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(57) ABSTRACT 
A power receiving apparatus includes a plurality of resonance 
coils, a power receiving circuit, and a single wire con?gured 
to start at a ?rst terminal of the power receiving circuit and to 
end at a second terminal of the power receiving circuit, the 
single wire forming one coil or a plurality of coils connected 
in series, wherein the one coil or the plurality of coils con 
nected in series and the plurality of resonance coils are placed 
such that the one coil or the plurality of coils connected in 
series are couplable to the plurality of resonance coils. 
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POWER RECEIVING APPARATUS WITH A 
PLURALITY OF RESONANCE COILS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
International Application PCT/JP2012/051882 ?led on J an. 
27, 2012 and designated the US, the entire contents of which 
are incorporated herein by reference. 

FIELD 

[0002] The disclosures herein generally relate to power 
supply systems, and particularly relate to a wireless power 
supply system that wirelessly supplies electric power. 

BACKGROUND 

[0003] Technology for noncontact power feeding such as 
electromagnetic induction has been used in shavers, electrical 
toothbrushes, and the like. In recent years, there has been a 
wide interest in the technology that transmits electric power 
by use of magnetic resonance. In the magnetic resonance 
power transmission system, a coil (i.e., LC resonance coil) 
having a resonance function based on capacitor and inductor 
is provided on each of the transmission side and the reception 
side. The LC resonance coil provided on the transmission side 
and the LC resonance coil provided on the reception side have 
a common resonance frequency. Electric power is transmitted 
from the transmission side to the reception side via a high 
frequency altemating-current magnetic ?eld that oscillates at 
this resonance frequency. With this arrangement, highly ef? 
cient power transmission is achieved even when the distance 
between a power transmitter and a power receiver is increased 
or when the sizes of coils are different between a power 
transmitter and a power receiver. 
[0004] The magnetic resonance power transmission system 
typically uses a four-coil con?guration. On the transmission 
side, alternating-current electric power is supplied from an 
oscillator to a ?rst coil via wire connections, and is then 
transferred via electromagnetic induction from the ?rst coil to 
a second coil serving as a resonance coil. Power is transmitted 
via magnetic resonance from the second coil serving as a 
transmission-side resonance coil to a third coil serving as a 
reception-side resonance coil. On the reception side, power is 
transferred via electromagnetic induction from the third coil 
serving as a resonance coil to a fourth coil, and, then, alter 
nating-current electric power is supplied from the fourth coil 
to a power receiving circuit via wire connections. The ?rst 
coil and the second coil on the transmission side may be 
combined into one coil, and the third coil and the fourth coil 
on the reception side may be combined into one coil. Namely, 
at least one of the transmission side and the reception side 
may have a one-coil con?guration, thereby using three coils 
in total in the entire system or using two coils in total in the 
entire system. 
[0005] A power receiving apparatus that can receive power 
wirelessly generally has a power-receiving-purpose coil and a 
magnetic shield. Internal circuitry in the power receiving 
apparatus tends to have metal materials. Such metal materials 
may consume some of the energy of an electromagnetic ?eld 
used for power transmission, resulting in a drop in power 
transmission ef?ciency. In order to prevent this, the magnetic 
shield is disposed between the internal circuitry and the 
power receiving coil that is situated close to the external 
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surface of the power receiving apparatus. This magnetic 
shield is composed of a material having large permeability 
(i.e., the real part of permeability) and small magnetic loss 
(i.e., the imaginary part of permeability), so that the magnetic 
?eld extends along the magnetic shield. The magnetic ?eld 
thus does not reach the metal materials provided inside the 
power receiving apparatus, so that power loss is avoided. 
[0006] The fact that the power receiving coil is disposed at 
a certain position on the external surface of the power receiv 
ing apparatus with the magnetic shield being situated on an 
immediate inner side thereof means that power cannot be 
received properly unless the face having the power receiving 
coil is pointed toward the direction of a power transmitter. 
When the face having the power receiving coil is pointed 
opposite the direction of the power transmitter, the magnetic 
shield and metal materials inside the power receiving appa 
ratus come in the way between the power transmitter and the 
power receiving coil. In such a case, the magnetic energy 
hardly reaches the power receiving coil. When the face having 
the power receiving coil is pointed perpendicularly to the 
direction of the power transmitter, also, the magnetic ?eld and 
metal materials inside the power receiving apparatus obstruct 
the magnetic ?eld, resulting in a large drop in power trans 
mission ef?ciency. 
[0007] In order to cope with the above-noted problems, a 
plurality of power receiving coils may be provided at more 
than one position on the external surfaces of the power receiv 
ing apparatus. A plurality of power receiving coils may be 
directed to respective, different directions, so that power com 
ing from different directions can be ef?ciently received. In 
other words, the position of the power receiving apparatus 
that ensures ef?cient power reception is not limited to one 
position relative to the power transmitter, and any one of the 
different positions can ensure ef?cient power reception. 
Directions and numbers of the power receiving coils may be 
designed carefully, so that ef?cient power reception is 
achieved all the time irrespective of the position of the power 
receiving apparatus relative to the power transmitter. 
[0008] The use of a plurality of power receiving coils 
means that these power receiving coils are connected to a 
common load (i.e., battery or the like). For example, altemat 
ing-current powers from the power receiving coils may be 
recti?ed by respective rectifying circuits. Obtained direct 
current powers may then be coupled to the common load via 
a switching circuit. Alternatively, altemating-current powers 
from the power receiving coils may be coupled to a single 
rectifying circuit via a switch circuit. Recti?ed direct-current 
power may then be supplied to a single load. Either con?gu 
ration ends up using a switch circuit, and also ends up using a 
control circuit for controlling switching operations. Further, 
the con?guration that uses a plurality of rectifying circuits 
ends up providing duplicating circuits. Developing a circuit 
for controlling switching operations and an increase in the 
number of circuit components result in a cost increase with 
respect to the power receiving apparatus. Moreover, an 
increase in the number of circuit components also leads to a 
size increase with respect to the power receiving apparatus. 
[0009] [Patent Document 1] Japanese Laid-open Patent 

