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NON-CONTACT CHARGING MODULLE,
ELECTRONIC APPARATUS, AND
NON-CONTACT CHARGING APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to a non-contact charging

module having a planar coil portion and a magnetic sheet,
and an electronic device and a non-contact charging device.

BACKGROUND ART

Recently, there have been utilized a number of appara-
tuses with a main unit which can be charged 1n a non-contact
manner by a charger. In such apparatuses, non-contact
charging modules are respectively provided at a charger side
and a main unit side and electromagnetic induction 1s caused
between both modules so that power 1s transmitted from the
charger side to the main unit side. It has been also proposed
to apply a mobile terminal device or the like as the main unait.

There 1s a need for thinner and smaller main unit and
charger for the mobile terminal device, or the like. To
respond to such a need, as disclosed in Patent Literature 1,
it 1s considered to provide a planar coil portion and a
magnetic sheet, which serve as a transmission side non-
contact charging module and a reception side non-contact
charging module.

CITATION LIST
Patent Literature

PTL 1
Japanese Patent Application Laid-Open No. 2006-42519

SUMMARY OF INVENTION

Technical Problem

Such types of non-contact charging modules require to
position a primary side non-contact charging module (trans-
mission side non-contact charging module) and a secondary
side non-contact charging module (reception side non-con-
tact charging module) accurately to efliciently cause elec-
tromagnetic induction for power transmission.

In order to position the primary side non-contact charging,
module (transmission side non-contact charging module)
and the secondary side non-contact charging module (recep-
tion side non-contact charging module) accurately, one
method 1s to use a magnet, an example of which 1s a method
shown 1n FIG. 11. FIG. 11 1illustrates a non-contact charging
module (for example, a secondary side non-contact charging
module) brought 1nto position by a magnet provided at the
other non-contact charging module (for example, a primary
side non-contact charging module). In this method, the
primary side non-contact charging module and the second-
ary side non-contact charging module are positioned by a
magnet provided at at least one of the modules so that the
magnets provided at the both modules or the magnet pro-
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2

vided at one module and a magnetic sheet provided at the
other module attract each other.

Further, there 1s another method in which the primary side
non-contact charging module and the secondary side non-
contact charging module are positioned accurately without
utilizing a magnet.

For example, there 1s a method in which the primary side
non-contact charging module and the secondary side non-
contact charging module are physically (as a shape) and
forcibly positioned by fitting a protruding portion formed on
a charging surface of a charger provided with the primary
side non-contact charging module 1to a recessed portion
formed at an electronic device provided with the secondary
side non-contact charging module. There 1s still another
method in which the primary side non-contact charging
module detects a position of a coil of the secondary side
non-contact charging module to thereby automatically move
a coil of the primary side non-contact charging module to the
position of the coil of the secondary side non-contact
charging module. There 1s yet another method in which a
large number of coils are provided at a charger to thereby
enable charging even 1f a mobile device 1s placed at any-
where on a charging surface of the charger.

However, L values of the coils provided at the respective
non-contact charging modules largely vary between a case
where a magnet 1s used for positioning the primary side
non-contact charging module and the secondary side non-
contact charging module and a case where a magnet 1s not
used. Resonant frequency of the electromagnetic induction
for power transmission 1s determined by utilizing the L
values of the coils provided at the respective non-contact
charging modules.

Accordingly, there 1s a problem 1n that 1t 1s diflicult to
share the non-contact charging modules between a case
where a magnet 1s used for positioning the primary side
non-contact charging module and the secondary side non-
contact charging module and a case where a magnet 1s not
used.

Therefore, an object of the present invention 1s to provide
a non-contact charging module which can suppress variation
of an L value of a coil provided at the non-contact charging
module 1n both of a case where a magnet provided at the
other non-contact charging module serving as a counterpart
for power transmission 1s used and a case where a magnet 1s
not used for positioning a primary side non-contact charging
module and a secondary side non-contact charging module,
and which can be suitably used in both of a case where a
magnet 1s used and a case where a magnet 1s not used, and
which can realize downsizing, and also to provide an elec-
tronic device and a non-contact charging device.

Solution to Problem

A non-contact charging module according to an aspect of
the present mvention 1s configured to be positioned with
another non-contact charging module using a circular mag-
net or without using the circular magnet for positioning, the
circular magnet being provided at the other non-contact
charging module, the non-contact charging module includ-
ing: a planar coil portion including a conductive wire wound
in a substantially rectangular shape; and a magnetic sheet
provided with a surface on which the planar coil portion 1s
placed, in which the planar coil portion includes a substan-
tially rectangular hollow portion that has a short side shorter
than a diameter of the circular magnet and a long side longer
than the diameter of the circular magnet.

Advantageous Effects of Invention

According to the present invention, it 1s possible to
provide a non-contact charging module which can suppress
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variation of an L value of a coil provided at the non-contact
charging module 1n both of a case where a magnet provided
at the other non-contact charging module serving as a
counterpart for power transmission 1s used and a case where
a magnet 1s not used for positioning a primary side non-
contact charging module and a secondary side non-contact
charging module, and which can be suitably used 1n both of
a case where a magnet 1s used and a case where a magnet 1s
not used, and which can realize downsizing and to provide
a non-contact charging device using the non-contact charg-
ing module.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram 1llustrating a non-contact power
transmission device according to an embodiment of the
present mvention;

FI1G. 2 1llustrates a configuration of a non-contact charger
according to the embodiment of the present mnvention;

FIG. 3 illustrates a primary side non-contact charging
module according to the embodiment of the present inven-
tion;

FIGS. 4A to 4D 1illustrate 1n detail the primary side
non-contact charging module according to the embodiment
of the present invention;

FIG. 5 illustrates a configuration of a mobile terminal
device according to the embodiment of the present inven-
tion;

FIG. 6 illustrates a secondary side non-contact charging
module according to the embodiment of the present inven-
tion;

FIGS. 7A to 7D illustrate in detail the secondary side
non-contact charging module according to the embodiment
of the present invention;

FIGS. 8A to 8D illustrate a relationship between the
primary side non-contact charging module provided with a
magnet and the secondary side non-contact charging mod-
ule;

FIG. 9 illustrates a relationship between a coil inner
diameter and an L value of the coil;

FIGS. 10A and 10B 1illustrate a positional relationship
between a secondary side coil wound 1n a rectangular shape
and a secondary side coil wound 1n a circular shape, and a
magnet provided at the primary side non-contact charging,
module; and

FIG. 11 illustrates a non-contact charging module (for
example, the secondary side non-contact charging module)
brought into position using a magnet provided at the other
non-contact charging module (for example, the primary side
non-contact charging module).

DESCRIPTION OF EMBODIMENTS

Embodiment

An embodiment of the present invention will be described
below with reference to the accompanying drawings.

(Regarding a Non-Contact Charging System)

FIG. 1 1s a block diagram 1llustrating a non-contact power
transmission device according to an embodiment of the
present mvention.

The non-contact power transmission device includes pri-
mary side non-contact charging module 41 (transmission
side non-contact charging module) and secondary side non-
contact charging module 42 (reception side non-contact
charging module), and transmits power from primary side
non-contact charging module 41 to secondary side non-
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4

contact charging module 42 by utilizing the action of elec-
tromagnetic induction. This non-contact power transmission
device 1s used for transmitting power of approximately 5 W
or lower and has a frequency of power transmission between
approximately 110 and 205 kHz. Primary side non-contact
charging module 41 1s mounted on, for example, a charger,
and secondary side non-contact charging module 42 1is
mounted on, for example, a mobile phone, a digital camera,
a PC, or the like.

Primary side non-contact charging module 41 includes
primary side coil 21a, magnetic sheet 51, a resonant capaci-
tor (not shown) and power input section 71. Power input
section 71 1s connected to commercial power source 300 as
an external power source to receive supply of power of
approximately 100 to 240V, converts the power into prede-
termined current A (DC 12V, 1 A) and supplies the current
to primary side coil 21a. Primary side coil 21a generates a
magnetic field according to 1ts shape, the number of turns,
and the supplied current. The resonant capacitor 1s con-
nected to primary side coil 21a and determines a resonant
frequency of the magnetic field generated from primary side
coil 21a according to a relationship with primary side coil
21a. The action of electromagnetic induction from primary
side non-contact charging module 41 to secondary side
non-contact charging module 42 occurs by this resonant
frequency.

