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(57) ABSTRACT

The present inventions relates a wireless charging coil struc-
ture in electronic devices, comprising a PS coil module
capable of emitting electromagnetic wave energy and a PR
coil module capable of receiving power energy by electro-
magnetic induction. Each of the PS and PR coil modules
includes a bar-shaped magnetic conductor, on which an insu-
lated wire is wound into a first coil that is extended along the
magnetic conductor to a given length and wound reversely
into a second coil, thus producing an induction coil compris-
ing at least the first and second coils. The induction range with
given space formed between the first and second coils is used
for electromagnetic induction to transmit signals and power
energy. Such structure can be applied not only in planar
handheld electronic devices, but also in other wireless power
transmission systems that require narrow induction surface
for power transmission.
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WIRELESS CHARGING COIL STRUCTURE
IN ELECTRONIC DEVICES

[0001] This application claims the priority benefit of Tai-
wan patent application number 100127754 filed on Aug. 4,
2011.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a wireless charging
coil structure in electronic products, particularly to a structure
in which an insulated wire is wound on a magnetic conductor
into a first coil, and the first coil is extended to a given length
and then wound reversely into a second coil, so as to generate
induced currents in the induction range between the first and
second coils, making such structure applicable to transmis-
sion of power energy in devices with narrow inductive sec-
tions.

[0004] 2. Description of the Related Art

[0005] Today, rapid developments in electronics and mul-
timedia information result in the trend of lightness, thinness,
shortness and miniaturization as well as multipurpose appli-
cations for handheld electronic devices, such as notebook and
tablet computers, smart phones and personal digital assistants
(PDA), making these devices be miniature in dimensions,
lightweight and portable among other features. Besides, as
software and hardware functions are developed one after
another, the electronic devices can provide more practical
applications and have been widely used as an essential part of
our work, life and recreational activities.

[0006] Yet what is required in making handheld electronic
devices portable, first of all, is the solution to power supply.
The most common solution is to install rechargeable batteries
in handheld electronic devices and provide a compatible
power supply to recharge these batteries when electricity runs
out. As handheld electronic devices are not manufactured
according to the same specifications, however, different
power supplies are needed to recharge these devices, and this
may lead to significant increase in purchase costs. If there are
many power supplies at hand, it will not only cause inconve-
nience in putting wires in order, but also require considerable
space, in addition to inconveniences in placing or carrying
them.

[0007] Thus, taking this problem into consideration, some
firms have developed induction type power supplies, or
known as wireless chargers, which are based on electromag-
netic induction to transmit electric power and provide excel-
lent convenience by supplying electric power by contactless
electromagnetic induction. So these devices draw consider-
able attention upon launch in the marketplace. To put it sim-
ply, the method of supplying electric power by electromag-
netic induction is to use two inductance coils for mutual
induction of alternating current to transmit electric power on
the principle similar to traditional wire-wound power trans-
formers, followed by installation of induction coils in differ-
ent electronic devices to support charging of these devices
simultaneously, thus solving the problems of incompatibility
of power supplies and inconvenience in carrying them effec-
tively.

[0008] Induction type power supplies currently available in
the market mostly rely on two coil modules as the power
sourcing (PS) end to transmit electric power and power
receiving (PR) end to receive electric power, and induction
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coils are required to be wound on magnetic materials of the
coil modules, so that electric power can be transmitted
through induction surfaces of the coil modules. Besides, the
coil modules are designed to have considerable inductance
and work with capacitors to generate resonance oscillations
for wireless power transfer.

[0009] FIG. 7 shows a schematic drawing of an induction
type power supply in conventional use. According to this
figure, the induction type power supply originates and
evolves from a power transformer at the early stage, in which
separate toroid coils B are wound on central limbs of two
E-shaped iron cores A, and air clearance of the iron cores is
utilized for energy storage with low flux or leakage induc-
tance. When applied in circuits of induction type power sup-
plies, such design will cause too much loss of magnetic field
induction in the process of coupling and thus reduce conver-
sion efficiency. Though we may use larger E-shaped iron
cores A to increase the effective sectional area, or increase the
number of turns and enlarge air clearance to strengthen the
ability of inducing electricity, it will result in overweight of
E-shaped iron cores, making it inapplicable to handheld elec-
tronic devices that highlights portability.