Publication No. 2010-63245 

SUMMARY 

[0010] According to an aspect of the embodiment, a power 
receiving apparatus includes a plurality of resonance coils, a 
power receiving circuit, and a single wire con?gured to start 
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at a ?rst terminal of the power receiving circuit and to end at 
a second terminal of the power receiving circuit, the single 
wire forming one coil or a plurality of coils connected in 
series, wherein the one coil or the plurality of coils connected 
in series and the plurality of resonance coils are placed such 
that the one coil or the plurality of coils connected in series are 
couplable to the plurality of resonance coils. 
[0011] According to an aspect of the embodiment, a power 
transmission system includes a power transmission appara 
tus, and a power receiving apparatus con?gured to receive 
power from the power transmission apparatus via magnetic 
resonance, wherein the power receiving apparatus includes a 
plurality of resonance coils, a power receiving circuit, and a 
single wire con?gured to start at a ?rst terminal of the power 
receiving circuit and to end at a second terminal of the power 
receiving circuit, the single wire forming one coil or a plural 
ity of coils connected in series, wherein the one coil or the 
plurality of coils connected in series and the plurality of 
resonance coils are placed such that the one coil or the plu 
rality of coils connected in series are couplable to the plurality 
of resonance coils. 

[0012] According to an aspect of the embodiment, a power 
transmission method includes supplying altemating-current 
power to a transmission-side resonance coil, receiving power 
from the transmission-side resonance coil via electromag 
netic induction with at least one of a plurality of reception 
side resonance coils that are pointed to respective, different 
directions, magnetically coupling the plurality of reception 
side resonance coils with a single wire that forms one coil or 
a plurality of coils connected in series, and supplying power 
from the single wire to a power receiving circuit. 
[0013] The object and advantages of the embodiment will 
be realized and attained by means of the elements and com 
binations particularly pointed out in the claims. It is to be 
understood that both the foregoing general description and 
the following detailed description are exemplary and 
explanatory and are not restrictive of the invention, as 
claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] FIG. 1 is a drawing illustrating an example of the 
con?guration of a magnetic resonance power transmission 
system; 
[0015] FIG. 2 is a drawing illustrating a schematic example 
of the con?guration of a receiver apparatus; 
[0016] FIG. 3 is a drawing illustrating an example of a ?rst 
embodiment of the power transmission system; 
[0017] FIG. 4 is a drawing illustrating an example of the 
placement of resonance coils in a rechargeable battery; 
[0018] FIG. 5 is a drawing illustrating another example of 
the placement of resonance coils in a rechargeable battery; 
[0019] FIG. 6 is a drawing illustrating an example of the 
circuit con?guration inside a rechargeable battery; 
[0020] FIG. 7 is a drawing illustrating an example of a 
second embodiment of the power transmission system; 
[0021] FIG. 8 is a drawing illustrating an example of the 
placement of resonance coils in a portable apparatus; 
[0022] FIG. 9 is a drawing illustrating an example of the 
circuit con?guration inside the portable apparatus; 
[0023] FIG. 10 is a drawing illustrating an example of the 
con?guration of a resonance coil; 
[0024] FIG. 11 is a drawing illustrating another example of 
the con?guration of a resonance coil; 
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[0025] FIG. 12 is a drawing showing yet another example 
of the con?guration of a resonance coil; 
[0026] FIG. 13 is a drawing showing yet another example 
of the con?guration of a resonance coil; 
[0027] FIG. 14 is a drawing illustrating an example of the 
positional relationship between a plurality of resonance coils 
and one or more coils connected via wires to a power receiv 

ing circuit; 
[0028] FIG. 15 is a drawing illustrating another example of 
the positional relationship between a plurality of resonance 
coils and one or more coils connected via wires to a power 

receiving circuit; 
[0029] FIG. 16 is a drawing illustrating yet another 
example of the positional relationship between a plurality of 
resonance coils and one or more coils connected via wires to 

a power receiving circuit; and 
[0030] FIG. 17 is a drawing illustrating yet another 
example of the positional relationship between a plurality of 
resonance coils and one or more coils connected via wires to 

a power receiving circuit. 

