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SPECIFICATION

WIRELESS POWER TRANSMISSION DEVICE AND METHOD FOR CONTROLLING

POWER SUPPLY FOR WIRELESS POWER TRANSMISSION DEVICE

TECHNICAL FIELD

[0001]

The present invention relates to a wireless power

transmission apparatus configured to supply power from a

power-supplying module connected to a power source to a

power-receiving module by means of resonance phenomenon, and

relates to a supply power control method for such a wireless

power transmission apparatus.

BACKGROUND ART

[0002]

Portable electronic devices such as laptop PCs, tablet PCs,

digital cameras, mobile phones, portable gaming devices,

earphone-type music players, wireless headsets, hearing aids,

recorders, which are portable while being used by the user are

rapidly increasing in recent years. Many of these portable

electronic devices have therein a rechargeable battery, which

requires periodical charging. To facilitate the work for

charging the rechargeable battery of an electronic device,

there are an increasing number of devices for charging

rechargeable batteries by using a power-supplying technology



2

(wireless power transmission technology performing power

transmission by varying the magnetic field) that performs

wireless power transmission between a power-supplying module

and a power-receiving module mounted in an electronic device.

[0003]

As a wireless power transmission technology, there have been

known, for example, a technology that performs power

transmission by means of electromagnetic induction between

coils (e.g. see PTL 1), a technology that performs power

transmission by means of resonance phenomenon (magnetic field

resonant state) between resonators (coils) provided to the

power-supplying device (power-supplying module) and the

power-receiving device (power-receiving module)(e.g. see PTL

2).

[0004]

For example, to perform wireless power transmission by

coupling magnetic fields utilizing resonance phenomenon

(magnetic field resonant state) between the resonators (coils)

of the power-supplying module and the power-receiving module,

the power-receiving module needs to be brought close to the

power-supplying module so that they are within a distance

(power-suppliable region) that enables power supplying from

the power-supplying module to the power-receiving module. In

this process of use, there is a problem that power is

continuously supplied to the power-supplying module, even if
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the power-supplying module and the power-receiving module are

not within the power-suppliable region, so as to prepare for

placement of the power-receiving module within the

power-suppliable region, i.e., power is wasted (there will be

a large amount of power consumed for standing-by).

[0005]

A suggested measure to address this issue is to provide the

power-receiving module or the power-supplying module with a

detector (sensor and the like) to detect changes caused by

arranging the power-supplying module and the power-receiving

module within the power-suppliable region, and to start

supplying power to the power-supplying module using the

detection result from the detector as a trigger.

[0006]

For example, PTL 3 describes a power supply system having

a structure in which a detector (current/voltage detector 113)

is provided to a power-supplying device (power-supplying

module) of a power-supplying system, an impedance is derived

based on the value of current/voltage measured by the detector,

and variation in this impedance (an amount of increase in the

impedance and the like: see paragraph [0047] and the like) is

compared with a pre-set threshold value to determine whether

the power-supplying device (power-supplying module) and a

secondary end device (power-receiving module) are within the

power-suppliable region.
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[0007]

With the provision of the detector to determine whether the

power-supplying module and the power-receiving module are

within the power-suppliable region, it is surely possible to

prevent wasteful power consumption by stopping power supply

to the power-supplying module, when the power-supplying module

and the power-receiving module are determined as not to be

within the power-suppliable region.

CITATION LIST

Patent Literature

[0008]

[PTL 1] Japanese patent No. 4624768

[PTL 2] Japanese Unexamined Paten Publication No.

239769/2010

[PTL 3] Japanese Unexamined Paten Publication No.

62895/2013

SUMMARY OF THE INVENTION

Technical Problem

[0009]

However, depending on the condition settings of the

power-supplying device (power-supplying module) and the

secondary end device (power-receiving module), there may not

be a significant variation in the impedance, which is for
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determining whether or not the power-supplying device

(power-supplying module) and the secondary end device

(power-receiving module) are within a power-suppliable region.

[0010]

In view of the above problem, the present invention, focusing

on the phase of an input impedance of the power-supplying module

or the power-receiving module, provides a wireless power

transmission apparatus configured so that the phase of the

input impedance varies depending on whether a power-supplying

module and a power-receiving module are within a

power-suppliable region, and that enables determination of

whether to conduct power supply by detecting the variation in

the phase, thus preventing waste power consumption while the

modules are not within the power-suppliable region.

TECHNICAL SOLUTION

[0011]

An aspect of the present invention to achieve the above object

is a wireless power transmission apparatus configured to supply

power from a power-supplying module connected to a power source

to a power-receiving module by means of resonance phenomenon,

wherein:

the power-supplying module includes

a phase detector configured to detect the phase of an input

impedance, and
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a control device configured to control power to be supplied

to the power-supplying module;

wherein the power-supplying module and the power-receiving

module are each set so that a transmission characteristic with

respect to a power-source frequency of the power supplied to

the power-supplying module has a double-hump characteristic

such that a peak occurs in a power-source frequency band lower

than a resonance frequency of the power-supplying module and

the power-receiving module, and in a power-source frequency

band higher than the resonance frequency; and

wherein the control device determines whether to supply power

to the power-supplying module, based on a difference between

phases of the input impedances in a standby state and in a

power-supplying state, the standby state being a state in which

power is not supplied from the power-supplying module to the

power-receiving module, the power-supplying state being a

state in which power is supplied from the power-supplying

module to the power-receiving module, and the phases being

detected by the phase detector.

[0012]

Traditionally, power-supplying module and the

power-receiving module have been set so that the transmission

characteristic of the power-supplying module and the

power-receiving module has a single-hump characteristic, thus

causing the peak value of the transmission characteristic to
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occur nearby the resonance frequency. In this case, the power

transmission efficiency from the power-supplying module to the

power-receiving module is maximized by setting the

power-source frequency to a resonance frequency.

This setting however does not cause a difference between the

phase of the input impedance in the standby state and that in

the power-supplying state, since the power-source frequency

is set to the resonance frequency.

For this reason, the power-supplying module and the

power-receiving module are set so that the transmission

characteristic of the power-supplying module and the

power-receiving module has a double-hump characteristic, thus

causing the peak values of the transmission characteristic to

occur in a band other than the resonance frequency. This way,

there is a difference between the phase of the input impedance

in the standby state and that in the power-supplying state,

since the power-supplying module and the power-receiving

module are used with the setting of the power-source frequency

nearby the peak in a band other than the resonance frequency.

Further, the control device determines whether to supply power

to the power-supplying module, based on the difference in the

phase detected by the phase detector, which enables reduction

of power consumption in the standby state.

[0013]



8

Another aspect of the present invention is the wireless power

transmission apparatus adapted so that the power-supplying

module and the power-power-receiving module comprise a

power-supplying coil, a power-supplying resonator, a

power-receiving resonator, and a power-power-receiving coil,

respectively,

The power-supplying coil is constituted by an RL circuit

including a resistor R1 and a coil L1.

The power-supplying resonator is constituted by an RLC

circuit whose elements include a resistor R2, a coil L2, and

a capacitor C2.

The power-receiving resonator is constituted by an RLC

circuit whose elements include a resistor R3, a coil L3, and

a capacitor C3.

The power-receiving coil is constituted by an RL circuit

including a resistor R4 and a coil L4.

[0014]

In the above structure, the power-supplying module and the

power-receiving module include the power-supplying coil, the

power-supplying resonator, the power-receiving resonator, and

the power-receiving coil, respectively. Further, it is

possible to structure the power-supplying coil and the

power-receiving coil, with a relatively simple RL circuit.

[0015]
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Another aspect of the present invention is the wireless power

transmission apparatus adapted so that the power-supplying

module and the power-power-receiving module comprise a

power-supplying coil, a power-supplying resonator, a

power-receiving resonator, and a power-power-receiving coil,

respectively,

the power-supplying coil is constituted by an RLC circuit

including a resistor R1, a coil L1, and a capacitor C1,

the power-supplying resonator is constituted by an RLC

circuit whose elements include a resistor R2, a coil L2, and

a capacitor C2,

the power-receiving resonator is constituted by an RLC

circuit whose elements include a resistor R3, a coil L3, and

a capacitor C3, and

the power-receiving coil is constituted by an RLC circuit

whose elements include a resister R4, a coil L4, and a capacitor

C4 (however, when the power-supplying coil is an RLC serial

circuit, at least one of relations K12 ≠ K23 and f1 ≠ f0 is 

satisfied, where K12 is a coupling coefficient between the coil

L1 and the coil L2, K23 is a coupling coefficient between the

coil L2 and the coil L3, a f1 is a resonance frequency of the

power-supplying coil, and f0 is a resonance frequency of the

power-supplying resonator and the power-receiving resonator).

[0016]
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In the above structure, the power-supplying module and the

power-receiving module include the power-supplying coil, the

power-supplying resonator, the power-receiving resonator, and

the power-receiving coil, respectively. Further, it is

possible to structure the power-supplying coil and the

power-receiving coil, with an RLC circuit. As described,

structuring the power-supplying coil and the power-receiving

coil with an RLC circuit increases the number of factors

variable in designing, and achieves higher freedom in designing

(variable factors for enabling the transmission characteristic

of the power-supplying module and the power-receiving module

having a double-hump characteristic is increased).

