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(57) Abstract: A wireless power receiver to wirelessly receive power from a wireless power transmitter comprises a reception coil to
receive the power wirelessly transmitted from the wireless power transmitter through a magnetic field, a frequency detecting unit to
detect a frequency band of the power transmitted from the wireless power transmitter and an inductance varying unit to change an in-
o ductance of the reception coil according to the detected frequency band.
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Description
Title of Invention: WIRLESS POWER RECEIVER AND

METHOD OF CONTROLLING THE SAME
Technical Field

The disclosure relates to a wireless power transmission technology. More par-
ticularly, the disclosure relates to a wireless power receiver capable of wirelessly

receiving power and a method of controlling the same.

Background Art

A wireless power transmission or a wireless energy transfer refers to a technology of

wirelessly transferring electric energy to desired devices. In the 1800 s, an electric

motor or a transformer employing the principle of electromagnetic induction has been

extensively used and then a method for transmitting electrical energy by irradiating
electromagnetic waves, such as radio waves or lasers, has been suggested. Actually,
electrical toothbrushes or electrical razors, which are frequently used in daily life, are
charged based on the principle of electromagnetic induction. The electromagnetic

induction refers to a phenomenon in which voltage is induced so that current flows

when a magnetic field is varied around a conductor. Although the commercialization

of the electromagnetic induction technology has been rapidly progressed around small-

size devices, the power transmission distance thereof is short.

Until now, wireless energy transmission schemes include a remote telecommu-

nication technology based on magnetic resonance and a short wave radio frequency in

addition to the electromagnetic induction.
Recently, among wireless power transmitting technologies, an energy transmitting
scheme employing electromagnetic induction and resonance has been widely used.

In a wireless power transmission system employing the electromagnetic induction

and resonance, since an electrical signal formed between a transmitter and a receiver is

wirelessly transmitted through a coil, a user can easily charge power in an electronic
appliance such as a portable appliance.
However, in the conventional power transmission process, since various frequency

bands are used in the transmitter, the receiver may not be sufficiently charged with

power when the frequency used in the transmitter differs from that used in the receiver.

In addition, the receiver must use a plurality of coils in order to cover various
frequency bands used in the transmitter.

The related art is disclosed in Korean Unexamined Patent Publication No.
10-2006-0058735 tiled "Variable inductor for integrated circuit and printed circuit

board".
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Disclosure of Invention

Technical Problem

The disclosure provides a wireless power receiver capable of improving power
transmission efficiency by varying a used frequency band depending on various
frequency bands used in a wireless power transmitter, and a method of controlling the
same.

Solution to Problem

A wireless power receiver to wirelessly receive power from a wireless power
transmitter comprises a reception coil to receive the power wirelessly transmitted from
the wireless power transmitter through a magnetic field, a frequency detecting unit to
detect a frequency band of the power transmitted from the wireless power transmitter
and an inductance varying unit to change an inductance of the reception coil according
to the detected frequency band.

A wireless power receiver to wirelessly receive power from a wireless power
transmitter comprises a reception coil to receive power having a first frequency band
from the wireless power transmitter, a frequency detecting unit to detect if a frequency
band of the power transmitted from the wireless power transmitter is the first
frequency band and an inductance varying unit to change an inductance of the

reception coil if the detected frequency band is out of the first frequency band.

Advantageous Effects of Invention

As described above, according to the embodiment, power can be efficiently
transmitted by varying a used frequency band of the wireless power receiver depending
on various frequency bands used in a wireless power transmitter, and a method of con-
trolling the same.

Meanwhile, any other various effects will be directly and implicitly described below
in the description of the embodiment.
Brief Description of Drawings

FIG. 1 is a circuit diagram showing the structure of a wireless power transmission
system according to one embodiment.

FIG. 2 is a circuit diagram showing the structure of a wireless power transmission
system according to another embodiment.

FIG. 3 is an equivalent circuit diagram of a first transmission coil according to one
embodiment.

FIG. 4 is an equivalent circuit diagram of a power supply device and a wireless
power transmitter according to one embodiment.

FIG. 5 is an equivalent circuit diagram showing a wireless power receiver according
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to one embodiment.
FIG. 6 is a block diagram showing a wireless power transmission system according

to still another embodiment.

FIG. 7 is a block diagram showing the structure of a wireless power receiver
according to another embodiment.

FIG. 8 is a block diagram to explain the operation of an inductance varying unit
when the wireless power receiver according to another embodiment receives the power
having a first frequency band.

FIG. 9 is a block diagram to explain the operation of the inductance varying unit
when the wireless power receiver according to another embodiment receives the power
having a second frequency band.

FIG. 10 is a view to explain the operation of the inductance varying unit when the
wireless power receiver according to the embodiment receives the power having the
first frequency band and the reception coil has the spiral structure.

FIG. 11 is a view to explain the operation of the inductance varying unit when the
wireless power receiver according to the embodiment receives the power having the
second frequency band and the reception coil has the spiral structure

FIG. 12 is a view to explain the operation of the inductance varying unit when the
wireless power receiver according to the embodiment receives the power having the
first frequency band and the reception coil has the helical structure.

FIG. 13 is a view to explain the operation of the inductance varying unit when the
wireless power receiver according to the embodiment receives the power having the
second frequency band and the reception coil has the helical structure.

FIG. 14 is a view showing the structure of a wireless power receiver according to still
another embodiment in which an MEMS switch is used as the inductance varying unit.

FIG. 15 is a flowchart showing the method of controlling the wireless power receiver
according to one embodiment.

FIG. 16 is a flowchart to explain a method of controlling the wireless power receiver

according to another embodiment.

Best Mode for Carrying out the Invention

Hereinafter, embodiments will be described in detail with reference to accompanying
drawings so that those skilled in the art can easily work with the embodiments.

FIG. 1 is a circuit diagram showing the structure of a wireless power transmission
system 10 according to one embodiment.

Referring to FIG. 1, the wireless power transmission system 10 may include a power

supply device 100, a wireless power transmitter 200, a wireless power receiver 300,
and a load 400.
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According to one embodiment, the power supply device 100 may be included in the
wireless power transmitter 200.

The wireless power transmitter 200 may include a first transmission coil 210.

The wireless power receiver 300 may include a reception coil 310 and a rectifying
unit 330.

Both terminals of the power supply device 100 are connected with both terminals of
the first transmission coil 210.

Both terminals of the reception coil 310 are connected with both terminals of the
rectifying unit 330, and the load 400 is connected with both terminals of the rectifying
unit 330. According to one embodiment, the load 400 may be included in the wireless
power receiver 300.

The power generated from the power supply device 100 is transmitted to the wireless
power transmitter 200, and the power received in the wireless power transmitter 200 is
transmitted to the wireless power receiver 300 through electromagnetic induction.

Hereinafter, the power transmission procedure between the wireless power
transmitter 200 and the wireless power receiver 300 will be described in more detail.

The power supply device 100 generates AC power having a predetermined frequency
to be transmitted to the wireless power transmitter 200.

The first transmission coil 210 and the reception coil 310 are inductively coupled
with each other. In other words, if AC current flows through the first transmission coil
210 by power supplied from the power supply device 100, the AC current is induced
into the reception coil 310 physically spaced apart from the first transmission coil 210
through the electromagnetic induction, so that AC power can be transmitted to the
reception coil 310.

According to one embodiment, the frequency band of power transmitted from the
first transmission coil 210 to the reception coil 310 may be in the range of 110 KHz to
205 KHz, but the embodiment is not limited thereto.

