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(57) ABSTRACT

Provided are a non-contact charging module and a non-con-
tact charging instrument such that the non-contact module
can be made thin in a state where a sufficient cross-sectional
area of a planar coil portion has been ensured and power
transmission efficiency has been enhanced. The non-contact
module comprises the planar coil portion (2) on which a
plurality of conducting wires have been spirally wound, and a
magnetic sheet provided so as to oppose a surface of a coil
(21) of the planar coil portion (2), the plurality of conducting
wires are respectively connected together at both ends, and
the planar coil portion (2) has a part wound overlapped in
multiple layers and another part wound in a single layer.
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FIG. 5

Page 6 of 18



US 2013/0181668 Al

Jul. 18,2013 Sheet 6 of 11

Patent Application Publication

7.};-?«7;

9 Ol
00 40 7 INTVA ANV 114434 A0 SSINMOIHL NIIMLIE dIHSNOLLY T3

AEY Y SSANMOIHL F11Mud34
00L 009 005  OOF 00 00Z 00L O

78

{HHY T73NTVA

Page 7 of 18



US 2013/0181668 Al

Jul. 18,2013 Sheet 7 of 11

Patent Application Publication

L Ol
100 40 T 3INTVA ANV ONIONIM aNNI N3IML3E dIHSNOLLYd3d

{15} DNIONIM YNNI

ks

£ L0y

E sl

o
S

4

Page 8 of 18



Patent Application Publication Jul. 18,2013 Sheet 8 of 11 US 2013/0181668 A1

=l
« )
y S
%5 - 4.
1 | & S
xm i
\s,‘ )
%, =z
.K& <
"‘is._j _ fam}
.‘; i Y o ‘&2(
) 18 £ 2
o L. L
* o S 0
Y o .
A L TR
5
¥ 1N S =
£y = g
i
*». -
Ll
=
}..._
0
I
[p
=
<
*
=
<f
o

Page 9 of 18



US 2013/0181668 Al

Jul. 18,2013 Sheet 9 of 11

Patent Application Publication

le

ce —

d6

ld

V6 ‘Ol

Page 10 of 18



Patent Application Publication Jul. 18,2013 Sheet 10 of 11 US 2013/0181668 A1

FIG. 10D

FIG. 10B

£45

£

2

M

-

FIG. 10C

H
P P

i

FIG. 10A

Page 11 of 18



Patent Application Publication Jul. 18,2013 Sheet 11 of 11 US 2013/0181668 A1

5
¥ m
N
<
L.

4%
—
: -
! .
1
‘ L
'
35%:

Page 12 of 18



US 2013/0181668 Al

NON-CONTACT CHARGING MODULE AND
NON-CONTACT CHARGING INSTRUMENT

TECHNICAL FIELD

[0001] The present invention relates to a non-contact charg-
ing module that includes a planar coil section formed of a
spirally wound conducting wire and a magnetic sheet, and a
non-contact charging instrument using the same.

BACKGROUND ART

[0002] In recent years, a technique that can charge a main
instrument in a non-contact manner by a charger has been
widely used. According to this technique, a power transmis-
sion coil is disposed on the charger side and a power reception
coil is disposed on the main instrument side, and electromag-
netic induction is generated between both the coils. Thus,
electric power is transmitted from the charger side to the main
instrument side. Further, a technique in which a mobile ter-
minal instrument or the like is applied as the main instrument
has also been proposed.

[0003] In the main instrument such as a mobile terminal
instrument or the charger, it is desirable to reduce the thick-
ness and size. In order to meet such a demand, as disclosed in
Patent Literature (hereinafter, abbreviated as PTL) 1, a con-
figuration may be considered that includes a planar coil sec-
tion as a power transmission coil or a power reception coil,
and a magnetic sheet. Further, in order to reduce an increase
in the effective resistance in a high frequency region, in a
planar coil as disclosed in PTL 2, a plurality of conducting
wires parallel to each other are arranged in a planar shape and
are spirally wound and end portions of the respective con-
ducting wires are electrically connected to each other in a coil
lead portion.

