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(54) MULTI-COIL WIRELESS CHARGING METHOD AND DEVICE AND SYSTEM THEREFOR

(57) The present invention relates to a multi-coil wire-
less charging method and a device and a system therefor,
a wireless power transmitter for wirelessly transmitting
power to a wireless power receiver, according to one
embodiment of the present invention, comprising: a pow-
er transmission unit which comprises at least two or more
transmission coils; a control unit which controls so that
a predetermined first detection signal for detecting the
existence of a wireless power receiver is transmitted
through the transmission coils in a predetermined order;
and a modulation/demodulation unit which, if a predeter-
mined first signal strength indicator associated with the
first detection signal is received from the wireless power
receiver, transmits the received first signal strength indi-
cator to the control unit, wherein the control unit may
control so that a second detection signal is transmitted
through the transmission coils through which the first sig-
nal strength indicator was received. Thus, the present
invention has a merit of enabling a quicker and more
accurate detection of a wireless power receiver.
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Description

[Technical Field]

[0001] Embodiments relate to a wireless power trans-
mission technique, and more particularly, to a multi-coil
wireless charging method for minimizing a time required
for a wireless power transmitter equipped with a plurality
of transmission coils to recognize a wireless power re-
ceiver, and a device and system therefor.

[Background Art]

[0002] Recently, as information and communication
technology rapidly develops, a ubiquitous society based
on information and communication technology is being
formed.
[0003] To allow information communication devices to
be connected anytime and anywhere, sensors equipped
with a computer chip having a communication function
should be installed in all facilities. Therefore, supply of
power to these devices or sensors is a new challenge.
In addition, as the kinds of portable devices such as Blue-
tooth handsets and music players like iPods, as well as
mobile phones, rapidly increase in number, charging bat-
teries thereof has required time and effort. As a way to
address this issue, wireless power transmission technol-
ogy has recently drawn attention.
[0004] Wireless power transmission (or wireless ener-
gy transfer) is a technology for wirelessly transmitting
electric energy from a transmitter to a receiver based on
the induction principle of a magnetic field. Back in the
1800s, electric motors or transformers based on electro-
magnetic induction began to be used. Thereafter, a meth-
od of transmitting electric energy by radiating an electro-
magnetic wave, such as a radio wave, laser, a high fre-
quency wave or a microwave, was tried. Electric tooth-
brushes and some common wireless shavers are
charged through electromagnetic induction.
[0005] Wireless energy transmission techniques intro-
duced up to now may be broadly divided into magnetic
induction, electromagnetic resonance, and RF transmis-
sion employing a short wavelength radio frequency.
[0006] In the magnetic induction scheme, when two
coils are arranged adjacent to each other and current is
applied to one of the coils, a magnetic flux generated at
this time generates electromotive force in the other coil.
This technology is being rapidly commercialized mainly
for small devices such as mobile phones. In the electro-
magnetic induction scheme, power of up to several hun-
dred kilowatts (kW) may be transmitted with high efficien-
cy, but the maximum transmission distance is less than
or equal to 1 cm. As a result, devices are generally re-
quired to be placed adjacent to a charger or a pad, which
is disadvantageous.
[0007] The magnetic resonance scheme uses an elec-
tric field or a magnetic field instead of employing an elec-
tromagnetic wave or current. The magnetic resonance

scheme is advantageous in that the scheme is safe for
other electronic devices or the human body since it is
hardly influenced by electromagnetic waves. However,
the distance and space available for this scheme are lim-
ited, and the energy transfer efficiency of the scheme is
rather low.
[0008] The short-wavelength wireless power transmis-
sion scheme (simply, RF transmission scheme) takes
advantage of the fact that energy can be transmitted and
received directly in the form of radio waves. This tech-
nique is an RF-based wireless power transmission
scheme using a rectenna. A rectenna, which is a com-
pound word of antenna and rectifier, refers to a device
that converts RF power directly into direct current (DC)
power. That is, the RF scheme is a technique of convert-
ing AC radio waves into DC waves. Recently, with im-
provement in efficiency, commercialization of RF tech-
nology has been actively researched.
[0009] The wireless power transmission technique is
employable in various industries including IT, railroads,
and home appliance industries as well as the mobile in-
dustry.
[0010] Recently, wireless power transmitters equipped
with a plurality of coils have been introduced to increase
the recognition rate of a wireless power receiver placed
on a charging bed. However, the conventional wireless
power transmitter equipped with a plurality of coils se-
quentially transmits detection signals, including, for ex-
ample, a ping signal used for the electromagnetic induc-
tion scheme and a beacon signal used for the electro-
magnetic resonance scheme.
[0011] In particular, the conventional wireless power
transmitter equipped with a plurality of conventional
transmission coils is controlled to repeatedly transmit a
detection signal sequentially through the respective
transmission coils a predetermined number of times, for
example, twice, to reduce recognition errors for the wire-
less power receiver and to determine transmission coils
exhibiting good charging efficiency.
[0012] However, in the method of repeatedly transmit-
ting the detection signal sequentially a predetermined
number of times through each of the transmission coils,
a transmission coil to be used for the wireless power re-
ceiver is identified only after a preset detection signal
transmission procedure is completed. Therefore, it takes
a lot of time to recognize the wireless power receiver.
Moreover, the power of the capacitor of the charged wire-
less power receiver is discharged through the detection
signal, and thus the wireless power receiver fails to trans-
mit a predetermined response signal including a signal
strength indicator to the wireless power transmitter. As
a result, the receiver fails to be recognized.