[0010] Refer to FIG. 8, which shows a schematic drawing
of another induction type power supply in conventional use.
Such design prevails in wireless charging devices currently
available in the market. Accordingto this figure, the base plate
C is wound by a hollow planar volute coil D used to transfer
electric power inductively. Since wireless power energy is
transmitted from both surfaces of the volute coil D at the PS
end towards the volute coil D at the PR end, and cannot be
fully received by the volute coil D at the PR end, the trans-
mitted power energy may heat up surrounding devices or
equipments and cause danger if absorbed by these devices or
equipments. Therefore, for product design, the base plate C
on which the volute coil D is wound must be made of mag-
netic materials capable of shielding electromagnetic waves.
[0011] Magnetic materials can reflect, absorb and transmit
electromagnetic waves among other properties. To design a
power supply with better power transmission efficiency, a
common solution is to add magnetic materials with better
reflection characteristics onto the uninduced surface of the
volute coil D at the PS end as the base plate C and to add
magnetic materials with better absorption characteristics onto
the uninduced surface of the volute coil D at the PR end as the
base plate C. Though such approach can derive better conver-
sion efficiency, production costs cannot be reduced effec-
tively due to difficulty in producing magnetic materials with
reflection and absorption characteristics and considerably
high prices of these materials. In addition, even though larger
induction surface of the volute coil D wound onto the base
plate C results in better capabilities to transfer and receive
electric power by electromagnetic induction, since the volute
coil D is shaped like a round, it is difficult to install the volute
coil D in exquisite handheld electronic devices, thus making
restrictions over integrated functions and effect of such power
supply. As there is need to make further improvements in such
regard, this is what those engaged in this field want urgently
to research and improve.

SUMMARY OF THE INVENTION

[0012] In view of aforesaid problems and disadvantage of
wireless charging devices, the inventor has collected related
information, conducted assessments and taken consider-
ations in many aspects, based on his experience of many years
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in this field and following continuous trials and corrections,
has finally invented the wireless charging coil structure in
electronic products in the present invention.

[0013] The primary object of the present invention is to
make each of the PS and PR coil modules contain a bar-
shaped magnetic conductor, on which an insulated wire is
wound in the same direction into a first coil, and the first coil
is extended along the magnetic conductor to a given length
and then wound reversely into a second coil, so as to produce
an induction coil consisting of at least the first and second
coils. The induction range with given space formed between
the first and second coils is used for electromagnetic induc-
tion to transmit signals and power energy. Such structure can
be applied not only in planar handheld electronic devices, but
also in other wireless power transmission systems that require
narrow induction surface for power transmission.

[0014] The secondary purpose of the present invention is to
enable the PS coil module or PR coil module to be switched
through a circuit as a PR induction coil to receive electric
power or as a PS induction coil to transmit electromagnetic
wave energy, thus making the first electronic device be set
into PS mode and transfer electric power to another electronic
device set in PR mode, or making both sides, surfaces, bottom
or side edges of the first electronic device lean against or
stacked by at least another electronic devices. As the PS coil
module or PR coil module is installed at the inner bottom or
side edges of the electronic device, signals and power energy
can be transmitted by electromagnetic induction for charging
purpose, as long as many electronic devices lean against each
other or overlap in close proximity on a plane.

[0015] A third object of the present invention is to ensure
that the power energy transmitted by the induction coil of the
PS and PR coil modules is transmitted only in the induction
range between the first and second coils, thus making overall
power transmission more stable. With high permeability
properties of the magnetic conductor itself, this can effec-
tively prevent electromagnetic emissions and avoid interfer-
ence in normal operations of other electrical devices or equip-
ments, and make it unnecessary to add shielding magnetic
materials into non-induction range of the induction coil addi-
tionally for safety purpose.

[0016] Another object of the present invention is to wind in
order of alternating winding directions the first and second
coils which contains induction coils arranged in array, install
the PS and PR coil modules at the inner bottom of side edges
of the electronic device, and then utilize the induction range
formed between the first coil and the second coil of the induc-
tion coil to induce electric currents. This allows the PS and PR
coil modules to be used in planar electronic devices or other
wireless power transmission systems that require narrow
induction surface for power transmission, without thickening
the electronic devices as a whole, thus meeting design
requirements for lightness, thinness, shortness and miniatur-
ization.

