SPECI FI CATI ON

W RELESS PONER TRANSM SSI ON DEVI CE AND PONER SUPPLY METHCD OF
W RELESS PONER TRANSM SSI ON DEVI CE

TECHNI CAL FI ELD

[ 0001]

The present invention relates to a wreless power
transm ssi on apparatus, and a power-supplying nethod for the
W rel ess power transm ssion apparat us.

BACKGROUND ART

[ 0002]

Port abl e el ectroni c devi ces such as | aptop PCs, tabl et PCs,
digital caneras, nobile phones, portable gam ng devices,
ear phone-type nusi c pl ayers, w rel ess headsets, heari ng ai ds,
recorders, which are portabl e whil e bei ng used by the user are
rapidly increasing in recent years. Many of these portable
el ectroni c devi ces have therein arechargeabl e battery, which
requi res periodical charging. To facilitate the work for
charging the rechargeable battery of an el ectronic device,
there are an increasing nunber of devices for charging
rechargeabl e batteri es by using a power-suppl yi ng technol ogy
(Wreless power transm ssion technology perform ng power
transm ssion by varying the magnetic field) that perforns
W rel ess power transm ssion between a power-suppl yi ng nodul e
and a power -recei vi ng nodul e nounted i n an el ectroni c devi ce.

[ 0003]



As a Wi rel ess power transm ssi on technol ogy, there have been
known, for exanple, a technology that perforns power
transm ssi on by neans of resonance phenonenon (magnetic field
resonant state) between resonators (coils) provided to the
power - suppl yi ng device (power-supplying nodule) and the
power - r ecei vi ng devi ce (power-receiving nodul e)(e.g. see PTL
1).

[ 0004]

For exanple, to perform wireless power transm ssion by
coupling magnetic fields wutilizing resonance phenonenon
(magnetic fieldresonant state) betweenthe resonators (coils)
of the power-suppl yi ng nodul e and t he power -r ecei vi ng nodul e,
t he power-receiving nodul e needs to be brought close to the
power - suppl yi ng nodule so that they are within a distance
(power - suppl i abl e region) that enabl es power supplying from
t he power - suppl yi ng nodul e to the power-receiving nodule. In
this process of wuse, there is a problem that power is
continuously supplied to the power-supplying nodul e, even if
t he power - suppl yi ng nodul e and t he power -recei vi ng nodul e are
not wthin the power-suppliable region, so as to prepare for
pl acement of the power-receiving nodule wthin the
power - suppl i abl e region, i.e., power is wasted (there w || be
a |l arge amount of power consunmed for standing-by).

[ 0005]



A suggested neasure to address this issue is to provide the
power -recei ving nodul e or the power-supplying nodule wwth a
detector (sensor and the |like) to detect changes caused by
arrangi ng t he power -suppl yi ng nodul e and t he power-recei vi ng
nmodule wthin the power-suppliable region, and to start
supplying power to the power-supplying nodule using the
detection result fromthe detector as a trigger.

[ 0006]

For exanple, PTL 2 describes a power supply system having
astructureinwhichadetector (current/voltage detector 113)
is provided to a power-supplying device (power-supplying
nmodul e) of a power-supplying system an inpedance is derived
based on t he val ue of current/vol t age neasur ed by t he det ect or,
and variation in this inpedance (an anount of increase inthe
i npedance and the |i ke: see paragraph [0047] and the like) is
conpared with a pre-set threshold val ue to determ ne whet her
t he power-supplying device (power-supplying nodule) and a
secondary device (power-receiving nodule) are within the
power - suppl i abl e regi on.

[ 0007]

Wth the provision of the detector to determ ne whet her the
power - suppl yi ng nodul e and the power-receiving nodule are
wi thin the power-suppliable region, it is surely possible to
prevent wasteful power consunption by stopping power supply

t ot he power - suppl yi ng nodul e, whent he power - suppl yi ng nodul e



and the power-receiving nodule are determ ned as not to be
wi thin the power-suppliable region.
Cl TATI ON LI ST
Patent Literature

[ 0008]

PTL 1: Japanese Unexam ned Pat en Publ i cati on No. 239769/ 2010

PTL 2: Japanese Unexam ned Paten Publication No. 62895/2013
SUVVARY OF THE | NVENTI ON
Techni cal Probl em

[ 0009]

However, addi tional |y provi di ngadetector as descri bed above
i s di sadvant ageous interns of costs andinterns of downsi zi ng
t he power -suppl yi ng nodul e.

Further, even with the detector, it is necessary to operate
t he det ect or at a pr edet er m ned tinme interval s
(intermttently), and operating this detector requires power.
Therefore, there will be power consunption even when the
power - suppl yi ng nodul e and t he power -recei vi ng nodul e ar e not
wi thin the power-suppliable region (see paragraph [0044] of
PTL 2).

[ 0010]

Further, according to the above-described w rel ess power
transm ssi on technol ogy, a magnetic fieldis generatedin the
vicinity of the resonators of the power-supplying device and

t he power -recei ving devi ce, when the resonators are resonat ed



wi th each other. Consequently, an Eddy Current occurs due to
the magnetic field in a power-supplying device, a rectifier
provided inside or outside the power-receiving device, a
rechargeabl e battery, or ot her el ectroni c conponents and heat
is generated therefrom withtheresult that an adverse effect
may occur in the rectifier, the rechargeable battery, or the
el ectroni ¢ conmponents.

[ 0011]

I n viewof the above problens, it is an object of the present
invention to provide a wirel ess power transn ssion apparat us
and a power-supplying nethod for the wreless power
transm ssi on apparatus, in which power consunption in the
power - suppl yi ng nodul e i s reduced while the power-supplying
nodul e and the power-receiving nodule are not wthin a
power - suppl i abl e regi on (st andby state) whil e restrainingthe
strength of magneti c field occurring around the
power - suppl yi ng nodul e and t he power -r ecei vi ng nodul e, w t hout
a need of additional conponent.

TECHNI CAL SCLUTI ON

[ 0012]

An aspect of the present i nventionto achi evethe above obj ect
is awreless power transm ssi on apparatus, wherein power is
supplied froma power-supplying nodul e connected to a power
source to a power-receiving nodul e closely disposed to the

power - suppl yi ng nodul e using resonance phenonenon, while



having a magnetic field occurring around the power-suppl yi ng
nmodule and a magnetic field occurring around the
power - r ecei vi ng nodul e cancel each other so as to form in a
pr edet er m ned position between or around t he power-suppl yi ng
nmodul e and t he power-receiving nodul e a magnetic field space
having a smal | er magneticfieldstrengththanthat i npositions
ot her than the predeterm ned position; and

the wirel ess power transm ssion apparatus is operated at a
power - sour ce frequency of the power source such that an i nput
i npedance of the power-supplying nodul e in a standby state in
whi ch the magnetic field space is not forned is greater than
i nput i npedances of the power-supplying nodule and the
power - recei vi ng nodul e i n a power - suppl yi ng state i nwhichthe
magnetic field space is formed and power is supplied to the
power - recei vi ng nodul e.

[ 0013]

I nthe above structure, the power-receivingnoduleisclosely
positioned to the power-supplying nodule to the extent that
the magnetic fieldoccurring aroundthe power-suppl yi ng nodul e
and the magnetic field occurring around the power-receiving
nodul e are abl e to cancel each other. This enables formation
of a magnetic field space in a predeterm ned position between
or around t he power-suppl yi ng nodul e and t he power-recei vi ng
nmodul e, t he space havingamagneticfieldstrengthsmaller than

that in positions other than the predeterm ned position.



Consequent |y, an i nput i npedance of t he power - suppl yi ng nodul e
in a standby state in which the nagnetic field space is not
formed beconmes greater than input inpedances of the
power - suppl yi ng nodul e and the power-receiving nodule in a
power - suppl ying state in which the nmagnetic field space is
formed. Astheresult, power consunptioninthe power-supplying
nmodul e in the standby state is made | ower than that in the
power - suppl yi ng st ate.

[ 0014]

Anot her aspect of the present inventionis the w rel ess power
transm ssi on apparatus, adapted so that the power-supplying
nodul e and t he power-receiving nodul e respectively conprise
at | east a power-supplying resonator and a power-receiVving
resonat or which resonate with each other at a predeterm ned
resonance frequency; and

when power is supplied fromthe power-supplying resonator
to the power-receiving resonator by neans of resonance
phenonmenon, the power-source frequency of the power sourceis
set on alowfrequency side of the resonance frequency so t hat
the current in the power-supplying resonator and the current
in the power-power-receiving resonator flow in the sane
di rection.

[ 0015]

In the structure described above, as the power-supplying

nmodul e and t he power-receiving nodul e are di sposed close to



each ot her, the coupling coefficient indicating the strength
of coupling between the power-supplying resonator and the
power -recei vi ngresonat or i si ncreased when power transm ssi on
utilizing the resonance phenonenon is perfornmed. Wen a
transm ssion characteristic "S21" (which is an index of the
power transm ssion efficiency in the power transm ssion from
t he power - suppl yi ng nodul e to the power-receiving nodule) is
anal yzed whil e t he coupling coefficient is high as above, the
anal yzed wavef or mof t he transm ssi on characteristic "S21" has
separ at e peaks; one on a | ow frequency side and anot her on a
hi gh frequency side.

By setting the power-source frequency of the power source
to a frequency on the | ow frequency side, the current in the
power - suppl ying resonator and the current in the
power -recei vingresonator flowinthe sanedirection. Wththis,
as the magnetic fieldoccurringontheouter circunference side
of the power-suppl yi ng nodul e and t he magnetic field occurring
on the outer circunference side of the power-receiving nodul e
cancel each other out, the influence of the magnetic fields
on the outer circunference sides of the power-supplyi ng nodul e
and t he power-recei ving nodul e i s restrai ned, and t he nagneti c
field space having a smaller magnetic field strength than a
magnetic field strength in positions other than the outer
circunference sides of the power-supplying nodule and the

power-receiving nodule is formed. Consequently, an input



i npedance of the power-supplying nodul e in a standby state in
whi ch the magnetic field space is not fornmed on the outer
circunference sides of the power-supplying nodule and the
power - r ecei vi ng nodul e becones greater than i nput i npedances
of the power-supplying nodul e and t he power-recei vi ng nodul e
in a power-supplying state in which the nmagnetic field space
is formed on the outer circunference sides of the
power - suppl yi ng nodul e and t he power -recei vi ng nodul e. As t he
result, power consunptioninthe power-supplying noduleinthe
standby state is nade | ower than that in the power-supplying
state.

[ 0016]

Anot her aspect of the present inventionis the w rel ess power
transm ssi on apparatus, adapted so that the power-supplying
nmodul e and the power-receiving nodul e respectively conprise
at | east a power-supplying resonator and a power-receiVving
resonat or which resonate with each other at a predeterm ned
resonance frequency; and

when power is supplied fromthe power-supplying resonator
to the power-receiving resonator by neans of resonance
phenonmenon, the power-source frequency of the power sourceis
set on a hi gh frequency si de of the resonance frequency so t hat
the current in the power-supplying resonator and the current
in the power-power-receiving resonator flow in directions

opposite to each other.



[ 0017]

In the structure described above, as the power-supplying
nmodul e and t he power-receiving nodul e are di sposed close to
each ot her, the coupling coefficient indicating the strength
of coupling between the power-supplying resonator and the
power - recei vi ngresonat or i si ncreased when power transm ssi on
utilizing the resonance phenonenon is perfornmed. Wen a
transm ssion characteristic "S21" (which is an index of the
power transm ssion efficiency in the power transm ssion from
t he power - suppl yi ng nodul e to the power-receiving nodule) is
anal yzed whil e t he coupling coefficient is high as above, the
anal yzed wavef or mof t he transm ssi on characteristic "S21" has
separ at e peaks; one on a | ow frequency side and anot her on a
hi gh frequency side.

By setting the power-source frequency of the power source
to a frequency on the high frequency side, the current in the
power - suppl ying resonator and the current in the
power -recei ving resonator flowin directions opposite to each
other. Wth this, as the magnetic field occurring onthe inner
circunference side of the power-supplying nodule and the
magnetic field occurring on the inner circunference side of
t he power -recei vi ng nodul e cancel each ot her out, thei nfl uence
of the magnetic fields on the inner circunference sides of the
power - suppl ying nodule and the power-receiving nodule is

restrained, and the magnetic field space having a snaller
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magnetic field strength than a magnetic field strength in
positions other than the inner circunference sides of the
power - suppl ying nodule and the power-receiving nodule is
f or med. Consequent |y, an i nput i npedance of t he
power - suppl yi ng nodul e i n a standby state i nwhichthe nmagnetic
field space is not formed on the i nner circunference sides of
t he power-supplying nodule and the power-receiving nodule
becones greater than i nput i npedances of the power-supplying
nodul e and the power-receiving nodule in a power-supplying
state in which the magnetic field space is formed on the i nner
circunference sides of the power-supplying nodule and the
power -recei ving nodule. As the result, power consunption in
t he power - suppl yi ng nodul e i n t he standby state i s nade | ower
than that in the power-supplying state.

[ 0018]

Anot her aspect of the present inventionis the w rel ess power
transm ssi on apparatus, adapted so that the power-supplying
nmodul e conprises a power-supplying coil, a power-supplying
resonator, and a power-receiving resonator, and the
power -recei vi ng nodul e conpri ses a power-receiving coil.

