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Description

[0001] The disclosure relates to a wireless power
transmission technology. More particularly, the disclo-
sure relates to a wireless power receiver capable of wire-
lessly receiving power and a method of controlling the
same.
[0002] A wireless power transmission or a wireless en-
ergy transfer refers to a technology of wirelessly trans-
ferring 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 tooth-
brushes or electrical razors, which are frequently used
in daily life, are charged based on the principle of elec-
tromagnetic induction. The electromagnetic induction re-
fers 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 elec-
tromagnetic induction technology has been rapidly pro-
gressed around small-size devices, the power transmis-
sion distance thereof is short.
[0003] Until now, wireless energy transmission
schemes include a remote telecommunication technolo-
gy based on magnetic resonance and a short wave radio
frequency in addition to the electromagnetic induction.
[0004] Recently, among wireless power transmitting
technologies, an energy transmitting scheme employing
electromagnetic induction and resonance has been
widely used.
[0005] In a wireless power transmission system em-
ploying 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.
[0006] WO 2009/144542 A1 discloses a wireless en-
ergy transfer device including a power transmission unit
that generates an oscillating magnetic field or oscillating
electric field, a power reception unit, which is provided
with a rectifying antenna, and which converts the oscil-
lating magnetic field or the oscillating electric field of the
power transmission unit to electric power by the receiving
antenna, and an eclectic power theft suppression unit
that suppresses the theft of energy with the oscillating
magnetic field or the oscillating electric field of the power
transmission unit.
[0007] US 2012/0112554 A1 discloses a resonance
power transmission system, and a method for controlling
transmission and reception of a resonance power.
"An introduction to the Wireless Power Consortium
standard and TI’s compliant solutions" by Bill Johns, An-
alog Applications Journal, 1Q 2011, discloses wireless
power transfer standards.
However, in the conventional power transmission proc-
ess, since various frequency bands are used in the trans-

mitter, 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 trans-
mitter.
The related art is disclosed in Korean Unexamined Pat-
ent Publication No. 10-2006-0058735 tiled "Variable in-
ductor for integrated circuit and printed circuit board".

Disclosure of Invention

Technical Problem

[0008] The disclosure provides a wireless power re-
ceiver capable of improving power transmission efficien-
cy by varying a used frequency band depending on var-
ious frequency bands used in a wireless power transmit-
ter, and a method of controlling the same.

Solution to Problem

[0009] A wireless power receiver improving power
transmission efficiency is defined in the claims. A wire-
less power receiver to wirelessly receive power from a
wireless power transmitter comprises a reception coil to
receive the power wirelessly transmitted from the wire-
less power transmitter through a magnetic field, a fre-
quency 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.
[0010] A wireless power receiver to wirelessly receive
power from a wireless power transmitter comprises a re-
ception 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 fre-
quency band is out of the first frequency band.

Advantageous Effects of Invention

[0011] As described above, according to the embodi-
ment, power can be efficiently transmitted by varying a
used frequency band of the wireless power receiver de-
pending on various frequency bands used in a wireless
power transmitter, and a method of controlling the same.
[0012] Meanwhile, any other various effects will be di-
rectly and implicitly described below in the description of
the embodiment.

Brief Description of Drawings

[0013]

1 2 
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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 trans-
mission coil according to one embodiment.
FIG. 4 is an equivalent circuit diagram of a power
supply device and a wireless power transmitter ac-
cording to one embodiment.
FIG. 5 is an equivalent circuit diagram showing a
wireless power receiver according to one embodi-
ment.
FIG. 6 is a block diagram showing a wireless power
transmission system according to still another em-
bodiment.
FIG. 7 is a block diagram showing the structure of a
wireless power receiver according to another em-
bodiment.
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 in-
ductance varying unit when the wireless power re-
ceiver according to the embodiment receives the
power having the first frequency band and the re-
ception coil has the spiral structure.
FIG. 11 is a view to explain the operation of the in-
ductance varying unit when the wireless power re-
ceiver 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 in-
ductance varying unit when the wireless power re-
ceiver according to the embodiment receives the
power having the first frequency band and the re-
ception coil has the helical structure.
FIG. 13 is a view to explain the operation of the in-
ductance varying unit when the wireless power re-
ceiver 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 embodi-
ment in which an MEMS switch is used as the in-
ductance varying unit.
FIG. 15 is a flowchart showing the method of con-
trolling the wireless power receiver according to one
embodiment.
FIG. 16 is a flowchart to explain a method of control-
ling the wireless power receiver according to another
embodiment.