DESCRIPTION OF EMBODIMENTS 

[0031] In the following, embodiments of the invention will 
be described with reference to the accompanying drawings. 
In these drawings, the same or corresponding elements are 
referred to by the same or corresponding numerals, and a 
description thereof will be omitted as appropriate. 
[0032] FIG. 1 is a drawing illustrating an example of the 
con?guration of a magnetic resonance power transmission 
system. A magnetic resonance power transmission system 10 
illustrated in FIG. 1 includes an oscillating circuit 11, a coil 
12, a resonance coil 13, a capacitor 14, resonance coils 15-1 
and 15-2, capacitors 16-1 and 16-2, a coil 17, a rectifying 
circuit 18, and a battery 19. The oscillating circuit 11, the coil 
12, the resonance coil 13, and the capacitor 14 correspond to 
a power transmitter. The resonance coils 15-1 and 15-2, the 
capacitors 16-1 and 16-2, the coil 17, the rectifying circuit 18, 
and the battery 19 correspond to a power receiver. The mag 
netic resonance power transmission system 10 in which the 
power receiver receives power from the power transmitter via 
electromagnetic resonance, the power receiver may include a 
plurality of resonance coils 15-1 and 15-2. The number of 
resonance coils is not limited to two. Three or more resonance 

coils may be provided. 
[0033] The oscillating circuit 11 oscillates at desired oscil 
lating frequency. The coil 12 is connected through wires to the 
oscillating circuit 11 serving as a power transmission circuit. 
The oscillating circuit 11 supplies altemating-current power 
having the above-noted oscillating frequency to the coil 12 
via wire connections. The coil 12 is coupled with the reso 
nance coil 13 via electromagnetic induction to supply power 
to the resonance coil 13. 

[0034] The resonance coil 13 is coupled to the capacitor 14, 
so that the resonance coil 13 and the capacitor 14 serve as a 
resonance circuit. The resonance coil 15-1 is coupled to the 
capacitor 16-1, so that the resonance coil 15-1 and the capaci 
tor 16-1 serve as a resonance circuit. Similarly, the resonance 

coil 15-2 is coupled to the capacitor 16-2, so that the reso 
nance coil 15-2 and the capacitor 16-2 serve as a resonance 
circuit. These resonance circuits may have common reso 

nance frequency. The oscillating circuit 11 may supply alter 
nating-current power having this resonance frequency to the 
coil 12. In the example illustrated in FIG. 1, each capacitor 
coupled to a coil is illustrated as a condenser (i.e., capacitor 
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element), but is not limited to such a con?guration. Each 
capacitor may be the stray capacitance of a corresponding 
coil. The number of windings of each coil is not limited to a 
particular number. The number of windings of each coil may 
be one, or may be more than one. Each coil may be a helical 
coil or a spiral coil In the case of implementation on an 
external surface of a portable apparatus or the like, each coil 
preferably has a substantially ?at shape. Accordingly, in the 
case of a helical coil having a plurality of windings, it is 
preferable for the length of the coil along the axis thereof to be 
substantially shorter than the diameter of the coil. 
[0035] Electric current ?owing through the resonance coil 
13 oscillates at the resonance frequency. This causes, through 
magnetic coupling, electric current oscillating at the reso 
nance frequency to appear in at least one of the resonance 
coils 15-1 and 15-2 having the same resonance frequency. 
The resonance coils 15-1 and 15-2 may be pointed to respec 
tive, different directions, and may be situated at respective, 
different locations on the power receiving apparatus (e.g., 
portable apparatus) in which the power receiver of the mag 
netic resonance power transmission system 10 is provided. 
The resonance coil of the power receiver that is pointed 
toward the direction of the power transmitter of the magnetic 
resonance power transmission system 10 receives stronger 
power than any other coils from the power transmitter via 
magnetic resonance. Both the resonance circuit including the 
resonance coil 13 and at least one of the resonance circuit 
including the resonance coil 15-1 and the resonance circuit 
including the resonance coil 15-2 resonate, resulting in large 
current ?owing in the resonance circuits, thereby transmitting 
power from the transmission side to the reception side ef? 
ciently. Namely, electric power is transmitted via magnetic 
resonance from the resonance coil 13 to at least one of the 
resonance coils 15-1 and 15-2. 