CITATION LIST

Patent Literature

PTL 1
[0004] Japanese Patent Application Laid-Open No. 2006-
42519
PTL 2
[0005] Japanese Patent Application Laid-Open No. 2010-
16235
SUMMARY OF INVENTION
Technical Problem
[0006] However, in a non-contact charging module that

includes the planar coil section of a single wire and the mag-
netic sheet of which the entire surface has a planar shape, such
as an apparatus disclosed in PTL 1, the diameter of the con-
ducting wire is increased in order to secure a necessary cross-
sectional area of the conducting wire of the planar coil sec-
tion, which obstructs reduction in the thickness as much. This
is because if the cross-sectional area of the coil is small,
alternating current resistance ACR ofthe coil is increased and
transmission efficiency of the non-contact charging module is
thus decreased. Thus, in general, the coil should have a diam-
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eter of at least about 0.25 mm, but in this case, the sum of
thicknesses of the coil and the magnetic sheet is noticeably
increased.

[0007] Further, in a non-contact charging module having
the configuration disclosed in PTL 2, it is similarly difficult to
secure a sufficient cross-sectional area of the planar coil sec-
tion, and thus, it is difficult to achieve reduction in the thick-
ness and size in a state where power transmission efficiency is
enhanced.

[0008] An object of the present invention is to provide a
non-contact charging module and a non-contact charging
instrument that can reduce the thickness of the non-contact
charging module in a state where a sufficient cross-sectional
area ofaplanar coil section is secured and power transmission
efficiency is enhanced.

Solution to Problem

[0009] According to an aspect of the present invention,
there is provided a non-contact charging module including: a
planar coil section in which a plurality of conducting wires
are wound; and a magnetic sheet on which a coil surface of the
planar coil section is mounted, and which is provided to face
the coil surface of the planar coil section, in which the plu-
rality of conducting wires are connected to each other at both
ends; the planar coil section has a first portion wound to be
overlapped in multiple layers and a second portion, other than
the first portion, wound in the number of layers smaller than
the number of layers wound in the first portion; and the
magnetic sheet is provided with an annular recess portion or
slit so as to reduce thickness of the magnetic sheet in a portion
of'the magnetic sheet, the portion of the magnetic sheet faces
the first portion of the planar coil section wound to be over-
lapped in multiple layers, and the plurality of conducting
wires are accommodated in the annular recess portion.

Advantageous Effects of Invention

[0010] According to the present invention, it is possible to
reduce the size and thickness of the non-contact charging
module in a state where a sufficient cross-sectional area of the
planar coil section is secured and power transmission effi-
ciency is enhanced.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is an assembly drawing illustrating a non-
contact charging module according to an embodiment of the
present invention;

[0012] FIGS. 2A to 2D are conceptual diagrams illustrating
the non-contact charging module according to the embodi-
ment;

[0013] FIGS. 3A and 3B are conceptual diagrams illustrat-
ing a method of winding a coil of the non-contact charging
module according to the embodiment;

[0014] FIG. 4A to 4D are conceptual diagrams illustrating
a magnetic sheet of the non-contact charging module accord-
ing to the embodiment;

[0015] FIG. 5isatop view illustrating the magnetic sheet of
the non-contact charging module according to the embodi-
ment;

[0016] FIG. 6 is a diagram illustrating the relationship
between the thickness of a ferrite sheet and a value L of the
coil of the non-contact charging module according to the
embodiment;



US 2013/0181668 Al

[0017] FIG. 7 is a diagram illustrating the relationship
between the inner winding and the value L. of the coil of the
non-contact charging module according to the embodiment;
[0018] FIG. 8 is a diagram illustrating the relationship
between the number of turns and the value L of the coil of the
non-contact charging module according to the embodiment;
[0019] FIGS.9A to 9D are conceptual diagrams illustrating
a non-contact charging module in which the coil of the non-
contact charging module according to the embodiment has a
single layer structure;

[0020] FIGS. 10A to 10D are conceptual diagrams illus-
trating a magnetic sheet of the non-contact charging module
in which the coil of the non-contact charging module accord-
ing to the embodiment has a single layer structure; and
[0021] FIGS. 11A and 11B are conceptual diagrams illus-
trating a magnetic sheet of the non-contact charging module
in which the coil of the non-contact charging module accord-
ing to the embodiment has a single layer structure.

DESCRIPTION OF EMBODIMENTS

Embodiments

[0022] Hereinafter, embodiments of the present invention
will be described in detail with reference to accompanying
drawings.

