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(57) ABSTRACT

A power transmission unit includes a power transmission
coil, a substrate, and a substrate shielding member. The
power transmission coil transmits power to a counterpart
power transmission coil in a non-contact manner. The sub-
strate is formed in a plate shape, provided such that the
substrate faces the power transmission coil, and electrically
coupled to the power transmission coil. A current flows
between the substrate and the power transmission coil. The
substrate shielding member is formed in a plate shape and
provided on a side opposite to a side adjacent to the power
transmission coil of the substrate. The substrate shielding
member shields a magnetic field.




Patent Application Publication  Apr. 11,2019 Sheet 1 of 12 US 2019/0108940 A1

FIG.1

73

11 (11a)




Patent Application Publication  Apr. 11,2019 Sheet 2 of 12 US 2019/0108940 A1

FIG.2

AXIAL LINE
DIRECTION
(UPPER SIDE)

(LOWER SIDE)



Patent Application Publication  Apr. 11,2019 Sheet 3 of 12 US 2019/0108940 A1

AXIAL LINE
DIRECTION
(UPPER SIDE)

(LOWER SIDE)



Patent Application Publication  Apr. 11,2019 Sheet 4 of 12 US 2019/0108940 A1

FIG.4

) AXIAL LINE
DIRECTION
64 (LOWER SIDE)

(UPPER SIDE)



Patent Application Publication  Apr. 11,2019 Sheet 5 of 12 US 2019/0108940 A1

FIG.5

-« »
[y )

‘?
40 (41, 412, 41b} 30

1 (41, 41a, 41b)
40
80(63)  20(22) / 20 (22) 11 ¢
ad \ )

) 50

50 ~4 N S AL A
NN N NN { NN NN 62
62 | ~62a
1
50~ |53 : 116
) i ) f N 10 {(10a)
| 74 y/ ; i /|
' L
AXIAL LINE 80 23 ! 64 84
DIRECTION
{(UPPER SIDE)

INTERSECTING DIRECTION
{ORTHOGONAL DIRECTION)

{LOWER SIDE)



Patent Application Publication

Apr. 11,2019 Sheet 6 of 12

US 2019/0108940 A1

64 64 A 80 2
= = 2 -
f
/_VJ i Z3. 3 £ I
10 (10a) o ;(
! ™52
o ; 53]
622 ~- 62
S ¢ S N N NN NN N - NN NN NN D) I W 50
S0A : (= Wi X SN
40/—-—/ ' { [ R =40
(41, 41a, 41b)| b 20A(22) |30 20A(22)  gp g3y 5’ (41, 41a, 41b)
(41, 41a, 41b); 60 (63) 11b 1 (41,413, 41b)
40 : o 20(22) | 30 20(22) 11 40
50 ~4 1 AV yd Je” L ~50
o ! TENNNNNNG EERNNNNNNE ! 62
] - G228
|
nin %ﬂb
i 10 (10a)
| X I>; ) ) /I
' el o
i
AXIAL LINE .
DIRECTION 80 23 64 64 k'\?

INTERSECTING DIRECTION
{ORTHOGONAL DIRECTION)



Patent Application Publication  Apr. 11,2019 Sheet 7 of 12 US 2019/0108940 A1

FIG.7

70 20 30 10

MAGNETIC FIELD IS
STRONG

A

A 4

MAGNETIC FILED IS
WEAK

70 20 30 10

MAGNETIC FIELD IS
STRONG

40

A 4

MAGNETIC FILED IS
WEAK

70 20 30 80 10



Patent Application Publication  Apr. 11,2019 Sheet 8 of 12 US 2019/0108940 A1

FIG.9

1A
80 80 10 /

_~81
91

-12

760 20 30 80 9C 10
MAGNETIC FIELD IS

STRONG
A

o
%
5

)

& ‘0.0
otetel
X
X

AR
2R
R

(X7
&
505

v,.,,v
R
225

A
X
5

K>

40

<
s
EXA2
0%

L
R
.0

KK A
R
Sstedetoteds
20X
&

A K
KR
SIS
X0
S

v

MAGNETIC FILED IS
WEAK

76 20 30 80 80 10



Patent Application Publication  Apr. 11,2019 Sheet 9 of 12 US 2019/0108940 A1

FIG.11

LOSS IS LARGE

A 4

LOSS IS SMALL

FIG.12

LOSS IS LARGE

A2

LOSS IS SMALL




Patent Application Publication

Apr. 11,2019 Sheet 10 of 12

FIG.13

US 2019/0108940 A1

FIRST FIRST SECOND
EMBODIMENT EMBODIMENT EMBODIMENT
(DISTANCE 20 mm) {(DISTANCE 15 mm} | (DISTANCE 15 mm)
L [u H] @PAIR STATE 3.4745 34712 3.5145
R[mQ} 17.342 18.201 15.347
Q 125.88 119.83 143.89
K 0.61603 0.61648 0.80793
LOSS IN COIL W] 0.068 0.068 0.066
EDDY CURRENT LOSS (W] 1.2486 1.4884 0.87838
LOSS IN WIRES [W] 1.6157 1.6127 1.6173
1B
10 \ S0A 80
, [ ) / 81
DN = s




Patent Application Publication  Apr. 11,2019 Sheet 11 of 12 US 2019/0108940 A1

FIG.15
MAGNETIC FIELD IS

STRONG 70 10 80 90

555 /X‘t
X >

;0:0;0;0: WS, ///A}‘gi / A:.

e U559

o
7
A:QO{[ ’A‘A Pa@at S Q "# VIS - / Q‘ X ”:

A 4

MAGNETIC FILED IS 20 30 40 12
WEAK

MAGNETIC FIELD IS
STRONG 70 10 80 (/3
A

A 4

MAGNETIC FILED IS 20 30 40 12
WEAK



US 2019/0108940 A1

Apr. 11,2019 Sheet 12 of 12

Patent Application Publication

W/l @1314 DILANDYIN

£69°0 86.1°0 £L6¥2 61652 3OVMYIT ILVAMISANS H
I d3gnan

£000°0 £000°0 FAA0) - ONIQTIHS FLvHLSaNS
NI SSOT INIFHHND AQqd

19°0 19°0 z29°0 L9°0 A

60°9%1 00°Ehi IARVA) AN 0

ZART 6LY°GL £60'81 60091 fesw] o

9L5°¢ £Z5°¢ £9/¥°¢ C967'C [H717

ININtQOan3 INIWIgoaw3 INIWNIQOENI I1dNVX3
QYiHL aNOD3S 18414 IALVEVINOD

L1914




US 2019/0108940 A1

POWER TRANSMISSION UNIT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority to and
incorporates by reference the entire contents of Japanese
Patent Application No. 2017-197659 filed in Japan on Oct.
11, 2017.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a power transmis-
sion unit.

