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(57) ABSTRACT

A non-contact type power charging apparatus may include a
plurality of power transmitting coils transmitting power in a
non-contact scheme, a plurality of switching units connected
to the power transmitting coils, respectively, to switch the
power transmitted through corresponding power transmitting
coils, and a switching controlling unit controlling power
switching of the switching units depending on coupling coef-
ficients between each of the power transmitting coils and at
least one power receiving coil of a plurality of battery appa-
ratuses. The battery apparatuses may have at least one power
receiving coil receiving the power from the power transmit-
ting coils to charge the power in at least one battery cell.
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NON-CONTACT TYPE POWER CHARGING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority and benefit of
Korean Patent Application No. 10-2014-0120454 filed on
Sep. 11, 2014, with the Korean Intellectual Property Office,
the disclosure of which is incorporated in its entirety herein
by reference.

BACKGROUND

[0002] Some embodiments of the present disclosure may
relate to a non-contact type power charging apparatus capable
of’charging a battery cell with power in a non-contact scheme.
[0003] An electronic apparatus is operated using electricity
as an energy source.

[0004] Electrical power as an energy source needs to be
supplied to an electronic apparatus in order for the electronic
apparatus to be operated. The electronic apparatus may
receive or generate power via self-generation thereof, or
receive externally supplied power.

[0005] In order for the electronic apparatus to receive the
power supplied from an external source, a power supplying
apparatus may be needed for transferring power from an
externally-supplied power outlet to the electronic apparatus.
[0006] As the power supplying apparatus, a contact type
power supplying apparatus directly connected to the elec-
tronic apparatus by a connector, or the like, is commonly used
to supply the power to a battery embedded in the electronic
apparatus. Alternatively, the power may be supplied to the
battery embedded in the electronic apparatus in a non-contact
scheme.

RELATED ART DOCUMENT

[0007] (Patent Document 1) Korean Patent [Laid-Open Pub-
lication No. 10-2013-0054897

SUMMARY

[0008] An aspect of the present disclosure may provide a
non-contact type power charging apparatus capable of con-
trolling charging voltages charged in each of a plurality of
battery apparatuses in a non-contact scheme depending on a
coupling coefficient between a power transmitting coil and a
power receiving coil.

[0009] According to an aspect of the present disclosure, a
non-contact type power charging apparatus may include: a
plurality of power transmitting coils transmitting power in a
non-contact scheme; a plurality of switching units connected
to the plurality of power transmitting coils, respectively, to
switch the power transmitted through corresponding power
transmitting coils; and a switching controlling unit control-
ling power switching of the switching units depending on
coupling coefficients between each of the power transmitting
coils and at least one power receiving coil of a plurality of
battery apparatuses. The battery apparatuses may have at least
one power receiving coil receiving the power from the plu-
rality of power transmitting coils to charge the power in at
least one battery cell.

[0010] According to another aspect of the present disclo-
sure, a non-contact type power charging apparatus may
include: a plurality of power transmitting units each including
a power unit supplying a direct current (DC) voltage, a
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switching unit switching the DC voltage from the power unit,
a power transmitting coil transmitting power in a non-contact
scheme depending on power switching of the switching unit,
a detecting unit detecting power state variations of the power
transmitting coil, and a controlling unit controlling the power
switching of the switching unit by setting a coupling coeffi-
cient between the power transmitting coil and a power receiv-
ing coil depending on a detection result of the detecting unit.
The plurality of power transmitting units may control trans-
mission power depending on coupling coefficients between
power transmitting coils of each of the plurality of power
transmitting units and at least one power receiving coil of a
plurality of battery apparatuses. The battery apparatuses may
have at least one power receiving coil receiving the power
from the power transmitting coils to charge the power in at
least one battery cell.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

[0012] FIGS. 1A and 1B are views illustrating applications
of a power charging apparatus according to an exemplary
embodiment of the present disclosure;

[0013] FIGS. 2A and 2B are circuit diagrams schematically
illustrating examples of a power charging apparatus and a
battery apparatus according to exemplary embodiments of
the present disclosure;

[0014] FIGS. 3A and 3B are circuit diagrams schematically
illustrating examples of a power supplying unit used in a
power charging apparatus according to exemplary embodi-
ments of the present disclosure;

[0015] FIGS. 4A through 4D are circuit diagrams sche-
matically illustrating first to fourth examples of a power
charging unit according to exemplary embodiments of the
present disclosure;

[0016] FIGS. 5A through 5C are views illustrating
examples and applications of a battery apparatus according to
exemplary embodiments of the present disclosure;

[0017] FIGS. 6A through 6D, FIGS. 7A through 7D, and
FIGS. 8A and 8B are views illustrating examples of a power
charging operation according to exemplary embodiments of
the present disclosure;

[0018] FIGS. 9A and 9B are flow charts illustrating
examples of a method of sensing a coupling coefficient
according to exemplary embodiments of the present disclo-
sure;

[0019] FIGS. 10A and 10B are circuit diagrams schemati-
cally illustrating examples of data communications between a
power charging apparatus and a battery apparatus according
to exemplary embodiments of the present disclosure;

[0020] FIG. 11 is a circuit diagram schematically illustrat-
ing an example of a control of a voltage transmitted from a
power charging apparatus to a battery apparatus according to
an exemplary embodiment of the present disclosure;

[0021] FIG. 12 is a circuit diagram schematically illustrat-
ing an example of a control of power transmitted from a
power charging apparatus to a plurality of battery apparatuses
according to an exemplary embodiment of the present disclo-
sure; and
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[0022] FIGS. 13A through 13D are views illustrating an
example of a switching control of an active rectifier in a
battery apparatus according to an exemplary embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0023] Hereinafter, embodiments of the present disclosure
will be described in detail with reference to the accompanying
drawings.

[0024] The disclosure may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the disclo-
sure to those skilled in the art.

[0025] In the drawings, the shapes and dimensions of ele-
ments may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like elements.

[0026] FIGS. 1A and 1B are views illustrating applications
of a power charging apparatus according to an exemplary
embodiment of the present disclosure.

[0027] Referring to FIGS. 1A and 1B, a power charging
apparatus A according to an exemplary embodiment of the
present disclosure may transmit power to one or more elec-
tronic devices, such as, a cellular phone, a tablet personal
computer (PC), a laptop PC, or the like, including a battery
apparatus B having a plurality of battery cells, in a non-
contact scheme. In addition, the power charging apparatus A
according to the exemplary embodiment of the present dis-
closure may transmit power to each of a plurality of cellular
phones, tablet PCs, laptop PCs, or the like, having battery
apparatuses B1 and B2 in the non-contact scheme (here, the
non-contact scheme may mean, for example, but not limited
to, a scheme in which a direct connection is not made between
conductors of a transmit side and a receive side in a process of
transmitting power from the transmit side to the receive side,
and may be called a contactless scheme, a wireless transmit-
ting scheme, or the like).

[0028] FIGS. 2A and 2B are circuit diagrams schematically
illustrating examples of a power charging apparatus and a
battery apparatus according to an exemplary embodiment of
the present disclosure.