[Disclosure]

[Technical Problem]

[0013] Therefore, the present disclosure has been
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made in view of the above problems, and embodiments
provide a multi-coil wireless charging method and a de-
vice and system therefor.
[0014] Embodiments provide a multi-coil wireless
charging method capable of increasing the recognition
rate of a wireless power receiver and minimizing the time
required for recognition, and a device and system there-
for.
[0015] The technical objects that can be achieved
through the embodiments are not limited to what has
been particularly described hereinabove and other tech-
nical objects not described herein will be more clearly
understood by persons skilled in the art from the following
detailed description.

[Technical Solution]

[0016] The present disclosure may provide a multi-coil
wireless charging method, and a device and system
therefor.
[0017] In one embodiment, a wireless power transmit-
ter for wirelessly transmitting power to a wireless receiv-
er, the wireless power transmitter may include a power
transmission unit comprising at least two transmission
coils, a controller configured to perform a control opera-
tion such that a predetermined first detection signal for
detecting presence of the wireless power receiver is
transmitted through the transmission coils in a predeter-
mined order, and a modulation/demodulation unit con-
figured to transfer, upon receiving a predetermined first
signal strength indicator corresponding to the first detec-
tion signal from the wireless power receiver, the received
first signal strength indicator to the controller, wherein
the controller may control a second detection signal so
as to be transmitted through the transmission coils
through which the first signal strength indicator has been
received.
[0018] In addition, the controller may control the power
so as to be transmitted to the wireless power receiver
through a transmission coil through which a second sig-
nal strength indicator corresponding to the second de-
tection signal has been received.
[0019] In addition, when the second signal strength in-
dicator has been received through a plurality of transmis-
sion coils, the controller may select a transmission coil
to be used for power transmission to the wireless power
receiver, based on the second signal strength indicator.
[0020] In addition, the second signal strength indicator
may be intensity information about output power of a rec-
tifier mounted on the wireless power receiver.
[0021] In addition, the wireless power transmitter may
further include a power conversion unit configured to con-
vert power applied from a power source and transmit the
converted power to the power transmission unit, wherein
the power conversion unit may include at least one of a
DC/DC converter configured to convert DC power ap-
plied from the power source to DC power of a predeter-
mined intensity, a power sensor configured to measure

the intensity of the converted DC power obtained by the
DC/DC converter, and an amplifier configured to amplify
the converted DC power.
[0022] In addition, the wireless power transmitter may
further include a frequency generator configured to gen-
erate a predetermined frequency signal to insert an AC
component into the converted DC power.
[0023] In addition, the wireless power transmitter may
further include a switch configured to control the power
converted by the power conversion unit so as to be trans-
mitted through one of the at least two transmission coils.
[0024] In addition, the wireless power transmitter fur-
ther include a detection signal transmission timer config-
ured to control a time to transmit the detection signal
through the transmission coils, wherein, when the trans-
mission time of the detection signal arrives, the controller
may control the switch to transmit the detection signal
through the corresponding transmission coils.
[0025] In addition, the detection signal may be a digital
ping signal defined in a WPC standard or a PMA stand-
ard.
[0026] In another embodiment, a method for transmit-
ting wireless power to a wireless power receiver by a
wireless power transmitter having a plurality of transmis-
sion coils may include transmitting a first detection signal
sequentially through the plurality of transmission coils,
checking whether a first signal strength indicator corre-
sponding to the first detection signal has been received
from the wireless power receiver, and transmitting a pre-
determined second detection signal through a transmis-
sion coil through which the first signal strength indicator
has been received.
[0027] In addition, the method may further include con-
trolling the power so as to be transmitted to the wireless
power receiver through a transmission coil through which
a second signal strength indicator corresponding to the
second detection signal has been received.
[0028] In addition, the method may further include se-
lecting, when the second signal strength indicator has
been received through a plurality of transmission coils,
a transmission coil to be used for power transmission to
the wireless power receiver, based on the second signal
strength indicator.
[0029] In addition, the second signal strength indicator
is intensity information about output power of a rectifier
mounted on the wireless power receiver.
[0030] In addition, the method may further include con-
trolling a switch to transmit the first and second detection
signals through one of the plurality of transmission coils.
[0031] In addition, the method may further include
identifying a transmission time of the first and second
detection signals based on a timer, wherein the switch
may be controlled at the identified transmission time to
transmit the first and second detection signals through
the corresponding transmission coil.
[0032] In addition, the detection signal is a digital ping
signal defined in a WPC standard or a PMA standard.
[0033] In another embodiment, a computer-readable
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recording medium having recorded thereon a program
for executing one of the wireless power transmission
methods described above may be provided.
[0034] The above-described aspects of the present
disclosure are merely a part of preferred embodiments
of the present disclosure. Those skilled in the art will de-
rive and understand various embodiments reflecting the
technical features of the present disclosure from the fol-
lowing detailed description of the present disclosure.

[Advantageous Effects]

[0035] The method and device according to the em-
bodiments have the following effects.
[0036] Embodiments provide a multi-coil wireless
charging method and a device and system therefor.
[0037] In addition, embodiments provide a multi-coil
wireless charging method capable of increasing the rec-
ognition rate of a wireless power receiver and minimizing
the time required for recognition, and a device and sys-
tem therefor.
[0038] In addition, embodiments provide a multi-coil
wireless charging method capable of preventing unnec-
essary transmission of a detection signal and minimizing
the time required for recognition of a wireless power re-
ceiver and the consumption of standby power by adap-
tively determining a transmission coil to transmit a sec-
ondary detection signal based on a signal strength indi-
cator detected during transmission of a primary detection
signal through a plurality of transmission coils, and a de-
vice and system therefor.
[0039] It will be appreciated by those skilled in the art
that that the effects that can be achieved through the
embodiments of the present disclosure are not limited to
those described above and other advantages of the
present disclosure will be more clearly understood from
the following detailed description.