2. Description of the Related Art
[0003] An example of conventional power transmission

units is a power supply system disclosed in Japanese Patent
Application Laid-open No. 2014-113021. The power supply
system supplies power in a non-contact manner. The power
supply system includes a power supply side resonance coil
that supplies power and a power supply side shield case that
shields a leakage magnetic field generated by the power
supply side resonance coil.

[0004] The power supply system disclosed in Japanese
Patent Application Laid-open No. 2014-113021 has room
for further improvement to reduce external leakage of a
magnetic field generated by a current flowing in a substrate
connected to the power supply side resonance coil.

SUMMARY OF THE INVENTION

[0005] The invention is made in view of the above prob-
lem, and aims to provide a power transmission unit that can
reduce external leakage of a magnetic field generated from
at least a substrate.

[0006] In order to solve the above mentioned problem and
achieve the object, a power transmission unit according to
one aspect of the present invention includes a power trans-
mission coil that transmits power to a counterpart power
transmission coil in a non-contact manner; a substrate that is
formed in a plate shape, provided such that the substrate
faces the power transmission coil, and electrically coupled
to the power transmission coil, a current flowing between the
substrate and the power transmission coil; and a first shield-
ing member that is formed in a plate or a film shape,
provided on a side opposite to a side adjacent to the power
transmission coil of the substrate, and shields a magnetic
field.

[0007] According to another aspect of the present inven-
tion, in the power transmission unit, it is preferable that the
power transmission unit includes a magnetic member that is
formed in a plate shape, provided between the first shielding
member and the substrate, and includes a magnetic material.
[0008] According to still another aspect of the present
invention, in the power transmission unit, it is preferable that
an edge on an extending direction side of the magnetic
member along an intersecting direction intersecting a facing
direction in which the power transmission coil and the
substrate face each other is located more on a central side of
the first shielding member than an edge on an extending
direction side of the first shielding member along the inter-
secting direction.
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[0009] According to still another aspect of the present
invention, in the power transmission unit, it is preferable that
the first shielding member is formed to have the same size
as the substrate.

[0010] According to still another aspect of the present
invention, in the power transmission unit, it is preferable that
the power transmission unit includes a second shielding
member that is formed in an annular shape around an axial
line and has a shield wall shielding a magnetic field gener-
ated by the power transmission coil provided inside the
second shielding member, wherein the shield wall is formed
such that a distance between wall surfaces facing each other
in an intersecting direction intersecting the axial line
increases toward the counterpart power transmission coil.
[0011] The above and other objects, features, advantages
and technical and industrial significance of this invention
will be better understood by reading the following detailed
description of presently preferred embodiments of the inven-
tion, when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view illustrating an exem-
plary structure of a power transmission unit according to a
first embodiment;

[0013] FIG. 2 is an exploded perspective view illustrating
the exemplary structure of the power transmission unit in the
first embodiment;

[0014] FIG. 3 is a perspective view illustrating the exem-
plary structure of the power transmission unit in the first
embodiment in a state where an outer case is removed,
[0015] FIG. 4 is a perspective view illustrating the exem-
plary structure of the power transmission unit in the first
embodiment when viewed from a rear surface side of the
power transmission unit;

[0016] FIG. 5 is a cross-sectional view taken along M-M
in FIG. 3 illustrating the power transmission unit in the first
embodiment;

[0017] FIG. 6 is a cross-sectional view illustrating the
power transmission unit on a power supply side and the
power transmission unit on a power receiving side in the first
embodiment;

[0018] FIG. 7 is a diagram illustrating a magnetic field of
the power transmission unit according to a comparative
example;

[0019] FIG. 8 is a diagram illustrating a magnetic field of
the power transmission unit in the first embodiment;
[0020] FIG. 9 is a cross-sectional view illustrating an
exemplary structure of a major part of the power transmis-
sion unit according to a second embodiment;

[0021] FIG. 10 is a diagram illustrating a magnetic field of
the power transmission unit in the second embodiment;
[0022] FIG. 11 is a diagram illustrating an eddy current
loss in the power transmission unit in the first embodiment
serving as a comparative example;

[0023] FIG. 12 is a diagram illustrating an eddy current
loss in the power transmission unit in the second embodi-
ment;

[0024] FIG. 13 is a diagram illustrating an example of a
distance between a substrate and the power transmission coil
in the second embodiment;

[0025] FIG. 14 is a cross-sectional view illustrating an
exemplary structure of a major part of the power transmis-
sion unit in a third embodiment;
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[0026] FIG. 15 is a diagram illustrating a magnetic field in
the power transmission unit in the second embodiment
serving as a comparative example;

[0027] FIG. 16 is a diagram illustrating a magnetic field in
the major part of the power transmission unit in the third
embodiment; and

[0028] FIG. 17 is a diagram illustrating results of simula-
tion of power transmission efficiencies of the power trans-
mission units in the first, the second, and the third embodi-
ments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0029] The following describes embodiments of the
invention in detail with reference to the accompanying
drawings. The contents described in the following embodi-
ments do not limit the invention. The constituent elements
described below include elements easily envisaged by those
skilled in the art and identical elements. In addition, the
structures described below can be combined as appropriate.
The structures can be omitted, replaced, or modified in
various ways without departing from the scope of the
invention.