[0036] The resonance coils 15-1 and 15-2 are coupled to the 
coil 17 via electromagnetic induction, thereby supplying 
alternating-current power to the coil 17. The coil 17 is con 
nected through wires to the rectifying circuit 18 serving as a 
power receiving circuit. The coil 17 supplies altemating 
current power to the rectifying circuit 18 via wire connec 
tions. The rectifying circuit 18 generates a direct-current volt 
age by rectifying the altemating-current power, and applies 
the direct-current voltage to the battery 19 to charge the 
battery 19. 
[0037] As was previously described, the number of wind 
ings of each coil may be one, or may be more than one. The 
phrase “the coil is pointed to a given direction” means that the 
direction of the axis of the coil generally coincides with the 
given direction. In the case of a helical coil having a plurality 
of windings, the direction of the axis of the coil is the direction 
of the center axis of an imaginary or physical cylinder or 
prism body around which a coil wire is wound, and corre 
sponds to the direction of magnetic ?ux passing through the 
coil. In the case of a spiral coil, the direction of the axis of the 
coil is the direction perpendicular to the plane that includes 
the spiral, and corresponds to the direction of magnetic ?ux 
passing the center of the coil in the plane that includes the coil. 
In the case of a single-winding coil, the direction of the axis of 
the coil is the direction perpendicular to the plane that 
includes the single-winding coil, and corresponds to the 
direction of magnetic ?ux passing the center of the coil in the 
plane that includes the coil. 
[0038] FIG. 2 is a drawing illustrating a schematic example 
of the con?guration of the power receiving apparatus. The 
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power receiving apparatus illustrated in FIG. 2 may be a 
portable apparatus such as a portable phone, and includes a 
main body 20, the resonance coils 15-1 and 15-2, and mag 
netic shields 21 and 22. The main body 20 includes internal 
circuitry that corresponds to the rectifying circuit 18 and the 
battery 19 illustrated in FIG. 1 as well as circuits for imple 
menting the functions of the power receiving apparatus (e. g., 
voice communication function, data communication func 
tion, etc.). 
[0039] FIG. 2 schematically illustrates the positional rela 
tionships between the main body, the resonance coils, and the 
magnetic shields, and is not intended to illustrate a tangible, 
physical structure, connective relationships, etc. The reso 
nance coils 15-1 and 15-2 and the magnetic shields 21 and 22 
may be disposed on, and attached by adhesive or the like to, a 
plane that can support another member situated at the outer 
most layer of the main body 20. Further, the case of the power 
receiving apparatus may cover the entirety of the main body 
20 and the resonance coils 15-1 and 15-2. The case may be a 
box-shaped case made of plastics or the like. Alternatively, 
the resonance coils 15-1 and 15-2 and the magnetic shields 21 
and 22 may be attached by adhesive or the like to an inner 
surface of the case of the power receiving apparatus, which is 
a box-shaped case made of plastics or the like. The main body 
20 may be situated in the space that exists deeper inside. 
Regardless of the speci?c physical structure, the magnetic 
shield 21 is disposed between the resonance coil 15-1 and the 
main body 20, and the magnetic shield 22 is disposedbetween 
the resonance coil 15-2 and the main body 20. 

[0040] In the example illustrated in FIG. 2, the resonance 
coil 15-1 is pointed in the direction indicated by an arrow A1, 
and the resonance coil 15-2 is pointed in the direction indi 
cated by an arrow A2. Accordingly, in the case of the power 
transmitter being situated in the direction indicated by the 
arrow Al, the resonance coil 15-1 mainly receives power 
from the resonance coil 13 via magnetic resonance. In the 
case of the power transmitter being situated in the direction 
indicated by the arrow A2, the resonance coil 15-2 mainly 
receives power from the resonance coil 13 via magnetic reso 
nance. 

[0041] FIG. 3 is a drawing illustrating an example of a ?rst 
embodiment of the power transmission system. The power 
transmission system illustrated in FIG. 3 includes a power 
transmitter 30, a plug 31, an electrical cord 32, and recharge 
able batteries 34-1 through 34-5 which include power receiv 
ers. The power transmission system charges the rechargeable 
batteries 34-1 through 34-5 via magnetic resonance. The plug 
31 is plugged into an outlet that provides commercial power 
supply, and supplies power to the power transmitter 30 
through the electrical cord 32. The power transmitter 30 hav 
ing a plate shape includes a resonance coil 33 that is disposed 
on the plate surface to cover the entirety thereof. The reso 
nance coil 33 corresponds to the resonance coil 13 illustrated 
in FIG. 1. The resonance coil 33 receives altemating-current 
power from the oscillator and coil (corresponding to the oscil 
lating circuit 11 and the coil 12 illustrated in FIG. 1) embed 
ded in the power transmitter 30. 

