0047] Upon receiving the information indicating
the received power, the power transmitting appaﬁatus
100 adjusts the transmitted power, and notifies the
power receiving apparatuses 101 and 102 of information
indicating that transmitted power. Specifically, the
first power receiving apparatus 101 is notified that
5.5 watts will be transmitted (F306), and the second
power receiving apparatus 102 is notified that 12.5
watts will be transmitted (F307). As a result, the
power transmitting apparatus 100 adjusts the
transmitted power from 20 watts, which is the amount of
power transmitted up until that point, to 18 watts,
which is the total of the transmitted power values
notified here, and then transmits the adjusted power to

the first power receiving apparatus 101 and the second
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power receiving apparatus 102 (F308). The power
transmitting apparatus 100 can periodically adjust the
transmitted power based on the received power as a
result of the plurality of power receiving apparatuses
performing a process for connecting to the power
transmitting apparatus 100 and notifying the power
transmitting apparatus 100 of the received power each
time the first timer times out in this manner. Doing
so makes it possible to achieve balance between the
fransmitted power and the received power; power that
returns to the power transmitting apparatus 100 due to
an imbalance is eliminated, which in turn makes it‘
possible to improve the efficiency of power
transmission throughout the overall system.
Furthermore, setting the timeout value of the second
timer to a lower wvalue than the timeout value of the
first timer makes it possible for the power
transmitting apparatus 100 to control the transmitted
power without a drop in efficiency caused by reflection
in the power receiving apparatuses, which in turn makes
it possible for the power transmitting apparatus 100 to
transmit an appropriate amount of power.

[0048] Then, at F3098, the communication unit 207
of the first power receiving apparatus 101 notifies the
power transmission apparatus 100 of the received power
in the same manner as in F304. The received power at

this time is the same 5.5 watts as in F305. Meanwhile,
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it is assumed here that the second power receiving
apparatus 102 has moved outside of the power
transmission range of the power transmitting apparatus
100, as indicated in FIG. 1B (F310). At this time, the
detection unit 206 of the second power receiving
apparatus 102 detects that the voltage input into the
constant voltage circuit 203 has dropped below the
second threshbld value due to this movement (YES in
'S505), and detects that the constant voltage circuit
203 1is no longer capable of operating stably.
Accordingly, the second power receiving apparatus 102
notifies the power transmitting apparatus 100 that the
received power is 0 (F311).

[0049] The notification in F311 may be any type of
notification as long as it is information that notifies
the power transmitting apparatus 100 that power need
not be transmitted to the second power receiving
apparatus 102 thereafter. For example, the
notification may be a notification that the second
power receiving apparatus 102 will no longer receive
power, a notification indicating a request to stop the
transmission of power to the second power receiving
apparatus 102, a notification that the second power
receiving apparatus 102 cannot operate stably, or the
like.

[0050] Due to the movement, the impedance is no

longer matched between the first power receiving
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apparatus 101 and the power transmitting apparatus 100,
and thus the voltage input to the first power receiving
apparatus 101 changes greatly. Accordingly, the
detection unit 206 of the first power receiving
apparatus 101 detects that the voltage input to the
constant voltage circuit 203 has risen above the first
threshold value (YES in S503). In other words, at this
point in time, the first power receiving apparatus 101
detects that overvoltage, at which the constant voltage
circuit 203 cannot operate stably, has been applied
(F312) . In this case, the first power receiving
apparatus 101 determines that it is necessary to cause
the matching circuit to operate in the second operating
mode and lower the voltage input into the constant
voltage circuit 203. Accordingly, the detection unit
206 sets the next operating mode in the updated state
906 to "1" (S509), after which the process ends.

[0051] Because the next operating mode is "1" (YES
in S601), the matching unit 205 determines that a
matching circuit is to be selected in order to lower
the input voltage (S6l11). The matching unit 205 then
refers to the matching circuit IDs in the third storage
unit 210 (S612). Here, based on the current state 905,
the matching circuit ID at this point in time is "5".
Accordingly, the matching unit 205 selects a matching
circuit at which the input voltage will be lower than

when the matching circuit ID is "5". As described
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earlier, in the present embodiment, the lower the load
impedance is (that is, the lower the matching circuit
ID is), the lower the input voltage will be.