[0029] Referring to FIGS. 2A and 2B, the power charging
apparatus A according to the exemplary embodiment of the
present disclosure may include a power supplying unit 110
transmitting power in the non-contact scheme. The power
supplying unit 110 may include a power switching unit 111
providing preset power and power transmitting coils CTx1,
CTx11, CTx12, CTx21, and CTx22 transmitting the power
from the power switching unit 111 in the non-contact scheme.
[0030] The power charging apparatus A may include one
power transmitting coil CTx1 as shown in FIG. 2A or include
a plurality of power transmitting coils CTx11, CTx12, . . .,
CTx21, and CTx22 as shown in FIG. 2B in order to improve
power transmission efficiency, The number of the power
transmitting coils CTx11, CTx12, . . ., CTx21, and CTx22
may correspond to that of power receiving coils CRx11,
CRx12, ...,CRx21, and CRx22 disposed at a power receiv-
ing side.

[0031] Referring to FIGS. 2A and 2B, the battery apparatus
B may include a power charging unit 120 and a battery unit
130. The power charging unit 120 may include a plurality of
power charging units 121-1, 121-2, 122-1, and 122-2 corre-
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sponding to a plurality of battery cells BC11, BC12, BC21,
and BC22 of the battery unit 130 in a one-to-one scheme, and
the plurality of power charging units 121-1,121-2,122-1, and
122-2 may include power receiving coils CRx11, CRx12,
CRx21, and CRx22 and power charging controlling units
L11, 112, .21, and [22, respectively, in order to charge
power in corresponding battery cells BC11, BC12, BC21, and
BC22.

[0032] The power receiving coils CRx11, CRx12, CRx21,
and CRx22 may receive the power from the power transmit-
ting coils CTx1, CTx11, CTx12, ..., CTx21, and CTx22 of
the power charging apparatus A in the non-contact scheme,
and the power charging controlling units .11, .12, [.21, and
122 may charge the power from the power receiving coils
CRx11, CRx12, CRx21, and CRx22 to the corresponding
battery cells BC11, BC12, BC21, and BC22, and may control
current values of the power charged in the corresponding
battery cells BC11, BC12, BC21, and BC22. The power
charged in the corresponding battery cell BC11, BC12,
BC21, and BC22 may be controlled depending on a coupling
coefficient set between the power transmitting coil CTx1,
CTx11, CTx12, . . ., CTx21, and CTx22 and the power
receiving coil CRx11, CRx12, CRx21, and CRx22. The bat-
tery unit 130 may include at least one battery cell group,
which may include, for example, but not limited to, a plurality
of battery cells connected to each other in series.

[0033] The coupling coefficient between the power trans-
mitting coil and the power receiving coil will be described in
detail with reference to FIGS. 9A and 9B.

[0034] Meanwhile, in the case in which the power charging
apparatus A and the battery apparatus B described above are
implemented as one power charging apparatus, one power
charging apparatus may be implemented as the power trans-
mitting apparatus A and the power receiving apparatus B.

[0035] FIGS. 3A and 3B are circuit diagrams schematically
illustrating examples of a power supplying unit used in a
power charging apparatus according to an exemplary
embodiment of the present disclosure.

[0036] The power supplying unit 110 may include the
power switching unit 111 switching the power of a power
transmitting coil CTx1. The number of power transmitting
coils included in the power supplying unit 110 may be plural.

[0037] Thepower switching unit 111 may include a switch-
ing unit 1115, a switching controlling unit 1114, and a com-
municating unit 111¢. The switching unit 1115 may be elec-
trically connected to the power transmitting coil CTx1,
switch input power, and wirelessly transmit the power
through the power transmitting coil CTx1. The switching
controlling unit 1114 may provide switching control signals
SQ1 and SQ2, or SQ1 to SQ4, for controlling the switching
operation of the switching unit 1115. In the case in which the
number of power transmitting coils is plural, a plurality of
switching units may be connected to the plurality of power
transmitting coils in a one-to-one scheme, or the plurality of
power transmitting coils may be connected to at least one
switching unit.

[0038] The communicating unit 111¢ may receive power
charging state information from a wireless power charging
target device and provide the power charging state informa-
tion to the switching controlling unit 111a so that the switch-
ing controlling unit 111a can control a switching duty,
switching on/off times, and the like, thereby performing a
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function such as a rapid power charging function, a function
of maintaining a power balance between battery cells, or the
like.

[0039] The switching unit 1115 may include at least two
switches Q1 and Q2 as shown in FIG. 3A. For example, the
switches Q1 and Q2 may be formed of a field effect transistor
(FET), butis not limited thereto. The switches Q1,Q2, Q3 and
Q4 may have a half bridge switch structure or a full bridge
switch structure as shown in FIG. 3B. However, the switches
Q1, Q2, Q3 and Q4 are not limited thereto, but may be
variously configured. The switches Q1 and Q2 may have a
driving power Vcc supplied thereto. A voltage level of the
supplied driving power Vce may be fixed or varied.

[0040] FIGS. 4A through 4D are circuit diagrams sche-
matically illustrating first to fourth examples of a power
charging unit according to exemplary embodiments of the
present disclosure.

[0041] Referring to FIGS. 4A through 4D, the power charg-
ing unit according to exemplary embodiments of the present
disclosure may include a power receiving coil CRx and a
power charging controlling unit L.

[0042] The power receiving coil CRx may wirelessly
receive power from a corresponding power transmitting coil
CTx of the power supplying unit. The power charging con-
trolling unit L may control the wirelessly received power and
charge the received power in a corresponding battery cell BC.
[0043] The power charging controlling unit L may include
arectifying unit La, a regulator Lb, and a controlling unit Lc.
[0044] The rectifying unit La may rectify the power
received from the power receiving coil CRx, and the regulator
Lb may convert the rectified power into an appropriate volt-
age for charging to control the power charging of the corre-
sponding battery cell BC. The controlling unit [.c may detect
a state of the power transmitted to the power receiving coil
CRx and wirelessly transmit power state information to the
power supplying unit.

[0045] To this end, the controlling unit [.c may detect the
state of the power from the power receiving coil CRx or the
power provided from the regulator Lb to the battery cell BC.
[0046] Meanwhile, the controlling unit Lc may wirelessly
transmit the power state information having a pulse form to a
power transmitting side through the power receiving coil
CRx, and may include a separate communicating unit Com to
transmit the power state information detected by a detecting
unit Det to the power transmitting side through the commu-
nicating unit Com in a preset communications scheme.
[0047] FIGS. 5A through 5C are views illustrating
examples and applications of a battery apparatus according to
exemplary embodiments of the present disclosure.

[0048] Referring to FIG. 5A, the battery apparatus B
according to an exemplary embodiment of the present disclo-
sure may include, for example, six battery cells BC11 to
BC23. The six battery cells BC11 to BC23 may include three
battery cells BC11, BC12, and BC13 and three battery cells
BC21, BC22, and BC23, connected to each other in series,
respectively, to form one battery cell group, respectively. Two
battery cells groups BC11, BC12, and BC13 and BC21,
BC22, and BC23 may be configured so as to be connected to
each other in parallel (although the battery apparatus B
according to an exemplary embodiment of the present disclo-
sure may be used in a cellular phone, a tablet PC, and a laptop
PC, or the like, detailed drawings thereof will be omitted).
[0049] In addition, as shown in FIG. 5A, six power receiv-
ing coils CRx11 to CRx23 each corresponding to the six
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battery cells BC11 to BC23 may be provided in the battery
apparatus B, and may wirelessly receive the power from one
or more power transmitting coils of the power charging appa-
ratus A.