[Description of Drawings]

[0040] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure,
illustrate embodiments of the disclosure. It is to be un-
derstood, however, that the technical features of the
present disclosure are not limited to specific drawings,
and the features disclosed in the drawings may be com-
bined with each other to constitute a new embodiment.

FIG. 1 is a diagram illustrating a detection signal
transmission procedure in a wireless power trans-
mitter according to the related art.
FIG. 2 is a state transition diagram illustrating a wire-
less power transmission procedure defined in the
WPC standard.
FIG. 3 is a state transition diagram illustrating a wire-
less power transmission procedure defined in the
PMA standard.
FIG. 4 is a block diagram illustrating an internal struc-

ture of a wireless power transmitter according to an
embodiment of the present disclosure.
FIG. 5 is a flowchart illustrating a method for trans-
mitting wireless power by a wireless power transmit-
ter according to an embodiment of the present dis-
closure.
FIG. 6 is a block diagram illustrating a structure of a
wireless power transmitter according to an embodi-
ment of the present disclosure.
FIGs. 7 to 8 are flowcharts illustrating a method for
transmitting wireless power by a wireless power
transmitter having a plurality of transmission coils
according to an embodiment of the present disclo-
sure.

[Best Mode]

[0041] A wireless power transmitter for wirelessly
transmitting power to a wireless power receiver accord-
ing to a first embodiment of the present disclosure may
include a power transmission unit including at least two
transmission coils, a controller configured to control a
predetermined first detection signal for detecting pres-
ence of a wireless power receiver so as to be transmitted
through the transmission coils in a predetermined order,
and a modulation/demodulation unit configured to trans-
mit, when a predetermined first signal strength indicator
corresponding to the first detection signal is received
from the wireless power receiver, the received first signal
strength indicator to the controller.

[Mode for Invention]

[0042] Hereinafter, an apparatus and various methods
to which embodiments of the present disclosure are ap-
plied will be described in detail with reference to the draw-
ings. As used herein, the suffixes "module" and "unit" are
added or used interchangeably to facilitate preparation
of this specification and are not intended to suggest dis-
tinct meanings or functions.
[0043] In the description of the embodiments, it is to
be understood that, when an element is described as
being "on"/"over" or "beneath"/"under" another element,
the two elements may directly contact each other or may
be arranged with one or more intervening elements
present therebetween. Also, the terms "on"/"over" or "be-
neath"/"under" may refer to not only an upward direction
but also a downward direction with respect to one ele-
ment.
[0044] For simplicity, in the description of the embod-
iments, "wireless power transmitter," "wireless power
transmission apparatus," "transmission terminal," "trans-
mitter," "transmission apparatus," "transmission side,"
"wireless power transfer apparatus," "wireless power
transferer," and the like will be interchangeably used to
refer to an apparatus for transmitting wireless power in
a wireless power system. In addition, "wireless power
reception apparatus," "wireless power receiver," "recep-
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tion terminal," "reception side," "reception apparatus,"
"receiver," and the like will be used interchangeably to
refer to an apparatus for receiving wireless power from
a wireless power transmission apparatus.
[0045] The transmitter according to the present disclo-
sure may be configured as a pad type, a cradle type, an
access point (AP) type, a small base station type, a stand
type, a ceiling embedded type, a wall-mounted type, or
the like. One transmitter may transmit power to a plurality
of wireless power reception apparatuses. To this end,
the transmitter may include at least one wireless power
transmission means. Here, the wireless power transmis-
sion means may employ various wireless power trans-
mission standards which are based on the electromag-
netic induction scheme for charging according to the
electromagnetic induction principle meaning that a mag-
netic field is generated in a power transmission terminal
coil and current is induced in a reception terminal coil by
the magnetic field. Here, the wireless power transmission
means may include wireless charging technology using
electromagnetic induction schemes defined by the Wire-
less Power Consortium (WPC) and the Power Matters
Alliance (PMA), which are wireless charging technology
standard organizations.
[0046] In addition, a receiver according to an embod-
iment of the present disclosure may include at least one
wireless power reception means, and may receive wire-
less power from two or more transmitters simultaneously.
Here, the wireless power reception means may include
wireless charging technologies of electromagnetic induc-
tion schemes defined by the Wireless Power Consortium
(WPC) and the Power Matters Alliance (PMA), which are
wireless charging technology standard organizations.
[0047] The receiver according to the present disclo-
sure may be employed in small electronic devices includ-
ing a mobile phone, a smartphone, a laptop computer, a
digital broadcasting terminal, a PDA (Personal Digital As-
sistant), a PMP (Portable Multimedia Player), a naviga-
tion device, an electric toothbrush, an electronic tag, a
lighting device, a remote control, a fishing float, and wear-
able devices such as a smart watch. However, the em-
bodiments are not limited thereto. The applications may
include any devices which are equipped with a wireless
power transmission means and have a rechargeable bat-
tery.
[0048] FIG. 1 is a diagram illustrating a detection signal
transmission procedure in a wireless power transmitter
according to the related art.
[0049] Referring to FIG. 1, the wireless power trans-
mitter may be equipped with three transmission coils 111,
112, and 113. Each transmission coil may have a region
partially overlapping the other transmission coils, and the
wireless power transmitter sequentially transmits prede-
termined detection signals 117, 127 for sensing presence
of a wireless power receiver through the respective trans-
mission coils, for example, digital ping signals, in a pre-
defined order.
[0050] As shown in FIG. 1, the wireless power trans-