[0052] Accordingly, the matching unit 205 refers
to the matching circuit IDs in the second storage unit
209 and selects the matching circuit at which the input
voltage will be lower (S613). Spedifically, the
matching unit 205 selects, for example, the matching
circuit ID "1", in which the input voltage will be
lower than with the current matching circuit ID of "5".
Then, after setting the matching circuit ID to "1" in
the updated state 906 in the third storage unit 210
(S609), the matching unit 205 sets the matching circuit
and adjusts the impedance (S610), after which the
process ends.

[0053] The power transmitting apparatus 100
adjusts the transmitted power based on the information
receivéd in F309 and F311. Specifically, the power
transmitting apparatus 100 notifies the first power
receiving apparatus 101 that 5.5 watts will be
transmitted (F314), but does not notify the second
power receiving apparatus 102 of the transmitted power.
Note that the power transmitting apparatus 100 may
issue a notification that power will not be transmitted
in response to receiving a notification from the second
power receiving apparatus 102 that the received p@wer

is 0. Then, the power transmitting apparatus 100
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starts transmitting 5.5 watts of power, which is the
total transmitted power notified as described above
(F315). As a result, at this point in time, the power
transmitting apparatus lowers the transmitted power
from 18 watts to 5.5 watts.

[0054] Meanwhile, at this point in time, in the
first power receiving apparatus 101, the operating mode
of the matching unit 205 changes from the first
operating mode to the second operating mode, and the
input voltage drops. At this time, the matching
circuit whose matching circuit ID is "1" is set, and
the power transmitted by the power transmitting
apparatus 100 has also dropped, and thus the detection
unit 206 of the first power receiving apparatus 101
detects that the voltage input to the constant voltage
circuit 203 has dropped below the first threshold value
(NO in S$503). Accordingly, the detection unit 206 sets
the next operating mode in the updated state 907 to "O"
(s504) .

[0055] Here, the current operating mode is set to
"1l" in the updated state 907 by the detection unit 206
(S501). Accordingly, the matching unit 205 operates
based on the current operating mode (NO in S601; YES in
S603), and stands by to operate until receiving a
transmitted power notification from the power
transmitting apparatus (S604). This is because in the

case where the operating mode returns to the first
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operating mode despite the power transmitted by the
power transmitting apparatus 100 not having dropped,
overvoltage may be detected again. It is necessary for
the power receiving apparatus to return to the first
operating mode from the second operating mode upon
confirming that the power transmitting apparatus 100
has lowered the transmitted power and overvoltage is
not detected.

[0056] Upon receiving a notification from the
power transmitting apparatus 100 that the transmitted
power will be lowered to 5.5 watts (YES in S$604), the
matching unit 205 returns operating mode to the first
operating mode in F314. Then, the matching unit 205
refers to the load impedances in the third storage unit
210, and selects optimal matching circuit ID from the
second storage unit 209 (S615). Specifically} the
matching unit 205 refers to the state 907, and selects
the matching circuit ID of "5", which is optimal for a
load impedance of 4.5 ohms. Then, after updating the
matching circuit ID to "5" in the state 907 (S609), the
matching unit 205 sets the matching circuit and adjusts
the impedance (S610), after which the process ends. 1In
this manner, the matching unit 205 returns the
operating mode to the first operating mode.

[0057] Although the matching unit 205 returns the
operaﬁing mode to the first operating mode after the

notification in F314 here, it should be noted that this
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is performed so that overvoltage is not detected again.
Accordingly, another method that makes it possible to
detect that overvoltage has not occurred again may be
used instead. For example, the matching unit 205 may
detect that the transmitted power has actually dropped
as a result of the detection unit 206 detecting a drop
in the voltage input to the constant voltage circuit
203, and may return the operating mode to the first
operating mode after that drop has occurred.

[0058] As described thus far, the power receiving
apparatus can reduce the risk that the constant voltage
circuit will be damaged by overvoltage being
continuously applied thereto by operating in the second
operating mode in the case where a result of the
detection unit 206 detecting the input voltage is
greater than a first threshold value. In addition, a
state in which the constant voltage circuit 203 can
operate stably can be maintained by transiting to the
second operating mode and adjusting the voltage input
into the constant voltage circuit 203. Through this,
the first power receiving apparatus 101 can supply a
stable voltage to a load even in the case where the
impedance has changed suddenly, such as when the second
power receiving apparatus 102 has been removed.

