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Description

Technical Field

[0001] The present disclosure relates to a wireless power receiver and a method for controlling the wireless power
receiver. More particularly, the present disclosure relates to a wireless power receiver for wirelessly receiving power
from a wireless power transmitter, and a method for controlling the wireless power receiver.

Background Art

[0002] In view of their nature, mobile terminals such as portable phones and personal digital assistants (PDAs) are
powered by rechargeable batteries. To charge the batteries, the mobile terminals apply electric energy to the batteries
through separate chargers. Typically, the charger and the battery each have an exterior contact terminal and thus are
electrically connected to each other by contacting their contact terminals.
[0003] This contact-based charging scheme faces the problem of vulnerability of contact terminals to contamination
of foreign materials and the resulting unreliable battery charging because the contact terminals protrude outward. More-
over, if the contact terminals are exposed to moisture, the batteries are not charged properly.
[0004] To address the above problem, wireless charging or contactless charging technologies have recently been
developed and applied to many electronic devices.
[0005] Such a wireless charging technology is based on wireless power transmission and reception. For example,
once a portable phone is placed on a charging pad without being connected to an additional charging connector, its
battery is automatically charged. Among wirelessly charged products, wireless electric toothbrushes or wireless electric
shavers are well known. The wireless charging technology offers the benefits of increased waterproofness due to wireless
charging of electronic products and enhanced portability due to no need for a wired charger for electronic devices.
Further, it is expected that various relevant wireless charging technologies will be more developed in the upcoming era
of electric vehicles.
[0006] There are largely three wireless charging schemes, namely electromagnetic induction using coils, resonance-
based, and radio frequency (RF)/microwave radiation based on conversion of electric energy to microwaves.
[0007] So far, the electromagnetic induction-based wireless charging scheme has been dominantly popular. However,
considering recent successful experiments in wireless power transmission over microwaves at a distance of tens of
meters in Korea and other overseas countries, it is foreseeable that every electronic product will be charged cordlessly
at any time in any place in the near future.
[0008] Electromagnetic induction-based power transmission means power transfer between primary and secondary
coils. When a magnet moves through a coil, current is induced. Based on this principle, a transmitter creates a magnetic
field and a receiver produces energy by current induced by a change in the magnetic field. This phenomenon is called
magnetic induction, and power transmission based on magnetic induction is highly efficient in energy transfer.
[0009] In 2005, regarding resonance-based wireless charging, professor Soljacic in the Massachusetts Institute of
Technology (MIT) suggested a system that makes wireless energy transfer from a charger at a distance of a few meters
based on the resonance-based power transmission principle by the coupled mode theory. The wireless charging system
of the MIT team is based on a physics concept called resonance in which a sounding tuning fork causes a nearby wine
glass to chime at the same frequency. The MIT team resonated electromagnetic waves carrying electric energy, instead
of sound. The resonant electric energy is directly transferred only in the presence of a device having the same resonant
frequency, while the unused electric energy is reabsorbed into the electromagnetic field rather than it is dispersed in the
air. Thus the resonant electric energy does not affect nearby machines or human bodies, compared to other electronic
waves.
[0010] The above information is presented as background information only to assist with an understanding of the
present disclosure. No determination has been made, and no assertion is made, as to whether any of the above might
be applicable as prior art with regard to the present disclosure.
[0011] WO 2015/029221 A1 (later-published equivalent - US 2016/226312 A1) discloses a wireless power reception
system provided with: a power reception antenna configured to receive, in a wireless manner, electric power outputted
from a power transmission antenna of a power transmitting apparatus; a rectifier electrically connected between the
power reception antenna and a load, the load being supplied with the electric power received by the power reception
antenna; a constant voltage circuit electrically connected between the rectifier and the load; an obtaining device configured
to obtain input impedance associated with the constant voltage circuit; and a controlling device configured to calculate
an output adjustment value associated with the power supply on the basis of the obtained input impedance and to
transmit the calculated output adjustment value to the power transmitting apparatus.
[0012] WO 2014/045875 A1 discloses contactless power transmitting equipment is provided with: a primary device
having an AC power supply, which outputs AC power, and a primary coil to which the AC power is inputted; a secondary
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device having a secondary coil, which is capable of receiving the AC power from the primary coil in a contactless manner,
and a load; a primary impedance converter that is provided to the primary device, and has a fixed impedance; a secondary
impedance converter that is provided between the secondary coil and the load in the secondary device, and has a
variable impedance; and controllers that variably control the impedance of the secondary impedance converter in re-
sponse to fluctuations in the impedance of the load.
[0013] WO 2015/127303 A1 discloses an electromagnetic induction power transfer apparatus comprising: an inductive
power transmitter, comprising: a power supply with an active state and an inactive state, configured to switch between
the active state and the inactive state at a selectable duty cycle; and a power-transmitting inductor coupled to the power
supply; and an inductive power receiver, comprising: a power-receiving inductor, positioned inductively proximate the
power-transmitting inductor; a programmable load; and an impedance controller coupled to the power receiving inductor
and configured to increase or decrease an electrical impedance of the inductive power receiver in response to a change
in a power requirement of the programmable load.

Disclosure of Invention

Technical Problem

[0014] The charging efficiency of a wireless power receiver depends on impedance change. For example, each of a
wireless power transmitter and a wireless power receiver may perform impedance matching. If impedance is matched,
charging efficiency may be increased relatively. Meanwhile, the wireless power receiver may include a matching circuit
which has electric devices such as a capacitor or an inductor, for impedance matching. The wireless power receiver
may perform impedance matching by operating the matching circuit, thus increasing charging efficiency. However, since
the matching circuit includes electric devices, for impedance matching, it increases the weight and volume of an electronic
device.

Solution to Problem

[0015] Aspects of the present disclosure are to address at least the above-mentioned problems and/or disadvantages
and to provide at least the advantages described below. Accordingly, an aspect of the present disclosure is to provide
a wireless power receiver for maintaining impedance at a predetermined value adaptively without using a matching
circuit for impedance matching, and a method for controlling the wireless power receiver.
[0016] The invention is defined by the independent claims. Further aspects of the invention are outlined in the dependent
claims. When the term "embodiment" is used for describing an unclaimed combination of features, it has to be understood
as referring to examples useful for understanding the present invention.
[0017] Other aspects, advantages, and salient features of the disclosure will become apparent to those skilled in the
art from the following detailed description, which, taken in conjunction with the annexed drawings, discloses various
embodiments of the present disclosure.

Brief Description of Drawings

[0018] The above and other aspects, features, and advantages of certain embodiments of the present disclosure will
be more apparent from the following description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a conceptual view illustrating an overall operation of a wireless charging system according to an embodiment
of the present disclosure;
FIG. 2 is a block diagram illustrating a wireless power transmitter and a wireless power receiver according to an
embodiment of the present disclosure;
FIG. 3a is a block diagram illustrating a wireless power receiver according to various embodiments of the present
disclosure;
FIG. 3b is a block diagram illustrating a comparison example compared with the present disclosure according to an
embodiment of the present disclosure;
FIGS. 4a and 4b are graphs illustrating current versus voltage at an input end of a battery in a wireless power
receiver according to various embodiments of the present disclosure;
FIG. 5a is a graph illustrating voltage at an output end of a direct current/direct current (DC/DC) converter, when a
controller does not output a control signal according to an embodiment of the present disclosure;
FIG. 5b is a graph illustrating current at an output end of a DC/DC converter, when a controller does not output a
control signal according to an embodiment of the present disclosure;
FIG. 5c is a graph illustrating impedance at an output end of a DC/DC converter, when a controller does not output
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a control signal according to an embodiment of the present disclosure;
FIG. 6 is a flowchart illustrating a method for controlling a wireless power receiver according to various embodiments
of the present disclosure;
FIGS. 7a to 7c are graphs illustrating electrical characteristics, when voltage at an output end of a DC/DC converter
is adjusted according to various embodiments of the present disclosure;
FIGS. 8a and 8b are flowcharts illustrating methods for controlling a wireless power receiver according to various
embodiments of the present disclosure;
FIG. 9 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments of the
present disclosure;
FIG. 10 is a flowchart illustrating a method for controlling a wireless power receiver according to various embodiments
of the present disclosure;
FIG. 11 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments of
the present disclosure;
FIG. 12 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments of
the present disclosure;
FIGS. 13a to 13d are graphs illustrating electrical characteristics at various points of a wireless power receiver
according to various embodiments of the present disclosure;
FIG. 14 is a flowchart illustrating a method for controlling a wireless power receiver according to various embodiments
of the present disclosure;
FIG. 15 is a flowchart illustrating a method for controlling a wireless power receiver according to various embodiments
of the present disclosure; and
FIG. 16 is a flowchart illustrating a method for controlling a wireless power receiver according to various embodiments
of the present disclosure.

[0019] Throughout the drawings, like reference numerals will be understood to refer to like parts, components, and
structures.

