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Description
Title of Invention: WIRELESS POWER RECEIVER AND

CONTROL METHOD THEREOF
Technical Field

The present invention relates generally to a wireless power receiver and a control

method thereof, and more particularly, to a wireless power receiver capable of commu-

nicating in a predefined way and a control method thereof.

Background Art
A mobile terminal, such as, for cxample, a ccllular phonc or a Personal Digital

Assistant (PDA), is powered by a rechargeable battery. In order to charge the

rechargeable battery, electrical energy is supplied to the battery of the mobile terminal

using a separate charging device. Typically, the charging device and the battery are

both provided with a separate external contact terminal, so that the charging device and

the battery are electrically connected by establishing contact between the external

contact terminals.

However, a contact-type charging method is problematic in that the contact terminals

can be contaminated with foreign substances because they protrude outward, thereby

resulting in improper battery charging. Further, when the contact terminals are exposed

to moisture, battery charging is not properly performed.
Wireless charging, or contactless charging technology, has been developed and

applied to many electronic products in order to solve the above problems.

Wireless charging technology uses wireless power transmission/reception, examples
of which include a system that can automatically charge a battery of a cellular phoney

by placing the cellular phone on a charging pad, without connecting the cellular phone

to a separate charging connector. Electronic products that employ this technology
include, for example, a wireless electric toothbrush and a wireless electric shaver,
which are generally known to the public. The wireless charging technology is ad-
vantageous in that it can improve the waterproof function of an electronic product by

wirelessly charging the electronic product. The wireless charging technology is also

advantageous in that it can enhance the portability of the electronic product because it

is not necessary to use a wired charger.

The wireless charging technology is roughly divided into an electromagnetic
inductive coupling method using coils, a magnetic resonance coupling method using
resonance, and a Radio Frequency (RF)/microwave radiation method in which
electrical energy is transmitted via a microwave into which the electrical energy is

converted.
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The electromagnetic inductive coupling method has been the mainstream method of
wireless charging, but a series of experiments to wirelessly transmit power at distances
of several tens of meters by using a microwave have recently achieved success at home

and abroad.
The electromagnetic inductive coupling method transfers power between primary and

secondary coils. An induced current is produced when a magnet moves relative to a
coil of wire. Using this principle, a magnetic field is generated at a transmitting end,
and a current is induced at a receiving end, according to a change in the magnetic field
in order to produce energy. This effect is referred to as the magnetic induction effect.
A power transfer method using the magnetic induction effect is excellent in energy
transmission efficiency.

The magnetic resonance coupling method originated with a system that can
wirelessly transfer electricity even at several meters distance from a charging device by
using the magnetic resonance power transfer principle based on the coupled mode
theory. The wireless charging system used the physical concept of resonance, which is
the phenomenon in which a wine glass resonates at a same oscillation frequency as an
adjacent resonating tuning fork. Instead of sound, an electromagnetic wave carrying
electric energy was made to resonate. Since this resonant electromagnetic wave is
directly transferred only when a device having the resonance frequency exists, and its
unused portion is reabsorbed into the electromagnetic field instead of spreading in the
air, it is thought that unlike other electromagnetic waves, the resonant electromagnetic
wave will have no influence on surrounding machines or human bodies.

Disclosure of Invention
Technical Problem

Research on the wireless charging technology has been actively conducted, but a
proposal has not been made to establish a standard for wireless charging priority,
wireless power transmitter/receiver search, communication frequency selection
between a wireless power transmitters and a wireless power receiver, wireless power
control, matching circuit selection, communication time distribution for each wireless

power receiver in one charging cycle, and the like.

Solution to Problem

A mobile terminal, such as, for example, a cellular phone or a Personal Digital
Assistant (PDA), is powered by a rechargeable battery. In order to charge the
rechargeable battery, electrical energy is supplied to the battery of the mobile terminal
using a separate charging device. Typically, the charging device and the battery are
both provided with a separate external contact terminal, so that the charging device and

the battery are electrically connected by establishing contact between the external

CA 02848146 2014-03-07
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contact terminals.

However, a contact-type charging method is problematic in that the contact terminals
can be contaminated with foreign substances because they protrude outward, thereby
resulting in improper battery charging. Further, when the contact terminals are exposed
to moisture, battery charging is not properly performed.

Wireless charging, or contactless charging technology, has been developed and
applied to many electronic products in order to solve the above problems,

Wireless charging technology uses wireless power transmission/reception, examples
of which include a system that can automatically charge a battery of a cellular phoney
by placing the cellular phone on a charging pad, without connecting the cellular phone
to a separate charging connector. Electronic products that employ this technology
include, for example, a wireless electric toothbrush and a wireless electric shaver,
which are generally known to the public. The wireless charging technology is ad-
vantageous in that it can improve the waterproof function of an electronic product by
wirelessly charging the electronic product. The wireless charging technology is also
advantageous in that it can enhance the portability of the electronic product because it
is not necessary to use a wired charger.

The wireless charging technology is roughly divided into an electromagnetic
inductive coupling method using coils, a magnetic resonance coupling method using
resonance, and a Radio Frequency (RF)/microwave radiation method in which
electrical energy is transmitted via a microwave into which the electrical energy is
converted.

The electromagnetic inductive coupling method has been the mainstream method of
wireless charging, but a series of experiments to wirelessly transmit power at distances
of several tens of meters by using a microwave have recently achieved success at home
and abroad.

The electromagnetic inductive coupling method transfers power between primary and
secondary coils. An induced current is produced when a magnet moves relative to a
coil of wire. Using this principle, a magnetic field is generated at a transmitting end,
and a current is induced at a receiving end, according to a change in the magnetic field
in order to produce energy. This effect is referred to as the magnetic induction effect.
A power transfer method using the magnetic induction effect is excellent in energy
transmission efficiency.

The magnetic resonance coupling method originated with a system that can
wirelessly transfer electricity even at several meters distance from a charging device by
using the magnetic resonance power transfer principle based on the coupled mode
theory. The wireless charging system used the physical concept of resonance, which is

the phenomenon in which a wine glass resonates at a same oscillation frequency as an

CA 02848146 2014-03-07
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adjacent resonating tuning fork. Instead of sound, an electromagnetic wave carrying
electric energy was made to resonate. Since this resonant electromagnetic wave is
directly transferred only when a device having the resonance frequency exists, and its
unused portion is reabsorbed into the electromagnetic field instead of spreading in the
air, it is thought that unlike other electromagnetic waves, the resonant electromagnetic
wave will have no influence on surrounding machines or human bodies.

[19] Research on the wireless charging technology has been actively conducted, but a
proposal has not been made to establish a standard for wireless charging priority,
wireless power transmitter/receiver search, communication frequency selection
between a wireless power transmitters and a wireless power receiver, wireless power
control, matching circuit selection, communication time distribution for each wireless
power receiver in one charging cycle, and the like.

According to an aspect of the present invention, there is provided a method of
controlling a wireless power receiver, the method comprising:
receiving, from a wireless power transmitter, a first power for initiating a
communication unit of the wireless power receiver, through a power reception unit of
the wireless power receiver;
after mitiating the communication unit, establishing, through the communication unit,
a communication connection with the wireless power transmitter while receiving the
first power;
joining, through the communication unit, a wireless power network corresponding to
the wireless power transmitter while receiving the first power;
receiving, through the communication unit, a command signal indicating a charge start
command from the wircless power transmitter; and
in response to receiving the command signal, starting charging a battery of the
wireless power receiver, by using a second power which is received through the power
reception unit from the wireless power transmitter.

According to another aspect of the present invention, there is provided a wireless
power receiver comprising:
a battery;

a communication unit;

Date Regue/Date Received 2020-05-12
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a power reception unit configured to receive, from a wireless power transmitter, a first
power for initiating the communication unit; and
a controller configured to:
after initiating the communication unit, establish, by using the communication unit, a
communication connection with the wireless power transmitter while receiving the
first power,
join, by using the communication unit, a wireless power network corresponding to the
wireless power transmitter while receiving the first power,
receive, by using the communication unit, a command signal indicating a charge start
command from the wireless power transmitter, and
in response to receiving the command signal, control the wireless power receiver to
start charging the battery by using a second power which is reccived through the
power reception unit from the wireless power transmitter.