[0023] FIG. 1 is an assembly diagram illustrating a non-
contact charging module according to an embodiment of the
present invention. FIGS. 2A to 2D are conceptual diagrams
illustrating the non-contact charging module according to the
present embodiment, in which FIG. 2A is a top view, FIG. 2B
is a cross-sectional view seen from direction A in FIG. 2A,
and FIGS. 2C and 2D are cross-sectional views seen from
direction B in FIG. 2A. FIGS. 3A and 3B arc conceptual
diagrams illustrating a method of winding a coil of the non-
contact charging module according to the present embodi-
ment. FIG. 4A to 4D are conceptual diagrams illustrating a
magnetic sheet of the non-contact charging module according
to the present embodiment, in which FIG. 4A is a top view,
FIG. 4B is a cross-sectional view seen from direction A in
FIG. 4A, and FIGS. 4C and 4D are cross-sectional views seen
from direction B in FIG. 4A. FIG. 5 is a top view illustrating
the magnetic sheet of the non-contact charging module
according to the present embodiment.

[0024] Non-contact charging module 1 according to the
present invention includes planar coil section 2 in which a
plurality of conducting wires are spirally wound, and mag-
netic sheet 3 provided to face a surface of coil 21 of planar coil
section 2. The plurality of conducting wires are connected to
each other at each of both ends, and planar coil section 2 has
a part wound to be overlapped in multiple layers and another
part wound in a single layer.

[0025] Asshown in FIG. 1 and FIGS, 2A to 2D, planar coil
section 2 includes coil 21 in which a conductor is wound in
the radial direction to form a spiral shape on the surface, and
terminals 22 and 23 provided at both ends of coil 21. Coil 21
is obtained by winding two conducting wires in parallel on a
planar surface. A surface formed by the coil is referred to as a
coil surface. Further, since two conducting wires are electri-
cally connected to each other by soldering or the like in the
portions of terminals 22 and 23, the two conducting wires
seem like a single thick conducting wire. That is, the two
conducting wires are wound around the same central axis in
the planar form, and one conducting wire is inserted in the
other conducting wire in the radial direction. In this way, as
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two conducting wires are electrically bonded to each other in
the portions of terminals 22 and 23 to function as one con-
ducting wire, it is possible to suppress the thickness with even
the same cross-sectional area. That is, for example, the cross-
sectional area of a conducting wire having a diameter of 0.25
mm may be obtained by preparing two conducting wires
having a diameter of 0.18 mm. Accordingly, in the case of one
conducting wire having the diameter of 0.25 mm, the thick-
ness of one turn of coil 21 is 0.25 mm, and the width of coil 21
in the radial direction is 0.25 mm, whereas in the case of two
conducting wires having the diameter of 0.18 mm, the thick-
ness of one turn of coil 21 is 0.18 mm, and the width thereof
in the radial direction is 0.36 mm. Here, the thickness direc-
tion represents a direction where planar coil section 2 and
magnetic sheet 3 are stacked.

[0026] Further, coil 21 is overlapped in two layers in the
thickness direction in only a part thereof on the central side,
and is formed in a single layer in the remaining outer part
thereof. At this time, the part at the central side of coil 21 is
wound to be overlapped as shown in FIG. 3A or 3B. As shown
in FIG. 3A, as the upper conducting wire and the lower
conducting wire are wound to create a space therebetween,
stray capacitance between the upper conducting wire and the
lower conducting wire is decreased, and thus, it is possible to
reduce AC resistance of coil 21.

[0027] Further, as shown in FIG. 3B as the upper conduct-
ing wire and the lower conducting wire are wound to fill the
space therebetween, it is possible to reduce the thickness of
coil 21.

[0028] Further, as shown in FIG. 3, in the present embodi-
ment, the conducting wire has a circular cross-section, but
may have a quadrate cross-section or the like. Here, in the
case of the conducting wire having the circular cross-section
area, since a gap occurs between adjacent conducting wires
compared with the conducting wire having the quadrate
cross-sectional area, stray capacitance between the conduct-
ing wires is decreased, and thus, it is possible to reduce AC
resistance of coil 21.

[0029] Further, in a case where coil 21 is wound in a single
layer, compared with a case where coil 21 is wound in double
layers in the thickness direction, AC resistance of coil 21 is
lowered and thus, transmission efficiency can be increased.
This is because the stray capacitance between the upper con-
ducting wire and the lower conducting wire is generated if the
conducting wires are wound in double layers. Accordingly, it
is preferable to wind a portion of coil 21 as much as possible
in a single layer, instead of winding the entire of coil 21 in
double layers. Further, by winding coil 21 in a single layer, it
is possible to make thin non-contact charging module 1. As
AC resistance of coil 21 is low, loss in coil 21 is prevented and
the value L is improved. Thus, it is possible to enhance power
transmission efficiency of non-contact charging module 1
depending on the value L.