[0017]

Further, another aspect of the present invention is a supply

power control method of a wireless power transmission apparatus

configured to supply power from a power-supplying module

connected to a power source to a power-receiving module by means

of resonance phenomenon, wherein

the power-supplying module includes

a phase detector configured to detect the phase of an input

impedance, and

a control device configured to control power to be supplied

to the power-supplying module;

wherein the power-supplying module and the power-receiving

module are each set so that a transmission characteristic with
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respect to a power-source frequency of the power supplied to

the power-supplying module has a double-hump characteristic

such that a peak occurs in a drive frequency band lower than

a resonance frequency of the power-supplying module and the

power-receiving module, and in a drive frequency band higher

than the resonance frequency, the method comprising the step

of

the control device determining whether to supply power to

the power-supplying module, based on a difference between

phases of the input impedances in a standby state and in a

power-supplying state, the standby state being a state in which

power is not supplied from the power-supplying module to the

power-receiving module, the power-supplying state being a

state in which power is supplied from the power-supplying

module to the power-receiving module, and the phases being

detected by the phase detector.

[0018]

Traditionally, power-supplying module and the

power-receiving module have been set so that the transmission

characteristic of the power-supplying module and the

power-receiving module has a single-hump characteristic, thus

causing the peak value of the transmission characteristic to

occur nearby the resonance frequency. In this case, the power

transmission efficiency from the power-supplying module to the
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power-receiving module is maximized by setting the

power-source frequency to a resonance frequency.

This setting however does not cause a difference between the

phase of the input impedance in the standby state and that in

the power-supplying state, since the power-source frequency

is set to the resonance frequency.

For this reason, with the method, the power-supplying module

and the power-receiving module are set so that the transmission

characteristic of the power-supplying module and the

power-receiving module has a double-hump characteristic, thus

causing the peak values of the transmission characteristic to

occur in a band other than the resonance frequency. This way,

there is a difference between the phase of the input impedance

in the standby state and that in the power-supplying state,

since the power-supplying module and the power-receiving

module are used with the setting of the power-source frequency

nearby the peak in a band other than the resonance frequency.

Further, the control device determines whether to supply power

to the power-supplying module, based on the difference in the

phase detected by the phase detector, which enables reduction

of power consumption in the standby state.

ADVANTAGEOUS EFFECTS

[0019]

There is provided a wireless power transmission apparatus

configured so that the phase of the input impedance varies
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depending on whether a power-supplying module and a

power-receiving module are within a power-suppliable region,

and that enables determination of whether to conduct power

supply by detecting the variation in the phase, thus preventing

waste power consumption while the modules are not within the

power-suppliable region.

DESCRIPTION OF THE DRAWINGS

[0020]

[FIG. 1] FIG.1 is an explanatory diagram of a charger with

a power-supplying module mounted therein and a wireless headset

having a power-receiving module mounted therein.

[FIG. 2] FIG. 2 is a block diagram of a wireless power

transmission apparatus.

[FIG. 3] FIG. 3 is an explanatory diagram of the wireless

power transmission apparatus in a standby state.

[FIG. 4] FIG.4 is an explanatory diagram illustrating the

wireless power transmission apparatus in the power-supplying

state, in the form of equivalent circuit.

[FIG. 5] FIG.5 is an explanatory diagram illustrating the

wireless power transmission apparatus in the standby state,

in the form of equivalent circuit.

[FIG. 6] FIG. 6 is an explanatory diagram indicating

relation of transmission characteristic “S21” to a

power-source frequency.
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[FIG. 7] FIG. 7(A) is a graph related to Comparative example

1, showing analysis results of the input impedance Zin with

respect to the power-source frequencies in the standby state

and the power-supplying state. FIG. 7(B) is a graph related

to Comparative example 1, showing analysis results of the phase

of the input impedance Zin with respect to the power-source

frequencies in the standby state and the power-supplying state.

[FIG. 8] FIG. 8(A) is a graph related to Example 1, showing

analysis results of the input impedance Zin with respect to the

power-source frequencies in the standby state and the

power-supplying state. FIG. 8(B) is a graph related to Example

1, showing analysis results of the phase of the input impedance

Zin with respect to the power-source frequencies in the standby

state and the power-supplying state.

[FIG. 9] FIG.9 is an explanatory diagram illustrating

wireless power transmission apparatuses related to Comparative

example 2 and Example 2, in the form of equivalent circuit.

[FIG. 10] FIG. 10(A) is a graph related to Comparative

example 2, showing analysis results of the input impedance Zin

with respect to the power-source frequencies in the standby

state and the power-supplying state. FIG. 10(B) is a graph

related to Comparative example 2, showing analysis results of

the phase of the input impedance Zin with respect to the

power-source frequencies in the standby state and the

power-supplying state.



15

[FIG. 11] FIG. 11(A) is a graph related to Example 2, showing

analysis results of the input impedance Zin with respect to the

power-source frequencies in the standby state and the

power-supplying state. FIG. 11(B) is a graph related to Example

2, showing analysis results of the phase of the input impedance

Zin with respect to the power-source frequencies in the standby

state and the power-supplying state.

[FIG. 12] FIG. 12(A) is a graph related to Example 3, showing

analysis results of the input impedance Zin with respect to the

power-source frequencies in the standby state and the

power-supplying state. FIG. 12(B) is a graph related to Example

3, showing analysis results of the phase of the input impedance

Zin with respect to the power-source frequencies in the standby

state and the power-supplying state.

[FIG. 13] FIG. 13(A) is a graph related to Example 4, showing

analysis results of the input impedance Zin with respect to the

power-source frequencies in the standby state and the

power-supplying state. FIG. 13(B) is a graph related to Example

4, showing analysis results of the phase of the input impedance

Zin with respect to the power-source frequencies in the standby

state and the power-supplying state.

[FIG. 14] FIG. 14 is a flowchart explaining a power-supply

operation flow executed by the control device.

DESCRIPTION OF EMBODIMENTS
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[0021]

The following describes an embodiment of a wireless power

transmission apparatus used in wireless power transmission,

and power-supplying method for the wireless power transmission

apparatus, according to the present invention.

[0022]

As a wireless power transmission apparatus 1, the present

embodiment deals with a charger 101 having a power-supplying

module 2 and a wireless headset 102 having a power-receiving

module 3, as shown in FIG. 1.

[0023]

(Structure of Wireless Power Transmission Apparatus 1)

As shown in FIG. 1, the wireless power transmission apparatus

1 includes a charger 101 and a wireless headset 102. The charger

101 includes: a power-supplying module 2 having a

power-supplying coil 21 and a power-supplying resonator 22,

a phase detector 4, and a control device 5, as shown in FIG.

2. The wireless headset 102 includes: an earphone speaker unit

102a, a power-receiving module 3 having a power-receiving coil

31 and a power-receiving resonator 32, a stabilizer circuit

7 that rectifies an AC power received, a charging circuit 8

configured to prevent overcharges, and a secondary battery 9

(lithium ion secondary battery and the like)(parts as an audio

equipment is omitted). The power-supplying module 2 is

connected, via the control device 5, to an AC power source 6
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(an external power supply source 61, an oscillation circuit

62) that supplies power to the power-supplying module 2. The

power-receiving module 3 is connected to a secondary battery

9 via the stabilizer circuit 7 and the charging circuit 8. For

the sake of convenience, the drawings illustrate the stabilizer

circuit 7, the charging circuit 8, and the secondary battery

9 outside the power-receiving module 3; however, these are

actually disposed on the inner circumference side of the

solenoid power-receiving coil 31 and the power-receiving

resonator 32. Further, as shown in FIG. 1 and FIG. 2, the

stabilizer circuit 7, the charging circuit 8, and the secondary

battery 9 of the present embodiment are a power-supplied

electronic device 10 which is the final destination of the

supplied power. The power-supplied electronic device 10 is a

term collectively referring to all the devices connected to

the power-receiving module 3, where the power is supplied.

[0024]

The charger 101 has a not-shown accommodation groove for

accommodating the wire, which has a shape corresponding to the

wireless headset 102. By accommodating the wireless headset

102 to this accommodating groove of the charger 101, the

wireless headset 102 is positioned in such a manner that the

power-supplying module 2 of the charger 101 and the

power-receiving module 3 of the wireless headset 102 face each

other.
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[0025]

The power-supplying coil 21 plays a role of supplying power

obtained from the AC power source 6 to the power-supplying

resonator 22 by means of electromagnetic induction. As shown

in FIG. 4, the power-supplying coil 21 is constituted by an

RL circuit whose elements include a resistor R1 and a coil L1.

The coil L1 is formed by winding once a copper wire material

(coated by an insulation film) with its coil diameter set to

15 mmϕ. The total impedance of a circuit element constituting 

the power-supplying coil 21 is Z1. In the present embodiment,

the Z1 is the total impedance of the RL circuit (circuit element)

constituting the power-supplying coil 21, which includes the

resistor R1 and the coil L1. Further, the current that flows

in the power-supplying coil 21 is I1.

[0026]

The power-receiving coil 31 plays roles of receiving the power

having been transmitted as a magnetic field energy from the

power-supplying resonator 22 to the power-receiving resonator

32, by means of electromagnetic induction, and supplying the

power received to the secondary battery 9 via the stabilizer

circuit 7 and the charging circuit 8. As shown in FIG. 4, the

power-receiving coil 31, similarly to the power-supplying coil

21, is constituted by an RL circuit whose elements include a

resistor R4 and a coil L4. The coil L4 is formed by winding once

a copper wire material (coated by an insulation film) with its
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coil diameter set to 15 mmϕ. The total impedance of a circuit 

element constituting the power-receiving coil 31 is Z4. In the

present embodiment, the Z4 is the total impedance of the RL

circuit (circuit element) constituting the power-receiving

coil 31, which includes the resistor R4 and the coil L4. The

total impedance of the power-supplied electronic device 10 (the

stabilizer circuit 7, the charging circuit 8, and the secondary

battery 9) connected to the power-receiving coil 31 is ZL.