Mode for the Invention

[0020] The following description with reference to the accompanying drawings is provided to assist in a comprehensive
understanding of various embodiments of the present disclosure as defined by the claims. It includes various specific
details to assist in that understanding but these are to be regarded as merely exemplary. Accordingly, those of ordinary
skill in the will recognize that various changes and modifications of the various embodiments described herein can be
made without departing from the scope of the present disclosure. In addition, descriptions of well-known functions and
constructions may be omitted for clarity and conciseness.
[0021] The terms and words used in the following description and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and consistent understanding of the present disclosure. Accordingly,
it should be apparent to those skilled in the art that the following description of various embodiments of the present
disclosure is provided for illustration purpose only and not for the purpose of limiting the present disclosure as defined
by the appended claims.
[0022] It is to be understood that the singular forms "a," "an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to "a component surface" includes reference to one or more of
such surfaces.
[0023] In the present disclosure, the term ’have’, ’may have’, ’include’, or ’may include’ signifies the presence of a
specific feature (for example, number, function, operation, or component like a part), not excluding the presence of
addition of one or more other features.
[0024] In the present disclosure, the term ’A or B’, ’at least one of A or/and B’, or ’one or more of A or/and B’ may
cover all possible combinations of enumerated items. For example, ’A or B’, ’at least one of A and B’, or ’at least one of
A or B’ may represent all of the cases of (1) inclusion of at least one A, (2) inclusion of at least one B, and (3) inclusion
of at least one A and at least one B.
[0025] The term as used in the present disclosure, ’first’ or ’second’ may modify the names of various components
irrespective of sequence and/or importance, not limiting the components. These expressions may be used to distinguish
one component from another component. For example, a first user equipment (UE) and a second UE may indicate
different UEs irrespective of sequence or importance. For example, a first component may be referred to as a second
component and vice versa without departing the scope of the present disclosure.
[0026] When it is said that a component (for example, a first component) is ’operatively or communicatively coupled
with/to’ or ’connected to’ another component (for example, a second component), it should be understood that the one
component is connected to the other component directly or through any other component (for example, a third component).
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On the other hand, when it is said that a component (for example, a first component) is ’directly connected to’ or ’directly
coupled to’ another component (for example, a second component), it may be understood that there is no other component
(for example, a third component) between the components.
[0027] The term ’configured to’ as used in the present disclosure may be replaced with, for example, the term ’suitable
for’ ’having the capacity to’, ’designed to’, ’adapted to’, ’made to’, or ’capable of’ under circumstances. The term ’configured
to’ may not necessarily mean ’specifically designed to’ in hardware. Instead, the term ’configured to’ may mean that a
device may mean ’capable of’ with another device or part. For example, ’a processor configured to execute A, B, and
C’ may mean a dedicated processor (for example, an embedded processor) for performing the corresponding operations
or a generic-purpose processor (for example, a central processing unit (CPU) or an application processor (AP)) for
performing the corresponding operations.
[0028] The terms and words including technical or scientific terms used in the following description and claims may
have the same meanings as generally understood by those skilled in the art. The terms as generally defined in dictionaries
may be interpreted as having the same or similar meanings as or to contextual meanings of related technology. Unless
otherwise defined, the terms should not be interpreted as ideally or excessively formal meanings. When needed, even
the terms as defined in the present disclosure may not be interpreted as excluding embodiments of the present disclosure.
[0029] FIG. 1 is a conceptual view illustrating an overall operation of a wireless charging system according to an
embodiment of the present disclosure.
[0030] Referring to FIG. 1, the wireless charging system includes a wireless power transmitter 100 and one or more
wireless power receivers 110-1, 110-2, ..., and 110-n.
[0031] The wireless power transmitter 100 may wirelessly transmit power 1-1, 1-2, ..., and 1-n respectively to the
wireless power receivers 110-1, 110-2, ..., and 110-n.
[0032] The wireless power transmitter 100 may establish electrical connections to the wireless power receivers 110-1,
110-2, ..., and 110-n. For example, the wireless power transmitter 100 may transmit wireless power by radiating an
electromagnetic field or a magnetic field. The wireless power transmitter 100 may transmit wireless power in an induction
scheme or a resonance scheme.
[0033] The wireless power transmitter 100 may conduct bi-directional communication with the wireless power receivers
110-1, 110-2, ..., and 110-n. In the case of outband communication, the wireless power transmitter 100 and the wireless
power receivers 110-1, 110-2, ..., and 110-n may process or transmit/receive packets 2-1, 2-2, ..., and 2-n configured
in predetermined frames. A wireless power receiver may be configured, particularly as a mobile communication terminal,
a personal digital assistant (PDA), a personal multimedia player (PMP), a smartphone, a wearable electronic device, a
small home appliance such as a mobile music player, a large home appliance such as a refrigerator and a television
(TV), an electronic vehicle, or the like. In the case of inband communication, the wireless power receivers 110-1, 110-2, ...,
and 110-n may perform load modulation, and the wireless power transmitter 100 may acquire reports of the wireless
power receivers 110-1, 110-2, ..., and 110-n by detecting load changes.
[0034] The wireless power transmitter 100 may supply power wirelessly to a plurality of wireless power receivers
110-1, 110-2, ..., and 110-n. For example, the wireless power transmitter 100 may transmit power to the plurality of
wireless power receivers 110-1, 110-2, ..., and 110-n by resonance. If the wireless power transmitter 100 adopts the
resonance scheme, the wireless power transmitter 100 may be apart from the wireless power receivers 110-1, 110-2, ...,
and 110-n by a distance enough for indoor operation. On the other hand, if the wireless power transmitter 100 adopts
an electromagnetic induction scheme, the distance between the wireless power transmitter 100 and the wireless power
receivers 110-1, 110-2, ..., and 110-n may be preferably 10cm or smaller. If the wireless power transmitter 100 adopts
a radio frequency (RF)/microwave scheme, the wireless power transmitter 100 may form a directional microwave power
beam and thus charge at least one of the wireless power receivers 110-1, 110-2, ..., and 110-n with the microwave
power beam.
[0035] The wireless power receivers 110-1, 110-2, ..., and 110-n may receive wireless power from the wireless power
transmitter 100 and charge their internal batteries with the wires power. Further, the wireless power receivers 110-1,
110-2, ..., and 110-n may transmit to the wireless power transmitter 100 a signal requesting wireless power transmission,
information required for wireless power reception, wireless power receiver state information, or control information for
the wireless power transmitter 100.
[0036] Each of the wireless power receivers 110-1, 110-2, ..., and 110-n may also transmit a message indicating its
charged state to the wireless power transmitter 100 in an inband or outband scheme.
[0037] The wireless power transmitter 100 may include a display means such as a display, and display the state of
each wireless power receiver based on the messages received from the wireless power receivers 110-1, 110-2, ..., and
110-n. Further, the wireless power transmitter 100 may display a time expected until each of the wireless power receivers
110-1, 110-2, ..., and 110-n is completely charged.
[0038] FIG. 2 is a block diagram illustrating a wireless power transmitter and a wireless power receiver according to
an embodiment of the present disclosure.
[0039] Referring to FIG. 2, a wireless power transmitter 200 may include a power transmitter 211, a controller 212,
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and a communication module 213. A wireless power receiver 250 may include a power receiver 251, a controller 252,
and a communication module 253.
[0040] The power transmitter 211 may supply power to the wireless power receiver 250. The power transmitter 211
may radiate an electromagnetic field or a magnetic field in the resonance, induction, or RF/microwave scheme. The
power transmitter 211 may further include a resonant circuit or an induction circuit and thus transmit or receive prede-
termined electromagnetic waves. If the power transmitter 211 is configured as a resonant circuit, the inductance L of a
loop coil in the resonant circuit may be changed. Meanwhile, those skilled in the art will readily understand that as far
as it may transmit an electromagnetic field or a magnetic field, any means is available as the power transmitter 211.
[0041] The controller 212 may provide overall control to the wireless power transmitter 200. The controller 212 of the
wireless power transmitter 200 or the controller 252 of the wireless power receiver 250 may control an overall operation
of the wireless power transmitter 200 or the wireless power receiver 250 using an algorithm, a program, or an application
required for a control operation, read from a memory (not shown).
[0042] The communication module 213 may communicate with the wireless power receiver 250 or another electronic
device in a predetermined communication scheme. The communication module 213 may communicate with the com-
munication module 253 of the wireless power receiver 250 by near field communication (NFC), ZigBee communication,
infrared communication, visible ray communication, Bluetooth communication, Bluetooth low energy (BLE) communi-
cation, or magnetic secure transfer (MST) communication. However, these communication schemes are purely exem-
plary, and the scope of the embodiments of the present disclosure is not limited to a specific communication scheme
conducted by the communication module 213.
[0043] The power receiver 251 may receive wireless power from the power transmitter 211 in the induction, resonance,
or RF/microwave scheme.
[0044] FIG. 3a is a block diagram of a wireless power receiver according to various embodiments of the present
disclosure. The wireless power receiver according to various embodiments of the present disclosure may include a
resonant circuit 310, a rectifier 320, a direct current/direct current (DC/DC) converter 330, a charger 340, a battery 350,
and a controller 360.
[0045] Referring to FIG. 3a, the resonant circuit 310 may receive electromagnetic waves radiated from a wireless
power transmitter and output the electromagnetic waves to the rectifier 320. The resonant circuit 310 may include at
least one coil and at least one capacitor. The resonant circuit 310 may be designed to have the resonant frequency of
electromagnetic waves radiated from the wireless power transmitter. For example, if the wireless power transmitter and
the wireless power receiver conform to the alliance for wireless power (A4WP) standard, the resonant circuit 310 may
be designed to have a resonant frequency of 6.78MHz. The resonant circuit 310 may receive electromagnetic waves
and output power in an alternate current (AC) to the rectifier 320.
[0046] Meanwhile, the wireless power receiver according to various embodiments of the present disclosure may
receive power in the induction scheme. In this case, the wireless power receiver may include a resonant circuit or coil
conforming to the wireless power consortium (WPC) standard.
[0047] The rectifier 320 may rectify the received AC power to DC power. The rectifier 320 may be configured in the
form of, but not limited to, for example, a bridge diode. The DC/DC converter 330 may convert the rectified DC power
with a predetermined gain. For example, the DC/DC converter 330 may convert the rectified DC power so that voltage
at its output end 341 may have a predetermined voltage value. Meanwhile, a minimum voltage value and a maximum
voltage value may be preset, for application to a front end of the DC/DC converter 330.
[0048] The charger 340 may charge the battery 350. Voltage at an output end of the charger 340, that is, voltage at
an input end 342 of the battery 350 may be different from the voltage at the output end 341 of the DC/DC converter 330.
The battery 350 may be charged by storing power supplied by the charger 340. While the battery 350 is shown as
included in the wireless power receiver, this is purely exemplary. The battery 350 may be detachably mounted to the