[ 0019]

Wth the structure described above, the i nput inpedance of
t he power - suppl yi ng nodul e i n the standby state i s confi gured

as an i nput i npedance of t he power-suppl yi ng nodul e havi ng t he
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power - suppl yi ng coil, the power-supplying resonator, and the
power -recei ving resonator.

Theref ore, t he power-suppl yi ng nodul e structured by at | east
the three elenents, i.e., the power-supplying coil, the
power - suppl yi ng resonat or, and t he power-recei vi ng resonat or,
has nore factors to determne the input inpedance of the
power - suppl yi ng nodul e. An increase in the nunber of factors
to determ ne the i nput i npedance of t he power-suppl yi ng nodul e
means an increase in the nunber of factors to determ ne the
relation of the input i npedance of the power-supplyi ng nodul e
to the power-source frequency of the power source, and hence

a hi gher freedomis achi eved i n desi gni ng t he power - suppl yi ng

nodul e.

Furt her, t he power - r ecei Vi ng nmodul e i ncl udi ng a
power -receiving coil is nade conpact.

[ 0020]

Anot her aspect of the present inventionis the w rel ess power
transm ssi on apparatus, adapted so that the power-supplying
nmodul e conpri ses a power - suppl yi ng coi |l and a power - suppl yi ng
resonator, and the power-receiving nodule conprises a
power -recei ving resonator and a power-receiving coil.

[ 0021]

Wth the structure described above, the i nput inpedance of

t he power - suppl yi ng nodul e i n t he st andby state i s confi gured
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as an i nput i npedance of t he power-suppl yi ng nodul e havi ng t he
power - suppl ying coil and the power-supplying resonator.
Theref ore, t he power-suppl yi ng nodul e structured by at | east
the two elenents, i.e., the power-supplying coil and the
power - suppl yi ng resonator, has nore factors to determ ne the
i nput i npedance of the power-supplying nodule. Anincreasein
t he nunber of factors to determ ne the i nput i npedance of the
power - suppl yi ng nodul e neans an increase in the nunber of
factors to determne the relation of the input inpedance of
t he power-supplying nodule to the power-source frequency of
t he power source, and hence a higher freedomis achieved in

desi gni ng the power-suppl yi ng nodul e.

Furt her, t he power - r ecei Vi ng nmodul e i ncl udi ng a
power -receiving coil is nade conpact.
[ 0022]

Anot her aspect of the present inventionis the w rel ess power
transm ssi on apparatus, adapted so that the power-supplying
modul e conprises a power-supplying coil, and the
power - r ecei vi ng nodul e conpri ses a power - suppl yi ng resonat or,
a power-receiving resonator, and a power-receiving coil.

[ 0023]

Wth the structure described above, the i nput inpedance of
t he power - suppl yi ng nodul e i n the standby state i s confi gured
as an i nput i npedance of t he power-suppl yi ng nodul e havi ng t he

power - suppl ying coil and the power-supplying resonator.
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Therefore, in the power-supplying nodule structured
essentiallybyasingleelenent, i.e., the power-supplyingcoil
the factors to determne the input inpedance of the
power - suppl ying nodule is sinplified to one. Being able to
sinplify the factors to determ ne the i nput inpedance of the
power - suppl yi ng nodul e to one factor neans that the factors
to determne the relation of the input inpedance of the
power - suppl yi ng nodul e to the power-source frequency of the
power source are sinplifiedto one, and hence desi gni ng of the
power - suppl yi ng nodul e i s made si npl e.

[ 0024]

Anot her aspect of the present inventionto achi eve t he above
object is a power-supplying nmethod for a wreless power
transm ssion apparatus, wherein power is supplied from a
power - suppl yi ng nodul e connected to a power source to a
power - r ecei vi ng nodul e cl osel y di sposedtothe power-supplyi ng
nodul e using resonance phenonenon, while having a magnetic
field occurring around the power-supplying nodule and a
magnetic field occurring around the power-receiving nodul e
cancel each other so as to form in a predeterm ned position
between or around the power-supplying nodule and the
power - r ecei vi ng nodul e a magnetic fi el d space having a snal | er
magnetic field strength than that i n positions other than the

predeterm ned position, the nmethod conprising
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adj usting a power-source frequency of the power source to
a band such that an input inpedance of the power-supplying
nodul e in a standby state in which the magnetic field space
is not forned becones greater than input inpedances of the
power - suppl yi ng nodul e and the power-receiving nodule in a
power - suppl ying state in which the nmagnetic field space is
formed and power is supplied to the power-receiving nodul e.

[ 0025]

Wth the net hod descri bed above, the power-receiving nodul e
is closely positioned to the power-supplying nodule to the
extent that the magnetic field occurring around the
power - suppl yi ng nodul e and t he magnetic fi el d occurring around
t he power-recei vi ng nodul e are abl e t o cancel each other. This
enabl es formati on of a magnetic fi el d space i n a predeterm ned
posi ti on between or around t he power - suppl yi ng nodul e and t he
power -recei ving nodule, the space having a magnetic field
strength smaller than that in positions other than the
predet erm ned position. Consequently, an input inpedance of
t he power-supplying nodule in a standby state in which the
magnetic field space is not formed becones greater than input
i npedances  of the power-supplying nodule and the
power - recei vi ng nodul e i n a power - suppl yi ng state i nwhichthe
magnetic field space is fornmed. As the result, power
consunptioninthe power-supplying nodul einthe standby state

is made | ower than that in the power-supplying state.
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ADVANTAGEQUS EFFECTS

[ 0026]

There is provided a wireless power transm ssion apparatus
and a power-supplying nethod for the wreless power
transm ssi on apparatus, in which power consunption in the
power - suppl yi ng nodul e i s reduced while the power-supplying
modul e and the power-receiving nodule are not within a
power - suppl i abl e regi on (st andby state) whilerestrainingthe
strength of magneti c field occurring around the
power - suppl yi ng nodul e and t he power -r ecei vi ng nodul e, w t hout
a need of additional conponent.

DESCRI PTI ON OF THE DRAW NGS

[ 0027]

[FIG 1] FIG1 is an explanatory diagramof a charger with
a power - suppl yi ng nodul e nount ed t herei nand a wi r el ess headset
havi ng a power-receiving nodul e nount ed t herein.

[FIG 2] FIG2 1is an explanatory diagram of the
power - suppl yi ng nodul e and the power-receiving nodule in a
st andby state.

[FIG 3] FIG3 is an explanatory diagramillustrating the
power - suppl yi ng nodul e and t he power-recei ving nodule in the
power - suppl ying state, in the formof equivalent circuit.

[FIG 4] FIG 4 is an expl anatory di agramshow ng a position

where the magnetic field space is forned.
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[FIG 5] FIG 5is an explanatory di agramof a w rel ess power
transm ssi on apparatus connected to a network anal yzer.

[FIG 6] FIG 6 is a graph indicating a relation of the
transm ssion characteristic “S21” to the power-source
frequency.

[FIG 7] FIG 7(A) is an explanatory diagramof an inphase
resonance node. FIG 7(B) is a magnetic field vector diagram
in the inphase resonance node.

[FIG 8] FIG8(A) isamgnetic fieldstrengthdistribution,
when vi ewi ng froman aspect of the power-supplyi ng nodul e and
the power-receiving nodule in the inphase resonance node.
FIG8(B) is a cross sectional view of the power-supplying
nodul e and t he power -recei vi ng nodul e, taken al ong A-Aof FIG
8(A).

[FIG 9] FIG 9(A) is an expl anatory di agramof an anti phase
resonance node. FIG 9(B) is a magnetic field vector diagram
in the antiphase resonance node.

[FIG 10] FIG 10(A) isamgneticfieldstrengthdistribution,
when vi ewi ng froman aspect of the power-supplyi ng nodul e and
t he power-receiving nodule in the antiphase resonance node.
FIG 10(B) is a cross sectional view of the power-supplying
nodul e and t he power -recei vi ng nodul e, taken al ong A-Aof FIG

10( A) .
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[FIG 11] FIG 11 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 1-1, in the formof
equi valent circuit.

[FIG 12] FIG 12 is a graph show ng analysis result rel ated
to Exanple 1-1.

[FIG 13] FIG 13 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 1-2, in the formof
equi valent circuit.

[FIG 14] FIG 14 is a graph show ng analysis result rel ated
to Exanple 1-2.

[FIG 15] FIG 15 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 1-3, in the formof
equi valent circuit.

[FIG 16] FIG 16 is a graph show ng anal ysis result rel ated
to Exanple 1-3.

[FIG 17] FIG 17 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 2-1, in the formof
equi valent circuit.

[FIG 18] FIG 18 is a graph show ng anal ysis result rel ated
to Exanple 2-1.

[FIG 19] FIG 19 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 2-2, in the formof
equi valent circuit.

[FIG 20] FIG 20 is a graph show ng analysis result rel ated

to Exanple 2-2.
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[FIG 21] FIG 21 is an explanatory diagramillustrating a
power - suppl yi ng nodul e rel ated to Exanple 2-3, in the formof
equi valent circuit.

[FIG 22] FIG 22 is a graph show ng analysis result rel ated
to Exanple 2-3.

[FIG 23] FIG 23 is aflowhart of designing a charger with
a power - suppl yi ng nodul e nount ed t herei nand a wi r el ess headset
havi ng a power-receiving nodul e nount ed t herein.
DESCRI PTI ON OF EMBODI MENTS

[ 0028]

The foll owm ng describes an enbodi nrent of a wirel ess power
transm ssi on apparatus 1 used i n wirel ess power transm ssi on,
and power - suppl yi ng met hod f or the wi rel ess power transm ssi on
apparatus 1, according to the present invention.

[ 0029]

( Enmbodi nent)

As an exanple of a wirel ess power transm ssion apparatus 1
i ncl udi ng, as an essenti al conponent, a power-suppl yi ng nodul e
2 and a power-receiving nodule 3, whereby wreless power
transmssion is realized, a charger 101 having a
power - suppl yi ng nodul e 2 and a wi rel ess headset 102 as shown
in FIG 1 are described in the present enbodi nent.

[ 0030]

(Structures of Charger 101 and Wrel ess Headset 102)

19



As shown in FIG 1, a charger 101 i ncl udes a power - suppl yi ng
coi | 21 and a power - suppl yi ng nodul e 2 havi ng a power - suppl yi ng
resonator 22. A wireless headset 102 includes a earphone
speaker wunit 102a, a power-receiving coil 31, and a
power - recei vi ng nodul e 3 having a power-receiving resonator
32. The power-suppl ying coil 21 of the power-supplying nodul e
2 is connected to an AC power source 6 having an oscillation
circuit with the power-source frequency of the power to be
supplied to the power-supplying nodule 2 to a predeterm ned
val ue. The power-receiving coil 31 of the power-receiving
nodul e 3i s connectedtoarechargeabl e battery 9vi aacharging
circuit 8 configured to prevent overcharge and a stabili zer
circuit 7 configuredtorectify the ACpower received. For the
sake of convenience, FIG 1lillustratesthe stabilizer circuit
7, the charging circuit 8, and the rechargeable battery 9
outside the power-receiving nodule 3; however, these are
actually disposed on the inner circunference side of the
sol enoid power-receiving coil 31 and the power-receiving
resonator 32. Further, as shown in FIG 1, the stabilizer
circuit 7, thechargingcircuit 8, andthe rechargeabl e battery
9 of the present enbodi nent are a power-supplied el ectronic
device 10 whichis the final destination of the supplied power.
The power -supplied el ectronic device 10is atermcollectively
referringto all the devices connected to the power-receiving

nmodule 3, where the power is supplied. Further, the
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power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3 are
the wirel ess power transm ssion apparatus 1

[ 0031]

The charger 101 has a not-shown accommodati on groove for
accommodating the wi re, whi ch has a shape correspondingtothe
wi rel ess headset 102. By accommodating the w rel ess headset
102 to this accommodating groove of the charger 101, the
W rel ess headset 102 is positioned in such a manner that the
power -supplying nodule 2 of the charger 101 and the
power - r ecei vi ng nodul e 3 of the wi rel ess headset 102 face each
ot her .

[ 0032]

The power -supplying coil 21 plays a rol e of supplying power
obtained fromthe AC power source 6 to the power-supplying
resonat or 22 by neans of el ectromagnetic induction. As shown
in FIG 3, the power-supplying coil 21 is constituted by an
RLC circuit whose elenents include a resistor R, a coil Ly,
and a capacitor C. The coil L; part is a solenoid coil forned
by wi ndi ng 18 ti mes a copper wirematerial (coatedbyinsul ation
film) having a wire diameter of 0.4 mm¢, with its coil diameter
being 15 mm¢. The total impedance of a circuit element
constituting the power-supplyingcoil 21i1s Z;. Inthe present
enbodi nent, the Z; is the total inpedance of the RLC circuit
(circuit element) constituting the power-supplying coil 21,

whi ch includes the resistor Ry, the coil Li, and t he capacitor

21



Ci. Further, thecurrent that flows inthe power-supplyingcoil
21 is I1.