mitter may sequentially transmit detection signals 117
through a primary detection signal transmission proce-
dure, which is indicated by reference numeral 110, and
identify transmission coils 111 and 112 receiving a signal
intensity indicator or signal strength indicator 116 from
the wireless power receiver 115. Subsequently, the wire-
less power transmitter may sequentially transmit detec-
tion signals 127 through a secondary detection signal
transmission procedure, which is indicated by reference
numeral 120, identify a transmission coil exhibiting better
power transmission efficiency (or charging efficiency),
namely better alignment between the transmission coil
and the reception coil, between the transmission coils
111 and 112 receiving the signal strength indicator 126,
and perform a control operation to transmit power
through the identified transmission coil, that is, to perform
wireless charging.
[0051] Causing the wireless power transmitter to per-
form two detection signal transmission procedures as
shown in FIG. 1 allows more accurate identification of a
transmission coil that is better aligned with the reception
coil of the wireless power receiver.
[0052] If the signal strength indicators 116 and 126 are
received by the first transmission coil 111 and the second
transmission coil 112 as indicated by reference numerals
110 and 120 of FIG. 1, the wireless power transmitter
selects a transmission coil exhibiting the best alignment
based on the signal strength indicator 126 received by
each of the first transmission coil 111 and the second
transmission coil 112 and performs wireless charging us-
ing the selected transmission coil.
[0053] FIG. 2 is a state transition diagram illustrating
a wireless power transmission procedure defined in the
WPC standard.
[0054] Referring to FIG. 2, power transmission from a
transmitter to a receiver according to the WPC standard
is broadly divided into a selection phase 210, a ping
phase 220, an identification and configuration phase 230,
and a power transfer phase 240.
[0055] The selection phase 210 may be a phase in
which transition occurs when a specific error or a specific
event is detected while power transmission begins or is
maintained. Here, the specific error and the specific event
will be clarified through the following description. Further,
in the selection phase 210, the transmitter may monitor
whether an object is present at the interface surface.
When the transmitter detects an object being placed on
the interface surface, it may transition to the ping phase
220 (S201). In the selection phase 210, the transmitter
may transmit an analog ping signal of a very short pulse
and sense whether there is an object in the active area
of the interface surface based on the change in current
of the transmission coils.
[0056] When the transmitter detects an object in the
ping phase 220, it activates the receiver and transmits a
digital ping to identify whether the receiver is a WPC
standard-compatible receiver. If the transmitter does not
receive a response signal (e.g., a signal strength indica-
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tor) for the digital ping from the receiver in the ping phase
220, it may transition back to the selection phase 210
(S202). In addition, if the transmitter receives, from the
receiver, a signal indicating completion of power trans-
mission, that is, a charge completion signal, the trans-
mitter may transition to the selection phase 210 (S203).
[0057] Once the ping phase 220 is complete, the trans-
mitter may transition to the identification and configura-
tion phase 230 for identifying the receiver and collecting
configuration and state information about the receiver
(S204).
[0058] In the identification and configuration phase
230, the transmitter may transition to the selection phase
210 if an unexpected packet is received (unexpected
packet), a desired packet is not received for a predefined
time (timeout), there is an error in packet transmission
(transmission error) or no power transfer contract is made
(no power transfer contract) (S205).
[0059] Once identification and configuration of the re-
ceiver are complete, the transmitter may transition to the
power transfer phase 240, wherein wireless power is
transmitted (S206).
[0060] In the power transfer phase 240, the transmitter
may transition to the selection phase 210 if an unexpect-
ed packet is received (unexpected packet), a desired
packet is not received for a predefined time (timeout), a
violation of a pre-established power transmission con-
tract occurs (power transfer contract violation), and
charging is complete (S207).
[0061] In addition, in the power transfer phase 240, if
the power transfer contract needs to be reconfigured ac-
cording to change in the state of the transmitter, the trans-
mitter may transition to the identification and configura-
tion phase 230 (S208).
[0062] The above-mentioned power transmission con-
tract may be set based on the state and characteristics
information about the transmitter and the receiver. For
example, the transmitter state information may include
information on a maximum amount of transmittable pow-
er and information on a maximum number of acceptable
receivers, and the receiver state information may include
information on the required power.
[0063] FIG. 3 is a state transition diagram illustrating
a wireless power transmission procedure defined in the
PMA standard.
[0064] Referring to FIG. 3, power transmission from a
transmitter to a receiver according to the PMA standard
is broadly divided into a Standby phase 310, a Digital
Ping phase 320, an Identification phase 330, a Power
Transfer phase 340, and an End of Charge phase 350.
[0065] The Standby phase 310 may be a phase for
performing transition when a specific error or a specific
event is detected while a receiver identification procedure
for power transmission is performed or power transmis-
sion is maintained. Here, the specific error and the spe-
cific event will be clarified through the following descrip-
tion. In addition, in the Standby phase 310, the transmitter
may monitor whether an object is present on a charging