Further, the current that flows in the power-receiving coil

31 is I4. The total impedance of the power-supplied electronic

device 10 expressed as ZL may be replaced with RL, for the sake

of convenience.

[0027]

As shown in FIG. 4, the power-supplying resonator 22 is

constituted by an RLC circuit whose elements include a resistor

R2, a coil L2, and a capacitor C2. Further, as shown in FIG.

4, the power-receiving resonator 32 is constituted by an RLC

circuit whose elements include a resistor R3, a coil L3, and

a capacitor C3. The power-supplying resonator 22 and the

power-receiving resonator 32 each serves as a resonance circuit

and plays a role of creating a magnetic field resonant state.

The magnetic field resonant state (resonance phenomenon) here

is a phenomenon in which two or more coils resonate with each

other at a resonance frequency. The total impedance of a circuit

element constituting the power-supplying resonator 22 is Z2.
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In the present embodiment, the Z2 is the total impedance of

the RLC circuit (circuit element) constituting the

power-supplying resonator 22, which includes the resistor R2,

the coil L2, and the capacitor C2. In the present embodiment,

the Z3 is the total impedance of the RLC circuit (circuit

element) constituting the power-receiving resonator 32, which

includes the resistor R3, the coil L3, and the capacitor C3.

Further, the current that flows in the power-supplying

resonator 22 is I2, and the current that flows in the

power-receiving resonator 32 is I3.

[0028]

In the RLC circuit which is the resonance circuit in each

of the power-supplying resonator 22 and the power-receiving

resonator 32, the resonance frequency is f which is derived

from (Formula 1) below, where the inductance is L and the

capacity of capacitor is C. In the present embodiment, the

resonance frequency (f0) of the power-supplying resonator 22

and the power-receiving resonator 32 is set to 1 MHz

..... (Formula 1)

[0029]

The power-supplying resonator 22 is a solenoid coil made of

a copper wire material (coated by an insulation film) with its

coil diameter being 15 mmϕ. The power-receiving resonator 32 

is a solenoid coil made of a copper wire material (coated by
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an insulation film) with its coil diameter being 15 mmϕ. The 

resonance frequency of the power-supplying resonator 22 and

that of the power-receiving resonator 32 are matched with each

other, as described above. The power-supplying resonator 22

and the power-receiving resonator 32 may be a spiral coil or

a solenoid coil as long as it is a resonator using a coil.

[0030]

In regard to the above, the distance between the

power-supplying coil 21 and the power-supplying resonator 22

is denoted as d12, the distance between the power-supplying

resonator 22 and the power-receiving resonator 32 is denoted

as d23, and the distance between the power-receiving resonator

32 and the power-receiving coil 31 is denoted as d34 (see FIG.

1).

[0031]

Further, as shown in FIG. 4, a mutual inductance between the

coil L1 of the power-supplying coil 21 and the coil L2 of the

power-supplying resonator 22 is M12, a mutual inductance

between the coil L2 of the power-supplying resonator 22 and

the coil L3 of the power-receiving resonator 32 is M23, and a

mutual inductance between the coil L3 of the power-receiving

resonator 32 and the coil L4 of the power-receiving coil 31

is M34. Further, in the wireless power transmission apparatus

1, a coupling coefficient between the coil L1 and the coil L2

is denoted as K12, a coupling coefficient between the coil L2
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and the coil L3 is denoted as K23, and a coupling coefficient

between the coil L3 and the coil L4 is denoted as K34.

[0032]

FIG. 4 shows at its bottom a circuit diagram of the wireless

power transmission apparatus 1 (including: the stabilizer

circuit 7, the charging circuit 8, and the secondary battery

9). In the figure, the entire power-supplying module 2 and the

power-receiving module 3 (the stabilizer circuit 7, the

charging circuit 8, and the secondary battery 9) structuring

the wireless power transmission apparatus 1 is shown as a single

input impedance Zin. Further, the voltage applied to the

wireless power transmission apparatus 1 is indicated as voltage

Vin, and the current input to the wireless power transmission

apparatus 1 is indicated as current Iin.

[0033]

To be more specific about the input impedance Zin of the

wireless power transmission apparatus 1, the structure of the

wireless power transmission apparatus 1 is expressed in an

equivalent circuit as shown in FIG. 4. Based on the equivalent

circuit in FIG. 4, the input impedance Zin of the wireless power

transmission apparatus 1 is expressed as the (Formula 2).
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(kij is a coupling coefficient between Li and Lj)

..... (Formula 2)

[0034]

Further, the impedance Z1, Z2, Z3, Z4, and ZL of the

power-supplying coil 21, the power-supplying resonator 22, the

power-receiving resonator 32, and the power-receiving coil 31

in the wireless power transmission apparatus 1 of the present

embodiment are expressed as the (Formula 3).

..... (Formula 3)
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[0035]

It should be noted that the resistance value, inductance,

capacity of capacitor, and the coupling coefficients K12, K23,

K34 in the R1 and L1of the RL circuit of the power-supplying

coil 21, the R2, L2, and C2 of the RLC circuit of the

power-supplying resonator 22, the R3, L3, and C3 of the RLC

circuit of the power-receiving resonator 32, the R4 and L4 of

the RL circuit of the power-receiving coil 31 are set as

parameters variable at the stage of designing and

manufacturing.

[0036]

The phase detector 4 provided to the charger 101 detects an

input impedance Zin of the wireless power transmission

apparatus 1, and detects the phase of the input impedance Zin

based on the input impedance Zin detected. For example, as the

phase detector 4, a current detector and a voltage detector

are used to detect the current Iin input and the voltage Vin

applied to the wireless power transmission apparatus 1,

respectively. Then the input impedance Zin is derived based on

the voltage Vin and the current Iin (see Formula 4), and detects

the phase of the input impedance Zin based on the input impedance

Zin derived.

..... (Formula 4)
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[0037]

For the need of reducing the power consumption in the wireless

power transmission apparatus 1, the phase detector 4 preferably

performs detection of the phase of the input impedance Zin at

a predetermined time intervals, instead of performing the same

all the time.

[0038]

Although the control device 5 will be detailed later, it has

a function of determining whether to perform power supply from

the AC power source 6 to the power-supplying module 2, according

to variation in the phase of the input impedance Zin detected

by the phase detector 4. When the control device 5 determines

not to perform power supply, it shuts off the power supply from

the AC power source 6 to the power-supplying module 2.

Specifically, a threshold value is set between the phase of

the input impedance Zin in the power-supplying state and that

in the standby state. Then, transition is made from the

power-supplying state to the standby state (power supply from

the AC power source 6 to the power-supplying module 2 is shut

off), or from the standby state to the power-supplying state

(power supply from the AC power source 6 to the power-supplying

module 2 is started/resumed), when the input impedance Zin

exceeds the threshold. It should be noted that the control

device 5 is structured by, for example, a micro computer,

storage device, and the like.



26

[0039]

As shown in FIG. 1 and FIG. 4, the power-supplying state is

a state where power is supplied from the power-supplying module

2 to the power-receiving module 3. This power-supplying state

may be expressed as the period in which the power-supplying

resonator 22 of the power-supplying module 2 and the

power-receiving resonator 32 of the power-receiving module 3

are in a magnetic field resonant state. Further, the

power-supplying state is a state where the distance d23 between

the power-supplying resonator 22 and the power-receiving

resonator 32 is such that the power-supplying resonator 22 and

the power-receiving resonator 32 are closely disposed (within

the power-suppliable region). In the present embodiment, the

power-supplying state is a state in which the rechargeable

battery 9 in the wireless headset 102 is being charged.

[0040]

On the other hand, as shown in FIG. 3 and FIG. 5, the standby

state is a state where power is not supplied from the

power-supplying module 2 to the power-receiving module 3. This

standby state may be expressed as the period in which the

power-supplying resonator 22 of the power-supplying module 2

and the power-receiving resonator 32 of the power-receiving

module 3 are not in a magnetic field resonant state. Further,

the standby state is a state where the distance d23 between

the power-supplying resonator 22 and the power-receiving
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resonator 32 is such that the power-supplying resonator 22 and

the power-receiving resonator 32 are disposed so that the

magnetic field resonant state does not occur. In the present

embodiment, the standby state is a state in which the

rechargeable battery 9 in the wireless headset 102 is not being

charged.

[0041]

For example, where the phase of the input impedance Zin in

the power-supplying state is 29 degrees, and that in the standby

state is 88 degrees (see Example 1 below), the threshold is

set at 58 degrees between these phases. When the value of the

phase detected by the phase detector 4 changes from a low value

(29 degrees) to a high value (88 degrees), beyond the threshold

value of 58 degrees, the control device 5 determines there has

been a transition from the power-supplying state to the standby

state, and shuts off the power supply from the AC power source

6 to the power-supplying module 2. On the other hand, when the

value of the phase detected by the phase detector 4 changes

from the high value (88 degrees) to the low value (29 degrees),

over the threshold value of 58 degrees, the control device 5

determines there has been a transition from the standby state

to the power-supplying state, and starts/resumes the power

supply from the AC power source 6 to the power-supplying module

2.

[0042]
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With the wireless power transmission apparatus 1, when the

resonance frequency of the power-supplying resonator 22 and

the resonance frequency of the power-receiving resonator 32

match with each other, a magnetic field resonant state is

created between the power-supplying resonator 22 and the

power-receiving resonator 32. When a magnetic field resonant

state is created between the power-supplying resonator 22 and

the power-receiving resonator 32 by having these resonators

resonating with each other, power is transmitted from the

power-supplying resonator 22 to the power-receiving resonator

32 as magnetic field energy. If the power supply from the AC

power source 6 to the power-supplying module 2 is allowed by

the control device 5. the power is transmitted wirelessly from

the charger 101 having the power-supplying module 2 to the

wireless headset 102 having the power-receiving module 3, and

the rechargeable battery 9 in the wireless headset 102 is

charged.