Meanwhile, secondary side non-contact charging module
42 includes secondary side coil 21b, magnetic sheet 52, a
resonant capacitor (not shown), rectifier circuit 72 and
power output section 82. Secondary side coil 21b receives
the magnetic field generated from primary side coil 21a,
converts the magnetic field into predetermined current B by
clectromagnetic induction action and outputs predetermined
current B to the outside of secondary side non-contact
charging module 42 via rectifier circuit 72 and power output
section 82. Rectifier circuit 72 rectifies predetermined cur-
rent B which 1s an alternating current to convert the current
into predetermined current C (DC 5V, 1.5 A) which 1s a
direct current. Further, power output section 82 1s a unit for
outputting power to the outside of secondary side non-
contact charging module 42, through which power 1s sup-
plied to electronic device 200 connected to secondary side
non-contact charging module 42.

It should be noted that, as shown in FIG. 1, 1t 1s not
necessary that both of primary side coil 21a of primary side
non-contact charging module 41 and secondary side coil 21b
of secondary side non-contact charging module 42 be a
planar coil wound 1n a substantially rectangular shape. That
1s, though described i1n detail later, because the present
invention 1s intended to stabilize transmission efliciency
whether a magnet 1s provided or not provided at a counter-
part (secondary side non-contact charging module 42 for
primary side non-contact charging module 41, and primary
side non-contact charging module 41 for secondary side
non-contact charging module 42), a substantially rectangular
coill may be used in only one of the non-contact charging
modules.

|[Regarding a Non-Contact Charger and a Primary Side
Non-Contact Charging Module]

A case where primary side non-contact charging module
41 1s mounted on a non-contact charger will be described.

FIG. 2 1llustrates a configuration of a non-contact charger
according to the embodiment of the present invention. It
should be noted that FIG. 2 illustrates the configuration so
that the 1nside of the non-contact charger can be seen.

Non-contact charger 400 which transmits power by uti-
lizing the action of electromagnetic induction has primary
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side non-contact charging module 41 1n a casing that forms
the exterior of non-contact charger 400.

Non-contact charger 400 has a plug 401 which 1s inserted
into outlet 301 of commercial power source 300 provided
indoors or outdoors. Non-contact charger 400 can receive
power supply from commercial power source 300 by plug
401 being 1nserted into outlet 301.

Non-contact charger 400 1s provided on table 501, and
primary side non-contact charging module 41 1s arranged
near surface 402 of non-contact charger 400 which 1s an
opposite side of a surface of the table. A primary flat surface
of primary side coil 21a in primary side non-contact charg-
ing module 41 1s arranged parallel to surface 402 of non-
contact charger 400 which 1s an opposite side of the surface
of the table. This configuration makes 1t possible to secure
an area for power reception operation of the electronic
device provided with secondary side non-contact charging
module 42. It should be noted that non-contact charger 400
may be provided on a wall surface, 1n which case non-
contact charger 400 1s arranged near a surface which 1s an
opposite side of the wall surface.

Further, primary side non-contact charging module 41
may have magnet 30a to be used for performing positioning,
with secondary side non-contact charging module 42, in
which case magnet 30a 1s arranged 1 a hollow portion
positioned 1n a central area of primary side coil 21a.

Primary side non-contact charging module 41 will be
described.

FIG. 3 illustrates a primary side non-contact charging
module according to the embodiment of the present inven-
tion and illustrates a case where a primary side coil 1s a
substantially rectangular coil.

Primary side non-contact charging module 41 includes
primary side coil 21a which 1s a conductive wire wound in
a spiral manner to form a substantially rectangular shape,
and magnetic sheet 51 provided to face a surface of primary
side coil 21a.

As shown 1n FIG. 3, a planar coil portion of primary side
non-contact charging module 41 includes primary side coil
21a which 1s a conductor wound toward an outer direction
in a spiral manner so as to form a substantially rectangular
shape on the surface, and terminals 22a and 23a which are
provided at both ends of primary side coil 21a as current
supply portions. That 1s, terminals 22a and 23a which are
current supply portions supply a current from commercial
power source 300 which 1s an external power source to
primary side coil 21a. Primary side coil 21a i1s formed of a
conductive wire wound on a plane 1n a parallel manner, and
a surface formed by the coil 1s referred to as a coil surface.
It should be noted that a thickness direction 1s a direction 1n
which primary side coil 21a and magnetic sheet 51 are
stacked.

Magnetic sheet 31 includes flat portion 31a on which
primary side coil 21a 1s mounted, central portion 32a which
1s located at a center of flat portion 31a and which corre-
sponds to a hollow area of primary side coil 21a, and linear
recessed portion 33a into which part of a drawn wire of
primary side coil 21a 1s mserted. Central portion 32a may
take any form among a protruding shape, a flat shape, a
recessed shape and a through hole relative to flat portion
31a. If central portion 32a has a protruding shape, it is
possible to strengthen a magnetic flux of primary side coil
21a. IT central portion 32a 1s tlat, central portion 32a can be
casily manufactured, and primary side coil 21a can be easily
mounted thereon, and 1t 1s possible to maintain a well-
balanced relationship between the influence of a magnet for
positioning and an L value of primary side coil 21a, which
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will be described later. If central portion 32a has a recessed
shape or 1s a through hole, it 1s possible to suppress the
influence of a magnet for positioning. That 1s, 1t 1s possible
to physically keep a distance between magnet 30b provided
at secondary side non-contact charging module 42 and
magnetic sheet 51, so that 1t 1s possible to prevent reduction
ol magnetic permeability as a result of magnetic sheet 51
being saturated by magnet 30b. Accordingly, 1t 1s possible to
prevent an L value of primary side coil 21a from varying
according to the presence or absence of magnet 30b. Further,
the recessed portion, the protruding portion or the through
hole may be formed 1n the same shape and to have the same
s1ze as the hollow portion, or may be formed 1n a different
shape and may be smaller than the hollow portion.

In primary side non-contact charging module 41 1n this
embodiment, primary side coil 21a 1s wound toward outside
from a substantially rectangular hollow portion of approxi-
mately 12 mmx18 mm, and its outer end forms a rectangle
of approximately 18 mmx23 mm. That 1s, primary side coil
21a 1s wound 1n a substantially rectangular doughnut shape.
It should be noted that “substantially rectangular” refers to
a rectangle that may include R (curved portion) at four
COrners.

Further, by winding the conductive wire so as to keep
space from each other, floating capacitance between an
upper stage conductive wire and a lower stage conductive
wire becomes small, so that it 1s possible to suppress
alternating-current resistance of primary side coil 21a. Fur-
ther, by winding the conductive wire so as to reduce space,
it 1s possible to reduce the thickness of primary side coil 21a.

Further, primary side non-contact charging module 41
may have magnet 30a to be used for performing positioning
with secondary side non-contact charging module 42. It 1s
defined by the standards (WPC) that magnet 30a should
have a circular shape and should have a diameter of 15.5 mm
or less and so on. Magnet 30a has a coin shape and has to
be arranged so that 1ts center matches a central winding axis
of primary side coil 21a 1n order to reduce influence of
magnet 30a on primary side coil 21a. When magnet 30a 1s
provided, 1t 1s preferable to provide a hollow portion larger
than magnet 30a.

When primary side non-contact charging module 41 has
magnet 30a, as the first method for arranging magnet 30a,
there 1s a method in which magnet 30a 1s arranged on an
upper surface of central portion 32a of magnetic sheet 51.
Further, as the second method for arranging magnet 30a,
there 1s a method 1n which magnet 30a 1s arranged 1n place
of central portion 32a of magnetic sheet 51. In the second
method, because magnet 30a 1s arranged 1n a hollow area of
primary side coil 21a, 1t 1s possible to make primary side
non-contact charging module 41 smaller.

When a magnet 1s not utilized for positioning primary side
non-contact charging module 41 and secondary side non-
contact charging module 42, magnet 30a shown in FIG. 3 1s
not required.