First Embodiment

[0030] The following describes a power transmission unit
1 according to a first embodiment. The power transmission
unit 1 transmits power in a non-contact manner and trans-
mits a signal via wireless communication. The power trans-
mission unit 1 functions as a power transmission side that
transmits power and a power receiving side that receives
power. The power transmission unit 1 is used for charging a
battery provided on a vehicle, which is not illustrated, for
example. In this case, the power transmission unit 1 on the
power receiving side is installed on a bottom surface of the
vehicle, for example, and coupled to the battery of the
vehicle. The power transmission unit 1 on the power trans-
mission side is installed on the ground surface of a charging
station, which is not illustrated, for example, and coupled to
a power source. The power transmission unit 1 on the power
transmission side transmits power supplied from the power
source to the power transmission unit 1 on the power
receiving side by magnetic resonance, for example, in a state
where the power transmission unit 1 on the power transmis-
sion side faces the power transmission unit 1 on the power
receiving side. The power transmission unit 1 on the power
receiving side receives the power transmitted from the
power transmission unit 1 on the power transmission side
and outputs the received power to the battery of the vehicle.
In the following description, the power transmission unit 1
is described without discriminating whether the power trans-
mission unit 1 is on the power transmission side or the power
receiving side unless otherwise specified because the major
structures of the power transmission units 1 on the power
transmission side and the power receiving side are the same.
[0031] As illustrated in FIGS. 1, 2, and 3, the power
transmission unit 1 includes a substrate 10, a power trans-
mission coil 20, a ferrite 30, a coil shielding member 40
serving as the second shielding member, a communication
coupler 50 serving as a communication unit, an inner case 60
serving as an inner member, an outer case 70 serving as an
outer member, and a substrate shielding member 80 serving
as the first shielding member.
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[0032] An axial line direction is a direction along an axial
line X. An upper side in the axial line direction is a side
adjacent to the power transmission coil 20 while a lower side
in the axial line direction is a side adjacent to the substrate
10. The axial line direction is also described as a facing
direction. An intersecting direction is a direction intersecting
the axial line direction. An orthogonal direction is a direction
orthogonal to the axial line direction.

[0033] On the substrate 10, an electronic circuit is formed.
The substrate 10 is what is called a printed circuit board. The
substrate 10 has an insulation layer made of an insulation
material such as an epoxy resin, a glass epoxy resin, a
paper-epoxy resin composite, or a ceramic, for example. On
the insulation layer, a wiring pattern (printed pattern) is
formed by a conductive member such as a copper foil. The
substrate 10 is formed in a rectangular plate shape, for
example. The substrate 10 has a mounting surface 10a on
which various electronic components 11 including a reso-
nance capacitor are mounted and a rear surface 106 opposite
to the mounting surface 10a. On the substrate 10, the various
types of electronic components 11 mounted on the mounting
surface 10a are electrically coupled with the wiring pattern.
The substrate 10 is provided in such a manner that the
substrate 10 faces the power transmission coil 20 in the axial
line direction. The substrate 10 is electrically coupled to the
power transmission coil 20. A high frequency current flows
between the substrate 10 and the power transmission coil 20.

[0034] The power transmission coil 20 transmits power to
a counterpart power transmission coil 20A on the other side
(i.e., the power receiving side) in a non-contact manner. The
power transmission coil 20 forms an L.C resonance circuit
together with the resonance capacitor. The power transmis-
sion coil 20 is coupled in series to the resonance capacitor,
for example. The power transmission coil 20 includes a coil
winding portion 22, a winding start edge portion 23, an
intermediate portion 24, and a winding end edge portion 25,
for example. In the coil winding portion 22, a conductive
wire 21 is provided spirally around the axial line X. The
winding start edge portion 23 is located on a side where
winding of the conductive wire 21 starts. The winding end
edge portion 25 is located on a side where winding of the
conductive wire 21 ends. The intermediate portion 24 is
between the coil winding start edge portion 23 and the coil
winding portion 22. The conductive wire 21 is Litz wire in
which a plurality of conductive element wires are twisted
together, for example. In the coil winding portion 22, the
conductive wire 21 is formed in a spiral shape by being
wound around in a plurality of turns from an inside toward
the outside of the power transmission coil 20 along the
intersecting direction intersecting the axial line direction. In
the coil winding portion 22, the conductive wire 21 is most
often wound around in a plurality of turns from the inside
toward the outside along the orthogonal direction orthogonal
to the axial line direction. In the intermediate portion 24, the
conductive wire 21 is extended across the coil winding
portion 22 from the inside to the outside of the coil winding
portion 22. The intermediate portion 24 is compressed along
the axial line direction and fixed to the coil winding portion
22 with an adhesive member, for example. The winding start
edge portion 23 and the winding end edge portion 25 are
located outside the coil winding portion 22 when viewed
from the axial line direction. The winding start edge portion
23 and the winding end edge portion 25 are electrically
coupled to the substrate 10.



US 2019/0108940 A1

[0035] The ferrite 30 is a member including a magnetic
material. The ferrite 30 is a composite oxide of iron oxide
and metal, for example. The ferrite 30 is formed in a
rectangular shape having a similar size to the power trans-
mission coil 20, for example. The ferrite 30 is provided in
such a manner that the ferrite 30 faces the power transmis-
sion coil 20 in the axial line direction. The ferrite 30 allows
magnetic force generated by the power transmission coil 20
to pass through the ferrite 30 to reduce a loss of magnetic
force.