[0043]

(Needs of Preventing Wasteful Power Consumption in Standby

State)

Next, based on the concept of the standby state and the

power-supplying state described above, the following describes

the needs of preventing the wasteful power consumption in the

standby state, in the power transmission by means of the

wireless power transmission. To perform wireless power
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transmission by coupling magnetic fields utilizing resonance

phenomenon (magnetic field resonant state) between the

power-supplying resonator 22 and the power-receiving resonator

32 of the power-supplying module 2 and the power-receiving

module 3, the power-receiving module 3 needs to be brought close

to the power-supplying module 2 so that they are within a

distance (power-suppliable region) that enables power

supplying from the power-supplying module 2 to the

power-receiving module 3 (see FIG. 1 and FIG. 4). In this process

of use, power is continuously supplied to the power-supplying

module, even if the power-supplying module and the

power-receiving module are not within the power-suppliable

region (standby state), so as to prepare for placement of the

power-receiving module within the power-suppliable region

(power-supplying state).

As the result, power consumption in the power-supplying

module 2 in the standby state is wasted.

For this reason, there is a need of shutting off the power

supply from the AC power source 6 to the power-supplying module

2 in the standby state.

In the structure of the present embodiment, the wireless power

transmission apparatus 1 is set so that there will be a

difference in the phase of the input impedance Zin to wireless

power transmission apparatus 1 in the power-supplying state

and that in the standby state, and that when the state is
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determined as to be the standby state based on the difference

in the phase, power supply from the AC power source 6 to the

power-supplying module 2 is shut off.

[0044]

(Setting of Difference in Phase of Input Impedance Zin)

To realize the setting that causes a difference between the

phase of the input impedance Zin to the wireless power

transmission apparatus 1 in the power-supplying state and the

phase of the input impedance Zin to the wireless power

transmission apparatus 1 in the standby state, the present

embodiment adopts a setting such that the transmission

characteristic “S21” of the wireless power transmission

apparatus 1 with respect to the power-source frequency of the

power supplied to the wireless power transmission apparatus

1 has a double-hump characteristic. To realize the wireless

power transmission apparatus 1 having a double-hump

characteristic, the resistance value, inductance, capacity of

capacitor, and the coupling coefficients K12, K23, K34 in the

R1 and L1of the RL circuit of the power-supplying coil 21, the

R2, L2, and C2 of the RLC circuit of the power-supplying resonator

22, the R3, L3, and C3 of the RLC circuit of the power-receiving

resonator 32, the R4 and L4 of the RL circuit of the

power-receiving coil 31 are adjusted.

[0045]

(Double-hump Characteristic)
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The transmission characteristic "S21” is signals measured

by a network analyzer (E5061B produced by Agilent Technologies,

Inc. and the like) connected to the power-supplying module 2

and the power-receiving module 3, and is indicated in decibel.

The greater the value, the higher the power transmission

efficiency. The transmission characteristic “S21” relative to

the power-source frequency of the power supplied to the

power-supplying module 2 and the power-receiving module 3 may

have either single-hump or double-hump characteristic,

depending on the strength of coupling (magnetic coupling) by

the magnetic field between the power-supplying module 2 and

the power-receiving module 3. The single-hump characteristic

means the transmission characteristic “S21” relative to the

power-source frequency has a single peak which occurs in the

resonance frequency band (f0) (See dotted line 51 FIG. 6). The

double-hump characteristic on the other hand means the

transmission characteristic “S21” relative to the power-source

frequency has two peaks, one of the peaks occurring in a

power-source frequency band lower than the resonance frequency

(fL), and the other occurring in a power-source frequency band

higher than the resonance frequency (fH) (See solid line 52

in FIG. 6). The double-hump characteristic, to be more specific,

means that the reflection characteristic “S11” measured with

the network analyzer connected to the power-supplying module

2 and the power-receiving module 3 has two peaks. Therefore,
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even if the transmission characteristic “S21” relative to the

power-source frequency appears to have a single peak, the

transmission characteristic “S21” has a double-hump

characteristic if the reflection characteristic “S11” measured

has two peaks.

[0046]

In a wireless power transmission apparatus 1 (the

power-supplying module 2 and the power-receiving module 3)

having the single-hump characteristic, the transmission

characteristic “S21” is maximized (power transmission

efficiency is maximized) when the power-source frequency is

at the resonance frequency f0, as indicated by the dotted line

51 of FIG. 6.

[0047]

On the other hand, in the wireless power transmission

apparatus 1 (the power-supplying module 2 and the

power-receiving module 3) having a double-hump characteristic,

the transmission characteristic “S21” is maximized in a

power-source frequency band (fL) lower than the resonance

frequency fo, and in power-source frequency band (fH) higher

than the resonance frequency fo, as indicated by the solid line

52 of FIG. 6.

[0048]

It should be noted that, in general, if the distance between

a power-supplying resonator 22 and a power-receiving resonator
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32 is the same, the maximum value of the transmission

characteristic “S21” having the double-hump characteristic

(the value of the transmission characteristic “S21” at fL or

fH) is lower than the value of the maximum value of the

transmission characteristic “S21” having the single-hump

characteristic (value of the transmission characteristic “S21”

at f0) (See graph in FIG. 6).

[0049]

For example, when the transmission characteristic “S21”

indicates a double-hump characteristic, if the power-source

frequency of the AC power supplied to the power-supplying

module 2 is set to frequency band nearby a peak (fL) occurring

in a lower frequency band than the resonance frequency fo, the

power-supplying resonator 22 and the power-receiving resonator

32 are resonant with each other in inphase, and the current

in the power-supplying resonator 22 and the current in the

power-receiving resonator 32 both flow in the same direction.

As the result, as shown in the graph of FIG. 6, the value of

the transmission characteristic “S21” is made relatively high

(see solid line 52), even if the power-source frequency does

not match with the resonance frequency of the power-supplying

resonator 22 and the power-receiving resonator 32, although

the value still may not be as high as that of the transmission

characteristic “S21” in wireless power transmission

apparatuses in general aiming at maximizing the power
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transmission efficiency (see dotted line 51). Note that the

resonance state in which the current in the power-supplying

resonator 22 and the current in the power-receiving resonator

32 both flow in the same direction is referred to as inphase

resonance mode.

[0050]

Further, in the inphase resonance mode, because the magnetic

field generated on the outer circumference side of the

power-supplying resonator 22 and the magnetic field generated

on the outer circumference side of the power-receiving

resonator 32 cancel each other out, the magnetic field spaces

each having a lower magnetic field strength than the magnetic

field strengths in positions not on the outer circumference

sides of the power-supplying resonator 22 and the

power-receiving resonator 32 (e.g., the magnetic field

strengths on the inner circumference sides of the

power-supplying resonator 22 and the power-receiving resonator

32) are formed on the outer circumference sides of the

power-supplying resonator 22 and the power-receiving resonator

32, as the influence of the magnetic fields is lowered. When

a stabilizer circuit 7, a charging circuit 8, a rechargeable

battery 9, and the like desired to have less influence of the

magnetic field is placed in this magnetic field space,

occurrence of Eddy Current attributed to the magnetic field
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is restrained or prevented. This restrains negative effects

due to generation of heat.

[0051]

On the other hand, for example, when the transmission

characteristic “S21” indicates a double-hump characteristic,

if the power-source frequency of the AC power supplied to the

power-supplying module 2 is set to frequency band nearby a peak

(fH) occurring in a higher frequency band than the resonance

frequency fo, the power-supplying resonator 22 and the

power-receiving resonator 32 are resonant with each other in

antiphase, and the current in the power-supplying resonator

22 and the current in the power-receiving resonator 32 flow

in directions opposite to each other. As the result, as shown

in the graph of FIG. 6, the value of the transmission

characteristic “S21” is made relatively high (see solid line

52), even if the power-source frequency does not match with

the resonance frequency of the power-supplying resonator 22

and the power-receiving resonator 32, although the value still

may not be as high as that of the transmission characteristic

“S21” in wireless power transmission apparatuses in general

aiming at maximizing the power transmission efficiency (see

dotted line 51). Note that the resonance state in which the

current in the power-supplying resonator 22 and the current

in the power-receiving resonator 32 flow in directions opposite

to each other is referred to as antiphase resonance mode.
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[0052]

Further, in the antiphase resonance mode, because the

magnetic field generated on the inner circumference side of

the power-supplying resonator 22 and the magnetic field

generated on the inner circumference side of the

power-receiving resonator 32 cancel each other out, the

magnetic field spaces each having a lower magnetic field

strength than the magnetic field strengths in positions not

on the inner circumference side of the power-supplying

resonator 22 and the power-receiving resonator 32 (e.g., the

magnetic field strengths on the outer circumference side of

the power-supplying resonator 22 and the power-receiving

resonator 32) are formed on the outer circumference sides of

the power-supplying resonator 22 and the power-receiving

resonator 32, as the influence of the magnetic fields is lowered.

When a stabilizer circuit 7, a charging circuit 8, a

rechargeable battery 9, and the like desired to have less

influence of the magnetic field is placed in this magnetic field

space, occurrence of Eddy Current attributed to the magnetic

field is restrained or prevented. This restrains negative

effects due to generation of heat. Further, since the magnetic

field space formed in this antiphase resonance mode is formed

on the inner circumference side of the power-supplying

resonator 22 and the power-receiving resonator 32, assembling

the electronic components such as the stabilizer circuit 7,
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the charging circuit 8, the rechargeable battery 9, and the

like within this space makes the power-supplying module 2 and

the power-receiving module 3 themselves more compact, and

improves the freedom in designing.

