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POWER RECEPTION DEVICE AND 
CONTACTLESS POWER TRANSMISSION 

SYSTEM 

TECHNICAL FIELD 

[ 0001 ] The present disclosure relates to a power reception 
device that receives power in a contactless manner and 
according to a magnetic resonance method , and a contactless 
power transmission system including the power reception 
device . 

BACKGROUND ART 

[ 0002 ] In the related art , a cellular phone including the 
following power reception coil and circuit board is provided . 
The power reception coil receives power transferred from a 
power transmission coil using electromagnetic induction , 
and on the circuit board , a conversion circuit is mounted to 
convert alternating current induced in the power reception 
coil into direct current and output the direct current ( see , for 
example , Patent Literature 1 ) . This cellular phone includes 
a movable case that houses the power reception coil and a 
main - body case that houses the circuit board , and the 
movable case and the main - body case are provided as 
separate cases . The movable case is coupled to the main 
body case such that the power reception coil can be sepa 
rated from the circuit board . 
[ 0003 ] Furthermore , in the related art , a wireless power 
transmission system is provided which transmits power 
using magnetic field resonance between a power transmis 
sion coil and a power reception coil ( see , for example , Patent 
Literature 2 ) . In a magnetic field resonance method , a power 
transmission device and a power reception device are pro 
vided with respective resonance circuits each employing a 
coil and a capacitor , and the resonance frequencies of these 
resonance circuits are made to coincide with each other , 
whereby power is transmitted from the power transmission 
device to the power reception device . In wireless power 
transmission by the magnetic field resonance method , it is 
possible to transmit power with a high efficiency even if the 
power transmission device and the power reception device 
are separated from each other to a certain extent . It should 
be noted that the magnetic field resonance is also referred to 
as magnetic resonance . 

transmission by the magnetic resonance method , and the 
position of the power reception device is restricted . 
[ 0007 ] On the other hand , in the power transmission of the 
magnetic resonance method , for example , in that of the 
wireless transmission system described in Patent Literature 
2 , the distance between the power transmission coil and the 
power reception coil can be set great , as compared with the 
power transmission by the electromagnetic induction 
method , and the restriction on the position of the power 
reception device can be reduced . 
[ 0008 ] However , if the power transmission by the mag 
netic resonance method is applied to the technique described 
in Patent Literature 1 , such a combination gives rise to the 
following problems . 
[ 0009 ] The frequency of power transmitted by magnetic 
resonance is higher than that of power transmitted by 
electromagnetic induction . For example , the frequency of 
power transmitted by electromagnetic induction is in the 
kHz band , whereas the resonance frequency of magnetic 
resonance is in the MHz band . 
[ 0010 ] Thus , a loss caused by an inductance of a wire such 
as a lead connecting a power reception coil housed in a 
movable case and a circuit board ( power reception circuit ) 
housed in a main - body case is increased . Furthermore , a 
high - frequency noise is made in the wire such as the lead 
connecting the power reception coil and the circuit board , 
and causes the circuit board to malfunction . 
[ 0011 ] The present disclosure is applied to solve the above 
problems , and relates to a power reception device and a 
contactless power transmission system that can reduce a 
power loss and a high - frequency noise between a power 
reception coil that receives power through magnetic reso 
nance and a power reception circuit . 

CITATION LIST 

Solution to Problem 
[ 0012 ] A power reception device according to an embodi 
ment of the present disclosure includes : a power reception 
coil that receives power by magnetic resonance ; a power 
reception circuit that converts power received by the power 
reception coil into direct current ; a load circuit that operates 
by the directed current into which the power is converted by 
the power reception circuit ; a first substrate on which the 
power reception coil and the power reception circuit are 
mounted ; and a second substrate on which the load circuit is 
mounted , the second substrate being located outside the 
power reception coil as viewed in an axial direction of the 
power reception coil . 

Advantageous Effects of Invention 
[ 0013 ] In the power reception device according to the 
embodiment of the present disclosure , the power reception 
coil and the power reception circuit are mounted on the first 
substrate . Therefore , the inductance of a connection path 
between the power reception coil and the power reception 
circuit can be reduced to a small value , and a power loss and 
a high - frequency noise can be reduced , as compared with the 
case where the power reception circuit is mounted on the 
second substrate , which is provided separate from the first 
substrate . 

Patent Literature 

[ 0004 ] Patent Literature 1 : Japanese Unexamined Patent 
Application Publication No. 2013-78243 
[ 0005 ] Patent Literature 2 : Japanese Patent No. 5838562 