[ 0033]

The power -receivingcoil 31 playsrol es of recei vingthe power
havi ng been transmtted as a magnetic field energy fromthe
power - suppl yi ng resonat or 22 to t he power -recei vi ng r esonat or
32, by neans of el ectromagnetic i nduction, and supplying the
power receivedtotherechargeabl e battery 9Qviathestabilizer
circuit 7 and the charging circuit 8. As shownin FIG 3, the
power-receivingcoil 31, simlarlytothe power-supplyingcoil
21, is constituted by an RLC circuit whose el enents include
aresistor Rqy;y acoil L4, and a capacitor C. The coil L4 part
is a solenoid coil formed by winding 18 tinmes a copper wire
material (coated by insulation film having a wire dianeter
of 0.4 mmp, with its coil diameter being 15 mmd. The total
i npedance  of a circuit el ement constituting the
power-receiving coil 31is Z4;. Inthe present enbodi nent, the
Zyis the total inpedance of the RLCcircuit (circuit el ement)
constituting the power-receiving coil 31, which includes the
resistor Ry, the coil Ls, and the capacitor C;. The total
i npedance of t he power-supplied el ectronic device 10 connect ed
tothe power-receivingcoil 31is Z. However, as shownin FIG
3, the total |oad i npedance of the stabilizer circuit 7, the
charging <circuit 8, and the rechargeable battery 9

(power -supplied electronic devices 10) connected to the

22



power-receivingcoil 31isinplenmentedintheformof aresistor
R (correspondingto Z) inthe present enbodi nent for t he sake
of convenience. Further, the current that flows in the
power-receiving coil 31 is Ia.

[ 0034]

As shown in FIG 3, the power-supplying resonator 22 is
constituted by an RLCcircuit whose el enents i ncl ude aresi stor
R,, a coil L, and a capacitor G, Further, as shown in FIG
3, the power-receiving resonator 32 is constituted by an RLC
circuit whose elenents include a resistor Rs, a coil Lz and
a capacitor GC;. The power-supplying resonator 22 and the
power - r ecei vi ng resonat or 32 each serves as aresonance circuit
and plays arole of creating a nagnetic field resonant state.
The magnetic field resonant state (resonance phenonenon) here
i's a phenonenon in which two or nore coils resonate with each
ot her at a resonance frequency band. The total inpedance of
acircuit el ement constituting the power-supplying resonator
22isZ,. Inthepresent enbodi nent, the Z;isthetotal i npedance
of the RLC circuit (circuit elenent) constituting the
power - suppl yi ng resonator 22, which includes the resistor R,
the coil Lp, and the capacitor C. The total inpedance of a
circuit el enent constitutingthe power-receivingresonator 32
IS Zz. Inthe present enbodi nent, the Zzis the total inpedance
of the RLC circuit (circuit elenent) constituting the

power - recei vi ng resonator 32, which i ncludes the resistor Rs,
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the coil Lz, and the capacitor G. Further, the current that
fl ows i nthe power-supplyingresonator 22is1,, andthe current
that flows in the power-receiving resonator 32 is Is.

[ 0035]

In the RLC circuit which is the resonance circuit in each
of the power-supplying coil 21, the power-supplying resonat or
22, the power-receiving resonator 32, and t he power-receiving
coil 31, the resonance frequency is f which is derived from
(Formul a 1) bel ow, where the i nductance is L and the capacity
of capacitor is C. In the present enbodi nent, the resonance
frequency of the power-supplying coil 21, the power-supplying
resonator 22, the power-receiving coil 31, and the
power -recei ving resonator 32 is set to 1.0 VHz

i 1
27~ LC
..... (Formula 1)

[ 0036]

The power-supplying resonator 22 and the power-receiving
resonat or 32 are each a sol enoidcoil fornmed by wi nding 18 ti nes
a copper wire material (coated by insulation filn) having a
wire diameter of 0.4 mm¢p, with its coil diameter being 15 mmd.
The resonance frequency of the power-supplying resonator 22
and that of the power-receiving resonator 32 are matched with

each ot her, as descri bed above. The power - suppl yi ng r esonat or
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22 and the power-receiving resonator 32 may be a spiral coi
or a solenoid coil as long as it is a resonator using a coil.

[ 0037]

In regard to the above, the distance between the
power - suppl ying coil 21 and t he power-suppl yi ng resonator 22
is denoted as d12, the di stance between the power-supplying
resonator 22 and the power-receiving resonator 32 is denoted
as d23, and t he di stance bet ween t he power-recei vi ng r esonat or
32 and t he power-receiving coil 31is denoted as d34 (see FIG
1).

[ 0038]

Further, as shownin FIG 3, a nutual inductance between t he
coil L; of the power-supplying coil 21 and the coil L, of the
power - suppl ying resonator 22 is M, a mutual inductance
between the coil L, of the power-supplying resonator 22 and
the coil Lz of the power-receiving resonator 32 is M3, and a
mut ual i nductance between the coil Ls of the power-receiving
resonator 32 and the coil Ls of the power-receiving coil 31
IS M. Further, in the power-supplying nodule 2 and the
power -recei ving nodul e 3, a coupling coefficient between the
coil Lyandthe coil Lz is denoted as Kj2, a coupling coefficient
between the coil L, and the coil L3z is denoted as K3, and a
coupling coefficient between the coil L; and the coil Ls is
denoted as Kaa.

[ 0039]
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It should be noted that the resistance val ue, inductance,
capacity of capacitor, and the coupling coefficients K, Kos,
Kssinthe Ry, L;, and G, of the RLCcircuit of t he power-supplying
coil 21, the R, L, and G of the RLC circuit of the
power - suppl yi ng resonator 22, the R;, L3, and G of the RLC
circuit of the power-receiving resonator 32, the Ry, Ls, C4 oOf
the RLC circuit of the power-receiving coil 31 are set as
paraneters variable at the stage of designing and
manuf act uri ng.

[ 0040]

Wth the power-supplying nodule 2 and the power-receiVving
nodul e 3, when t he resonance frequency of the power-supplying
resonat or 22 and t he resonance frequency of t he power-recei vi ng
resonator 32 match with each other, a magnetic field resonant
state i s created between t he power-suppl yi ng resonator 22 and
the power-receiving resonator 32. Wen a nagnetic field
resonant state is created between the power-supplying
resonator 22 and the power-receiving resonator 32 by having
these resonators resonating wth each other, power is
transmtted from the power-supplying resonator 22 to the
power-receiving resonator 32 as magnetic field energy.
Therefore, thepower istransmttedw rel essly fromthe charger
101 havi ng t he power - suppl yi ng nodul e 2to the wi rel ess headset
102 havi ng t he power -recei ving nodul e 3, and t he rechar geabl e

battery 9 in the wrel ess headset 102 is charged.
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[ 0041]

(Formation of Magnetic Field Space with Wakened Magnetic
Field Strength)

In the present enbodinent, a magnetic field space wth
weakened magnetic field strength is fornmed to restrain the
strength of the magnetic field occurring around the
power - suppl yi ng nodul e 2 and the power-receiving nodule 3.
Specifically as showmn in FIG 4, when the power is supplied
fromthe power-supplyi ng resonator 22 of the power-supplying
nmodule 2 to the power-receiving resonator 32 of the
power -recei ving nodule 3 by utilizing resonance phenonenon,
magnetic fi el d spaces Z1 and Z2 are fornmed at desired positions
between the power-supplying resonator 22 and the
power -recei ving resonator 32. These magnetic field spaces Z1
and Z2 have magnetic field strengths | ower than the nmagnetic
fieldstrengths at positions other thanthe desired positions.
As detailed later, the desired positions | ocate on the inner
circunference side (nmagnetic field space Z2) or on the outer
circunference side (magnetic field space Z1) of the coi
(power - suppl yi ng resonat or 22) of the power-supplying nodul e
2 or the coil (power-receiving resonator 32) of the
power -recei vi ng nodul e 3.

[ 0042]

(Positions where Magnetic Field Spaces are Forned)
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The foll owi ng descri bes positions where the magnetic field
spaces are formed. As shown in FIG 5, the wrel ess power
transm ssion apparatus 1 (the power-supplying nodule 2 and
power -recei ving nodul e 3) integrated i nto the charger 101 and
the wirel ess headset 102 are connected to a network anal yzer
110 (E5061B produced by Agilent Technologies, Inc. in the
present enbodi nent). Note that, the magnetic field space Zis
anal yzed by an el ectromagnetic field analysis and nagnetic
field strengths are indicated in different col or tones.

[ 0043]

First, using the network analyzer 110, the transm ssion
characteristic "S21" is neasured at various power-source
frequenci es of the AC power supplied to the power-supplying
nmodul e 2. Inthis regard, as showm in the graph of FIG 6, the
hori zontal axis indicates the power-source frequencies of the
AC power out put fromthe output termnal 111, and t he verti cal
axis indicates the transm ssion characteristic "S21".

[ 0044]

The transm ssion characteristic "S21” is signals neasured
by a network analyzer 110 connected to the power-supplying
nmodul e 2 and the power-receiving nodule 3, and is indicated
in decibel. The greater the value, the higher the power
transm ssion efficiency. Further, the power transm ssion
efficiency neans a ratio of the power output to the input

termnal 112 for the power supplied fromthe output term nal
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111 to t he power-suppl yi ng nodul e 2, while the wi rel ess power
transm ssion apparatus 1 is connected to the network anal yzer
110. I not her words, the higher thetransm ssioncharacteristic
"S21" is, the higher the power transm ssion efficiency is.

[ 0045]

The present enbodi nent deals with a case where the setting
is such that the analyzed waveform of the transm ssion
characteristic"S21" (solidline52of FIG 6) has a doubl e- hunp
characteristic inwhichthere are separate peaks: one on a | ow
frequency si de and anot her on a hi gh frequency side, as shown
in FIG 6. O the separate peaks, the frequency on the high
frequency side is indicated as fH, and the frequency on the
| ow frequency side is indicated as fL.

[ 0046]

zThe transm ssion characteristic “S21” relative to the
power - sour ce frequency of the power supplied to the wirel ess
power transm ssion apparatus 1 nay have either single-hunp or
doubl e-hunp characteristic, depending on the strength of
coupling (magneti c coupling) by the magnetic field betweenthe
power - suppl yi ng nodul e 2 and t he power -r ecei vi ng nodul e 3. The
si ngl e- hunp characteristic means t he transm ssi on
characteristic “S21” relative to the power-source frequency
has a si ngl e peak whi ch occurs in the resonance frequency band
(f0) (See dotted I|ine 51 FIG 6). The double-hunp

characteristic on the other hand nmeans the transm ssion
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characteristic “S21” relative to the power-source frequency
has two peaks, one of the peaks occurring in a power-source
frequency band | ower than the resonance frequency (fL), and
the other occurring in a power-source frequency band hi gher
t han t he resonance frequency (fH) (See solid line 52 in FIG
6 relating to the anal ysis result of the present enbodi nent).
The doubl e- hunp characteristic, tobe nore specific, neansthat
the refl ection characteristic “S11” measured with t he network
anal yzer 110 connected to t he power-suppl yi ng nodul e 2 and t he
power - r ecei vi ng nodul e 3 has t wo peaks. Therefore, evenif the
transm ssioncharacteristic“S21” relativetothe power-source
frequency appears to have a single peak, the transm ssion
characteristic “S21” has a doubl e- hunp characteristic if the
reflection characteristic “S11” neasured has two peaks.

[ 0047]

When the setting is such that transm ssion characteristic
“S21” has a single-hunp characteristic, the transm ssion
characteristic “S21” of the power-supplying nodule 2 and t he
power -recei ving nodul e 3 i s maxi m zed (t he power transm ssi on
efficiency is maxi m zed) when the power-source frequency is
at a resonance frequency band of f,, as shown by the broken
line 51 of FIG 6.

[ 0048]

On the other hand, in the power-supplying nodule 2 and the

power - r ecei vi ng nodul e 3 havi ng a doubl e-hunp characteristic
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as i n the present enbodi nent, the transm ssion characteristic
“S21” is maxi m zed i n a power-source frequency band (fL) | ower
t han t he resonance frequency fo, and i n power - sour ce frequency
band (fH) hi gher than t he resonance frequency fo, as i ndi cated
by the solid line 52 of FIG 6. It should be noted that, in
general, if the distance between a power-suppl yi ng resonat or
22 and a power-recei ving resonator 32 is the sane, the naxi mum
value of the transm ssion characteristic “S21” having the
doubl e-hunp characteristic (the value of the transm ssion
characteristic “S21” at fL or fH) is |ower than the val ue of
t he maxi mum val ue of the transm ssion characteristic *S21”
having the single-hunp characteristic (value of the
transm ssion characteristic “S21” at fy).

[ 0049]

It should be noted that, in the present exanple, the
power - suppl yi ng resonat or 22 and t he power -r ecei vi hg r esonat or
32 are disposed close to each other to the extent that the
anal yzed wavef or mof t he transm ssi on characteristic "S21" has
separ at e peaks; one on a | ow frequency side and anot her on a
high frequency side. To achieve the transm ssion
characteristic “S21” of the wreless power transm ssion
apparatus 1 having the doubl e-hunp characteristic, variable
paranmeters configuring the power-supplying nodule 2 and the
power-receiving nodule 3 are suitably set. Such variable

paranet ersinclude: theresistance val ue, i nduct ance, capacity
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of capacitor, and the coupling coefficients Ki, Kyz, Kssinthe
R, Li, and C of the RLC circuit of the power-supplying coil
21, the R, Ly, and G of the RLCcircuit of the power-supplying
resonator 22, the R;, Lz, and G of the RLC circuit of the
power -recei ving resonator 32, and the Ry, L4, C of the RLC
circuit of the power-receivingcoil 31; and di stances d12, d23,
and d34 between coils.