[0059] Furthermore, the power receiving apparatus
can prevent a state of overvoltage from recurring by

returning the operating mode to the first operating
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mode only after confirming that overvoltage will not be
applied after operating in the second operating mode.
As a result, a stable voltage can be continuously
suppliéd to the load. In addition, the power
transmitting apparatus can periodically change the
transmitted power based on the received power as a
result of the power receiving apparatus performing a
process for connecting to the power transmitting
apparatus and communicating the received power each
time the first timer times out. As a result, the
transmitted power and the received power can be
balanced, and the efficiéncy of power transfer can be
improved throughout the system as a whole. Furthermore,
setting the timeout value of the second timer to a
lower value than the timeout value of the first timer
makes it possible for the power transmitting apparatus
to control the transmitted power without a drop in
efficiency caused by reflection in the power receiving
apparatus. Accordingly, the power transmitting
apparatus can control the transmitted power in a state
of high efficiency and with little loss.

[0060] In addition to the configurations described
above, the same effects can be achieved by the
individual configurations described hereinafter, or by
combinations thereof.

[{oo61] Although the foregoing describes the load

impedance as being calculated from the output voltage
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and the received power, the load impedance may be
calculated from the output voltage and the output
current.

[0062] In addition, although the foregoing
describes the advertising packets as the ADV_IND packet
and the CONNECT REQ packet, these packets may be other
types of advertising packets defined in BT 4.0.
Furthermore, although the communication units are
described as being compliant with BT 4.0, the
communication units may be compliant with another
communication standard. This communication standard
may be, for example, another BT standard, wireless LAN,
Zigbee (registered trademark), NFC, or the like.

[0063] Furthermore, in the above descriptions, the
matching unit 205 compares the matching circuit ID in
the third storage unit 210 with the matching circuit ID
in the second storage unit 209 and selects the matching
circuit to be set, during the second operating mode.
However, instead, a dedicated matching.ciréuit for the
second operating mode ﬁay be provided in advance, and
this matching circuit provided in advance may be
selected upon transiting to the second operating mode
without carrying out a comparison. Specifically, a
matching circuit may be provided for the case where,
for example, the received power exceeds 10 watts (the
load impedance is lower than 2.5 ohms), with a matching

circuit ID of "O" in the second storage unit 209.
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Through this, even in the case where, for example, a
matching circuit whose matching circuit ID is "1" is
set, a matching circuit "0" can be selected in order to
reduce the received voltage.

- [0064] ‘ In addition, although the foregoing
describes the matching unit 205 as selecting the
matching circuit ID of "1", in order to achieve the
lowest received voltage, when the current matching
circuit ID is "5" in S$S613, a different matching circuit
ID may be selected. |

[0065] For example, the matching unit 205 may
select a matching circuit ID that is lower than "5", or
in other words, "4" or less, and may perform adjustment
by selecting matching cifcuits in steps until the
voltage input into the constant voltage circuit 203 no
longer exceéds the first threshold value. For example,
the matching unit 205 may select the matching circuit
ID of "4" in S613, after which the detection unit 206
determines in S$503 that the voltage input to the
constant voltage circuit 203 is greater than the first
threshold value. Then, the matching unit 205 may
perform S613 again and select the matching circuit ID
of "3", after which the detection unit 206 determines
in S503 whether the voltage input to the constant
voltage circuit 203 exceeds the first threshold value.
Repeating this process makes it possible to identify

the matching circuit ID at which the voltage input into
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the constant voltage circuit 203 will be no greater
than the first threshold value.