[0053]

(Comparative Examples and Examples)

To realize the setting that causes a difference between the

phase of the input impedance Zin to the wireless power

transmission apparatus 1 in the power-supplying state and the

phase of the input impedance Zin to the wireless power

transmission apparatus 1 in the standby state, the following

describes, with reference to comparative examples and examples,

a setting is preferably such that the transmission

characteristic “S21” of the wireless power transmission

apparatus 1 with respect to the power-source frequency of the

power supplied to the wireless power transmission apparatus

1 has a double-hump characteristic. Using the power-supplying

module 2 and the power-receiving module 3 of various settings,

the following comparative examples and examples shows analyses

results of an input impedance Zin with respect to the

power-source frequency in the standby state (Off), an input

impedance Zin with respect to the power-source frequency in the

power-supplying state (On), the phase of the input impedance

Zin with respect to the power-source frequency in the standby

state (Off), and the phase of the input impedance Zin with
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respect to the power-source frequency in the power-supplying

state (On). It should be noted that the analyses were conducted

with a variable resister 11 (Rl) substituting for the stabilizer

circuit 7, the charging circuit 8, and the rechargeable battery

9, in the following comparative examples and examples.

[0054]

Further, the analysis in Comparative Example 1 deals with

a case where the transmission characteristic “S21” with respect

to the power-source frequency of the power to the

power-supplying module 2 and the power-receiving module 3 in

the power-supplying state has a single-hump characteristic.

Further, the analyses in Comparative Example 2 and Examples

1 to 4 deal with a case where the transmission characteristic

“S21” with respect to the power-source frequency of the power

to the power-supplying module 2 and the power-receiving module

3 in the power-supplying state has a double-hump

characteristic.

[0055]

(Comparative Example 1)

As shown in FIG. 4, a power-supplying module 2 of the wireless

power transmission apparatus 1 related to Comparative Example

1 includes a power-supplying coil 21 and a power-supplying

resonator 22. On the other hand, the power-receiving module

3 includes a power-receiving resonator 32 and a power-receiving

coil 31. The values of R1, R2, R3, R4 in the wireless power



39

transmission apparatus 1 used in Comparative Example 1 are all

set to 0.5Ω. Further, the values of L1, L2, L3, L4 were set to

4.5 μH. The RL of the power-supplied electronic devices 10 was

100Ω. The resonance frequency of the power-supplying resonator 

22 and that of the power-receiving resonator 32 was 1.0 MHz.

The coupling coefficients K12 and K34 were 0.3, and the coupling

coefficient K23 was 0.03 (it should be noted that these are

values of coupling coefficients in the power-supplying state).

Further, as mentioned above, the wireless power transmission

apparatus 1 relative to Comparative example 1 has a single-hump

characteristic.

[0056]

In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin, as shown in

FIG. 5. In the power-supplying state, the input impedance of

the power-supplying coil 21 and the power-supplying resonator

22 constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31

constituting the power-receiving module 3 were Zin, as shown

in FIG. 4.

[0057]

In relation to the wireless power transmission apparatus 1

in Comparative Example 1, FIG. 7(A) shows analysis results of

the input impedance Zin with respect to the power-source
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frequency of the power in the standby state (Off: Broken line

in FIG. 7(A)) and the input impedance Zin with respect to the

power-source frequency of the power in the power-supplying

state (On: solid line in FIG. 7(A)). From the results, it is

understood that the input impedance Zin is maximized both in

the standby state and the power-supplying state, by setting

the power-source frequency to the resonance frequency fo (1

MHz: maximizing the power transmission efficiency).

[0058]

In relation to the wireless power transmission apparatus 1

in Comparative Example 1, FIG. 7(B) shows analysis results of

the phase of the input impedance Zin with respect to the

power-source frequency of the power in the standby state (Off:

Broken line in FIG. 7(B)) and the phase of the input impedance

Zin with respect to the power-source frequency of the power in

the power-supplying state (On: solid line in FIG. 7(B)).

According to the results, with the wireless power transmission

apparatus 1 having a single-hump characteristic, the phase of

the input impedance Zin in the power-supplying state (On) was

19 degrees, and that in the standby state (Off) was 11 degrees,

at the resonance frequency fo that maximizes the power

transmission efficiency. In this case, it is understood that,

although there is a slight difference between the phase of the

input impedance Zin in the power-supplying state and that in

the standby state, the difference is small and is not suitable
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for use in determination by the control device 5. Technically

speaking, since there is a slight difference between the phase

of the input impedance Zin in the power-supplying state and that

in the standby state, it is possible to detect this difference.

However, since the difference in the phases is small, detecting

such a difference necessitates a highly accurate detector and

a highly accurate control device (to prevent malfunctions).

Therefore, the above case is not preferable in terms of the

cost performance related to the wireless power transmission

apparatus 1.

[0059]

(Example 1)

As shown in FIG. 4, a power-supplying module 2 of the wireless

power transmission apparatus 1 related to Example 1 includes

a power-supplying coil 21 and a power-supplying resonator 22,

as in the case of Comparative Example 1. Further, similarly

to Comparative Example 1, the power-receiving module 3 includes

a power-receiving resonator 32 and a power-receiving coil 31.

The coupling coefficient K23 in the wireless power transmission

apparatus 1 used in Example 1 is set to 0.3Ω (the rest of the 

settings are the same as Comparative Example 1). With the

setting of the coupling coefficient K23 to 0.3, the wireless

power transmission apparatus 1 related to Example 1 is set to

have a double-hump characteristic.

[0060]
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In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin, as shown in

FIG. 5. In the power-supplying state, the input impedance of

the power-supplying coil 21 and the power-supplying resonator

22 constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31

constituting the power-receiving module 3 were Zin, as shown

in FIG. 4.

[0061]

In relation to the wireless power transmission apparatus 1

in Example 1, FIG. 8(A) shows analysis results of the input

impedance Zin with respect to the power-source frequency of the

power in the standby state (Off: Broken line in FIG. 8(A)) and

the input impedance Zin with respect to the power-source

frequency of the power in the power-supplying state (On: solid

line in FIG. 8(A)). From the results, it is understood that

the peak occurs at the power-source frequency to become the

inphase resonance mode (fL: 0.88 MHz) or the antiphase

resonance mode (fH: 1.19 MHz), in the power-supplying state.

[0062]

In relation to the wireless power transmission apparatus 1

in Example 1, FIG. 8(B) shows analysis results of the phase

of the input impedance Zin with respect to the power-source

frequency of the power in the standby state (Off: Broken line
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in FIG. 8(B)) and the phase of the input impedance Zin with

respect to the power-source frequency of the power in the

power-supplying state (On: solid line in FIG. 8(B)).

[0063]

According to the results, with the wireless power

transmission apparatus 1 having a double-hump characteristic,

the phase of the input impedance Zin in the power-supplying state

(On) was 29 degrees, and that in the standby state (Off) was

88 degrees, in the inphase resonance mode (fL) that maximizes

the power transmission efficiency. In this case, the difference

between the phase of the input impedance Zin in the

power-supplying state and that in the standby state is 59

degrees. Thus, when the threshold value is set to 58 degrees,

for example, there will be a large difference (29 degrees)

between the threshold value (58 degrees) and the phase (29

degrees) of input impedance Zin in the power-supplying state

(On). Therefore, the control device 5 is able to accurately

cause a transition from the power-supplying state to the

standby state (a small difference in the phases likely causes

incorrect detection; i.e., there will be variation and the like

of the detected values of phases, due to the accuracy of the

phase detector 4). Similarly, there will be a large difference

(a difference of 30 degrees) in the threshold value (58 degrees)

and the phase (88 degrees) of the input impedance Zin in the

standby state (off), the control device 5 is able to accurately
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cause a transition from the standby state to the

power-supplying state.

[0064]

Since the difference between the phase of the input impedance

Zin in the power-supplying state and that in the standby state

is large, there is no need of adopting a highly accurate phase

detector 4 or a highly accurate control device 5. Therefore,

the above-structure is preferable in terms of cost performance

of the wireless power transmission apparatus 1.

[0065]

Meanwhile, with the wireless power transmission apparatus

1 having a double-hump characteristic, the phase of the input

impedance Zin in the power-supplying state (On) was 26 degrees,

and that in the standby state (Off) was 87 degrees, in the

antiphase resonance mode (fH) that maximizes the power

transmission efficiency. In this case, the difference between

the phase of the input impedance Zin in the power-supplying state

and that in the standby state is 61 degrees. Therefore, as in

the case of the inphase resonance mode, the control device 5

is able to accurately cause transition from the power-supplying

state to the standby state.

[0066]

(Comparative Example 2)

In the wireless power transmission apparatus 1 related to

Comparative Example 2, the power-supplying coil 21 of the
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power-supplying module 2 was constituted by an RLC serial

circuit whose elements include a resistor R1, a coil L1, and

a capacitor C1 as shown in FIG. 9, and the power-receiving coil

31 of the power-receiving module 3 was constituted by an RLC

serial circuit whose elements include a resistor R4, a coil

L4, and a capacitor C4. The other structures are the same as

those in Example 1. The resonance frequency (f1) of the

power-supplying coil 21, and the resonance frequency (f4) of

the power-receiving coil 31 were both 1.0 MHz. The resonance

frequency (f0) of the power-supplying resonator 22 and that

of the power-receiving resonator 32 were 1.0 MHz (f1 = f0).