surface. When the transmitter detects an object being
placed on the charging surface or an RXID retry is in
progress, it may transition to the Digital Ping phase 320
(S301) . Here, RXID is a unique identifier assigned to a
PMA-compatible receiver. In the Standby phase 310, the
transmitter may transmit an analog ping very short pulse,
and sense, based on the change in current of the trans-
mission coil, whether there is an object in the active area
of the interface surface, for example, the charging bed.
[0066] Upon transitioning to the Digital Ping phase 320,
the transmitter sends a digital ping signal to identify
whether the detected object is a PMA-compatible receiv-
er. When sufficient power is supplied to the reception
terminal by the digital ping signal transmitted by the trans-
mitter, the receiver may modulate the received digital
ping signal according to the PMA communication proto-
col and transmit a predetermined response signal to the
transmitter. Here, the response signal may include a sig-
nal strength indicator indicating the strength of the power
received by the receiver. When a valid response signal
is received in the Digital Ping phase 320, the receiver
may transition to the Identification phase 330 (S302).
[0067] If the response signal is not received or it is de-
termined that the receiver is not a PMA-compatible re-
ceiver (i.e., Foreign Object Detection (FOD)) in the Digital
Ping phase 320, the transmitter may transition to the
Standby phase 310 (S303). As an example, a foreign
object (FO) may be a metallic object including a coin and
a key.
[0068] In the Identification phase 330, the transmitter
may transition to the Standby phase 310 if the receiver
identification procedure fails or needs to be re-performed
and if the receiver identification procedure is not com-
pleted for a predefined time (S304).
[0069] If the transmitter succeeds in identifying the re-
ceiver, the transmitter may transition from the Identifica-
tion phase 330 to the Power Transfer phase 340 and
initiate charging (S305).
[0070] In the Power Transfer phase 340, the transmit-
ter may transition to the Standby phase 310 if a desired
signal is not received within a predetermined time (time-
out), a foreign object (FO) is detected, or the voltage of
the transmission coil exceeds a predefined reference val-
ue (S306).
[0071] In addition, in the Power Transfer phase 340,
the transmitter may transition to the End of Charge phase
350 if the temperature detected by a temperature sensor
provided in the transmitter exceeds a predetermined ref-
erence value (S307).
[0072] In the End of Charge phase 350, if the transmit-
ter determines that the receiver has been removed from
the charging surface, the transmitter may transition to
the Standby state 310 (S309).
[0073] In addition, if a temperature measured in the
over-temperature state after lapse of a predetermined
time drops below a reference value, the transmitter may
transition from the End of Charge phase 350 to the Digital
Ping phase 320 (S310).
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[0074] In the Digital Ping phase 320 or the Power
Transfer phase 340, the transmitter may transition to the
End of Charge phase 350 when an End of Charge (EOC)
request is received from the receiver (S308 and S311).
[0075] FIG. 4 is a diagram illustrating a wireless power
transmission procedure in a wireless power transmitter
equipped with a plurality of transmission coils according
to an embodiment of the present disclosure.
[0076] Referring to FIG. 4, the wireless power trans-
mitter may be equipped with three transmission coils 411,
412, and 413. Each transmission coil may have a region
partially overlapping the other transmission coils. The
wireless power transmitter may transmit an analog ping
signal through each of the transmission coils or may si-
multaneously transmit, when presence of a conductive
object is detected using a predetermined detection sen-
sor, predetermined detection signals 417 and 427, for
example, digital ping signals, for identifying whether the
object is a wireless power receiver capable of being wire-
lessly charged, in a predefined order. In particular, as
shown in FIG. 4, the wireless power transmitter according
to this embodiment may transmit a detection signal 418
sequentially through all the transmission coils in a prima-
ry detection signal transmission procedure 410. Howev-
er, in a secondary detection signal transmission proce-
dure 420, the wireless power transmitter may control the
detection signal 428 so as to be transmitted only through
the transmission coils 411 and 412 through which the
signal strength indicator has been received in the primary
detection signal transmission procedure 410.
[0077] As shown in FIG. 4, the wireless power trans-
mitter may sequentially transmit the detection signal 417
through the primary detection signal transmission proce-
dure indicated by reference numeral 410 and identify the
transmission coils 411 and 412 through which the signal
strength indicator 417 has been received from the receiv-
er 401. Subsequently, the wireless power transmitter
may sequentially transmit the detection signal 427 using
the first transmission coil 411 and the second transmis-
sion coil 412 in the secondary detection signal transmis-
sion procedure, which is indicated by reference numeral
420, identify a transmission coil exhibiting a better power
transmission efficiency (or charging efficiency), namely
a better alignment between the transmission coil and the
reception coil, between the transmission coils 411 and
412 receiving the signal strength indicator 426, and per-
form a control operation to transmit power through the
identified transmission coil, that is, to perform wireless
charging. Here, the detection signals 418 and 428 may
be digital ping signals defined in the WPC standard and
the PMA standard.
[0078] FIG. 5 is a diagram illustrating a wireless power
transmission procedure in a wireless power transmitter
equipped with a plurality of transmission coils according
to another embodiment of the present disclosure.
[0079] Referring to FIG. 5, the wireless power trans-
mitter may be equipped with five transmission coils 511
to 515 and may sequentially transmit detection signals