[ 0050]

when t he anal yzed wavef or mof thetransm ssi oncharacteristic
“S21” i ndicates double-hunp characteristic, if t he
power - source frequency of the AC power supplied to the
power - suppl ying nodul e 2 is set to alower frequency band t han
t he resonance frequency fo, the power-supplying resonator 22
and the power-receiving resonator 32 are resonant with each
ot her i ninphase, and the current (22A) i nthe power-supplying
resonator 22 and the current (32A) in the power-receivVing
resonator 32 both flowin the same direction, as shown in FIG
7(A). Asaresult, asshowninthe magnetic fieldvector di agram
inFIG 7(B), because the nagnetic fi el d generated onthe outer
ci rcunference si de of the power-supplying resonator 22 and t he
magnetic field generated on the outer circunference side of
t he power-receiving resonator 32 cancel each other out, the
magnetic field space Z1 each having a | ower magnetic field
strength than the magnetic field strengths in positions not

on the outer circunference sides of the power-supplying
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resonator 22 and the power-receiving resonator 32 (e.g., the
magnetic field strengths on the inner circunference sides of
the power-supplying resonator 22 and the power-receiving
resonator 32) are fornmed on the outer circunference sides of
the power-supplying resonator 22 and the power-receiving
resonat or 32, astheinfluenceof themgneticfieldsis!|owered.
It shoul d be notedthat theresonance stateinwhichthecurrent
in the coil (power -supplying resonator 22) of the
power -supplying nodule 2 and the current in the coil
(power -recei ving resonator 32) of the power-receiving nodul e
3 both flowin the sane direction is referred to as i nphase
resonance node. Further, the inphase resonance node in a
broader neaning is defined as a setting of the power-source
frequency of the AC power supplied to the power-supplying
nodul e 2, toal ower frequency band t hantheresonance frequency
fo, when the analyzed waveform of the transm ssion
characteristic “S21” i ndi cates doubl e-hunp characteristicin
t he i nphase resonance node (see FIG 6). On the other hand,
t he i nphase resonance node in a narrower neaning is defined
as a setting of the power-source frequency of the AC power to
t he power-supplying nodule 2, to a frequency band nearby the
peak (fL) occurringinafrequency band | ower thantheresonance
frequency fo (in arange where the val ue of the “S21” becones
approximately -10 dB or higher) in the anal yzed wavef or m of

the “S21” (see FIG 6). It shoul d be noted that, of the inphase
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resonance node in its narrower neaning, a setting of the of
the power-source frequency of the AC power to the
power - suppl ying nodule 2, to the peak (fL) occurring in a
frequency band | ower than the resonance frequency fo in the
anal yzed waveformof the “S21” is the i nphase resonance node
in the narrowest neaning.

[ 0051]

In FIGs. 8 (A)(B), the magnetic field strength distribution
ar ound t he power - suppl yi ng resonat or 22 and t he
power -recei ving resonator 32 in the i nphase resonance node i n
t he narrowest neaning i s shown as an anal ysis result based on
the electromagnetic field analysis and displayed such that
magnetic field strengths are shown in different col or tones.
This magnetic field strength distribution shown in FIGs. 8
(A) (B) denonstrates that, on account of |owered influence of
the magnetic fields, a magnetic field space Zl1 having a
relatively lowmagnetic field strengthis formed on the outer
circunference sides of the power-supplying resonator 22 and
t he power -recei ving resonator 32. It shoul d be notedthat FIG 8
(A) shows distribution of magnetic field strength when the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 are
viewed froma side, FIG 8(B) is a cross sectional viewof the
power - suppl yi ng nodul e 2 and the power-receiving nodule 3,
taken along A-A of FIG 8(A).

[ 0052]
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when t he anal yzed wavef or mof thetransm ssi oncharacteristic
“S21” i ndi cates double-hunp characteristic, if t he
power -source frequency of the AC power supplied to the
power - suppl yi ng nodul e 2 i s set to a hi gher frequency band t han
t he resonance frequency fo, the power-supplying resonator 22
and the power-receiving resonator 32 are resonant with each
other in antiphase, and the «current (22A) in the
power - suppl yi ng resonator 22 and the current (32A) in the
power -recei ving resonator 32 flowin directions opposite to
each other, as shownin FIG 9(A). As aresult, as the nmagnetic
field vector diagramin FIG 9(B) shows, because the nagnetic
field generated on the inner circunference side of the
power - suppl yi ng resonator 22 and t he magnetic field generated
on the inner circunference side of the power-receiving
resonat or 32 cancel each other out, the magnetic field space
Z2 having a | ower magnetic field strength than the nmagnetic
field strengths in positions not on the inner circunference
sides of the power-supplying resonator 22 and the
power-receiving resonator 32 (e.g., the magnetic field
strengths on the outer circunference sides of the
power - suppl yi ng resonat or 22 and t he power -r ecei vi ng r esonat or
32) is fornmed on the inner circunference sides of the
power - suppl yi ng resonat or 22 and t he power - r ecei vi ng r esonat or
32, as the influence of the magnetic fields is |owered. The

resonance state in which the -current in the coil
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(power - suppl yi ng resonat or 22) of the power-supplying nodul e
2 and the current in the coil (power-receiving resonator 32)
of the power-receiving nodule 3 flow opposite directions to
eachother isreferredto as anti phase resonance node. Furt her,
t he anti phase resonance node in a broader neaning is defined
as a setting of the power-source frequency of the AC power
suppliedtothe power-supplying nodul e 2, to a hi gher frequency
band than the resonance frequency fo, when the analyzed
wavef orm of the transm ssion characteristic “S21” indicates
doubl e-hunp characteristic in the anti phase resonance node
(see FIG 6). On the other hand, the anti phase resonance node
inanarrower meani ngi s definedasasettingof thepower-source
frequency of the AC power to the power-supplying nodule 2, to
a frequency band near by t he peak (fH) occurringin afrequency
band hi gher than t he resonance frequency fo (in a range where
t he val ue of the “S21” becones approxi mately -10 dB or hi gher)
inthe anal yzed waveformof the “S21” (see FIG 6). It should
be noted that, of the anti phase resonance node inits narrower
meani ng, a setting of the of the power-source frequency of the
AC power to the power-supplying nodule 2, to the peak (fH)
occurring in a frequency band higher than the resonance
frequency fo in the analyzed waveform of the “S21” is the
anti phase resonance node in the narrowest neaning.

[ 0053]
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In FIGs. 10 (A)(B), the magnetic field strength distribution
ar ound t he power - suppl yi ng resonat or 22 and t he
power -recei ving resonator 32 in the anti phase resonance node
inthe narrowest neaning i s showmn as an anal ysis result based
on the el ectromagnetic field anal ysis and di spl ayed such t hat
magnetic field strengths are shown in different col or tones.
This magnetic field strength distribution shown in FIGs. 10
(A) (B) denonstrates that, on account of |owered influence of
the magnetic fields, a magnetic field space Z2 having a
relatively lowmagnetic field strengthis forned on the inner
circunference sides of the power-supplying resonator 22 and
t he power-recei ving resonator 32. It shoul d be noted that FI G
10 (A) shows distribution of magnetic field strength when the
power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3 are
viewed froma side, FIG 10(B) is a cross sectional viewof the
power - suppl yi ng nodul e 2 and the power-receiving nodule 3,
taken along B-B of FIG 10(A).

[ 0054]

In the wreless power transm ssion apparatus 1
(power - suppl yi ng nodul e 2 and t he power-receiving nodul e 3),
the transm ssion characteristic “S21” relative to the
power-source frequency is set to have a double-hunp
characteristic. Further, the power-source frequency of the AC
power to the power-supplying nodule 2 is set to the inphase

resonance node, when the power is supplied from the
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power - suppl yi ng resonat or 22 to t he power -recei vi ng r esonat or
32 by neans of resonance phenonenon. This way, the current in
the power-supplying resonator 22 and the current in the
power -recei ving resonator 32 both flowin the sanme direction.
Therefore, the magnetic field occurring on the outer
ci rcunference si de of the power-suppl ying resonator 22 and t he
magnetic field occurring on the outer circunference side of
the power-receiving resonator 32 cancel each other. This
reduces the influence of the nagnetic fields on the outer
circunference sides of the power-supplying resonator 22 and
the power-receiving resonator 32, with the result that a
magnetic field space Z1 having a |l ower magnetic field strength
than that other than the outer circunference sides of the
power - suppl yi ng resonat or 22 and t he power -r ecei vi ng r esonat or
32 is forned.

[ 0055]

Wen a stabilizer circuit 7, a charging circuit 8, a
rechargeabl e battery 9, and the like desired to have |ess
i nfl uence of themagneticfieldisplacedinthismgneticfield
space Z1, occurrence of Eddy Current attri butedtothe magnetic
field is restrained or prevented. This restrains negative
effects due to generation of heat.

[ 0056]

Further, in the wireless power transm ssion apparatus 1

(power - suppl yi ng nodul e 2 and t he power-receiving nodul e 3),
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the transm ssion characteristic “S21” relative to the
power-source frequency is set to have a double-hunp
characteristic. Further, the frequency of the AC power to the
power - suppl ying nodul e 2is set tothe anti phase resonance node
when t he power i s supplied fromthe power-supplying resonator
22 to the power-receiving resonator 32 by neans of resonance
phenonenon. This way, the current in the power-supplying
resonator 22 and the current in the power-receiving resonator
32 both flowin directions opposite to each other. Therefore,
the magnetic field occurring on the inner circunference side
of the power-supplying resonator 22 and the nmagnetic field
occurring on the inner circunference side of the
power -recei ving resonator 32 cancel each other. This reduces
t he i nfl uence of the magnetic fieldsontheinner circunference
sides of the power-supplying resonator 22 and the
power -recei ving resonator 32, with the result that a magnetic
fieldspace Z2 having al ower magnetic field strengththanthat
ot her thantheinner circunference sides of the power-suppl ying
resonator 22 and the power-receiving resonator 32 is forned.

[ 0057]

When a stabilizer circuit 7, a charging circuit 8, a
rechargeabl e battery 9, and the like desired to have |ess
i nfl uence of themagneticfieldisplacedinthismgneticfield
space Z2, occurrence of Eddy Current attri butedtothe magnetic

field is restrained or prevented. This restrains negative
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effects due to generation of heat. Further, sincethe magnetic
field space fornmed in this anti phase resonance node i s forned
on the inner circunference side of the power-supplying
resonat or 22 and t he power-recei ving resonator 32, assenbling
the el ectronic conponents such as the stabilizer circuit 7,
the charging circuit 8, the rechargeable battery 9, and the
like within this space nmakes t he power - suppl yi ng nodul e 2 and
the power-receiving nodule 3 thensel ves nore conpact, and
i nproves the freedomin designing.

[ 0058]

(Rel ation of Input Inpedance in Power-Supplying State to
| nput | npedance in Standby State)

First, the following describes a concept of the
power - suppl yi ng state and the standby state in the wrel ess
power transm ssi on apparatus 1 usedinthe present enbodi nent.
As shown in FIG 1 and FIG 3, the power-supplying state is
a st at e wher e power i s suppliedfromthe power-suppl yi ng nodul e
2 to the power-receiving nodul e 3. This power-supplying state
may be expressed as the period in which the power-supplying
resonator 22 of the power-supplying nodule 2 and the
power -recei ving resonator 32 of the power-receiving nodule 3
are in a magnetic field resonant state. Further, the
power - suppl ying state i s astate wherethe di stance d23 bet ween
the power-supplying resonator 22 and the power-receiving

resonator 32 is such that the power-supplying resonator 22 and
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t he power-receiving resonator 32 are cl osely di sposed (wthin
t he power-suppliable region). The power-supplying state may
be perceived as a state i n which the above-descri bed magnetic
field space (Z1 and Z2) are forned. I n the present enbodi nent,
t he power-supplying stateis astatein whichtherechargeable
battery 9 in the wrel ess headset 102 is being charged.

[ 0059]

On the other hand, as shown in FIG 2, the standby state is
a state where power is not supplied fromthe power-supplying
nmodul e 2 to the power-receiving nodule 3. This standby state
may be expressed as the period in which the power-supplying
resonator 22 of the power-supplying nodule 2 and the
power -recei ving resonator 32 of the power-receiving nodule 3
arenot inamagneticfieldresonant state. Further, the standby
state is a state where the distance d23 between the
power - suppl yi ng resonat or 22 and t he power -r ecei vi hg r esonat or
32 is such that the power-supplying resonator 22 and the
power - r ecei vi ng resonat or 32 are di sposed so that the magnetic
field resonant state does not occur. The standby state may be
perceived as a state in which the above-descri bed magnetic
fieldspace (Z1and Z2) arenot fornmed. I nthe present enbodi nent,
the standby stateis a state in which the rechargeabl e battery
9 in the wireless headset 102 is not bei ng charged.