Thereafter, the power received in the reception coil 310 is rectified through the
rectifying unit 330 and transmitted to the load 400.

According to one embodiment, the first transmission coil 210 and the reception coil
310 may have one of a spiral structure and a helical structure.

A quality factor and a coupling coefficient are important in the wireless power
transmission. In other words, the power transmission efficiency can be more improved
as the quality factor and the coupling coefficient represent greater values.

The quality factor may refer to an index of energy that may be stored in the vicinity
of the wireless power transmitter 200 or the wireless power receiver 300.

The quality factor may be varied depending on the operating frequency w as well as a

shape, a dimension and a material of a coil. The quality factor may be expressed as
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following equation, Q= w *L/R. In the above equation, L refers to the inductance of a
coil and R refers to resistance corresponding to the quantity of power loss caused in the
coil.

The quality factor may have a value of O to infinity. As the quality factor is
increased, the power transmission efficiency between the wireless power transmitter
200 and the wireless power receiver 300.

The coupling coefficient represents the degree of magnetic coupling between a
transmission coil and a reception coil, and has a value of O to 1.

The coupling coefficient may vary according to the relative position and the relative
distance between the transmission coil and the reception coil.

FIG. 2 is a circuit diagram showing the structure of a wireless power transmission
system 20 according to another embodiment.

Referring to FIG. 2, the wireless power transmission system 20 according to another
embodiment may include the power supply device 100, the wireless power transmitter
200, the wireless power receiver 300, and the load 400.

According to one embodiment, the power supply device 100 may be included in the
wireless power transmitter 200.

The wireless power transmitter 200 may include the first transmission coil 210 and a
second transmission coil 220.

Both terminals of the first transmission coil 210 may be connected with both
terminals of the power supply device 100.

The second transmission coil 220 may be spaced apart from the first transmission
coil 210 by a predetermined distance.

The wireless power receiver 300 may include the reception coil 310 and the
rectifying unit 330.

Both terminals of the reception coil 310 are connected with both terminals of the
rectifying unit 330, and the load 400 is connected with both terminals of the rectifying
unit 330. According to one embodiment, the load 400 may be included in the wireless
power receiver 300.

The power generated from the power supply device 100 may be transmitted to the
wireless power transmitter 200, and the power received in the wireless power
transmitter 200 may be transmitted to the wireless power receiver 300 through electro-
magnetic induction or resonance.

Hereinafter, the power transmission procedure between the wireless power
transmitter 200 and the wireless power receiver 300 will be described in more detail.

The power supply device 100 generates AC power having a predetermined frequency
to be transmitted to the wireless power transmitter 200. The AC power received in the

first transmission coil 210 may be transmitted to the second transmission coil 220
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through electromagnetic induction. In other words, the first transmission coil 210 and
the second transmission coil 220 are inductively coupled with each other. In other
words, if AC current flows through the first transmission coil 210 by power supplied
from the power supply device 100, the AC current is induced into the second
transmission coil 220 physically spaced apart from the first transmission coil 210
through the electromagnetic induction, so that AC power can be transmitted to the
second transmission coil 220.

The second transmission coil 220 may transmit the AC power, which is received
therein from the first transmission coil 210, to the reception coil 310 of the wireless
power receiver 300 through resonance or electromagnetic induction.

When the second transmission coil 220 transmits power to the reception coil 310
through resonance, the second transmission coil 220 and the reception coil 310 are
resonance-coupled with each other so that the second transmission coil 220 and the
reception coil 310 operate at a resonance frequency band. Due to the resonance-
coupling between the second transmission coil 220 and the reception coil 310, the
power transmission efficiency between the wireless power transmitter 200 and the
wireless power receiver 300 can be greatly improved.

The frequency band of transmitted power in the case that the second transmission
coil 220 transmits power to the reception coil 310 through resonance may be different
from the frequency band of transmitted power in the case that the second transmission
coil 220 transmits power to the reception coil 310 through electromagnetic induction.

According to one embodiment, when the second transmission coil 220 transmits the
power to the reception coil 310 through resonance, the frequency band of the
transmitted power may be 6.78 MHz, but the embodiment is not limited thereto.

According to one embodiment, when the second transmission coil 220 transmits the
power to the reception coil 310 through electromagnetic induction, the frequency band
of the transmitted power may be in the range of 110 MHz to 205 MHz, but the em-
bodiment is not limited thereto.

As described above, when the second transmission coil 220 transmits the power to
the reception coil 310 through resonance or electromagnetic induction, as different
frequency bands are used for power transmission, a frequency band matching work is
required so that the frequency band used in the wireless power receiver 300 is matched
with the frequency band used in the second transmission coil 220. The details thereof
will be made below by making reference to the following description of FIGS. 5 to 16.

FIG. 3 is an equivalent circuit diagram of the first transmission coil 210 according to
one embodiment.

As shown in FIG. 3, the first transmission coil 210 may include an inductor L1 and a

capacitor C1, and a circuit having a proper inductance and a proper capacitance is
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configured by the inductor L1 and the capacitor CI.

The first transmission coil 210 may be configured in the form of an equivalent circuit
in which both terminals of the inductor L1 are connected with both terminals of the
capacitor C1. In other words, the first transmission coil 210 may be configured in the
form of an equivalent coil in which the inductor L1 is connected with the capacitor C1
in parallel.

The capacitor C1 may include a variable capacitor, and impedance matching may be
performed as the capacitance of the capacitor C1 is adjusted. Equivalent circuits of the
second transmission coil 220 and the reception coil 310 may have the same form as
that shown in FIG. 3.

FIG. 4 is an equivalent circuit diagram of the power supply device 100 and the
wireless power transmitter 200 according to one embodiment.

As shown in FIG. 4, the first transmission coil 210 and the second transmission coil
220 may include inductors L.1 and L2 having predetermined inductances and ca-
pacitors C1 and C2 having predetermined capacitances.

FIG. 5 is an equivalent circuit diagram showing the wireless power receiver 300
according to one embodiment.

As shown in FIG. 5, the reception coil 310 may include an inductor L3 having a pre-
determined inductance and a capacitor C3 having a predetermined capacitance.

The rectifying unit 330 rectifies AC power received therein from the reception coil
310 into DC power and may transmit the rectified DC power to the load 400.

In detail, the rectifying unit 330 may include a rectifier and a smoothing circuit.
According to one embodiment, the rectifier may include a silicon rectifier, and may be
equivalent to a diode D1.

The rectifier may convert the AC power received therein from a reception induction
coil 320 into DC power.

The smoothing circuit may output smooth DC power by removing an AC component
from the DC power converted by the rectifier. According to one embodiment, the
smoothing circuit may include a rectification capacitor C5 as shown in FIG. 4, but the
embodiment is not limited thereto.

The load 400 may be a predetermined rechargeable battery or device requiring the
DC power. For example, the load 400 may refer to a battery.

The wireless power receiver 300 may be embedded in an electronic appliance such as
a cellular phone, a mouse, and a laptop computer. Accordingly, the reception coil 310
may have the shape suitable for the shape of an electronic appliance.

The wireless power transmitter 200 may interchange information with the wireless
power receiver 300 through in-band communication or out-of-band communication.

The in-band communication refers to the communication for interchanging in-
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formation between the wireless power transmitter 200 and the wireless power receiver
300 through a signal having the frequency used in the wireless power transmission.
The wireless power receiver 300 may further include a switch and may receive or may
not receive power transmitted from the wireless power transmitter 200 through a
switching operation of the switch. Accordingly, the wireless power transmitter 200 can
recognize an on-signal or an off-signal of the wireless power receiver 300 by detecting
the quantity of power consumed in the wireless power transmitter 200.