SUMMARY OF INVENTION 

Technical Problem 

[ 0006 ] In the technique described in Patent Literature 1 , 
the movable case that houses the power reception coil is 
provided apart from the circuit board , thereby preventing the 
circuit board from malfunctioning because of electromag 
netic wave noise of the power transmission coil . However , 
in the technique of Patent Literature 1 , since power is 
transmitted by an electromagnetic induction method , the 
distance between the power transmission coil and the power 
reception coil needs to be short , as compared with the power 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0014 ] FIG . 1 is a plan view schematically illustrating an 
internal configuration of a power reception device according 
to a first embodiment . 
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[ 0015 ] FIG . 2 is a diagram schematically illustrating a 
cross section taken along line A - A in FIG . 1 . 
[ 0016 ] FIG . 3 is a plan view for explaining the positions 
of a power reception coil and a power reception circuit of the 
power reception device according to Embodiment 1 . 
[ 0017 ] FIG . 4 is a diagram schematically illustrating a 
schematic configuration of a contactless power transmission 
system according to Embodiment 1 . 
[ 0018 ] FIG . 5 is a diagram illustrating a configuration of 
a power transmission device and the power reception device 
according to Embodiment 1 . 
[ 0019 ] FIG . 6 is a specific circuit diagram of the configu 
ration as illustrated in FIG . 5 . 
[ 0020 ] FIG . 7 is a diagram illustrating the positions of a 
load circuit and a magnetic field that acts on the power 
reception coil of the contactless power transmission system 
according to Embodiment 1 . 
[ 0021 ] FIG . 8 is a diagram for explaining the positions of 
the load circuit and the magnetic field that acts on the power 
reception coil of the contactless power transmission system 
according to Embodiment 1 . 
[ 0022 ] FIG . 9 is a plan view illustrating an external 
appearance of a power reception device according to 
Embodiment 2 . 
[ 0023 ] FIG . 10 is a plan view schematically illustrating an 
internal configuration of the power reception device accord 
ing to Embodiment 2 . 
[ 0024 ] FIG . 11 is a diagram schematically illustrating a 
cross section taken along line A - A in FIG . 10 . 
[ 0025 ] FIG . 12 is a plan view schematically illustrating an 
internal configuration of a power reception device according 
to Embodiment 3 . 
[ 0026 ] FIG . 13 is a diagram for explaining the positions of 
a lord circuit and a magnetic field that acts on a power 
reception coil of a contactless power transmission system 
according to Embodiment 3 . 
[ 0027 ] FIG . 14 is a plan view schematically illustrating a 
configuration of a power reception device according to 
Embodiment 4 . 
[ 0028 ] FIG . 15 is another plan view schematically illus 
trating the configuration of the power reception device 
according to Embodiment 4 . 
[ 0029 ] FIG . 16 is a side view illustrating a modification of 
the configuration of the power reception device according to 
Embodiment 4 . 

spirally formed . It should be noted that the power reception 
coil 30 is not limited to the wiring pattern , and may be 
formed by spirally winding an arbitrary conductive line and 
may be mounted on the first substrate 10. Furthermore , the 
power reception coil 30 may be formed to have a plurality 
of layers stacked . 
[ 0035 ] It should be noted that at an inner peripheral 
portion of the power reception coil 30 on the first substrate 
10 , a cutout portion 11 , which is a through hole extending 
through the first substrate 10 , is formed . It should be noted 
that it is not indispensable that the cutout portion 11 is 
formed ; that is , no cutout portion 11 may be provided . 
[ 0036 ] The power reception circuit 40 converts power 
received by the power reception coil 30 into direct current . 
A detailed configuration of the circuit configuration will be 
described later . 
[ 0037 ] The power reception coil 30 and the power recep 
tion circuit 40 are connected by wiring pattern formed on 
the first substrate 10. The positions of the power reception 
coil 30 and the power reception circuit 40 on the first 
substrate 10 will be described with reference to FIG . 3 . 
[ 0038 ] FIG . 3 is a plan view for explaining the positions 
of the power reception coil and the power reception circuit 
of the power reception device according to Embodiment 1 . 
[ 0039 ] As illustrated in FIG . 3 , at the first substrate 10 , a 
first region 12 and a second region 13 are adjacent to each 
other as viewed in a direction along an axis AX of the power 
reception coil 30 ; and in the first region 12 , the power 
reception coil 30 is provided , and in the second region 13 , 
the power reception circuit 40 is provided . That is , the power 
reception coil 30 and the power reception circuit 40 are 
provided on the first substrate 10 such that the wiring pattern 
connecting the power reception coil 30 and the power 
reception circuit 40 is set to have the shortest possible 
length . 
[ 0040 ] The following description is made with reference 
to FIGS . 1 and 2 . 

[ 0041 ] On the second substrate 20 , a load circuit 50 is 
mounted . The load circuit 50 is operated by the direct current 
obtained by conversion performed by the power reception 
circuit 40. The load circuit 50 and the power reception 
circuit 40 are connected by a wire 21. The wire 21 is , for 
example , a conductive line that is made of an arbitrary metal 
coated with an insulating film . 
[ 0042 ] The second substrate 20 is provided outside the 
power reception coil 30 as viewed in the direction along the 
axis AX of the power reception coil 30. For example , as 
illustrated in FIG . 2 , the second substrate 20 is provided such 
that an end of the second substrate 20 that is closer to the 
power reception coil 30 is separated from an outer peripheral 
end of the power reception coil 30 by a distance G. 
[ 0043 ] The power reception circuit 40 on the first substrate 
10 overlaps with at least part of the second substrate 20 as 
viewed in the direction along the axis AX of the power 
reception coil 30 . 
[ 0044 ] FIG . 4 is diagram illustrating a schematic con 
figuration of a contactless power transmission system 
according to Embodiment 1 . 
[ 0045 ] As illustrated in FIG . 4 , a contactless power trans 
mission system 300 includes a power reception device 100 
and a power transmission device 200 that transmits power to 
the power reception device 100 . 