[0036] The coil shielding member 40 shields extra mag-
netic force (a leakage magnetic field), which causes a noise,
for example, of the power transmission coil 20. The coil
shielding member 40 is made of metal having high conduc-
tivity such as copper or aluminum, for example. The coil
shielding member 40 includes a shield wall 41 formed in an
annular shape around the axial line X and opens both sides
in the axial line direction. The shield wall 41 is formed by
winding a long plate member around the axial line X one
turn, for example. The forming method is not limited to this
example. The shield wall 41 is formed in a substantially
rectangular shape when viewed from the axial line direction
and has rounded four corners. As illustrated in FIGS. 3 and
5, for example, the shield wall 41 is provided at such a
position along the intersecting direction that the shield wall
41 surrounds the power transmission coil 20 and the ferrite
30. The shield wall 41 is provided such that the shield wall
41 is located outside the power transmission coil 20 and the
ferrite 30 to surround the power transmission coil 20 and the
ferrite 30, and overlaps with the power transmission coil 20
and the ferrite 30 when viewed from the intersecting direc-
tion.

[0037] The shield wall 41 is formed in such a shape that
the shield wall 41 fans out toward the counterpart power
transmission coil 20A on the power receiving side. Specifi-
cally, the shield wall 41 is formed such that a distance P
between wall surfaces 41a facing with each other in the
intersecting direction is widened from one side (lower side)
to the other side (upper side) in the axial line direction (refer
to FIGS. 5 and 6). This shape makes it possible to prevent
lines of magnetic force (lines of magnetic flux) of the power
transmission coil 20 and the shield wall 41 from being
mutually orthogonal. The shield wall 41 can thus prevent an
eddy current from flowing therein, the eddy current gener-
ating a magnetic field canceling a change in magnetic field
caused by the power transmission coil 20, thereby making it
possible to prevent reduction in power transmission effi-
ciency. A cut portion 415, which is a cross section cut along
the axial line direction, of the shield wall 41 is formed in an
arc shape curved on the outside of the shield wall 41. This
shape can further prevent the eddy current from flowing
therein.

[0038] The communication coupler 50 is an antenna for
sending and receiving a signal. The communication coupler
50 is formed in an annular shape around the axial line X. The
communication coupler 50 is formed by spirally winding an
antenna wire 51 around the axial line X a plurality of turns
(e.g., three turns), for example. The communication coupler
50 has a first edge portion 52 located on a side where
winding of the antenna wire 51 starts and a second edge
portion 53 located on a side where winding of the antenna
wire 51 ends. The first edge portion 52 and the second edge
portion 53 are electrically coupled to the substrate 10. The
communication coupler 50 is formed in a substantially
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rectangular shape when viewed from the axial line direction.
The communication coupler 50 is provided at such a posi-
tion along the intersecting direction that the communication
coupler 50 surrounds the power transmission coil 20. The
communication coupler 50 is located outside the power
transmission coil 20 such that the communication coupler 50
surrounds the power transmission coil 20. Between the
communication coupler 50 and the power transmission coil
20 in the intersecting direction, the coil shielding member 40
is provided. This structure makes it possible for the coil
shielding member 40 to prevent magnetic force of the power
transmission coil 20 from influencing the communication
coupler 50. The communication coupler 50 thus can prevent
characteristics from being changed and a loss of a signal,
thereby making it possible to prevent deterioration in com-
munication quality.

[0039] The inner case 60 is housed in the outer case 70.
The inner case 60 is formed of an insulation synthetic resin,
for example, by known injection molding, for example. The
inner case 60 defines the relative positions among the
substrate 10, the power transmission coil 20, and the ferrite
30 so as to enable power transmission to the counterpart
power transmission coil 20A on the power receiving side.
Furthermore, the inner case 60 defines the relative position
between the coil shielding member 40 and the communica-
tion coupler 50 so as to enable communication with a
communication coupler S0A on the power receiving side. To
the inner case 60, the substrate 10, the power transmission
coil 20, the ferrite 30, the coil shielding member 40, and the
communication coupler 50 are assembled. This assembly
makes it possible for the power transmission unit 1 to house
the inner case 60 in the outer case 70 while the constituent
components including the substrate 10, the power transmis-
sion coil 20, the ferrite 30, the coil shielding member 40, and
the communication coupler 50 are positioned and assembled
to the inner case 60. As a result, the power transmission unit
1 can more easily and correctly define the relative positions
among the constituent components and easily hold the
constituent components than a case where the constituent
components are assembled directly inside the outer case 70.
The power transmission unit 1 can thus correctly define the
relative positions with respect to the constituent components
of a power transmission unit 2 on the power receiving side.

[0040] The inner case 60 includes a supporting plate 61, a
vertical wall 62, a housing room 63, and a plurality of
coupling members 64. The supporting plate 61 is provided
such that the supporting plate 61 intersects the axial line X.
The vertical wall 62 stands from the supporting plate 61 and
is provided in an annular shape around the axial line X. The
vertical wall 62 is formed in a substantially rectangular
shape when viewed from the axial line direction. The outer
circumference of the vertical wall 62 has the same shape as
the inner circumference of the communication coupler 50.
The communication coupler 50 is placed on the vertical wall
62 by being wounded around the outer circumferential
surface of the vertical wall 62, for example. The inner
circumference of the vertical wall 62 has the same shape as
the outer circumference of the coil shielding member 40.
The vertical wall 62 has, on the inside thereof, a supporting
portion 62a that has a curved shape and supports the outer
surface of the coil shielding member 40. The coil shielding
member 40 is placed on the vertical wall 62 by being
supported by the supporting portion 62a. The coil shielding
member 40 is placed on the vertical wall 62 by being
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adhesively bonded on the supporting portion 62a with an
adhesive tape (not illustrated), for example. The vertical
wall 62 is provided with a notch 61« at an upper end portion
thereof in the axial line direction. The notch 61a is formed
by cutting a part of the upper end portion of the vertical wall
62 in the axial line direction. The notch 61a allows a potting
material or a molding material to easily flow into the inside
of the inner case 60.