[0042] Each of the rechargeable batteries 34-1 through 
34-5 includes circuit components corresponding to the reso 
nance coils 15-1 and 15-2, the capacitors 16-1 and 16-2, the 
coil 17, the rectifying circuit 18, and the battery 19 illustrated 
in FIG. 1. The numbers of resonance coils and capacitors may 
be two, but may preferably be a larger number such as three or 
four, for example, as will be described later. In each of the 
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rechargeable batteries 34-1 through 34-5, at least one of the 
resonance coils receives power from the resonance coil 33 of 
the power transmitter 30 via magnetic resonance. During the 
charge operation, it may suf?ce for each of the cylindrical 
rechargeable batteries 34-1 through 34-5 to be placed hori 
zontally on the plane surface of the power transmitter 30. 
There are no speci?c requirements for the horizontal direc 
tion and vertical direction in which each battery is placed. 
[0043] FIG. 4 is a drawing illustrating an example of the 
placement of resonance coils in the rechargeable battery 34-1. 
The remaining rechargeable batteries 34-2 through 34-5 may 
have the same or similar con?guration as the rechargeable 
battery 34-1. In FIG. 4, three power receiving resonance coils 
38-1 through 38-3 are disposed on the cylinder side face 37 of 
the rechargeable battery 34-1. Magnetic shields are disposed 
on the inner side (i.e., the side closer to the center axis of the 
cylinder) of the resonance coils 38-1 through 38-3, thereby 
preventing metal materials inside the rechargeable battery 
from interfering with a magnetic ?eld. The resonance coils 
38-1 through 38-3 are disposed on the cylinder side face 37 to 
point to respective, different directions (e.g., 0 degree, 120 
degrees, and 240 degrees). Because of this, proper power 
reception is achieved regardless of the rotating angle of the 
cylindrical rechargeable battery placed on the plane surface 
of the power transmitter 30. 
[0044] FIG. 5 is a drawing illustrating another example of 
the placement of resonance coils in the rechargeable battery 
34-1. The remaining rechargeable batteries 34-2 through 34-5 
may have the same or similar con?guration as the recharge 
able battery 34-1. In FIG. 5, four power receiving resonance 
coils 39-1 through 39-4 are disposed on the cylinder side face 
37 of the rechargeable battery 34-1. Magnetic shields are 
disposed on the inner side (i.e., the side closer to the center 
axis of the cylinder) of the resonance coils 39-1 through 39-4, 
thereby preventing metal materials inside the rechargeable 
battery from interfering with a magnetic ?eld. The resonance 
coils 39-1 through 39-4 are disposed on the cylinder side face 
37 to point to respective, different directions (e.g., 0 degree, 
90 degrees, 180 degrees, and 270 degrees). Because of this, 
proper power reception is achieved regardless of the rotating 
angle of the rechargeable battery placed on the plane surface 
of the power transmitter 30. 
[0045] FIG. 6 is a drawing illustrating an example of the 
circuit con?guration inside a rechargeable battery. The 
example of the circuit con?guration illustrated in FIG. 6 
corresponds to that of the rechargeable battery 34-1 illus 
trated in FIG. 4 which has three resonance coils. In FIG. 6, the 
rechargeable battery includes the resonance coils 38-1 
through 38-3, capacitors 39-1 through 39-3, a coil wire 40, the 
rectifying circuit 18 and the battery 19. In FIG. 6, the same or 
corresponding elements as those of FIG. 1 or FIG. 4 are 
referred to by the same or corresponding numerals, and a 
description thereof will be omitted as appropriate. 
[0046] The coil wire 40 is a single wire that starts at a ?rst 
terminal of the rectifying circuit 18 serving as a power receiv 
ing circuit and ends at a second terminal of the rectifying 
circuit 18. The coil wire 40 forms one coil or a plurality of 
coils connected in series. In the example illustrated in FIG. 6, 
the coil wire 40 forms a plurality of coils 40-1 through 40-3 
connected in series. The coils 40-1 through 40-3 connected in 
series and the respective resonance coils 38-1 through 38-3 
are placed in such a manner that the corresponding coils can 
be coupled to each other via electromagnetic induction. More 
speci?cally, each of the coils 40-1 through 40-3 connected in 
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series is placed in such a manner as to overlap the correspond 
ing one of the resonance coils 38-1 through 38-3. The phrase 
“overlap” means that almost all the magnetic ?ux passing 
through a ?rst coil passes through a second coil. 

[0047] The phrase “a single wire starts at the ?rst terminal 
of the rectifying circuit 18 and ends at the second terminal” 
means that this wire is a single line that neither divides nor 
intersects and that does not electrically intersect with itself or 
another line as far as the electromagnetic induction coupling 
with the resonance coils 38-1 through 38-3 is concerned. This 
arrangement does not prohibit a circuit con?guration in 
which a circuit element unrelated to the electromagnetic 
induction coupling is provided in parallel with the coil wire 
40. Namely, a line may branch off from the coil wire 40 that 
starts at the ?rst terminal, and may then merge into the coil 
wire 40, as long as such a branch line does not relate to the 
electromagnetic induction coupling. 

[0048] In the circuit con?guration described above, the 
coils 40-1 through 40-3 and the respective resonance coils 
38-1 through 38-3 are placed in such a manner that the cor 
responding coils can be coupled to each other via electromag 
netic induction. With this arrangement, reception of power by 
one or more resonance coils through magnetic resonance 

causes the power to be transferred to the coil wire 40 through 
electromagnetic induction. In this circuit con?guration, there 
is no need to provide a switching circuit for switching con 
nections and no need to provide a circuit for controlling 
switching operations. Nor is there a need to provide a plural 
ity of rectifying circuits. Accordingly, powers from a plurality 
of power receiving coils can be consolidated into one power 
without providing duplicate circuits or an additional circuit. 