DESCRIPTION OF EMBODIMENTS 

Embodiment 1 

( Configuration ) 
[ 0030 ] FIG . 1 is a plan view schematically illustrating an 
internal configuration of a power reception device according 
to Embodiment 1 . 
[ 0031 ] FIG . 2 is a diagram schematically illustrating a 
cross section taken along line A - A in FIG . 1 . 
[ 0032 ] As illustrated in FIGS . 1 and 2 , a power reception 
device 100 includes a first substrate 10 and a second 
substrate 20 both housed in a housing 1 . 
[ 0033 ] On the first substrate 10 , a power reception coil 30 
and a power reception circuit 40 are mounted . 
[ 0034 ] The power reception coil 30 receives power 
through magnetic resonance . The power reception coil 30 is 
a flat coil in which a wiring pattern such as copper foil is 
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[ 0046 ] The power transmission device 200 includes a 
power transmission coil 70 that transmits power with mag 
netic resonance . 
( 0047 ] The power transmission coil 70 is a flat coil in 
which a substrate wiring pattern such as copper foil is 
spirally formed . It should be noted that the power transmis 
sion coil 70 is not limited to the wiring pattern , and may be 
formed by spirally winding an arbitrary conductive wire . 
Also , the power transmission coil 70 may be formed by 
stacking a plurality of layers . 
[ 0048 ] It should be noted that although FIG . 4 illustrates 
the case where the size of the power transmission coil 70 is 
greater than that of the power reception coil 30 , the embodi 
ment is not limited to this case , and the size of the power 
transmission coil 70 may be nearly equal to that of the power 
reception coil 30. Furthermore , the power reception coil 30 
and the power transmission coil 70 may be circular or 
elliptical . 
[ 0049 ] When located within the range of a magnetic field 
produced by the power transmission coil 70 , the power 
reception coil 30 of the power reception device 100 receives 
power through magnetic resonance . Power transmission 
using magnetic resonance will be described in detail with 
reference to FIGS . 5 and 6 . 

that the resonance frequency fo is not limited to this , and 
may be a frequency that is an integral multiple of 6.78 MHz 
in the MHz band . 
[ 0056 ] The matching circuit 602 performs impedance 
matching between an output impedance Zo of the resonance 
type power supply 601 and a pass characteristic impedance 
Zt of the power transmission coil 70. The matching circuit 
602 includes a or L filter including an inductor L and a 
capacitor C , and has a pass characteristic impedance Zp . 
[ 0057 ] When AC power is input from the resonance type 
power supply 601 to the power transmission coil 70 via the 
matching circuit 602 , the power transmission coil 70 per 
forms a resonance operation , and produces a non - radiation 
electromagnetic field in the vicinity of the power transmis 
sion coil 70 , thereby transmitting power to the power 
reception coil 30 of the power reception device 100. The 
power transmission coil 70 forms along with a capacitor C5 
form a resonance circuit . The power transmission coil 70 
serves as a resonant antenna . The power transmission coil 70 
has the pass characteristic impedance Zt , a resonance fre 
quency ft , and a resonance characteristic value Qt . 
[ 0058 ] The resonance frequency fo and the resonance 
characteristic value Qo of the resonance type power supply 
601 depend on the output impedance Zo of the resonance 
type power supply 601 and the pass characteristic imped 
ance Zp of the matching circuit 602. A resonance frequency 
ft and the resonance characteristic value Qt of the power 
transmission coil 70 depend on the pass characteristic 
impedance Zt of the power transmission coil 70 and the pass 
characteristic impedance Zp of the matching circuit 602 . 
[ 0059 ] From the two resonance characteristic values Qo 
and Qt , the power transmission device 200 has a resonance 
characteristic value Qtx as indicated by the following equa 
tion ( 1 ) . 

( Power Transmission Using Magnetic Resonance ) 

[ Math . 1 ] 
[ 0060 ] 

[ 0050 ] FIG . 5 is a diagram illustrating configurations of 
the power transmission device and the power reception 
device according to Embodiment 1 . 
[ 0051 ] FIG . 6 is a specific circuit diagram of the configu 
ration as illustrated in FIG . 5 . 
[ 0052 ] The power reception device 100 and the power 
transmission device 200 are included in a magnetic reso 
nance type of contactless power transmission system 300 
that performs power transmission using resonance charac 
teristics . That is , the power transmission device 200 is 
provided as a resonance type power transmission device that 
transmits power to the power reception device 100 through 
magnetic resonance . The power reception device 100 is 
provided as a resonance type power reception device that 
receives power from the power transmission device 200 
through magnetic resonance . It should be noted that power 
transmission using magnetic resonance is also referred to as 
resonance coupling type power transmission . 
[ 0053 ] As illustrated in FIGS . 5 and 6 , the power trans 
mission device 200 includes a power transmission circuit 60 
that forms an inverter circuit that supplies power to the 
power transmission coil 70 . 
[ 0054 ] The power transmission circuit 60 includes a reso 
nance type power supply 601 and a matching circuit 602 . 
[ 0055 ] The resonance type power supply 601 controls 
supply of power to the power transmission coil 70 , and 
converts input DC power or AC power into alternating 
current of a predetermined frequency and outputs the alter 
nating current . The resonance type power supply 601 is a 
resonant switching power supply circuit that includes a 
semiconductor switching element S1 . The resonance type 
power supply 601 has an output impedance Zo , a resonance 
frequency fo , and a resonance characteristic value Qo . The 
resonance frequency fo of the resonance type power supply 
601 is set to a frequency in the MHz band . The resonance 
frequency fo is , for example , 6.78 MHz . It should be noted 

Qtx = v ( Qo - Qt ) ( 1 ) 

[ 0061 ] The power reception circuit 40 of the power recep 
tion device 100 includes a rectifier circuit 401 and a con 
version circuit 402 . 
[ 0062 ] The power reception coil 30 receives power by 
performing a resonance coupling operation with a non 
radiation electromagnetic field from the power transmission 
coil 70 , and outputs AC power . The power reception coil 30 
forms along with a capacitor C11 form a resonance circuit . 
The power reception coil 30 serves as a resonant antenna . 
The power reception coil 30 has a pass characteristic imped 
ance Zr . 
[ 0063 ] The rectifier circuit 401 is a matching type rectifier 
circuit that has a rectifying function to convert AC power 
from the power reception coil 30 into DC power , and a 
matching function to perform impedance matching between 
the pass characteristic impedance Zr of the power reception 
coil 30 and the input impedance ZRL of the conversion 
circuit 402. The matching function is fulfilled by a t or L 
filter that includes an inductor L and a capacitor C. The 
rectifier circuit 401 has a pass characteristic impedance Zs . 
Although it is described above that the rectifier circuit 401 
has the rectifier function and the matching function , it is not 
limitative . The rectifier circuit 401 may be configured to 
have the rectifying function only , though such a configura 
tion causes a rectification efficiency to be reduced . 
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which the semiconductor switching element S1 is driven is 
set to a high frequency , heat dissipation at the resonance type 
power supply 601 is satisfactory . Therefore , a radiating fin 
provided in the resonance type power supply 601 can be 
made smaller , and the resonance type power supply 601 can 
be made smaller and manufactured at a lower cost . 