[0050] For example, the power charging apparatus A may
include one power transmitting coil CTx1, as shown in FIG.
5A, or include a plurality of power transmitting coils, for
example, but not limited to, six power transmitting coils
CTx11 to CTx23 each corresponding to six power receiving
coils CRx11 to CRx23, as shown in FIG. 5B.

[0051] Inaddition, referring to FIG. 5C, the power charging
apparatus A may include a plurality of power transmitting
coils CTx1 and CTx2, and the battery apparatus B may also
include a plurality of power receiving coils CRx1 and CRx2,
for example, six or more power receiving coils or less than six
power receiving coils.

[0052] FIGS. 6A through 6D, FIGS. 7A through 7D, and
FIGS. 8A and 8B are views illustrating examples of a voltage
charging operation according to exemplary embodiments of
the present disclosure.

[0053] Referring to FIGS. 6A through 6D, amounts VRx1,
VRx2, and VRx3 of power transferred to each of the power
receiving coils may be different from each other. Therefore,
the power supplying unit may differently set the amounts
VTx1, VTx2, and VTx3 of the power transmitted from the
power receiving coils to the corresponding power transmit-
ting coils in an equal state depending on the power state
information.

[0054] Asshown in FIG. 6A, the power supplying unit may
maintain a balance between the power so that the levels of
power received in the power receiving coils are constant,
based on a maximum voltage VRx2 among the voltages
VRx1, VRx2, and VRx3 received in the plurality of power
receiving coils depending on the power state information
from the power charging unit. To the contrary, as shown in
FIG. 6D, the power supplying unit may maintain a balance
between the power so that the levels of power received in the
power receiving coils are constant based on a minimum volt-
age VRx2 among the voltages VRx1, VRx2, and VRx3
received in the plurality of power receiving coils.

[0055] In order to control each of the levels of power trans-
mitted from the power transmitting coils, switching on duties
or switching off duties of the corresponding switch circuits
may be controlled, as shown in FIG. 6B, or switching down
times of the corresponding switch circuits may be controlled,
as shown in FIG. 6C.

[0056] The above-mentioned operations will be described
in more detail with reference to FIGS. 7A through 7D.
[0057] Referring to FIG. 7A, for example, the power charg-
ing apparatus according to an exemplary embodiment of the
present disclosure may include one power transmitting unit
Tx1 that may wirelessly transmit a voltage to at least two
power receiving units Rx1 and Rx2.

[0058] Here, the power transmitting unit Tx1 may include a
configuration shown in FIG. 3A or 3B, and each of the power
receiving units Rx1 and Rx2 may include a configuration
shown in FIGS. 4A through 4D.

[0059] For example, in the case in which a voltage V_, (or
a current [, ,) detected by a second power receiving unit Rx2
is smaller than a voltage V, (ora current I, ) detected by a
first power receiving unit Rx1, that is, in the case denoted by
a reference numeral 1 in FIG. 7A, a magnitude of the power
wirelessly transmitted by the power transmitting unit Tx1
may be increased so that the voltage V., detected by the
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second power receiving unit Rx2 arrives at or is increased to
areference voltage V. Therefore, the voltage V,, detected
by the first power receiving unit Rx1 receiving the power
wirelessly transmitted from the power transmitting unit Tx1
may exceed the reference voltage V. ; however, there may be
an advantage such as rapid power charging. Here, the refer-
ence voltage V,-may be set, for example, but not limited to,
so that a maximum allowable current flows in a correspond-
ing battery cell.

[0060] Inthe casedenoted by a reference numeral 2 inFIG.
7A, amagnitude of the power wirelessly transmitted from the
power transmitting unit Tx1 may be increased so that the
voltage V., detected by the first power receiving unit Rx1
arrives at the reference voltage V. Therefore, the voltage
V x> detected by the second power receiving unit Rx2 receiv-
ing the power wirelessly transmitted from the power trans-
mitting unit Tx1 may not arrive at the reference voltage V4
however, there may be an advantage such as an increase in
power transmission efficiency.

[0061] Referring to FIG. 7B, for example, the power charg-
ing apparatus according to an exemplary embodiment of the
present disclosure may include one power transmitting unit
Tx1 that may wirelessly transmit a voltage to at least three
power receiving units Rx1, Rx2, and Rx3.

[0062] Forexample, in the case in which a voltage V., (or
a current I, ,) detected by a second power receiving unit Rx2
is larger than a voltage V,, (or a current I, ) detected by a
first power receiving unit Rx1 and a voltage V5 (or a current
1,5) detected by a third power receiving unit Rx3 is smaller
than the voltage V., (or the current I, , ) detected by the first
power receiving unit Rx1, that is, in the case denoted by a
reference numeral 1 in FIG. 7B, a magnitude of the power
wirelessly transmitted from the power transmitting unit Tx1
may be increased so that the voltage V5 detected by the third
power receiving unit Rx3, which is a minimum value, arrives
at a reference voltage V, . Therefore, the voltage Vg,,
detected by the first power receiving unit Rx1 receiving the
power wirelessly transmitted from the power transmitting
unit Tx1, and the voltage V-, detected by the second power
receiving unit Rx2 receiving the power wirelessly transmitted
from the power transmitting unit Tx1, may exceed the refer-
ence voltage V,; however, there may be an advantage such
as rapid power charging. On the other hand, power transmis-
sion efficiency may be decreased.

[0063] Inthe casedenoted by a reference numeral 2 inFIG.
7B, a magnitude of the power wirelessly transmitted from the
power transmitting unit Tx1 may be increased so that the
voltage V,, detected by the first power receiving unit Rx1,
which is an intermediate value, arrives at the reference volt-
age V. Therefore, the voltage VRx2 detected by the second
power receiving unit Rx2 receiving the power wirelessly
transmitted from the power transmitting unit Tx1 may exceed
the reference voltage V, and the voltage VRx3 detected by
the third power receiving unit Rx3 receiving the power wire-
lessly transmitted from the power transmitting unit Tx1 may
not arrive at the reference voltage V..

[0064] Inthe case denoted by a reference numeral 3in FIG.
7B, a magnitude of the power wirelessly transmitted from the
power transmitting unit Tx1 may be increased so that the
voltage V, , detected by the second power receiving unit
Rx2, which is a maximum value, arrives at the reference
voltage V.. Therefore, the voltage V5, detected by the first
power receiving unit Rx1 receiving the power wirelessly
transmitted from the power transmitting unit Tx1 and the
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voltage V5 detected by the third power receiving unit Rx3
receiving the power wirelessly transmitted from the power
transmitting unit Tx1 may not arrive at the reference voltage
Viz.s however, power transmission efficiency may be
increased. On the other hand, a voltage charging speed may
be decreased.

[0065] Referring to FIG. 7C, for example, the power charg-
ing apparatus according to an exemplary embodiment of the
present disclosure may include at least two power transmit-
ting units Tx1 and Tx2 that may wirelessly transmit power to
at least two power receiving units Rx1 and Rx2.