[0017] A further object of the present invention is to estab-
lish at least one containing groove respectively on the mag-
netic conductors of the PS and PR coil modules within the
induction range of the induction coil, and fix magnets with
different polarities into each containing groove, or directly fix
magnets within the induction range on the magnetic conduc-
tor, so as to make the induction ranges align each other by
taking advantage of magnetic pull of the magnets with differ-
ent polarities on the magnetic conductors. Besides, as the
induction ranges of the PS and PR coil modules at the PS and
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PR ends are close to each other, it will increase the intensity
of electromagnetic induction for the PR coil module signifi-
cantly and make the induced currents higher and more stable,
thus raising conversion efficiency of the PR coil module and
hence overall efficiency of power transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG.1 isathree-dimensional appearance drawing of
the present invention.

[0019] FIG. 2 is a schematic drawing of electromagnetic
induction according to the present invention.

[0020] FIG. 3 is a three-dimensional appearance drawing
according to one preferred embodiment of the present inven-
tion.

[0021] FIG. 4 is a three-dimensional appearance drawing
according to another preferred embodiment of the present
invention.

[0022] FIG. 5 is a three-dimensional appearance drawing
according to a further preferred embodiment of the present
invention.

[0023] FIG. 6 is a three-dimensional decomposition draw-
ing according to another preferred embodiment of the present
invention.

[0024] FIG. 7 is a schematic drawing of an induction type
power supply in conventional use.

[0025] FIG. 8 is a schematic drawing of another induction
type power supply in conventional use.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] To achieve the aforesaid objects and functions as
well as the techniques adopted in the present invention and its
fabrication, examples of the preferred embodiments of the
present invention are given below to illustrate features and
functions of the present invention in detail by referring to the
accompanying drawings.

[0027] Referto FIGS. 1, 2,3 and 4, which are respectively
a three-dimensional appearance drawing and a schematic
drawing of electromagnetic induction according to the
present invention, and three-dimensional appearance draw-
ings according to one and another preferred embodiment of
the present invention. As shown clearly in these figures, the
present invention comprises a power sourcing (PS) coil mod-
ule 1 and a power receiving (PR) coil module 2 (their major
components and features will be illustrated in following para-
graphs), wherein;

[0028] ThePS coilmodule1 contains a magnetic conductor
11 in the shape of a long bar and an induction coil 12, and an
insulated wire 120 is wound on a given number of turns in the
same direction on the long side of the magnetic conductor 11
to form a first coil 121. The first coil 121 is extended and
straightened along the magnetic conductor 11 to a given
length, and then wound reversely on a given number of turns
to form a second coil 122 and stretch out, forming an induc-
tion range 10 with given space between the first coil 121 and
second coil 122, so as to wind the magnetic conductor 11 into
the induction coil 12 consisting of at least the first coil 121 and
second coil 122 that are wound in opposite winding directions
and with given space.

[0029] The PR coil module 2 includes a magnetic conduc-
tor 21 in the shape of a long bar and an induction coil 22. On
the long side of the magnetic conductor 11, an insulated wire
220 is wound from outside to inside on a given number of
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turns in the same direction to form a first coil 221. The first
coil 221 is extended and straightened along the magnetic
conductor 21 to a given length, and then wound reversely on
a given number of turns to form a second coil 222 and stretch
out, forming an induction range 20 with given space between
the first coil 221 and second coil 222, so as to wind the
magnetic conductor 21 into the induction coil 22 consisting of
at least the first coil 221 and second coil 222 that are wound in
opposite winding directions and with given space.

[0030] The aforesaid magnetic conductors 11 and induc-
tion coil 22 of the PS coil module 1 and PR coil module 2 may
be magnetic materials with high permeability properties, e.g.
iron powder cores, MPP cores, sendust cores, ferrite cores,
high flux cores or other equivalent magnetic materials. Since
these magnetic materials have been widely used in inductive
components available in the marketplace, the production
costs are relatively low. Besides, the cross section of the
magnetic conductors 11 and induction coil 22 may be
designed to be a square, rectangle, polygon or in any other
shape and fit in with the overall size of a handheld electronic
device 3 or docking station 4, so that the simple PS coil
module 1 and PR coil module 2 can be made by winding the
induction coils 12 and 22 onto the magnetic conductors 11
and 21 and adjusting the coil diameter, turns and layers
according to inductance required by wireless power transmis-
sion systems.