Influence of a magnet on power transmission efliciency of
the non-contact charging module will be described. Gener-
ally, a magnet 1s provided inside a hollow portion of built-in
primary side coil 21a or secondary side coil 21b 1n at least
one of the primary side non-contact charging module and the
secondary side non-contact charging module. By this means,
it 15 possible to bring the magnet and the magnet or to bring
the magnet and magnetic sheet 51 as close as possible to
cach other and 1t 1s possible to bring the primary side coil
and the secondary side coil close to each other. The magnet
has a circular shape. In this embodiment, the magnet has a
diameter of approximately 135.5 mm (approximately 10 mm
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to 20 mm), and a thickness of approximately 1.5 to 2 mm.
Further, a neodymium magnet 1s used, and strength may be
approximately 75 mT to 150 mT. In this embodiment,
because there 1s an interval of approximately 2 to 5 mm
between the coil of primary side non-contact charging
module and the coil of secondary side non-contact charging
module, 1t 1s possible to position the non-contact charging
modules with a magnet having such a degree of strength.

When a magnetic flux 1s generated between primary side
coil 21a and secondary side coil 21b to transmit power, 1f a
magnet exists between or around primary side coil 21a and
secondary side coil 21b, the magnetic flux extends while
avoiding the magnet. Alternatively, a magnetic flux which
penetrates 1mside the magnet causes an eddy current or heat
inside the magnet, which becomes a loss. Further, as a result
of the magnet being arranged near the magnetic sheet,
magnetic permeability of the magnetic sheet near the magnet
1s lowered. Accordingly, magnet 30a provided at primary
side non-contact charging module 41 reduces L values of
both primary side coil 2la and secondary side coil 21b. As
a result, transmission efliciency between the non-contact
charging modules 1s reduced.

FIGS. 4A to 4D illustrate 1mn detail the primary side
non-contact charging module according to the embodiment
of the present invention. FIG. 4A 1llustrates an upper surface
of the primary side non-contact charging module, FIG. 4B
illustrates a cross-section taken along A-A of the primary
side non-contact charging module in FIG. 4A, FIG. 4C
illustrates a cross-section taken along B-B of the primary
side non-contact charging module 1n FIG. 4A when a linear
recessed portion 1s provided, and FIG. 4D illustrates a
cross-section taken along B-B of the primary side non-
contact charging module 1n FIG. 4A when a slit 1s provided.
It should be noted that FIG. 4A and FIG. 4B illustrate a case
where magnet 30a 1s not provided, and 11 a magnet 1s
provided, magnet 30a indicated by the dotted line 1s pro-
vided.

Primary side coil 21a 1s formed to have two stages in a
thickness direction from a winding start portion positioned
in the central area of primary side coil 21a to terminal 23a
and to have one stage in the remaining area in order to
realize thinner non-contact charger 400 on which primary
side non-contact charging module 41 1s mounted. In addi-
tion, the conductive wire 1s wound so as to keep space
between the upper stage conductive wire and the lower stage
conductive wire, thereby reducing floating capacitance
between the upper stage conductive wire and the lower stage
conductive wire, so that 1t 1s possible to suppress alternating-
current resistance of primary side coil 21a.

When conductive wires are stacked to extend primary side
coil 21a 1n a thickness direction of primary side non-contact
charging module 41, it 1s possible to increase a current
flowing through primary side coil 21a by increasing the
number of turns of primary side coil 21a. When the con-
ductive wires are stacked, by winding the conductive wire so
as to reduce space between the upper stage conductive wire
and the lower stage conductive wire, 1t 1s possible to increase
a current flowing through primary side coil 21a while
suppressing the thickness of primary side coil 21a. Further,
by stacking the conductive wire in the thickness direction,
because magnetic sheet 51 1s positioned away from second-
ary side non-contact charging module 42 though primary
side coi1l 21a 1s positioned close to secondary side non-
contact charging module 42, 1t 1s possible to suppress
influence of magnet 30b when magnet 30b i1s provided at
secondary side non-contact charging module 42. Further,
this can be applied to a relationship between magnet 30a of
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primary side non-contact charging module 41, and second-
ary side coil 21b and magnetic sheet 52. Influence of
magnets 30a and 30b will be described later.

While 1n this embodiment, primary side coil 21a 1s formed
using a conductive wire having a circular cross section, 1t 1s
also possible to use a conductive wire having a rectangular
or polygonal cross section. When a conductive wire having
a circular cross section 1s used, because a gap occurs
between adjacent parts of the conductive wire, floating
capacitance between the parts of the conductive wire
becomes small, so that it 1s possible to suppress alternating-
current resistance of primary side coil 21a.

Further, compared to a case where the conductive wire of
primary side coil 21a 1s wound 1n two stages 1n a thickness
direction, alternating-current resistance of primary side coil
21a becomes lower and transmission efliciency can increase
when the conductive wire 1s wound 1n one stage. This 1s
because, when the conductive wire 1s wound 1n two stages,
floating capacitance occurs between the upper stage con-
ductive wire and the lower stage conductive wire. Accord-
ingly, it 1s preferable to wind the conductive wire 1n one
stage 1n as large portion as possible rather than to wind the
conductive wire in two stages 1n the whole primary side coil
21a. Further, by winding the conductive wire 1n one stage,
it 1s possible to make primary side non-contact charging

module 41 thinner. Further, when planar coil portion 2
includes two conductive wires, because the two conductive
wires are electrically connected by a solder, or the like, at the
portions of terminals 22a and 23a, the two conductive wires
may be formed as i1 1t were one thick conductive wire. The
two conductive wires may be wound side by side 1n parallel
to a coil surface or may be wound side by side vertically with
respect to the coil surface. That 1s, when the conductive
wires are wound in parallel to the coil surface, the two
conductive wires are wound around the same central axis 1n
a planar shape, and one conductive wire 1s put between the
other conductive wires 1n a radial direction. By electrically
bonding the two conductive wires at the portions of termi-
nals 22a and 23a 1n this way so that the two conductive wires
function as 1f 1t were one conductive wire, 1t 1s possible to
suppress the thickness while maintaining the same cross-
sectional area. That 1s, 1t 1s possible to obtain a cross-
sectional area of a conductive wire having a diameter of 0.25
mm with two conductive wires having a diameter of 0.18
mm, for example. Accordingly, while 1f one conductive wire
having a diameter of 0.25 mm 1s used, the thickness of one
turn of primary side coil 21a 1s 0.25 mm and the width of
primary side coil 21a 1n a radial direction 1s 0.25 mm, 11 two
conductive wires having a diameter of 0.18 mm are used, the
thickness of one turn of primary side coi1l 21a1s 0.18 mm and
the width 1n a radial direction 1s 0.36 mm. It should be noted
that the thickness direction 1s a direction in which primary
side coil 21a and magnetic sheet 51 are stacked. Further, the
conductive wires are overlapped 1n two stages 1n the thick-
ness direction at only part at the central side of primary side
coil 21a, and the conductive wires may be formed 1n one
stage at the remaining outer portion. Further, 1t the conduc-
tive wires are wound vertically with respect to the coil
surface, while the thickness of primary side non-contact
charging module 41 increases, because the cross-sectional
area ol the conductive wires virtually increases, it 1s possible
to icrease a current tlowing through primary side coil 21a
and to easily secure a sutli

icient number of turns. It should be
noted that in this embodiment, primary side coil 21la
includes conductive wires of approximately 0.18 to 0.4 mm,
and among them, 1t 1s preferable to use a conductive wire of
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0.25 to 0.35 mm for primary side coil 21a of primary side
non-contact charging module 41.

Because the alternating-current resistance of primary side
coil 21a1s low, 1t 1s possible to prevent a loss at primary side
coill 21a, and by increasing an L value, 1t 1s possible to
improve power transmission efliciency of primary side non-
contact charging module 41 which depends on the L value.

While terminals 22a and 23a may be provided close to
cach other or separate from each other, primary side non-
contact charging module 41 can be easily mounted if ter-
minals 22a and 23a are provided separate from each other.

Magnetic sheet 51 which 1s provided to improve power
transmission efliciency of non-contact charging utilizing
clectromagnetic induction action, includes planar portion
31a, central portion 32a which 1s a center of coil 21, and
linear recessed portion 33a. Further, i magnet 30a for
positioning primary side non-contact charging module 41
and secondary side non-contact charging module 42 1is
provided, magnet 30a may be provided above central por-
tion 32a or may be provided 1n place of central portion 32a.