[0066] Forexample, in the case in which a voltage V_, (or
a current [, ,) detected by a second power receiving unit Rx2
is smaller than a voltage V, (ora current I, ) detected by a
first power receiving unit Rx1, that is, in the case denoted by
a reference numeral 1 in FIG. 7C, magnitudes of the power
wirelessly transmitted by first and second power transmitting
units Tx1 and Tx2 may be controlled so that the voltage V.,
detected by the first power receiving unit Rx1 becomes the
same as the voltage V, , detected by the second power receiv-
ing unit Rx2. Then, the magnitudes of the power wirelessly
transmitted from the first and second power transmitting units
Tx1 and Tx2 may be controlled so that the voltage Vj,,
detected by the first power receiving unit Rx1 and the voltage
Vzxo detected by the second power receiving unit Rx2 are
changed to the reference voltage V.

[0067] Inthe case denoted by a reference numeral 2 inFIG.
7C, the magnitudes of the power wirelessly transmitted from
the first and second power transmitting units Tx1 and Tx2
may be controlled so that the voltage V., detected by the
second power receiving unit Rx2 becomes the same as the
voltage V., detected by the first power receiving unit Rx1.
Then, the magnitudes of the power wirelessly transmitted
from the first and second power transmitting units Tx1 and
Tx2 may be controlled so that the voltage V, , detected by the
first power receiving unit Rx1 and the voltage V., detected
by the second power receiving unit Rx2 are changed to the
reference voltage V.

[0068] Ontheotherhand,inthecase denoted by a reference
numeral 3 or a reference numeral 4 in FIG. 7C, the magni-
tudes of the power wirelessly transmitted from the first and
second power transmitting units Tx1 and Tx2 may be
increased so that the voltage V , detected by the second
power receiving unit Rx2 arrives at the reference voltage V5
or the magnitudes of the power wirelessly transmitted from
the first and second power transmitting units Tx1 and Tx2
may be increased so that the voltage V., detected by the first
power receiving unit Rx1 arrives at the reference voltage Vg,
The increase in an amount of power as described above may
be controlled depending on a coupling degree between the
power receiving unit and the power charging unit to maintain
a balance between the battery cells and/or to charge the
respective battery cells with maximum allowable power
charging currents, thereby rapidly charging the battery cells
with the power.

[0069] Referring to FIG. 7D, for example, the power charg-
ing apparatus according to an exemplary embodiment of the
present disclosure may include at least two power transmit-
ting units Tx1 and Tx2 that may wirelessly transmit power to
at least three power receiving units Rx1, Rx2, and Rx3.
[0070] InthecaseinwhichavoltageV,, (oracurrentl,, )
detected by a second power receiving unit Rx2 is larger than
a voltage V,, (or a current I, ) detected by a first power
receiving unit Rx1 and a voltage V.5 (or a current I ;)



US 2016/0079792 Al

detected by a third power receiving unit Rx3 is smaller than
the voltage V., (or the current I, ) detected by the first
power receiving unit Rx1, that is, in the case denoted by a
reference numeral 1 in FIG. 7D, magnitudes of the power
wirelessly transmitted from first and second power transmit-
ting units Tx1 and Tx2 may be controlled so that the voltage
V. detected by the first power receiving unit Rx1 and the
voltage V., detected by the second power receiving unit Rx2
become the same as the voltage V, , detected by the third
power receiving unit Rx3, which is a minimum value. Then,
the magnitudes of the power wirelessly transmitted from the
first and second power transmitting units Tx1 and Tx2 may be
controlled so that the voltage V, , detected by the first power
receiving unit Rx1, the voltage V., detected by the second
power receiving unit Rx2, and the voltage V5 detected by
the third power receiving unit Rx3 are changed to a reference
voltage Vg,

[0071] Inthe case denoted by a reference numeral 2 inFIG.
7D, the magnitudes of the power wirelessly transmitted by the
first and second power transmitting units Tx1 and Tx2 may be
controlled so that the voltage V, , detected by the first power
receiving unit Rx1 and the voltage V., detected by the third
power receiving unit Rx3 become the same as the voltage
V x> detected by the second power receiving unit Rx2, which
is a maximum value. Then, the magnitudes of the power
wirelessly transmitted from the first and second power trans-
mitting units Tx1 and Tx2 may be controlled so that the
voltage V,, detected by the first power receiving unit Rx1,
the voltage V., detected by the second power receiving unit
Rx2, and the voltage V., detected by the third power receiv-
ing unit Rx3 are changed to the reference voltage Vg, .

[0072] Inthe case denoted by a reference numeral 3inFIG.
7D, the magnitudes of the power wirelessly transmitted by the
first and second power transmitting units Tx1 and Tx2 may be
controlled so that the voltage V., detected by the second
power receiving unit Rx2 and the voltage V5 , detected by the
third power receiving unit Rx3 become the same as the volt-
age V., detected by the first power receiving unit Rx1, which
is an intermediate value. Then, the magnitudes of the power
wirelessly transmitted from the first and second power trans-
mitting units Tx1 and Tx2 may be controlled so that the
voltage V., detected by the first power receiving unit Rx1,
the voltage V., detected by the second power receiving unit
Rx2, and the voltage V., detected by the third power receiv-
ing unit Rx3 are changed to the reference voltage Vg, .

[0073] Inaddition, in the case denoted by reference numer-
als 4, 5 or 6 in FIG. 7D, the magnitudes of the power wire-
lessly transmitted from the first and second power transmit-
ting units Tx1 and Tx2 may be increased so that the voltage
V x> detected by the second power receiving unit Rx2 arrives
at the reference voltage Vi, the magnitudes of the power
wirelessly transmitted from the first and second power trans-
mitting units Tx1 and Tx2 may be increased so that the
voltage V5 detected by the third power receiving unit Rx3
arrives at the reference voltage Vg, or the magnitudes of the
power wirelessly transmitted from the first and second power
transmitting units Tx1 and Tx2 may be increased so that the
voltage V , detected by the first power receiving unit Rx1
arrives at the reference voltage V. The first and second
power transmitting units Tx1 and Tx2 may increase the mag-
nitudes of the power wirelessly transmitted from the first and
second power transmitting units Tx1 and Tx2 so that the
voltages detected by the power receiving units coupled to the
first and second power transmitting units Tx1 and Tx2 are
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changed to the reference voltage V. However, in this case,
the power may also be wirelessly transmitted to power trans-
mitting units disposed in the vicinity of the first and second
power transmitting units Tx1 and Tx2.

[0074] Meanwhile, referring to FIGS. 8A and 8B, in the
case in which the power charging apparatus according to an
exemplary embodiment of the present disclosure includes at
least two power transmitting units Tx1 and Tx2 as shown in
FIGS. 7C and 7D, wireless power coupling between the
power transmitting units Tx1 and Tx2 and at least two or three
or more power receiving units Rx1, Rx2, and Rx3 may be set.
For example, in the case in which power transmitting units
wirelessly transmit powers, it may be set that the power
receiving units receiving the most power from the corre-
sponding power transmitting units have the highest wireless
power coupling relationship.