wireless power receiver. The charger 340 may charge the battery 350 in a constant current (CC) mode or constant
voltage (CV) mode. Hereinafter, the CC mode or CV mode may be referred to as a mode of the battery 350.
[0049] FIGS. 4a and 4b are graphs illustrating current versus voltage at the input end 342 of the battery 350 in the
wireless power receiver in a comparison example to be compared with the present disclosure according to an embodiment
of the present disclosure.
[0050] Referring to FIG. 4a, voltage 401 at the input end 342 of the battery 350 may be different in the CC mode and
the CV mode. The CC mode of the battery 350 may correspond to a case in which the battery 350 has relatively low
remaining power. When the battery 350 has relatively low remaining power, the charger 340 may charge the battery
350 with maximum allowed current (for example, Ia). In the CC mode of the battery 350, current 402 at the input end
342 of the battery 350 may be kept at a predetermined value (for example, Ia) and the voltage 401 at the input end 342
of the battery 350 may be increased.
[0051] In the CC mode of the battery 350, as the voltage 401 at the input end 342 of the battery 350 increases, the
voltage 401 may reach a maximum allowed voltage value (for example, Va). In the CV mode of the battery 350, if the
voltage 401 at the input end 342 of the battery 350 reaches the maximum allowed voltage value, the charger 340 may
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keep the voltage 401 at a predetermined value (for example, Va). In this case, the current 402 may be decreased.
[0052] FIG. 5a is a graph illustrating voltage at the output end 341 of the DC/DC converter 330 in a comparison example
according to an embodiment of the present disclosure.
[0053] Referring to FIG. 5a, voltage 501 at the output end 341 of the DC/DC converter 330 may be kept at a prede-
termined value (for example, Vb). The DC/DC converter 330 may convert the voltage of input power to predetermined
voltage, and thus the voltage 501 may be kept at a predetermined value in both the CC mode and the CV mode of the
battery 350.
[0054] FIG. 5b is a graph illustrating current at the output end 341 of the DC/DC converter 330 in a comparison example
according to an embodiment of the present disclosure.
[0055] Referring to FIG. 5b, current 502 at the output end 341 of the DC/DC converter 330 may be kept at a prede-
termined value (for example, Ib) in the CC mode of the battery 350 and decreased in the CV mode of the battery 350.
[0056] FIG. 5c is a graph illustrating impedance at the output end 341 of the DC/DC converter 330 in a comparison
example according to an embodiment of the present disclosure.
[0057] Referring to FIG. 5c, impedance 503 may be kept at a predetermined value (for example, Zb) in the CC mode
of the battery 350. Because the voltage (for example, Vb) and current (for example, Ia) at the output end 341 of the
DC/DC converter 330 are constant in the CC mode of the battery 350, the impedance may also be kept at a predetermined
value.
[0058] The impedance 503 at the output end 341 of the DC/DC converter 330 may increase in the CV mode of the
battery 350. In the CV mode of the battery 350, the voltage (for example, Vb) at the output end 341 of the DC/DC
converter 330 is constant, whereas the current (for example, Ia) at the output end 341 of the DC/DC converter deceases.
As a result, the impedance 503 at the output end 341 of the DC/DC converter 330 may increase in the CV mode of the
battery 350.
[0059] As described above, the impedance 503 at the output end 341 of the DC/DC converter 330 may be changed
from a time of switching from the CC mode of the battery 350 to the CV mode of the battery 350. For example, the
impedance 530 at the output end 341 of the DC/DC converter 330 may have a value for impedance matching with a
wireless power transmitter during operation and relatively high charging efficiency may be achieved in the CC mode of
the battery 350. On the other hand, as the impedance 530 at the output end 341 of the DC/DC converter 330 has a
value different from the value for impedance matching in the CV mode of the battery 350, the resulting impedance
mismatching may decrease the charging efficiency.
[0060] As described above, if the controller 360 does not control the DC/DC converter 330, the impedance at the
output end 341 of the DC/DC converter 330 may be changed, thus reducing wireless charging efficiency.
[0061] FIG. 3b is a block diagram illustrating a comparison example compared with the present disclosure according
to an embodiment of the present disclosure.
[0062] Referring to FIG. 3b, a wireless power receiver in a comparison example may include a resonant circuit 311,
a matching circuit 312, a rectifier 321, a DC/DC converter 331, a charger 343, a battery 351, and a controller 361.
[0063] The matching circuit 312 may adjust impedance under control of the controller 361. The matching circuit 312
may include at least one of a coil and a capacitor. The controller 361 may control a connection state with respect to at
least one of the coil and the capacitor and perform impedance matching accordingly.
[0064] Meanwhile, since the wireless power receiver in the comparison example of FIG. 3b includes the matching
circuit 312, the wireless power receiver increases in weight and volume, thus having a reduced mounting area. According
to various embodiments of the present disclosure, a wireless power receiver may keep impedance at a predetermined
value without including the matching circuit 312 and thus maintain relatively high charging efficiency.
[0065] FIG. 6 is a flowchart illustrating a method for controlling a wireless power receiver according to various embod-
iments of the present disclosure.
[0066] Referring to FIG. 6, the wireless power receiver may measure at least one of current and voltage at the input
end 342 of the battery 350 in operation 610. In operation 620, the wireless power receiver may determine the mode of
the battery 350. For example, if the voltage at the input end 342 of the battery 350 has a predetermined value, the
wireless power receiver may determine the charging mode of the battery 350 to be the CV mode of the battery 350. A
specific voltage value may be predetermined per battery 350, and the wireless power receiver may pre-store the pre-
determined voltage value per battery 350. For example, if the current at the input end 342 of the battery 350 has a
predetermined value, the wireless power receiver may determine the charging mode of the battery 350 to be the CC
mode of the battery 350. A specific current value may be predetermined per battery 350, and the wireless power receiver
may pre-store the predetermined current value per battery 350. Meanwhile, if the current at the input end 342 of the
battery 350 does not have the predetermined value, the wireless power receiver may determine the charging mode of
the battery 350 to be the CV mode of the battery 350.
[0067] In operation 630, the wireless power receiver may determine whether the mode of the battery 350 has been
switched. More specifically, if the wireless power receiver detects that the voltage at the input end 342 of the battery
350 has a predetermined value, the wireless power receiver may determine that the mode of the battery 350 has been
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switched. Or if the wireless power receiver detects that the current at the input end 342 of the battery 350 does not have
a predetermined value, the wireless power receiver may determine that the mode of the battery 350 has been switched.
[0068] In operation 640, the wireless power receiver may adjust voltage at the output end 341 of the DC/DC converter
330. For example, the wireless power receiver may adjust the voltage at the output end 341 of the DC/DC converter
330, as illustrated in FIG. 7a.
[0069] FIGS. 7a to 7c are graphs illustrating electrical characteristics, when voltage at an output end of a DC/DC
converter is adjusted according to various embodiments of the present disclosure.
[0070] Referring to FIG. 7a, the wireless power receiver may decrease voltage 701 at the output end 341 of the DC/DC
converter 330. FIG. 7b illustrates current 702 at the output end 341 of the DC/DC converter 330. As noted from FIGS.
7a and 7b, both the voltage 701 and current 702 at the output end 341 of the DC/DC converter 330 are decreased.
Therefore, as illustrated in FIG. 7c, impedance 703 at the output end 341 of the DC/DC converter 330 may be kept
constant even in the CV mode of the battery 350. That is, the impedance 703 at the output end 341 of the DC/DC
converter 330 may be kept constant in the CC mode and CV mode of the battery 350. As described before, the impedance
703 at the output end 341 of the DC/DC converter 330 may have a value for impedance matching with a wireless power
transmitter. As impedance matching is maintained, the decrease of charging efficiency may be prevented, which might
otherwise be caused by impedance mismatching. That is, it is possible to maintain relatively high charging efficiency.
[0071] The controller 360 may include one or more of a CPU, an AP, a communications processor (CP), a graphics
processor (GP), a multi-chip package (MCP) processor, and an image processor (IP). The controller 360 may, for
example, perform computation or data processing related to control and/or communication of one or more other com-
ponents of the wireless power receiver. The controller 360 may detect various events indicating a change in the impedance
at the output end 341 of the DC/DC converter 330 and may adjust the voltage at the output end 341 of the DC/DC
converter 330 in response to the event detection. For example, switching of the charging mode of the battery 350 may
be one of events indicating a change in the impedance at the output end 341 of the DC/DC converter 330. The controller
360 may detect switching of the charging mode of the battery 350 and adjust the voltage at the output end 341 of the
DC/DC converter 330, to thereby keep the impedance at the output end 341 of the DC/DC converter 330 constant. The
controller 360 may keep the impedance at the output end 341 of the DC/DC converter 330 constant by detecting that
the voltage at the input end 342 of the battery 350 has a predetermined value. The controller 360 may keep the impedance
at the output end 341 of the DC/DC converter 330 constant by detecting that the current at the input end 342 of the
battery 350 does not have a predetermined value. Conditions for switching of the charging mode of the battery 350 and
the voltage or current at the input end 342 of the battery 350 are examples of an event indicating a change in the
impedance at the output end 341 of the DC/DC converter 330. Various embodiments of the event will be described later
in greater detail.
[0072] While the voltage 701 at the output end 341 of the DC/DC converter 330 is shown as linearly decreased in the
embodiment of FIG. 7a, this is purely exemplary. In various embodiments of the present disclosure, the wireless power
receiver may decrease the voltage 701 at the output end 341 of the DC/DC converter 330 linearly or stepwise. Also,
while the voltage 701 at the output end 341 of the DC/DC converter 330 is shown as decreased in the embodiment of
FIG. 7a, this is purely exemplary. In various embodiments of the present disclosure, the wireless power receiver may
increase or repeat the increase and decrease of the voltage 701 at the output end 341 of the DC/DC converter 330.
[0073] In various embodiments of the present disclosure, the controller 360 may output a control signal to the DC/DC
converter 330, and the DC/DC converter 330 may decrease the voltage 701 at the output end 341 of DC/DC converter
330 according to the control signal. The control signal may include at least one of gain information and information about
voltage at the output end 341 of the DC/DC converter 330, and the DC/DC converter 330 may decrease the voltage 701
at the output end 341 using the information carried by the control signal, for example, the at least one of the gain
information and the information about voltage at the output end.
[0074] As described above, when the charging mode of the battery 350 switches from the CC mode to the CV mode,
the wireless power receiver according to various embodiments of the present disclosure may decrease the voltage at
the output end 341 of the DC/DC converter 330, thus keeping the impedance at the output end 341 of the DC/DC
converter 330 constant. The impedance at the output end 341 of the DC/DC converter 330 may have a value for
impedance matching with a wireless power transmitter. Accordingly, with the resulting impedance matching, relatively
high charging efficiency may be maintained.
[0075] Now, a detailed description will be given of an operation for controlling the DC/DC converter 330 by the controller
360.
[0076] In various embodiments of the present disclosure, the controller 360 may generate a control signal for the
DC/DC converter 330 and output the control signal to the DC/DC converter 330. The control signal may include at least
one of information about a gain of the DC/DC converter 330 and information about voltage at the output end 341 of the
DC/DC converter 330. The control signal may be configured so that impedance output end 341 of the DC/DC converter
330 may have a predetermined value. For example, the controller 360 may generate a control signal, referring to
information about a relationship between voltage at the input end 342 of the battery 350 and information of the control