[0041] The housing room 63 is formed in a rectangular
parallelepiped shape and provided inside the vertical wall
62. The housing room 63 includes an air space 63a, an
insertion inlet 635, and an attachment portion 63¢. The air
space 63a houses the power transmission coil 20. The
insertion inlet 635 allows the power transmission coil 20 to
be inserted into the air space 63a. To the attachment portion
63c, a thermistor 115 is attached that measures a temperature
of the power transmission coil 20 and detects a foreign
material (e.g., a metallic foreign material) present between
the outer case 70 and the inner case 60. The power trans-
mission coil 20 is inserted into the air space 63a from the
insertion inlet 635 and housed in the air space 63a of the
housing room 63. The thermistor 115, which measures a
temperature of the power transmission coil 20 housed in the
air space 63a and detects a foreign material present between
the outer case 70 and the inner case 60, is attached to the
attachment portion 63¢ of the housing room 63. The inner
case 60 is configured to be capable of separating a portion
604, which is a part of the inner case 60 on the insertion inlet
635 side, from a main body 605 so as to allow the power
transmission coil 20 to be inserted into the air space 63a
from the insertion inlet 635.

[0042] The coupling members 64 each have a rod-like
shape and connect the inner case 60 and the substrate 10.
The coupling members 64 each extend from under the inner
case 60 in the axial line direction to a side adjacent to the
substrate 10 along the axial line direction. The edge portions
on the substrate 10 side of the respective coupling members
64 are fixed to the substrate 10. As a result, the coupling
members 64 connect the inner case 60 and the substrate 10
with a certain distance therebetween. Each coupling member
64 is provided with a screw hole at the edge on the substrate
10 side thereof, for example. Into the screw hole of each
coupling member 64, a bolt is fastened, resulting in the
substrate 10 being sandwiched between the edge on the
substrate 10 side of the coupling member 64 and the bolt. As
a result, the coupling members 64 connect the inner case 60
and the substrate 10. The method for connecting the inner
case 60 and the substrate 10 is not limited to the method
described above.

[0043] The outer case 70 is a housing that covers the inner
case 60. The outer case 70 is formed of an insulation
synthetic resin, for example, by known injection molding,
for example. The outer case 70 includes an upper case 71
provided on the upper side in the axial line direction and a
lower case 72 provided on the lower side in the axial line
direction. The outer case 70 is formed in a box shape by
assembling the upper case 71 and the lower case 72 in the
axial line direction. The outer case 70 is provided with a
connector opening 73 in which a connector connection
portion 1la provided to the substrate 10 is exposed. The
upper case 71 and the lower case 72 that are included in the
outer case 70 cover the whole of the inner case 60 to which
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the substrate 10, the power transmission coil 20, the ferrite
30, the coil shielding member 40, and the communication
coupler 50 are assembled.

[0044] The substrate shielding member 80 is a metallic
plate that shields a leakage magnetic field (hereinafter, also
described as a substrate leakage magnetic field) generated by
a high frequency current flowing in the substrate 10 and
wiring lines connected to the substrate 10. The substrate
shielding member 80 is formed of metal having high con-
ductivity such as copper or aluminum, for example. The
substrate shielding member 80 is formed in a rectangular
shape having the same size as the substrate 10, for example.
The substrate shielding member 80 is provided on the side
opposite to the side adjacent to the power transmission coil
20 of the substrate 10, i.e., on the rear surface 105 of the
substrate 10. The substrate shielding member 80 is
assembled on the substrate 10 by being abutted on the rear
surface 104. In a state where the substrate shielding member
80 is overlapped on the rear surface 105 of the substrate 10,
the bolt is fastened into the screw hole for each coupling
member 64, for example. As a result of the fastening, the
substrate shielding member 80 and the substrate 10 are
sandwiched between the edges on the substrate 10 side of the
respective coupling members 64 and the corresponding
respective bolts. The substrate shielding member 80 is thus
assembled on the substrate 10 by being abutted on the rear
surface 105 of the substrate 10. This structure, in which the
substrate shielding member 80 and the substrate 10 are
connected by being abutted on each other, makes it possible
to relatively reduce a length of the power transmission unit
1 in the axial line direction. As a result, it is possible to
prevent an increase in size of the power transmission unit 1.
The substrate shielding member 80 may be assembled by
being spaced apart from the rear surface 106 of the substrate
10, i.e., assembled with an air layer interposed between itself
and the rear surface 104. This structure relatively increases
the length of the power transmission unit 1 in the axial line
direction due to the substrate shielding member 80 thus
assembled. The air layer in this structure, however, can
prevent the occurrence of the eddy current.

[0045] As described above, the power transmission unit 1
in the first embodiment includes the power transmission coil
20, the substrate 10, and the substrate shielding member 80.
The power transmission coil 20 transmits power to the
counterpart power transmission coil 20A on the power
receiving side in the non-contact manner. The substrate 10 is
formed in a plate shape and provided such that the substrate
10 faces the power transmission coil 20. The substrate 10 is
electrically coupled to the power transmission coil 20. A
high frequency current flows between the substrate 10 and
the power transmission coil 20. The substrate shielding
member 80 is formed in a plate shape and provided on the
side opposite to the side adjacent to the power transmission
coil 20 of the substrate 10. The substrate shielding member
80 shields the magnetic field.

[0046] The substrate shielding member 80 of the power
transmission unit 1 in this structure can shield the substrate
leakage magnetic field generated by the high frequency
current flowing in the substrate 10 and the wiring lines
connected to the substrate 10. This shielding makes it
possible for the power transmission unit 1 to reduce the
substrate leakage magnetic field distributed outside the outer
case 70 of the power transmission unit 1. The power
transmission unit 1 thus can prevent external electronic
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apparatuses and metallic parts from being influenced by the
substrate leakage magnetic field. FIG. 7 is a diagram illus-
trating a magnetic field of a power transmission unit 3
according to a comparative example and illustrating a dis-
tribution of the magnetic field, for example. The power
transmission unit 3 in the comparative example has the same
structure as the power transmission unit 1 in the first
embodiment except for that the power transmission unit 3
does not include the substrate shielding member 80. As
illustrated in FIG. 7, the substrate leakage magnetic field of
the power transmission unit 3 in the comparative example is
distributed widely outside the outer case 70. In contrast, as
illustrated in FIG. 8, the power transmission unit 1 and the
power transmission unit 2 on the power receiving side in the
first embodiment can each further reduce the substrate
leakage magnetic field distributed outside the outer case 70
than that of the power transmission unit 3 because the power
transmission units 1 and 2 each include the substrate shield-
ing member 80.