[ 0060]
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Next, wi th the understandi ng of the above standby state and
the power-supplying state, the follow ng describes input
i npedances i nt he st andby st at e and t he power - suppl yi ng st at e,
in relation to the power-supplying nmodule 2 and the
power -recei ving nmodul e 3 for reducing the power consunption
in the power-supplying nodule 2 in the standby state.

[ 0061]

First descri bedistheneeds of reduci ngthe power consunpti on
in the standby state, in the power transm ssion by neans of
the wireless power transmssion. To perform w reless power
transm ssi on by coupling magnetic fields utilizing resonance
phenonmenon (magnetic field resonant state) between the
power - suppl yi ng resonat or 22 and t he power -r ecei vi hg r esonat or
32 of the power-supplying nodule 2 and the power-receiving
nmodul e 3, t he power -recei vi ng nodul e 3 needs t o be brought cl ose
to the power-supplying nodule 2 so that they are within a
di stance (power-suppliable region) that enables power
supplying from the power-supplying nodule 2 to the
power-receiving nodule 3. In this process of use, power is
continuously supplied to the power-supplying nodule 2, even
i f the power-suppl yi ng nodul e 2 and t he power - r ecei vi ng nodul e
3 are not within the power-suppliable region (standby state),
so as to prepare for placenent of the power-receiving nodul e

3 wi thinthe power-suppliableregion (power-supplyingstate).
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As the result, power consunption in the power-supplying
module 2 in the standby state is wasted.

Nonet hel ess, the power needs to be continuously suppliedto
t he power - suppl yi ngnodul e 2i nt he st andby state soas toenabl e
pronpt transition to the power-supplying state, upon closely
posi tioning t he power - r ecei vi ng nmodul e 3 in t he
power - suppl i abl e regi on.

For this reason, power consunptioninthe standby st ate needs
to be restrained as conpared to that in the power-supplying
state.

The power consunption P is calculated fromthe follow ng
(Formula 2). Therefore, to restrain the power consunption in
the standby staterelativetothat i nthe power-supplyingstate
it 1s understood that the value of the input inpedance Z, in
the standby state i s nade greater than the val ue of the input
i npedance Zi, i n t he power-supplying state. It shoul d be not ed
that voltage V (effective value) to be applied by the AC power
source 6 to the power-supplying nodule 2 is kept constant. As

such the voltage Vis not a variable factor.

..... (Formul a 2)
[ 0062]
Therefore, the power-supplying nodule 2 related to the

present enbodi nent is set so that the input inpedance Z, of
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t he power-supplying nodule 2 in the standby state is greater
t han the i nput inpedances Z, of the power-supplying nodul e 2
and t he power -recei vi ng nodul e 3 i nthe power-suppl yi ng state,

and i s operated at a power-source frequency such that the i nput

i npedance Zj, of the power-supplying nodule 2 in the standby
state is greater than the input inpedances Z, of the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in
the power-supplying state. Wth the structure, the input

i npedance Zj, of the power-supplying nodule 2 in the standby
state becones greater than the input inpedances Z, of the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in
t he power-supplying state. As the result, power consunption
in the power-supplying nodule 2 in the standby state i s nade
| ower than that in the power-supplying state.

[ 0063]

Descriptionis provi ded bel oww th exanpl es. Inthefoll ow ng
exanples, an input inpedance Z, wth respect to the
power - sour ce frequency i n the standby state (OFF) and an i nput
i npedance Zi,with respect tothe power-source frequency inthe
power -supplying state (ON) are neasured, using various
structures of the power-supplying nodule 2 and the
power-receiving nodule 3. It should be noted that the
measurenents were conducted with a variable resister 11 (Ry)
substitutingfor thestabilizer circuit 7, thechargingcircuit

8, and the rechargeable battery 9, in the exanples.
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[ 0064]

Further, the anal yses in Exanpl e 1-1to Exanpl e 2-3 deal with
acase wherethetransm ssioncharacteristic“S21” withrespect
to the power-source frequency of the power to the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in
t he power-supplying state has a doubl e-hunp characteristic.

[ 0065]

(Exanmpl e 1-1)

As shown in FIG 11, a power-supplying nodule 2 related to
Exanple 1-1 includes a power-supplying coil 21 and a
power - suppl ying resonator 22. On the other hand, the
power - r ecei vi ng nodul e 3 i ncl udes a power -recei vi ng r esonat or
32 and a power-receiving coil 31. The power-supplying coil 21
is constituted by an RLC serial circuit (with resonance)
including aresistor R, acoil L;, and a capacitor C. The coil
L, part is a solenoid coil formed by winding 18 ti nes a copper
wire material (coated by insulation filn) having a wre
diameter of 0.4 mm¢, with its coil diameter being 15 mm¢.
Simlarly, the power-receiving coil 31 is constituted by an
RLCserial circuit whose el enents i nclude aresistor Ry, acoil
L4, and a capacitor C,. Thecoil Lypart isasolenoidcoil forned
by wi ndi ng 18 ti mes a copper wirematerial (coatedbyinsul ation
film) having a wire diameter of 0.4 mm¢, with its coil diameter
being 15 mm¢. Further, the power-supplying resonator 22 is

constituted by an RLC serial circuit whose el enents include
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aresistor R, acoil L, and a capacitor C. The coil L, part
is a solenoid coil formed by winding 18 tinmes a copper wire
material (coated by insulation film having a wire dianeter
of 0.4 mmo, with its coil diameter being 15 mm¢. Further, the
power -recei ving resonator 32 is constituted by an RLC seri al
circuit whose elenents include a resistor Rs, a coil Lz and
a capacitor GC;. The coil Lz part is a solenoid coil forned by
w nding 18 ti nes a copper wire nmaterial (coated by insul ation
film) having a wire diameter of 0.4 mm¢, with its coil diameter
being 15 mm¢. The values of R;, R, R, Ry in Exanple 1-1 were
set to 0.5Q. Further, the values of Ip, L2, L3, Ls were set to
4.5 uH. The R of the power-supplied el ectronic devices 10 was
100Q. The resonance frequency of the power-supplying coil 21,
the power-supplying resonator 22, and that of the
power -receiving coil 31 and t he power-receiving resonator 32
were 1.0 MHz. The coupling coefficients Kijz, Kyz, and Ks; were
0.3 (it should be noted that these are values of coupling
coefficients in the power-supplying state).

[ 0066]

In the standby state, the input inpedance of the
power - suppl yi ng coil 21 and t he power-suppl yi ng resonator 22
constituting the power-supplying nodul e 2 was Zj,,, as shown i n
FIG 11. In the power-supplying state, the i nput i npedance of
t he power - suppl yi ng coil 21 and t he power - suppl yi ng resonat or

22 constituting the power-supplying nodule 2 and that of the
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power -recei ving resonator 32 and t he power-receiving coil 31
constituting the power-receiving nodule 3 were Z,, as shown
in FIG 3.

[ 0067]

In relation to the power-supplying nmodule 2 and the
power-receiving nmodule 3 in Exanple 1-1, FIG 12 shows
measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 12) andtheinput i npedance Zi,w threspect
to the power-source frequency of the power in the
power - suppl ying state (solidlinein FIG 12). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 12) becones greater than
t he i nput i npedance Z, of t he power-suppl yi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
lineinFIG 12), therearethree bands; i.e., aband Al rangi ng
approximately from 0.78 to 0.84 MHz., a band A2 ranging
approximately fromO0.92 to 1.09 MHz., and a band A3 rangi ng
approximately from1.28to 1.5 MHz. (upper neasurenent limt).

[ 0068]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the
power - suppl yi ng nodul e 2 and the power-receiving nodule 3.

Specifically, in Exanple 1-1, t he power-source frequency band
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to be set for formation of the magnetic field space 71, i.e.,
t he i nphase resonance node in its narrow neaning, is a band
al ranging from0. 83 MHz. (inclusive) to1.00 MHz. (excl usive)
(See FIG 12). On the other hand, the power-source frequency
band to be set for formation of the magnetic field space Z2,
i.e., the anti phase resonance node in its narrow neaning, is
a band a2 ranging from 1.00 MHz. (exclusive) to 1.37 Miz.
(inclusive)(See FIG 12).

[ 0069]

Fromthe above, in exanple 1-1, the power-source frequency
bands that result in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabl ing formati on of the magnetic field space Z1 are t he band
ranging from0.83 to 0.84 MHz., and t he band rangi ng fromO0. 92
MHz. (inclusive) to1l.00 Miz. (exclusive). Therefore, toform
the magnetic field space Z1 wusing the wreless power
transm ssion apparatus 1 related to Exanple 1-1, the
power - sour ce frequency of the AC power source 6 is set to the
band ranging from0.83 to 0.84 MHz., or the band rangi ng from
0.92 MHz. (inclusive) to 1.00 MHz. (exclusive). Further, the
power - sour ce frequency bands that result in a greater input
i npedance Zj, of the power-supplying nodule 2 in the standby

statethantheinput i npedance Z, of t he power-suppl yi ng nodul e
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2 and t he power -recei vi ng nodul e 3inthe power-supplying st ate,
whil e enabling formati on of the magnetic field space Z2 are
the band ranging from 1.00 MHz. (exclusive) to 1.09 MHz.

(i nclusive), and the band ranging from1.28 MHz. to 1. 37 MHz.

Therefore, to form the magnetic field space Z2 using the
W rel ess power transm ssionapparatus 1rel atedto Exanpl e 1-1,

t he power-source frequency of the AC power source 6 is set to
the band ranging from 1.00 MHz. (exclusive) to 1.09 MHz.

(inclusive), or the band ranging from1l.28 to 1.37 Miz.

[ 0070]

(Exampl e 1-2)

As shown in FIG 13, a power-supplying nodule 2 related to
Exanple 1-2 includes a power-supplying coil 21, a
power - suppl yi ng resonat or 22, and a power-recei vi ng r esonat or
32. On the other hand, the power-receiving nodule 3 includes
a power-receiving coil 31. The structures of t he
power - suppl yi ng coil 21, the power-supplyi ng resonator 22, the
power -recei ving resonator 32, and t he power-receiving coil 31
were the sane as those in Exanple 1-1.

[ 0071]

In the standby state, the input inpedance of the
power - suppl yi ng coi |l 21, the power-suppl yi ng resonat or 22, and
t he power - r ecei Vi ng resonat or 32 constituting t he
power - suppl yi ng nodul e 2 was Z,, as shown in FIG 13. In the

power - suppl ying state, the input i npedance  of t he
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power - suppl yi ng coi |l 21, the power-suppl yi ng resonat or 22, and
t he power - r ecei Vi ng resonat or 32 constituting t he
power - suppl yi ng nodul e 2 and t hat of t he power-receiving coil
31 constitutingthe power-receiving nodule 3 were Z,, as shown
in FIG 3.

[ 0072]

In relation to the power-supplying nodule 2 and the
power-receiving nmodule 3 in Exanple 1-2, FIG 14 shows
measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 14) andtheinput i npedance Zi,w t h respect
to the power-source frequency of the power in the
power - suppl ying state (solidlinein FIG 14). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 14) becones greater than
t he i nput i npedance Z, of the power-supplyi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
lineinFIG 14), there are two bands; i.e., a band Bl rangi ng
approximately fromO0.87 to 0.89 MHz., and a band B2 rangi ng
approximately from1.14 to 1.22 Miz.

[ 0073]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the

power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3. In
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Exanple 1-2, simlarly to Exanple 1-1, the power-source
frequency band to be set for formation of the magnetic field
space Z1, i .e., theinphaseresonance nodeinits narrowneani ng,
is a band al ranging from0.83 MHz. (inclusive) to 1.00 M.
(exclusive) (See FIG 14). On the other hand, the power-source
frequency band to be set for formation of the magnetic field
space Z2, i.e., the antiphase resonance node in its narrow
meaning, is a band a2 ranging from1. 00 MHz. (exclusive) to
1.37 MHz. (inclusive)(See FIG 14).

[ 0074]

Fromthe above, in exanple 1-2, the power-source frequency
band that results in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabling formati on of the magnetic field space Z1 is the band
rangi ng from0.87 to 0. 89 MHz. Therefore, to formthe magnetic
fieldspace Z1 using the wirel ess power transmn ssi on appar at us
1l related to Exanple 1-2, the power-source frequency of the
AC power source 6 is set to the band ranging from0.87 to 0.89
MHz. Further, the power-source frequency band that results in
a greater input inpedance Z, of the power-supplying nodule 2
in the standby state than the input inpedance Z, of the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in

t he power-supplying state, while enabling formation of the
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magnetic field space Z2 is the band ranging from1.14 Miz. to
1.22 MHz. Therefore, to formthe magnetic fi el d space Z2 usi ng
the wi rel ess power transm ssion apparatus 1rel atedto Exanpl e
1-2, the power-source frequency of the AC power source 6 is
set to the band ranging from1l.14 to 1.22 Miz.

[ 0075]

(Exanple 1-3)

As shown in FIG 15, a power-supplying nodule 2 related to
Exanpl e 1-3 i ncl udes a power-supplying coil 21. On the other
hand, the power-receiving nodul e 3 i ncl udes a power -suppl yi ng
resonator 22, a power-receiving resonator 32, and a
power -recei ving coil 31. The structures of the power-suppl yi ng
coil 21, the power-suppl yi ng resonator 22, t he power-receiVving
resonator 32, and the power-receiving coil 31 were the sane
as those in Exanple 1-1.