According to a further aspect of the present invention, there is provided a method of
controlling a wireless power transmitter, the method comprising:
periodically transmitting a detection power through a power transmission unit of the
wireless power transmitter,
detecting a wireless power receiver while transmitting the detection power,
based on detecting the wireless power receiver, transmitting a first power for initiating
an external communication unit of a wireless power receiver through the power
transmission unit;
establishing, through a communication unit of the wireless power transmitter, a
communication connection with the wireless power receiver while transmitting the
first power;
registering, by using the communication unit, the wireless power receiver to a wireless
power network corresponding to the wireless power transmitter while transmitting the
first power;
transmitting, through the communication unit, a command signal indicating a charge
start command to the wireless power receiver; and
after transmitting the command signal, transmitting a second power for charging the

wireless power receiver through the power transmitting unit.

Date Regue/Date Received 2020-05-12



[20]

[21]

[22]

[23]

[24]

4b

According to a further aspect of the present invention, there is provided a wireless
power transmitter comprising:
a power transmission unit;
a communication unit; and
a controller configured to:
control the wireless power transmitter to periodically transmit a detection power
through the power transmission unit,
detect a wireless power receiver while transmitting the detection power,
based on detecting the wireless power receiver, control the wireless power transmitter
to transmit a first power for initiating an external communication unit of the wireless
power receiver through the power transmission unit,
establish, by using the communication unit, a communication connection with the
wireless power receiver while transmitting the first power,
register, by using the communication unit, the wireless power receiver to a wireless
power network corresponding to the wireless power transmitter while transmitting the
first power,
transmit, by using the communication unit, a command signal indicating a charge start
command to the wireless power receiver, and
control the wireless power transmitter to transmit a second power for charging the
wireless power receiver, after transmitting the command signal.
Brief Description of Drawings

The above and other aspects, features and advantages of the present invention will
be more apparent from the following detailed description when taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a diagram illustrating an overall operation of a wireless charging system,
according to an embodiment of the present invention;

FIG. 2a is a block diagram illustrating structures of a wireless power transmitter and
a wireless power receiver, according to an embodiment of the present invention;

FIG. 2b is a block diagram illustrating a detailed structure of a wireless power
receiver, according to an embodiment of the present invention;

FIG. 3a is a flowchart illustrating a method of controlling a wireless power receiver,

according to an embodiment of the present invention;

CA 2848146 2019-07-25
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FIG. 3b is a flowchart illustrating a method of controlling a wireless power receiver,
according to another embodiment of the present invention;

FIG. 4 is a timing chart of a wireless power network, according to an embodiment of
the present invention;

FIG. 5a illustrates a comparison between frequencies used for a wireless power
receiver and Wi-Fi communication, according to an embodiment of the present
invention;

FIG. 5b is a diagram illustrating an order in which a wireless power receiver
performs channel scanning, according to an embodiment of the present invention;

FIG. 6 is a timing chart illustrating a procedure for a wireless power receiver to join
a wireless power network, according to an embodiment of the present invention;

FIG. 7 is a timing chart illustrating signal transmission/reception between a wireless

power transmitter and a wireless power receiver, according to an embodiment of the

CA 2848146 2019-07-25
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present invention;

FIG. 8 is a diagram illustrating signal transmission/reception between a wireless
power transmitter and a wireless power receiver, according to an embodiment of the
present invention;

FIG. 9 is a diagram in which an MAC layer for a wireless power network is located
in a data structure, according to an embodiment of the present invention;

FIG. 10 is a timing chart when a wireless power receiver is in a detection state,
according to an embodiment of the present invention;

FIG. 11 is a timing chart when a wireless power receiver is in a search state,
according to an embodiment of the present invention;

FIG. 12 is a timing chart when a wireless power receiver is in a registration state,
according to an embodiment of the present invention;

FIG. 13 is a timing chart when a wireless power receiver is in a standby state,
according to an embodiment of the present invention;

FIG. 14 is a timing chart when a wireless power receiver is in a charge state,
according to an embodiment of the present invention; and

FIGS. 15a and 15b are timing charts illustrating communication between a wireless
power transmitter and wireless power receiver, according to an embodiment of the
present invention.

Mode for the Invention

Embodiments of the present invention are described in detail with reference to the ac-
companying drawings. The same or similar components may be designated by the
same or similar reference numerals although they are shown in different drawings.
Further, although numerical limitations are provided in the specification, it should be
noted that such numerical limitations are provided only by way of example. Further,
detailed descriptions of constructions or processes known in the art may be omitted to
avoid obscuring the subject matter of the present invention.

FIG. 1 is a diagram illustrating an overall operation of a wireless charging system,
according to an embodiment of the present invention. As shown in FIG. 1, the wireless
charging system includes a wireless power transmitter 100 and at least one wireless
power receiver 110-1, 110-2, ..., 110-n.

The wireless power transmitter 100 wirelessly transmits power to the at least one
wireless power receiver 110-1, 110-2, ..., 110-n, respectively. More specifically, the
wireless power transmitter 100 wirelessly transmits power only to authenticated
wireless power receivers that have completed a given authentication procedure.

The wireless power transmitter 100 makes an electrical connection with each

wireless power receiver 110-1, 110-2, ..., 110-n. For example, the wireless power

CA 02848146 2014-03-07
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transmitter 100 wirelessly transmits power in the form of an electromagnetic wave to
each wireless power receiver 110-1, 110-2, ..., 110-n.

In addition, the wireless power transmitter 100 performs bidirectional commu-
nication with each wireless power receiver 110-1, 110-2, ..., 110-n. The wireless
power transmitter 100 and each wireless power receiver 110-1, 110-2, ..., 110-n
processes or transmits/receives a packet including a predetermined frame. This frame
will be described in greater detail below. In particular, each wireless power receiver
110-1, 110-2, ..., 110-n may be implemented by a mobile communication terminal, a
PDA, a Personal Media Player (PMP), a smart phone, and the like.

The wireless power transmitter 100 wirelessly provides power to a plurality of
wireless power receivers 110-1, 110-2, ..., 110-n. For example, the wireless power
transmitter 100 transmits power to a plurality of wireless power receivers 110-1, 110-2,
..., 110-n by using the magnetic resonance coupling method. When the wireless power
transmitter 100 employs the magnetic resonance coupling method, the distance
between the wireless power transmitter and the plurality of wireless power receivers
110-1, 110-2, ..., 110-n is preferably less than or equal to 30m. When the wireless
power transmitter 100 employs the electromagnetic inductive coupling method, the
distance between the wireless power transmitter 100 and the plurality of wireless
power receivers 110-1, 110-2, ..., 110-n is preferably less than or equal to 10cm.

Each wireless power receiver 110-1, 110-2, ..., 110-n receives power from the
wireless power transmitter 100 to perform charging of a battery provided therein. Also,
the wireless power receivers 110-1, 110-2, ..., 110-n transmits a request signal for
wireless power transmission, information for wireless power reception, wireless power
receiver state information, wireless power transmitter control information, or the like,
to the wireless power transmitter 100. Such signals or information are described in
greater detail below.

Each wireless power receiver 110-1, 110-2, ..., 110-n transmits a message indicating
its charge status to the wireless power transmitter 100.

The wireless power transmitter 100 includes a display means, such as, for example, a
liquid crystal display, and displays the status of each wireless power receiver 110-1,
110-2, ..., 110-n, based on a message received from each wireless power receiver
110-1, 110-2, ..., 110-n. Further, the wireless power transmitter 100 also displays a
period of time expected until each wireless power receiver 110-1, 110-2, ..., 110-n
completes its charging, in addition to the status of each wireless power receiver 110-1,
110-2, ..., 110-n.

The wireless power transmitter 100 may transmit a control signal for disabling the
wireless charging function to each wireless power receiver 110-1, 110-2, ..., 110-n.

Upon receiving the control signal for disabling the wireless charging function, the

CA 02848146 2014-03-07
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wireless power receiver disables the wireless charging function.

FIG. 2a is a block diagram illustrating structures of a wireless power transmitter and
a wireless power receiver, according to an embodiment of the present invention.

As shown in FIG. 2a, the wireless power transmitter 200 includes a power
transmission unit 211, a control unit 212, and a communication unit 213. The wireless
power receiver 250 includes a power reception unit 251, a control unit 252, and a com-
munication unit 253.