[0049] FIG. 7 is a drawing illustrating an example of a 
second embodiment of the power transmission system. The 
power transmission system illustrated in FIG. 7 includes a 
power transmitter 45 and a portable apparatus 46. The por 
table apparatus 46 is a power receiving apparatus that receives 
power form the power transmitter 45. The portable apparatus 
46 may be a portal phone, a PDA (i.e., personal digital assis 
tance), a portable music player, etc. The power transmitter 45 
corresponds to the oscillating circuit 11, the coil 12, the 
resonance coil 13, and the capacitor 14 illustrated in FIG. 1. 
The portable apparatus 46 includes circuits corresponding to 
the resonance coils 15-1 and 15-2, the capacitors 16-1 and 
16-2, the coil 17, the rectifying circuit 18, and the battery 19 
illustrated in FIG. 1. Power is transmitted form the resonance 
coil of the power transmitter 45 to at least one of the resonance 
coils of the portable apparatus 46 through magnetic reso 
nance. 

[0050] FIG. 8 is a drawing illustrating an example of the 
placement of resonance coils in the portable apparatus 46. In 
FIG. 8, the portable apparatus 46 has a case 50 ofa ?at box 
shape. Two power receiving resonance coils 51-1 and 51-2 are 
disposed on the two ?at plane faces (i.e., the front face and the 
back face) of the case 50, respectively. Magnetic shields are 
disposed on the inner side (i.e., the side toward the center of 
the portable apparatus 46) of the resonance coils 51-1 and 
51-2), so that metal materials inside the portable apparatus 46 
do not interfere with a magnetic ?eld. On the portable appa 
ratus 46, the two resonance coils 51-1 and 51-2 are pointed in 
respective, different directions (i.e., the two opposite direc 
tions in this example). Placing the portable apparatus 46 in 
such a position that a ?at plane face of the portable apparatus 
46 is generally directed to the power transmitter 45 illustrated 
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in FIG. 7 ensures proper power reception regardless of 
whether this face is the front face or the back face. 

[0051] FIG. 9 is a drawing illustrating an example of the 
circuit con?guration inside the portable apparatus. In FIG. 9, 
the portable apparatus 46 includes the resonance coils 51-1 
and 51-2, capacitors 52-1 and 52-2, a coil wire 55, the recti 
fying circuit 18 and the battery 19. In FIG. 6, the same or 
corresponding elements as those of FIG. 1 or FIG. 8 are 
referred to by the same or corresponding numerals, and a 
description thereof will be omitted as appropriate. 

[0052] The coil wire 55 is a single wire that starts at a ?rst 
terminal of the rectifying circuit 18 serving as a power receiv 
ing circuit and ends at a second terminal of the rectifying 
circuit 18. The coil wire 55 forms one coil or a plurality of 
coils connected in series. In the example illustrated in FIG. 9, 
the coil wire 55 forms a plurality of coils 55-1 and 55-2 
connected in series. The coils 55-1 and 55-2 connected in 
series and the respective resonance coils 51-1 and 51-2 are 
placed in such a manner that the corresponding coils can be 
coupled to each other via electromagnetic induction. More 
speci?cally, each of the coils 55-1 and 55-2 connected in 
series is placed in such a manner as to overlap the correspond 
ing one of the resonance coils 51-1 and 51-2. The phrase 
“overlap” means that almost all the magnetic ?ux passing 
through a ?rst coil passes through a second coil. 

[0053] The phrase “a single wire starts at the ?rst terminal 
of the rectifying circuit 18 and ends at the second terminal” 
means that this wire is a single line that neither divides nor 
intersects and that does not intersect with another line while 
this wire runs from the ?rst terminal to the second terminal, as 
far as the electromagnetic induction coupling with the reso 
nance coils 51-1 and 51-2 is concerned. This arrangement 
does not prohibit a circuit con?guration in which a circuit 
element unrelated to the electromagnetic induction coupling 
is provided in parallel with the coil wire 55. Namely, a line 
may branch off from the coil wire 55 that starts at the ?rst 
terminal, and may then merge into the coil wire 55, as long as 
such a branch line does not relate to the electromagnetic 
induction coupling. 

[0054] In the circuit con?guration described above, the 
coils 55-1 and 55-2 connected in series and the respective 
resonance coils 51-1 and 51-2 are placed in such a manner 
that the corresponding coils can be coupled to each other via 
electromagnetic induction. With this arrangement, reception 
of power by one or more resonance coils through magnetic 
resonance causes the power to be transferred to the coil wire 
55 through electromagnetic induction. In this circuit con?gu 
ration, there is no need to provide a switching circuit for 
switching connections and no need to provide a circuit for 
controlling switching operations. Nor is there a need to pro 
vide a plurality of rectifying circuits. Accordingly, powers 
from a plurality of power receiving coils can be consolidated 
into one power without providing duplicate circuits or an 
additional circuit. 