In detail, the wireless power receiver 300 may change the power consumed in the
wireless power transmitter 200 by adjusting the quantity of power absorbed in a
resistor by using the resistor and the switch. The wireless power transmitter 200 may
acquire the state information of the wireless power receiver 300 by detecting the
variation of the power consumption. The switch may be connected with the resistor in
series. According to one embodiment, the state information of the wireless power
receiver 300 may include information about the present charge quantity and the change
of the charge quantity in the wireless power receiver 300.

In more detail, if the switch is open, the power absorbed in the resistor becomes zero,
and the power consumed in the wireless power transmitter 200 is reduced.

If the switch is short-circuited, the power absorbed in the resistor becomes greater
than zero, and the power consumed in the wireless power transmitter 200 is increased.
If the wireless power receiver repeats the above operation, the wireless power
transmitter 200 detects power consumed therein to make digital communication with
the wireless power receiver 300.

The wireless power transmitter 200 receives the state information of the wireless
power receiver 300 through the above operation so that the wireless power transmitter
200 can transmit appropriate power.

To the contrary, a resistor and a switch are provided at the side of the wireless power
transmitter 200 so that the state information of the wireless power transmitter 200 can
be transmitted to the wireless power receiver 300. According to one embodiment, the
state information of the wireless power transmitter 200 may include information about
the maximum quantity of power to be supplied from the wireless power transmitter
200, the number of wireless power receivers 300 receiving the power from the wireless
power transmitter 200 and the quantity of available power of the wireless power
transmitter 200.

Hereinafter, the out-of-band communication will be described.

The out-of-band communication refers to the communication performed through a
specific frequency band other than the resonance frequency band in order to exchange
information necessary for the power transmission. The wireless power transmitter 200

and the wireless power receiver 300 can be equipped with out-of-band communication
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modules to exchange information necessary for the power transmission. The out-
of-band communication module may be installed in the power supply device.
According to one embodiment, the out-of-band communication module may use a
short-range communication technology, such as Bluetooth, Zigbee, WLAN or NFC,
but the embodiment is not limited thereto.

Hereinafter, a scheme of matching frequencies by varying an inductance of a
reception coil according to frequency bands used in wireless power transmission will
be described with reference to FIGS. 6 to 14.

FIG. 6 is a block diagram showing a wireless power transmission system according
to still another embodiment.

Referring to FIG. 6, the wireless power transmission system 10 according to still
another embodiment may include the power supply device 100, the wireless power
transmitter 200, the wireless power receiver 300, and the load 400.

The power supply device 100, the wireless power transmitter 200, and the load 400
are the same as those described with reference to FIGS. 2 to 5, and the details thereof
will be omitted.

The wireless power receiver 300 may include the reception coil 310, a frequency
detecting unit 350, an inductance varying unit 360, a frequency matching unit 370, and
the rectifying unit 330.

The reception coil 310 may wirelessly receive power from the wireless power
transmitter 200.

When the reception coil 310 wirelessly receives power from the wireless power
transmitter 200, the reception coil 310 is magnetically coupled with the second
transmission coil 220 provided in the wireless power transmitter 200 so that the
reception coil 310 may wirelessly receive power from the second transmission coil 220
through a magnetic field.

When the wireless power transmitter 200 wirelessly transmits power to the reception
coil 310, the power transmitted from the wireless power transmitter 200 to the
reception coil 310 may have various frequency bands. For example, according to one
embodiment, the power transmitted from the wireless power transmitter 200 to the
reception coil 310 may have three frequency bands.

A first frequency band may be in the range of 110 KHz to 205 KHz, and may include
a frequency band used in the WPC (Wireless Power Consortium) which is a technical
standard to wirelessly transmit power through electromagnetic induction. In this case,
an outer diameter of the reception coil 310 may be 40 mm, but the embodiment is not
limited thereto.

A second frequency band may be 6.78 MHz, and may include a frequency band used

in the A4WP (Alliance for Wireless Power) which is a technical standard to wirelessly
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transmit power through resonance. In this case, an outer diameter of the reception coil
310 may be 20 mm, but the embodiment is not limited thereto.

A third frequency band may be in the range of 206 KHz to 300 KHz, and may
include a frequency band used in the PMA (Power Matters Alliance) which is a
technical standard to wirelessly transmit power through electromagnetic induction. In
this case, an outer diameter of the reception coil 310 may be 35 mm, but the em-
bodiment is not limited thereto.

However, the numerical value of the frequency band is provided, but the embodiment
is not limited thereto.

The reception coil 310 may have one of a spiral structure and a helical structure, but
the embodiment is not limited thereto. In other words, the reception coil 310 may have
various shapes.

According to one embodiment, when the wireless power receiver 300 is mounted on
a mobile terminal such as a cellular phone, the reception coil 310 may have a spiral
structure.

If the reception coil 310 is realized as an equivalent circuit, the reception coil 310
may be expressed in the structure including an inductor having a proper inductance.

The frequency detecting unit 350 may detect a frequency band of power received by
the reception coil 310. According to one embodiment, the frequency detecting unit 350
may detect the frequency band of the power received by the reception coil through the
in-band communication or the out-of-band communication.

According to one embodiment, when the wireless power receiver 300 receives power
having a first frequency band from the wireless power transmitter 200, the wireless
power receiver 300 may make communication with the wireless power transmitter 200
through the in-band communication. In this case, the frequency detecting unit 350 may
send a ping signal to the wireless power transmitter 200 and may detect a frequency
band based on a response signal to the ping signal. In this case, the first frequency band
may be in the range of 110 KHz to 205 KHz, and may be a frequency band used in a
WPC (Wireless Power Consortium) which is a technical standard to wirelessly
transmit power through electromagnetic induction.

The ping signal may be a signal to determine if the wireless power receiver 300
normally receives the power having the first frequency band from the wireless power
transmitter 200.

If the frequency detecting unit 350 does not receive the response signal to the ping
signal, the frequency detecting unit 350 determines that the wireless power transmitter
100 transmits power having the second frequency band. Accordingly, the frequency
detecting unit 350 may determine if the frequency band is the first frequency band or

the second frequency band. In this case, the second frequency band may be 6.78 MHz,
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and may be a frequency band used in the A4WP (Alliance for Wireless Power) which
is a technical standard to wirelessly transmit power through resonance.

According to one embodiment, when the frequency detecting unit 350 does not
receive the response signal to the ping signal, the frequency detecting unit 350 may
stop the in-band communication with the wireless power transmitter 200, and may
detect the frequency of power transmitted from the wireless power transmitter 200
through the out-of-band communication.

When the frequency detecting unit 350 detects the frequency band having power
received by the reception coil 310 through the out-of-band communication, the
frequency detecting unit 350 may include one among short range communication
modules for Bluetooth, Zigbee, WLAN, and NFC.

Since the in-band-communication and the out-of-band communication have been
described with reference to FIG. 5, the details thereof will be omitted.

The inductance varying unit 360 may change the inductance of the reception coil 310
according to the frequency band detected by the frequency detecting unit 350. In detail,
as the frequency band of the power received by the reception coil 310 represents a
lower value, the inductance varying unit 360 increases the inductance of the reception
coil 310. As the frequency band of the power received by the reception coil 310
represents a higher value, the inductance varying unit 360 may decrease the inductance
of the reception coil 310. The details thereof will be described below.