Further, 1t 1s possible to use a Ni—Z7n ferrite sheet, a
Mn—Z7n ferrite sheet, a Mg—7n ferrite sheet, or the like as
magnetic sheet 51. Magnetic sheet 51 may be formed as a
single layer structure or as a structure 1n which a plurality of
layers of the same material are laminated 1 a thickness
direction, or may be formed by laminating a plurality of
layers of different magnetic sheets 51 in the thickness
direction. It 1s preferable to use magnetic sheet 51 having at
least magnetic permeability of 250 or higher and saturation
magnetic flux density of 350 mT or higher.

Further, 1t 1s possible to use an amorphous metal as
magnetic sheet 51. When a ferrite sheet 1s used as magnetic
sheet 51, the alternating-current resistance of primary side
coil 21a 1s advantageously reduced, while, when an amor-
phous metal 1s used as the magnetic sheet, 1t 1s possible to
make primary side coil 21a thinner.

Magnetic sheet 51 to be used for primary side non-contact
charging module 41 has a size within approximately 50x50
mm, and has a thickness of approximately 3 mm or less. In
this embodiment, magnetic sheet 51 1s a substantially rect-
angle of approximately 20 mmx25 mm. It 1s preferable that
magnetic sheet 51 1s formed so as to have about the same
s1ze as or larger than the outer circumierence end of primary
side coil 21a. Further, the shape of magnetic sheet 51 may
be a circle, a rectangle, a polygon, or a rectangle or a
polygon having large curves at four corners.

Linear recessed portion 33a or slit 34a store the conduc-
tive wire from a coill winding start portion (innermost
portion of the coil) to a terminal. By this means, 1t 1s possible
to prevent the conductive wire from the coil winding start
portion to the terminal from overlapping in the thickness
direction of primary side coil 21a and suppress the thickness
of primary side non-contact charging module 41. Further, by
setting the size of linear recessed portion 33a or slit 34a to
a minimum size which can store the conductive wire from
the coil winding start portion to the terminal, it 1s possible
to suppress occurrence of a leakage tlux. Further, as shown
in FIG. 3, linear recessed portion 33a or slit 34a does not
have to be extended 1n parallel to a long side direction of
primary side coil 21a, but may be parallel to a short side
direction. Further, the cross-sectional shape of linear
recessed portion 33a does not have to be a rectangle, but may
be an arc or a round.

Linear recessed portion 33a or slit 34a 1s formed so as to
be substantially perpendicular to an end of magnetic sheet
51 which intersects with an end of linear recessed portion
33a or slit 34a, and so as to overlap with an outline (sides of
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a substantially rectangular hollow portion) of the hollow
portion. By forming linear recessed portion 33a or slit 34a
in this way, 1t 1s possible to form terminals 22a and 23a
without bending the conductive wire at the winding start
portion. The length of linear recessed portion 33a or slit 34a
depends on the size of the hollow portion of coil 21 and, 1n
this embodiment, 1s approximately 5 mm to 15 mm.

Further, linear recessed portion 33a or slit 34a may be
formed at a portion where the end of magnetic sheet 51
comes closest to the winding start portion of primary side
coil 21a located at the end of the hollow portion. By this
means, 1t 1s possible to minimize the area for forming linear
recessed portion 33a or slit 34a and 1mprove transmission
eiliciency of the non-contact power transmission device. In
this case, the length of linear recessed portion 33a or slit 34a
1s approximately 5 mm to 10 mm. An inner end of linear
recessed portion 33a or slit 34a 1s connected to central
portion 32a for either arrangement.

Further, linear recessed portion 33a or slit 34a may be
arranged 1n other manners. That 1s, because 1t 1s preferable
to form primary side coil 21a to have a single stage structure,
it 1s concervable to adopt an arrangement where all the turns
in a radial direction of primary side coil 21a are formed 1n
one stage structure, or an arrangement where part of the
turns 1s formed 1n a single stage structure and the other part
1s formed 1n a two-stage structure. Accordingly, while 1t 1s
possible to draw one of terminals 22a and 23a from an outer
periphery of primary side coil 21a, the other terminal has to
be drawn from the inside. If a portion where primary side
coil 21a 1s wound certainly overlaps with a portion from
winding end of primary side coil 21a to terminal 22a or 23a
in a thickness direction, linear recessed portion 33a or slit
34a may be provided at the overlapped portion.

If linear recessed portion 33a 1s used, because a through
hole or a slit 1s not provided at magnetic sheet 51, it 1s
possible to prevent leakage of a magnetic flux and improve
power transmission efliciency of primary side non-contact
charging module 41. Meanwhile, when slit 34a 1s used,
magnetic sheet 51 can be easily formed. If linear recessed
portion 33a 1s used, the cross-sectional shape 1s not limited
to a rectangle, but may be an arc or a round.

Then, an nfluence of a magnet on primary side non-
contact charging module 41 and secondary side non-contact
charging module 42 which will be described later will be
described. Secondary side coil 21b inside secondary side
non-contact charging module 42 receives a magnetic field
generated by primary side non-contact charging module 41
to perform power transmission. I a magnet 1s arranged
around primary side coil 21a and secondary side coil 21b,
the magnetic field may be generated while avoiding the
magnet or the magnetic field which tries to pass through the
magnet may disappear. Further, magnetic permeability at a
portion close to the magnet of magnetic sheet 51 1s reduced.
That 1s, the magnetic field 1s weakened by the magnet.
Accordingly, i order to minimize the magnetic field weak-
ened by the magnet, 1t 1s necessary to take some measures
such as separating primary side coil 21a and secondary side
coill 21b and the magnet or providing magnetic sheet 51
which 1s less likely to be influenced by the magnet.

Because primary side non-contact charging module 41 1s
used at a fixed terminal which 1s a power supply transmis-
sion side, there 1s extra space which can be occupied by
primary side non-contact charging module 41 1n the fixed
terminal. Further, because a current flowing through primary
side coil 21a of primary side non-contact charging module
41 1s large, insulation property of magnetic sheet 51 1is
important. IT magnetic sheet 51 1s a conductive sheet, a large
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current flowing through primary side coil 21a may be
transmitted to other parts via magnetic sheet 51.

In consideration of the above, magnetic sheet 51 mounted
on primary side non-contact charging module 41 is prefer-
ably a (insulation) N1—Zn ferrite sheet having a thickness of
400 um or greater (preferably, 600 um to 1 mm), magnetic
characteristic of magnetic permeability of 250 or higher, and
saturation magnetic flux density of 350 mT or higher.
However, 1t 1s also possible to use a (conductive) Mn—7n
territe sheet 11 being subject to suflicient insulation process-
ing, 1n place of the N1i—Z7n ferrite sheet.

Further, 1n primary side non-contact charging module 41,
the L value of primary side coil 21a of primary side
non-contact charging module 41 largely varies between a
case where magnet 30a 1s used for positioning and a case
where magnet 30a 1s not used. That 1s, the presence of
magnet 30a 1n primary side non-contact charging module 41
or the presence of a similar magnet 1n secondary side
non-contact charging module 42 inhibits the magnetic flux
between the primary side and the secondary side non-contact
charging modules, and largely reduces the L value of pri-
mary side coil 21a of primary side non-contact charging
module 41 by the presence of the magnet. In order to
suppress the intfluence of this magnet 30a, magnetic sheet 51
1s preferably formed with a high saturation magnetic flux
density material (having saturation magnetic flux density of
350 mT or higher). Because the high saturation magnetic
flux density material has property that a magnetic flux 1s less
likely to be saturated even i1f the magnetic field becomes
strong, 1t 15 possible to reduce influence of magnet 30a and
improve the L value of coil 21 when magnet 30a 1s used.
Accordingly, 1t 1s possible to make magnetic sheet 51
thinner.