[0030] Further, in the present embodiment, inner winding x
of coil 21 shown in FIG. 1 is 10 mm to 20 mm, and an outer
winding thereof is about 30 mm. As inner winding x is small,
it is possible to increase the number of turns of coil 21 having
the sane size in non-contact charging module 1, and to
improve the value L.

[0031] Terminals 22 and 23 may be close to each other, or
may be separated from each other, but non-contact charging
module 1 is easily mounted in the separated arrangement.
[0032] Magnetic sheet 3 is provided to enhance power
transmission efficiency of non-contact charging using elec-
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tromagnetic induction, and includes flat portion 31, central
convex portion 32, and recess portion 33, as shown in FIGS.
4A to 4D. Recess portion 33 may be slit 34. Further, in the
present embodiment, a Ni—Zn-based ferrite sheet, a
Mn—Z7n-based ferrite sheet, a Mg—Zn-based ferrite sheet or
the like may be used as magnetic sheet 3. The ferrite sheet can
lower AC resistance of coil 21 compared with a magnetic
sheet of an amorphous metal. Central convex portion 32 is not
necessarily provided.

[0033] In the present embodiment, magnetic sheet 3 has a
size of about 33 mmx33 mm. Respective thicknesses of flat
portion 31, convex portion 32 and recess portion 33 are set so
that d1is 0.2 mm, d2is 0.2 mm, and d3 is 0.4 mm, in FIG. 4B.
Power transmission efficiency of the non-contact charging
module is enhanced as much as magnetic sheet 3 is thick.
Thus, greater height d1 of convex portion 32 makes transmis-
sion efficiency of non-contact charging module 1 enhanced.
However, since the thickness of non-contact charging module
1 is increased as much as height d1 of convex portion 32 is
made larger than the diameter of the conducting wire, the
height d1 of convex portion 32 is set to be approximately the
same as the diameter of the conducting wire that forms coil
21. Further, the diameter of convex portion 32 is approxi-
mately the same as the inner winding of coil 21. That is, the
axial center of coil 21 and the center of convex portion 32
approximately coincide with each other, and coil 21 is wound
around convex portion 32. Further, d2 is approximately the
same as the diameter of the conducting wire that forms coil
21, and the convex portion 33 is formed with the minimum
depth. The reason why is that the deeper recess portion 33 is,
the thinner magnetic sheet 3 becomes, and as a result, trans-
mission efficiency of non-contact charging module 1 is low-
ered.

[0034] Recess portion 33 includes circular portion 334 that
is formed to surround convex portion 32, and linear portion
335 that extends from circular portion 33a to an edge of
magnetic sheet 3. The width of circular portion 33a is about 1
mm to about 2 mm, and the width of linear portion 335 is
about 0.4 mm to about 1 mm (diameter of conducting wire +
about 0.1 mm). Linear portion 335 is formed to be approxi-
mately perpendicular to the edge of magnetic sheet 3, and to
be overlapped with a tangent line of an outer circumference of
the circular portion. By forming linear portion 335 in this
way, it is possible to form terminals 22 and 23 without bend-
ing the conducting wire. In this case, the length of linear
portion 334 is about 15 mm to about 20 mm. Further, linear
portion 335 may be formed in a portion where the edge of
magnetic sheet 3 is the closest to the outer circumference of
circular portion 33a, as shown in FIG. 5. Thus, itis possible to
suppress the area where recess portion 33 is formed to the
minimum, and to enhance transmission efficiency of non-
contact charging module 1. In this case, the length of linear
portion 335 is about 5 mm to about 10 mm. In any arrange-
ment, an inner end portion of linear portion 335 is connected
to circular portion 33a. Further, linear portion 335 may be
differently arranged. That is, it is preferable that coil 21 have
a single layer structure if possible. In this case, it may be
considered that all turns of coil 21 in the radial direction are
formed in a single layer structure, or that a part thereof is
formed in a single layer structure while the remaining part
thereof is formed in a double layer structure. Accordingly, it
is possible to draw one of terminals 22 and 23 from an outer
winding of coil 21, but the other one thereof should be drawn
from the inside. Accordingly, a portion where coil 21 is
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wound and a portion from a winding end point of coil 21 to
terminal 22 or 23 are necessarily overlapped with each other
in the thickness direction. Thus, linear portion 336 may be
provided in the overlapped portion.