After the inductance varying unit 360 changes the inductance of the reception coil
310 according to the detected frequency band, the frequency matching unit 370 may
match the specific frequency by using the changed inductance. In this case, the specific
frequency may refer to a frequency band detected by the frequency detecting unit 350.

In other words, the frequency matching unit 370 enables more exact matching to the
frequency of the power transmitted from the wireless power transmitter 200.

After matching the frequency band used by the wireless power receiver 300 to the
frequency band of the power transmitted from the wireless power transmitter 200, the
frequency matching unit 370 may output the AC power in the matching state to the
rectifying unit 300.

The rectifying unit 330 may receive the AC power in the matching state from the
frequency matching unit 370 and rectify the AC power in the matching state into DC
power.

The rectifying unit 330 may transmit the rectified DC power to the load 400 and
charge the load 400 with the DC power.

FIG. 7 is a block diagram showing the structure of a wireless power receiver
according to another embodiment, and FIG. 8 is a block diagram to explain the

operation of the inductance varying unit when the wireless power receiver according to
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another embodiment receives the power having the first frequency band. FIG. 9 is a
block diagram to explain the operation of the inductance varying unit when the
wireless power receiver according to another embodiment receives the power having
the second frequency band.

Referring to FIG. 7, the wireless power receiver 300 according to another em-
bodiment may include the reception coil 310, the frequency detecting unit 350, the in-
ductance varying unit 360, the frequency matching unit 370 and the rectifying unit
330.

The inductance varying unit 360 may include at least one switch, and each switch
may connect one terminal of the reception coil 310 with one terminal of the frequency
matching unit 370, and connect an opposite terminal of the reception coil 310 with an
opposite terminal of the frequency matching unit 330. Although FIG. 7 shows that the
inductance varying unit 360 includes two switches, the embodiment is not limited
thereto.

According to one embodiment, the switch included in the inductance varying unit
360 may include a MEMS (Micro Electro Mechanical System) switch. A MEMS
technology refers to a technology of manufacturing ultra-precision machinery having
the size of micron (um) or millimeters (mm) based on a semiconductor process
technology. Since the MEMS switch included in the inductance varying unit 360 has a
significantly small size, the MEMS switch is applicable to the wireless power receiver
300 that must be down-scaled.

Hereinafter, the inductance varying unit 360 will be described on the assumption that
the inductance varying unit 360 includes two switches of a first switch 361 and a
second switch 363.

The inductance varying unit 360 may change the inductance according to the
frequency band of the power received by the reception coil 310 which is detected by
the frequency detecting unit 350. In other words, the inductance varying unit 360 may
change the inductance of the reception coil 310 by actuating the first and second
switches 361 and 363 according to the detected frequency band.

The inductance of the reception coil 310 is changed according to the frequency band
of the power received by the reception coil 310 so that the power having various
frequency bands is stably transmitted through the frequency matching. This can be
confirmed through the relationship equation between the frequency used in the
transmission of an electromagnetic wave and the inductance. In other words, the rela-
tionship equation between the frequency f and the inductance L of the reception coil
310 may be expressed as Equation 1.

[equation 1]

f=1/2mVLC
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As the frequency f is increased, the inductance L. must be relatively decreased. As the
frequency f is decreased, the inductance L must be relatively increased. In more detail,
as the frequency f is increased, the wavelength h is shorted (f=c/h), lower inductance is
required. As the frequency f is decreased, the wavelength h is lengthened, so that
greater inductance is required.

After the inductance varying unit 360 changes the inductance of the reception coil
310 according to the detected frequency band, the frequency matching unit 370 may
match the specific frequency by using the changed inductance. In this case, the specific
frequency may refer to a frequency band detected by the frequency detecting unit 350.

In other words, the frequency matching unit 370 enables more exact matching to the
frequency of the power transmitted from the wireless power transmitter 200.

According to one embodiment, the frequency matching unit 370 may include at least
one capacitor connected with the reception coil 310. The capacitor may include a fixed
capacitor or a variable capacitor. When the variable capacitor is used as the frequency
matching unit 370, a control unit (not shown) of the wireless power receiver 300 may
adjust the capacitance of the capacitor according to the inductance changed by the in-
ductance varying unit 360 so that the matching is achieved at each frequency band. In
other words, the capacitance of the capacitor must be adjusted according to the
changed inductance of the reception coil 310 so that the matching is achieved at the
transmitted frequency band.

As the capacitance of the capacitor is adjusted, the frequency matching unit 370 may
match the frequency band of the power transmitted from the wireless power transmitter
200 to the frequency band of the wireless power receiver 300.

The wireless power receiver 300 according to the embodiment may change the in-
ductance of the reception coil 310 through the operation of the inductance varying unit
360 according to the case that the power having the first frequency band is received
and the case that the power having the second frequency band is received. Therefore,
the wireless power receiver 300 may cover both of the case that the wireless power
transmitter 200 transmits the power having the first frequency band and the case that
the wireless power transmitter 200 transmits the power having the second frequency
band. Accordingly, the convenience of the user can be improved. The details thereof
will be described in more detail with reference to FIGS. 8 and 9.

FIG. 8 is a block diagram to explain the procedure of changing the inductance of the
reception coil 310 when the wireless power receiver 300 wirelessly receives the power
having the first frequency band from the wireless power transmitter 200. FIG. 9 is a
block diagram to explain the procedure of changing the inductance of the reception
coil 310 when the wireless power receiver 300 wirelessly receives the power having

the second frequency band from the wireless power transmitter 200.
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Referring to FIG. 8, if the frequency band detected by the frequency detecting unit
350 is the first frequency band of 110 KHz to 205 KHz, the inductance varying unit
360 connects the first switch 361 with a first terminal A of the reception coil 310, and
connects the second switch 363 with a third terminal C of the reception coil 310. In
other words, since the first frequency band is lower than the second frequency band of
6.78 MHz, the inductance varying unit 360 may control the operation of the first
switch 361 and the second switch 363 as shown in FIG. 8 so that the length of the
reception coil 310 is increased in order to increase the inductance of the reception coil
310. In this case, the inductance of the reception coil 310 may be expressed as a
reference sign L3. According to one embodiment, the inductance L3 may have the
range of 10 uH to 15 uH.

In addition, as the inductance of the reception coil 310 is changed to L3, the ca-
pacitance of the capacitor C6 of the frequency matching unit 370 may be adjusted so
that the frequency band of the wireless power receiver 300 is matched to the first
frequency band. According to one embodiment, the capacitance of the capacitor C6
may be 1.8 nF, but the embodiment is not limited thereto. In addition, an additional
capacitor, which is connectable with the reception coil 310 in series, may be provided
at one terminal of the capacitor C6 for the purpose of frequency matching. The ca-
pacitance of the additional capacitor may be 183 nF, but the embodiment is not limited
thereto.

Accordingly, the frequency band of the wireless power receiver 300 may be matched
to the first frequency band of the power transmitted from the wireless power
transmitter 200.

Referring to FIG. 9, when the frequency band detected by the frequency detecting
unit 350 is the second frequency band of 6.78 MHz, the inductance varying unit 360
connects the first switch 361 with the second terminal B of the reception coil 310, and
connects the second switch 363 with the third terminal C of the reception coil 310. In
other words, since the second frequency band is higher than the first frequency band,
the inductance varying unit 360 may control the operation of the first switch 361 and
the second switch 363 as shown in FIG. 9 so that the length of the reception coil 310 is
shortened in order to decrease the inductance of the reception coil 310. . In this case,
the inductance of the reception coil 310 may be expressed as a reference sign L4.
According to one embodiment, the inductance L4 may have the range of 1.5 uH to 2
uH.