Further, the coupling coefficients K12, K23, K34 were set to 0.3

(K12 = K23). Further, the wireless power transmission apparatus

1 relative to Comparative example 2 is set to have a double-hump

characteristic.

[0067]

In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin. In the

power-supplying state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31

constituting the power-receiving module 3 were Zin, as shown

in FIG. 9.
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[0068]

In relation to the wireless power transmission apparatus 1

in Comparative Example 2, FIG. 10(A) shows analysis results

of the input impedance Zin with respect to the power-source

frequency of the power in the standby state (Off: Broken line

in FIG. 10(A)) and the input impedance Zin with respect to the

power-source frequency of the power in the power-supplying

state (On: solid line in FIG. 10(A)). From the results, it is

understood that the peak occurs at the power-source frequency

to become the inphase resonance mode (fL: 0.88 MHz) or the

antiphase resonance mode (fH: 1.19 MHz), in the power-supplying

state.

[0069]

In relation to the wireless power transmission apparatus 1

in Comparative Example 2, FIG. 10(B) shows analysis results

of the phase of the input impedance Zin with respect to the

power-source frequency of the power in the standby state (Off:

Broken line in FIG. 10(B)) and the phase of the input impedance

Zin with respect to the power-source frequency of the power in

the power-supplying state (On: solid line in FIG. 10(B)).

[0070]

According to the results, with the wireless power

transmission apparatus 1 having a double-hump characteristic,

the phase of the input impedance Zin in the power-supplying state

(On) was 0 degree, and that in the standby state (Off) was 0
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degree, in the inphase resonance mode (fL) that maximizes the

power transmission efficiency. In this case, there is no

difference between the phase of the input impedance Zin in the

power-supplying state and that in the standby state. Meanwhile,

with the wireless power transmission apparatus 1 having a

double-hump characteristic, the phase of the input impedance

Zin in the power-supplying state (On) was 0 degree, and that

in the standby state (Off) was 0 degree, in the antiphase

resonance mode (fH) that maximizes the power transmission

efficiency. In this case, there is no difference between the

phase of the input impedance Zin in the power-supplying state

and that in the standby state. As should be understood, there

will be no difference between the phase of the input impedance

Zin in the power-supplying state and that in the standby state

neither in the inphase resonance mode nor in the antiphase

resonance mode, when the power-supplying coil 21 of the

power-supplying module 2 is constituted by an RLC serial

circuit whose elements include a resistor R1, a coil L1, and

a capacitor C1, the coupling coefficient is set so as to satisfy

K12 = K23, and the resonance frequency (f1) of the

power-supplying coil 21 and the resonance frequency (f0) of

the power-supplying resonator 22 and the power-receiving

resonator 32 is set so as to satisfy the relation of f1 = f0.

[0071]
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In view of the above, there is a need of setting to cause

a difference between the phase of the input impedance Zin in

the power-supplying state and that in the standby state both

in the inphase resonance mode and the antiphase resonance mode,

even when the power-supplying coil 21 of the power-supplying

module 2 is constituted by an RLC serial circuit whose elements

include a resistor R1, a coil L1, and a capacitor C1. Such a

setting is described in Examples 2 to 4 below.

[0072]

(Example 2)

Similarly to Comparative Example 2, in the wireless power

transmission apparatus 1 related to Example 2, the

power-supplying coil 21 of the power-supplying module 2 was

constituted by an RLC serial circuit whose elements include

a resistor R1, a coil L1, and a capacitor C1 as shown in FIG.

9, and the power-receiving coil 31 of the power-receiving

module 3 is constituted by an RLC serial circuit whose elements

include a resistor R4, a coil L4, and a capacitor C4. Further,

in Example 2, the coupling coefficient K12 was set to 0.2, and

the coupling coefficients K23 and K34 were set to 0.3 (K12 ≠ K23).

The resonance frequency (f1) of the power-supplying coil 21,

and the resonance frequency (f4) of the power-receiving coil

31 were both 1.0 MHz. The resonance frequency (f0) of the

power-supplying resonator 22 and that of the power-receiving

resonator 32 were 1.0 MHz (f1 = f0). Further, the wireless power
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transmission apparatus 1 relative to Example 2 is set to have

a double-hump characteristic, as in the case of Comparative

Example 2.

[0073]

In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin. In the

power-supplying state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31

constituting the power-receiving module 3 were Zin, as shown

in FIG. 9.

[0074]

In relation to the wireless power transmission apparatus 1

in Example 2, FIG. 11(A) shows analysis results of the input

impedance Zin with respect to the power-source frequency of the

power in the standby state (Off: Broken line in FIG. 11(A))

and the input impedance Zin with respect to the power-source

frequency of the power in the power-supplying state (On: solid

line in FIG. 11(A)). From the results, it is understood that

the peak occurs at the power-source frequency to become the

inphase resonance mode (fL: 0.88 MHz) or the antiphase

resonance mode (fH: 1.19 MHz), in the power-supplying state.

[0075]



50

In relation to the wireless power transmission apparatus 1

in Example 2, FIG. 11(B) shows analysis results of the phase

of the input impedance Zin with respect to the power-source

frequency of the power in the standby state (Off: Broken line

in FIG. 11(B)) and the phase of the input impedance Zin with

respect to the power-source frequency of the power in the

power-supplying state (On: solid line in FIG. 11(B)).

[0076]

According to the results, with the wireless power

transmission apparatus 1 having a double-hump characteristic,

the phase of the input impedance Zin in the power-supplying state

(On) was -33 degrees, and that in the standby state (Off) was

-79 degrees, in the inphase resonance mode (fL) that maximizes

the power transmission efficiency. In this case, the difference

between the phase of the input impedance Zin in the

power-supplying state and that in the standby state is 46

degrees. Thus, for example, if the threshold value is set to

-56 degrees, there will be a large difference (a difference

of 23 degrees) between the threshold value (-56 degrees) and

the phase (-33 degrees) of the input impedance Zin of the

power-supplying state (ON). Therefore, the control device 5

is able to accurately cause a transition from the

power-supplying state to the standby state. Similarly, there

will be a large difference (a difference of 23 degrees) in the

threshold value (-56 degrees) and the phase (-79 degrees) of
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the input impedance Zin in the standby state (off), the control

device 5 is able to accurately cause a transition from the

standby state to the power-supplying state.

[0077]

Since the difference between the phase of the input impedance

Zin in the power-supplying state and that in the standby state

is large, there is no need of adopting a highly accurate phase

detector 4 or a highly accurate control device 5. Therefore,

the above-structure is preferable in terms of cost performance

of the wireless power transmission apparatus 1.

[0078]

Meanwhile, with the wireless power transmission apparatus

1 having a double-hump characteristic, the phase of the input

impedance Zin in the power-supplying state (On) was 30 degrees,

and that in the standby state (Off) was 82 degrees, in the

antiphase resonance mode (fH) that maximizes the power

transmission efficiency. In this case, the difference between

the phase of the input impedance Zin in the power-supplying state

and that in the standby state is 52 degrees. Therefore, as in

the case of the inphase resonance mode, the control device 5

is able to accurately cause transition from the power-supplying

state to the standby state.

[0079]

(Example 3)
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Similarly to Example 2, in the wireless power transmission

apparatus 1 related to Example 3, the power-supplying coil 21

of the power-supplying module 2 was constituted by an RLC serial

circuit whose elements include a resistor R1, a coil L1, and

a capacitor C1 as shown in FIG. 9, and the power-receiving coil

31 of the power-receiving module 3 is constituted by an RLC

serial circuit whose elements include a resistor R4, a coil

L4, and a capacitor C4. Further, in Example 3, the coupling

coefficient K12 was set to 0.2, and the coupling coefficients

K23 and K34 were set to 0.3 (K12 ≠ K23). The resonance frequency

(f1) of the power-supplying coil 21, and the resonance

frequency (f4) of the power-receiving coil 31 were both 0.9

MHz. The resonance frequency (f0) of the power-supplying

resonator 22 and that of the power-receiving resonator 32 were

1.0 MHz (f1 ≠ f0). Further, the wireless power transmission 

apparatus 1 relative to Example 3 is set to have a double-hump

characteristic, as in the case of Example 2.

[0080]

In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin. In the

power-supplying state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31
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constituting the power-receiving module 3 were Zin, as shown

in FIG. 9.

[0081]

In relation to the wireless power transmission apparatus 1

in Example 3, FIG. 12(A) shows analysis results of the input

impedance Zin with respect to the power-source frequency of the

power in the standby state (Off: Broken line in FIG. 12(A))

and the input impedance Zin with respect to the power-source

frequency of the power in the power-supplying state (On: solid

line in FIG. 12(A)). From the results, it is understood that

the peak occurs at the power-source frequency to become the

inphase resonance mode (fL: 0.88 MHz) or the antiphase

resonance mode (fH: 1.19 MHz), in the power-supplying state.

[0082]

In relation to the wireless power transmission apparatus 1

in Example 3, FIG. 12(B) shows analysis results of the phase

of the input impedance Zin with respect to the power-source

frequency of the power in the standby state (Off: Broken line

in FIG. 12(B)) and the phase of the input impedance Zin with

respect to the power-source frequency of the power in the

power-supplying state (On: solid line in FIG. 12(B)).

[0083]

According to the results, with the wireless power

transmission apparatus 1 having a double-hump characteristic,

the phase of the input impedance Zin in the power-supplying state
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(On) was -15 degrees, and that in the standby state (Off) was

+72 degrees, in the inphase resonance mode (fL) that maximizes

the power transmission efficiency. In this case, the difference

between the phase of the input impedance Zin in the

power-supplying state and that in the standby state is 87

degrees. Thus, for example, if the threshold value is set to

+29 degrees, there will be a large difference (a difference

of 44 degrees) between the threshold value (+29 degrees) and

the phase (-15 degrees) of the input impedance Zin of the

power-supplying state (ON). Therefore, the control device 5

is able to accurately cause a transition from the

power-supplying state to the standby state. Similarly, there

will be a large difference (a difference of 43 degrees) in the

threshold value (29 degrees) and the phase (72 degrees) of the

input impedance Zin in the standby state (off), the control

device 5 is able to accurately cause a transition from the

standby state to the power-supplying state.