518 through the first to fifth transmission coils 511 to 515
during the primary detection signal transmission proce-
dure 510. Then, the wireless power transmitter may re-
ceive, from the wireless power receiver 501, a signal
strength indicator 517 corresponding to the detection sig-
nal transmitted through the first transmission coil 511.
[0080] In this case, in the secondary detection signal
transmission procedure 520, the wireless power trans-
mitter may perform a control operation such that the de-
tection signal 528 is transmitted only through the first
transmission coil 511 through which the signal strength
indicator 517 has been received in the primary detection
signal transmission procedure and is not transmitted
through the second to fifth transmission coils 512 and
515.
[0081] In the second detection signal transmission pro-
cedure 520, when the wireless power transmitter recog-
nizes reception of the signal strength indicator 527 cor-
responding to the detection signal 528 transmitted
through the first transmission coil 511, the wireless power
transmitter may perform wireless charging using the coil
511.
[0082] While it is illustrated in FIGs. 4 to 5 that the wire-
less power transmitter sequentially transmits the detec-
tion signal through the first to n-th transmission coils dur-
ing the first detection signal transmission procedure 410,
510, where n is 3 or 5, this is merely one embodiment.
In another embodiment of the present disclosure, the
wireless power transmitter may sequentially transmit the
detection signal through the odd-numbered transmission
coils, and then sequentially transmit the detection signal
through even-numbered transmission coils.
[0083] In addition, while the transmission coils mount-
ed on the wireless power transmitter are illustrated in
FIGs. 4 and 5 as being arranged in a line, this is merely
one embodiment. It should be noted that a plurality of
transmission coils may be arranged in various shapes
such as a rectangular shape, a triangular shape, a circu-
lar shape, and a rhombus shape on the charging bed of
the wireless power transmitter. In this case, it should be
noted that the transmission order of detection signals
transmitted by the wireless power transmitter through the
provided transmission coils in the primary detection sig-
nal transmission procedure may vary depending on the
design of the product.
[0084] A wireless power receiver placed on the charg-
ing bed of the wireless power transmitter may move.
Thereby, the transmission coil through which the signal
strength indicator is received in the first detection signal
transmission procedure may differ from the transmission
coil through which the signal strength indicator is re-
ceived in the second detection signal transmission pro-
cedure. In this case, the wireless power receiver may
further perform a tertiary detection signal transmission
procedure for the transmission coil(s) through which the
signal strength indicator has been received during the
secondary detection signal transmission procedure.
[0085] If signal strength indicators are received from
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the same transmission coil(s) during the serial detection
signal transmission procedures, the wireless power
transmitter may select a transmission coil having a better
charging efficiency based on the received signal strength
indicators, and perform wireless charging through the se-
lected transmission coil.
[0086] In addition, when signal strength indicators are
received through a plurality of transmission coils, the
wireless power transmitter may compare the signal
strength indicators with a predetermined reference value,
and perform a control operation according to the result
of comparison such that the transmission coil corre-
sponding to the signal strength indicator having the great-
est value among the transmission coil(s) through which
the signal indicators greater than or equal to the reference
value have been received is used for wireless charging.
[0087] FIG. 6 is a block diagram illustrating a structure
of a wireless power transmitter according to an embod-
iment of the present disclosure.
[0088] Referring to FIG. 6, the wireless power trans-
mitter 600 may include a power conversion unit 610, a
power transmission unit 620, a modulation/demodulation
unit 630, a controller 640, a frequency generator 650,
and a detection signal transmission timer 660. It should
be noted that the aforementioned elements of the wire-
less power transmitter 600 are not necessarily essential
elements, and thus the wireless power transmitter may
be configured to include more or fewer elements.
[0089] As shown in FIG. 6, when power is supplied
from the power source unit 670, the power conversion
unit 610 may convert the power to a predetermined in-
tensity.
[0090] To this end, the power conversion unit 610 may
include a DC/DC converter 611, a power sensor 612, and
an amplifier 613.
[0091] The DC/DC conversion unit 611 may function
to convert DC power supplied from the power source unit
670 into DC power having a predetermined intensity ac-
cording to a control signal of the controller 640.
[0092] The power sensor 612 may measure the volt-
age/current and the like of the DC-converted power and
provide the same to the controller 640.
[0093] The controller 640 may adaptively cut off power
supplied from the power source unit 670 or power sup-
plied to the amplifier 613, based on the value of the volt-
age/current measured by the power sensor 612. To this
end, a predetermined power cutoff circuit for cutting off
power supplied from the power source unit 670 or power
supplied to the amplifier 613 may be further provided at
one side of the power conversion unit 610.
[0094] The frequency generator 650 may generate a
predetermined frequency signal for inserting an AC com-
ponent into the DC power amplified by the amplifier 613.
[0095] The power transmission unit 620 may include
a switch 621 for controlling transmission of the output
power of the amplifier 613 to a transmission coil, and first
to n-th transmission coils 622.
[0096] The controller 640 may control the switch 621