[ 0064 ] The conversion circuit 402 receives DC power 
from the rectifier circuit 401 , converts the DC power into a 
predetermined voltage , and applies the voltage to the load 
circuit 50. The conversion circuit 402 includes an LC filter , 
a DC / DC converter , etc. , and has an input impedance ZRL . 
The LC filter smooths a high - frequency voltage ripple , and 
the DC / DC converter performs conversion to obtain a pre 
determined voltage . It should be noted that the conversion 
circuit 402 may be formed to include the LC filter only , 
which is a smoothing filter , without including the DC / DC 
converter . 
[ 0065 ] A resonance characteristic value Qr and a reso 
nance frequency fr of the power reception device 100 
depend on the pass characteristic impedance Zr of the power 
reception coil 30 , the pass characteristic impedance Zs of the 
rectifier circuit 401 , and the input impedance ZRL of the 
conversion circuit 402 . 
[ 0066 ] The characteristic impedances of functional units 
are set such that the resonance characteristic value Qo of the 
resonance type power supply 601 , the resonance character 
istic value Qt of the power transmission coil 70 , and the 
resonance characteristic value Qr of the power reception 
device 100 have a correlation . That is , the resonance char 
acteristic value Qtx ( V ( Qo Qt ) ) of the power transmission 
device 200 and the resonance characteristic value Qr of the 
power reception device 100 are approximated to each other 
( formula ( 2 ) below ) . 
[ 0067 ] Specifically , the range indicated by the following 
formula ( 3 ) is desirable . 

[ Math . 2 ] 
[ 0068 ] 

V ( Qo`Qt ) « Qr 

[ Math . 3 ] 
[ 0069 ] 

0.5QrsV ( Qo - Qt ) s1.5Qr ( 3 ) 

[ 0070 ] As described above , the three resonance character 
istic values that are the resonance characteristic value Qo of 
the resonance type power supply 601 , the resonance char 
acteristic value Qt of the power transmission coil 70 , and the 
resonance characteristic value Qr of the power reception 
device 100 are correlated with each other as indicated above , 
whereby a decrease in power transmission efficiency can be 
reduced . Therefore , in the power transmission by the mag 
netic resonance method , the distance between the power 
transmission coil 70 and the power reception coil 30 can be 
increased as compared with the power transmission by the 
electromagnetic induction method . It should be noted that 
the power transmission by the electromagnetic induction 
method is also referred to as electromagnetic induction 
coupling type power transmission . 
[ 0071 ] The semiconductor switching element S1 is formed 
of , for example , a wide - bandgap semiconductor . A wide 
bandgap semiconductor is a general term for semiconductor 
elements having a larger bandgap than that of silicon . The 
wide - bandgap semiconductor is silicon carbide , a gallium 
nitride - based material , diamond , or gallium nitride . 
[ 0072 ] Since the semiconductor switching element S1 is 
formed of a wide - bandgap semiconductor , the conduction 
loss of the semiconductor switching element Si can be 
reduced . In addition , even when the switching frequency at 