EP 3 347 966 B1

9

5

10

15

20

25

30

35

40

45

50

55

signal. Or the controller 360 may generate a control signal, referring to information about a relationship between current
at the input end 342 of the battery 350 and information of the control signal.
[0077] Tables 1 and 2 illustrate an example of information about a relationship between current at the input end 342
of the battery 350 and information of a control signal.

[0078] As illustrated in Tables 1 and 2, the wireless power receiver may pre-store information about current at the
input end 342 of the battery 350 and various pieces of information (for example, gain or voltage at the output end 341
of the DC/DC converter 330) of a control signal. For example, if a measurement of the current at the input end 342 of
the battery 350 is I_bat3, the controller 360 may output a control signal including information about a gain "gain_3" to
the DC/DC converter 330. For example, the DC/DC converter 330 may convert voltage of the input end to voltage of
the output end based on the gain, gain_3. The voltage of the output end may be the product between the voltage of the
input end and the gain. The DC/DC converter 330 may adjust a gain to gain_3 based on the received control signal and
convert the voltage of input power with the gain, gain_3. For example, voltage at the output end 341 of the DC/DC
converter 330 may be vol_3 which may keep the impedance at the output end 341 of the DC/DC converter 330 constant.
[0079] The above description has been given of a wireless power receiver that measures the value of current or voltage
at the input end 341 of the battery 350, determines mode switching of the battery 350 based on the measurement, and
adjusts voltage at the output end 341 of the DC/DC converter 330 based on the mode switching. However, this is purely
exemplary, and the voltage at the output end 341 of the DC/DC converter 330 may be adjusted based on electrical
information about various points including the input end 341 of the battery 350 in various embodiments of the present
disclosure. The above-described mode switching of the battery 350 is an example indicating an impedance change in
the output end of the DC/DC converter 330. According to various embodiments of the present disclosure, the wireless
power receiver may adjust the voltage at the output end 341 of the DC/DC converter 330 by detecting various events
indicating an impedance change at the output end 341 of the DC/DC converter 330. Hereinbelow, various events indicating
an impedance change at the output end 341 of the DC/DC converter 330 will be described.
[0080] FIGS. 8a and 8b are flowcharts illustrating methods for controlling a wireless power receiver according to
various embodiments of the present disclosure.
[0081] Referring to FIG. 8a, the wireless power receiver may measure current and voltage at the output end of the
DC/DC converter in operation 810. In operation 820, the wireless power receiver may measure impedance at the output
end of the DC/DC converter. The wireless power receiver may measure the impedance by dividing the value of the
voltage at the output end of the DC/DC converter by the value of the current at the output end of the DC/DC converter.
That is, the wireless power receiver may directly measure the impedance at the output end of the DC/DC converter, as
an event indicating an impedance change at the output end of the DC/DC converter.
[0082] In operation 830, the wireless power receiver may determine whether the difference between the measured
impedance and a reference value exceeds a first threshold. The wireless power receiver may store the reference value.

[Table 1]

Current at the input end of the battery Information about gain of the DC/DC converter

I_bat1 gain_1

I_bat2 gain_2

I_bat3 gain_3

I_bat4 gain_4

I_bat5 gain_5

[Table 2]

Current at the input end of the battery Voltage at the output end of the DC/DC converter