to sequentially transmit the detection signals through the
first to n-th transmission coils 622 during the primary de-
tection signal transmission procedure. At this time, the
controller 640 may identify, through the detection signal
transmission timer 660, time to transmit the detection sig-
nals. When the time detection signal transmission time
is reached, the controller 640 may control the switch 621
to transmit the detection signals through the correspond-
ing transmission coils.
[0097] In addition, the controller 640 may identify the
transmission coil(s) through which the signal strength in-
dicators have been received during the primary detection
signal transmission procedure and may control the switch
621 to transmit the detection signal only through the iden-
tified transmission coil(s) during the secondary detection
signal transmission procedure.
[0098] The modulation/demodulation unit 630 may
modulate a control signal generated by the controller 640
and transmit the modulated control signal to the trans-
mission coil 622 or may demodulate the signal received
from the transmission coil 622 and transmit the demod-
ulated signal to the controller 640. For example, the de-
modulated signal may contain, but is not limited to, a
signal strength indicator. In another embodiment, the de-
modulated signal may include various kinds of state in-
formation about the wireless power receiver. Here, the
state information about the wireless power receiver may
include state information for determining completion of
charging, state information for determining overvolt-
age/overcurrent/overheat of the wireless power receiver,
and state information for determining the intensity of pow-
er received by the wireless power receiver, including, for
example, information about the intensity of the output
voltage and/or current of the rectifier.
[0099] In particular, the modulation/demodulation unit
630 may identify the transmission coil through which the
demodulated signal strength indicator has been re-
ceived, and transmit the identified transmission coil and
the demodulated signal strength indicator corresponding
to the identified transmission coil to the controller 640.
[0100] The controller 640 may determine a transmis-
sion coil through which wireless charging is to be per-
formed, based on the signal strength indicator demodu-
lated by the modulation/demodulation unit 630.
[0101] Subsequently, the controller 640 may control
the operations of the power conversion unit 610 and the
power transmission unit 620 such that power can be
transmitted through the determined transmission coil.
[0102] For example, the wireless power transmitter
600 may acquire the signal strength indicator through in-
band communication with the wireless power receiver
using the same frequency as used for wireless power
transmission.
[0103] In an example, the wireless power transmitter
600 may not only transmit wireless power, but also ex-
change various kinds of information with the wireless
power receiver, using the transmission coil 622. In an-
other example, it should be noted that the wireless power
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transmitter 600 may include separate coils correspond-
ing to each transmission coil 622 and perform in-band
communication with the wireless power receiver using
the separate coils.
[0104] The wireless power transmitter 600 according
to an embodiment of the present disclosure may further
include a predetermined frequency generator (not
shown) for transmitting power or a control signal through
a specific frequency band.
[0105] FIGs. 7 to 8 are flowcharts illustrating a method
for transmitting wireless power by a wireless power trans-
mitter having a plurality of transmission coils according
to an embodiment of the present disclosure.
[0106] Specifically, FIG. 7 illustrates the primary de-
tection signal transmission procedure, and FIG. 8 illus-
trates the secondary detection signal transmission pro-
cedure and a procedure of selecting an optimum trans-
mission coil to be used for wireless charging according
to the procedure.
[0107] Referring to FIG. 7, when power is applied to
the wireless power transmitter, the wireless power trans-
mitter may initialize a predetermined detection signal
transmission counter i to 0 and initialize a signal strength
indicator array SSI[] having a size corresponding to the
number of the installed transmission coils to 0 (S701).
[0108] The wireless power transmitter may transmit a
detection signal, which may be a digital ping signal ac-
cording to the WPC standard or the PMA standard,
through an i-th transmission coil (S702).
[0109] The wireless power transmitter may drive a pre-
determined detection signal transmission timer and
check whether a signal strength indicator has been re-
ceived through the i-th transmission coil (S703 and
S704). Here, the detection signal transmission timer is a
timer for controlling the transmission period of the detec-
tion signal.
[0110] If the signal strength indicator has been re-
ceived as a result of checking, the wireless power trans-
mitter may store the signal strength indicator correspond-
ing to the i-th transmission coil (S707) and perform step
705, which will be described later. Here, the signal
strength indicator corresponding to the i-th transmission
coil may be recorded in the array SSI[i] initialized in step
701 described above. That is, the signal strength indica-
tor received_SSI received through the i-th transmission
coil may be recorded in SSI[i].
[0111] If the signal strength indicator has not been re-
ceived as a result of checking in step 704, the wireless
power transmitter may check whether the detection sig-
nal transmission timer has expired (S705).
[0112] If the detection signal transmission timer has
not expired as a result of checking, the wireless power
transmitter may return to step 704. If the detection signal
transmission timer has expired as a result of checking in
step 705, the wireless power transmitter may increase
the value of i by 1 (i=i+1 or i++), and compare whether
the increased value of i is greater than or equal to the
number of transmitting coils (S706).

[0113] If the increased value of i is greater than or equal
to the number of transmitting coils as a result of the com-
parison, the wireless power transmitter may perform the
procedure of FIG. 8, which will be described later. Oth-
erwise, the wireless power transmitter may return to step
702 described above to transmit the detection signal
through the i-th transmission coil.
[0114] Referring to FIG. 8, the wireless power trans-
mitter may initialize the detection signal transmission
counter i to 0 again and perform a comparison operation
to determine whether the value of SSI[i] exceeds a pre-
determined reference value (S801 and S802). Here, the
reference value may be, but is not limited to, the intensity
of the minimum power (or the level of the minimum volt-
age or the intensity of the minimum current) required to
allow a load connected to (or mounted on) the wireless
power receiver to be normally charged. It should also be
noted that the reference value may be set differently de-
pending on the type of the wireless power receiver and
the wireless power transmitter.
[0115] If the value of SSI[i] exceeds the predetermined
reference value as a result of comparison, the wireless
power transmitter may transmit the detection signal
through the i-th transmission coil and drive the detection
signal transmission timer (S803).
[0116] Subsequently, the wireless power transmitter
may check whether a signal strength indicator corre-
sponding to the detection signal transmitted through the
i-th transmission coil has been received (S804).
[0117] If the signal strength indicator has been re-
ceived as a result of checking, the wireless power trans-
mitter may store the signal strength indicator correspond-
ing to the i-th transmission coil (S809) and perform step
805, which will be described later.
[0118] If the signal strength indicator has not been re-
ceived as a result of checking in step 804, the wireless
power transmitter may check whether the detection sig-
nal transmission timer has expired (S805).
[0119] If the detection signal transmission timer has
expired as a result of checking, the wireless power trans-
mitter may increase the value of i by 1 (i=i+1 or i++) and
then perform a comparison operation to determine
whether the increased value of i is greater than or equal
to the number of transmission coils (S806).
[0120] If the increased value of i is greater than or equal
to the number of transmission coils as a result of com-
parison, the wireless power transmitter may identify a
transmission coil having the greatest value of SSI and
perform a control operation to perform wireless charging
through the identified transmission coil (S807 and S808).
[0121] If the increased value of i is less than the number
of transmission coils as a result of comparison in step
806, the wireless power transmitter may return to step
803 to transmit the detection signal through the i-th trans-
mission coil.
[0122] If the value of the signal strength indicator re-
ceived through the i-th transmission coil is less than or
equal to a predetermined reference value in step 802,
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the wireless power transmitter may perform step 806 de-
scribed above.
[0123] The method according to embodiments of the
present disclosure described may be implemented as a
program to be executed on a computer and stored in a
computer-readable recording medium. Examples of the
computer-readable recording medium include ROM,
RAM, CD-ROM, magnetic tapes, floppy disks, and optical
data storage devices, and also include carrier-wave type
implementation (e.g., transmission over the Internet).
[0124] The computer-readable recording medium may
be distributed to a computer system connected over a
network, and computer-readable code may be stored and
executed thereon in a distributed manner. Functional pro-
grams, code, and code segments for implementing the
method described above may be easily inferred by pro-
grammers in the art to which the embodiments pertain.
[0125] It is apparent to those skilled in the art that the
present disclosure may be embodied in specific forms
other than those set forth herein without departing from
the spirit and essential characteristics of the present dis-
closure.
[0126] Therefore, the above embodiments should be
construed in all aspects as illustrative and not restrictive.
The scope of the disclosure should be determined by the
appended claims and their legal equivalents, and all
changes coming within the meaning and equivalency
range of the appended claims are intended to be em-
braced therein.