[0055] FIG. 10 is a drawing illustrating an example of the 
con?guration of a resonance coil. A resonance coil on the 
transmission side and/or a resonance coil on the reception 
side may have the con?guration illustrated in FIG. 10. In the 
example of the con?guration illustrated in FIG. 10, the reso 
nance coil is implemented as a rigid printed circuit board. The 
printed circuit board includes a rigid substrate 60 and a spiral 
coil 61 that is printed on the substrate 60. Further, a capacitor 
element 62 is connected to the coil 61. 
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[0056] FIG. 11 is a drawing illustrating another example of 
the con?guration of a resonance coil. A resonance coil on the 
transmission side and/or a resonance coil on the reception 
side may have the con?guration illustrated in FIG. 11. In the 
example of the con?guration illustrated in FIG. 11, the reso 
nance coil is implemented as a ?exible printed circuit board. 
The printed circuit board includes a ?exible substrate 60A 
and the spiral coil 61 that is printed on the substrate 60A. 
Further, the capacitor element 62 is connected to the coil 61. 
[0057] FIG. 12 is a drawing showing yet another example 
of the con?guration of a resonance coil. A resonance coil on 
the transmission side and/or a resonance coil on the reception 
side may have the con?guration illustrated in FIG. 12. In the 
example of the con?guration illustrated in FIG. 12, the reso 
nance coil is implemented as a copper line 61A that does not 
require a support member such as a substrate. The copper line 
61A is formed into a spiral shape that draws a spiral on a 
plane. Further, the capacitor element 62 is connected to the 
copper line 61A. 

[0058] FIG. 13 is a drawing showing yet another example 
of the con?guration of a resonance coil. A resonance coil on 
the transmission side and/or a resonance coil on the reception 
side may have the con?guration illustrated in FIG. 13. In the 
example of the con?guration illustrated in FIG. 13, the reso 
nance coil is implemented as a copper line 63 that does not 
require a support member such as a substrate. The copper line 
is formed in a helical shape in which the line rotates aron an 
axis as it moves in one direction along the axis. Further, the 
capacitor element 62 is connected to the copper line 63. 
[0059] FIG. 14 is a drawing illustrating an example of the 
positional relationship between a plurality of resonance coils 
and one or more coils connected via wires to a power receiv 
ing circuit. In FIG. 14, the resonance coils 15-1 and 15-2 and 
the capacitors 16-1 and 16-2 correspond to the resonance 
coils 15-1 and 15-2 and the capacitors 16-1 and 16-2 illus 
trated in FIG. 1, respectively. Further, the coil wire 17 corre 
sponds to the coil 17 of FIG. 1. In the example of positional 
relationship illustrated in FIG. 14, the coil wire 17 is a single 
line that starts at the ?rst terminal of the power receiving 
circuit (e.g., the rectifying circuit 18 illustrated in FIG. 1) and 
ends at the second terminal. The coil wire 17 forms a plurality 
of coils 17-1 and 17-2 connected in series. Each of the coils 
17-1 and 17-2 is a single-winding coil in this example. The 
coils 17-1 and 17-2 connected in series and the respective 
resonance coils 15-1 and 15-2 are placed in such a manner 
that the corresponding coils can be coupled to each other via 
electromagnetic induction. More speci?cally, each of the 
coils 17-1 and 17-2 connected in series is placed in such a 
manner as to overlap the corresponding one of the resonance 
coils 15-1 and 15-2. The phrase “overlap” means that almost 
all the magnetic ?ux passing through a ?rst coil passes 
through a second coil. 
[0060] FIG. 15 is a drawing illustrating another example of 
the positional relationship between a plurality of resonance 
coils and one or more coils connected via wires to a power 
receiving circuit. The circuit wire line illustrated in FIG. 15 
differs from the circuit wire line illustrated in FIG. 14 in that 
the coil is a single-winding structure or a multi-winding struc 
ture. The remaining con?gurations are substantially the same. 
In the example of positional relationship illustrated in FIG. 
15, the coil wire 17A is a single line that starts at the ?rst 
terminal of the power receiving circuit (e.g., the rectifying 
circuit 18 illustrated in FIG. 1) and ends at the second termi 
nal. The coil wire 17 forms a plurality of coils 17-1A and 
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17-2A connected in series. Each of the coils 17-1A and 17-2A 
is a multi-winding coil in this example. 
[0061] FIG. 16 is a drawing illustrating yet another 
example of the positional relationship between a plurality of 
resonance coils and one or more coils connected via wires to 
a power receiving circuit. In FIG. 16, the resonance coils 15-1 
and 15-2 and the capacitors 16-1 and 16-2 correspond to the 
resonance coils 15-1 and 15-2 and the capacitors 16-1 and 
16-2 illustrated in FIG. 1, respectively. Further, a coil wire 
17B corresponds to the coil 17 of FIG. 1. In the example of 
positional relationship illustrated in FIG. 16, the coil wire 
17B is a single line that starts at the ?rst terminal of the power 
receiving circuit (e.g., the rectifying circuit 18 illustrated in 
FIG. 1) and ends at the second terminal. The coil wire 17B 
forms one coil 17-1B. The coil 17-1B is a single-winding coil 
in this example. Placement of the coils is arranged such that 
the coil 17-1B and the resonance coils 15-1 and 15-2 can be 
coupled to each other via electromagnetic induction. Speci? 
cally, the coil 17-1B is placed in such a manner as to overlap 
all of the resonance coils 15-1 and 15-2. The phrase “overlap” 
means that almost all the magnetic ?ux passing through a ?rst 
coil (15-1 or 15-2) passes through a second coil (17-1B). 
[0062] FIG. 17 is a drawing illustrating yet another 
example of the positional relationship between a plurality of 
resonance coils and one or more coils connected via wires to 