I_bat1 Vo_1

I_bat2 Vo_2

I_bat3 Vo_3

I_bat4 Vo_4

I_bat5 Vo_5
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In various embodiments of the present disclosure, the reference value may be a value calculated by dividing the voltage
at the output end 341 of the DC/DC converter 330 in the CC mode of the battery 350 by the current at the output end
341 of the DC/DC converter 330 in the CC mode of the battery 350. Particularly, the reference value may be a value
used for detecting an impedance change. Meanwhile, when the battery 350 switches from the CC mode to the CV mode
or an abrupt change occurs during fast charging, the impedance at the output end 341 of the DC/DC converter 330 may
have a value different from the reference value. If the wireless power receiver determines that the impedance at the
output end 341 of the DC/DC converter 330 has a value different from the reference value, the wireless power receiver
may adjust the voltage at the output end 341 of the DC/DC converter 330. For example, if the impedance at the output
end 341 of the DC/DC converter 330 is larger than the reference value, the wireless power receiver may decrease the
voltage at the output end 341 of the DC/DC converter 330. For example, if the impedance at the output end 341 of the
DC/DC converter 330 is smaller than the reference value, the wireless power receiver may increase the voltage at the
output end 341 of the DC/DC converter 330. As a consequence, the impedance at the output end 341 of the DC/DC
converter 330 may be kept constant, thus maintaining relatively high wireless charging efficiency without a matching
circuit.
[0083] FIG. 8b is a flowchart illustrating a method for controlling a wireless power receiver according to various em-
bodiments of the present disclosure.
[0084] Referring to FIG. 8b, the wireless power receiver may measure current and voltage at the output end 341 of
the DC/DC converter 330 in operation 810. In operation 820, the wireless power receiver may measure impedance at
the output end 341 of the DC/DC converter 330. The wireless power receiver may measure the impedance by dividing
the value of the voltage at the output end 341 of the DC/DC converter 330 by the value of the current at the output end
341 of the DC/DC converter 330.
[0085] In operation 831, the wireless power receiver may determine whether a time-series variation of the measured
impedance exceeds a second threshold. The second threshold may be a value set to determine an abrupt change in
the impedance. Thus, a relatively slight change of the impedance may be neglected. If the time-series variation of the
impedance at the output end 341 of the DC/DC converter 330 exceeds the second threshold, that is, upon detection of
an abrupt change in the impedance at the output end 341 of the DC/DC converter 330, the wireless power receiver may
adjust the voltage at the output end 341 of the DC/DC converter 330 in operation 840. For example, if the measured
impedance is larger than previous measured impedance, the wireless power receiver may decrease the voltage at the
output end 341 of the DC/DC converter 330. For example, if the measured impedance is smaller than the previous
measured impedance, the wireless power receiver may increase the voltage at the output end 341 of the DC/DC converter
330. As a consequence, the impedance at the output end 341 of the DC/DC converter 330 may be kept constant, thus
maintaining relatively high wireless charging efficiency without a matching circuit.
[0086] FIG. 9 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments
of the present disclosure.
[0087] Referring to FIG. 9, the wireless power receiver may measure current and voltage at the output end 341 of the
DC/DC converter 330 in operation 910. In operation 920, the wireless power receiver may measure impedance at the
output end 341 of the DC/DC converter 330. The wireless power receiver may measure the impedance by dividing the
value of the voltage at the output end 341 of the DC/DC converter 330 by the value of the current at the output end 341
of the DC/DC converter 330. In operation 930, the wireless power receiver may determine whether the difference between
the measured impedance and a reference value exceeds a first threshold. If the difference between the measured
impedance and the reference value exceeds the first threshold, the wireless power receiver may adjust the voltage at
the output end 341 of the DC/DC converter 330 in operation 940.
[0088] After adjusting the voltage at the output end 341 of the DC/DC converter 330, the wireless power receiver may
determine whether the difference between the measured impedance and the reference value is equal to or smaller than
the first threshold in operation 950. If the difference between the measured impedance and the reference value still
exceeds the first threshold, the wireless power receiver may re-adjust the voltage at the output end 341 of the DC/DC
converter 330. The wireless power receiver may re-adjust the voltage at the output end 341 of the DC/DC converter 330
until the difference between the measured impedance and the reference value is equal to or smaller than the first threshold.
[0089] FIG. 10 is a flowchart illustrating a method for controlling a wireless power receiver according to various em-
bodiments of the present disclosure.
[0090] Referring to FIG. 10, the wireless power receiver may measure current at the input end 342 of the battery 350
in operation 1010, and determine whether the current at the input end 342 of the battery 350 has been decreased in
operation 1020. As described before, the current at the input end 342 of the battery 350 may be decreased after the
battery 350 switches from the CC mode to the CV mode. Impedance at the output end 341 of the DC/DC converter 330
may also be changed from a time of mode switching, that is, from a time when the current at the input end 342 of the
battery 350 decreases. Thus, the wireless power receiver may determine whether the impedance at the output end 341
of the DC/DC converter 330 has been changed according to the determination made as to whether the current at the
input end 342 of the battery 350 has been decreased. The wireless power receiver may measure the current at the input