[0075] To this end, a voltage coupling relationship between
corresponding power transmitting units and power receiving
units may be set depending on power state information having
information on the voltages or the currents detected by the
power receiving units Rx1, Rx2, and Rx3. For example, two
power transmitting units Tx1 and Tx2 may be sequentially
turned on/offto search the power receiving units receiving the
most power from the corresponding power transmitting units,
as shown in FIG. 8A, or wireless power transmission amounts
of the power transmitting units Tx1 and Tx2 may be alter-
nately varied to search the power receiving units having the
largest change amount of the power received from the corre-
sponding power transmitting units, as shown in FIG. 8B.
[0076] FIGS. 9A and 9B are flow charts illustrating
examples of a method of sensing a coupling coefficient
according to exemplary embodiments of the present disclo-
sure.

[0077] First, referring to FIG. 9A, at a sensing time in
which a coupling coefficient is sensed at a preset period (S11),
a voltage or current level of power transmitted from a power
transmitting coil of a power transmitting unit and a voltage or
current level of power applied to a power receiving coil or a
battery of a power receiving unit may be detected (S21), and
a coupling coefficient between a power transmitting side and
a power receiving side may be calculated (S31).

[0078] The calculated coupling coefficient may be trans-
ferred to a control circuit controlling transmission power of
the power transmitting unit (S41).

[0079] Referring to FIG. 9B, in the case in which a voltage
charging state is varied (S12), a voltage or current level of
power transmitted by a power transmitting coil of a power
transmitting unit and a voltage or current level of power
applied to a power receiving coil or a battery of a power
receiving unit may be detected (S22), and a coupling coeffi-
cient between a power transmitting side and a power receiv-
ing side may be calculated (S32). The calculated coupling
coefficient may be transferred to a control circuit controlling
transmission power of the power transmitting unit (S42).
[0080] Here, the case in which the power charging state is
varied may mean, for example, but not limited to, a case in
which a new power charging condition, such as a change in a
position of the power charging apparatus or the battery appa-
ratus, addition of another battery apparatus in addition to an
existing battery apparatus charged with a voltage from the
power charging apparatus, or the like, occurs. An example of
amethod of detecting the above-mentioned new power charg-
ing condition may include the case of detecting the case in
which the voltage or current level of the power applied to the
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power receiving coil or the battery of the power receiving unit
is varied by a reference level or more.

[0081] The coupling coefficient between the power charg-
ing apparatus and the battery apparatus described above may
be calculated by sequentially turning on/off the power trans-
mitting units Tx1 and Tx2 to search the power receiving units
receiving the most power from the corresponding power
transmitting units, as shown in FIG. 8 A, or alternately varying
the wireless power transmission amounts of the power trans-
mitting units Tx1 and Tx2 to search the power receiving units
having the largest change amount of powers received from the
corresponding power transmitting units, as shown in FIG. 8B.

[0082] First, arelationship between the voltage levels of the
power applied to the power receiving coils or the batteries of
the power receiving units of the battery apparatus and the
voltage levels of the power transmitted through the power
transmitting coils of the power transmitting units of the power
charging apparatus may be represented by the following
Equation 1.

[VRXI } _ [ Cu Cn H Vra } (Equation 1)
Vre2 Coy Cn ll Ve

[0083] Here, Vg, andV  , indicate voltage levels of power
applied to power receiving coils or batteries of power receiv-
ing units Rx1 and Rx2, respectively, V., and V ,, indicate
voltage levels of powers applied to power transmitting coils
of power transmitting units Tx1 and Tx2, respectively, and
C,,C,,, C,;, and C,, indicate coupling coefficients between
the power charging apparatus and the battery apparatus, that
is, between the power receiving units Rx1 and Rx2 and the
power transmitting units Tx1 and Tx2.

[0084] The case in which the number of each of the power
transmitting coils and the power receiving coils is two has
been described by way of example. Meanwhile, also in the
case in which the number of each of the power transmitting
coils and the power receiving coils is three or more, a rela-
tionship between the voltage levels of the power applied to the
power receiving coils or the batteries of the power receiving
units of the battery apparatus and the voltage levels of the
power transmitted through the power transmitting coils of the
power transmitting units of the power charging apparatus
may be represented in the same scheme as the above-men-
tioned scheme. In addition, C,, indicates a coupling coeffi-
cient between V,; and V.

[0085] In the case in which the coupling coefficients are
calculated by sequentially turning on/off the power transmit-
ting units Tx1 and Tx2 to search the power receiving units
receiving the most power from the corresponding power
transmitting units, as shown in FIG. 8A, for example, when
the power applied to the power transmitting unit Tx2 is turned
off, the above Equation 1 may be represented by the following
Equation 2.

[VRXI } _ [Cu Ciz H Vra } _ [Cu Vra }
VR Cy Cnl O Cor - Vra

[0086] From the above Equation 2, coupling coefficients
C,, and C,, may be calculated by the following Equation 3.

Ixj*

(Equation 2)
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VR (Equation 3)
[ Cn } Vra
(&5}

Vi

Vru

[0087] Next, when the power applied to the power trans-
mitting unit Tx1 is turned off, the coupling coefficients C,,
and C,, may be calculated by the following Equation 4.

Ve (Equation 4)
[ Ciz } Vi

Cn Ve

Vra

[0088] Meanwhile, in the case in which the coupling coet-
ficients are calculated by alternately varying the wireless
power transmission amounts of the power transmitting units
Tx1 and Tx2 to search the power receiving units having the
largest change amount of power received from the corre-
sponding power transmitting units, as shown in FIG. 8B, a
relationship between varied amounts in the voltage levels of
the power applied to the power receiving coils or the batteries
of the power receiving units of the battery apparatus and
varied amounts in the voltage levels ofthe powers transmitted
through the power transmitting coils of the power transmit-
ting units of the power charging apparatus may be represented
by the following Equation 5.

[AVRXI } _ [ Ciy Cpp HAVM } (Equation 5)

AVper Gy Cxp |l AVr

[0089] Here, AV, , and AV, , indicate varied amounts in
voltage levels of power applied to power receiving coils or
batteries of power receiving units Rx1 and Rx2, respectively,
AV ., and AV ., indicate varied amounts in voltage levels of
power applied to power transmitting coils of power transmit-
ting units Tx1 and Tx2, respectively, and C,,, C,,, C,;, and
C,, indicate be coupling coefficients between the power
charging apparatus and the battery apparatus, that is, between
the power receiving units Rx1 and Rx2 and the power trans-
mitting units Tx1 and Tx2.

[0090] First, when an output voltage of the power transmit-
ting unit Tx2 is fixed (AV 5 ,=0) and an output voltage of the
power transmitting unit Tx1 is varied by a predetermined
magnitude, the voltage levels of the power transmitted to the
power receiving units Rx1 and Rx2 may be varied depending
on a coupling degree between the power receiving units Rx1
and Rx2 and the power transmitting unit Tx1, and this rela-
tionship may be represented by the following Equation 6.