The power transmission unit 211 provides power required by the wireless power
transmitter 200, and wirelessly transmits power to the wireless power receiver 250.
The power transmission unit 211 directly powers the wireless power receiver 250 with
an Alternating Current (AC) power waveform, or provides the wireless power receiver
250 with an AC power waveform by providing a Direct Current (DC) power waveform
and converting the DC power waveform into an AC power waveform using an
inverter. The power transmission unit 211 may also be implemented in the form of an
internal battery or a power receiving interface to receive power from an external source
and provide other components with the received power. Those skilled in the art will
readily understand that there is no limitation on the power transmission unit 211, as
long as it can provide a certain AC power waveform.

The power transmission unit 211 also provides the wireless power receiver 250 with
an AC power waveform in the form of an electromagnetic wave. The power
transmission 211 further includes a loop coil, and thus, transmits or receives a prede-
termined electromagnetic wave. When the power transmission unit 211 is implemented
by a loop coil, the loop coil has a variable inductance (L). Those skilled in the art will
readily understand that there is no limitation on the power transmission unit 211, as
long as it can transmit/receive an electromagnetic wave.

The control unit 212 controls the overall operation of the wireless power transmitter
200. The control unit 212 controls the overall operation of the wireless power
transmitter 200 by using an algorithm, program, or application required for the control,
which is read out from a storage unit. The control unit 212 may be implemented in the
form of a Central Processing Unit (CPU), microprocessor, mini computer, or the like.
The detailed operation of the control unit 212 is described in greater detail below.

The communication unit 213 performs communication with the wireless power
receiver 250 in a predefined manner. The communication unit 213 performs commu-
nication with the communication unit 253 of the wireless power receiver 250 by using
Near Field Communication (NFC), ZigBee communication, infrared communication,
visible light communication, Bluetooth communication, Bluetooth low energy commu-
nication, or the like. According to an embodiment of the present invention, the commu-

nication unit 213 performs communication by using [EEE802.15.4 ZigBee commu-

CA 02848146 2014-03-07
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nication. A configuration for selecting a frequency and a channel for use by the com-
munication unit 213 is described in greater detail below. The above-described commu-
nication schemes are merely illustrative, and the scope of the present invention is not
limited by a specific communication scheme performed by the communication unit
213.

In addition, the communication unit 213 transmits a signal containing information on
the wireless power transmitter 200. The communication unit 213 may unicast,
multicast, or broadcast the signal. Table 1 shows the data structure of a signal
transmitted from the wireless power transmitter 200, according to an embodiment of
the present invention. The wireless power transmitter 200 transmits a signal having a
frame, as shown below in Table 1, in a predetermined cycle. This signal is referred to

as “Notice signal”.

Table 1
[Table 1]
Frame Protocol  |Sequencet [Network |RXto Reserved |Number of
Type Version Number |ID Report RX
(schedule
mask)
Notice 4bit Ibyte Ibyte Ibyte Sbit 3bit

In Table 1, “Frame Type” is a field indicating a signal type, and indicates that a cor-
responding signal is a Notice signal. “Protocol Version™ is a field indicating a commu-
nication protocol type, and may be allocated, for example, 4 bits. “Sequence Number”
is a field indicating the sequence of a corresponding signal, and may be allocated, for
example, 1 byte. As an example, “Sequence Number” may be increased by 1 in corre-
spondence with signal transmission/reception steps. “Network ID” is a field indicating
the network [Dentifier (ID) of the wireless power transmitter 200, and may be
allocated, for example, 1 byte. “Rx to Report (schedule mask)” is a field indicating
wireless power receivers that are to transmit a report to the wireless power transmitter
200, and may be allocated, for example, 1 byte. Table 2 shows an Rx to Report
(schedule mask) field, according to an embodiment of the present invention.

Table 2
[Table 2]

RX to Report (schedule mask)

RX1 RX2 RX3 RX4 RX5 RX6 RX7 RX8

1 0 0 0 0 1 1 1

CA 02848146 2014-03-07
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In Table 2, Rx1 to Rx8 may correspond to wireless power receivers 1 to 8. The Rx to
Report (schedule mask) may be implemented such that a wireless power receiver
whose schedule mask number is 1 transmits a report to the wireless power transmitter
200.

Referring back to Table 1, “Reserved” is a field reserved for future use, and may be
allocated, for example, 5 bytes. “Number of Rx” is a field indicating the number of
wireless power receivers around the wireless power transmitter 200, and may be
allocated, for example, 3 bits.

A signal having the frame format shown in Table 1 may be implemented in a format
allocated to WPT of the IEEE802.15.4 data structure. Table 3 shows the IEEE802.15.4
data structure.

Table 3
[Table 3]

Preamble SFD Frame Lentgh |WPT CRCI16

As shown in Table 3, the IEEE802.15.4 data structure may include “Preamble”,
“SFD”, “Frame Length”, “WPT”, and “CRC16” fields, and the data structure of Table
1 may be included in the WPT field.

The communication unit 213 receives power information from the wireless power
receiver 250. The power information may include at least one of the capacity, battery
level, charge count, battery usage, battery capacity, and battery percentage of the
wireless power receiver 250. Also, the communication unit 213 transmits a charging
function control signal for controlling the charging function of the wireless power
receiver 250. The charging function control signal may be a control signal for con-
trolling the power reception unit 251 of a specific wireless power receiver 250 to
enable or disable the charging function of the wireless power receiver 250.

The communication unit 213 may also receive a signal from another wireless power
transmitter, as well as the wireless power receiver 250. As an example, the commu-
nication unit 213 may receive a Notice signal having the frame of Table 1 from another
wireless power transmitter.

Although FIG. 2a illustrates the power transmission unit 211 and the communication
unit 213 as different hardware units, and thus, the wireless power transmitter 200
performs out-band communication, this is merely illustrative. According to an em-
bodiment of the present invention, it is also possible for the power transmission unit
211 and the communication unit 213 to be implemented as a single hardware unit, and
thus, the wireless power transmitter performs in-band communication.

The wireless power transmitter 200 and the wireless power receiver 250 transmit/

receive various signals, which allows the wireless power receiver 250 to perform a
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process of joining a wireless power network that is under the control of the wireless
power transmitter 200 and a charging process through wireless power transmission/
reception. These processes are described in greater detail below.

FIG. 2b is a block diagram illustrating a detailed structure of a wireless power
receiver, according to an embodiment of the present invention.

As shown in FIG. 2b, the wireless power receiver 250 includes a power reception
unit 251, a control unit 252, a communication unit 253, a rectification unit 254, a DC/
DC conversion unit 255, a switch unit 256, and a charge unit 257.

The power reception unit 251, the control unit 252, and the communication unit 253
are described in connection with FIG. 2a. The rectification unit 254 rectifies power
wirelessly received by the power reception unit 251 to DC power, and may be im-
plemented, for example, in the form of a bridge diode. The DC/DC conversion unit
255 converts the rectified power by a predetermined gain. For example, the DC/DC
conversion unit 255 converts the rectified power such that a voltage at an output stage
259 is 5V. In addition, a voltage that can be applied to an input stage 258 of the DC/
DC conversion unit 255 has predetermined maximum and minimum values. This in-
formation is recorded in *“Input Voltage MIN” and “Input Voltage MAX” fields of a
“Request Join” signal, as described in greater detail below. Also, a rated voltage value
applied to the output stage 259 of the DC/DC conversion unit 255 and a rated current
value conducted to the output stage 259 ot the DC/DC conversion unit 255 is recorded
in “Typical Output Voltage” and “Typical Output Current” fields of a “Request Join”
signal, respectively.

The switch unit 256 connects the DC/DC conversion unit 255 to the charge unit 257.
The switch unit 256 maintains an ON/OFF state under the control of the control unit
252. The charge unit 257 stores converted power input from the DC/DC conversion
unit 255 when the switch unit is in an ON state.

FIG. 3a is a flowchart illustrating a method of controlling a wireless power receiver,
according to an embodiment of the present invention.

The wireless power receiver 250 determines a wireless power transmitter 200 from
which to wirelessly receive power, in step S301. For example, the wireless power
receiver 250 determines a wireless power receiver 200 from which to wirelessly
receive power, based on the Received Signal Strength Indicator (RSST) of a search
response signal received from the wireless power transmitter 200, which is described
in greater detail below.

The wireless power receiver 250 joins a wireless power network that is under the
control of the wireless power transmitter 200, in step S303. For example, the wireless
power receiver 250 transmits a joining request signal, and joins a wireless power

network, based on a joining response signal received in response to the joining request
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signal, which is described in greater detail below.