[ 0076]

In the standby state, the input inpedance of the
power - supplying coil 21 constituting the power-supplying
nodul e 2 was Zj,, as shown in FIG 15. In the power-supplying
state, the input inpedance of the power-supplying coil 21
constituting the power-supplying nmodule 2 and that of the
power - suppl yi ng resonator 22, the power-receiving resonator
32, and the power-receiving coil 31 constituting the
power -recei ving nodule 3 were Z, as shown in FIG 3.

[0077]
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In relation to the power-supplying nodule 2 and the
power-receiving nmodule 3 in Exanple 1-3, FIG 16 shows
measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 16) andtheinput i npedance Zi,w threspect
to the power-source frequency of the power in the
power - suppl ying state (solid linein FIG 16). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 16) becones greater than
t he i nput i npedance Z, of t he power-suppl yi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
lineinFIG 16), there are two bands; i.e., a band Cl rangi ng
approximately fromO0.60 to 0.85 MHz., and a band C2 rangi ng
approximately froml1l.25t0 1.5 MHz. (upper neasurenent limt).

[ 0078]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the
power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3. In
Exanmple 1-3, simlarly to Exanple 1-1, the power-source
frequency band to be set for formation of the magnetic field
space Z1, i .e., theinphaseresonance nodeinits narrowneani ng,
is a band al ranging from0.83 MHz. (inclusive) to 1.00 MHz.
(exclusive) (See FIG 16). On the other hand, the power-source

frequency band to be set for formation of the magnetic field
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space Z2, i.e., the antiphase resonance node in its narrow
meani ng, is a band a2 ranging from1l. 00 MHz. (exclusive) to
1.37 MHz. (inclusive)(See FIG 16).

[ 0079]

Fromthe above, in exanple 1-3, the power-source frequency
band that results in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabling formati on of the magnetic field space Z1 is the band
rangi ng from0.83 to 0.85 MHz. Therefore, to formthe magnetic
fieldspace Z1 using the wirel ess power transm ssi on appar at us
1l related to Exanple 1-3, the power-source frequency of the
AC power source 6 is set tothe band ranging from0.83 to 0.85
WMHz. Further, the power-source frequency band that results in
a greater input inpedance Z, of the power-supplying nodule 2
in the standby state than the input inpedance Z, of the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in
t he power-supplying state, while enabling formation of the
magnetic field space Z2 is the band ranging from1.25 Miz. to
1.37 MHz. Therefore, to formthe magnetic field space Z2 usi ng
the wi rel ess power transm ssion apparatus 1rel ated to Exanpl e
1-3, the power-source frequency of the AC power source 6 is
set to the band ranging from1.25 to 1.37 Miz.

[ 0080]
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(Exanple 2-1)

Unli ke Exanple 1-1 to Exanple 1-3, Exanple 2-1 to Exanple
2-3 deal with cases where the capacitor C, of the RLCcircuit
(resistor Ry, coil L, capacitor C;) constituting a
power -supplying coil 21 in a power-supplying nodule 2 is
connected in parallel, as shommin FIG 17, FIG 19, and FIG
21.

[ 0081]

As shown in FIG 17, a power-supplying nodule 2 related to
Exanple 2-1 includes a power-supplying coil 21 and a
power - suppl ying resonator 22. On the other hand, the
power - r ecei vi ng nodul e 3 i ncl udes a power -recei vi ng r esonat or
32 and a power-receiving coil 31. The power-supplying coil 21
is constituted by an RLC circuit whose elenents include a
resistor R, a coil L;, and a capacitor C;, and the capacitor
C. is connected in parallel as nentioned above. The other
structures are the sane as those in Exanple 1-1.

[ 0082]

In the standby state, the input inpedance of the
power - suppl yi ng coil 21 and t he power-suppl yi ng resonator 22
constituting the power-supplying nodul e 2 was Zj,, as shown i n
FIG 17. In the power-supplying state, the i nput i npedance of
t he power - suppl yi ng coil 21, andt he power - suppl yi ng r esonat or

22 constituting the power-supplying nodule 2 and that of the
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power -recei ving resonator 32 and t he power-receiving coil 31
constituting the power-receiving nodule 3 were Z,.

[ 0083]

In relation to the power-supplying nodule 2 and the
power-receiving nmodule 3 in Exanple 2-1, FIG 18 shows
measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 18) andtheinput i npedance Zi,w threspect
to the power-source frequency of the power in the
power - suppl ying state (solid linein FIG 18). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 18) becones greater than
t he i nput i npedance Z, of the power-supplyi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
l[ineinFIG 18), there are two bands; i.e., a band D1 rangi ng
approximately fromO0.84 to 0.93 MHz., and a band D2 rangi ng
approximately from1.12 to 1.30 M.

[ 0084]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the
power - suppl yi ng nodul e 2 and the power-receiving nodule 3.
Specifically, in Exanple 2-1, the power-source frequency band
to be set for formation of the magnetic field space 71, i.e.,

t he i nphase resonance node in its narrow neaning, is a band
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bl ranging fromO0. 83 MHz. (inclusive) to1.00 MHz. (excl usive)
(See FIG 18). On the other hand, the power-source frequency
band to be set for formation of the magnetic field space Z2,
i.e., the anti phase resonance node in its narrow neaning, is
a band b2 ranging from 1.00 MHz. (exclusive) to 1.43 Miz.
(inclusive)(See FIG 18).

[ 0085]

Fromthe above, in exanple 2-1, the power-source frequency
band that results in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabling formati on of the magnetic field space Z1 is the band
rangi ng from0.84 to 0.93 MHz. Therefore, to formthe magnetic
fieldspace Z1 using the wirel ess power transm ssi on appar at us
1l related to Exanple 2-1, the power-source frequency of the
AC power source 6 is set tothe band ranging from0.84 to 0.93
MHz. Further, the power-source frequency band that results in
a greater input inpedance Z, of the power-supplying nodule 2
in the standby state than the input inpedance Z, of the
power - suppl yi ng nodul e 2 and t he power-receiving nodule 3 in
t he power-supplying state, while enabling formation of the
magnetic field space Z2 is the band ranging from1.12 MHz. to
1. 30 MHz. Therefore, to formthe magnetic fi el d space Z2 usi ng

the wi rel ess power transm ssion apparatus 1rel ated to Exanpl e
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2-1, the power-source frequency of the AC power source 6 is
set to the band ranging from1l.12 to 1.30 Mz.

[ 0086]

(Exanpl e 2-2)

As shown in FIG 19, a power-supplying nodule 2 related to
Exanple 2-2 includes a power-supplying coil 21, a
power - suppl yi ng resonat or 22, and a power-recei vi ng r esonat or
32. On the other hand, the power-receiving nodule 3 includes
a power-receiving coil 31. The structures of t he
power - suppl yi ng coi |l 21, the power-suppl yi ng resonator 22, the
power -recei ving resonator 32, and t he power-receiving coil 31
were the sane as those in Exanple 2-1.

[ 0087]

In the standby state, the input inpedance of the
power - suppl yi ng coi |l 21, the power-suppl yi ng resonat or 22, and
t he power - r ecei Vi ng resonat or 32 constituting t he
power - suppl yi ng nodul e 2 was Z,, as shownin FIG 19. In the
power - suppl ying state, the input i npedance  of t he
power - suppl yi ng coi |l 21, the power-suppl yi ng resonat or 22, and
t he power - r ecei Vi ng resonat or 32 constituting t he
power - suppl yi ng nodul e 2 and t hat of t he power-receiving coil
31 constituting the power-receiving nodule 3 were Z,.

[ 0088]

In relation to the power-supplying nodule 2 and the

power-receiving nmodule 3 in Exanple 2-2, FIG 20 shows
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measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 20) andtheinput i npedance Zi,w threspect
to the power-source frequency of the power in the
power - suppl ying state (solid linein FIG 20). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 20) becones greater than
t he i nput i npedance Z, of t he power-suppl yi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
lineinFIG 20), therearethree bands; i.e., aband El rangi ng
approximately from 0.83 to 0.84 MHz., a band E2 ranging
approximately fromO0.98 to 1.02 MHz., and a band E3 rangi ng
approximately from1.30 to 1.35 Mz.

[ 0089]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the
power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3. In
Exanmple 2-2, simlarly to Exanple 2-1, the power-source
frequency band to be set for formation of the magnetic field
space Z1, i .e., theinphaseresonance nodeinits narrowneani ng,
is a band bl ranging from0.83 MHz. (inclusive) to 1.00 MHz.
(exclusive) (See FIG 20). On the other hand, the power-source
frequency band to be set for formation of the magnetic field

space Z2, i.e., the antiphase resonance node in its narrow
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meani ng, is a band b2 ranging from1l. 00 MHz. (exclusive) to
1.43 MHz. (inclusive)(See FIG 20).

[ 0090]

Fromthe above, in exanple 2-2, the power-source frequency
bands that result in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabling formati on of the magnetic field space Z1 are t he band
rangi ng fromO0.83 to 0.84 MHz., and t he band rangi ng fromO0. 98
MHz. (inclusive) to1.00 Miz. (exclusive). Therefore, toform
the magnetic field space Z1 wusing the wreless power
transm ssion apparatus 1 related to Exanple 2-2, the
power - sour ce frequency of the AC power source 6 is set to the
band ranging from0.83 to 0.84 MHz., or the band rangi ng from
0.98 MHz. (inclusive) to 1.00 MHz. (exclusive). Further, the
power - sour ce frequency bands that result in a greater i nput
i npedance Zj, of the power-supplying nodule 2 in the standby
statethantheinput i npedance Z, of t he power-suppl yi ng nodul e
2 and t he power -recei vi ng nodul e 3inthe power-supplying st ate,
whil e enabling formati on of the magnetic field space Z2 are
the band ranging from 1.00 MHz. (exclusive) to 1.02 MHz.
(i nclusive), and the band ranging from1.30 MHz. to 1. 35 MHz.
Therefore, to form the magnetic field space Z2 using the

W rel ess power transm ssion apparatus 1rel atedto Exanpl e 2- 2,
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t he power-source frequency of the AC power source 6 is set to
the band ranging from 1.00 MHz. (exclusive) to 1.02 Mz,
(inclusive), or the band ranging from1l.30 to 1.35 Mz.

[ 0091]

(Exanpl e 2-3)

As shown in FIG 21, a power-supplying nodule 2 related to
Exanpl e 2-3 includes a power-supplying coil 21. On the other
hand, the power-receiving nodul e 3 i ncl udes a power -suppl yi ng
resonator 22, a power-receiving resonator 32, and a
power -recei ving coil 31. The structures of the power-suppl yi ng
coil 21, the power-suppl yi ng resonator 22, t he power-receiVving
resonator 32, and the power-receiving coil 31 were the sane
as those in Exanple 2-1.

[ 0092]

In the standby state, the input inpedance of the
power - supplying coil 21 constituting the power-supplying
nodul e 2 was Zj,, as shown in FIG 21. In the power-supplying
state, the input inpedance of the power-supplying coil 21
constituting the power-supplying nmodule 2 and that of the
power - suppl yi ng resonator 22, the power-receiving resonator
32, and the power-receiving coil 31 constituting the
power -recei ving nodule 3 were Z,.

[ 0093]

In relation to the power-supplying nodule 2 and the

power-receiving nmodule 3 in Exanple 2-3, FIG 22 shows
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measurenent results of the i nput i npedance Z,wth respect to
t he power-source frequency of the power in the standby state
(BrokenlineinFI G 22) andtheinput i npedance Zi,w threspect
to the power-source frequency of the power in the
power - suppl ying state (solidlinein FIG 22). Fromthis, it
i s understoodthat, as a power-source frequency bands such t hat
t he i nput i npedance Z, of the power-supplying nodule 2 inthe
standby state (broken line in FIG 22) becones greater than
t he i nput i npedance Z, of t he power-suppl yi ng nodul e 2 and t he
power -recei ving nodule 3 in the power-supplying state (solid
lineinFIG 22), thereis aband F1 rangi ng approxi mately from
0.86 to 1.28 M.

[ 0094]

I n the present exanpl e descri bed above, it is one of objects
to form a magnetic field space (Z1, Z2) around the
power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3. In
Exanple 2-3, simlarly to Exanple 2-1, the power-source
frequency band to be set for formation of the magnetic field
space Z1, i .e., theinphaseresonance nodeinits narrowneani ng,
is a band bl ranging fromO0.83 MHz. (inclusive) to 1.00 MHz.
(exclusive) (See FIG 22). On the other hand, the power-source
frequency band to be set for formation of the magnetic field
space Z2, i.e., the antiphase resonance node in its narrow
meani ng, is a band b2 ranging from1. 00 MHz. (exclusive) to

1.43 MHz. (inclusive)(See FIG 22).
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[ 0095]

Fromt he above, in exanple 2-3, the power-source frequency
bands that result in a greater input inpedance Z, of the
power - suppl yi ng nodule 2 in the standby state than the i nput
i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, while
enabling formati on of the magnetic field space Z1 is the band
ranging from0.86 MHz. (inclusive) to 1.00 MHz. (exclusive).
Therefore, to form the magnetic field space Z1 using the
W rel ess power transm ssion apparatus 1rel atedto Exanpl e 2- 3,
t he power-source frequency of the AC power source 6 is set to
the band ranging from 0.86 MHz. (inclusive) to 1.00 MHz.
(exclusive). Further, the power-source frequency bands that
result in agreater input i npedance Z, of the power-supplying
nmodul e 2 in the standby state than the i nput inpedance Z, of
t he power-supplying nodule 2 and the power-receiving nodul e
3 in the power-supplying state, while enabling formation of
the magnetic field space Z2 is the band ranging from1. 00 MHz.
(exclusive) to 1.28 MHz. (inclusive). Therefore, to formthe
magnetic field space Z2 using the wirel ess power transm ssion
apparatus 1 rel ated to Exanpl e 2-3, the power-source frequency
of the AC power source 6 is set to the band ranging from1. 00
MHz. (exclusive) to 1.28 MHz. (inclusive).