[industrial Applicability]

[0127] The present disclosure relates to a wireless
charging technique and is applicable to a wireless power
transmission apparatus on which a plurality of transmis-
sion coils are mounted to wirelessly transmit power to a
wireless power receiver, and a wireless power transmis-
sion system including a plurality of wireless power trans-
mission apparatuses.

Claims

1. A wireless power transmitter for wirelessly transmit-
ting power to a wireless receiver, the wireless power
transmitter comprising:

a power transmission unit comprising at least
two transmission coils;
a controller configured to perform a control op-
eration such that a predetermined first detection
signal for detecting presence of the wireless
power receiver is transmitted through the trans-
mission coils in a predetermined order; and
a modulation/demodulation unit configured to
transfer, upon receiving a predetermined first
signal strength indicator corresponding to the
first detection signal from the wireless power re-

ceiver, the received first signal strength indicator
to the controller,
wherein the controller controls a second detec-
tion signal so as to be transmitted through the
transmission coils through which the first signal
strength indicator has been received.

2. The wireless power transmitter according to claim 1,
wherein the controller controls the power so as to be
transmitted to the wireless power receiver through a
transmission coil through which a second signal
strength indicator corresponding to the second de-
tection signal has been received.

3. The wireless power transmitter according to claim 2,
wherein, when the second signal strength indicator
has been received through a plurality of transmission
coils, the controller selects a transmission coil to be
used for power transmission to the wireless power
receiver, based on the second signal strength indi-
cator.

4. The wireless power transmitter according to claim 3,
wherein the second signal strength indicator is in-
tensity information about output power of a rectifier
mounted on the wireless power receiver.

5. The wireless power transmitter according to claim 1,
further comprising:

a power conversion unit configured to convert
power applied from a power source and transmit
the converted power to the power transmission
unit,
wherein the power conversion unit comprises at
least one of:

a DC/DC converter configured to convert
DC power applied from the power source to
DC power of a predetermined intensity;
a power sensor configured to measure the
intensity of the converted DC power ob-
tained by the DC/DC converter; and
an amplifier configured to amplify the con-
verted DC power.

6. The wireless power transmitter according to claim 5,
further comprising:
a frequency generator configured to generate a pre-
determined frequency signal to insert an AC compo-
nent into the converted DC power.

7. The wireless power transmitter according to claim 5,
further comprising:
a switch configured to control the power converted
by the power conversion unit so as to be transmitted
through one of the at least two transmission coils.
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8. The wireless power transmitter according to claim 7,
further comprising:

a detection signal transmission timer configured
to control a time to transmit the detection signal
through the transmission coils,
wherein, when the transmission time of the de-
tection signal arrives, the controller controls the
switch to transmit the detection signal through
the corresponding transmission coils.

9. The wireless power transmitter according to claim 1,
wherein the detection signal is a digital ping signal
defined in a WPC standard or a PMA standard.

10. A method for transmitting wireless power to a wire-
less power receiver by a wireless power transmitter
having a plurality of transmission coils, the method
comprising:

transmitting a first detection signal sequentially
through the plurality of transmission coils;
checking whether a first signal strength indicator
corresponding to the first detection signal has
been received from the wireless power receiver;
and
transmitting a predetermined second detection
signal through a transmission coil through which
the first signal strength indicator has been re-
ceived.

11. The method according to claim 10, further compris-
ing:
controlling the power so as to be transmitted to the
wireless power receiver through a transmission coil
through which a second signal strength indicator cor-
responding to the second detection signal has been
received.

12. The method according to claim 11, further compris-
ing:
selecting, when the second signal strength indicator
has been received through a plurality of transmission
coils, a transmission coil to be used for power trans-
mission to the wireless power receiver, based on the
second signal strength indicator.

13. The method according to claim 11, wherein the sec-
ond signal strength indicator is intensity information
about output power of a rectifier mounted on the wire-
less power receiver.

14. The method according to claim 10, further compris-
ing:
controlling a switch to transmit the first and second
detection signals through one of the plurality of trans-
mission coils.

15. The method according to claim 14, further compris-
ing:

identifying a transmission time of the first and
second detection signals based on a timer,
wherein the switch is controlled at the identified
transmission time to transmit the first and sec-
ond detection signals through the corresponding
transmission coil.

16. The method according to claim 10, wherein the de-
tection signal is a digital ping signal defined in a WPC
standard or a PMA standard.

17. A computer-readable recording medium having re-
corded thereon a program for executing the wireless
power transmission method of claim 10.
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