[o066] As another example, the matching unit 205
selects the matching circuit ID of "2" in S$613. Then,
the detection unit 206 determines in S503 that the
voltage input to the constant voltage circuit 203 does
not exceed the first threshold value. In this case,
the matching unit 205 performs S613 again and selects
the matching circuit ID of "3". Then, the detection
unit 206 determines in S503 whether the voltage input
to the constant voltage circuit 203 exceeds the first
threshold value. The selection of the matching circuit
ID is repeated until the voltage input into the
constant voltage circuit 203 exceeds the first.
threshold value. Through this, the matching unit 205
can select, for example, the matching circuit ID of "2",
at which the voltage input into the constant voltage
circuit 203 does not exceed the first threshold value.
[0067] Through this, impedance mismatching can be
suppressed to the greatest extent possible while also
lowering the received voltage, and thus a drop in the
efficiency of the power transfer in the system can be
suppressed to the greatest extent possible while also
preventing overvoltage from being applied.

[0068] According to the present invention, an
excessive voltage can be prevented from being inputted

to a power receiving apparatus during wireless power
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transfer.

[0069]0Other Embodiments

Embodiments of the present invention can also be
realized by a computer of a system or apparatus that
reads out and executes computer executable instructions
recorded on a storage medium (e.g., non-transitory
computer—-readable storage medium) to perform the
functions of the above-described embodiment of the
present invention, and by a method performed by the
computer of the system or apparatus by, for example,
reading out and executing the computer executable
instructions from the storage medium to perform the
functions of the above-described embodiment. The
computer may comprise one or more of a central
processing unit (CPU), micro processing unit (MPU), or
other circuitry, and may include a network of separate
computers or separate computer processors. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example,
one or more of a hard disk, a random-access memory
(RAM), a read only memory (ROM), a storage of
distributed computing systems, an optical disk (such as
a compact disc (CD), digital versatile disc (DVD), or
Blu-ray Disc (BD)™), a flash memory device, a memory

card, and the like.
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[0070] While the present invention has been
described with reference to exemplary embodiments, it
is to be understood that the invention is not limited
to the disclosed exemplary embodiments. The scope of
the following claims is to be accorded the broadest
interpretation so as to encompass all such
‘modifications and equivalent structures and functions.
[0071] This application claims the benefit of
Japanese Patent Application No. 2013-134214, filed June
26, 2013, which is hereby incorporated by reference

herein in its entirety.
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CLAIMS

1. A power receiving apparatus that receives power
wirelessly from a power transmitting apparatus, the
power receiving apparatus comprising:

an antenna for receiving the power;

first detection means for detecting a voltage
input into a circuit between the antenna and a load to
which the received power is supplied; and

adjustment means for adjusting an impedance
between the antennaband the load to lower the voltage
in the case where the voltage is greater than a

predetermined threshold value.
2. The power receiving apparatus according to claim

wherein the adjustment means matches the
impedance of the antenna with the impedance of the load
in the case where the voltage is no greater than the

threshold value.

3. The power receiving apparatus according to claim
1 or 2, further comprising:

second detection means for detecting that the
power transmitting apparatus has lowered a transmitted
power,

wherein the adjustment means further matches the

impedance of the antenna with the impedance of the load
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in the case where the impedance has been adjusted to
lower the voltage and it has been detected that the

transmitted power has been lowered.

4, The power receiving apparatus according to claim
3,

wherein the second detection means detects that
the transmitted power has been lowered by receiving a
notification that the transmitted power will be lowered

from the power transmitting apparatus.

5. The power receiving apparatus according to claim
1 or 2,

wherein the adjustment means further matches the
impedance of the antenna with the impedance of the load
to match in the case where the impedance has been
adjusted to lower the voltage and the first detection

means has detected that the voltage has dropped.

6. The power receiving apparatus according to any
one of claims 1 to 5,

wherein the adjustment means adjusts the
impedance by switching among a plurality of different

circuits.

7. A control method for a power receiving apparatus

that has an antenna for receiving power and that
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receives the power wirelessly from a power transmitting
apparatus, the method comprising: |
detecting a voltage input into a circuit between
the antenna and a load to which the received power is
supplied; and
adjusting an impedance between the antenna and
the load to lower the voltage in the case where the

voltage is greater than a predetermined threshold value.

8. A computer-readable storage medium storing a
computer program for causing a computer including a
power receiving apparatus that has an antenna for
receiving power and that receives the power wirelessly
from a power transmitting apparatus to:

detect a voltage input into a circuit between the
antenna and a load to which the received power is
supplied; and

adjust an impedance between the antenna and the
load to lower the voltage in the case where the voltage

is greater than a predetermined threshold value.
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