In addition, as the inductance of the reception coil 310 is changed to L4, the ca-
pacitance of the capacitor C7 of the frequency matching unit 370 may be adjusted so
that the frequency band of the wireless power receiver 300 is matched to the second

frequency band. According to one embodiment, the capacitance of the capacitor C7
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may be 470 pF, but the embodiment is not limited thereto. In addition, an additional
capacitor, which is connectable with the reception coil 310 in series, may be provided
at one terminal of the capacitor C7 for the purpose of frequency matching. The ca-
pacitance of the additional capacitor may be 360 pF, but the embodiment is not limited
thereto.

Accordingly, the frequency band of the wireless power receiver 300 may be matched
to the second frequency band of the power transmitted from the wireless power
transmitter 200.

According to one embodiment, when the frequency band detected by the frequency
detecting unit 350 is the third frequency band of 205 KHz to 300 KHz, the frequency
detecting unit 360 may connect the first switch 361 with the first terminal A of the
reception coil 310, and connect the second switch 363 with the second terminal B of
the reception coil 310. In other words, since the third frequency band is higher than the
first frequency band and lower than the second frequency band, the inductance varying
unit 360 may control the operations of the first switch 361 and the second switch 363
so that the inductance of the reception coil 310 has an intermediate value between L3
and L4. In this case, the inductance L4 may be in the range of 4 uH to 5 uH.

In addition, as the inductance of the reception coil 310 is changed to the intermediate
value between L3 and L4, the capacitance of the capacitor of the frequency matching
unit 370 may be adjusted so that the frequency band of the wireless power receiver 300
is matched to the third frequency band. According to one embodiment, the capacitance
of the capacitor may be 5nF, but the embodiment is not limited thereto. In addition, an
additional capacitor, which is connectable with the reception coil 310 in series, may be
provided at one terminal of the capacitor for the purpose of frequency matching. The
capacitance of the additional capacitor may be 120 nF, but the embodiment is not
limited thereto. As shown in FIGS. 7 to 9, the wireless power receiver 300 according to
the embodiment may change the inductance of the reception coil 310 according to the
frequency band of the power transmitted from the wireless power transmitter 200.

Accordingly, although the wireless power transmitter 200 uses various frequency
bands in power transmission, the wireless power receiver 300 may cover the various
frequency bands. Therefore, when a user charges a terminal equipped with the wireless
power receiver 300, the user can conveniently charge the terminal regardless of the
frequency band used in the wireless power transmitter 200.

The terminal may include one of a mobile phone, an MP3, and a smart appliance, but
the embodiment is not limited thereto. The terminal is applicable to all electronic ap-
pliances that can be wirelessly charged.

Hereinafter, applications of the embodiment according to the shapes of the reception
coil will be described with reference to FIGS. 10 to 13.
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First, description will be made with reference to FIGS. 10 and 11 regarding an
example that the inductance of the reception coil 310 is changed when the reception
coil 310 has a spiral structure.

FIG. 10 is a view to explain the operation of the inductance varying unit when the
wireless power receiver according to the embodiment receives the power having the
first frequency band and the reception coil has the spiral structure. FIG. 11 is a view to
explain the operation of the inductance varying unit when the wireless power receiver
according to the embodiment receives the power having the second frequency band
and the reception coil has the spiral structure.

Referring to FIGS. 10 and 11, the wireless power receiver 300 may include the
reception coil 310, the frequency detecting unit 350, the inductance varying unit 360,
the frequency matching unit 370, and the rectifying unit 330 similarly to the structure
of the wireless power receiver 300 described with reference to FIG. 6.

Referring to FIG. 10, the reception coil 310 has a spiral structure in which one
conductive line has a spiral shape on a flat surface.

In the reception coil 310 having the spiral structure, a thickness T1 is 100 um, a line
width W1 is 600 um, and a spacing S1 is 100 um, but the above numeric values are
provided, but the embodiment is not limited thereto.

In FIG. 10, when the frequency band detected by the frequency detecting unit 350 is
the first frequency band of 110 KHz to 205 KHz, the inductance varying unit 360
connects the first switch 361 with the first terminal A of the reception coil 310, and
connects the second switch 363 with the third terminal C of the reception coil 310. In
other words, since the first frequency band is lower than the second frequency band,
the inductance varying unit 360 may control the operations of the first and second
switches 361 and 363 as shown in FIG. 10 so that the length of the reception coil 310
is lengthened in order to increase the inductance of the reception coil 310. In this case,
the changed inductance of the reception coil 310 may be expressed as L3, and the first
and second switches 361 and 363 may include MEMS switches, and may be operated
by external power.

Further, as the inductance of the reception coil 310 is changed to L3, the capacitance
of the capacitor of the frequency matching unit 370 may be adjusted so that the
frequency band of the wireless power receiver 300 is matched to the first frequency
band.

Therefore, the frequency band of the wireless power receiver 300 may be matched to
the first frequency band of the power transmitted from the wireless power transmitter
200.

In FIG. 11, when the frequency band detected by the frequency detecting unit 350 is

the second frequency band of 6.78 MHz, the inductance varying unit 360 connects the
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first switch 361 with the second terminal B of the reception coil 310, and connects the
second switch 363 with the third terminal C of the reception coil 310. In other words,
since the second frequency band is higher than a frequency band of power transmitted
through electromagnetic induction, the inductance varying unit 360 may control the
operations of the first and second switches 361 and 363 as shown in FIG. 11 so that the
length of the reception coil 310 is shortened in order to decrease the inductance of the
reception coil 310. In this case, the changed inductance of the reception coil 310 may
be expressed as L4, and L4 is smaller than L3.

In other words, as shown in FIG. 11, as the length of the reception coil 310 is
provided from the second terminal B to the third terminal C due to the switching
operation of the inductance varying unit 360, the length of the reception coil 310 is
shortened. In addition, the length of the reception coil 310 is shortened by the length
from the first terminal A to the second terminal B of the reception coil 310, so that the
inductance of the reception coil 310 may be reduced.

Further, as the inductance of the reception coil 310 is changed to L4, the capacitance
of the capacitor of the frequency matching unit 370 may be adjusted so that the
frequency band of the wireless power receiver 300 is matched to the second frequency
band.

Therefore, the frequency band of the wireless power receiver 300 may be matched to
the second frequency band of the power transmitted from the wireless power
transmitter 200.

According to one embodiment, although the first terminal A of the reception coil
310, which is switched off, may be provided in an open state, the first terminal A of the
reception coil 310 may be grounded through a third switch 365 as shown in FIG. 11. In
this case, the inductance varying unit 360 may further include the third switch 356. The
first terminal A of the reception coil 310 is grounded so that the loop of the reception
coil 310 formed from the second terminal B to the third terminal C is electrically
isolated from the loop of the reception coil 310 formed from the first terminal A to the
second terminal B to prevent the frequency interference.

In other words, the first terminal A of the reception coil 310 is grounded thereby
preventing the frequency interference that may occur in the procedure that the loop of
the reception coil 310 formed from the second terminal B to the third terminal C
receives power from the wireless power transmitter 200.