The wireless power receiver 250 transits a report signal in response to a command
signal received from the wireless power transmitter 200, in step S305. When the
wireless power receiver 250 receives a command signal containing a charging
command from the wireless power transmitter 200 it performs charging, in step S309.
Contrarily, when the wireless power receiver 250 does not receive a command signal
containing a charging command from the wireless power transmitter 200, it transniits a
report to the wireless power transmitter 200, in step S305.

FIG. 3b is a flowchart illustrating a method of controlling a wireless power receiver,
according to another embodiment of the present invention.

The wireless power receiver 250 is powered on or disposed in the vicinity of wireless
power transmitters, in step S311. The wireless power receiver 250 searches wireless
power transmitters and establishes a communication network with one wireless power
transmitter 200 from among the searched wireless power transmitters, in step S313.
The wireless power receiver 250 transmits a wireless power transmitter search signal to
wireless power transmitters, and determines one wireless power transmitter 200, based
on search response signals received from the wireless power transmitters. The wireless
power receiver 250 identifies each wireless power transmitter by its network ID.

The wireless power receiver 250 joins a wireless power network that is under the
control of the determined the wireless power transmitter 200, in step S315. For
example, the wireless power receiver 250 transmits a joining request signal to the
wireless power transmitter 200, and joins a wireless power network, based on a joining
response signal received in response to the joining request signal. When the wireless
power receiver 250 joins the wireless power network that is under the control of the
wireless power transmitter 200, the wireless power transmitter 200 allocates a session
ID to the wireless power receiver 250.

The wireless power receiver 250 maintains a standby state before performing
charging, in step S317. The wireless power receiver 250 receives a command signal
from the wireless power transmitter 200, and transmits a report signal to the wireless
power transmitter 200 in response to the command signal. When a command signal
containing a charging command is received from the wireless power transmitter 200,
the wireless power receiver 250 begins charging, in step 319. For example, the wireless
power receiver 250 performs charging by controlling the switch unit 256 into an ON
state. When charging of the wireless power receiver 250 is completed or transmitted
power is not enough to fully charge the charge unit of the wireless power receiver 250,
the wireless power transmitter 200 controls the wireless power receiver 250 to be in a
standby state. In addition, the wireless power receiver 250 is controlled such that it

must always enter a standby state before transitioning from a registration state to a
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charge state.

[80] FIG. 4 is a timing chart of a wireless power network, according to an embodiment of
the present invention. In particular, FIG. 4 is a timing chart illustrating a procedure in
which a wireless power receiver (RX) 440 searches a plurality of wireless power
transmitters (TXs) 411, 421, 422,431, and determines a wireless power transmitter
with which to establish pairing.

[81] The wireless power receiver 440 transmits a wireless power transmitter search signal
over IEEES02.15.4 channel 11 410, in step S451. The IEEE802.15.4 standard covers
channel 11 to channel 26. The relation between channels and frequencies in the
IEEE802.15.4 standard is shown below in Table 4. In Table 4, all frequencies are in

kHz.

[82] Table 4
[Table 4]
Frequency Channel
2405 11
2410 12
2415 13
2420 14
2425 15
2430 16
2435 17
2440 18
2445 19
2450 20
2455 21
2460 22
2465 23
2470 24
2475 25
2480 26

[83] The wireless power receiver 440 may generate a wireless power transmitter search

signal, and transmit the generated wireless power transmitter search signal to the

wireless power transmitter 411 of channel 11 410, in step S451. The wireless power
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transmitter search signal may have a data structure as shown below in Table 5, and is

referred to as “Search signal”.

Table 5
[Table 5]
Frame Protocol  [Sequence |Company |Product Impedance |Class
Type Version Number |ID 1D
Search 4bit Ibyte Ibyte 4byte 4bit 4bit

In Table 5, “Frame Type” is a field indicating a signal type, and indicates that a cor-
responding signal is a Search signal. “Protocol Version” is a field indicating a commu-
nication protocol type, and is allocated, for example, 4 bits. “Sequence Number” is a
field indicating the sequence of a corresponding signal, and is allocated, for example, 1
byte. For example, “Sequence Number” may be increased by 1 in correspondence with
signal transmission/reception steps. Specifically, if the Notice signal of Table 1 has a
sequence number of 1, then the Search signal of Table 5 has a sequence number of 2.
“Company ID” is a field indicating the manufacturer information of the wireless power
receiver 440, and is allocated, for example, 1 byte. “Product ID” is a field indicating
the product information of the wireless power receiver 440, and for example, the serial
number information of the wireless power receiver 440 is recorded in this field. The
“Product ID” field is allocated, for example, 4 bytes. “Impedance” is a field indicating
the impedance information of the wireless power receiver 440, and is allocated, for
example, 4 bits. “Class” is a field indicating the rated power information of the
wireless power receiver 440, and is allocated, for example, 4 bits.

The wireless power transmitter 411 receives the Search signal in step S451, and
generate a wireless power transmitter search response signal in response to the Search
signal. The wireless power transmitter search response signal has a data structure as
shown below in Table 6, and is referred to as “Response Search signal”.

Table 6

| Table 6]
Frame Sequence |Protocl |HW Network |Company |Product |Class
Type Number |Version [Version |ID ID 1D

Response |1 byte 1 byte 1 byte 1 byte 1 byte 4 byte 1 byte

Search

In Table 6, “Frame Type” is a field indicating a signal type, and indicates that a cor-
responding signal is a Response Search signal. “Sequence Number” is a field in-
dicating the sequence of a corresponding signal, and is allocated, for example, 1 byte.

For example, “Sequence Number” may be increased by 1 in correspondence with
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signal transmission/reception steps. “Protocol Version™ is a field indicating the
protocol version, and is allocated, for example, 1 byte. “HW Version” is a field in-
dicating the hardware version of the wireless power transmitter, and is allocated, for
example, 1 byte. “Network ID” is a field indicating the network identifier (ID) of the
wireless power transmitter 411, and is allocated, for example, 1 byte. “Company ID” is
a field indicating the information of manufacturer, , and is allocated, for example, 1
byte. “Product ID” is a field indicating the device information for the wireless power
transmitter, and is allocated, for example, 4 byte. “Class” is a field indicating the in-
formation of the power class of the wireless power transmitter, and is allocated, for
example, 1 byte.

The wireless power receiver 440 receives the Response Search signal in step S452,
and stores the RSSI information of the Response Search signal. Upon completion of
performing the operation for channel 11 410, the wireless power receiver 440 performs
channel changing to channel m 420 and repeat the above operation. More specifically,
the wireless power receiver 440 transmits a Search signal in step S453. Each of the
wireless power transmitters 421, 422 existing in channel m 420 transmits a Response
Search signal to the wireless power receiver 440 in steps S454 and S455. The wireless
power receiver 440 stores the RSSI information of the Response Search signals
received in steps S454 and S455.

Upon completion of performing the operation for channel m 420, the wireless power
receiver 440 performs channel changing to channel 26 430 and repeats the above op-
erations. More specifically, the wireless power receiver 440 transmits a Search signal
in step S456. The wireless power transmitter 431 existing in channel 26 430 transmits
a Response Search signal to the wireless power receiver 440, in step S457. The
wireless power receiver 440 stores the RSSI information of the Response Search signal
received in step S457.

The wireless power receiver 440 determines a wireless power transmitter having the
smallest RSSI value as the wireless power transmitter from which to receive power.

The wireless power receiver 440 performs channel changing in a way as shown in
FIGS. 5A and 5B. The wireless power receiver 440 performs channel scanning in order
of, for example, channel 11, channel 24, channel 15, and channel 20. A recent wireless
power receiver, for example, a smart phone, includes a Wi-Fi module separate from a
communication module for communication with a wireless power transmitter. Wi-Fi
communication uses a frequency band as shown in FIG. 5a. FIG. 5a compares fre-
quencies used for a wireless power receiver and Wi-Fi communication.

The upper graph of FIG. 5a illustrates the concept of IEEE802.15.4 communication
using frequencies and channels, as shown in Table 4. Similar to Table 4, the relation

between IEEE802.15.4 frequencies and channels is shown in the upper graph.
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The lower graph of FIG. 5a illustrates frequencies and channels used in Wi-Fi com-
munication. Wi-Fi channel 1 511 uses a frequency of about 2402 to 2422kHz, Wi-Fi
channel 6 512 uses a frequency of about 2427 to 2447kHz, and Wi-Fi channel 11 513
uses a frequency of about 2452 to 2472kHz.