[0035] Further, linear portion 335 may be recess portion 33
as shown in FIG. 4C, or may be slit 34 as shown in FIG. 4D.
That is, if linear portion 335 is recess portion 33, since a
through hole or a slit is not provided on magnetic sheet 3, it is
possible to prevent magnetic flux from being leaked, and to
enhance power transmission efficiency of non-contact charg-
ing module 1. On the other hand, in the case of slit 34, it is easy
to form magnetic sheet 3. In the case of recess portion 33, the
cross-sectional shape is not limited to the quadrate as shown
in FIG. 4C and may be an arc or a circle.

[0036] The above-mentioned d1 and d2, the width of cir-
cular portion 33a, or the like depend on the diameter of the
conducting wire, and thus, are not limited to the above values.
Further, d1 and d2 are not necessarily the same. This is
because the coil may be wound in three or more layers in the
portion of circular portion 33a.

[0037] FIG. 6 is a diagram illustrating the relationship
between the thickness of the ferrite sheet of the non-contact
charging module according to the present embodiment and
the value L of coil 21. Here, the thickness of the ferrite sheet
refers to the sum of d2 and d3 in FIG. 4B, and is unrelated to
convex portion 32. Accordingly, in the present embodiment,
the thickness of the ferrite sheet is 0.6 mm. Further, at this
time, the winding number of coil 21 is 30 turns, and the inner
winding of coil 21 is 10 mm. As shown in FIG. 6, the value L
of coil 21 exceeds 34 pH in the ferrite sheet having the
thickness of about 0.6 mm. As a result, it is possible to satisfy
the WPC standard that is a standard of non-contact charging
module 1. Further, if the thickness of the ferrite sheet is 0.6
mm or greater, since the entire thickness of non-contact
charging module 1 is increased, in the present embodiment,
the thickness of the ferrite sheet is set to 0.6 mm. Moreover,
when the thickness is 0.6 mm, an optimal value is obtained,
which is applied to the ferrite sheet, and thus, in a case where
the magnetic sheet of the amorphous metal is used, the thick-
ness corresponding to an optimal value becomes different.
[0038] Next, the relationship between the inner winding
and the value L of coil 21, and the relationship between the
number of turns and the value L of coil 21 will be described.
FIG. 7 is a diagram illustrating the relationship between the
inner winding and the value L. of coil 21 of the non-contact
charging module according to the present embodiment, and
FIG. 8 is a diagram illustrating the relationship between the
number of turns and the value L of coil 21 of the non-contact
charging module according to the present embodiment. In
FIG. 7, the winding number of coil 21 is 30 turns, and in FIG.
8, the inner winding of coil 21 is 10 mm.

[0039] As the value L of coil 21 is high, transmission effi-
ciency of non-contact charging module 1 is enhanced, and in
order to satisfy the above-mentioned WPC standard, the value
L should be about 30 pH. Accordingly, as is obvious from.
FIGS. 7 and 8, it is necessary that the winding number of coil
21 be at least about 30 turns, and the inner winding of coil 21
be atleast about 10 mm. However, since the thickness and size
of'non-contact charging module 1 are regulated by the size or
the like of a battery pack of a mobile phone, for example, that
is mounted with non-contact charging module 1, reduction in
size and thickness is necessary.