( Operation ) 
[ 0073 ] Next , the operation of the contactless power trans 
mission system 300 according to Embodiment 1 will be 
described . 
[ 0074 ] A user places the power reception device 100 on 
the power transmission device 200. For example , the power 
reception device 100 is placed such that the power reception 
coil 30 of the power reception device 100 faces the power 
transmission coil 70 of the power transmission device 200 . 
It should be noted that as described above , in the power 
transmission by the magnetic resonance method , the dis 
tance within which the power transmission can be achieved 
is long . Thus , the position of the power reception coil 30 is 
not limited to a position at which the power reception coil 30 
faces the power transmission coil 70 , and it suffices that the 
power reception coil 30 is located within a range in which 
the power reception coil 30 can receive power from the 
power transmission coil 70 using magnetic resonance . 
[ 0075 ] When the power transmission circuit 60 of the 
power transmission device 200 operates , a high - frequency 
current is supplied from the power transmission circuit 60 to 
the power transmission coil 70 , and a magnetic field is thus 
produced from the power transmission coil 70. As a result , 
power is supplied from the power transmission coil 70 to the 
power reception coil 30 of the power reception device 100 
using magnetic resonance . The power received by the power 
reception coil 30 is converted into direct current by the 
power reception circuit 40 , and the direct current is supplied 
to the load circuit 50 . 
[ 0076 ] It will be described how a magnetic field that acts 
on power reception of the power reception coil 30 affects the 
load circuit 50 . 
[ 0077 ] FIG . 7 is a diagram for explaining the positions of 
the load circuit and a magnetic field that acts on the power 
reception of the power reception coil of the contactless 
power transmission system according to Embodiment 1 . 
[ 0078 ] As illustrated in FIG . 7 , a magnetic field produced 
in the axial direction of the power transmission coil 70 
passes through the power reception coil 30 , which is pro 
vided opposite to the power transmission coil 70. When the 
magnetic field B1 passes through the power reception coil 
30 , a high - frequency induced voltage is produced in the 
power reception coil 30 . 
[ 0079 ] As illustrated in FIGS . 1 and 2 , the load circuit 50 
is mounted on the second substrate 20. The second substrate 
20 is located outside the power reception coil 30 as viewed 
in the direction along the axis AX of the power reception coil 
30. That is , the magnetic field B1 that acts on the power 
reception of the power reception coil 30 does not pass 
through the load circuit 50 . 
[ 0080 ] Thus , the power reception coil 30 is not magneti 
cally affected by the load circuit 50 , and a flux linkage of the 
power reception coil 30 is not reduced . It is therefore 
possible to improve a contactless power feeding efficiency . 
This is because even if the distance between the power 
transmission device 200 and the power reception device 100 
is great , it is possible to produce an induced voltage in the 
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power reception coil 30 and also to operate the load circuit 
50 , thereby improving the usability of the contactless power 
transmission system 300 . 
[ 0081 ] FIG . 8 is a diagram for explaining the positions of 
the load circuit and a magnetic field that acts on the power 
reception of the power reception coil of the contactless 
power transmission system according to Embodiment 1 . 
[ 0082 ] As illustrated in FIG . 8 , when the magnetic field B2 
from the power transmission coil 70 passes through the load 
circuit 50 , a magnetic field B3 is produced from the load 
circuit 50. To be more specific , at the load circuit 50 , an 
electrical current - loop path , that is , an electrically closed 
circuit , is provided by electrical components such as an LED 
or a microcomputer that form the load circuit 50 and a 
wiring pattern such as copper foil that electrically connects 
the electronic component . When the magnetic field B2 
passes through the electrically closed circuit provided at the 
load circuit 50 , a high - frequency induced voltage is pro 
duced . Then , current flows through the electrically closed 
circuit of the load circuit 50 , thereby producing a magnetic 
field B3 that acts in the opposite direction to a direction 
where the magnetic field B2 acts . 
[ 0083 ] As illustrated in FIGS . 1 and 2 , the load circuit 50 
is mounted on the second substrate 20. The second substrate 
20 is located outside the power reception coil 30 as viewed 
in the direction along the axis AX of the power reception coil 
30 . 
[ 0084 ] That is , the magnetic field B3 produced from the 
load circuit 50 does not pass through the power reception 
coil 30 , and the magnetic field B1 that acts on the power 
reception of the power reception coil 30 is not canceled by 
the magnetic field B3 that acts in the opposite direction to 
the direction where the magnetic field B1 acts . 
[ 0085 ] Thus , the power reception coil 30 is not magneti 
cally affected by the load circuit 50 , and the flux linkage of 
the power reception coil 30 is not reduced . It is therefore 
possible to improve a contactless power feeding efficiency . 
This is because even if the distance between the power 
transmission device 200 and the power reception device 100 
is great , it is possible to produce an induced voltage in the 
power reception coil 30 and also to operate the load circuit 
50 , thereby improving the usability of the contactless power 
transmission system 300 . 

frequency of occurrence of high - frequency noise and also 
that of occurrence of malfunction of the load circuit 50 . 
[ 0089 ] Furthermore , even if an electrically closed circuit is 
provided in the load circuit 50 , the magnetic field B3 
produced from the load circuit 50 does not cancel the 
magnetic field B1 acting on the power reception of the 
power reception coil 30 . 
[ 0090 ] Therefore , the distance between the power recep 
tion coil 30 and the load circuit 50 does not need to be set 
great . Also , since it is not necessary to provide , for example , 
a magnetic sheet between the power reception coil 30 and 
the load circuit 50 , it is possible to improve the contactless 
power feeding efficiency and to make the power reception 
device 100 smaller . In addition , since it is not necessary to 
provide a shield plate or a magnetic sheet , the manufacturing 
cost of the power reception device can be reduced . 
[ 0091 ] Furthermore , since an electrically closed circuit 
can be provided in the load circuit 50 , it is possible to 
improve the flexibility in designing the wiring pattern on the 
second substrate 20 on which the load circuit 50 is mounted . 
Therefore , the number of components provided on the load 
circuit 50 mounted on the second substrate 20 can be 
increased , and the performance of the power reception 
device 100 can be made higher . 
[ 0092 ] In Embodiment 1 , in the first substrate 10 , the first 
region 12 in which the power reception coil 30 is located is 
adjacent to the second region 13 in which the power recep 
tion circuit 40 is located , as viewed in the direction along the 
axis AX of the power reception coil 30. That is , the power 
reception coil 30 and the power reception circuit 40 are 
provided on the first substrate 10 such that the wiring pattern 
connecting the power reception coil 30 and the power 
reception circuit 40 is set to have the shortest possible 
length . 
[ 0093 ] Thus , the inductance of the connection path 
between the power reception coil 30 and the power reception 
circuit 40 can be reduced . It is therefore possible to reduce 
a power loss and a high - frequency noise between the power 
reception coil 30 and the power reception circuit 40 which 
receive power by magnetic resonance . 
[ 0094 ] Moreover , in Embodiment 1 , the power reception 
circuit 40 on the first substrate 10 is covered by at least part 
of the second substrate 20 as viewed in the direction along 
the axis AX of the power reception coil 30 . 
[ 0095 ] Therefore , the length of the wire 21 connecting the 
power reception circuit 40 and the load circuit 50 can be 
shortened . In addition , the power reception device 100 can 
be made small , as compared with the case where the first 
substrate 10 and the second substrate 20 are provided such 
that they do not overlap with each other . 
[ 0096 ] In the contactless power transmission system 300 
according to Embodiment 1 , power is transmitted from the 
power transmission device 200 to the power reception 
device 100 using magnetic resonance . 
[ 0097 ] Therefore , the restriction on the position of the 
power reception device 100 to which power is transmitted 
from the power transmission device 200 can be reduced , as 
compared with the power transmission is performed by the 
electromagnetic induction coupling . In addition , even in the 
case where the power transmission coil 70 and the power 
reception coil 30 are not provided to face each other , power 
transmission can be achieved . Therefore , it is possible to 
improve the flexibility in setting the position of the power 
reception device 100 and to improve the usability . 