[ 0096]
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As described in Exanple 1-1 to Exanple 2-3, in the above
structure, the power-receiving resonator 32 is closely
positioned to the power-supplying resonator 22 to the extent
that the magnetic field occurring around the power-suppl yi ng
nmodule 2 and the magnetic field occurring around the
power -recei ving nodule 3 are able to cancel each other. This
enables formation of a magnetic field space Z1 or Z2 in a
pr edet er m ned position between or around t he power-suppl yi ng
nodul e 2 and the power-receiving nodule 3, the space having
a magnetic field strength small er than that i n positions other
than the predeterm ned position. Consequently, an input
i npedance z;, of t he power-suppl ying nodul e 2in astandby state
i nwhichthe magnetic fieldspace Z1 or Z2is not formed becones
greater thaninput i npedances Z, of t he power-suppl yi ng nodul e
2 and t he power-receiving nodule 3 in a power-supplying state
in which the magnetic field space Z1 or Z2 is forned. As the
result, power consunption in the power-supplying nodule 2 in
t he standby statei s nade |l ower thanthat i nthe power-suppl ying
state.

[ 0097]

It should be noted that there are following factors
(paraneters) to set the power-supplying nodule 2 and the
power -recei vi ng nodul e 3 so that the i nput i npedance Z, of the
power - suppl yi ng nodul e 2 in the standby state i s greater than

t he i nput inpedances Z, of the power-supplying nodule 2 and
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the power-receiving nodule 3 in the power-supplying state.
Namel y, such afactorsinclude settingval ues of theresistance
val ue, inductance, capacity of capacitor, the coupling
coefficients Ky, Koz, Kss, and | oad i npedances (| oad resi st ance)
inthe R, L;, and G, of the RLCcircuit of the power-supplying
coil 21, the R, L, and G of the RLC circuit of the
power - suppl yi ng resonator 22, the R;, L3, and G of the RLC
circuit of the power-receiving resonator 32, the Ry, Ls, C; oOf
the RLC circuit of the power-receiving coil 31. How the RLC
circuits in the power-supplying coil 21, the power-supplying
resonator 22, the power-receiving resonator 32, and the
power-receiving coil 31, are connected, 1i.e., serial
connection, parallel connection, or the not connecting the
capacitor, is also a factor (paraneter). The structure of the
power - suppl yi ng nodul e 2 i s anot her factor (paraneter), i.e.,
what the power-supplying nodule 2 includes out of
power - suppl yi ng coi |l 21, the power-suppl yi ng resonat or 22, and
t he power-receiving resonator 32.

[ 0098]

In the structure described above, as the power-supplying
resonat or 22 and t he power-recei vi ng resonat or 32 are di sposed
cl ose to each other, the coupling coefficient indicatingthe
strength of coupling between t he power-suppl yi ng resonat or 22
and t he power-receiving resonator 32 is i ncreased when power

transm ssion utilizingthe resonance phenonenon i s perforned.
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When the transm ssion characteristic “S21” is neasured while
the coupling coefficient is high, the anal yzed wavef orm has
separ ate peaks; one on a | ow frequency side and anot her on a
hi gh frequency side (doubl e-hunp characteristic).

By setting the power-source frequency of the AC power source
6 to a frequency band (fL) on the | ow frequency side (inphase
resonance node), the current inthe power-supplying resonator
22 and the current in the power-receiving resonator 32 flow
in the same direction. Wth this, as the magnetic field
occurring on the outer circunference side of the
power - suppl yi ng nodul e 2 and the magnetic field occurring on
the outer circunference side of the power-receiving nodule 3
cancel each other out, the influence of the magnetic fields
on the outer circunference sides of the power-supplyi ng nodul e
2 and the power-receiving nmodule 3 is restrained, and the
magnetic field space Z1 having a smaller magnetic field
strengththan amgneticfieldstrengthinpositionsother than
the outer circunference sides of the power-supplying nodul e
2 and the power-receiving nodule 3 is fornmed. Consequently,
an i nput inpedance Z, of the power-supplying nodule 2 in a
st andby state i nwhichthe nagneticfieldspaceZlis not forned
on the outer circunference sides of the power-supplyi ng nodul e
2 and t he power-receiving nodul e 3 becones greater than i nput
i npedances Z, of the power-supplying nodule 2 and the

power -recei ving nodule 3 in a power-supplying state i n which
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t he magnetic field space is fornmed on the outer circunference
si des of the power-supplying nodul e 2 and t he power-recei vi ng
module 3. As the result, power consunption in the
power - supplying nodule 2 in the standby state is nade | ower
than that in the power-supplying state.

[ 0099]

In the structure described above, as the power-supplying
resonat or 22 and t he power-recei vi ng resonat or 32 are di sposed
cl ose to each other, the coupling coefficient indicatingthe
strengt h of coupli ng between t he power-suppl yi ng resonat or 22
and t he power-receiving resonator 32 is i ncreased when power
transm ssion utilizingthe resonance phenonenon i s perforned.
When the transm ssion characteristic “S21” is neasured while
the coupling coefficient is high, the anal yzed wavef orm has
separ ate peaks; one on a | ow frequency side and anot her on a
hi gh frequency side (doubl e-hunp characteristic).

By setting the power-source frequency of the AC power source
6toafrequency band (fH) onthe highfrequency side (anti phase
resonance node), the current inthe power-supplying resonator
22 and the current in the power-receiving resonator 32 fl ow
indirectionsoppositetoeachother. Wththis, asthe mgnetic
field occurring on the inner circunference side of the
power - suppl yi ng nodul e 2 and the magnetic field occurring on
the inner circunference side of the power-receiving nodule 3

cancel each other out, the influence of the magnetic fields
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on theinner circunference sides of the power-supplyi ng nodul e
2 and the power-receiving nodule 3 is restrained, and the
magnetic field space Z2 having a snmaller magnetic field
strengththanamgneticfieldstrengthinpositionsother than
the inner circunference sides of the power-supplying nodul e
2 and the power-receiving nodule 3 is forned. Consequently,
an i nput inpedance Z, of the power-supplying nodule 2 in a
standby state in which the magnetic field space is not forned
on theinner circunference sides of the power-supplyi ng nodul e
2 and t he power-receiving nodul e 3 becones greater than i nput
i npedances z;, of the power-supplying nodule 2 and the
power -recei ving nodule 3 in a power-supplying state i n which
the magneticfieldspaceZ2isformedontheinner circunference
si des of the power-supplying nodul e 2 and t he power-recei vi ng
nmodule 3. As the result, power consunption in the
power - suppl ying nmodule 2 in the standby state i s nade | ower
than that in the power-supplying state.

[ 0100]

Wth the structures of Exanpl e 1-2 and Exanpl e 2-2, the i nput
i npedance of t he power-suppl yi ng nodul e 2 i nthe standby state
is configured as an i nput i npedance Z, of the power-supplying
nmodule 2 having the power-supplying coil 21, t he
power - suppl ying resonator 22, and the power-receivVing

resonat or 32.
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Therefore, the power-supplying nodule 2 structured by at
| east the three elenments, i.e., the power-supplying coil 21,
t he power-supplying resonator 22, and the power-receiving
resonat or 32, has norefactors todeterm netheinput i npedance
Zi» of the power-supplying nodule 2. An increase in the nunber
of factors to determne the input inpedance Z, of the
power - suppl yi ng nodul e 2 neans an increase in the nunber of
factors to determne the relation of the input inpedance Z,
of the power-supplying nodule 2 to t he power-source frequency
of the ACpower source 6, and hence a hi gher freedomi s achi eved
i n designing the power-supplying nodule 2.

Further, the power-receiving nodule 3 including a
power-receiving coil 31 is nade conpact.

[ 0101]

Wththe structures of Exanpl e 1-1 and Exanpl e 2-1, the i nput
i npedance Zj, of the power-supplying nodule 2 in the standby
state is configured as an input inpedance Z, of the
power - suppl yi ng nodul e 2 having the power-supplying coil 21
and t he power-suppl ying resonator 22.

Therefore, the power-supplying nodule 2 structured by at
| east the two el enents, i.e., the power-supplying coil 21 and
t he power - suppl yi ng resonator 22, has nore factors to determ ne
the input inpedance Z, of the power-supplying nodule 2. An
increase in the nunber of factors to determ ne the input

i npedance Z;, of t he power-suppl yi ng nodul e 2 neans an i ncr ease
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i nthe nunber of factorsto determnetherelationof theinput
i npedance Z, of the power-supplying nodule 2 to the
power - sour ce frequency of the AC power source 6, and hence a
hi gher freedomis achieved in designing the power-supplying
nodul e 2.

Further, the power-receiving nodule 3 including a
power -recei ving resonator 32 and a power-receivingcoil 31is
made conpact.

[ 0102]

Wththe structures of Exanpl e 1-3 and Exanpl e 2-3, the i nput
i npedance Zj, of the power-supplying nodule 2 in the standby
state is configured as an input inpedance Z, of the
power - suppl yi ng coil 21.

Therefore, in the power-supplying nodule 2 structured
essentiallybyasingleelenent, i.e., the power-supplyingcoil
21, the factors to determ ne the input inpedance Z, of the
power - supplying nodule 2 is sinplified to one. Being able to
sinplify the factors to determ ne the input inpedance Z, of
t he power-supplying nodule 2 to one factor neans that the
factors to determne the relation of the input inpedance Z,
of the power-supplying nodule 2 to the power-source frequency
of the AC power source 6 are sinplified to one, and hence
desi gni ng of the power-supplying nodule 2 is nmade sinpl e.

[ 0103]

(Desi gn Met hod)
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Next, the follow ng describes with reference to FIG 23 a
desi gn nethod (adjustnent) which is a part of manufacturing
process of t he power - suppl yi ng nodul e 2 and t he power - r ecei vi ng
nodul e 3.

[ 0104]

A desi gn net hod descri bed here is the charger 101 havi ng t he
power - suppl yi ng nodul e 2 and the wirel ess headset 102 havi ng
t he power-receiving nodule 3, shown in FIG 1.

[ 0105]

First, as shown in FIG 23, a power reception anount in the
power -recei ving nodul e 3 is determ ned based on the capacity
of the rechargeable battery 9, and the charging current
required for charging the rechargeable battery 9 (S1).

[ 0106]

Next, the di stance between t he power-suppl yi ng resonat or 22
and t he power-receiving resonator 32 is determ ned (S2). The
distance is the distance d23 between the power-supplying
resonator 22 and the power-receiving resonator 32, while the
wi r el ess headset 102 havi ng t herei nthe power-receivi ng nodul e
3 is placed on the charger 101 having therein the
power - suppl yi ng nodul e 2, i.e., inthe power-supplying state.
In the present exenpl ary desi gning, the stabilizer circuit 7,
the charging circuit 8, and the rechargeable battery 9 are
di sposed on the inner circunference side of the solenoid

power -recei ving coil 31 and t he power-receiving resonator 32.
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Therefore, the magnetic field space Z2 needs to be fornmed on
the i nner circunference side of the power-receivingresonator
32. For thisreason, thepositionfor formngthemmagneticfield
space Z2 is taken i nto account when determ ning the di stance
d23 between the power-supplying resonator 22 and the
power -recei ving resonator 32. It should be noted that the
shapes and structures of the wreless headset 102 and the
charger 101 are al so taken i nto account when determ ning the
di stance d23.

[ 0107]

Furt her, based on the sizes, the shapes and the structures
of the wreless headset 102 and the charger 101, the coil
di anet ers of the power-supplying coil 21, the power-supplying
resonator 22, and the power-receiving coil 31, and the
power -recei ving resonator 32 are determ ned (S3).

[ 0108]

Through the steps of S2 to S3, the coupling coefficient Ky
and the power transmssion efficiency between the
power - suppl yi ng resonat or 22 (coil Ly) and t he power-recei vi ng
resonator 32 (coil L3) are determ ned.

[ 0109]

Based on the power reception anount in the power-receivVving
nmodule 3 determined in S1 and on the power transm ssion

efficiency determned through S2 to S3, the m ni num power
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supply amount required for the power-supplying nodule 2 is
determ ned ($4).

[0110]

Then, a range of the design values of the input inpedance
Zin of the power-supplying nodule 2 and the power-receivVving
modul e 3 in the power-supplying state i s determ ned, taking
i nt o account t he power recepti on anount i nthe power-receivVving
nodul e 3, the power transm ssion efficiency, and the m ni mum
power supply anmount required to the power-supplying nodule 2
(S5).