[0047] In the power transmission unit 1, the substrate
shielding member 80 is formed to have the same size as the
substrate 10. This structure makes it possible for the power
transmission unit 1 to effectively reduce the substrate leak-
age magnetic field distributed outside the outer case 70.
[0048] The power transmission unit 1 includes the coil
shielding member 40 having the shield wall 41 that is
formed in an annular shape around the axial line X and
shields the magnetic field generated by the power transmis-
sion coil 20 provided inside thereof. The shield wall 41 is
formed such that the distance P between the wall surfaces
41a facing with each other in the intersecting direction
intersecting the axial line X is widened toward the counter-
part power transmission coil 20A on the power receiving
side. This structure makes it possible for the coil shielding
member 40 to prevent lines of magnetic force of the power
transmission coil 20 and the wall surface 41a of the shield
wall 41 from being mutually orthogonal. The coil shielding
member 40 thus can prevent the occurrence of the eddy
current, thereby preventing the reduction in power transmis-
sion efficiency. As described above, the coil shielding mem-
ber 40 can prevent the reduction in power transmission
efficiency by a simple structure without additional other
components. The coil shielding member 40 can also prevent
heat generation in the coil shielding member 40.

Second Embodiment

[0049] The following describes a power transmission unit
1A and a power transmission unit 2A on the other side
according to a second embodiment. The power transmission
units 1A and 2A have the same structure. The description of
the power transmission unit 2A on the other side is thus
omitted. In the second embodiment, the constituent elements
having the same structures as those in the first embodiment
have the same numerals as those in the first embodiment.
The detailed descriptions thereof are thus omitted. The
power transmission unit 1A differs from the power trans-
mission unit 1 in the first embodiment in that the power
transmission unit 2A includes a magnetic member 90. As
illustrated in FIG. 9, the magnetic member 90 is provided
between the substrate shielding member 80 and the substrate
10 in the power transmission unit 1A. The magnetic member
90 includes a magnetic material. The magnetic member 90
is a composite oxide of iron oxide and metal, for example.
The magnetic member 90 is formed in a rectangular plate
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shape having the same size as the substrate shielding mem-
ber 80, for example. The magnetic member 90 is sandwiched
between the substrate shielding member 80 and the substrate
10 in the axial line direction. The substrate shielding mem-
ber 80, the magnetic member 90, and the substrate 10 are
layered in the same direction. In the state where the substrate
shielding member 80, the magnetic member 90, and the
substrate 10 are layered, they form a rectangular flat plate
shape. The respective edges of the substrate shielding mem-
ber 80, the magnetic member 90, and the substrate 10 are
aligned when viewed from the axial line direction. The
substrate shielding member 80, the magnetic member 90,
and the substrate 10 are layered in a state where an edge 81
of the substrate shielding member 80 in the intersecting
direction, an edge 91 of the magnetic member 90 in the
intersecting direction, and an edge 12 of the substrate 10 in
the intersecting direction are aligned when viewed from the
axial line direction.

[0050] The magnetic member 90 is assembled by being
layered in a state where the magnetic member 90 abuts the
substrate shielding member 80 and the substrate 10, for
example. In the state where the magnetic member 90 is
sandwiched between the substrate shielding member 80 and
the substrate 10, a bolt is fastened into the screw hole of each
coupling member 64. As a result of the fastening, the
substrate shielding member 80, the magnetic member 90,
and the substrate 10 are sandwiched between the edges on
the substrate 10 side of the respective coupling members 64
and the corresponding respective bolts. The magnetic mem-
ber 90 is thus assembled in the state where the magnetic
member 90 is sandwiched between the substrate shielding
member 80 and the substrate 10.

[0051] As described above, the power transmission unit
1A in the second embodiment includes the magnetic mem-
ber 90 that is formed in a plate shape, provided between the
substrate shielding member 80 and the substrate 10, and
includes the magnetic material. The magnetic member 90
thus structured in the power transmission unit 1A allows
magnetic force (a magnetic field) generated by a high
frequency current flowing in the substrate 10 to pass through
the magnetic member 90, thereby preventing the magnetic
force from reaching the substrate shielding member 80. As
illustrated in FIG. 10, the power transmission unit 1A thus
can further reduce the substrate leakage magnetic field
distributed outside the outer case 70 than that of the power
transmission unit 1 (FIG. 8) in the first embodiment. The
magnetic member 90 of the power transmission unit 1A can
also prevent the occurrence of eddy current in the substrate
shielding member 80. The power transmission unit 1 in the
first embodiment has tendency that the substrate leakage
magnetic field is distributed in the substrate shielding mem-
ber 80 because the power transmission unit 1 does not
include the magnetic member 90. The distribution of the
substrate leakage magnetic field in the power transmission
unit 1 in the first embodiment causes the eddy current to be
generated in the substrate shielding member 80. As illus-
trated in FIG. 11, a loss due to the eddy current (eddy current
loss) becomes relatively large. In contrast, the power trans-
mission unit 1A including the magnetic member 90 in the
second embodiment can prevent the substrate leakage mag-
netic field from being distributed in the substrate shielding
member 80. The power transmission unit 1A in the second
embodiment thus can prevent the occurrence of the eddy
current in the substrate shielding member 80. As a result, as
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illustrated in FIG. 12, the power transmission unit 1A in the
second embodiment can further reduce the loss due to the
eddy current than that of the power transmission unit 1 in the
first embodiment, thereby making it possible to increase the
power transmission efficiency. FIG. 13 is a diagram illus-
trating an example of the distance between the substrate 10
and the power transmission coil 20 in the second embodi-
ment. In FIG. 13, L represents an inductance, R represents
a resistance value, Q represents a quality factor, and K
represents a coupling factor. As illustrated in FIG. 13, when
the distance between the substrate 10 and the power trans-
mission coil 20 is around 15 mm in the power transmission
unit 1 in the first embodiment serving as a comparative
example, the quality factor Q is smaller than that when the
distance between the substrate 10 and the power transmis-
sion coil 20 is around 20 mm. This is because as the distance
decreases, the substrate 10 and the power transmission coil
20 are located closer to each other, and the eddy current
generated in the substrate shielding member 80 thus
increases. The magnetic member 90 of the power transmis-
sion unit 1A in the second embodiment prevents the eddy
current generated in the substrate shielding member 80,
thereby making it possible to increase the inductance L and
to reduce the resistance value R. As a result, the power
transmission unit 1A in the second embodiment can prevent
the reduction in the quality factor Q even when the distance
between the substrate 10 and the power transmission coil 20
is around 15 mm. The power transmission unit 1A in the
second embodiment thus can reduce the distance between
the substrate 10 and the power transmission coil 20 besides
the prevention of reduction in power transmission efficiency
and heat generation in the substrate shielding member 80
due to the eddy current, thereby making it possible to
prevent an increase in size of the unit. As illustrated in FIG.
13, losses in the wiring materials connecting the electronic
components 11 on the substrate 10 and in the power trans-
mission coil 20 are less changed.