According to one embodiment, when the frequency band detected by the frequency
detecting unit 350 is the third frequency band of 205 KHz to 300 KHz, the inductance
varying unit 360 may connect the first switch 361 to the first terminal A of the
reception coil 310, and connect the second switch 363 to the second terminal B of the

reception coil 310. In other words, since the third frequency band is higher than the
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first frequency band and lower than the third frequency band, the inductance varying
unit 360 may control the operations of the first and second switches 361 and 363 so
that the inductance of the reception coil 310 has the value between L3 and L4. In
addition, as the inductance of the reception coil 310 is changed to the value between
L3 and L4, the capacitance of the capacitor of the frequency matching unit 370 can be
adjusted so that the frequency band of the wireless power receiver 300 is matched to
the third frequency band.

Hereinafter, description will be made with reference to FIGS. 12 and 13 regarding an
example that the inductance of the reception coil 310 is changed when the reception
coil 310 has a helical structure.

Referring to FIGS. 12 and 13, the wireless power receiver 300 may include the
reception coil 310, the frequency detecting unit 350, the inductance varying unit 360,
the frequency matching unit 370, and the rectifying unit 330 similarly to the structure
of the wireless power receiver 300 described with reference to FIG. 6.

The reception coil 310 has a helical structure in which one conductive line has a 3-D
spiral shape.

In the reception coil 310 having the helical structure, a thickness T2 is 100 um, a line
width W2 is 600 um, and a spacing S2 is 100 um, but the above numeric values are
provided, but the embodiment is not limited thereto.

In FIG. 12, when the frequency band detected by the frequency detecting unit 350 is
the first frequency band of 110 KHz to 205 KHz, the inductance varying unit 360
connects the first switch 361 with the first terminal A of the reception coil 310, and
connects the second switch 363 with the third terminal C of the reception coil 310. In
other words, since the first frequency band is lower than the second frequency band,
the inductance varying unit 360 may control the operations of the first and second
switches 361 and 363 as shown in FIG. 12 so that the length of the reception coil 310
is lengthened in order to increase the inductance of the reception coil 310. In this case,
the inductance of the reception coil 310 may be changed to L3.

In addition, as the inductance of the reception coil 310 is changed to L3, the ca-
pacitance of the capacitor of the frequency matching unit 370 can be adjusted so that
the frequency band of the wireless power receiver 300 is matched to the first frequency
band.

Accordingly, the frequency band of the wireless power receiver 300 may be matched
to the first frequency band of the power transmitted from the wireless power
transmitter 200.

In FIG. 13, when the frequency band detected by the frequency detecting unit 350 is
the second frequency band of 6.78 MHz, the inductance varying unit 360 connects the

first switch 361 with the second terminal B of the reception coil 310, and connects the
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second switch 363 with the third terminal C of the reception coil 310. In other words,
since the second frequency band is higher than the first frequency band, the inductance
varying unit 360 may control the operations of the first and second switches 361 and
363 as shown in FIG. 13 so that the length of the reception coil 310 is shortened in
order to decrease the inductance of the reception coil 310. In this case, the inductance
of the reception coil 310 may be changed to L4, and L4 is smaller than L3.

In addition, as the inductance of the reception coil 310 is changed to L4 the ca-
pacitance of the capacitor of the frequency matching unit 370 can be adjusted so that
the frequency band of the wireless power receiver 300 is matched to the second
frequency band.

Accordingly, the frequency band of the wireless power receiver 300 may be matched
to the second frequency band of the power transmitted from the wireless power
transmitter 200.

According to one embodiment, although the first terminal A of the reception coil
310, which is switched off, may be provided in an open state, the first terminal A of the
reception coil 310 may be grounded through the third switch 365 as shown in FIG. 13.
In this case, the inductance varying unit 360 may further include the third switch 356.
The first terminal A of the reception coil 310 is grounded so that the loop of the
reception coil 310 formed from the second terminal B to the third terminal C is elec-
trically isolated from the loop of the reception coil 310 formed from the first terminal
A to the second terminal B to prevent the frequency interference.

In other words, the first terminal A of the reception coil 310 is grounded thereby
preventing the frequency interference that may occur in the procedure that the loop of
the reception coil 310 formed from the second terminal B to the third terminal C
receives power from the wireless power transmitter 200.

According to one embodiment, when the frequency band detected by the frequency
detecting unit 350 is the third frequency band of 205 KHz to 300 KHz, the inductance
varying unit 360 may connect the first switch 361 to the first terminal A of the
reception coil 310, and connect the second switch 363 to the second terminal B of the
reception coil 310. In other words, since the third frequency band is higher than the
first frequency band and lower than the third frequency band, the inductance varying
unit 360 may control the operations of the first and second switches 361 and 363 so
that the inductance of the reception coil 310 has the value between L3 and L4. In
addition, as the inductance of the reception coil 310 is changed to the value between
L3 and L4, the capacitance of the capacitor of the frequency matching unit 370 can be
adjusted so that the frequency band of the wireless power receiver 300 is matched to
the third frequency band.

FIG. 14 is a view showing the structure of a wireless power receiver according to still
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another embodiment in which an MEMS switch is used as the inductance varying unit.

Referring to FIG. 14, the wireless power receiver 300 according to still another em-
bodiment may include the reception coil 310, the frequency detecting unit 350, the in-
ductance varying unit 360, the frequency matching unit 370, and the rectifying unit
330.

The inductance varying unit 360 may include at least one MEMS switch. Since the
MEMS switch represents the characteristics of low insertion loss and high isolation,
requires low cost, and has a significantly small size, the MEMS switch is applicable to
the wireless power receiver 300 that must be down-scaled.

Although FIG. 14 shows the case that the inductance varying unit 360 employs three
MEMS switches having an SPST (Single Pole Single Throw) type, the embodiment is
not limited thereto. The inductance varying unit 360 may use various types of MEMS
switches and the different number of the MEMS switches.

The inductance varying unit 360 may include three MEMS switches, that is, a first
MEMS switch 366, a second MEMS switch 367 and a third MEMS switch 368.

Each MEMS switch may include a power supply unit K, a gate terminal G, a source
terminal S, and a drain terminal D.

The power supply unit K may be connected with the gate terminal G, the source
terminal S may be connected with one terminal of the reception coil 310, and each
drain terminal D may be connected with the frequency matching unit 370.

The MEMS switch serves as a switch operating by the power supply unit K. The
MEMS switch may be turned on or turned off according to voltage applied between the
gate terminal G and the source terminal S of the MEMS switch. That is to say, in order
to turn on the MEMS switch, the voltage of 5V may be applied between the gate
terminal G and the source terminal S. In order to turn off the MEMS switch, the
voltage of OV is applied between the gate terminal G and the source terminal S. In this
case, voltages of 5V and OV are provided, but the embodiment is not limited thereto.

In detail, when the frequency band detected by the frequency detecting unit 350 is
the first frequency band in the range of 110 KHz to 205 KHz, the inductance varying
unit 360 may turn on the first MEMS switch 366 through the power supply unit K, turn
on the third MEMS switch 368, and turn off the second MEMS switch 367. In other
words, since the first frequency band is lower than the second frequency band of 6.78
MHz, the inductance varying unit 360 may control the operation of each MEMS switch
so that the length of the reception coil 310 is lengthened in order to increase the in-
ductance of the reception coil 310. In this case, the changed inductance of the reception
coil 310 may be expressed as L3.

In addition, as the inductance of the reception coil 310 is changed to L3, the ca-

pacitance of the capacitor of the frequency matching unit 370 may be adjusted so that
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the frequency band of the wireless power receiver 300 is matched to the first frequency
band.