[0111]

In the present exenpl ary desi gni ng, as descri bed above, to
enabl e formati on of the magnetic field space Z2, each factor
(paraneter) is determ ned based on the design val ues of the
i nput i npedance Z, of the power-supplying nodule 2 and the
power -recei ving nodul e 3 in the power-supplying state, which
are determned in S5, so that the input inpedance Z, of the
power - suppl yi ng nodul e 2 i n t he st andby st at e becones greater
than the input inpedance Z, of the power-supplying nodule 2
and t he power -recei vi ng nodul e 3 i nthe power-suppl yi ng state,
i nthe power-source frequency band i n t he anti phase resonance
node. Specifically, there are follow ng factors (paraneters)
to set the power-supplying nodule 2 and the power-receiving
nodul e 3 so that the i nput i npedance Z, of t he power-suppl yi ng

nmodule 2 in the standby state is greater than the input
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i npedances Zj, of the power-supplying nodule 2 and the
power - recei vi ng nodul e 31 nthe power-supplyingstate. Nanely,
such a factors i nclude setting val ues of the resi stance val ue,
i nduct ance, capacity of capacitor, the coupling coefficients
Ki2, K3, Kag, and | oad i npedances (| oad resistance) in the Ry,
L;, and G of the RLCcircuit of the power-supplying coil 21,
the R, L, and C, of the RLC circuit of the power-supplying
resonator 22, the R;, Lz, and G of the RLC circuit of the
power -recei ving resonator 32, the Ry, L4, C of the RLCcircuit
of the power-receiving coil 31. Howthe RLC circuits in the
power - suppl yi ng coi |l 21, the power-suppl yi ng resonator 22, the
power - recei vi ng resonat or 32, and t he power-receivingcoil 31,
are connected, i.e., serial connection, parallel connection,
or the not connecting the capacitor, is also a factor
(paraneter). The structure of the power-supplying nodule 21is
anot her factor (paraneter), i.e., what the power-supplying
nmodule 2 includes out of power-supplying coil 21, the
power - suppl ying resonator 22, and the power-receivVing
resonat or 32.

[0112]

Wth the nmethod described above, an input inpedance z;, of
t he power-supplying nodule 2 in a standby state in which the
magnetic fiel dspace Z2is not fornedbecones greater thani nput
i npedances Z, of the power-supplying nodule 2 and the

power -recei ving nodule 3 in a power-supplying state i n which
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the magnetic field space Z2 is forned. As the result, power
consunption in the power-supplying nodule 2 in the standby
state is made | ower than that in the power-supplying state.

[0113]

(G her Enbodi nments)

Al t hough t he above description deals with aw rel ess headset
102 as an exanpl e, thenet hodi s appl i cabl eto any devi ces havi ng
a rechargeable battery; e.g., tablet PCs, digital caneras,
nmobi | e phones, earphone-type nusic player, hearing aids, and
sound col l ectors.

[0114]

Further, i nthe above descri ption, t he power-recei vi ng nodul e
3 is a power-supplied electronic device 10 having a
rechargeabl e battery 9; however, it is possible to adopt, as
the power-supplied electronic devices 10, a nachine that
directly consunes power for its operation.

[0115]

Further, although the above description assunmes the
power - suppl yi ng nodul e 2 and t he power-recei ving nodule 3 are
mounted in a portable electronic device, the use of such an
apparatus is not limted to snmall devices. For exanple, with
anodificationtothe specifications accordingtotherequired
power anount, the power-supplying nodule 2 and the
power -recei ving nodule 3 are nountable to a relatively |arge

system such as a wireless charging systemin an electronic
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vehicle (EV), or to an even snall er device such as a wirel ess
endoscope for nedical use.

[0116]

(Changi ng Size of Magnetic Field Space)

Further, the above enbodi nent described that formation of
magnetic field space Z1 or Z2 is possible. It shoul d be noted
that it is further possible to change the size of the magnetic
field space Z1 or Z2.

[0117]

To change the size of the magnetic field space Z1 or Z2, the
degree of coupling (magnetic coupling) between the magnetic
field of the power-supplying resonator 22 and the nmagnetic
fieldof the power-receivingresonator 32is changed. To change
t he degree of nagnetic coupling, adjustabl e paraneters of the
power - suppl yi ng coil 21 and t he power-suppl yi ng resonator 22
i n the power-supplying nodul e 2 and t he power-receiving coi
31 and t he power -recei vi ng resonat or 32 inthe power-receiving
modul e 3 are changed. Specific exanples of the adjustable
paraneters include a positional relationship between the
power - suppl yi ng coil 21 and t he power-suppl yi ng resonator 22
in the power-supplying nodule 2, a positional relationship
bet ween the power-receiving coil 31 and the power-receiving
resonator 32 in the power-receiving nodule 3, the magnitude
of the power supplied to the power-supplying nodule 2, the

capacity and i nduct ance of each device (e.g., a capacitor and
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a coil) of the power-supplying resonator 22 and of the
power -recei ving resonator 32, and the frequency of the power
supplied to the power-supplying nodule 2.

[0118]

Accordi ng to the net hod above, as the degree of the magnetic
coupling between the power-supplying resonator 22 and the
power-receiving resonator 32 is changed by changing the
adj ust abl e paraneters regardi ng the power-supplying coil 21
and t he power-suppl yi ng resonator 22 and t he power-recei vi ng
coil 31 and the power-receiving resonator 32, the size of the
magnetic field space (Z1 or Z2) is changed. For exanple, the
magnetic field space (Z1 or Z2) is expanded by relatively
weakening the magnetic coupling occurring between the
power - suppl yi ng resonat or 22 and t he power -r ecei vi ng r esonat or
32. On the other hand, the magnetic field space (Z1 or Z2) is
made snal | er by rel ati vel y strengt heni ng the magneti c coupling
occurring between the power-supplying resonator 22 and the
power -recei vi ng resonator 32.

[ 0119]

(Changi ng Shape of Magnetic field space)

Further, the above enbodi nent described that formation of
magnetic field space Z1 or Z2 is possible. It shoul d be noted
that it is further possible to change the size of the magnetic
field space Z1 or Z2. This is described bel ow

[ 0120]
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To change t he shape of the magnetic fi el d space, for exanpl e,
t he degree of coupling (magnetic coupling) of magnetic fields
between or around the power-supplying <coil 21, the
power - suppl yi ng resonator 22, and magnetic fields between or
ar ound t he power - r ecei Vi ng resonat or 32 and t he
power-receiving coil 31 is changed. To cause a change in the
magneti c coupling, the shapes of coils of the power-supplying
coil 21, the power-suppl yi ng resonator 22, t he power-receiVving
coil 31, and the power-receiving resonator 32 are changed.

[0121]

Accordi ng tothe nmet hod above, by causi ngt he power-suppl yi ng
coil 21 and the power-supplying resonator 22 and the
power -receiving coil 31 and the power-receiving resonator 32
to have desired shapes, a magnetic field space having a
relativelylowmagneticfieldstrengthisfornedwth a desired
shape correspondi ng to t he shapes of the power-supplying coil
21 and t he power - suppl yi ng r esonat or 22 and t he power -r ecei vi ng
coil 31 and the power-receiving resonator 32. That is to say,
by changi ng t he shapes of the power-supplying coil 21 and t he
power - suppl yi ng resonator 22 and t he power-receiving coil 31
and the power-receiving resonator 32 of the power-receiving
modul e 3, it is possible to change the shape of the magnetic
fieldspace Zhavingarelatively |l ownagnetic field strength.

[0122]
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Al t hough the above descriptions have been provided with
regard to the characteristic parts so as to understand the
present invention nore easily, the invention is not limted
to t he enbodi nents and t he exanpl es as descri bed above and can
be applied to the other enbodinents and exanples, and the
appl i cabl e scope shoul d be construed as broadly as possi bl e.
Furthernmore, the terns and phraseology wused in the
specification have been used to correctly illustrate the
present invention, not tolimt it. In addition, it wll be
under st ood by those skilledintheart that t he ot her structures,
systens, nethods and the like included in the spirit of the
present i nvention can be easily derived fromthe spirit of the
invention described in the specification. Accordingly, it
should be considered that the present invention covers
equi val ent structures thereof w thout departing from the
spirit and scope of the invention as defined in the foll ow ng
clainms. In addition, it isrequired to sufficiently refer to
t he docunent s t hat have been al ready di scl osed, soastofully
under stand t he objects and effects of the present invention.
REFERENCE SI GNS LI ST

[ 0123]

2. Power - Suppl yi ng Modul e

3: Power - Recei vi ng Modul e

6: AC power source

7: Stabilizer Crcuit
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8: Charging Circuit

9: Rechargeabl e Battery
10: Power - Supplied El ectronic Device
11: Vari abl e Resi stor
21: Power - Suppl yi ng Coi
22: Power - Suppl yi ng Resonat or
31: Power - Recei ving Coi
32: Power - Recei vi ng Resonat or
102: Wrel ess Headset
101: Charger
110: Network Anal yzer

Z1, Z2: Magnetic Field Space
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CLAI M5
1. AW rel ess power transm ssi on appar at us, wherei n power
i's suppliedfroma power-supplyi ng nodul e connected to a power
source to a power-receiving nodul e closely disposed to the
power - suppl yi ng nodul e using resonance phenonenon, while
having a magnetic field occurring around the power-suppl yi ng
nmodule and a magnetic field occurring around the
power - r ecei vi ng nodul e cancel each other so as to form in a
predet er m ned position between or around t he power-suppl yi ng
nodul e and t he power-receiving nodul e a magnetic field space
having asmal | er magneticfieldstrengththanthat i npositions
ot her than the predeterm ned position; and

the wirel ess power transm ssion apparatus is operated at a
power - sour ce frequency of the power source such that an i nput
i npedance of the power-suppl ying nodul e in a standby state in
whi ch the magnetic field space is not forned is greater than
i nput i npedances of the power-supplying nodule and the
power - recei vi ng nodul e i n a power - suppl yi ng state i nwhichthe
magnetic field space is formed and power is supplied to the

power - recei vi ng nodul e.

2. The wi rel ess power transm ssi on apparat us according to
claim1, wherein
t he power-supplyi ng nodul e and the power-receiving nodul e

respectively conprise at | east a power - suppl yi ng resonat or and
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a power -recei ving resonator which resonate wi th each ot her at
a predeterm ned resonance frequency; and

when power is supplied fromthe power-supplying resonator
to the power-receiving resonator by neans of resonance
phenonmenon, the power-source frequency of the power sourceis
set on alowfrequency side of the resonance frequency so t hat
the current in the power-supplying resonator and the current
in the power-power-receiving resonator flow in the sane

di recti on.

3. The Wi rel ess power transm ssi on apparat us accordi ng to
claim1, wherein

t he power-suppl yi ng nodul e and the power-receiving nodul e
respectively conprise at | east a power -suppl yi ng resonat or and
a power -recei ving resonator which resonate with each ot her at
a predeterm ned resonance frequency; and

when power is supplied fromthe power-supplying resonator
to the power-receiving resonator by neans of resonance
phenonmenon, the power-source frequency of the power sourceis
set on a hi gh frequency si de of the resonance frequency so t hat
the current in the power-supplying resonator and the current
in the power-power-receiving resonator flow in directions

opposite to each other.
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4. The Wi rel ess power transm ssi on apparat us according to
claim2 or 3, wherein

t he power - suppl yi ng nodul e conpri ses a power - suppl yi ng coi |,
a power - suppl yi ng resonat or, and a power-recei vi ng resonat or,
and

t he power -recei vi ng nodul e conpri ses a power-receivingcoil.

5. The Wi rel ess power transm ssi on apparat us according to
claim2 or 3, wherein

t he power - suppl yi ng nodul e conpri ses a power - suppl yi ng coi l
and a power-supplying resonator, and

the power-receiving nodule conprises a power-receiving

resonator and a power-receiving coil.

6. The Wi rel ess power transm ssi on apparat us according to
claim2 or 3, wherein

t he power - suppl yi ng nodul e conpri ses a power - suppl yi ng coi |,
and

the power-receiving nodule conprises a power-supplying
resonat or, a power-receivingresonator, and a power-recei Vi ng

coil.

7. A power-supplying method for a wreless power
transm ssion apparatus, wherein power is supplied from a

power - suppl yi ng nodul e connected to a power source to a
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power - r ecei vi ng nodul e cl osel y di sposedtothe power-suppl yi ng
nodul e using resonance phenonenon, while having a magnetic
field occurring around the power-supplying nodule and a
magnetic field occurring around the power-receiving nodul e
cancel each other so as to form in a predeterm ned position
between or around the power-supplying nodule and the
power - r ecei vi ng nodul e a magnetic fi el d space having a snal | er
magnetic field strength than that i n positions other than the
predeterm ned position, the nmethod conprising

adj usting a power-source frequency of the power source to
a band such that an input inpedance of the power-supplying
nodul e in a standby state in which the magnetic field space
is not forned becones greater than input inpedances of the
power - suppl yi ng nodul e and the power-receiving nodule in a
power - suppl ying state in which the nmagnetic field space is

formed and power is supplied to the power-receiving nodul e.
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