a power receiving circuit. The circuit wire line illustrated in 
FIG. 17 differs from the circuit wire line illustrated in FIG. 16 
in that the coil is a single-winding structure or a multi-wind 
ing structure. The remaining con?gurations are substantially 
the same. In the example of positional relationship illustrated 
in FIG. 17, a coil wire 17C is a single line that starts at the ?rst 
terminal of the power receiving circuit (e.g., the rectifying 
circuit 18 illustrated in FIG. 1) and ends at the second termi 
nal. The coil wire 17C forms one coil 17-1C. The coil 17-1C 
is a multi-winding coil in this example. 
[0063] According to at least one embodiment, a power 
receiving apparatus is provided in which powers from a plu 
rality of power receiving coils can be combined into one 
power without using duplicating circuits or an additional 
circuit. 
[0064] All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the invention and the concepts contributed 
by the inventor to furthering the art, and are to be construed as 
being without limitation to such speci?cally recited examples 
and conditions, nor does the organization of such examples in 
the speci?cation relate to a showing of the superiority and 
inferiority of the invention. Although the embodiment(s) of 
the present inventions have been described in detail, it should 
be understood that the various changes, substitutions, and 
alterations could be made hereto without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A power receiving apparatus, comprising: 
a plurality of resonance coils; 
a power receiving circuit; and 
a single wire con?gured to start at a ?rst terminal of the 
power receiving circuit and to end at a second terminal of 
the power receiving circuit, the single wire forming one 
coil or a plurality of coils connected in series, 

wherein the one coil or the plurality of coils connected in 
series and the plurality of resonance coils are placed 
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such that the one coil or the plurality of coils connected 
in series are couplable to the plurality of resonance coils. 

2. The power receiving apparatus as claimed in claim 1, 
wherein the plurality of resonance coils are disposed at 
respective, different positions in the power receiving appara 
tus, and are pointed to respective, different directions. 

3. The power receiving apparatus as claimed in claim 1, 
further comprising: 

a core circuit; and 
a plurality of magnetic shields disposed between the plu 

rality of resonance coils and the core circuit, respec 
tively. 

4. The power receiving apparatus as claimed in claim 1, 
wherein the power receiving circuit is a rectifying circuit. 

5. The power receiving apparatus as claimed in claim 1, 
wherein the single wire forms a plurality of coils connected in 
series, and each of the plurality of coils connected in series is 
con?gured to overlap a corresponding one of the plurality of 
resonance coils. 

6. The power receiving apparatus as claimed in claim 1, 
wherein the single wire forms one coil, and the one coil is 
con?gured to overlap all of the plurality of resonance coils. 

7. A power transmission system, comprising: 
a power transmission apparatus; and 
a power receiving apparatus con?gured to receive power 

from the power transmission apparatus via magnetic 
resonance, 

wherein the power receiving apparatus includes: 
a plurality of resonance coils; 
a power receiving circuit; and 
a single wire con?gured to start at a ?rst terminal of the 
power receiving circuit and to end at a second terminal of 
the power receiving circuit, the single wire forming one 
coil or a plurality of coils connected in series, 

wherein the one coil or the plurality of coils connected in 
series and the plurality of resonance coils are placed 
such that the one coil or the plurality of coils connected 
in series are couplable to the plurality of resonance coils. 

8. The power transmission system as claimed in claim 7, 
wherein the plurality of resonance coils are disposed at 
respective, different positions in the power receiving appara 
tus, and are pointed to respective, different directions. 

9. The power transmission system as claimed in claim 7, 
wherein the power receiving apparatus further includes: 

a core circuit; and 
a plurality of magnetic shields disposed between the plu 

rality of resonance coils and the core circuit, respec 
tively. 

10. A power transmission method, comprising: 
supplying altemating-current power to a transmission- side 

resonance coil; 
receiving power from the transmission-side resonance coil 

via electromagnetic induction with at least one of a 
plurality of reception-side resonance coils that are 
pointed to respective, different directions; 

magnetically coupling the plurality of reception-side reso 
nance coils with a single wire that forms one coil or a 
plurality of coils connected in series; and 

supplying power from the single wire to a power receiving 
circuit. 
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