Third Embodiment

[0052] The following describes a power transmission unit
1B and a power transmission unit 2B on the other side
according to a third embodiment. The power transmission
units 1B and 2B have the same structure. The description of
the power transmission unit 2B on the other side is thus
omitted. In the third embodiment, the constituent elements
having the same structures as those in the first and the
second embodiments have the same numerals as those in the
first and the second embodiments. The detailed descriptions
thereof are thus omitted. The power transmission unit 1B
differs from the power transmission unit 1A in the second
embodiment in that a size of a magnetic member 90A is
smaller than that of the substrate shielding member 80. In
the power transmission unit 1B, as illustrated in FIG. 14, the
edge 91 on the extending direction side of the magnetic
member 90A along the intersecting direction is located
inside the edge 81 on the extending direction side of the
substrate shielding member 80 along the intersecting direc-
tion. The edge 91 of the magnetic member 90A is located
more on the central side, i.e., the axial line X side, of the
substrate shielding member 80 than the edge 81 of the
substrate shielding member 80. In other words, the edge 81
of the substrate shielding member 80 protrudes at a more
outer side than the edge 91 of the magnetic member 90A.
The magnetic member 90A of the power transmission unit
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1B is formed such that the outer shape around the axial line
X of the magnetic member 90A is smaller than that of the
substrate shielding member 80. When viewed from the axial
line direction, it is also described that the magnetic member
90A is located inside the substrate shielding member 80.
This structure allows the power transmission unit 1B to form
a gap G serving as an air layer provided between the
substrate 10 and the substrate shielding member 80.
[0053] As described above, in the power transmission unit
1B in the third embodiment, the edge 91 on the extending
direction side of the magnetic member 90A along the
intersecting direction intersecting the facing direction (axial
line direction) in which the power transmission coil 20 and
the substrate 10 face each other is located more on the
central side of the substrate shielding member 80 than the
edge 81 on the extending direction side of the substrate
shielding member 80 along the intersecting direction. This
structure allows the power transmission unit 1B to form the
gap G between the substrate 10 and the substrate shielding
member 80. In the power transmission unit 1B thus struc-
tured, the substrate leakage magnetic field passes magnetic
member 90A more easily than the gap G at the edge 12 of
the substrate 10. In the power transmission unit 1B, at the
edge 12 of the substrate 10, the substrate leakage magnetic
field is more easily distributed inside the edge 12 of the
substrate 10. As illustrated in FIG. 15, the substrate leakage
magnetic field is distributed outside the edge 12 of the
substrate 10 relatively wide in the power transmission unit
1A in the second embodiment because the power transmis-
sion unit 1A is not provided with the gap G. In contrast, as
illustrated in FIG. 16, the power transmission unit 1B in the
third embodiment can further reduce the substrate leakage
magnetic field distributed outside the edge 12 of the sub-
strate 10 than that of the power transmission unit 1A in the
second embodiment because the power transmission unit 1B
is provided with the gap G.

[0054] The following describes results of simulation of the
power transmission efficiencies of the power transmission
unit 1 in the first embodiment, the power transmission unit
1A in the second embodiment, and the power transmission
unit 1B in the third embodiment with reference to FIG. 17.
In FIG. 17 and expressions (1) to (3), L represents the
inductance, R represents the resistance value, Q represents
the quality factor, K represents the coupling factor, f repre-
sents a frequency of power in non-contact power supply, 7
represents the power transmission efficiency, and TmaxSS
represents a maximum power transmission efficiency. The
quality factor Q is obtained by expression (1). The power
transmission efficiency m is proportional to a product of the
coupling factor K and the quality factor Q as represented in
expression (2). The maximum power transmission efficiency
MmaxSSs is obtained by expression (3).