[AVRXI } _ [ Ciy Cpp HAVM } _ [Cu NZ } (Equation 6)

AVper Cy Cn 0 Coy -AVpy

[0091] From the above Equation 6, coupling coefficients
C,, and C,, may be calculated by the following Equation 7.
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AVpa (Equation 7)
Cu] | AV
[Czl } T AVea
AV

[0092] Next, when an output voltage of the power transmit-
ting unit Tx1 is fixed (AV ,,,=0) and an output voltage of the
power transmitting unit Tx2 is varied by a predetermined
magnitude, the coupling coefficients C,, and C,, may be
calculated by the following Equation 8.

AVpa (Equation 8)
Cin] | AVro
[sz } T AVey
AV

[0093] Althoughthe case in which the coupling coefficients
are calculated based on the voltage levels ofthe power applied
to the power receiving coils or the batteries and the voltage
levels of the powers applied to the power transmitting coils
has been described by way of example hereinabove, current
levels of the power applied to the power receiving coils or the
batteries and current levels of the power applied to the power
transmitting coils may also be used.

[0094] FIGS. 10A and 10B are circuit diagrams schemati-
cally illustrating data communications between a power
charging apparatus and a battery apparatus according to
exemplary embodiments of the present disclosure.

[0095] Referring to FIG. 10A, the power transmitting units
Tx1 and Tx2 of the power charging apparatus A may include
power transmitting coils C,; and C,, and switching units
111561 and 11152. The switching units 11151 and 11152 may
transfer power to the power transmitting coils CTx1 and
CTx2, respectively, in order to calculate the coupling coeffi-
cients between the power transmitting side and the power
receiving side as described above.

[0096] The respective switches Q11, Q21, Q12, and Q22 of
the switching units 11151 and 111562 may switch driving
powerV 5, andV -, depending on switching control signals
SQ11, SQ21, SQ12, and SQ22 from the switching controlling
unit 111a to transfer the power to the outside through the
corresponding power transmitting coils C; and C,,, in a
non-contact scheme.

[0097] The switching controlling unit 111¢ may control
power switching of the switching units 11151 and 11152
depending on information of the battery apparatus B trans-
ferred from the communicating unit 111c¢. For example, the
switching controlling unit 1114 may control switching duties
or on-oft down times of the respective switches Q11, Q21,
Q12, and Q22 to adjust the voltage levels V., and V ., of the
power output through the power transmitting coils C,, and
Cr.,, control voltage levels of the driving power V., and
V pes to adjust the voltage levels V., and V., of the power
output through the power transmitting coils C,; and C,,, or
control switching frequencies f, ; and f, to control frequen-
cies at which the power is transmitted through the power
transmitting coils C ; and C;.

[0098] The above-mentioned adjusting or controlling
operation may be performed based on the coupling coeffi-
cients between the power transmitting side and the power
receiving side, and since information on a position, a voltage
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charging state, an operating state, charging power, and the
like, of the battery apparatus B may be continuously needed
for power charging of the power charging apparatus A, the
information may be transferred by bidirectional communica-
tions between the communicating unit 111¢ of the power
charging apparatus A and the communicating unit Com of the
battery apparatus B. In addition, information on positions,
power transmitting states, power switching operations, charg-
ing voltages, and the like, of the power transmitting coils C
and C, of the power charging apparatus A may be trans-
ferred to the battery apparatus B through the communicating
unit Com of the battery apparatus B. In addition, the voltage
or current levels of the powers received by the power receiv-
ing coils Cg_;, Crrss Cryss Cruas Crys and Cp o or the power
applied to the batteries may be transferred to the power charg-
ing apparatus A through the communicating unit 111¢, and
the voltage or current levels of the power applied to the power
transmitting coils C,, and C, ., may be transferred to the
battery apparatus B through the communicating unit. In addi-
tion, in the case in which the coupling coefficients between
the power transmitting coils C,, and C,, of the power
charging apparatus A and the power receiving coils Cg,,
Criz: Criss Cruas Cras and Cp  of the battery apparatus B are
calculated in the battery apparatus B, the calculated coupling
coefficients may be transferred to the power charging appa-
ratus A through the communicating unit 111c.

[0099] In the above-mentioned bidirectional communica-
tions, various communications schemes such as Bluetooth,
Zigbee, WiFi, near field communications (NFC), and the like,
and various communication frequencies may be used.

[0100] Referring to FIG. 10B, the power may be transmit-
ted and the information may be transferred in the non-contact
scheme between the power transmitting coil CTx of the
power charging apparatus A and the power receiving coil CRx
of the battery apparatus B.

[0101] Thepower supplying unit 110 ofthe power charging
apparatus A may include a power unit 111e, a switching unit
11154, a detecting unit 1114 and a controlling unit 111a. The
power unit 111e may convert an alternating current (AC)
power into a direct current (DC) voltage. The switching unit
1115 may switch the DC voltage from the power unit 111e
depending on a control of the controlling unit 111a to transmit
the DC voltage to the outside through the power transmitting
coil CTx. The detecting unit 111d may detect a power state of
the power transmitting coil CTx. The controlling unit 111a
may control the switching of the switching unit 1115 depend-
ing on detected information from the detecting unit 111d.

[0102] The battery apparatus B may include a rectifying
unit La, a regulator Lb, and a controlling unit Lc. The recti-
fying unit La may rectity a voltage from the power receiving
coil CRx. The regulator Lb may regulate the rectified power to
a charging power appropriate for being charged in a battery
Be. The controlling unit L.c may control an operation of the
regulator Lb.

[0103] The power transmitted to the power receiving coil
CRx may be varied by the operation of the regulator Lb,
variations in a voltage level of the power receiving coil CRx
may affect the power transmitting coil CTx by magnetic
coupling between the power receiving coil CRx and the
power transmitting coil CTx, the detecting unit 1114 may
detect the variations in the voltage level of the power receiv-
ing coil CRx and transfer detected information to the control-
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ling unit 1114, and the controlling unit 1114 may control the
switching operation of the switching unit 1115 depending on
the detected information.

[0104] Communications may be performed between the
battery apparatus B and the power charging apparatus A
depending on, for instance, but not limited to, the above-
mentioned variations in voltage levels. In addition, informa-
tion on the voltage or current levels of the power received by
the power receiving coils of the battery apparatus B, informa-
tion onthe voltage or current levels of the power applied to the
batteries of the battery apparatus B, the information on the
position, the power charging state, the operating state, and the
charging power of the battery apparatus B, information on the
voltage or current levels of the power applied to the power
transmitting coils of the power charging apparatus A, and
information on the positions, the power transmitting states,
the power switching operations, the power, and the like, of the
power transmitting coils of the power charging apparatus A
may be transmitted and received using the communications
performed in this scheme.

[0105] Here, in the case in which the number of each of the
power transmitting coils and the power receiving coils is
plural, the information may be transmitted and received, for
example, but not limited to, in a time division scheme.
[0106] The coupling coefficients between the power trans-
mitting coils of the power charging apparatus A and the power
receiving coils of the battery apparatus B may be calculated
based on the transmitted and received information. For
instance, the power charging apparatus A may calculate the
coupling coefficients based on the transmitted and received
information, or the battery apparatus B may calculate the
coupling coefficients based on the transmitted and received
information and then transmit the calculated coupling coef-
ficients to the power charging apparatus A by the communi-
cations performed between the battery apparatus B and the
power charging apparatus A depending on the above-men-
tioned variations in voltage levels.