However, 11 the magnetic permeability of magnetic sheet
51 becomes too low, the L value of primary side coil 21a 1s
significantly lowered. As a result, the efliciency of primary
side non-contact charging module 41 may be degraded.
Accordingly, the magnetic permeability of magnetic sheet
51 1s preferably at least 250 or higher, more preferably, 350
or higher. Further, while the L value also depends on the
thickness of magnetic sheet 51, the thickness of the ferrite
sheet may be 400 um or greater. While the ferrite sheet can
reduce the alternating-current resistance of coil 21 compared
to the magnetic sheet of the amorphous metal, it 1s also
possible to use the amorphous metal. By using such mag-
netic sheet 51, even 1f at least one of primary side non-
contact charging module 41 and secondary side non-contact
charging module 42 includes a magnet, primary side non-
contact charging module 41 can reduce the influence of the
magneit.

Further, by using the Mn—Z7n {ferrite sheet as the ferrite
sheet, 1t 1s possible to make magnetic sheet 51 even further
thinner. That 1s, a frequency of electromagnetic induction 1s
defined by the standards (WPC) to be approximately 100
kHz to 200 kHz (for example, 120 kHz). In such a low
frequency band, the Mn—Z7n {ferrite sheet exhibits high
elliciency. The N1—Zn ferrite sheet exhibits high efliciency
in high frequency.

[Regarding a Mobile Terminal and a Secondary Side
Non-Contact Charging Module]

A case where secondary side non-contact charging mod-
ule 42 1s mounted on a mobile terminal device will be
described.

FIG. 5 illustrates a configuration of a mobile terminal
device according to the embodiment of the present inven-
tion, and 1s a perspective view which illustrates a decom-
posed mobile terminal device.
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Mobile terminal device 520 1s composed of liquid crystal
panel 521, operation button 522, [substrate] circuit board
523, battery pack 524, and the like. Mobile terminal device
520 which receives power by utilizing electromagnetic
induction action has secondary side non-contact charging
module 42 mside chassis 525 and chassis 526 which form its
exterior.

At a back surface of chassis 525 on which liquid crystal
panel 521 and operation button 522 are provided, [substrate]
circuit board 523 including a controlling section which
receives information mput from operation button 522, dis-
plays necessary information on liquid crystal panel 521 and
controls the whole of mobile terminal device 520 1s pro-
vided. Further, at a back surface of [substrate] circuit board
523, battery pack 524 1s provided. Battery pack 524 is
connected to [substrate] circuit board 523 and supplies
power to [substrate] circuit board 523.

Further, at a back surface of battery pack 524, that 1s, at
the side of chassis 526, secondary side non-contact charging
module 42 1s provided. Secondary side non-contact charging
module 42 recerves power supply from primary side non-
contact charging module 41 by the action of electromagnetic
induction and charges battery pack 524 by utilizing the
power.

Secondary side non-contact charging module 42 includes
secondary side coil 21b, magnetic sheet 52, and the like.
When power supply 1s assumed to be received from the side
of chassis 526, by arranging secondary side coil 21b and
magnetic sheet 52 1n this order from the side of chassis 526,
it 1s possible to receive power supply while reducing the
influence of [substrate] circuit board 523 and battery pack
524.

Further, secondary side non-contact charging module 42
may have magnet 30b to be used for performing positioning
with primary side non-contact charging module 41. In this
case, magnet 30b 1s provided at a hollow portion positioned
in a central area of secondary side coil 21b. It 1s defined by
the standards (WPC) that magnet 30b should be a circle and
should have a diameter of 15.5 mm or less, for example.
Magnet 30b has a coin shape and has to be arranged so that
its center matches a central winding axis of primary side coil
21a 1n order to reduce the influence of magnet 30a on
primary side coil 21a. Magnet 30b provided at secondary
side non-contact charging module 42 reduces the L values of
both primary side coil 21a and secondary side coil 21b.

When secondary side non-contact charging module 42 has
magnet 30b, as the first method for arranging magnet 30b,
there 1s a method 1n which magnet 30b 1s arranged on an
upper surface of central portion 32b of magnetic sheet 52.
Further, as the second method for arranging magnet 30b,
there 1s a method 1n which magnet 30b 1s arranged 1n place
of central portion 32b of magnetic sheet 52. In the second
method, because magnet 30b 1s arranged 1n a hollow area of
secondary side coil 21b, 1t 1s possible to make secondary
side non-contact charging module 42 smaller.

When a magnet 1s not utilized for positioning primary side
non-contact charging module 41 and secondary side non-
contact charging module 42, magnet 30b 1s not required.

Secondary side non-contact charging module 42 will be
described.

FIG. 6 illustrates a secondary side non-contact charging
module according to the embodiment of the present inven-
tion and illustrates a case where a secondary side coil 1s a
circular coil.

FIGS. 7A to 7D 1illustrate 1n detail a secondary side
non-contact charging module according to the embodiment
of the present invention. FIGS. 7A to 7D 1llustrate an upper
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surface of the secondary side non-contact charging module,
FIG. 7B 1s a cross-sectional view of C-C of the secondary
side non-contact charging module 1 FIG. 7A, FIG. 7C 15 a
cross-sectional view of D-D of the secondary side non-
contact charging module 1n FIG. 7A when a linear recessed 5
portion 1s provided, and FIG. 7D 1s a cross-sectional view of
D-D of the secondary side non-contact charging module 1n
FIG. 7A when a slit 1s provided. It should be noted that FIG.
7A and FIG. 7B illustrate a case where magnet 30b 1s not
provided. IT a magnet 1s provided, magnet 30b indicated by 10
the dotted line 1s provided.

FIG. 6 and FIGS. 7A to 7D which 1llustrate secondary side
non-contact charging module 42 respectively correspond to
FIG. 3 and FIGS. 4A to 4D which illustrate primary side
non-contact charging module 41. The configuration of sec- 15
ondary side non-contact charging module 42 1s basically
substantially the same as that of primary side non-contact
charging module 41.

Secondary side non-contact charging module 42 differs
from primary side non-contact charging module 41 1n the 20
s1ze and material of magnetic sheet 52. Magnetic sheet 52 to
be used in secondary side non-contact charging module 42
has a size within approximately 40x40 mm and has a
thickness of approximately 2 mm or less.

The si1ze of magnetic sheet 51 to be used in primary side 25
non-contact charging module 41 differs from the size of
magnetic sheet 52 to be used 1n secondary side non-contact
charging module 42 because secondary side non-contact
charging module 42 1s typically mounted on a portable
clectronic device, and therefore requires to be smaller. In 30
this embodiment, magnetic sheet 52 1s a substantially rect-
angle of approximately 20 mmx25 mm. Magnetic sheet 52
1s preferably formed to have about the same size as or to be
larger than an outer periphery end of secondary side coil
21b. Further, the shape of magnetic sheet 52 may be a circle, 35
a rectangle, a polygon, or a rectangle or a polygon having
large curves at four corners.

Further, because secondary side non-contact charging
module 42 1s used at a mobile terminal which 1s power
supply reception side, there 1s no extra space which can be 40
occupied by secondary side non-contact charging module 42
in the mobile terminal. Further, because a current flowing
through secondary side coil 21b of secondary side non-
contact charging module 42 1s small, ligh isulation of
magnetic sheet 52 1s not required. In this embodiment, 45
secondary side coil 21b includes a conductive wire of
approximately 0.18 to 0.35 mm, and among them, secondary
side coil 21b of secondary side non-contact charging module
42 preferably includes a conductive wire of approximately
0.18 to 0.30 mm. 50

If secondary side non-contact charging module 42 1s
mounted on a mobile phone, secondary side non-contact
charging module 42 1s often arranged between a casing that
forms the exterior of the mobile phone and a battery pack
positioned 1nside the case. Typically, the battery pack which 55
1s an aluminum chassis, negatively aflects on power trans-
mission because the magnetic flux of the coil 1s weakened
due to occurrence of an eddy current generated 1n aluminum
in a direction which weakens the magnetic flux generated by
the coil. Therefore, 1t 1s necessary to provide magnetic sheet 60
52 between aluminum which 1s the exterior of the battery
pack and secondary side coil 21b arranged on the exterior to
reduce 1ntluence on the aluminum.