EP 3 347 966 B1

11

5

10

15

20

25

30

35

40

45

50

55

end 342 of the battery 350 with the passage of time, and determine whether the current at the input end 342 of the
battery 350 has been changed by comparing the measured current with a previous measurement of the current at the
input end 342 of the battery 350. Or the wireless power receiver may determine whether the current at the input end
342 of the battery 350 has been decreased by checking whether the current at the input end 342 of the battery 350 does
not have a predetermined value.
[0091] If the wireless power receiver determines that the current at the input end 342 of the battery 350 has been
decreased, the wireless power receiver may decrease the voltage at the output end 341 of the DC/DC converter 330 in
operation 1030. As described before, when the current at the input end 342 of the battery 350 decreases, the current
at the output end 341 of the DC/DC converter 330 also decreases. Therefore, the impedance at the output end 341 of
the DC/DC converter 330 may be changed. According to various embodiments of the present disclosure, the wireless
power receiver may keep the impedance at the output end 341 of the DC/DC converter 330 constant by decreasing the
voltage at the output end 341 of the DC/DC converter 330.
[0092] FIG. 11 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments
of the present disclosure.
[0093] Referring to FIG. 11, the wireless power receiver may measure current at the input end 342 of the battery 350
in operation 1110, and determine whether the current at the input end 342 of the battery 350 has been decreased in
operation 1120. The wireless power receiver may measure the current at the input end 342 of the battery 350 with the
passage of time, and determine whether the current at the input end 342 of the battery 350 has been decreased by
comparing the measured current with a previous measurement of the current at the input end 342 of the battery 350.
[0094] In operation 1130, the wireless power receiver may calculate a decrease rate of the current at the input end
342 of the battery 350. The wireless power receiver may measure the current at the input end 342 of the battery 350
with the passage of time, and calculate the decrease rate of the current at the input end 342 of the battery 350 by dividing
a decrement of the current at the input end 342 of the battery 350 by the amount of time.
[0095] In operation 1140, the wireless power receiver may adjust voltage at the output end 341 of the DC/DC converter
330 based on the decrease rate of the current at the input end 342 of the battery 350. The wireless power receiver may
decrease the voltage at the output end 341 of the DC/DC converter 330 so that impedance at the output end 341 of the
DC/DC converter 330 may have a predetermined value. For example, if the wireless power receiver determines that the
decrease rate of the current at the input end 342 of the battery 350 is s, the wireless power receiver may also decrease
the voltage at the output end 341 of the DC/DC converter 330 at the rate of s. For example, it is assumed that impedance
Zo_1 at the output end 341 of the DC/DC converter 330 is Vo_1/Io_1 where Vo_1 is voltage at the output end 341 of
the DC/DC converter 330 and Io_1 is current at the output end 341 of the DC/DC converter 330. As described before,
the current at the input end 342 of the battery 350 may decrease from I_bat_1 to s3I_bat_1 where s is a current decrease
rate, determined by I_bat_2/I_bat_1 and I_bat_2 is the measured current at the input end 342 of the battery 350,
determined by s3I_bat_1. In this case, the current at the output end 341 of the DC/DC converter 330 may decrease
from Io_1 to s3Io_1. The wireless power receiver may keep the impedance Zo_1 of the DC/DC converter 330 at
Vo_1/Io_1 by decreasing the voltage at the output end 341 of the DC/DC converter 330 to s3Vo_1.
[0096] According to various embodiments of the present disclosure, the wireless power receiver may determine whether
voltage at the input end 342 of the battery 350 has reached a predetermined value, as an event indicating a change in
the impedance at the output end 341 of the DC/DC converter 330.
[0097] FIG. 12 is a flowchart illustrating an operation of a wireless power receiver according to various embodiments
of the present disclosure. With reference to FIGS. 13a to 13d, the embodiment of FIG. 12 will be described in great
detail. FIGS. 13a to 13d are graphs illustrating electrical characteristics of various points in the wireless power receiver
according to various embodiments of the present disclosure.
[0098] Referring to FIG. 12, in operation 1210, the wireless power receiver may start fast charging. The wireless power
receiver may measure at least one of current and voltage at the input end 342 of the battery 350 in operation 1220.
[0099] FIGS. 13a to 13d are graphs illustrating current, voltage, power, and impedance at the input end 342 of the
battery 350.
[0100] Referring to FIG. 13a, the current at the input end 342 of the battery 350 may be kept at 6.325a in a first period,
changed to 4.2A in a second period, kept at 2.975a in a third period, and then decreased in a fourth period, during fast
charging.
[0101] Referring to FIG. 13b, the voltage at the input end 342 of the battery 350 may be increased at different rates
in the first to fourth periods, during the fast charging. Meanwhile, the voltage may be decreased at a transition time
between the first and second periods, at a transition time between the second and third periods, and at a transition time
between the third and fourth periods. A voltage decrement may be larger than a previous increment.
[0102] Referring to FIG. 13c, the power at the input end 342 of the battery 350 may be increased in the first period
and then decreased in the second, third, and fourth periods, during the fast charging.
[0103] Referring to FIG. 13d, the impedance at the input end 342 of the battery 350 may be increased at different
rates in the first to fourth periods during the fast charging. Meanwhile, the impedance may be decreased at the transition
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time between the first and second periods, at the transition time between the second and third periods, and at the
transition time between the third and fourth periods. An impedance decrement may be larger than a previous increment.
[0104] In operation 1230, the wireless power receiver may determine whether an abrupt change has occurred to at
least one of the current and voltage at the input end 342 of the battery 350. For example, at least one of the current and
voltage at the input end 342 of the battery 350 may be abruptly changed at a transition time between two periods, as
illustrated in FIG. 13a or 13b. The wireless power receiver may monitor at least one of the current and voltage at the
input end 342 of the battery 350 with the passage of time. If a variation of the at least one of the current and voltage
exceeds a predetermined threshold, the wireless power receiver may determine that an abrupt change has occurred to
the at least one of the current and voltage. Or the wireless power receiver may detect an abrupt change in the impedance
at the input end 342 of the battery 350, as an event indicating a change in the impedance at the output end 341 of the
DC/DC converter 330.
[0105] If the wireless power receiver determines that an abrupt change has occurred to at least one of the current and
voltage at the input end 342 of the batter 350, the wireless power receiver may adjust voltage at the output end 341 of
the DC/DC converter 330 in operation 1240. In various embodiments of the present disclosure, the wireless power
receiver may pre-store information about a relationship between an abrupt change in at least one of current and voltage
at the input end 342 of the battery 350 and at least one of current and voltage at the output end 341 of the DC/DC
converter 330. The wireless power receiver may adjust the voltage at the output end 341 of the DC/ DC converter 330,
referring to the pre-stored relationship information. In another embodiment, the wireless power receiver may calculate
voltage at the output end 341 of the DC/DC converter 330 which results in a predetermined value of impedance at the
output end 341 of the DC/DC converter 330. The wireless power receiver may adjust the voltage at the output end 341
of the DC/DC converter 330 based on the calculation result. In another embodiment, after adjusting the voltage at the
output end 341 of the DC/DC converter 330, the wireless power receiver may calculate wireless charging efficiency. In
this case, the wireless power receiver may repeatedly adjust the voltage at the output end 341 of the DC/DC converter
330 so as to increase the wireless charging efficiency. The wireless power receiver may directly calculate a wireless
charging efficiency or receive a calculated wireless charging efficiency from a wireless power transmitter. In the case
where the wireless power receiver directly calculates a wireless charging efficiency, the wireless power receiver may
receive information about power transmitted by the wireless power transmitter by inband or outband communication.
Then, the wireless power receiver may calculate the wireless charging efficiency based on the received information.
[0106] As described above, the impedance at the output end 341 of the DC/DC converter 330 may have a predetermined
value in the wireless power receiver, thereby maintaining relatively high wireless charging efficiency.
[0107] FIG. 14 is a flowchart illustrating a method for controlling a wireless power receiver according to various em-
bodiments of the present disclosure.
[0108] Referring to FIG. 14, the wireless power receiver may measure at least one of input current and voltage of the
battery in operation 1410, and adjust output voltage of the DC/DC converter based on the at least one of the input current
and voltage of the battery in operation 1420. As described before, upon detection of a decrease in the input current of
the battery, the wireless power receiver may decrease the output voltage of the DC/DC converter. Or upon detecting
that the input voltage of the battery is kept at a predetermined value, the wireless power receiver may decrease the
output voltage of the DC/DC converter. Or when at least one of the input current and voltage of the battery is abruptly
changed, the wireless power receiver may adjust the output voltage of the DC/DC converter.
[0109] FIG. 15 is a flowchart illustrating a method for controlling a wireless power receiver according to various em-
bodiments of the present disclosure.
[0110] Referring to FIG. 15, the wireless power receiver may measure at least one of input current and voltage at the
output end of the DC/DC converter in operation 1510, and adjust output voltage of the DC/DC converter based on the
at least one of the input current and voltage at the output end of the DC/DC converter in operation 1520. As described
before, upon detection of a decrease in the input current at the output end of the DC/DC converter, the wireless power
receiver may decrease the output voltage of the DC/DC converter. Or the wireless power receiver may calculate imped-
ance at the output end of the DC/DC converter. If the difference between the calculated impedance and a reference
impedance is equal to or larger than a threshold, the wireless power receiver may decrease the output voltage of the
DC/DC converter. Or when at least one of current and impedance at the output end of the DC/DC converter is abruptly
changed, the wireless power receiver may adjust the output voltage of the DC/DC converter.
[0111] FIG. 16 is a flowchart illustrating a method for controlling a wireless power receiver according to various em-
bodiments of the present disclosure.
[0112] Referring to FIG. 16, the wireless power receiver may measure at least one of input current and voltage at the
output end of the rectifier in operation 1610, and adjust output voltage of the DC/DC converter based on the at least one
of the input current and voltage at the output end of the rectifier in operation 1620. As described before, upon detection
of a decrease in the input current at the output end of the rectifier, the wireless power receiver may decrease the output
voltage of the DC/DC converter. Or the wireless power receiver may calculate impedance at the output end of the rectifier.
If the difference between the calculated impedance and a reference impedance is equal to or larger than a threshold,
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the wireless power receiver may decrease the output voltage of the DC/DC converter. Or when at least one of the input
current and voltage at the output end of the rectifier is abruptly changed, the wireless power receiver may adjust the
output voltage of the DC/DC converter.
[0113] As described above with reference to FIGS. 14 to 16, the wireless power receiver may control maintenance of
a predetermined impedance value by adjusting voltage at the output end of the DC/DC converter using electrical char-
acteristics of various points in the circuit.
[0114] In various embodiments of the present disclosure, a method for controlling a wireless power receiver may
include receiving electromagnetic waves from a wireless power transmitter and outputting AC power, rectifying the AC
power into DC power, converting the rectified DC power, charging a battery of the wireless power receiver with the
converted DC power, and upon detection of an event indicating a change in impedance at an output end of a DC/DC
converter, controlling the impedance at the output end of the DC/DC converter to be kept constant by adjusting voltage
at the output end of the DC/DC converter.
[0115] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, upon detection of a decrease in current at an input end of the battery
as the event, controlling the voltage at the output end of the DC/DC converter to be decreased.
[0116] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, upon detection of switching of a charging mode of the battery from
a CC mode to a CV mode as the event, controlling the voltage at the output end of the DC/DC converter to be decreased.
[0117] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, upon detection of an abrupt change in current at an input end of the
battery, adjusting the voltage at the output end of the DC/DC converter.
[0118] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, if current at an input end of the battery increases abruptly, increasing
the voltage at the output end of the DC/DC converter, and if the current at the input end of the battery decreases abruptly,
decreasing the voltage at the output end of the DC/DC converter.
[0119] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include measuring current and voltage at an input end of the battery, measuring
impedance at the input end of the battery using the measured current and voltage, and upon detection of an abrupt
change in the impedance at the input end of the battery as the event, adjusting the voltage at the output end of the
DC/DC converter.
[0120] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, upon detection of voltage having a predetermined value at an input
end of the battery as the event, controlling the voltage at the output end of the DC/DC converter to be decreased.
[0121] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, upon detection of a decrease in current at the output end of the
DC/DC converter as the event, controlling the voltage at the output end of the DC/DC converter to be decreased.
[0122] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include measuring current and voltage at the output end of the DC/DC
converter, measuring the impedance at the output end of the DC/DC converter using the measured current and voltage,
and if detecting as the event that a difference between a reference value and the impedance at the output end of the
DC/DC converter exceeds a first threshold, adjusting the voltage at the output end of the DC/DC converter.
[0123] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include measuring current and voltage at the output end of the DC/DC
converter, measuring the impedance at the output end of the DC/DC converter using the measured current and voltage,
and upon detection of an abrupt change in the impedance at the output end of the DC/DC converter as the event,
adjusting the voltage at the output end of the DC/ DC converter.
[0124] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, after adjusting the voltage at the output end of the DC/DC converter,
acquiring a wireless charging efficiency and re-adjusting output voltage of the DC/DC converter based on the acquired
wireless charging efficiency.
[0125] In various embodiments of the present disclosure, the controlling of the impedance at the output end of the
DC/DC converter to be kept constant may include, after adjusting the voltage at the output end of the DC/DC converter,
monitoring whether the event has been released and re-adjusting the voltage at the output end of the DC/DC converter
based on the monitoring.
[0126] Each of the above-described components of the electronic device may include one or more parts and the name
of the component may vary with the type of the electronic device. According to various embodiments, the electronic
device may be configured to include at least one of the afore-described components. Some component may be omitted
from or added to the electronic device. According to various embodiments, one entity may be configured by combining
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a part of the components of the electronic device, to thereby perform the same functions of the components prior to the
combining.
[0127] The term "module" as used herein may include its ordinary meaning including, for example, a unit of one, or a
combination of two or more. The term "module" may be used interchangeably with terms such as, for example, unit,
logic, logical block, component, or circuit. A "module" may be the smallest unit of an integrated part, or a portion thereof.
A "module" may be the smallest unit for performing one or more functions, or a portion thereof. A "module" may be
implemented mechanically, or electronically. For example, a "module" may include at least one of a known, or to-be-
developed, application-specific integrated circuit (ASIC) chip, field-programmable gate array (FPGA) or programmable
logic device that perform certain operations.
[0128] At least a part of devices (for example, modules or their functions) or methods (for example, operations) ac-
cording to various embodiments of the present disclosure may be implemented as commands stored in a non-transitory
computer-readable storage medium, in the form of a programming module. When the commands are executed by a
processor (for example, the processor 120), one or more processors may execute functions corresponding to the com-
mands. The non-transitory computer-readable storage medium may be, for example, the memory 130.
[0129] The non-transitory computer-readable recording medium may include hard disk, floppy disk, magnetic media
(for example, magnetic tape), optical media (for example, compact disc read-only memory (CD-ROM)), digital versatile
disc (DVD), magnetooptical media (for example, floptical disk), hardware devices (for example, ROM, random access
memory (RAM) or flash memory)), and the like. Program instructions may include machine language code that are
produced by a compiler or high-level language code that may be executed by a computer using an interpreter. The
functionalities of hardware discussed above may be implemented as one or more software modules, and vice versa in
order to perform an operation according to various embodiments.
[0130] The embodiments disclosed in the present specification are provided for description and understanding of the
present disclosure, not limiting the scope of the present disclosure. Accordingly, the scope of the present disclosure
should be interpreted as embracing all modifications or various embodiments within the scope of the present disclosure
therein.
[0131] According to various embodiments of the present disclosure, in a storage medium storing commands, the
commands are configured to make at least one processor perform at least one operation, when the commands are
executed by the at least one processor. The at least one operation may include receiving electromagnetic waves from
a wireless power transmitter and outputting AC power, rectifying the AC power into DC power, converting the rectified
DC power, charging a battery of the wireless power receiver with the converted DC power, and upon detection of an
event indicating a change in impedance at an output end of a DC/DC converter, controlling the impedance at the output
end of the DC/DC converter to be kept constant by adjusting voltage at the output end of the DC/DC converter.
[0132] As is apparent from the foregoing description of various embodiments of the present disclosure, a wireless
power receiver for maintaining impedance at a predetermined value adaptively without a matching circuit for impedance
matching, and a method for controlling the wireless power receiver can be provided. Because the wireless power receiver
does not include a matching circuit, the weight and volume of the wireless power receiver may be reduced. Furthermore,
an installation area can be secured due to the absence of a matching circuit.
[0133] While the present disclosure has been shown and described with reference to various embodiments thereof,
it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the scope of the present disclosure as defined by the appended claims.