( Advantage ) 
[ 0086 ] As described above , in Embodiment 1 , the power 
reception device 100 includes the first substrate 10 on which 
the power reception coil 30 and the power reception circuit 
40 are mounted , and the second substrate 20 which is 
provided outside the power reception coil 30 as viewed in 
the direction along the axis AX of the power reception coil 
30 and on which the load circuit 50 is mounted . 
[ 0087 ] Therefore , the inductance of a connection path 
between the power reception coil 30 and the power reception 
circuit 40 can be reduced to a small value , as compared with 
the case where the power reception circuit 40 is mounted on 
the second substrate 20 which is provided separate from the 
first substrate 10. It is therefore possible to reduce a power 
loss and a high - frequency noise between the power recep 
tion coil 30 that receives power using magnetic resonance 
and the power reception circuit 40 . 
[ 0088 ] Furthermore , since a wire such as a lead that 
connects the power reception coil 30 and the power recep 
tion circuit 40 is unnecessary , it is possible to reduce the 
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Embodiment 2 

[ 0098 ] In Embodiment 2 , a configuration in which the 
power reception device 100 is applied to a remote controller 
will be described . 
[ 0099 ] It should be noted that components that are the 
same as those in Embodiment 1 will be denoted by the same 
reference numerals , and Embodiment 2 will be described by 
referring mainly to the differences between Embodiments 1 
and 2 . 
[ 0100 ] FIG . 9 is a plan view illustrating an external 
appearance of the power reception device according to 
Embodiment 2 . 
[ 0101 ] FIG . 10 is a plan view schematically illustrating an 
internal configuration of the power reception device accord 
ing to Embodiment 2 . 
[ 0102 ] FIG . 11 is a diagram schematically illustrating a 
cross section taken along line A - A in FIG . 10 . 
[ 0103 ] As illustrated in FIGS . 9 to 11 , the power reception 
device 100 according to Embodiment 2 also functions as a 
remote controller . The power reception device 100 includes 
a load circuit 50 and a second load circuit 51 that are 
supplied with power from the power reception circuit 40 . 
[ 0104 ] The load circuit 50 includes electronic component 
such a microcomputer and an operation switch that performs 
an operation related to an operation input to the remote 
controller . Furthermore , the load circuit 50 includes elec 
tronic component that form a transmission unit and a recep 
tion unit . The transmission unit transmits operation infor 
mation to an external device , and the reception unit acquires 
information from the external device . 
[ 0105 ] The second load circuit 51 is provided in such a 
manner to overlap with the power reception coil 30 as 
viewed the direction along the axis AX of the power 
reception coil 30. For example , the second load circuit 51 is 
provided in the housing 1 of the power reception device 100 
in such a manner as to face the power reception coil 30 and 
adjacent to the second substrate 20 . 
[ 0106 ] The second load circuit 51 displays information on 
an operation input by the load circuit 50 or information 
acquired from an external device . The second load circuit 51 
includes , for example , a display component such as a liquid 
crystal display ( LCD ) or a light emitting diode ( LED ) . The 
second load circuit 51 includes a component that does not 
form an electrically closed circuit . It should be noted that 
“ does not form an electrically closed circuit ” means that 
there is no passage through which current flows in a loop 

[ 0109 ] Therefore , it is possible to effectively use the 
volume of the power reception device 100 by providing in 
a region that faces the power reception coil 30 , a component 
that is not affected by the supply of power to the power 
reception coil 30 , and also possible to provide the power 
reception device 100 which is compact and easily usable . 
[ 0110 ] Although it is described above by way of example 
that the second load circuit 51 includes a display component , 
it is not limitative . Any component or components can be 
used as the second load circuit 51 as long as the components 
have a configuration in which a current loop is not provided . 
[ 0111 ] In the case where the second load circuit 51 
includes an LCD or an LED as the display component , for 
example , a microcomputer that controls the operation of the 
display component may be provided in the load circuit 50 , 
the display component may be provided in the second load 
circuit 51 , and the display component may be electrically 
connected to the load circuit 50 of the second substrate 20 . 
[ 0112 ] The second load circuit 51 is not limited to elec 
tronic components . For example , the second load circuit 51 
may include a light guide plate . To be more specific , in this 
case , the load circuit 50 mounted on the second substrate 20 
includes , for example , an LED as the display component , 
and light from the LED is made incident on the light guide 
plate , which is provided on an upper surface of the power 
reception coil 30. In such a manner , a backlight of the 
display unit may be formed to include the light guide plate 
which is included in the second load circuit 51 . 

Embodiment 3 

manner . 