Specifically, it can be confirmed that IEEE802.15.4 channels not corresponding to
the frequencies used in Wi-Fi communication or corresponding to relatively weak Wi-
Fi signals are channels 11, 15, 20, and 24, as shown, for example, by reference
numerals 521 and 522.

Accordingly, the wireless power receiver 440 may perform channel scanning for
channels 11, 15, 20, and 24.

FIG. 5b is a diagram illustrating an order in which the wireless power receiver 440
performs channel scanning. The wireless power receiver 440 scans channel 11 531,
channel 24 532, channel 15 533, and then channel 20 534. A channel at which the
wireless power receiver begins channel scanning may vary.

A configuration for the wireless power receiver 440 to determine a wireless power
transmitter from which to wirelessly receive power is described above. Hereinafter, a
description is provided of a procedure for the wireless power receiver 440 to join the
wireless power network that is under the control of the determined wireless power
transmitter.

FIG. 6 is a timing chart illustrating a procedure for a wireless power receiver to join a
wireless power network controlled by a wireless power transmitter, according to an
embodiment of the present invention.

A wireless power receiver 620 transmits a joining request signal to a wireless power
transmitter 610, in step S631.

The wireless power receiver 620 generates a joining request signal (hereinafter
referred to as “Request Join signal”) and transmits the generated Request Join signal.
The wireless power receiver 620 receives a joining response signal (hereinafter
referred to as “Response Join signal”) from the wireless power transmitter 610, in step
S632, and thus, can determine whether it is permitted to join the wireless power
network. The wireless power receiver 620 transmits an Acknowledgement (ACK)
signal to the wireless power transmitter 610, in step S633. However, the wireless
power receiver 62() may also omit transmission of the ACK signal.

Based on the received Request Join signal, the wireless power transmitter 610 de-
termines whether to permit the wireless power receiver 620 to join the wireless power
network. For example, the wireless power transmitter 610 determines if the amount of
power required by the wireless power receiver 620 exceeds the amount of possible
output power of the wireless power transmitter 610, and thereby determines whether to

permit the wireless power receiver 620 to join the wireless power network. The
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wireless power transmitter 610 generates a Response Join signal containing in-
formation on whether or not the wireless power receiver 620 is permitted to join the
wireless power network, and transmit the generated Response Join signal to the
wireless power receiver 620.

The Request Join and Response Join signals have data structures shown below in

Tables 7 and &, respectively.

Table 7

[Table 7]
Frame |Reserve |Sequenc |Network|Product |Input Input  |[typical [typical
Type d e 1D 1D Voltage [Voltage |output [output
Number MIN MAX |voltage |current

request |4bit Ibyte |lbyte |4byte |lbyte [lbyte |lbyte |lbyte

join

In Table 7, “Frame Type” is a field indicating a signal type, and indicates that a cor-
responding signal is a Request Join signal. “Reserved” is a field reserved for future
use, and is allocated, for example, 4 bits. “Sequence Number” is a field indicating the
sequence of a corresponding signal, and is allocated, for example, 1 byte. As an
example, “Sequence Number” is increased by 1 in correspondence with signal
transmission/reception steps. “Network ID” is a field indicating the network ID of the
wireless power transmitter 610, and is allocated, for example, 1 byte. “Product ID” is a
field indicating the product information of the wireless power receiver 620, and for
example, the serial number information of the wireless power receiver 620 is recorded
in this field. The “Product ID” field is allocated, for example, 4 bytes. “Input Voltage
MIN?” is a field indicating a minimum voltage value applied to the input stage of the
DC/DC conversion unit of the wireless power receiver 620, and is allocated, for
example, 1 byte. “Input Voltage MAX” is a field indicating a maximum voltage value
applied to the input stage of the DC/DC conversion unit of the wireless power receiver
620, and is allocated, for example, 1 byte. “Typical Output Voltage™ is a field in-
dicating a rated voltage value applied to the output stage of the DC/DC conversion unit
of the wireless power receiver 620, and is allocated, for example, 1 byte. “Typical
Output Current” is a field indicating a rated current value conducted to the output stage
of the DC/DC conversion unit of the wireless power receiver 620, and is allocated, for
example, 1 byte.

Table 8
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[Table 8]
Frame Type |reserved sequence network ID  [Permission [session ID
response 4bit 1byte 1byte 4bit 4bit
join
[107] In Table 8, “Frame Type” is a field indicating a signal type, and indicates that a cor-

[108]

[109]

[110]

[111]

responding signal is a Response Join signal. “Reserved” is a field reserved for future
use, and is allocated, for example, 4 bits. “Sequence Number™ is a field indicating the
sequence of a corresponding signal, and is allocated, for example, 1 byte. For example,
“Sequence Number” may be increased by 1 in correspondence with signal
transmission/reception steps. “Network ID” is a field indicating the network ID of the
wireless power transmitter 610, and is allocated, for example, 1 byte. “Permission” is a
field indicating whether or not the wireless power receiver 620 is permitted to join the
wireless power network, and is allocated, for example, 4 bits. As an example, when the
Permission field is set to 1, it indicates that the wireless power receiver 620 is
permitted to join the wireless power network. However, when the Permission field is
set to 0, it indicates that the wireless power receiver 620 is not permitted to join the
wireless power network. “Session ID” is a field indicating the session ID that the
wireless power transmitter 610 imparts to the wireless power receiver 620 in order to
control the wireless power network, and is allocated, for example, 4 bits.

The wireless power receiver 620 continues to transmit a Request Join signal until it
receives a Response Join signal from the wireless power transmitter 610. Further, the
wireless power receiver 610 continues to transmit a Response Join signal until it
receives an ACK signal from the wireless power receiver 620.

FIG. 7 is a timing chart illustrating signal transmission/reception between a wireless
power transmitter and a wireless power receiver, according to an embodiment of the
present invention. [n particular, the timing chart of FIG. 7 corresponds to a case where
the wireless power receiver is in a standby state.

As shown in FIG. 7, a wireless power transmitter 710 transmits a command signal to
each wireless power receiver 721, 722, 723 joined in the wireless power network that
is under the control of the wireless power transmitter 710, in steps S731, S733 and
S§735. The command signal indicates operations that the wireless power transmitter 710
commands a corresponding wireless power receiver to perform. This signal is
hereinafter referred to as “Command signal”. The Command signal has a data structure
as shown below in Table 9.

Table 9
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[Table 9]
Frame type |session ID  |sequence network ID  |command variable
number type
command Ibit Ibyte 1byte 4bit 4bit
[112] In Table 9, “Frame Type” is a field indicating a signal type, and indicates that a cor-

responding signal is a Command signal. “Session ID” is a field indicating the session
ID that the wireless power transmitter 710 imparts to each wireless power receiver 721,
722,723 in order to control the wireless power network, and is allocated, for example,
4 bits. “Sequence Number” is a field indicating the sequence of a corresponding signal,
and is allocated, for example, 1 byte. For example, “Sequence Number” may be
increased by 1 in correspondence with signal tfransmission/reception steps. “Network
ID” is a field indicating the network ID of the wireless power transmitter 710, and is
allocated, for example, 1 byte. “Command Type” is a field indicating a command type,
and is allocated, for example, 4 bits. “Variable” is a field for supplementing the
Command field, and is allocated, for example, 4 bits. The Command and Variable
fields may include various examples as shown below in Table 10.

Table 10
[Table 10]

command reset channel

type

charge charge

finish

request change

start report scan chaneel

CTL level

varialbe reserved  |reserved reset type |reserved |channel

[114] “Charge Start” is a command for a corresponding wireless power receiver to start
charging. “Charge Finish” is a command for a corresponding wireless power receiver
to finish charging. “Request Report” is a command for a corresponding wireless power
receiver to transmit a report signal. “Reset” is an initialization command. “Channel
Scan” is a command for a corresponding wireless power receiver to perform channel
scanning. “‘Channel Change” is a command for a corresponding wireless power
receiver to perform channel change.

[115] In an embodiment of FIG. 7, the wireless power transmitter 710 transmits a
Command signal, the command type of which corresponds to “Request Report”, to
each wireless power receiver 721, 722, 723,

[116] Upon receiving the Command signal from the wireless power transmitter 710, each
wireless power receiver 721, 722, 723 transmits a report signal or an ACK signal, in
steps S732, S734 and S736. More specially, when a command signal, the command
type of which corresponds to “Request Report”, is received, a corresponding wireless

power receiver transmits a report signal. Contrarily, when a command signal, the
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command type of which corresponds to any command type other than “Request
Report”, is received, a corresponding wireless power receiver transmits an ACK signal.
The report signal is a signal for reporting the current state of a corresponding wireless
power receiver to the wireless power transmitter 710, and is referred to as “Report

signal”. The Report signal has a data structure as shown below in Table 11.