[0031] For use of the present invention, install the PS coil
module 1 into computer peripherals, loudspeakers, high-
speed fiber optical networks or docking stations 4 of other
peripherals at first, and connect two ends of the induction coil
12 of the PS coil module 1 with a power driving circuit or
control circuit. Then, install the PR coil module 2 into a
handheld electronic device 3, and connect two ends of the
induction coil 22 of the PR coil module 2 with a rectifying
filter circuit or charging circuit. Thus, the handheld electronic
device 3 (e.g. tablet computer, smart phone, PDA, etc) can be
placed vertically in the docking station 4 at the PS end,
allowing matching resonance of the power driving circuit or
control circuit of the docking station 4 with the magnetic
conductor 11 and induction coil 12 of the PS coil module 1 to
produce oscillations and emit wireless charging electromag-
netic wave energy to the handheld electronic device 3 at the
PR end. At this moment, the magnetic conductor 21 ofthe PR
coil module 2 is used in combination with the induction range
20 formed between the first coil 221 and the second coil 222
to receive electric energy by electromagnetic induction. After
electric currents are induced from the electromagnetic field
that varies periodically, the rectifying filter circuit or charging
circuit is used to transmit signals to peripherals or conduct
currents to charge the handheld electronic device 3, thus
achieving the purpose of transmitting energy for wireless
charging by electromagnetic induction. In this induction type
power supply, the first coils 121 and 221 wound on the PS coil
module 1 and PR coil modules 2 are supplemented by the
second coils 122 and 222 with different winding direction and
opposite polarities to ensure that electric power can only be
transmitted within the induction ranges 10 and 20 formed
between the first coils 121 and 221 and the second coils 122
and 222 in the PS coil module 1 and PR coil module 2, so as
to ensure that power transmission is more stable on the whole.
Besides, as the magnetic conductors 11 and 21 have proper-
ties of high permeability themselves, this can effectively pre-
vent electromagnetic emissions and avoid interference in nor-
mal operations of other electrical devices or equipments, and
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make it unnecessary to add magnetic materials with better
electromagnetic absorption or shielding properties into non-
induction range of the induction coils 12 and 22 additionally
for safety purpose.

[0032] However, the PS coil module 1 or PR coil module 2
in the handheld electronic device 3 can be switched through
circuits as the PR induction coil 22 to receive electric power,
or as the PS induction coil 12 to emit electromagnetic wave
energy according to different needs or designs. Therefore, the
first handheld electronic device 3 (such as tablet PC) at the PS
end can be set into power supply mode to transmit electric
power to another handheld electronic device 3 (e.g. smart
phone) that is set into power receiving mode at the PR end. In
practical applications, however, the left and right sides, sur-
faces, bottom or side edges of the first handheld electronic
device 3 (such as tablet PC) may be leaned or stacked by at
least two second handheld electronic devices 3 (such as smart
phones, Bluetooth earphones). As the PS coil module 1 or PR
coil module 2 is installed at the inner bottom or side edges of
the handheld electronic device 3, such fabrication allows the
PS coil module 1 and PR coil module 2 to be applied not only
in planar handheld electronic devices 3, but also in devices of
other wireless power transmission systems that require nar-
row induction surfaces to transmit power energy. Therefore,
at time of charging, signals and power energy can be trans-
mitted by electromagnetic induction for charging purpose, as
long as many handheld electronic devices 3 approach each
other or overlap in close proximity on a plane.

[0033] Refer to FIGS. 5 and 6 that show a three-dimen-
sional appearance drawing in accordance with a further pre-
ferred embodiment of the present invention and a three-di-
mensional decomposition drawing according to another
preferred embodiment of the present invention. As shown
clearly in these figures, the magnetic conductors 11 and 21 of
the PS coil module 1 and PR coil module 2 may be in the
shape of a long bar, where the first coils 121 and 221 as well
as the second coils 122 and 222 are wound in order on a given
number of turns in opposite winding directions and arranged
in array. Such winding method may be changed, and the PS
coil module 1 and PR coil module 2 is installed at the inner
bottom of side edges of the handheld electronic devices 3,
then electric currents is induced in the induction ranges 10
and 20 formed between the first coils 121 and 221 and the
second coils 122 and 222 of the induction coils 12 and 22.
This method allows the PS coil module 1 and PR coil module
2 be used in planar handheld electronic devices 3 or other
wireless power transmission systems that require narrow
induction surface for power transmission, without thickening
the handheld electronic devices 3 as a whole, thus meeting
design requirements for lightness, thinness, shortness and
miniaturization.