[0107] The switching operation of the switching unit 1115
of the power charging apparatus A may be controlled based
on the coupling coefficients between the power transmitting
coils of the power charging apparatus A and the power receiv-
ing coils of the battery apparatus B.

[0108] FIG. 11 is a circuit diagram schematically illustrat-
ing a control of a voltage transmitted from a power charging
apparatus to a battery apparatus according to an exemplary
embodiment of the present disclosure.

[0109] Referring to FIG. 11, the power transmitting units
Tx1 and Tx2 of the power charging apparatus A may include
power transmitting coils C,; and C,, and switching units
111561 and 11152. The switching units 11151 and 11152 may
transfer power to the power transmitting coils C,.; and C,,,
respectively, in order to calculate the coupling coefficients
between the power transmitting side and the power receiving
side as described above.

[0110] The respective switches Q11, Q21, Q12, and Q22 of
the switching units 11151 and 111562 may switch driving
powerV 5, andV -, depending on switching control signals
SQ11, SQ21, SQ12, and SQ22 from the switching controlling
unit 111a to transfer the power to the outside through the
corresponding power transmitting coils C,; and C,, in a
non-contact scheme.

[0111] The switching controlling unit 111¢ may control
power switching of the switching units 11151 and 11152
depending on information of the battery apparatus B trans-
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ferred from the communicating unit 111c¢. For example, the
switching controlling unit 1114 may control switching duties
or on-off down times of the respective switches Q11, Q21,
Q12, and Q22 to adjust the voltagelevels V. ; and V ., of the
power output through the power transmitting coils CTx1 and
CTx2, control voltage levels of the driving power V-, and
V pe» 1o adjust the voltage levels V., and V., of the power
output through the power transmitting coils CTx1 and CTx2,
or control switching frequencies to control frequencies
and f., at which the power are transmitted through the power
transmitting coils CTx1 and CTx2.

[0112] The above-mentioned adjusting or controlling
operation may be performed based on the coupling coeffi-
cients between the power transmitting side and the power
receiving side.

[0113] As an example, in the case in which the coupling
coefficient between the first power transmitting coil C,; and
the first power receiving coil Cg,, is low, the first power
transmitting unit Tx1 may control the switching frequencies
of'the respective switches Q11 and Q21 of the switching unit
11151 to control the frequency f, , at which the power is
transmitted through the power transmitting coil CTx1, in
order to effectively control the power transferred to the first
power receiving coil CRx1.

[0114] As another example, in the case in which the cou-
pling coefficient between the second power transmitting coil
C.» and the second power receiving coil Cg,, is high, the
second power transmitting unit Tx2 may control the switch-
ing duties or the on-off down times of the respective switches
Q12 and Q22 of the switching unit 11152 to adjust the voltage
level V ., of the power output through the power transmitting
coil C,, or control the voltage level of the driving power
Ve to adjust the voltage level V., of the power output
through the power transmitting coil CTx2, thereby control-
ling the power transferred to the second power receiving coil
Crra-

[0115] Since the information on the position, the power
charging state, the operating state, the charging power, and
the like, of the battery apparatus B is continuously needed for
the power charging of the power charging apparatus A, the
information may be transterred by the bidirectional commu-
nications between the communicating unit 111¢ of the power
charging apparatus A and the communicating unit Com of the
battery apparatus B. In addition, the information on the posi-
tions, the power transmitting states, the power switching
operations, the power, and the like, of the power transmitting
coils C, and C, , of the power charging apparatus A may be
transferred to the battery apparatus B through the communi-
cating unit Com of the battery apparatus B.

[0116] FIG. 12 is a circuit diagram schematically illustrat-
ing a control of power transmitted from a power charging
apparatus to a plurality of battery apparatuses according to an
exemplary embodiment of the present disclosure.

[0117] Referring to FIG. 12, the power charging apparatus
A according to an exemplary embodiment of the present
disclosure may transmit the power to the plurality of battery
apparatuses B1 and B2 in the non-contact scheme.

[0118] Each of the battery apparatuses B1 and B2 may
include at least one or a plurality of power receiving coils, for
example, six power receiving coils Cg,;, Cg 5, Crizs Crius
Cgryss and Cp e

[0119] Similarto FIG. 11, the power transmitting units Tx1
and Tx2 of the power charging apparatus A may include
power transmitting coils C,; and C, and switching units
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111561 and 11152. The switching units 11151 and 11152 may
transfer power to the power transmitting coils C,.; and C,,,
respectively, in order to calculate the coupling coefficients
between the power transmitting side and the power receiving
side.

[0120] The respective switches Q11, Q21, Q12, and Q22 of
the switching units 11151 and 11152 may switch the driving
power V-, and V., depending on the switching control
signals SQ11, SQ21, SQ12, and SQ22 from the switching
controlling unit 111a to transfer the power to the outside
through the corresponding power transmitting coils C, , and
C ., in the non-contact scheme.

[0121] The switching controlling unit 111a may control the
power switching of the switching units 11151 and 11152
depending on the transferred information of the battery appa-
ratus B. For example, the switching controlling unit 111a may
control the switching duties or the on-off down times of the
respective switches Q11, Q21, Q12, and Q22 to adjust the
voltage levels V., and V., of the power output through the
power transmitting coils C,; and C,, control the voltage
levels of the driving power V., and V., to adjust the
voltage levels V., and V., of the power output through the
power transmitting coils C,; and C,,, or control the switch-
ing frequencies to control the frequencies f,, and f, at
which the powers are transmitted through the power trans-
mitting coils C,; and C,,,.

[0122] The above-mentioned adjusting or controlling
operation may be performed based on the coupling coeffi-
cients between the power transmitting side and the power
receiving side.

[0123] As an example, in the case in which the coupling
coefficient between the first power transmitting coil C, , and
afirst power receiving coil C, , of'a first battery apparatus B1
is low, the first power transmitting unit Tx1 may control the
switching frequencies of the respective switches Q11 and
Q21 ofthe switching unit 11151 to control the frequency f
at which the power is transmitted through the power trans-
mitting coil C,,, in order to effectively control the power
transferred to the first power receiving coil Cg,,; of the first
battery apparatus B1.

[0124] As another example, in the case in which the cou-
pling coefficient between the second power transmitting coil
Cr,, and a second power receiving coil C,, of a second
battery apparatus B2 is high, the second power transmitting
unit Tx2 may control the switching duties or the on-off down
times of the respective switches Q12 and Q22 of the switch-
ing unit 111562 to adjust the voltage level V., of the power
output through the power transmitting coil C, , or control the
voltage level of the driving power V ,,~, to adjust the voltage
level V 1, , of the power output through the power transmitting
coil C,, thereby controlling the power transferred to the
second power receiving coil Cg, of the second battery appa-
ratus B2.

[0125] Inaddition, each ofthe first and second power trans-
mitting units Tx1 and Tx2 may be controlled to transmit the
power to the first battery apparatus B1 at a first frequency, for
example, a frequency of approximately 100 to 300 KHz of a
wireless power consortium (WPC) standard and to transmit
the power to the second battery apparatus B2 at a second
frequency that is relatively high, for example, a frequency of
6.78 MHz of an alliance for wireless power (A4 WP) standard.
[0126] Inaddition, the power may be transmitted to the first
power receiving coil Cy,, of the first battery apparatus B1 at
the frequency of the WPC standard and be transmitted to the
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second power receiving coil Cy, of the first battery apparatus
B1 at the frequency of the A4WP standard.