[117] Table 11

[Table 11]

frame

type

session
1D

sequence

number

network
ID

input

voltage

output

voltage

output

current

reserved

report

4bit

1byte

1byte

1byte

1byte

1byte

1byte

[118]

[119]

[120]

In Table 11, “Frame Type” is a field indicating a signal type, and indicates thata cor-
responding signal is a Report signal. “Session ID” is a field indicating the session ID
that the wireless power transmitter 710 imparts to each wireless power receiver 721,
722,723 in order to control the wireless power network, and is allocated, for example,
4 bits. “Sequence Number” is a field indicating the sequence of a corresponding signal,
and is allocated, for example, 1 byte. For example, “Sequence Number” may be
increased by 1 in correspondence with signal transmission/reception steps. “Network
ID” is a field indicating the network identifier (ID) of the wireless power transmitter
710, and is allocated, for example, 1 byte. “Input Voltage™ is a field indicating a
voltage value applied to the input stage of the DC/DC conversion unit of each wireless
power receiver 721, 722, 723, and is allocated, for example, 1 byte. “Output Voltage”
is a field indicating a voltage value applied to the output stage of the DC/DC
conversion unit of each wireless power receiver 721, 722, 723, and is allocated, for
example, 1 byte. “Output Current” is a field indicating a current value conducted to the
input stage of the DC/DC conversion unit of each wireless power receiver 721, 722,
723, and may be allocated, for example, 1 byte.

The wireless power transmitter 710 continues to transmit a Command signal until it
receives a Report signal or ACK signal from each wireless power receiver 721, 722,
723. When the wireless power transmitter 710 fails to receive a Report signal or ACK
signal in response to a Command signal from a specific wireless power receiver for a
predetermined period of time, it retransmits a Command signal to the corresponding
wireless power receiver during a contention period.

FIG. 8 is a diagram illustrating signal transmission/reception between a wireless
power transmitter and a wireless power receiver, according to an embodiment of the
present invention. As shown in FIG. 8, a wireless power transmitter 8§10 transmits a
Notice signal to each wireless power receiver 821, 822, 823, in steps S831, S832 and

S833. The Notice signal has the data structure shown in Table 1. The wireless power
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transmitter 810 periodically transmits a Notice signal, and a cycle in which the wireless
power transmitter 810 transmits a Notice signal may be referred to as “1 superframe
cycle”. The Notice signal is used as a sync signal at periods of 1 superframe cycle. In
addition, as shown in Table 1, the Notice signal includes the Rx to Report (schedule
mask) field. Accordingly, when a new cycle is started, the wireless power transmitter
810 specities wireless power receivers with which to perform communication. For
example, a situation where the Rx to Report field of a Notice signal is filled is shown
below in Table 12.

Table 12
[Table 12]
RX to Report (schedule mask)
RX1 RX2 RX3 RX4 RXS5S RX6 RX7 RX8
1 0 1 0 0 0 0 0

When the Rx to Report (schedule mask) field of a Notice signal is filled as shown in
Table 12, the first wireless power receiver 821 and the nth wireless power receiver 823
perform communication with the wireless power transmitter 810 during a corre-
sponding cycle, but the second wireless power receiver 822 does not perform commu-
nication with the wireless power transmitter 810.

FIG. 9 is a diagram illustrating a MAC layer for a wireless power network located in
a data structure, according to an embodiment of the present invention.

Referring to FIG. 9, the physical layer includes a Preamble Sequence field 911, a
Start of Frame Delimiter (SFD) field 912, a Frame Length field 913, and a MAC
Protocol Data Unit (MPDU) field 914, as described above in Table 3. Further, the
MAC Protocol Data Unit (MPDU) field 914 includes a Frame Control field 901, a
Data Sequence Number field 902, a Frame Payload field 903, and a CRC-16 field 904.
Various signals according to the present invention may use the Frame Control field
901, the Data Sequence Number field 902, and the Frame Payload field 903.

Transmission/reception of various signals between a wireless power transmitter and a
wireless power receiver has been described above. Hereinafter, transmission/reception
of various signals between a wireless power transmitter and a wireless power receiver
will be described together with applied power. Particularly, in the following de-
scription, the state of the wireless power receiver will be divided into a detection state,
a search state, a registration state, a standby state, and a charge state.

FIG. 10 is a timing chart when a wireless power receiver is in a detection state,
according to an embodiment of the present invention.

As shown in FIG. 10, a wireless power transmitter 1061 maintains a detection state in
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which it transmits a detection power (Pdet) 1071, 1081, 1091 for an effective detection
period (tdet) in each fixed detection cycle (tdet_per). The magnitude of the detection
power and the length of the effective detection period are determined depending on the
minimum power and time required for the wireless power transmitter 1061 to detect
the existence or nonexistence of a candidate device within its coverage by sensing a
change in the load value of its power transmission unit, or resonator. Specifically, since
only sensing a change in the load of the resonator is needed to detect a candidate
device, such as, for example, a metal object, power consumption in the detection state
can be minimized by periodically generating a low voltage sine wave for a time short
enough to sense the load value of the resonator. Further, the detection state is
maintained until a new device is detected during the effective detection period.

As an example, when a wireless power receiver is disposed on the wireless power
transmitter 1061, the wireless power transmitter 1061 can detect a change of load and
thus, identify that an object is disposed thereabout. Although FIG. 10 shows that the
wireless power transmitter 1061 detects an object, based on load change detection, this
is merely illustrative, and the wireless power transmitter 1061 may detect an object by
sensing a change in various criteria (parameters) such as, for example, voltage, current,
temperature, and phase.

FIG. 11 is a timing chart when a wireless power receiver is in a search state,
according to an embodiment of the present invention.

A wireless power transmitter 1101 maintains a detection state in which it transmits
detection power (Pdet) 1110, 1111 for an effective detection period (tdet) in each fixed
detection cycle (tdet_per). When a wireless power receiver 1102 is disposed in the
vicinity of the wireless power transmitter 1101, the wireless power transmitter 1101
can sense a load change corresponding thereto and grasp such a situation during the
period of transmitting the detection power 1111.

When a device is detected within the effective detection period, the wireless power
transmitter 1101 transmits a drive power (Preg) 1114. The drive power 1114 is a power
available to drive the control unit or MCU of the wireless power receiver 1 102. The
wireless power receiver 1102 may transmit a Search signal 1112, and the wireless
power transmitter 1101 may transmit a Response Search signal 1113 in response to the
Search signal 1112.

FIG. 12 is a timing chart when a wireless power receiver is in a registration state,
according to an embodiment of the present invention.

As described above with reference to FIG. 11, a wireless power transmitter 1201
applies a drive power 1211. A wireless power receiver 1202 transmits a Search signal
1212, and the wireless power transmitter 1201 transmits a Response Search signal

1213 in response to the Search signal 1212. As a result, pairing between the wireless
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power transmitter 1201 and the wireless power receiver 1202 is established.

The wireless power receiver 1202 transmits a Request Join signal 1214, and the
wireless power transmitter 1201 waits to receive a Request Join signal 1214 for an
effective registration period (treg).

Upon receiving the Request Search signal, the wireless power transmitter 1201
transmits a response Join signal 1215. As described above, the Response Join signal
1215 includes the Permission field, and a value of O or 1 recorded in the Permission
field indicates whether the wireless power receiver 1202 is permitted to join the
wireless power network that is under the control of the wireless power transmitter
1201. When the Permission field of the Response Join signal 1215 has a value of 0, the
wireless power receiver 1202 is not permitted to join the wireless power network, and
may be in a standby state. Contrarily, when the Permission field of the Response Join
signal 1215 has a value of 1, the wireless power receiver 1202 may enter a charge state
and receive a charge power 1217. Further, the wireless power transmitter 1201 peri-
odically transmits a Notice signal 1216.

FIG. 13 is a timing chart when a wireless power receiver is in a standby state,
according to an embodiment of the present invention. As described above, a wireless
power receiver 1302 preferentially enters a standby state before entering a charge state.

In a registration state, the wireless power receiver 1302 may transmit a Request Join
signal 1312, and a wireless power transmitter 1301 transmits a Response Join signal
1313 in response to the Request Join signal 1312. Further, as described above, the
wireless power transmitter 1301 transmits a Notice signal 1314, 1317 in a prede-
termined cycle (tcycle). The Notice signal 1314, 1317 is transmitted for a relatively
short time so as not to affect the overall cycle (tcycle).