[0084]

Since the difference between the phase of the input impedance

Zin in the power-supplying state and that in the standby state

is large, there is no need of adopting a highly accurate phase

detector 4 or a highly accurate control device 5. Therefore,

the above-structure is preferable in terms of cost performance

of the wireless power transmission apparatus 1.

[0085]



55

Meanwhile, with the wireless power transmission apparatus

1 having a double-hump characteristic, the phase of the input

impedance Zin in the power-supplying state (On) was 38 degrees,

and that in the standby state (Off) was 86 degrees, in the

antiphase resonance mode (fH) that maximizes the power

transmission efficiency. In this case, the difference between

the phase of the input impedance Zin in the power-supplying state

and that in the standby state is 48 degrees. Therefore, as in

the case of the inphase resonance mode, the control device 5

is able to accurately cause transition from the power-supplying

state to the standby state.

[0086]

(Example 4)

Similarly to Example 2, in the wireless power transmission

apparatus 1 related to Example 4, the power-supplying coil 21

of the power-supplying module 2 was constituted by an RLC serial

circuit whose elements include a resistor R1, a coil L1, and

a capacitor C1 as shown in FIG. 9, and the power-receiving coil

31 of the power-receiving module 3 is constituted by an RLC

serial circuit whose elements include a resistor R4, a coil

L4, and a capacitor C4. Further, in Example 4, the coupling

coefficients K12, K23, and K34 were all set to 0.3 (K12 = K23).

The resonance frequency (f1) of the power-supplying coil 21,

and the resonance frequency (f4) of the power-receiving coil

31 were both 0.9 MHz. The resonance frequency (f0) of the
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power-supplying resonator 22 and that of the power-receiving

resonator 32 were 1.0 MHz (f1 ≠ f0). Further, the wireless power 

transmission apparatus 1 relative to Example 4 is set to have

a double-hump characteristic, as in the case of Example 2.

[0087]

In the standby state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 was Zin. In the

power-supplying state, the input impedance of the

power-supplying coil 21 and the power-supplying resonator 22

constituting the power-supplying module 2 and that of the

power-receiving resonator 32 and the power-receiving coil 31

constituting the power-receiving module 3 were Zin, as shown

in FIG. 9.

[0088]

In relation to the wireless power transmission apparatus 1

in Example 4, FIG. 13(A) shows analysis results of the input

impedance Zin with respect to the power-source frequency of the

power in the standby state (Off: Broken line in FIG. 13(A))

and the input impedance Zin with respect to the power-source

frequency of the power in the power-supplying state (On: solid

line in FIG. 13(A)). From the results, it is understood that

the peak occurs at the power-source frequency to become the

inphase resonance mode (fL: 0.88 MHz) or the antiphase

resonance mode (fH: 1.19 MHz), in the power-supplying state.
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[0089]

In relation to the wireless power transmission apparatus 1

in Example 4, FIG. 13(B) shows analysis results of the phase

of the input impedance Zin with respect to the power-source

frequency of the power in the standby state (Off: Broken line

in FIG. 13(B)) and the phase of the input impedance Zin with

respect to the power-source frequency of the power in the

power-supplying state (On: solid line in FIG. 13(B)).

[0090]

According to the results, with the wireless power

transmission apparatus 1 having a double-hump characteristic,

the phase of the input impedance Zin in the power-supplying state

(On) was -13 degrees, and that in the standby state (Off) was

+81 degrees, in the inphase resonance mode (fL) that maximizes

the power transmission efficiency. In this case, the difference

between the phase of the input impedance Zin in the

power-supplying state and that in the standby state is 94

degrees. Thus, for example, if the threshold value is set to

34 degrees, there will be a large difference (a difference of

47 degrees) between the threshold value (34 degrees) and the

phase (-13 degrees) of the input impedance Zin of the

power-supplying state (ON). Therefore, the control device 5

is able to accurately cause a transition from the

power-supplying state to the standby state. Similarly, there

will be a large difference (a difference of 47 degrees) in the
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threshold value (34 degrees) and the phase (81 degrees) of the

input impedance Zin in the standby state (off), the control

device 5 is able to accurately cause a transition from the

standby state to the power-supplying state.

[0091]

Since the difference between the phase of the input impedance

Zin in the power-supplying state and that in the standby state

is large, there is no need of adopting a highly accurate phase

detector 4 or a highly accurate control device 5. Therefore,

the above-structure is preferable in terms of cost performance

of the wireless power transmission apparatus 1.

[0092]

Meanwhile, with the wireless power transmission apparatus

1 having a double-hump characteristic, the phase of the input

impedance Zin in the power-supplying state (On) was 23 degrees,

and that in the standby state (Off) was 76 degrees, in the

antiphase resonance mode (fH) that maximizes the power

transmission efficiency. In this case, the difference between

the phase of the input impedance Zin in the power-supplying state

and that in the standby state is 53 degrees. Therefore, as in

the case of the inphase resonance mode, the control device 5

is able to accurately cause transition from the power-supplying

state to the standby state.

[0093]
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As described in Comparative Example 2, there will be no

difference between the phase of the input impedance Zin in the

power-supplying state and that in the standby state neither

in the inphase resonance mode nor in the antiphase resonance

mode, when the power-supplying coil 21 of the power-supplying

module 2 is constituted by an RLC serial circuit whose elements

include a resistor R1, a coil L1, and a capacitor C1, the coupling

coefficient is set so as to satisfy a relation of K12 = K23,

and the resonance frequency (f1) of the power-supplying coil

21 and the resonance frequency (f0) of the power-supplying

resonator 22 and the power-receiving resonator 32 is set so

as to satisfy the relation of f1 = f0.

However, as should be understood from Example 2 and Example

3, it is possible to achieve a setting to cause a difference

between the phase of the input impedance Zin in the

power-supplying state and that in the standby state both in

the inphase resonance mode and the antiphase resonance mode,

even when the power-supplying coil 21 is constituted by an RLC

serial circuit, as long as the coupling coefficient K12 between

the coil L1 and the coil L2 and the coupling coefficient K23

between the coil L2 and the coil L3 satisfies a relation of K12

≠ K23.

Further, as should be understood from Example 3 and Example

4, it is possible to achieve a setting to cause a difference

between the phase of the input impedance Zin in the
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power-supplying state and that in the standby state both in

the inphase resonance mode and the antiphase resonance mode,

even when the power-supplying coil 21 is constituted by an RLC

serial circuit, as long as the resonance frequency (f1) of the

power-supplying coil 21 and the resonance frequency (f0) of

the power-supplying resonator 22 and the power-receiving

resonator 32 satisfies a relation of f1 ≠ f0. 

It should be noted that, as described in Example 3, it is

also possible to achieve a setting to cause a difference between

the phase of the input impedance Zin in the power-supplying state

and that in the standby state both in the inphase resonance

mode and the antiphase resonance mode, in cases where the

power-supplying coil 21 is constituted by an RLC serial circuit

and where the relation of K12 = K23 and the relation of f1 ≠ 

f0 are satisfied.

[0094]

(Power Supply On/Off Switching Control: Power-Supply

Operation Flow)

The following describes an operation of power supply

(charging) the secondary battery 9 (supply power control

method) using the wireless power transmission apparatus 1

having the structure described hereinabove. Specifically, the

following mainly describes, with reference to FIG. 14, the

power-supply operation flow executed by the control device 5

in the wireless power transmission apparatus 1. It should be
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noted that the following power-supply operation flow assumes

that the setting the wireless power transmission apparatus 1

is that described in the above Example 1 (inphase resonance

mode).

[0095]

The wireless power transmission apparatus 1 of Example 1 has

a double-hump characteristic, and the power-source frequency

of the AC power source 6 is set so as to be in the inphase

resonance mode (0.88 MHz). Further, with the wireless power

transmission apparatus 1 of Example 1, the phase of the input

impedance Zin in the power-supplying state (On) was 29 degrees,

and that in the standby state (Off) was 88 degrees. The threshold

value is set to a value (58 degrees) between the phase (29

degrees) of input impedance Zin in the power-supplying state

(On) and the phase (88 degrees) of the input impedance Zin in

the standby state.

[0096]

First, the control device 5 receives the value of the phase

of the input impedance Zin of the wireless power transmission

apparatus 1, which is detected by the phase detector 4 (S1).

Specifically, a storage device in the control device 5

successively stores the values of the phase of the input

impedance Zin of the wireless power transmission apparatus 1,

which values are detected at predetermined intervals.

[0097]
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Next, the control device 5 determines if the value of the

phase of the input impedance Zin of the wireless power

transmission apparatus 1 detected in S1 exceeds the threshold

value of 58 degrees (S2). Specifically, when the values of

phases of the input impedance Zin, which are taken at two time

points, respectively, with a predetermined interval

therebetween and which are successively stored in the step of

S1, indicate a change from a value lower than the threshold

of 58 degree to a value higher than the threshold, or a change

from a value higher than the threshold to a value lower than

the threshold, the control device 5 determines that the value

of the phase of the input impedance Zin of the wireless power

transmission apparatus 1 has changed to a value on the other

side of the threshold of 58 degrees.