[0034] Moreover, on the magnetic conductors 11 and 21 of
the PS coil module 1 and PR coil module 2, at least one
containing groove 111 and 211 can be further established
within the induction ranges 10 and 20 of the induction coils 12
and 22 respectively, and magnets 13 and 23 with different
polarities are fixed into the containing grooves 111 and 211
respectively, or at least one magnet 13 and 23 with different
polarities is directly fixed within the induction range 10 and
20 on the magnetic conductors 11 and 21 respectively, so as to
make the induction ranges 10 and 20 align each other by
taking advantage of magnetic pull of the magnets 13 and 23
with different polarities on the magnetic conductors 11 and
21. Besides, as the induction ranges 10 and 20 of the PS coil
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module 1 and PR coil module 2 at the PS and PR ends are
close to each other, it will increase the intensity of electro-
magnetic induction for the PR coil module 2 significantly and
make the induced currents higher and more stable, thus rais-
ing conversion efficiency of the PR coil module 2 and hence
overall efficiency of power transmission.

[0035] The aforesaid descriptions are given only to illus-
trate one preferred embodiment of the present invention and
shall not be construed as limiting the appended patent claims
of the present invention. It is hereby stated that all modifica-
tions and equivalent structural changes made without depart-
ing from the art and spirit of the present invention shall be
included in the appended patent claims of the present inven-
tion.

[0036] In summary, the wireless charging coil structure in
electronic products as disclosed in the present invention can
achieve its functions and objects when applied practically.
Therefore, the present invention is really an excellent one
with practical applicability and can satisfy the terms and
conditions for patentability of a utility model. While the
application of patent is filed pursuant to applicable laws, your
early approval will be highly appreciated so as to guarantee
benefits and rights of the inventor who has worked hard at this
invention. For any question, please do not hesitate to inform
the inventor by mail, and the inventor will try his best to
cooperate with you.

What the invention claimed is:

1. A wireless charging coil structure in electronic products,
comprising a power sourcing (PS) coil module capable of
emitting electromagnetic wave energy and a power receiving
(PR) coil module capable of receiving power energy by elec-
tromagnetic induction, and the PS coil module and PR coil
module containing a bar-shaped magnetic conductor respec-
tively; an insulated wire is used to be wound on the magnetic
conductor in the same direction into a first coil, which is
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extended along the magnetic conductor to a given length and
wound reversely into a second coil, making the first and
second coils form an induction range with given space, thus
establishing an induction coil consisting of at least the first
coil and second coil wound in different directions and with
given space between them.

2. The wireless charging coil structure in electronic prod-
ucts according to claim 1, wherein the cross section of the
magnetic conductors of the PS coil module and PR coil mod-
ule is shaped like any of a square, rectangle and polygon.

3. The wireless charging coil structure in electronic prod-
ucts according to claim 1, wherein the magnetic conductors of
the PS coil module and PR coil module may be made of
magnetic materials with high permeability properties.

4. The wireless charging coil structure in electronic prod-
ucts according to claim 1, wherein the magnetic conductors of
the PS coil module and PR coil module may be any of iron
powder cores, MPP cores, sendust cores, ferrite cores and
high flux cores.

5. The wireless charging coil structure in electronic prod-
ucts according to claim 1, wherein at least one magnet is fixed
within the induction range of the induction coil on the mag-
netic conductors of the PS coil module and PR coil module
respectively, so as to make the induction ranges align each
other by making use of magnetic pull of the magnets with
different polarities on the two magnetic conductors.

6. The wireless charging coil structure in electronic prod-
ucts according to claim 1, wherein at least one containing
groove is established within the induction ranges of the induc-
tion coils on the magnetic conductors of the PS coil module
and PR coil module respectively, and magnets are fixed in the
containing grooves, so as to make the induction ranges align
each other by making use of magnetic pull of the magnets
with different polarities on the two magnetic conductors.
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