[0040] Accordingly, in the present invention, two conduct-
ing wires are electrically connected at the portions of termi-
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nals 22 and 23, and caused to be equivalent to a single con-
ducting wire having a large diameter. Reduction in the
thickness is thereby achieved in a state where a cross-sec-
tional area similar to that of a single conducting wire is
secured. Further, since two conducting wires are used to
result in the width of coil 21 in the radial direction larger than
the case of one conducting wire, only the innermost portion is
formed in the double layer structure. Thus, it is possible to
sufficiently secure the winding number of coil 21 even in
magnetic sheet 3 having a limited size. Further, it is possible
to suppress the area of recess portion 33 to the minimum by
setting the double layer structure on the inside, and it is thus
possible to secure power transmission efficiency of non-con-
tact charging module 1. Further, by setting the double layer
structure on the inside and by increasing the portion of coil 21
formed in the single layer to the maximum, it is possible to
reduce AC resistance, and to increase the value L. Further, by
providing annular recess portion 33 formed by reducing the
thickness of magnetic sheet 3 in the portion of magnetic sheet
3 that faces the portion wound to be overlapped in multiple
layers of planar coil section 2, it is possible to cancel out the
difference in the thickness between the portion overlapped in
the multiple layers of the coil and the portion of the single
layer, and to further achieve reduction in the thickness.
[0041] Further, convex portion 31a may be formed in a
region where coil 21 is not disposed on flat portion 31, in four
corners of magnetic sheet 3 as shown in FIG. 5. That is, on the
outer portion of flat portion 31 surrounding the outer winding
of coil 2 in the four corners of magnetic sheet 3, nothing is
disposed on magnetic sheet 3. Accordingly, convex portion
31a can be formed in the outer portion to increase the thick-
ness of magnetic sheet 3, and to enhance power transmission
efficiency of the non-contact charging module. It is preferable
that the thickness of convex portion 31a be large, but the
thickness of convex portion 31a is approximately the same as
the thickness of the conducting wire for reduction in the
thickness, similar to central convex portion 32.

[0042] Further, coil 21 is not limited to annular winding,
and may be wound in a quadrate or polygonal shape. Further,
the inside may be wound to be overlapped in multiple layers,
and the outside is wound in layers of which the winding
number is smaller than the winding number on the inside. For
example, the inside is formed as a three-layer structure, and
the outside is formed as a double layer structure. This can also
achieve the effects of the present invention.

[0043] Next, convex portion 32, recess portion 33 and slit
34 in a case where circular portion 33a is not provided,
according to another embodiment, will be described in detail.
In FIGS. 9A to 9D to FIGS. 11A and 11B, it is assumed that
coil 21 is formed by winding one conducting wire, but the
present embodiment is not limited thereto.

[0044] FIGS.9A to 9D are conceptual diagrams illustrating
a non-contact charging module in which a coil has a single
layer structure according to the present embodiment, in which
FIG. 9A is a top view, FIG. 9B is a cross-sectional view seen
from direction A in FIG. 9A, and FIGS. 9C and 9D are
cross-sectional views seen from direction B in FIG. 9A.
FIGS. 10A to 10D are conceptual diagrams illustrating a
magnetic sheet of the non-contact charging module in which
the coil has the single layer structure according to the present
embodiment, in which FIG. 10A is a top view, FIG. 10B is a
cross-sectional view seen from direction A in FIG. 10A, and
FIGS. 10C and 10D are cross-sectional views seen from
direction Bin FIG. 10A. FIGS. 11A and 11B are conceptual
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diagrams illustrating a magnetic sheet of the non-contact
charging module in which the coil has the single layer struc-
ture according to the present embodiment, in which FIG. 11A
is atop view and FIG. 11B is a cross-sectional view seen from
direction A in FIG. 11A. Circular portion 33a is not provided
in FIGS. 9A to 9D to FIGS. 11A and 11B, and coil 21 is also
formed by a single copper wire.

[0045] As described above, it is preferable that coil 21 have
a single layer structure if possible. In this case, it may be
considered that all turns of coil 21 in the radial direction are
formed in a single layer structure, or that a part thereof is
formed in a single layer structure while the remaining part
thereof is formed in a double layer structure. Accordingly, it
is possible to draw one of terminals 22 and 23 from the outer
winding of coil 21, but the other one thereof should be drawn
from the inside. Accordingly, a portion where coil 21 is
wound and a portion from a winding end point of coil 21 to
terminal 22 or 23 are necessarily overlapped with each other
in the thickness direction.

[0046] Accordingly, in the present invention, linear recess
portion 33 or slit 34 is provided in the overlapped portion.
Particularly, in FIGS. 10A to 10D, linear recess portion 33 or
slit 34 that is parallel to a tangent line of the circumference of
an inner circle of the surface of coil 21 and that extends at the
shortest distance from a winding start point or a winding end
point of the surface of the coil to an edge of magnetic sheet 3,
is provided.