The wireless power transmitter 1301 transmits a Command signal 1315 during a time
allocated to the wireless power receiver 1302 and receives a Report signal 1316 or an
ACK signal in response to the Command signal 1315. When the wireless power
transmitter 1301 fails to receive the Report signal 1316 or the ACK signal, it re-
transmits a Command signal during a contention period. As described above, the
Command signal 1315 includes the Command Type field, and the wireless power
receiver 1302 may enter a charge state when the Command Type field corresponds to
“Charge Start”.

FIG. 14 is a timing chart when a wireless power receiver is in a charge state,
according to an embodiment of the present invention.

A wireless power transmitter 1401 transmits a Notice signal 1412, 1413, 1417, 1420
in a predetermined cycle (tcycle). In a standby state, the wireless power transmitter
1401 transmits a Command signal 1414, and a wireless power receiver 1402 transmits

a Report signal 1415 in response to the Command signal 1414.
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The wireless power transmitter 1401 may parse the Report signal and thereby
determine whether to transmit charge power (Pcharge) to the wireless power receiver
1402. For example, the wireless power transmitter 1401 parses the current power in-
formation of the wireless power receiver 1402 through the Report signal, and thereby
determine whether to transmit charge power (Pcharge) to the wireless power receiver
1402.

‘When the wireless power transmitter 1401 determines to transmit charge power
(Pcharge), it increases a drive power 1411 to a charge power (Pcharge), and then
applies the increased charge power (Pcharge). The wireless power transmitter 1401
transmits a Command signal 1418, the command type of which corresponds to
“Charge Start”.

The wireless power receiver 1402 parses the Command signal 1418 and performs
charging by controlling the switch unit to be in an ON state. The Command signal
1418 contains information that commands the wireless power receiver 1402 to perform
charging at a predetermined time after reception of the Command signal, and thus, the
wireless power receiver 1402 performs charging at the predetermined time after
reception of the Command signal 1418. The wireless power receiver 1402 transmits an
ACK signal 1419.

FIGS. 15A and 15B are timing charts illustrating a communication between a
wireless power transmitter and a wireless power receiver, according to an embodiment
of the present invention. FIGS. 15A and 15B are timing charts illustrating a commu-
nication using Bluetooth low energy between the wireless power transmitter and the
wireless power receiver.

A controlling unit 1050 of a wireless power transmitter outputs a detecting power
1002 periodically. When a wireless power receiver is positioned on the wireless power
transmitter, the controlling unit 1050 of the wireless power transmitter detects a change
of load magnitude, in step S1001. A communicating unit 1060 transmits a NOTICE
signal periodically, in steps S1003 and S1009. However, at the first time, it is assumed
that the wireless power receiver is not positioned on the wireless power transmitter.
The controlling unit 1050 of the wireless power transmitter cannot detect the change of
load value.

A user 1095 puts the wireless power receiver on the wireless power transmitter, in
step S1004.

The controlling unit 1050 of the wireless power transmitter outputs the load detection
power after the predetermined cycle, and detects an abrupt change of load value, in
step S1007. The controlling unit 1050 of the wireless power transmitter transmits a
drive power (Preg) when the controlling unit 1050 of the wireless power transmitter

detects the wireless power receiver within the effective detection period. The drive
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power has a power of magnitude for driving a controlling unit 1090 of the wireless
power receiver and has larger magnitude 1008 compared to the load detection power.

The controlling unit 1090 of the wireless power receiver is turned on by the drive
power 1050. The controlling unit 1090 of the wireless power receiver initiates a com-
municating unit 1080 of the wireless power receiver, in step S1006.

The communicating unit 1080 of the wireless power receiver may use a second
channel by controlling of the controlling unit 1090. The second channel is the channel
used by another wireless power transmitter 1070, which is different from the channel
used by a communicating unit 1060 of the wireless power transmitter. The channel
using by the communicating unit 1060 of the wireless power transmitter may be
referred as a first channel.

The order of determining the detection channel of controlling unit 1090 may be de-
termined. The first detection channel of controlling unit 1090 may be determined
randomly among a plurality channels defined by a Bluetooth low energy scheme.

The communicating unit 1080 transmits a Search signal in the second channel, in
step 1010. The Search signal includes device information for the wireless power
receiver. The Search signal is referred to as the device information for wireless power
receiver. For example, the device information for the wireless power receiver may
include an ID of the wireless power receiver and information about the device. In-
formation about the device may include at least one of manufacturer information, a
serial number, a protocol version, a hardware version, and a parameter regarding
charging of the wireless power receiver. The device information of the wireless power
receiver includes at least one of a protocol version, a sequence number, manufacturer
information, device information, impedance information, power capacity information,
device ID information, network ID information and a wireless charging service profile.

It is assumed that three wireless power transmitters 1070 use the second channel in
FIG. 15a. Each of the three wireless power transmitters 1070 transmits a Response
search signal to the communicating unit 1080 in steps S1011, S1014, S1017. The com-
municating unit 1080 transmits ACK signals to each of three wireless power
transmitters 1070 in steps 1013,1016,and 1019.

The communicating unit 1080 further transmits Search signals in steps $1020,S1021,
and S1022.

The controlling unit 1090 changes the detection channel from the second channel to
the first channel. The controlling unit 1080 transmits a Search signal using the first
channel, in step S1023. The communicating unit 1060 receives the Search signal using
the first channel, the controlling unit 1050 saves an ID of the wireless power receiver
and an RSSI value, in step S1024. The controlling unit 1050 compares the saved RSSI
value with threshold, in step S1025. The controlling unit 1050 determines whether to
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respond or not based on the comparison result, in step S1026. If the controlling unit
1050 determines to respond, the communicating unit 1060 transmits a response signal,
in step S1028. The response signal includes the device information for wireless power
transmitter. The response signal includes at least one of a protocol version, a sequence
number, manufacturer information, device information, impedance information,
required power amount information and a wireless charging profile. The device in-
formation of the wireless power transmitter includes at least one of a protocol version,
a sequence number, ID information of the wireless power transmitter, ID information
of the wireless power receiver, a wireless charging service profile, device ID in-
formation and a power class.

The controlling unit 1090 controls the communicating unit 1080, in step S1032. The
communicating unit 1080 transmits an ID of the wireless power receiver and device in-
formation, in step S1029. The controlling unit 1050 receives the ID of the wireless
power receiver and device information, in step S1030. The controlling unit 1050 de-
termines whether to join the wireless power receiver, in step S1031.

When the wireless power transmitter determines to join the wireless power receiver,
the communicating unit 1060 transmits a connection signal to the communicating unit
1080,m in step S1033. The connection signal includes at least one of a duration for
connection, an address for wireless power transmitter and an address for wireless
power receiver. The wireless power receiver perceives an ID of the wireless power
transmitter and parameters based on the received connection signal, in step S1034.

According to another embodiment of the present invention, the wireless power
transmitter may receive the Search signal and then transmit the connection signal
directly, i.e., in two steps.

Referring now to FIG. 15b, the communicating unit 1060 transmits a parameter
signal of the wireless power transmitter (TX parameter) to the communicating unit
1080, in step S1035. The parameter signal of the wireless power transmitter (TX
parameter) includes at least one of an ID of the wireless power transmitter, an ID of the
wireless power receiver, manufacturer information, a serial number, a protocol version,
a hardware version, a capacity of power for the wireless power transmitter, a number
of wireless power receiver which is charging, a capacity of power for charging, a
capacity of remainder power for the wireless power transmitter.

The communicating unit 1080 transmits a parameter signal of the wireless power
receiver (RX parameter), in step S1036.

The controlling unit 1050 perceives parameter information of the wireless power
receiver, in step S1037. The controlling unit 1050 determines whether to join the
wireless power receiver to the wireless power network, in step S1038. The controlling

unit 1050 creates a permission signal for joining the wireless power receiver in step
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S1039, and transmits the permission signal to the communication unit 1080, in step
S1040.