Taking into account the above, 1t 1s important to use
magnetic sheet 52 having high magnetic permeability and 65
high saturation magnetic flux density in secondary side
non-contact charging module 42 to increase the L value of
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secondary side coil 21b as high as possible. Basically, as
with magnetic sheet 531, magnetic sheet 52 may have mag-
netic permeability of 250 or higher and saturation magnetic
flux density of 350 mT or higher. In this embodiment,
magnetic sheet 52 1s preferably a Mn—Zn ferrite sintered
compact having magnetic permeability of 1,500 or higher,
saturation magnetic flux density of 400 or higher, and a
thickness of approximately 400 um or greater. However, 1t
1s also possible to use a Ni—Z7n {ferrite, and with magnetic
permeability of 250 or higher and saturation magnetic flux
density of 350 or higher, 1t 1s possible to transmit power with
primary side non-contact charging module 41. Further, sec-
ondary side coil 21b 1s also wound 1n a substantially
rectangular shape as with primary side coil 21a. There 1s a
case where magnet 30a 1s provided inside primary side
non-contact charging module 41 to perform positioning and
a case where positioning 1s performed without magnet 30a
being provided. When a magnet 1s provided at primary side
non-contact charging module 41, the diameter of circular
magnet 30a1s 15.5 mm or less, and 1n this embodiment, 15.5
mm.

A relationship between the size of magnet 30a and the size
of a hollow portion of secondary side coil 21b will be
described. While a case where magnet 30a i1s provided at
primary side non-contact charging module 41 will be
described here, the relationship 1s the same as a case where
magnet 30b 1s provided at secondary side non-contact charg-
ing module 42, 1n which case, in the following description,
magnet 30b corresponds to magnet 30a, and primary side
non-contact charging module 41 corresponds to secondary
side non-contact charging module 42.

In addition, there 1s, for example, the following methods
for positioning primary side non-contact charging module
41 and secondary side non-contact charging module 42. For
example, there 1s a method 1n which the non-contact charg-
ing modules are physically (as a shape) and forcibly posi-
tioned by forming a protruding portion on a charging surface
of a charger and forming a recessed portion on a secondary
side electronic device and fitting the protruding portion nto
the recessed portion. There 1s still another method 1n which
the non-contact charging modules are positioned by mount-
ing a magnet on at least one of the primary and secondary
side non-contact charging modules and by the magnets
provided at the both non-contact charging modules or the
magnet provided at one non-contact charging module and a
magnetic sheet provided at the other non-contact charging
module being attracted by each other. There 1s yet another
method in which the primary side non-contact charging
module detects a position of a coil of the secondary side
non-contact charging module to thereby automatically move
a coll of the primary side non-contact charging module to the
position of the coil of the secondary side non-contact
charging module. There 1s still another method in which a
large number of coils are provided at a charger to thereby
ecnable charging even 1f a mobile device 1s placed on
anywhere on a charging surface of the charger.

While, as described above, there are various methods for
positioning coils of primary side (charging side) non-contact
charging module 41 and secondary side (charged side)
non-contact charging module 42, these methods can be
divided into a method 1n which a magnet 1s used and a
method 1n which a magnet 1s not used. By making primary
side (charging side) non-contact charging module 41 appli-
cable to both secondary side (charged side) non-contact
charging module 42 in which a magnet 1s used and second-
ary side (charged side) non-contact charging module 42 1n
which a magnet 1s not used, 1t 1s possible to perform
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charging regardless of types of the secondary side (charged
side) non-contact charging module, so that convenience can
be improved. In a stmilar manner, by making the secondary
side (charged side) non-contact charging module applicable
to both the primary side (charging side) non-contact charg-
ing module 1n which a magnet 1s used and the primary side
(charging side) non-contact charging module 1n which a
magnet 1s not used, 1t 1s possible to perform charging
regardless of types of the primary side (charging side)
non-contact charging module, so that convenience can be
improved. That 1s, 1t 1s necessary to configure the non-
contact charging module which performs power transmis-
sion with the other non-contact charging module which 1s a
counterpart of power transmission using electromagnetic
induction, so as to be able to perform positioning with the
other non-contact charging module and to perform power
transmission using both of first means in which a magnet
provided at the other non-contact charging module 1s uti-
lized to perform positioning and second means 1 which
positioning 1s performed without utilizing a magnet.

If magnet 30a exists near secondary side non-contact
charging module 42 1n order to perform positioning, mag-
netic permeability of magnetic sheet 52 1s lowered. The
magnetic permeability of magnetic sheet 52 becomes the
lowest at a portion close to magnet 30a (typically, near
central portion 32b), and a lowering rate of the magnetic
permeability 1s reduced (the magnetic permeability becomes
less likely to be lowered) 1n accordance with an increase 1n
distance from magnet 30a. If the magnetic permeability of
magnetic sheet 52 decreases, the L value of secondary side
coil 21b 1s lowered. Accordingly, by increasing a distance
between secondary side coil 21b and magnet 30a, it 1s
possible to suppress decrease of the L value. Meanwhile, in
order to make the non-contact charging modules smaller, 1t
1s diflicult to increase the distance between secondary side
coil 21b and magnet 30a. This will be described 1n detail
below.

FIGS. 8A to 8D 1illustrate a relationship between a primary
side non-contact charging module provided with a magnet
and a secondary side non-contact charging module. FIG. 8A
illustrates a case where a magnet for performing positioning
1s used when an inner width of a coil 1s small, FIG. 8B
illustrates a case where a magnet for positioning 1s used
when the inner width of the coil 1s large, FIG. 8C illustrates
a case where a magnet for positioning 1s not used when the
inner width of the coil 1s small, and FI1G. 8D illustrates a case
where a magnet for positioning 1s not used when the inner
width of the coil 1s large. FIG. 9 illustrates a relationship
between a coil mner diameter and the L value of the coil.
FIGS. 8A to 8D 1illustrate primary side non-contact charging
module 41 provided with magnet 30a and secondary side
coil 21b of secondary side non-contact charging module 42
which performs power transmission. It should be noted that
the description of secondary side coil 21b of secondary side
non-contact charging module 42 which will be described
below can be also applied to primary side coil 21a of
primary side non-contact charging module 41 which per-
forms power transmission with secondary side non-contact
charging module 42 provided with magnet 30b.

Primary side coil 21a faces secondary side coil 21b. In
primary side coil 21a and secondary side coil 21b, a mag-
netic field 1s also generated 1n mnner portions 211 and 212,
and power 1s transmitted. Inner portions 211 and 212 face
cach other. Further, inner portions 211 and 212 are close to
magnet 30a, and therefore are likely to be negatively
aflected by magnet 30a. That 1s, when a magnetic flux is
generated between the primary side coil and the secondary
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side coil to perform power transmission, 1f a magnet exists
between or around the primary side coil and the secondary
side coil, the magnetic flux extends while avoiding the
magnet. Alternatively, a magnetic flux which penetrates
inside the magnet causes an eddy current or heat 1nside the
magnet, which becomes a loss. Further, as a result of the
magnet being arranged near the magnetic sheet, the mag-
netic permeability of the magnetic sheet near the magnet 1s
lowered. Accordingly, magnet 30a provided at primary side
non-contact charging module 41 weakens the magnetic tlux
of primary side coil 21a and secondary side coil 21b,
particularly, at inner portions 211 and 212, which causes a
negative eflect. As a result, transmission efliciency between
the non-contact charging modules 1s lowered. Therefore, 1n
a case ol FIG. 8A, mner portions 211 and 212 which are
likely to be negatively affected by magnet 30a become large.
Meanwhile, in FIG. 8C 1n which a magnet 1s not used,
because the number of turns of secondary side coil 21b 1s
large, an L value becomes great. As a result, because a
lowering rate from the L value in FIG. 8C to the L value 1n
FIG. 8A 1s considerably high, in the coil having a small inner
width, a lowering rate of the L value from a case where
magnet 30a 1s provided for positioning to a case where
magnet 30a 1s not provided becomes considerably high.
Further, if the inner width of secondary side coil 21b 1s
smaller than a diameter of magnet 30a as shown 1n FIG. 8A,
secondary side coil 21b 1s directly negatively aflected by
magnet 30a by an amount corresponding to an area where
secondary side coil 21b faces magnet 30a. Accordingly, the
inner width of secondary side coil 21b 1s preferably separate
from magnet 30a as far as possible.