[0047] Inthis way, by forming linear portion 335 as shown
in FIGS. 10A to 10D, it is possible to form terminal 23
without bending the conducting wire on magnetic sheet 3.
[0048] Further, as shown in FIG. 11A, linear portion 335
may be formed on magnetic sheet 3 like recess portion 33 that
is perpendicular to the tangent line of the circumference of the
inner circle of the surface of coil 21 and that extends at the
shortest distance from the winding start point or the winding
end point of the surface of the coil to the edge of magnetic
sheet 3. Further, FIG. 11A shows only recess portion 33, but
slit 34 may be formed as shown in FIG. 10D. Thus, it is
possible to suppress an area where recess portion 33 or slit 34
is formed to the minimum, and to enhance transmission effi-
ciency of non-contact charging module 1. That is, by provid-
ing recess portion 33 or slit 34, a part of magnetic sheet 3 is
removed or becomes thin. Accordingly, there is a possibility
that magnetic flux is leaked from recess portion 33 or slit 34
and power transmission efficiency of the non-contact charg-
ing module is slightly reduced. Accordingly, by suppressing
the area where recess portion 33 or slit 34 is formed to the
minimum, in a state where leakage of magnetic flux is sup-
pressed to the minimum and power transmission efficiency of
non-contact charging module is maintained, it is possible to
achieve reduction in the thickness. In this case, the length of
linear portion 334 is about 5 mm to about 10 mm. In FIGS.
11A and 11B, since recess portion 33 is provided to extend
from the tangent line of the outer circumference of convex
portion 32 to have the shortest distance to the edge of mag-
netic sheet 3, recess portion 33 has a shape parallel to the edge
of magnetic sheet 3, which is because magnetic sheet 3 is a
square or rectangular.

[0049] As described above, linear portion 335 is similarly
formed in a case where circular portion 33a is not present, but
recess portion 33 may be extended as much as circular portion
33a is not present. In FIG. 11A recess portion 33 is rectan-
gular when seen from the top, but is not limited thereto. That
is, recess portion 33 may be rounded in inner edges so that
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conducting wire is easily inserted therein, or may be prefer-
ably formed in a polygonal shape.

[0050] Further, in any case of FIGS. 10A to 10D and FIGS.
11A and 11B, recess portion 33 is parallel to one pair of
opposite sides at edges of quadrate magnetic sheet 3 and is
perpendicular to the other pair of opposite sides at edges
thereof. This is because magnetic sheet 3 of the present
embodiment is quadrate. However, the shape of magnetic
sheet 3 is not limited to the quadrate shape, and various shapes
such as a circle or polygon may be used. Thus, for example,
the shape of magnetic sheet 3 may be polygonal, and recess
portion 33 or slit 34 may be perpendicular to a side which one
end of recess portion 33 or slit 34 meets, thereby making it
possible to suppress the area of recess portion 33 or slit 34 to
the minimum on a polygonal magnetic sheet to be easily used.
Particularly, the shape of magnetic sheet 3 may be quadrate,
and recess portion 33 or slit 34 may be parallel to one pair of
opposite sides at edges of quadrate magnetic sheet 3 and may
be perpendicular to the other pair of opposite sides at edges
thereof, thereby making it possible to suppress the area of
recess portion 33 or slit 34 to the minimum on a quadrate
magnetic sheet to be most easily used.

[0051] Next, a non-contact charging instrument that is pro-
vided with non-contact charging module 1 of the present
invention will be described. A non-contact power transmis-
sion instrument includes a charger that includes a power
transmission coil and a magnetic sheet, and a main instrument
that includes a power reception coil and a magnetic sheet, and
the main instrument is an electronic instrument such as a
mobile phone. A circuit of the charger side includes a recti-
fying and smoothing circuit section, a voltage converting
circuit section, an oscillating circuit section, a display circuit
section, a control circuit section, and the power transmission
coil. Further, a circuit of the main instrument side includes the
power reception coil, a rectifying circuit section, a control
circuit section, and a load L that is mainly formed by a
secondary battery.

[0052] Power transmission to the main instrument from the
charger is performed using electromagnetic induction
between the power transmission coil of the charger that is a
primary side and the power reception coil of the main instru-
ment that is a secondary side.

[0053] Since the non-contact charging instrument accord-
ing to the present embodiment includes the above-mentioned
non-contact charging module, in a state where a sufficient
cross-sectional area of a planar coil section is secured and
power transmission efficiency is enhanced, it is possible to
reduce the size and thickness of the non-contact charging
instrument.