The controlling unit 1050 detects the change of load value periodically. The con-
trolling unit 1050 detects no change of load value, in step S1041. The communicating
unit 1060 transmits Notice signal, in step S1043. The controlling unit 1050 increases
output power in an amount of 1042 and transmits a charge power. The communicating
unit 1060 transmits a Charge start signal to the communicating unit 1080, in step
S1044. The controlling unit 1090 starts charging based on the Charge start signal, in
step S1045. For example, the controlling unit 1090 controls the switch to on state, in
step $1046. The communication unit 1080 transmits the Report signal or ACK signal
to the communication unit 1060, in step S1047. The communication unit 1060
transmits a Request Report signal, in step S1049. The controlling unit 1090 detects a
charging state, in step S1050. The controlling unit 1090 creates a Report signal based
on the detected charging state, in step S1051. The communication unit 1080 transmits
the created Report signal, in step S1052. As illustrated above, the present invention
provides wireless power charging based on Bluetooth low energy scheme.

While the invention has been shown and described with reference to certain em-
bodiments thereof, it will be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from the spirit and scope of

the invention as defined by the appended claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of controlling a wireless power receiver, the method comprising:
receiving, from a wireless power transmitter, a first power for initiating a
communication unit of the wireless power receiver, through a power reception unit of the

wireless power receiver;

after initiating the communication unit, establishing, through the communication
unit, a communication connection with the wireless power transmitter while receiving the
first power;

joining, through the communication unit, a wireless power network corresponding to
the wireless power transmitter while receiving the first power;

receiving, through the communication unit, a command signal indicating a charge
start command from the wireless power transmitter; and

in response to receiving the command signal, starting charging a battery of the
wireless power receiver, by using a second power which is received through the power

reception unit from the wireless power transmitter.

2. The method as claimed in claim 1, wherein establishing the communication
connection includes:

transmitting, through the communication unit, a first signal to the wireless power
transmitter;

receiving, through the communication unit, a second signal corresponding to the

first signal from the wireless power transmitter.

3. The method as claimed in claim 2, wherein the first signal comprises information of

impedance regarding the wireless power receiver.

4. The method as claimed in any one of claims 1 to 3, wherein the joining the wireless
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power network includes:

transmitting, through the communication unit, a third signal to the wireless power
transmitter; and

receiving, through the communication unit, a fourth signal corresponding to the third

signal from the wireless power transmitter.

5. The method as claimed in claim 4, wherein the third signal comprises at least one of
information regarding a Product ID of the wireless power receiver, information regarding a
minimum voltage value applied to an input stage of a DC/DC conversion unit of the wireless
power receiver and information regarding a maximum voltage value applied to the input
stage of the DC/DC conversion unit of the wireless power receiver, and

wherein the fourth signal comprises at least one of network identification
information, permission information indicating whether the wireless power receiver is

permitted to join the wireless power network, and session identification information.

6. A wireless power receiver comprising:
a battery;
a communication unit;
a power reception unit configured to receive, from a wireless power transmitter, a
first power for initiating the communication unit; and
a controller configured to:
after initiating the communication unit, establish, by using the communication unit,
a communication connection with the wireless power transmitter while receiving the first
power,
join, by using the communication unit, a wireless power network corresponding to the
wireless power transmitter while receiving the first power,
receive, by using the communication unit, a command signal indicating a charge start
command from the wireless power transmitter, and

in response to receiving the command signal, control the wireless power receiver to
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start charging the battery by using a second power which is received through the power

reception unit from the wireless power transmitter.

7. The wireless power receiver as claimed in claim 6, wherein the controller is further
configured to transmit, by using the communication unit, a first signal to the wireless power
transmitter and receive, by using the communication unit, a second signal corresponding to

the first signal from the wireless power transmitter.

8. The wireless power receiver as claimed in claim 7, wherein the first signal

comprises information of impedance regarding the wireless power receiver.

9. The wireless power receiver as claimed in any one of claims 6 to 8, wherein the
controller is further configured to transmit, by using the communication unit, a third signal
to the wireless power transmitter and receive, by using the communication unit, a fourth

signal corresponding to the third signal from the wireless power transmitter.

10. The wireless power receiver as claimed in claim 9,

wherein the third signal comprises at least one of information regarding a Product
ID of the wireless power receiver, information regarding a minimum voltage value applied to
an input stage of a DC/DC conversion unit of the wireless power receiver and information
regarding a maximum voltage value applied to the input stage of the DC/DC conversion unit
of the wireless power receiver, and

wherein the fourth signal comprises at least one of network identification
information, permission information indicating whether the wireless power receiver is

permitted to join the wireless power network, and session identification information.
11. A method of controlling a wireless power transmitter, the method comprising:

periodically transmitting a detection power through a power transmission unit of the

wireless power transmitter,
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detecting a wireless power receiver while transmitting the detection power,
based on detecting the wireless power receiver, transmitting a first power for initiating

an external communication unit of a wireless power receiver through the power transmission
unit;

establishing, through a communication unit of the wireless power transmitter, a
communication connection with the wireless power receiver while transmitting the first
power;

registering, by using the communication unit, the wireless power receiver to a
wireless power network corresponding to the wireless power transmitter while transmitting
the first power;,

transmitting, through the communication unit, a command signal indicating a charge
start command to the wireless power receiver; and

after transmitting the command signal, transmitting a second power for charging the

wireless power receiver through the power transmitting unit.

12. The method as claimed in claim 11, wherein establishing the communication
connection includes:

receiving, through the communication unit, a first signal from the wireless power
receiver; and

transmitting, through the communication unit, a second signal corresponding to the

first signal to the wireless power receiver.

13. The method as claimed in claim 12, wherein the first signal comprises information

of impedance regarding the wireless power receiver.

14. The method as claimed in any one of claims 11 to 13, wherein registering the
wireless power receiver to the wireless power network includes:
receiving, through the communication unit, a third signal from the wireless power

receiver; and
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transmitting, through the communication unit, a fourth signal corresponding to the

third signal to the wireless power receiver.

15. The method as claimed in claim 14,

wherein the third signal comprises at least one of information regarding a Product
ID of the wireless power receiver, information regarding a minimum voltage value applied to
an input stage of a DC/DC conversion unit of the wireless power receiver and information
regarding a maximum voltage value applied to the input stage of the DC/DC conversion unit
of the wireless power receiver, and

wherein the fourth signal comprises at least one of network identification
information, permission information indicating whether the wireless power receiver is

permitted to join the wireless power network, and session identification information.

16. The method as claimed in claim 11, wherein the wireless power receiver starts
charging a battery of the wireless power receiver by using the second power for charging the

wireless power receiver in response to receiving the command signal.

17. A wireless power transmitter comprising:

a power transmission unit;

a communication unit; and

a controller configured to:

control the wireless power transmitter to periodically transmit a detection power
through the power transmission unit,

detect a wireless power receiver while transmitting the detection power,

based on detecting the wireless power receiver, control the wireless power transmitter to
transmit a first power for initiating an external communication unit of the wireless power
receiver through the power transmission unit,

establish, by using the communication unit, a communication connection with the

wireless power receiver while transmitting the first power,
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register, by using the communication unit, the wireless power receiver to a wireless
power network corresponding to the wireless power transmitter while transmitting the first
power,
transmit, by using the communication unit, a command signal indicating a charge start
command to the wireless power receiver, and
control the wireless power transmitter to transmit a second power for charging the

wireless power receiver, after transmitting the command signal.

18. The wireless power transmitter as claimed in claim 17, wherein the controller is
further configured to receive, by using the communication unit, a first signal from the
wireless power receiver and transmit, by using the communication unit, a second signal

corresponding to the first signal to the wireless power receiver.

19. The wireless power transmitter as claimed in claim 18, wherein the first signal

comprises information of impedance regarding the wireless power receiver.

20. The wireless power transmitter as claimed in any one of claims 17 to 19, wherein
the controller is further configured to receive, by using the communication unit, a third
signal from the wireless power receiver and transmit, by using the communication unit, a

fourth signal corresponding to the third signal to the wireless power receiver.

21. The wireless power transmitter as claimed in claim 20,

wherein the third signal comprises at least one of information regarding a Product
ID of the wireless power receiver, information regarding a minimum voltage value applied to
an input stage of a DC/DC conversion unit of the wireless power receiver and information
regarding a maximum voltage value applied to the input stage of the DC/DC conversion unit
of the wireless power receiver, and

wherein the fourth signal comprises at least one of network identification

information, permission information indicating whether the wireless power receiver is
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permitted to join the wireless power network, and session identification information.
22. The wireless power transmitter as claimed in claim 17, wherein the wireless power

receiver starts charging a battery of the wireless power receiver by using the second power

for charging the wireless power receiver in response to receiving the command signal.
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