[ 0113 ] In Embodiment 3 , a plurality of sets of power 
reception coils 30 and power reception circuits 40 are 
provided , and this will be described as follows . 
[ 0114 ] It should be noted that components that are the 
same as those in Embodiments 1 and / or 2 will be denoted by 
the same reference numerals , and Embodiment 3 will be 
described by referring mainly to the differences between 
Embodiment 3 and Embodiments 1 and 2 . 
[ 0115 ] FIG . 12 is a plan view schematically illustrating an 
internal configuration of a power reception device according 
to Embodiment 3 . 
[ 0116 ] As illustrated in FIG . 12 , in Embodiment 3 , the 
power reception device 101 includes a first substrate 10a on 
which a power reception coil 30a and a power reception 
circuit 40b are mounted , and a first substrate 10b on which 
a power reception coil 30b and a power reception circuit 40b 
are mounted . The load circuit 50 mounted on the second 
substrate 20 is supplied with power from both the power 
reception circuit 40a and the power reception circuit 40b . 
[ 0117 ] The second substrate 20 is provided outside the 
power reception coil 30a as viewed in the direction along the 
axis AX of the power reception coil 30a . Also , the second 
substrate 20 is provided outside the power reception coil 30b 
as viewed in the direction along the axis AX of the power 
reception coil 30b . 
[ 0118 ] FIG . 13 is a diagram for explaining the positions of 
the load circuit and a magnetic field that acts on the power 
reception of the power reception coil of a contactless power 
transmission system according to Embodiment 3 . 
[ 0119 ] As illustrated in FIG . 13 , a magnetic field produced 
in the axial direction of the power transmission coil 70 
passes through the power reception coil 30a . When the 

[ 0107 ] As described above , in Embodiment 2 , the second 
load circuit 51 includes an electronic component which does 
not form an electrically closed circuit , and is provided in 
such a manner as to overlap with the power reception coil 30 
as viewed in the direction along the axis AX of the power 
reception coil 30 . 
[ 0108 ] Therefore , the volume of the housing 1 of the 
power reception device 100 can be effectively used . Fur 
thermore , the second load circuit 51 does not form an 
electrically closed circuit . Thus , even when a magnetic field 
from the power transmission coil 70 passes through the 
second load circuit 51 , current does not flow in a loop 
manner , a magnetic field that cancels the flux linkage of the 
power reception coil 30 is not produced from the second 
load circuit 51 , and there is no possibility that the contactless 
power feeding efficiency will be reduced . 
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magnetic field Bla passes through the power reception coil 
30a , a high - frequency induced voltage is produced in the 
power reception coil 30a . 
[ 0120 ] Also , a magnetic field produced in the axial direc 
tion of the power transmission coil 70 passes through the 
power reception coil 306. When the magnetic field B1b 
passes through the power reception coil 30b , a high - fre 
quency induced voltage is produced in the power reception 
coil 30b . 
[ 0121 ] Furthermore , when the magnetic field B2 from the 
power transmission coil 70 passes through the load circuit 
50 , a magnetic field B3 is produced from the load circuit 50 . 
That is , when the magnetic field B2 passes through an 
electrically closed circuit provided in the load circuit 50 , 
current flows through the electrically closed circuit of the 
load circuit 50 , and the magnetic field B3 is produced in the 
opposite direction to the direction of the magnetic field B2 . 
[ 0122 ] The load circuit 50 is mounted on the second 
substrate 20. The second substrate 20 is located outside the 
power reception coil 30a as viewed in the direction along the 
axis AX of the power reception coil 30a . Also , the second 
substrate 20 is located outside the power reception coil 30b 
as viewed in the direction along the axis AX of the power 
reception coil 30b . 
[ 0123 ] That is , the magnetic field B3 produced from the 
load circuit 50 passes through neither the power reception 
coil 30a nor the power reception coil 30b . Thus , the power 
reception coils 30a and 30b are not magnetically affected by 
the load circuit 50 , and the flux linkages of the power 
reception coils 30a and 30b are not reduced . Therefore , it is 
possible to improve the contactless power feeding efficiency . 
( 0124 ] With respect to Embodiment 3 , although the above 
description refers to the case where two sets of power 
reception coils 30 and power reception circuits 40 are 
provided , the embodiment is not limited to such a case , that 
is , an arbitrary number of sets of power reception coils and 
power reception circuits 40 may be provided . 
[ 0125 ] As described above , since a plurality of sets of 
power reception coils 30 and power reception circuits 40 are 
provided in the power reception device 100 , it is possible to 
enlarge the space in the power reception device 100 where 
the power reception coils 30 are provided , and also to 
enlarge the range in which power can be transmitted by the 
power reception device 100. Therefore , the usability can be 
further improved . 

internal configuration of the power reception device 102 , 
and FIG . 14 , ( b ) , and FIG . 15 , ( b ) , are schematic diagrams 
illustrating a side surface of the power reception device 102 . 
[ 0129 ] As illustrated in FIGS . 14 and 15 , in Embodiment 
4 , the power reception device 102 includes a first housing la 
that houses the first substrate 10 and a second housing 1b 
that houses the second substrate 20 . 
[ 0130 ] In the power reception device 102 , as viewed from 
the direction of the axis AX of the power reception coil 30 , 
the first housing la and the second housing 1b are connected 
to each other such that the first and second housings la and 
1b can be moved to a first position where the load circuit 50 
is located outside the power reception coil 30 and a second 
position where the load circuit 50 overlaps with the power 
reception coil 30 , as viewed from the direction of the axis 
AX of the power reception coil 30 . 
[ 0131 ] For example , as illustrated in FIGS . 14 and 15 , 
movable slide mechanisms are attached to the first housing 
la and the second housing 1b , and the first housing la is 
configured to slide relative to the second housing 1b . 
[ 0132 ] Because of the above configuration , in the case 
where the power reception device 102 receives power from 
the power transmission device 200 , the user moves the first 
housing la to the first position . In the case where the power 
reception device 102 does not receive power from the power 
transmission device 200 , the user moves the first housing la 
to the second position . 
[ 0133 ] Thus , when the first housing la is located at the 
first position , the power reception device 102 can obtain the 
same advantages as in Embodiments 1 to 3 . 
[ 0134 ] Furthermore , in the case where the first housing la 
is located at the second position , the power reception device 
102 can be made smaller , and the usability of the power 
reception device 102 is improved . 
[ 0135 ] Although the above description refers to the case 
where the first housing la is configured to slide relative to 
the second housing 1b , it is not restrictive . For example , the 
first housing la and the second housing 1b may be rotatably 
connected each other . In addition , end portions of the first 
housing la and the second housing 16 may be connected to 
each other by a hinge mechanism such that that the first and 
second housings la and 1b are rotatable . That is , any 
configuration can be applied as long as the first housing la 
and the second housing 1b can be moved to the first position 
where the load circuit 50 is located outside the power 
reception coil 30 and the second position where the load 
circuit 50 overlaps with the power reception coil 30 . 