Claims

1. A wireless power receiver (250) comprising:

a resonant circuit (310) configured to receive electromagnetic waves from a wireless power transmitter (200)
and output alternate current, AC, power;
a rectifier (320) configured to rectify the AC power received from the resonant circuit (310) into direct current,
DC, power;
a DC/DC converter (330) configured to convert the rectified DC power received from the rectifier (320) and
output the converted DC power;
a battery (350);
a charger (340) configured to charge the battery (350) with the converted DC power; and
a controller (360);
characterized in that:
the controller (360) is configured to, upon detection of an event indicating a decrease in current at an input end
of the battery (350), control impedance at the output end of the DC/DC converter (330) to be kept constant by
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decreasing voltage at the output end of the DC/DC converter (330), wherein the event comprises switching of
a charging mode of the battery (350) from a constant current mode to a constant voltage mode.

2. The wireless power receiver (250) of claim 1, wherein, upon detection of an abrupt change in current at the input
end of the battery (350), the controller (360) is further configured to adjust the voltage at the output end of the DC/DC
converter (330).

3. The wireless power receiver (250) of claim 2, wherein, if current at the input end of the battery (350) increases
abruptly, the controller (360) is further configured to increase the voltage at the output end of the DC/DC converter
(330), and
wherein, if the current at the input end of the battery (350) decreases abruptly, the controller (360) is further configured
to decrease the voltage at the output end of the DC/DC converter (330).

4. The wireless power receiver (250) of claim 1, wherein the controller (360) is further configured to:

measure current and voltage at the input end of the battery (350);
measure impedance at the input end of the battery (350) using the measured current and voltage; and
upon detection of an abrupt change in the impedance at the input end of the battery (3500 as the event, adjust
the voltage at the output end of the DC/DC converter (330).

5. The wireless power receiver (250) of claim 1, wherein, upon detection of a voltage having a predetermined value
at the input end of the battery (350) as the event, the controller (360) is further configured to control the voltage at
the output end of the DC/DC converter (330) to be decreased.

6. The wireless power receiver (250) of claim 1, wherein, upon detection of a decrease in current at the output end of
the DC/DC converter (330) as the event, the controller (360) is further configured to control the voltage at the output
end of the DC/DC converter (330) to be decreased.

7. The wireless power receiver (250) of claim 1, wherein the controller (360) is further configured to:

measure current and voltage at the output end of the DC/DC converter (330),
measure the impedance at the output end of the DC/DC converter (330) using the measured current and voltage,
and
if detecting as the event that a difference between a reference value and the impedance at the output end of
the DC/DC converter (330) exceeds a first threshold, adjust the voltage at the output end of the DC/DC converter
(330).

8. The wireless power receiver (250) of claim 1, wherein the controller (360) is further configured to:

measure current and voltage at the output end of the DC/DC converter (330),
measure the impedance at the output end of the DC/DC converter (330) using the measured current and voltage,
and
upon detection of an abrupt change in the impedance at the output end of the DC/DC converter (330) as the
event, adjust the voltage at the output end of the DC/DC converter (330).

9. The wireless power receiver (250) of claim 1, wherein, after adjusting the voltage at the output end of the DC/DC
converter (330), the controller (360) is further configured to:

acquire a wireless charging efficiency, and
re-adjust output voltage of the DC/DC converter (330) based on the acquired wireless charging efficiency.

10. The wireless power receiver (250) of claim 1, wherein, after adjusting the voltage at the output end of the DC/DC
converter (330), the controller (360) is further configured to:

monitor whether the event has been released, and
re-adjust the voltage at the output end voltage of the DC/DC converter (330) based on the monitoring.

11. A method for controlling a wireless power receiver (250), the method comprising:
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receiving electromagnetic waves from a wireless power transmitter (200) and outputting alternate current, AC,
power;
rectifying the AC power into direct current, DC, power;
converting the rectified DC power; and
charging, via a charger (340), a battery (350) of the wireless power receiver (250) with the converted DC power;
characterized by further comprising:
upon detection (610) of an event indicating a decrease in current at an input end of the battery (350), controlling
impedance at the output end of the DC/DC converter (330) to be kept constant by decreasing (640) voltage at
the output end of the DC/DC converter (330), wherein the event comprises switching of a charging mode of the
battery (350) from a constant current mode to a constant voltage mode.

Patentansprüche

1. Drahtloser Leistungsempfänger (250), umfassend:

einen Resonanzkreis (310), der konfiguriert ist, um elektromagnetische Wellen von einem drahtlosen Leistungs-
sender (200) zu empfangen und Wechselstrom-(AC-)Leistung auszugeben;
einen Gleichrichter (320), der konfiguriert ist, um die AC-Leistung, die von dem Resonanzkreis (310) empfangen
wird, in Gleichstrom-(DC-)Leistung umzuwandeln;
einen DC/DC-Wandler (330), der konfiguriert ist, um die gleichgerichtete DC-Leistung, die von dem Gleichrichter
(320) empfangen wird, umzuwandeln und die umgewandelte DC-Leistung auszugeben;
eine Batterie (350);
ein Ladegerät (340), das konfiguriert ist, um die Batterie (350) mit der umgewandelten DC-Leistung zu laden; und
eine Steuerung (360);
dadurch gekennzeichnet, dass:
die Steuerung (360) konfiguriert ist, um bei Erfassung eines Ereignisses, das eine Stromabnahme an einem
Eingangsende der Batterie (350) angibt, Impedanz an dem Ausgangsende des DC/DC-Wandlers (330) zu
steuern, sodass sie konstant gehalten wird, indem Spannung an dem Ausgangsende des DC/DC-Wandlers
(330) reduziert wird, wobei das Ereignis das Umschalten eines Lademodus der Batterie (350) von einem Kon-
stantstrommodus in einen Konstantspannungsmodus umfasst.

2. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei bei Erfassung einer abrupten Stromänderung an
dem Eingangsende der Batterie (350) die Steuerung (360) ferner konfiguriert ist, um die Spannung an dem Aus-
gangsende des DC/DC-Wandlers (330) einzustellen.

3. Drahtloser Leistungsempfänger (250) nach Anspruch 2, wobei, wenn Strom an dem Eingangsende der Batterie
(350) abrupt zunimmt, die Steuerung (360) ferner konfiguriert ist, um die Spannung an dem Ausgangsende des
DC/DC-Wandlers (330) zu erhöhen, und
wobei, wenn der Strom an dem Eingangsende der Batterie (350) abrupt abnimmt, die Steuerung (360) ferner
konfiguriert ist, um die Spannung an dem Ausgangsende des DC/DC-Wandlers (330) zu reduzieren.

4. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei die Steuerung (360) ferner für Folgendes konfiguriert
ist:

Messen von Strom und Spannung an dem Eingangsende der Batterie (350);
Messen von Impedanz an dem Eingangsende der Batterie (350) unter Verwendung des gemessenen Stroms
und der gemessenen Spannung: und
bei Erfassung einer abrupten Änderung der Impedanz an dem Eingangsende der Batterie (3500 als Ereignis,
Einstellen der Spannung an dem Ausgangsende des DC/DC-Wandlers (330).

5. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei bei Erfassung einer Spannung mit einem vorbe-
stimmten Wert an dem Eingangsende der Batterie (350) als Ereignis die Steuerung (360) ferner konfiguriert ist, um
die Spannung an dem Ausgangsende des DC/DC-Wandlers (330) zu steuern, sodass sie reduziert wird.

6. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei bei Erfassung einer Stromabnahme an dem Aus-
gangsende des DC/DC-Wandlers (330) als Ereignis die Steuerung (360) ferner konfiguriert ist, um die Spannung
an dem Ausgangsende des DC/DC-Wandlers (330) zu steuern, sodass sie reduziert wird.
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7. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei die Steuerung (360) ferner für Folgendes konfiguriert
ist:

Messen von Strom und Spannung an dem Ausgangsende des DC/DC-Wandlers (330),
Messen der Impedanz an dem Ausgangsende des DC/DC-Wandlers (330) unter Verwendung des gemessenen
Stroms und der gemessenen Spannung, und
wenn als Ereignis erfasst wird, dass eine Differenz zwischen einem Referenzwert und der Impedanz an dem
Ausgangsende des DC/DC-Wandlers (330) einen ersten Schwellenwert überschreitet, Einstellen der Spannung
an dem Ausgangsende des DC/DC-Wandlers (330).

8. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei die Steuerung (360) ferner für Folgendes konfiguriert
ist:

Messen von Strom und Spannung an dem Ausgangsende des DC/DC-Wandlers (330),
Messen der Impedanz an dem Ausgangsende des DC/DC-Wandlers (330) unter Verwendung des gemessenen
Stroms und der gemessenen Spannung, und
bei Erfassung einer abrupten Änderung der Impedanz an dem Ausgangsende des DC/DC-Wandlers (330) als
Ereignis, Einstellen der Spannung an dem Ausgangsende des DC/DC-Wandlers (330).

9. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei nach dem Einstellen der Spannung an dem Aus-
gangsende des DC/DC-Wandlers (330) die Steuerung (360) ferner für Folgendes konfiguriert ist:

Erwerben einer drahtlosen Ladeeffizienz, und
erneutes Einstellen der Ausgangsspannung des DC/DC-Wandlers (330) basierend auf der erworbenen draht-
losen Ladeeffizienz.

10. Drahtloser Leistungsempfänger (250) nach Anspruch 1, wobei nach dem Einstellen der Spannung an dem Aus-
gangsende des DC/DC-Wandlers (330) die Steuerung (360) ferner für Folgendes konfiguriert ist:

Überwachen, ob das Ereignis freigegeben worden ist, und
erneutes Einstellen der Spannung an der Ausgangsendspannung des DC/DC-Wandlers (330) basierend auf
dem Überwachen.

11. Verfahren zum Steuern eines drahtlosen Leistungsempfängers (250), wobei das Verfahren Folgendes umfasst:

Empfangen von elektromagnetischen Wellen von einem drahtlosen Leistungssender (200) und Ausgeben von
Wechselstrom-(AC-)Leistung;
Gleichrichten der AC-Leistung in Gleichstrom-(DC-)Leistung;
Umwandeln der gleichgerichteten DC-Leistung; und
Laden, über ein Ladegerät (340), einer Batterie (350) des drahtlosen Leistungsempfängers (250) mit der um-
gewandelten DC-Leistung;
dadurch gekennzeichnet, dass es ferner Folgendes umfasst:
bei Erfassung (610) eines Ereignisses, das eine Stromabnahme an einem Eingangsende der Batterie (350)
angibt, Steuern von Impedanz an dem Ausgangsende des DC/DC-Wandlers (330), sodass sie konstant gehalten
wird, indem Spannung an dem Ausgangsende des DC/DC-Wandlers (330) reduziert (640) wird, wobei das
Ereignis das Umschalten eines Lademodus der Batterie (350) von einem Konstantstrommodus in einen Kon-
stantspannungsmodus umfasst.

Revendications

1. Récepteur de puissance sans fil (250) comprenant :

un circuit résonant (310) conçu pour recevoir des ondes électromagnétiques en provenance d’un émetteur de
puissance sans fil (200) et pour délivrer en sortie une puissance à courant alternatif (CA) ;
un redresseur (320) conçu pour redresser la puissance CA reçu en provenance du circuit résonnant (310) en
puissance de courant continu (CC) ;
un convertisseur CC-CC (330) conçu pour convertir la puissance CC redressée reçue en provenance du re-



EP 3 347 966 B1

18

5

10

15

20

25

30

35

40

45

50

55

dresseur (320) et délivrer en sortie la puissance CC convertie ; une batterie (350) ;
un chargeur (340) conçu pour charger la batterie (350) avec la puissance CC convertie ; et
un dispositif de commande (360) ; caractérisé en ce que :
le dispositif de commande (360) est conçu pour, lors de la détection d’un événement indiquant une diminution
de courant au niveau d’une extrémité d’entrée de la batterie (350), commander l’impédance au niveau de
l’extrémité de sortie du convertisseur CC-CC (330) pour être maintenue constante par diminution de la tension
au niveau l’extrémité de sortie du convertisseur CC-CC (330), ledit événement comprenant la commutation
d’un mode de charge de la batterie (350) d’un mode à courant constant à un mode à tension constante.

2. Récepteur de puissance sans fil (250) selon la revendication 1, lors de la détection d’un changement brusque de
courant au niveau de l’extrémité d’entrée de la batterie (350), ledit dispositif de commande (360) étant en outre
configuré pour régler la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330).

3. Récepteur d’alimentation sans fil (250) selon la revendication 2, si le courant au niveau de l’extrémité d’entrée de
la batterie (350) augmente brusquement, ledit dispositif de commande (360) étant en outre conçu pour augmenter
la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330), et si le courant au niveau de l’extrémité
d’entrée de la batterie (350) diminue brusquement, ledit dispositif de commande (360) étant en outre conçu pour
diminuer la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330).

4. Récepteur de puissance sans fil (250) selon la revendication 1, ledit dispositif de commande (360) étant en outre
conçu pour :

mesurer le courant et la tension au niveau de l’extrémité d’entrée de la batterie (350) ; mesurer l’impédance au
niveau de l’extrémité d’entrée de la batterie (350) à l’aide du courant et de la tension mesurés ; et
lors de la détection d’un changement brusque de l’impédance au niveau de l’extrémité d’entrée de la batterie
(3500 en tant qu’événement, régler la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330).

5. Récepteur de puissance sans fil (250) selon la revendication 1, lors de la détection d’une tension possédant une
valeur prédéfinie au niveau de l’extrémité d’entrée de la batterie (350) en tant qu’événement, ledit dispositif de
commande (360) étant en outre configuré pour commander la tension au niveau du l’extrémité de sortie du conver-
tisseur CC-CC (330) à diminuer.

6. Récepteur de puissance sans fil (250) selon la revendication 1, lors de la détection d’une diminution de courant au
niveau de l’extrémité de sortie du convertisseur CC-CC (330) en tant qu’événement, ledit dispositif de commande
(360) étant en outre conçu pour commander la tension au niveau de l’extrémité de sortie du convertisseur CC-CC
(330) à diminuer.

7. Récepteur de puissance sans fil (250) selon la revendication 1, ledit dispositif de commande (360) étant en outre
conçu pour :
mesurer le courant et la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330), mesurer l’impé-
dance au niveau de l’extrémité de sortie du convertisseur CC-CC (330) à l’aide du courant et de la tension mesurés,
et si une différence entre une valeur de référence et l’impédance au niveau de l’extrémité de sortie du convertisseur
CC-CC (330) supérieure à un premier seuil est détecté en tant qu’événement, régler la tension au niveau de
l’extrémité de sortie du convertisseur CC-CC (330).

8. Récepteur de puissance sans fil (250) selon la revendication 1, ledit dispositif de commande (360) étant en outre
conçu pour :
mesurer le courant et la tension au niveau de l’extrémité de sortie du convertisseur CC-CC (330), mesurer l’impé-
dance au niveau de l’extrémité de sortie du convertisseur CC-CC (330) à l’aide du courant et de la tension mesurés,
et lors de la détection d’un changement brusque dans le l’impédance au niveau de l’extrémité de sortie du conver-
tisseur CC-CC (330) en tant qu’événement, régler la tension au niveau de l’extrémité de sortie du convertisseur
CC-CC (330).

9. Récepteur de puissance sans fil (250) selon la revendication 1, après avoir réglé la tension au niveau de l’extrémité
de sortie du convertisseur CC-CC (330), ledit dispositif de commande (360) étant en outre conçu pour :
acquérir une efficacité de charge sans fil et régler de nouveau la tension de sortie du convertisseur CC-CC (330)
sur la base de l’efficacité de charge sans fil acquise.
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10. Récepteur de puissance sans fil (250) selon la revendication 1, après avoir réglé la tension au niveau de l’extrémité
de sortie du convertisseur CC-CC (330), ledit dispositif de commande (360) étant en outre conçu pour :
surveiller si l’événement a été émis et régler de nouveau la tension au niveau de l’extrémité de sortie du convertisseur
CC-CC (330) sur la base de la surveillance.

11. Procédé permettant de commander un récepteur de puissance sans fil (250), le procédé comprenant : la réception
d’ondes électromagnétiques en provenance d’un émetteur de puissance sans fil (200) et la fourniture en sortie d’une
puissance à courant alternatif (CA) ;
le redressement de la puissance CA en une puissance de courant continu (CC); la conversion de la puissance CC
redressée ; et
le chargement, par l’intermédiaire d’un chargeur (340), d’une batterie (350) du récepteur de puissance sans fil (250)
avec la puissance CC convertie ;
caractérisé en ce qu’il comprend en outre :
lors de la détection (610) d’un événement indiquant une diminution du courant au niveau d’une extrémité d’entrée
de la batterie (350), la commander de l’impédance au niveau de l’extrémité de sortie du convertisseur CC-CC (330)
pour qu’elle soit maintenue constante en diminuant la tension (640) au niveau de l’extrémité de sortie du convertisseur
CC-CC (330), ledit événement comprenant la commutation d’un mode de charge de la batterie (350) d’un mode à
courant constant à un mode à tension constante.
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