[0127] Since information on positions, power charging
states, operating states, power, and the like, of the battery
apparatuses B1 and B2 is continuously needed for the power
charging of the power charging apparatus A, the information
may be transferred by bidirectional communications between
the power charging apparatus A and the battery apparatuses
B1 and B2. In addition, the information on the positions, the
power transmitting states, the power switching operations,
the power, and the like, of the power transmitting coils C,;
and C, of the power charging apparatus A may be trans-
ferred to the battery apparatuses B1 and B2.

[0128] FIGS. 13A through 13D are views illustrating an
example of a switching control of an active rectifier in a
battery apparatus according to an exemplary embodiment of
the present disclosure.

[0129] Referring to FIG. 13A, the battery apparatus B
according to an exemplary embodiment of the present disclo-
sure may receive the power transmitted in the non-contact
scheme through the power receiving coil CRx. Here, a phase
difference or a level difference may be generated between a
voltage and a current of the received power, such that power
efficiency may be deteriorated.

[0130] The battery apparatus B according to an exemplary
embodiment of the present disclosure may include an active
type rectifying unit La.

[0131] Therectifying unit La may include, for example, but
not limited to, four switches S1, S2, S3, and S4 connected to
each other in a full bridge scheme.

[0132] A controlling unit [.c may provide gate signals SS1,
SS2, SS3, and SS4 to control a switching operation of the
rectifying unit La. For instance, the controlling unit L.c may
control the switching in a pulse width modulation (PWM)
scheme.

[0133] For example, as shown in FIG. 13B, the controlling
unit Lc may compare a carrier signal having a frequency
higher than a transmission frequency of the power transmitted
in the non-contact scheme and an output current of the power
receiving coil CRx with each other to provide gate signals of
the first and second switches S1 and S2. In this case, the third
and fourth switches S3 and S4 may each be turned on during
each half period of the power transmitted in the non-contact
scheme, as shown in FIG. 13C. For example, the fourth switch
S4 may be turned on during a positive half period of the power
transmitted in the non-contact scheme, and the third switch
S3 may be turned on during a negative half period of the
power transmitted in the non-contact scheme.

[0134] Referring to FIG. 13D, a reference signal of the
output current of the power receiving coil CRx, required for
controlling the output current of the power receiving coil CRx
may be controlled using a hysteresis band such as an interval
between an upper limit and a lower limit of the output current
of the power receiving coil CRx.

[0135] When a width of the above-mentioned hysteresis
band is decreased, a ripple of the output current of the power
receiving coil CRx may be decreased, such that the output
current of the power receiving coil CRx may be precisely
controlled; however, switching frequencies of the switches
S1, 82, 83, and S4 of the rectifying unit La may be increased,
such that power loss may be increased.

[0136] As set forth above, according to some exemplary
embodiments of the present disclosure, amounts of transmit-
ted power may be adjusted for each of the battery cells
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depending on the coupling coefficients between the power
transmitting coils and the power receiving coils to maintain
the power balance between the battery cells or charge the
respective battery cells with maximum allowable power
charging currents, thereby rapidly charging the battery cells
with the power. In addition, levels of power each transmitted
to the plurality of battery apparatuses including at least one
battery cell may be adjusted to maintain a power balance
between the battery apparatuses or charge the respective bat-
tery apparatuses with maximum allowable power charging
currents, thereby rapidly charging the power in the battery
apparatuses.
[0137] While exemplary embodiments have been shown
and described above, it will be apparent to those skilled in the
art that modifications and variations could be made without
departing from the scope of the present invention as defined
by the appended claims.
What is claimed is:
1. A non-contact type power charging apparatus compris-
ing:
a plurality of power transmitting coils transmitting power
in a non-contact scheme;
aplurality of switching units connected to the power trans-
mitting coils to switch the power transmitted through
corresponding power transmitting coils; and
aswitching controlling unit controlling power switching of
the switching units depending on coupling coefficients
between each of the power transmitting coils and at least
one power receiving coil of a plurality of battery appa-
ratuses receiving the power from the power transmitting
coils to charge the power in at least one battery cell.
2. The non-contact type power charging apparatus of claim
1, wherein the switching controlling unit controls at least one
or more of voltage levels, switching duties, switching on-off
down times, and switching frequencies of the power input to
each of the switching units.
3. The non-contact type power charging apparatus of claim
2, wherein the switching controlling unit differently controls
the at least one or more of the voltage levels, the switching
duties, the switching on-off down times, and the switching
frequencies of the power input to each of the switching units.
4. The non-contact type power charging apparatus of claim
1, wherein the switching controlling unit selectively operates
one of the plurality of power transmitting coils to set coupling
coefficients between the corresponding power transmitting
coil and a plurality of power receiving coils.
5. The non-contact type power charging apparatus of claim
1, wherein the switching controlling unit selectively varies
transmission power of one of the power transmitting coils to
set coupling coefficients between the corresponding power
transmitting coil and a plurality of power receiving coils.
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6. The non-contact type power charging apparatus of claim
1, further comprising a communicating unit receiving infor-
mation on the power received from an outside of the power
charging apparatus,

wherein the switching controlling unit sets the coupling
coefficients based on the information on the power from
the communicating unit.

7. A non-contact type power charging apparatus compris-
ing:
a plurality of power transmitting units each including:

a power unit supplying a direct current (DC) voltage,

a switching unit switching the DC voltage from the

power unit,

a power transmitting coil transmitting power in a non-
contact scheme depending on power switching of the
switching unit,

a detecting unit detecting power state variations of the
power transmitting coil, and

a controlling unit controlling the power switching of the
switching unit by setting a coupling coefficient
between the power transmitting coil and a power
receiving coil depending on a detection result of the
detecting unit,

wherein the plurality of power transmitting units control
transmission power depending on coupling coefficients
between the power transmitting coils of each of the
power transmitting units and at least one power receiv-
ing coil of a plurality of battery apparatuses receiving the
power from the power transmitting coils to charge the
power in at least one battery cell.

8. The non-contact type power charging apparatus of claim

7, wherein at least one or more of voltage levels, switching
duties, switching on-off down times, and switching frequen-
cies of powers input to each of the switching unit of the power
transmitting units are controlled.

9. The non-contact type power charging apparatus of claim
7, wherein one of the power transmitting units is selectively
operated to calculate the coupling coefficients between a cor-
responding power transmitting coil and a plurality of power
receiving coils.

10. The non-contact type power charging apparatus of
claim 7, wherein the transmission power of one of the power
transmitting units is selectively varied to calculate the cou-
pling coefficients between a corresponding power transmit-
ting coil and a plurality of power receiving coils.

11. The non-contact type power charging apparatus of
claim 7, wherein the detecting unit detects a power state of the
power transmitting coil varied depending on power state
variations of each of a plurality of power receiving coils
receiving the power from the power transmitting coil.
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