[0054] The disclosures of Japanese Patent Application No.
2010-267985 and Japanese Patent Application No. 2010-
267986, filed on Dec. 1, 2010, including the specification,
drawings and abstract, are incorporated herein by reference in
its entirety.

INDUSTRIAL APPLICABILITY

[0055] According to the non-contact charging module of
the present invention, in a state where a sufficient cross-
sectional area of a planar coil section is secured and power
transmission efficiency is enhanced, it is possible to reduce
the size and thickness of the non-contact charging module,
and thus, the present invention is useful for a portable elec-
tronic instrument in particular, and is useful as a non-contact
charging module of various electronic instruments such as a
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mobile terminal such as a mobile phone, a portable audio, a
portable computer, or a mobile instrument such as a digital
camera or a video camera.

REFERENCE SIGNS LIST

[0056] 1 Non-contact charging module
[0057] 2 Planar coil section

[0058] 21 Coil

[0059] 22,23 Terminal

[0060] 3 Magnetic sheet

[0061] 31 Flat portion

[0062] 32 Convex portion

[0063] 33 Recess portion

[0064] 34 Slit

1-9. (canceled)
10. A non-contact charging module comprising:
a planar coil in which a conducting wire is wound;
amagnetic sheet including a flat portion on which a surface
of the planar coil is mounted; and
a convex portion that is provided in the magnetic sheet and
protrudes from the flat portion,
wherein an inner winding of the planar coil surrounds the
convex portion.
11. The non-contact charging module according to claim
10, wherein:
the conducting wire is wound around the convex portion.
12. The non-contact charging module according to claim
10, wherein:
the height of the convex portion from the flat portion is the
same as the wire diameter of the conducting wire.
13. The non-contact charging module according to claim
10, wherein:
the magnetic sheet includes a different convex portion that
protrudes from the flat portion, and
the different convex portion surrounds an outer winding of
the planar coil.
14. The non-contact charging module according to claim
10, wherein:
the convex portion provided in the magnetic sheet has the
same size as the inner winding of the planar coil.
15. The non-contact charging module according to claim
10, wherein:
the center of the convex portion provided in the magnetic
sheet coincides with a central axis of the planar coil.
16. The non-contact charging module according to claim
10, wherein:
the magnetic sheet includes a recess portion or a slit in the
flat portion, and
the conducting wire that is overlapped with a wound por-
tion of the planar coil and extends from the inner wind-
ing of the planar coil is accommodated in the recess
portion or the slit
17. The non-contact charging module according to claim
16, wherein:
an outer appearance of the magnetic sheet is rectangular,
and
the recess portion or the slit passes through the center of an
arbitrary one side among sides of outer edges of the
rectangular magnetic sheet from the inside of the flat
portion of the magnetic sheet.
18. The non-contact charging module according to claim
17, wherein:
the recess portion or the slit is perpendicular to the arbitrary
one side.



US 2013/0181668 Al

19. The non-contact charging module according to claim
10, wherein:
the planar coil is formed by winding a plurality of the
conducting wires.

20. The non-contact charging module according to claim
19, wherein:

the planar coil is formed by winding the plurality of con-
ducting wires in a state where the conducting wires are
arranged in parallel on a surface of the magnetic sheet.

21. The non-contact charging module according to claim
10, wherein:

a first wound portion that is a portion of the planar coil is
formed by winding the conducting wire in multiple lay-
ers; and

asecond wound portion that is another portion of the planar
coil is formed by winding the conducting wire in the
number of layers smaller than that of the first wound
portion.

Page 18 of 18

Jul. 18,2013

22. The non-contact charging module according to claim
21, wherein:
an annular recess portion or slit formed so as to reduce
thickness of the magnetic sheet is provided in a region of
the magnetic sheet on which the first wound portion of
the planar coil is mounted, and at least a portion of the
first wound portion is accommodated in the annular
recess portion or slit.
23. The non-contact charging module according to claim
21, wherein:
the planar coil is wound so that the first wound portion is
disposed inside the second wound portion.
24. The non-contact charging module according to claim
21, wherein:
the magnetic sheet is provided with a circular recess por-
tion in a portion thereof that is overlapped with the first
wound portion, and a portion of the first wound portion
that is wound to protrude more than the second wound
portion is accommodated in the circular recess portion.

#* #* #* #* #*