Q=2xf L/R (9]
7oK - Q 2)
1 3
Mmaxss =~
1+
kN QOi1Q2

[0055] As illustrated in FIG. 17, the quality factor Q of the
power transmission unit 1B in the third embodiment is the
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highest, the second highest is that of the power transmission
unit 1A in the second embodiment, and the third highest is
that of the power transmission unit 3 in the comparative
example. The power transmission unit 1 in the first embodi-
ment can further reduce the substrate leakage magnetic field
than the power transmission unit 3 in the comparative
example because the power transmission unit 1 includes the
substrate shielding member 80. The quality factor Q of the
power transmission unit 1 in the first embodiment is, how-
ever, lower than that of the power transmission unit 3 in the
comparative example because the eddy current is generated
in the substrate shielding member 80. The coupling factors
k slightly differ among the first, the second, and the third
embodiments and the comparative example, but are the
substantially the same value. The power transmission unit
1A in the second embodiment can more largely reduce the
eddy current loss in the substrate shielding member 80 than
the power transmission unit 1 in the first embodiment
because the power transmission unit 1A includes the mag-
netic member 90. The power transmission unit 1B in the
third embodiment can also more largely reduce the eddy
current loss in the substrate shielding member 80 than the
power transmission unit 1 in the first embodiment because
the power transmission unit 1B includes the magnetic mem-
ber 90A. The substrate leakage magnetic field at a place
apart from the outer case 70 in the axial line direction by
around 25 mm is the smallest in the power transmission unit
1B in the third embodiment, the second smallest is the power
transmission unit 1A in the second embodiment, and the
third smallest is the power transmission unit 1 in the first
embodiment, while the largest is in the power transmission
unit 3 in the comparative example. As described above, the
power transmission unit 1 in the first embodiment, the power
transmission unit 1A in the second embodiment, and the
power transmission unit 1B in the third embodiment can
further reduce the substrate leakage magnetic field than the
power transmission unit 3 in the comparative example. The
power transmission unit 1A in the second embodiment and
the power transmission unit 1B in the third embodiment can
further increase the quality factor QQ than the power trans-
mission unit 3 in the comparative example. The power
transmission unit 1A in the second embodiment and the
power transmission unit 1B in the third embodiment thus
have high power transmission efficiency. The power trans-
mission unit 1A in the second embodiment and the power
transmission unit 1B in the third embodiment can reduce the
number of turns in the power transmission coil 20, because
the power transmission unit 1A in the second embodiment
and the power transmission unit 1B in the third embodiment
can further increase the quality factor Q than the power
transmission unit 3 in the comparative example. As a result,
the power transmission unit 1A and the power transmission
unit 1B can be downsized.

[0056] Modifications

[0057] The following describes modifications of the first,
the second, and the third embodiments. In the power trans-
mission units 1, 1A, and 1B, a high frequency current flows
in the substrate 10. A current flowing in the substrate 10 is
not limited to the high frequency current. The embodiments
may be applicable for a case where a low frequency current
flows in the substrate 10.

[0058] In the embodiments, the substrate shielding mem-
ber 80 is the metallic plate. The substrate shielding member
80 is not limited to the metallic plate. For example, the
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substrate shielding member 80 may be a metallic film layer.
In this case, the substrate shielding member 80 is formed in
a film shape on the rear surface 1056 of the substrate 10 or on
the magnetic member 90 by vapor deposition of metal, for
example.

[0059] In the embodiments, the substrate shielding mem-
ber 80 is formed to have the same size as the substrate 10.
The size of the substrate shielding member 80 is not limited
to the example. The substrate shielding member 80 may be
larger or smaller than the substrate 10 in size. When the
substrate shielding member 80 is smaller than the substrate
10 in size, the substrate shielding member 80 may cover an
area where a high frequency current flows in the substrate
10.

[0060] The respective coupling members 64 included in
the inner case 60 may function as a spacer. The spacer
adjusts the distance between the substrate 10 and both of the
power transmission coil 20 and the communication coupler
50 that are provided on the inner case 60, thereby preventing
interference between the substrate 10 and both of the power
transmission coil 20 and the communication coupler 50.
[0061] The power transmission unit according to the
embodiment includes the first shielding member that is
provided on the side opposite to the side adjacent to the
power transmission coil of the substrate and shields a
magnetic field, thereby making it possible to reduce external
leakage of a magnetic field generated from at least the
substrate.

[0062] Although the invention has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the
art that fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A power transmission unit, comprising:

a power transmission coil that transmits power to a
counterpart power transmission coil in a non-contact
manner;

a substrate that is formed in a plate shape, provided such
that the substrate faces the power transmission coil, and
electrically coupled to the power transmission coil, a
current flowing between the substrate and the power
transmission coil; and

a first shielding member that is formed in a plate or a film
shape, provided on a side opposite to a side adjacent to
the power transmission coil of the substrate, and shields
a magnetic field.

2. The power transmission unit according to claim 1,

further comprising:

a magnetic member that is formed in a plate shape,
provided between the first shielding member and the
substrate, and includes a magnetic material.

3. The power transmission unit according to claim 2,

wherein

an edge on an extending direction side of the magnetic
member along an intersecting direction intersecting a
facing direction in which the power transmission coil
and the substrate face each other is located more on a
central side of the first shielding member than an edge
on an extending direction side of the first shielding
member along the intersecting direction.

4. The power transmission unit according to claim 1,

wherein
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the first shielding member is formed to have the same size
as the substrate.

5. The power transmission unit according to claim 2,

wherein

the first shielding member is formed to have the same size
as the substrate.

6. The power transmission unit according to claim 3,

wherein

the first shielding member is formed to have the same size
as the substrate.

7. The power transmission unit according to claim 1,

further comprising:

a second shielding member that is formed in an annular
shape around an axial line and has a shield wall
shielding a magnetic field generated by the power
transmission coil provided inside the second shielding
member, wherein

the shield wall is formed such that a distance between wall
surfaces facing each other in an intersecting direction
intersecting the axial line increases toward the coun-
terpart power transmission coil.

8. The power transmission unit according to claim 2,

further comprising:

a second shielding member that is formed in an annular
shape around an axial line and has a shield wall
shielding a magnetic field generated by the power
transmission coil provided inside the second shielding
member, wherein
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the shield wall is formed such that a distance between wall
surfaces facing each other in an intersecting direction
intersecting the axial line increases toward the coun-
terpart power transmission coil.

9. The power transmission unit according to claim 3,

further comprising:

a second shielding member that is formed in an annular
shape around an axial line and has a shield wall
shielding a magnetic field generated by the power
transmission coil provided inside the second shielding
member, wherein

the shield wall is formed such that a distance between wall
surfaces facing each other in an intersecting direction
intersecting the axial line increases toward the coun-
terpart power transmission coil.

10. The power transmission unit according to claim 4,

further comprising:

a second shielding member that is formed in an annular
shape around an axial line and has a shield wall
shielding a magnetic field generated by the power
transmission coil provided inside the second shielding
member, wherein

the shield wall is formed such that a distance between wall
surfaces facing each other in an intersecting direction
intersecting the axial line increases toward the coun-
terpart power transmission coil.
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