If the frequency band detected by the frequency detecting unit 350 is the second
frequency band of 6.78 MHz, the inductance varying unit 360 may turn off the first
MEMS switch 366 through the power supply unit K, and may turn off the second and
third MEMS switches 367 and 368. In other words, since the second frequency band is
higher than the first frequency band of 6.78 MHz, the inductance varying unit 360 may
control the operation of each MEMS switch so that the length of the reception coil 310
is shortened in order to decrease the inductance of the reception coil 310. In this case,
the changed inductance of the reception coil 310 may be expressed as L4.

In addition, as the inductance of the reception coil 310 is changed to L4, the ca-
pacitance of the capacitor of the frequency matching unit 370 may be adjusted so that
the frequency band of the wireless power receiver 300 is matched to the second
frequency band.

If the frequency band detected by the frequency detecting unit 350 is the third
frequency band of 205 KHz to 300 MHz, the inductance varying unit 360 may turn on
the first and second MEMS switches 366 and 367 through the power supply unit K,
and may turn off the third MEMS switch 368. In other words, since the third frequency
band is higher than the first frequency band and lower than the second frequency band,
the inductance varying unit 360 may control the operation of each MEMS switch so
that the inductance of the reception coil 310 has the value between L3 and L4.

Further, as the inductance of the reception coil 310 is changed to have the value
between L3 and L4, the capacitance of the capacitor of the frequency matching unit
370 may be adjusted so that the frequency band of the wireless power receiver 300 is
matched to the third frequency band.

Hereinafter, a method of controlling the wireless power receiver according to one
embodiment will be described with reference to FIG. 15.

Hereinafter, the description of the method of controlling the wireless power receiver
according to one embodiment will be made by making reference to the description of
FIGS. 6 to 14.

FIG. 15 is a flowchart showing the method of controlling the wireless power receiver
according to one embodiment.

First, the reception coil 310 of the wireless power receiver 300 wirelessly receives
power from the wireless power transmitter 200 (step S101). According to one em-
bodiment, the frequency band of the power received by the wireless power receiver
300 may be classified into two frequency bands. The first frequency band may be in
the range of 110 KHz to 205 KHz, and the second frequency band may be 6.78 MHz.

The frequency detecting unit 350 of the wireless power receiver 300 detects the
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frequency band of the power transmitted from the wireless power transmitter 200 (step
S103). According to one embodiment, the frequency detecting unit 350 may detect the
frequency band of the power transmitted from the wireless power transmitter 200
through the in-band communication or the out-of-band communication.

The frequency detecting unit 350 of the wireless power receiver 300 determines if the
detected frequency band is the first frequency band (step S105). In other words, the
frequency detecting unit 350 may determine if the detected frequency band is the first
frequency band or the second frequency band.

If the detected frequency band is the first frequency band, the inductance varying unit
360 of the wireless power receiver 300 increases the inductance of the reception coil
310 through the switching operation so that the reception coil 310 has proper in-
ductance (step S107). Since the frequency band used based on electromagnetic
induction is lower than the second frequency band, the inductance varying unit 360
may increase the inductance by lengthening the length of the reception coil 310
through the switching operation. Since the change of the inductance has been described
with reference to FIGS. 8, 10, and 12, the details thereof will be omitted.

The frequency matching unit 370 of the wireless power receiver 300 matches the
frequency of the wireless power receiver 300 to the first frequency band by combining
the capacitance and the increased inductance of the reception coil 310 and transmits
AC power having a frequency band matched to the first frequency band to the
rectifying unit 330 (step S109).

The rectifying unit 330 of the wireless power receiver 300 rectifies the AC power in
the matching state into DC power and transmits the DC power to the load 400 (step
S111).

Meanwhile, if the detected frequency band is not determined as the first frequency
band, the frequency detecting unit 350 determines the detected frequency band as the
second frequency band (step S113).

The inductance varying unit 360 of the wireless power receiver 300 decreases the in-
ductance of the reception coil 310 through the switching operation so that the reception
coil 310 has proper inductance (step S115). Since the second frequency band is higher
than the second frequency band, the inductance varying unit 360 may decrease the in-
ductance by shortening the length of the reception coil 310 through the switching
operation. Since the change of the inductance has been described with reference to
FIGS. 9, 11, and 13, the details thereof will be omitted.

The frequency matching unit 370 of the wireless power receiver 300 matches the
frequency of the wireless power receiver 300 to the second frequency band by
combining the capacitance and the decreased inductance of the reception coil 310 and

transmits AC power having a frequency band matched to the second frequency band to
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the rectifying unit 330 (step S117).

The rectifying unit 330 of the wireless power receiver 300 rectifies the AC power in
the matching state into DC power and transmits the DC power to the load 400 (step
S119).

FIG. 16 is a flowchart to explain a method of controlling the wireless power receiver
according to another embodiment.

Hereinafter, the description of the method of controlling the wireless power receiver
according to another embodiment will be made by making reference to the description
of FIGS. 6 to 14.

The wireless power receiver 300 operates at the first frequency band (step S201). In
other words, the inductance of the reception coil 310 may be set on the assumption that
the frequency band of the power transmitted from the wireless power transmitter 200 is
the first frequency band. In this case, the capacitance of the capacitor of the frequency
matching unit 370 must be set according to the set inductance so that the frequency
band of the wireless power receiver 300 is matched to the first frequency band.

According to one embodiment, the first frequency band may be in the range of 110
KHz to 205 KHz, but the embodiment is not limited thereto.

The reception coil 310 of the wireless power receiver 300 receives power having the
first frequency band from the wireless power transmitter 200 (step S203). According to
one embodiment, the reception coil 310 may wirelessly receive the power having the
first frequency band through the electromagnetic induction from the second
transmission coil 220 of the wireless power transmitter 200.

The frequency detecting unit 350 of the wireless power receiver 300 transmits a
power signal to the wireless power transmitter 200 through in-band communication
(step S205). The in-band communication scheme refers to a communication scheme to
transmit information through a switch and a resistor by using the frequency band used
in the wireless power transmission, and the details thereof has been described with
reference to FIG. 5. The frequency detecting unit 350 may periodically transmit the
power signal to the wireless power transmitter 200 through the in-band commu-
nication. According to one embodiment, the power signal may include one of a signal,
which is transmitted by the wireless power receiver 300 in order to notify the wireless
power transmitter 200 that the wireless power receiver 300 normally receives power,
and a signal which is transmitted by the wireless power receiver 300 in order to request
that the wireless power transmitter 200 increases or decreases power transmission.

The frequency detecting unit 350 of the wireless power receiver 300 periodically
transmits the power signal to the wireless power transmitter 200 while determining if
the wireless power receiver 300 has not received the power normally, that is, a power

receiving state is abnormal (step S207).
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According to one embodiment, the frequency detecting unit 350 determines that the
wireless power receiver 300 has not received the power normally, that is, the power
receiving state is abnormal in the procedure of transmitting the power signal to the
wireless power receiver 300 three times. Otherwise, the frequency detecting unit 350
determines that the power receiving state is normal. In this case, the three-time
transmission of the power signal is provided, but the embodiment is not limited
thereto.

In addition, if the power receiving state is abnormal, the frequency band of the power
transmitted from the wireless power transmitter 200 may not be the first frequency
band.

If the frequency detecting unit 350 determines that the power receiving state is
abnormal, the frequency detecting unit 350 of the wireless power receiver 300
activates the operation of the out-of-band communication module (step S209).
According to one embodiment, the out-of-band communication module may be
provided in the frequency detecting unit 350. According to one embodiment, the out-
of-band communication module may employ a short-range communication scheme
such as the Bluetooth, the ZigBee, the WLAN, and the NFC, but the embodiment is
not limited thereto.