Meanwhile, 11 the inner width of the coil 1s large as shown
in FIG. 8B, inner portions 211 and 212 which are likely to
be negatively aflected by magnet 30a become very small.
Further, 1n a case of FIG. 8D where a magnet 1s not used,
because the number of turns of secondary side coil 21b
becomes small, the [, value becomes smaller than the case of
FIG. 8C. As a result, because a lowering rate from the L
value 1n the case of FI1G. 8D to the L value 1n the case of FIG.
8B becomes small, 1t 1s possible to suppress the lowering
rate of the L value 1n the coil having a large mnner width.
Further, because an end of the hollow portion of coil 21 1s
separate from magnet 30a 1n accordance with an increase 1n
inner width of secondary side coil 21b, 1t 1s possible to
suppress the influence of magnet 30a. However, because the
non-contact charging module 1s mounted on a charger,
clectronic device, or the like, it 1s necessary to make the
non-contact charging module smaller and it 1s 1mpossible to
form the non-contact charging module having a predeter-
mined size or larger. Therefore, 1n order to reduce a negative
cllect of magnet 30a by increasing the inner widths of
primary side coil 21a and secondary side coil 21b, the
number of turns 1s reduced and the L value becomes small
regardless of the presence or absence of a magnet.

Further, as shown 1n FIG. 9, when the size of magnet 30a
and the outer diameter of secondary side coil 21b are fixed
(30 mm), 11 the number of turns of secondary side coil 21b
1s reduced and an inner diameter of secondary side coil 21b
1s 1ncreased, the influence of magnet 30a on secondary side
coil 21b becomes small. That 1s, the L value of secondary
side coi1l 21b 1n a case where magnet 30a 1s utilized to
position primary side non-contact charging module 41 and
secondary side non-contact charging module 42 becomes
close to the L value in a case where magnet 30a 1s not
utilized. Accordingly, the resonant frequency in a case where
magnet 30a 1s used becomes very close to the resonant
frequency 1n a case where magnet 30a 1s not used. The result
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of FIG. 9 can be also applied to the L value of primary side
coil 21a of primary side non-contact charging module 41
when magnet 30b 1s provided at secondary side non-contact
charging module 42.

As described above, the present invention employs a
configuration such that a substantially rectangular hollow
portion of secondary side coil 21b has a short side shorter
than a diameter of the aforementioned circular magnet and
a long side longer than the diameter of the aforementioned
circular magnet. That 1s, because the diameter of magnet 30a
1s 15.5 mm at a maximum, the long side 1s preferably longer
than 15.5 mm. By this means, even 1f the short side 1s shorter
than 15.5 mm, it 1s possible to provide an efiect of the
present invention to any magnet. This will be described 1n
detail using FIGS. 10A and 10B.

FIGS. 10A and 10B illustrate a relationship between a
secondary side coil wound 1n a rectangular shape and a
secondary side coil wound 1n a circular shape and a magnet
provided at a primary side non-contact charging module.
FIG. 10A 1illustrates a case where the secondary side coil 1s
wound 1n a rectangular shape, and FIG. 10B 1illustrates a case
where the secondary side coil 1s wound 1n a circular shape.
It should be noted that in FIGS. 10A and 10B, the length of
an outer long side of the rectangular coil shown in FIG. 10A
1s equal to a diameter of an outer diameter of the circular coil
shown 1n FIG. 10B, and both are n, and an inner long side
y of the rectangular coil 1s equal to a diameter x of an 1nner
circle of the circular coil. Further, an inner short side of the
rectangular coil 1s z. Naturally, x>z, and y>z. It should be
noted that 1n this case, a coil 1s secondary side coil 21b
provided at secondary side non-contact charging module 42.
In order to suthiciently secure a distance between an 1nner
circle (outer periphery of the hollow portion) of circular coil
2d and magnet 30a, 1t 1s necessary to set x greater than m.
As a result, a height and a width of the circular coil are n in
any direction. Further, a distance between the inner circle
(outer periphery of the hollow portion) of circular coil 2d
and magnet 30a 1s (x-m)/2 at any angle in FIG. 10B. That
1s, the distance between the inner circle (outer periphery of
the hollow portion) of circular coil 2d and magnet 30a 1s
(x—m)/2 at a maximum and at a minimum.

Meanwhile, 1n rectangular coil 2¢ shown i1n FIG. 10A,
part of a long side portion overlaps with magnet 30a. That
1s, z<m. However, corner portions (four corners) and a short
side portion of rectangular coil 2¢ do not overlap with
magnet 30a (y>m). Further, because a diagonal of the
rectangle 1s greater than vy, a distance from magnet 30a to the
corner portions 1s greater than (x—-m)/2. Further, 1n the case
of the rectangular coil, the magnetic flux concentrates on the
corner portions, because 1f the coil 1s wound so as to form
a corner, a magnetic flux concentrates on the corner portion.
Further, when the coil 1s wound 1n a rectangular shape, a
magnetic flux concentrates on the short side rather than the
long side. The shortest distance between the short side of
rectangular coil 2¢ in FIG. 10A and magnet 30a 1s (x—-m)/2,
and portions other than a center of the short side 1s further
separate from magnet 30a.

That 1s, even 11 part of the long side portion of rectangular
coil 2¢ 1n FIG. 10A overlaps with magnet 30a, the corner
portions on which the magnetic flux concentrates most are
separate from magnet 30a, and a distance between the corner
portions and magnet 30a 1s greater than (x—m)/2. Further, a
distance between the short side and magnet 30a 1s (x—m)/2
or greater. By this means, while rectangular coil 2¢ 1n FIG.
10A realizes a smaller size compared with circular coil 2d 1n
FIG. 10B, rectangular coil 2¢ can perform power transmis-
sion with the same efliciency as that of the circular coil.
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It should be noted that the substantially rectangular coil
includes a coil wound so that four corners are curved,
instead of right angled. At this time, it 1s only necessary to
set each of the curved shapes at four corners at 30% or less
ol a corresponding one of the sides of the hollow portion.
For example, 11 the rectangular hollow portion 1s 12 mmx18
mm, 1t 1s only necessary to set each of the curves of the
hollow portion to be 3.6 mm or less at both sides of the short
side and 5.4 mm or less at both sides of the long side. The
outer shape (outer edge shape) of the coil varies according
to the shape of the hollow portion. If each curved shape of
the four corners 1s 30% or greater of a corresponding side of
the hollow portion, the rectangular shape becomes an elliptic
shape. It the coil has an elliptic shape, a phenomenon that
the magnetic field concentrates on the corners 1s weakened,
and the corners come close to magnet 30a. Accordingly, the
curved shape of the four corners 1s set at 30% or less.

In the non-contact charging module in FIG. 10A, when a
magnet 1s provided at the non-contact charging module
which 1s a power transmission counterpart, the L. value 1s
approximately 9.2 uH, and when a magnet i1s not provided,
the L value 1s approximately 26.4 uH, and the lowering rate
of the L value 1s approximately 65%. Meanwhile, in the
non-contact charging module 1n FIG. 10B, when a magnet 1s
provided at the non-contact charging module which 1s a
power transmission counterpart, the L value 1s approxi-
mately 9.7 uH, when a magnet 1s not provided, the L value
1s approximately 27.6 uH, and the lowering rate of the L
value 1s approximately 65%. That 1s, the non-contact charg-
ing modules shown 1n FIG. 10A and FIG. 10B exhibit almost
the same L value and lowering rate of the L value.

Accordingly, the substantially rectangular coil in FIG.
10A can reduce the area of the coil by approximately 15%
while realizing almost the same property as the circular coil
in FI1G. 10B. Further, when magnetic sheet 52 1s mounted on
a mobile terminal as shown in FIGS. 10A and 10B, a
substantially rectangular magnetic sheet 1s often used taking
into account an arrangement ol other parts, and magnetic
sheet 52 1n FIG. 10A reduces an area of magnetic sheet 52
by approximately 30% or greater compared to magnetic
sheet 52 1n FIG. 10B.

I1 the coil 1s formed to have a substantially square hollow
portion of 18 mmx18 mm, the lowering rate of the L value
becomes considerably low and approximately 56%, so that
it 1s possible to form the non-contact charging module
having more favorable power transmission efliciency. How-
ever, 1t 1s impossible to realize a smaller non-contact charg-
ing module with such a coil having the substantially square
hollow portion.