[0098]

When the value of the phase of the input impedance Zin of the

wireless power transmission apparatus 1 is not determined as

to be changed to a value on the other side of the threshold

of 58 degrees (S2: NO), the process returns to S1.

[0099]

When the value of the phase of the input impedance Zin of the

wireless power transmission apparatus 1 is determined as to

be changed to a value on the other side of the threshold of

58 degrees (S2: YES), the control device 5 determines whether

the values of phases of the input impedance Zin, which are taken
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at two time points, respectively, with a predetermined interval

therebetween and which are successively stored in the step of

S1, indicate a change from a value lower than the threshold

of 58 degree (i.e., power-supplying state) to a value higher

than the threshold (i.e., standby state) (S3).

[0100]

When it is determined that the values of phases of the input

impedance Zin, which are taken at two time points, respectively,

with a predetermined interval therebetween and which are

successively stored in the step of S1, indicate a change from

a value lower than the threshold of 58 degree to a value higher

than the threshold (S3: YES), the control device 5 determines

that there was a transition from the power-supplying state to

the standby state, and power supply from the AC power source

6 to the power-supplying module 2 is shut off (S4). In short,

charging of the secondary battery 9 is ended. The flow ends

thereafter.

[0101]

On the other hand, when it is determined that the values of

phases of the input impedance Zin, which are taken at two time

points, respectively, with a predetermined interval

therebetween and which are successively stored in the step of

S1, does not indicate a change from a value lower than the

threshold of 58 degree to a value higher than the threshold

(S3: NO), in other words, the values of the phases indicate
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a change from a value higher than the threshold to a value lower

than the threshold, the control device 5 determines that there

was a transition from the standby state to the power-supplying

state, and power supply from the AC power source 6 to the

power-supplying module 2 is started/resumed (S5). In short,

charging of the secondary battery 9 is started/resumed. The

flow ends thereafter.

[0102]

(Effects)

With the structure and method described above, the wireless

power transmission apparatus 1 (the power-supplying module 2

and the power-receiving module 3) are set so that the

transmission characteristic “S21” of the power-supplying

module and the power-receiving module has a double-hump

characteristic, thus causing the peak values of the

transmission characteristic to occur in a band other than the

resonance frequency. This way, there is a difference between

the phase of the input impedance Zin in the standby state and

that in the power-supplying state, since the power-supplying

module and the power-receiving module are used with the setting

(the inphase resonance mode or the antiphase resonance mode)

of the power-source frequency nearby the peak in a band other

than the resonance frequency(f0). Further, the control device

5 determines whether to supply power to the power-supplying

module 2, based on the difference in the phase detected by the
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phase detector 4, which enables reduction of power consumption

in the standby state.

[0103]

With the structure of Example 1, the power-supplying module

2 and the power-receiving module 3 include the power-supplying

coil 21, the power-supplying resonator 22, the power-receiving

resonator 32, and the power-receiving coil 31, respectively.

Therefore, it is possible to structure the power-supplying coil

21 and the power-receiving coil 31, with a relatively simple

RL circuit.

[0104]

With the structure of Example 2, the power-supplying module

2 and the power-receiving module 3 include the power-supplying

coil 21, the power-supplying resonator 22, the power-receiving

resonator 32, and the power-receiving coil 31, respectively.

Therefore, it is possible to structure the power-supplying coil

21 and the power-receiving coil 31, with an RLC circuit. As

described, structuring the power-supplying coil 21 and the

power-receiving coil 31 with an RLC circuit increases the

number of factors variable in designing, and achieves higher

freedom in designing (variable factors for enabling the

transmission characteristic “S21” of the power-supplying

module 2 and the power-receiving module 3 having a double-hump

characteristic is increased).

[0105]
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(Other Embodiments)

Although the above description deals with a charger 101 and

a wireless headset 102 as an example, the method is applicable

to any devices having a rechargeable battery; e.g., tablet PCs,

digital cameras, mobile phones, earphone-type music player,

hearing aids, and sound collectors.

[0106]

Further, in the above description deals with a case of a

power-supplied electronic device 10 having a rechargeable

battery 9; however, it is possible to adopt, as the

power-supplied electronic devices 10, a machine that directly

consumes power for its operation.

[0107]

Further, although the above description assumes the

power-supplying module 2 and the power-receiving module 3 are

mounted in a portable electronic device, the use of such an

apparatus is not limited to small devices. For example, with

a modification to the specifications according to the required

power amount, the power-supplying module 2 and the

power-receiving module 3 are mountable to a relatively large

system such as a wireless charging system in an electronic

vehicle (EV), or to an even smaller device such as a wireless

endoscope for medical use.

[0108]
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Although the above descriptions have been provided with

regard to the characteristic parts so as to understand the

present invention more easily, the invention is not limited

to the embodiments and the examples as described above and can

be applied to the other embodiments and examples, and the

applicable scope should be construed as broadly as possible.

Furthermore, the terms and phraseology used in the

specification have been used to correctly illustrate the

present invention, not to limit it. In addition, it will be

understood by those skilled in the art that the other structures,

systems, methods and the like included in the spirit of the

present invention can be easily derived from the spirit of the

invention described in the specification. Accordingly, it

should be considered that the present invention covers

equivalent structures thereof without departing from the

spirit and scope of the invention as defined in the following

claims. In addition, it is required to sufficiently refer to

the documents that have been already disclosed, so as to fully

understand the objects and effects of the present invention.

Reference Signs List

[0109]

1: Wireless Power Transmission Apparatus

2: Power-Supplying Module

3: Power-Receiving Module

4: Phase detector



68

5: Control device

6: AC power source

7: Stabilizer Circuit

8: Charging Circuit

9: Rechargeable Battery

10: Power-Supplied Electronic Device

21: Power-Supplying Coil

22: Power-Supplying Resonator

31: Power-Receiving Coil

32: Power-Receiving Resonator

101: Charger

102: Wireless Headset
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CLAIMS

1. A wireless power transmission apparatus configured to

supply power from a power-supplying module connected to a power

source to a power-receiving module by means of resonance

phenomenon, wherein:

the power-supplying module includes

a phase detector configured to detect the phase of an input

impedance, and

a control device configured to control power to be supplied

to the power-supplying module;

wherein the power-supplying module and the power-receiving

module are each set so that a transmission characteristic with

respect to a power-source frequency of the power supplied to

the power-supplying module has a double-hump characteristic

such that a peak occurs in a power-source frequency band lower

than a resonance frequency of the power-supplying module and

the power-receiving module, and in a power-source frequency

band higher than the resonance frequency; and

wherein the control device determines whether to supply power

to the power-supplying module, based on a difference between

phases of the input impedances in a standby state and in a

power-supplying state, the standby state being a state in which

power is not supplied from the power-supplying module to the

power-receiving module, the power-supplying state being a

state in which power is supplied from the power-supplying
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module to the power-receiving module, and the phases being

detected by the phase detector.

2. Wireless power transmission apparatus, according to

claim 1, wherein

the power-supplying module and the power-power-receiving

module comprise a power-supplying coil, a power-supplying

resonator, a power-receiving resonator, and a

power-power-receiving coil, respectively,

the power-supplying coil is constituted by an RL circuit

including a resistor R1 and a coil L1,

the power-supplying resonator is constituted by an RLC

circuit whose elements include a resistor R2, a coil L2, and

a capacitor C2,

the power-receiving resonator is constituted by an RLC

circuit whose elements include a resistor R3, a coil L3, and

a capacitor C3, and

the power-receiving coil is constituted by an RL circuit

including a resistor R4 and a coil L4.

3. The wireless power transmission apparatus according to

claim 1, wherein

the power-supplying module and the power-power-receiving

module comprise a power-supplying coil, a power-supplying
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resonator, a power-receiving resonator, and a

power-power-receiving coil, respectively,

the power-supplying coil is constituted by an RLC circuit

including a resistor R1, a coil L1, and a capacitor C1,

the power-supplying resonator is constituted by an RLC

circuit whose elements include a resistor R2, a coil L2, and

a capacitor C2,

the power-receiving resonator is constituted by an RLC

circuit whose elements include a resistor R3, a coil L3, and

a capacitor C3, and

the power-receiving coil is constituted by an RLC circuit

whose elements include a resister R4, a coil L4, and a capacitor

C4 (however, when the power-supplying coil is an RLC serial

circuit, at least one of relations K12 ≠ K23 and f1 ≠ f0 is 

satisfied, where K12 is a coupling coefficient between the coil

L1 and the coil L2, K23 is a coupling coefficient between the

coil L2 and the coil L3, a f1 is a resonance frequency of the

power-supplying coil, and f0 is a resonance frequency of the

power-supplying resonator and the power-receiving resonator).

4. A supply power control method of a wireless power

transmission apparatus configured to supply power from a

power-supplying module connected to a power source to a

power-receiving module by means of resonance phenomenon,

wherein
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the power-supplying module includes

a phase detector configured to detect the phase of an input

impedance, and

a control device configured to control power to be supplied

to the power-supplying module;

wherein the power-supplying module and the power-receiving

module are each set so that a transmission characteristic with

respect to a power-source frequency of the power supplied to

the power-supplying module has a double-hump characteristic

such that a peak occurs in a drive frequency band lower than

a resonance frequency of the power-supplying module and the

power-receiving module, and in a drive frequency band higher

than the resonance frequency, the method comprising the step

of

the control device determining whether to supply power to

the power-supplying module, based on a difference between

phases of the input impedances in a standby state and in a

power-supplying state, the standby state being a state in which

power is not supplied from the power-supplying module to the

power-receiving module, the power-supplying state being a

state in which power is supplied from the power-supplying

module to the power-receiving module, and the phases being

detected by the phase detector.