Embodiment 4 

( Modification ) 

[ 0126 ] In Embodiment 4 , the first substrate 10 and the 
second substrate 20 are movable , and this configuration will 
be described as follows . 
[ 0127 ] It should be noted that components that are the 
same as those of any of Embodiments 1 to 3 will be denoted 
by the same reference signs , and Embodiment 4 will be 
described by referring mainly to the differences between 
Embodiment 4 and Embodiments 1 to 3 . 
[ 0128 ] FIGS . 14 and 15 are plan views schematically 
illustrating a configuration of a power reception device 
according to Embodiment 4. FIG . 14 is a diagram illustrat 
ing a state in which a first housing la and a second housing 
1b , which will be described later , have been moved to a first 
position . FIG . 15 is a diagram illustrating a state in which the 
first housing la and the second housing 1b have been moved 
to a second position . It should be noted that FIG . 14 , ( a ) , and 
FIG . 15 , ( a ) , are plan views schematically illustrating an 

[ 0136 ] FIG . 16 is a side view schematically illustrating a 
modification of the configuration of the power reception 
device according to Embodiment 4. As illustrated in FIG . 16 , 
the second load circuit 51 that does not form an electrically 
closed circuit may be provided on the first housing la . As in 
Embodiment 2 , the second load circuit 51 is provided in 
such a manner as to overlap with the power reception coil 30 
as viewed in the direction along the axis AX of the power 
reception coil 30 . 
[ 0137 ] Also , in such a configuration , it is possible to 
effectively use the volume in the power reception device 
102 , and provide the power reception device 102 which is 
compact and easily usable . 
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REFERENCE SIGNS LIST 

[ 0138 ] 1 housing , la first housing , 1b second housing , 10 
first substrate , 10a first substrate , 10b first substrate , 11 
cutout portion , 12 first region , 13 second region , 20 second 
substrate , 21 wire , power reception coil , 30a power recep 
tion coil , 30b power reception coil , 40 power reception 
circuit , 40a power reception circuit , 40b power reception 
circuit , 50 load circuit , 51 second load circuit , 60 power 
transmission circuit , 65 power transmission coil , 70 power 
transmission coil , 80 power reception coil , 100 power recep 
tion device , 101 power reception device , 102 power recep 
tion device , 200 power transmission device , 300 contactless 
power transmission system , 401 rectifier circuit , 402 con 
version circuit , 601 resonance type power supply , 602 
matching circuit 

1. A power reception device comprising : 
a power reception coil configured to receive power 

through magnetic resonance ; 
a power reception circuit configured to convert power 

received by the power reception coil into direct current ; 
a load circuit configured to operate by the direct current 

obtained by conversion performed by the power recep 
tion circuit ; 

a first substrate on which the power reception coil and the 
power reception circuit are mounted ; and 

a second substrate on which the load circuit is mounted , 
the second substrate being located outside the power 
reception coil as viewed in an axial direction of the 
power reception coil 

wherein the power reception circuit mounted on the first 
substrate overlaps with at least part of the second 
substrate as viewed in the axial direction of the power 
reception coil . 

2. The power reception device of claim 1 , wherein the first 
substrate includes a first region in which the power reception 
coil is provided and a second region in which the power 
reception circuit is provided , and the first region and the 
second region are adjacent to each other as viewed in the 
axial direction of the power reception coil . 

3. ( canceled ) 
4. The power reception device of claim 1 , further com 

prising a second load circuit configured to operate by the 
direct current obtained by the conversion performed by the 
power reception circuit , 

wherein the second load circuit is located to overlap with 
the power reception coil as viewed in the axial direction 
of the power reception coil , and includes a component 
which does not form an electrically closed circuit . 

5. The power reception device of claim 1 , comprising a 
plurality of sets of the power reception coils and the power 
reception circuits , 
wherein the load circuit is configured to receive power 

from the plurality of sets of the power reception coils 
and the power reception circuits . 

6. The power reception device of claim 1 , further com 
prising : 

a first housing that houses the first substrate ; and 
a second housing that houses the second substrate , 
wherein the first housing and the second housing are 

connected to each other such that the first housing and 
the second housing are movable to a first position 
where the load circuit is located outside the power 
reception coil and a second position where the load 
circuit overlaps with the power reception coil , as 
viewed in the axial direction of the power reception 
coil . 

7. The power reception device of claim 1 , wherein a 
resonance frequency of the magnetic resonance is in a MHz 
band . 

8. The power reception device of claim 7 , wherein the 
resonance frequency of the magnetic resonance is 6.78 MHz 
or an integral multiple of 6.78 MHz . 

9. A contactless power transmission system comprising : 
a power transmission device including a power transmis 

sion coil and an inverter circuit , the power transmission 
coil being configured to transmit power through mag 
netic resonance , the inverter circuit configured to sup 
ply power to the power transmission coil ; and 

the power reception device of claim 1 . 
10. The contactless power transmission system of claim 9 , 

wherein the inverter circuit includes a semiconductor 
switching element , and the semiconductor switching ele 
ment is formed of a wide - bandgap semiconductor . 

11. The contactless power transmission system of claim 
10 , wherein the wide - bandgap semiconductor is silicon 
carbide , a gallium - nitride - based material , diamond , or gal 
lium nitride . 