By providing secondary side coil 21b 1n which a conduc-
tive wire 1s wound 1n a substantially rectangular shape and
magnetic sheet 52 provided with a surface on which sec-
ondary side coil 21b 1s placed and by making the short side
of the substantially rectangular hollow portion of secondary
side coil 21b shorter than the diameter of circular magnet
30a, and by making the long side longer than the diameter
of circular magnet 30a as in the present invention, it 1s
possible to realize smaller secondary side non-contact charg-
ing module 42 which can suppress variation of the L value
of secondary side coil 21b provided at secondary side
non-contact charging module 42 when primary side non-
contact charging module 41 and secondary side non-contact
charging module 42 are positioned, 1n both of a case where
magnet 30a provided at primary side non-contact charging
module 41 which 1s a power transmission counterpart 1s used
and a case where magnet 30a 1s not used, and which can be
suitably used 1n both of a case where magnet 30a 1s used and
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a case where magnet 30a 1s not used. Naturally, technique
and eflects of secondary side non-contact charging module
42 and magnet 30a can be also applied to primary side
non-contact charging module 41 and magnet 30b.

While the long side of the hollow portion overlaps with
the magnet 1n this way, the outer shape of the coil 1s
preferably larger than the magnet. By this means, because
there 1s a portion where the coil does not overlap with the
magnet even 1n a long side portion of the coil, 1t 1s possible
to reduce influence of the magnet. It should be noted that the
lowering rate of the L value indicates a rate of the L value
in a case where a magnet 1s used for positioning at the
non-contact charging module which 1s a power transmission
counterpart with respect to the L value 1n a case where a
magnet 1s not used. That 1s, as the lowering rate of the L
value 1s smaller, 1t 1s less likely to receive influence of the
magnet, and the L value 1n a case where the magnet 1s used
becomes close to the L value 1n a case where the magnet 1s
not used. Further, the non-contact charging device 1s an
clectronic device which 1s provided with a non-contact
charging module, and includes various electronic devices
such as a charger provided with the primary side non-contact
charging module, and a mobile terminal or an electronic
device, provided with the secondary side non-contact charg-
ing module.

The disclosure of Japanese Patent Application No. 2011-
193819, filed on Sep. 8, 2011, including the specification,
drawings, and abstract, 1s incorporated herein by reference
in 1ts entirety.

INDUSTRIAL APPLICABILITY

According to the non-contact charging module, electronic
device and non-contact charging device of the present inven-
tion, 1t 1s possible to realize smaller non-contact charging
module, electronic device and non-contact charger which
can realize high etliciency and stable power transmission
ciliciency. Thus, the present invention is suitable for use as
a transmission side charging device for charging a mobile
device such as a mobile phone, a portable audio, a mobile
terminal such as a mobile computer, a digital camera and a
video camera.

REFERENCE SIGNS LIST

21a Primary side coil

21b Secondary side coil

211, 212 Inner portion

22a, 23a Terminal (primary side)

22b, 23b Terminal (secondary side)

30a Magnet (primary side)

30b Magnet (secondary side)

31a Flat portion (primary side)

31b Flat portion (secondary side)

32a Central portion (primary side)

32b Central portion (secondary side)

33a Linear recessed portion (primary side)

33b Linear recessed portion (secondary side)

34a Slhit (primary side)

34b Slit (secondary side)

41 Primary side non-contact charging module (transmission
side non-contact charging module)

42 Secondary side non-contact charging module (reception
side non-contact charging module)

51 Magnetic sheet (primary side)

52 Magnetic sheet (secondary side)

71 Power mput section
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72 Rectifier circuit

82 Power output section

200 FElectronic device

300 Commercial power source
301 Outlet

400 Non-contact charger

401 Plug

402 Surface

[5010n table] 50! 1able

520 Mobile terminal device
521 Liquid crystal panel

522 Operation button

523 [Substrate] circuit board
524 Battery pack (power holding section)

525, 526 Chassis

The mvention claimed 1s:

1. A system comprising:

a mobile terminal that includes a rectangulav-shaped
housing; a circuit board and a battery included in the
housing, the circuit board controlling operation of the
mobile terminal and supplied with power from the
battery, and a first non-contact charging module [con-
figured to perform power transmission with] irncluded
in the housing; and

a second non-contact charging module [by electromag-
netic induction] including a circular magnet and con-
figured to be positioned [with the second] relative to the
first non-contact charging module Jusing a] i reference
to the circular magnet Jor without using the circular
magnet for positioning, the circular magnet being pro-
vided at the second non-contact charging module],

wherein the first non-contact charging module [compris-
ing] includes:

a planar coil portion including a conductive wire wound
in a rectangular shape; and

a magnetic sheet provided with a surface on which the
planar coil portion 1s placed, wherein
the planar coil portion includes a rectangular-shaped

hollow portion that has a plurality of short sides
shorter than a diameter of the circular magnet and a
plurality of long sides longer than the diameter of the
circular magnet,

[the rectangular-shaped hollow portion of] the planar coil
portion has an outline in which every short side and
long side of the outline 1s longer than the diameter of
the circular magnet, the long side of the outline is in
parallel to a long side of the rectangular-shaped hous-
ing, and a distance from the long side of the outline to
the closest long side of the vectangular-shaped hollow
portion defines a width of the planar coil portion that
is longer than the short side of the vectangular-shaped
hollow portion, and
the circular magnet 1s positioned on top of the planar

coil portion, and

wherein the first non-contact charging module overlaps
with the battery and with the circuit boavd in the
housing.

[2. A first non-contact charging device comprising the

non-contact charging module according to claim 1.]

3. The [first non-contact charging module] system accord-
ing to claim 1, wherein the rectangular-shaped hollow
portion includes a plurality of comer portions, and the
circular magnet does not overlap with either the plurality of
short sides of the rectangular-shaped hollow portion or the
plurality of corner portions of the rectangular-shaped hollow
portion.
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4. A system comprising:

a mobile terminal that includes a rectangular-shaped
housing; a circuit board and a battery included in the
housing, the circuit board controlling operation of the
mobile terminal and supplied with power from the
battery, and a first non-contact charging module [con-
figured to perform power transmission with] irncluded
in the housing; and

a second non-contact charging module [by electromag-
netic induction] including a circular magnet and con-
figured to be positioned [with the second] relative to the
first non-contact charging module Jusing a] i reference
to the circular magnet Jor without using the circular
magnet for positioning], the circular magnet having a
diameter of 15.5 mm at maximum [and being provided
at the second non-contact charging modulel],

wherein the first non-contact charging module [compris-
ing] includes:

a planar coil portion including a conductive wire wound
in a rectangular shape; and

a magnetic sheet provided with a surface on which the
planar coil portion 1s placed, wherein
the planar coil portion includes a rectangular-shaped

hollow portion that has a short side shorter than 15.5
mm and a long side longer than 15.5 mm,

[the rectangular-shaped hollow portion of] the planar
coil portion has an outline 1n which every short side
and long side of the outline 1s longer than the
diameter of the circular magnet, the long side of the
outline is in parallel to a long side of the rectangu-

10

15

20

25

22

lar-shaped housing, and a distance from the long
side of the outline to the closest long side of the
rectangular-shaped hollow portion defines a width of
the planar coil portion that is longer than the short
side of the vectangular-shaped hollow portion, and

the circular magnet 1s positioned on top of the planar
coil portion, and

wherein the first non-contact charging module overlaps

with the battery and with the circuit board in the
housing.

5. The [first non-contact charging module] system accord-
ing to claim 4, wherein the rectangular-shaped hollow
portion includes a plurality of corner portions, and each
corner portion of the plurality of corner portions includes a
curved shape that starts to curve at a distance equal to 30%
or less of a corresponding long side and 30% or less of a
corresponding short side of the rectangular-shaped hollow
portion.

6. The [first non-contact charging module] system accord-
ing to claim 5, wherein the diameter of the circular magnet
1s greater than half a distance of a difference between a
length of the long side of the rectangular-shaped hollow
portion and the diameter of the circular magnet.

7. The system according to claim 4, wherein a diameter of
the conductive wire of the planar coil portion is approxi-
mately 0.18 to 0.30 mm.

8. The system according to claim 1, wherein a diameter of
the conductive wire of the planar coil portion is approxi-
mately 0.18 to 0.30 mm.

% o *H % x
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