Meanwhile, if the frequency detecting unit 350 determines that the power receiving
state is normal, the procedure returns to step S201.

The frequency detecting unit 350 of the wireless power receiver 300 determines that
the frequency band of the power transmitted from the wireless power transmitter 200 is
the second frequency band through the out-of-band communication module (step
S211). In other words, the wireless power receiver 300 makes out-of-band commu-
nication with the wireless power transmitter 200 to determine if the frequency band of
the power transmitted from the wireless power transmitter 200 is the second frequency
band. According to one embodiment, the second frequency band may be 6.78 MHz,
but the embodiment is not limited thereto.

If the frequency band of the power transmitted from the wireless power transmitter
200 is the second frequency band, the inductance varying unit 360 of the wireless
power receiver 300 changes the inductance of the reception coil 310 to decrease the in-
ductance of the reception coil 310 in order to match the frequency band of the wireless
power receiver 300 to the second frequency band (step S213). Since the change of the
inductance has been described with reference to FIGS. 9, 11, and 13, the details thereof
will be omitted.

The frequency matching unit 370 of the wireless power receiver 300 more exactly
matches the frequency band of the wireless power receiver 300 to the second

frequency band through the capacitor as the inductance of the reception coil 310 is
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changed (step S215).

The rectifying unit 330 of the wireless power receiver 300 rectifies the AC power
having a frequency band matched to the second frequency band into DC power and
transmits the AC power to the load 400 (step S217).

Meanwhile, if the frequency detecting unit 350 determines that the frequency band of
the power transmitted from the wireless power transmitter 200 is not the second
frequency band, the frequency detecting unit 350 determines that the frequency band
of the power transmitted from the wireless power transmitter 200 is the third frequency
band (step S219). According to the embodiment, the third frequency band may be in
the range of 206 KHz to 300 KHz, but the embodiment is not limited thereto.

The inductance varying unit 360 of the wireless power receiver 300 changes the in-
ductance of the reception coil 310 to decrease the inductance of the reception coil 310
in order to match the frequency band of the wireless power receiver 300 to the third
frequency band (step S221). In this case, the changed inductance of the reception coil
310 is smaller than the inductance in step S201 and greater than the inductance in step
S213. Since the change of the inductance has been described with reference to FIGS. 9,
11, and 13, the details thereof will be omitted.

The frequency matching unit 370 of the wireless power receiver 300 more exactly
matches the frequency band of the wireless power receiver 300 to the third frequency
band through the capacitor as the inductance of the reception coil 310 is changed (step
S223).

The rectifying unit 330 of the wireless power receiver 300 rectifies the AC power
having a frequency band matched to the third frequency band into DC power and
transmits the AC power to the load 400 (step S225).

The method of controlling the wireless power receiver according to the embodiment
may be prepared as a program executable by a computer and stored in computer-
readable recording media. The computer-readable recording media include a ROM, a
RAM, a CD-ROM, a magnetic table, a floppy disk, and an optical data storing device,
and include a device realized in the form of a carrier wave (for example, transmission
over the Internet).

The computer-readable recording media are distributed into computer systems
connected to each other through a network to store computer-readable codes through a
distribution scheme so that the computer-readable codes may be executed. In addition,
function programs, codes, and code segments used to realize the method can be easily
deduced by programmers in the art to which the disclosure pertains.

Although a preferred embodiment of the disclosure has been described for illustrative
purposes, those skilled in the art will appreciate that various modifications, additions

and substitutions are possible, without departing from the scope and spirit of the
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invention as disclosed in the accompanying claims.

[224] According to the embodiment, a scheme of transmitting power through electro-
magnetic induction may signify a tightly coupling scheme having a relatively low Q
value, and a scheme of transmitting power through resonance may signify a loosely

coupling scheme having a relatively high Q value.
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Claims

A wireless power receiver to wirelessly receive power from a wireless
power transmitter, the wireless power receiver comprising:

a reception coil to receive the power wirelessly transmitted from the
wireless power transmitter through a magnetic field;

a frequency detecting unit to detect a frequency band of the power
transmitted from the wireless power transmitter; and

an inductance varying unit to change an inductance of the reception coil
according to the detected frequency band.

The wireless power receiver of claim 1, wherein the frequency band of
the power transmitted from the wireless power transmitter comprises a
first frequency band and a second frequency band, and the first
frequency band is lower than the second frequency band.

The wireless power receiver of claim 2, wherein the frequency
detecting unit detects the frequency band of the power transmitted from
the wireless power transmitter by determining a power receiving state
of the wireless power receiver through in-band communication.

The wireless power receiver of claim 3, wherein the frequency
detecting unit determines the frequency band of the power transmitted
from the wireless power transmitter through out-of-band commu-
nication if the power receiving state of the wireless power receiver is
abnormal.

The wireless power receiver of claim 4, wherein the inductance varying
unit decreases the inductance of the reception coil such that a used
frequency band of the wireless power receiver is matched to the second
frequency band if the frequency detecting unit determines that the
frequency band of the power transmitted from the wireless power
transmitter is the second frequency band.

The wireless power receiver of claim 5, wherein the frequency band of
the power transmitted from the wireless power transmitter further
comprises a third frequency band,

the third frequency band is set between the first frequency band and the
second frequency band, and

the inductance varying unit changes the inductance of the reception coil
so that the used frequency band of the wireless power receiver is
matched to the third frequency band if the frequency detecting unit de-

termines that the frequency band of the power transmitted from the
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wireless power transmitter is the third frequency band.

The wireless power receiver of one of claims 1 to 6, wherein the in-
ductance varying unit comprises at least one switch and changes the
used frequency band of the wireless power receiver by changing the in-
ductance of the reception coil according to the frequency band
transmitted from the wireless power transmitter through an operation of
each switch.

The wireless power receiver of claim 7, wherein each switch connects
or disconnects one terminal of the reception coil to adjust a length of
the reception coil, such that the inductance of the reception coil is
changed.

The wireless power receiver of claim 7, wherein each switch comprises
an MEMS switch operating as power is applied thereto.

The wireless power receiver of claim 6, wherein the first frequency
band is in a range of 110 KHz to 205 KHz, the second frequency band
is 6.78 MHz, and the third frequency band is in a range of 206 KHz to
300 KHz.

The wireless power receiver of claim 1, wherein the reception coil has
one of a spiral structure and a helical structure.

The wireless power receiver of claim 1, further comprising a frequency
matching unit to match a used frequency band of the wireless power
receiver to the frequency band of the power transmitted from the
wireless power transmitter according to the changed inductance of the
reception coil.

The wireless power receiver of claim 14, wherein the frequency
matching unit comprises a capacitor connected with the reception coil
having the changed inductance.

A wireless power receiver to wirelessly receive power from a wireless
power transmitter, the wireless power receiver comprises:

a reception coil to receive power having a first frequency band from the
wireless power transmitter;

a frequency detecting unit to detect if a frequency band of the power
transmitted from the wireless power transmitter is the first frequency
band; and

an inductance varying unit to change an inductance of the reception coil
if the detected frequency band is out of the first frequency band.

The wireless power receiver of claim 14, wherein the frequency

detecting unit determines the frequency band of the power transmitted
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from the wireless power transmitter as a second frequency band if the
detected frequency band is out of the first frequency band,

the inductance varying unit decreases the inductance of the reception
coil such that a used frequency band of the wireless power receiver is
matched to the second frequency band, and

the first frequency band is lower than the second frequency band.
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