Best Mode for Carrying out the Invention

[0014] Hereinafter, embodiments will be described in
detail with reference to accompanying drawings so that
those skilled in the art can easily work with the embodi-
ments.
[0015] FIG. 1 is a circuit diagram showing the structure
of a wireless power transmission system 10 according
to one embodiment.
[0016] Referring to FIG. 1, the wireless power trans-
mission system 10 may include a power supply device
100, a wireless power transmitter 200, a wireless power
receiver 300, and a load 400.
According to one example, 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 termi-
nals 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 example, 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 pow-
er receiver 300 will be described in more detail.
The power supply device 100 generates AC power hav-
ing 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 physi-
cally 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 example, the frequency band of power
transmitted from the first transmission coil 210 to the re-
ception 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
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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 trans-
mitter 200 or the wireless power receiver 300.
The quality factor may be varied depending on the oper-
ating frequency ω as well as a shape, a dimension and
a material of a coil. The quality factor may be expressed
as following equation, Q= ω*L/R. In the above equation,
L refers to the inductance of a coil and R refers to resist-
ance corresponding to the quantity of power loss caused
in the coil.
The quality factor may have a value of 0 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 mag-
netic coupling between a transmission coil and a recep-
tion coil, and has a value of 0 to 1.
The coupling coefficient may vary according to the rela-
tive position and the relative distance between the trans-
mission coil and the reception coil.
FIG. 2 is a circuit diagram showing the structure of a
wireless power transmission system 20 according to an-
other example.
Referring to FIG. 2, the wireless power transmission sys-
tem 20 according to another example may include the
power supply device 100, the wireless power transmitter
200, the wireless power receiver 300, and the load 400.
According to one example, 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 recep-
tion 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 example, 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 re-
ceived in the wireless power transmitter 200 may be
transmitted to the wireless power receiver 300 through
electromagnetic induction or resonance.
Hereinafter, the power transmission procedure between
the wireless power transmitter 200 and the wireless pow-
er receiver 300 will be described in more detail.
The power supply device 100 generates AC power hav-
ing 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 through electromagnet-
ic induction. In other words, the first transmission coil 210
and the second transmission coil 220 are inductively cou-
pled 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 in-
duced 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 transmis-
sion coil 210, to the reception coil 310 of the wireless
power receiver 300 through resonance or electromag-
netic 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 res-
onance-coupled with each other so that the second trans-
mission coil 220 and the reception coil 310 operate at a
resonance frequency band. Due to the resonance-cou-
pling between the second transmission coil 220 and the
reception coil 310, the power transmission efficiency be-
tween the wireless power transmitter 200 and the wire-
less 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 trans-
mission coil 220 transmits the power to the reception coil
310 through resonance, the frequency band of the trans-
mitted power may be 6.78 MHz, but the embodiment is
not limited thereto.
According to one example, when the second transmis-
sion 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 example 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 fre-
quency bands are used for power transmission, a fre-
quency band matching work is required so that the fre-
quency 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 trans-
mission coil 210 according to one example.
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 C1.
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 capaci-
tance 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 ac-
cording to one example.
As shown in FIG. 4, the first transmission coil 210 and
the second transmission coil 220 may include inductors
L1 and L2 having predetermined inductances and capac-
itors C1 and C2 having predetermined capacitances.
FIG. 5 is an equivalent circuit diagram showing the wire-
less power receiver 300 according to one example.
As shown in FIG. 5, the reception coil 310 may include
an inductor L3 having a predetermined inductance and
a capacitor C3 having a predetermined capacitance.
The rectifying unit 330 rectifies AC power received there-
in 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 example, the
rectifier may include a silicon rectifier, and may be equiv-
alent 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 convert-
ed by the rectifier. According to one example, the smooth-
ing circuit may include a rectification capacitor C5 as
shown in FIG. 4, but the example is not limited thereto.
The load 400 may be a predetermined rechargeable bat-
tery 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 recep-
tion coil 310 may have the shape suitable for the shape
of an electronic appliance.
The wireless power transmitter 200 may interchange in-
formation 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 information between the wireless pow-
er transmitter 200 and the wireless power receiver 300
through a signal having the frequency used in the wire-
less 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 re-
sistor 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 var-
iation of the power consumption. The switch may be con-
nected with the resistor in series. According to one em-
bodiment, the state information of the wireless power re-
ceiver 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 con-
sumed in the wireless power transmitter 200 is increased.
If the wireless power receiver repeats the above opera-
tion, 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 transmit-
ter 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 example, 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 wire-
less power receivers 300 receiving the power from the
wireless power transmitter 200 and the quantity of avail-
able power of the wireless power transmitter 200. Here-
inafter, the out-of-band communication will be described.
The out-of-band communication refers to the communi-
cation 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 commu-
nication modules to exchange information necessary for
the power transmission. The out-of-band communication
module may be installed in the power supply device. Ac-
cording to one embodiment, the out-of-band communi-
cation module may use a short-range communication
technology, such as Bluetooth, Zigbee, WLAN or NFC,
but the embodiment is not limited thereto.
[0017] Hereinafter, a scheme of matching frequencies
by varying an inductance of a reception coil according to
frequency bands used in wireless power transmission
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will be described with reference to FIGS. 6 to 14.
[0018] FIG. 6 is a block diagram showing a wireless
power transmission system according to still another em-
bodiment.
[0019] Referring to FIG. 6, the wireless power trans-
mission 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.
[0020] The power supply device 100, the wireless pow-
er 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.
[0021] 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.
[0022] The reception coil 310 may wirelessly receive
power from the wireless power transmitter 200.
[0023] When the reception coil 310 wirelessly receives
power from the wireless power transmitter 200, the re-
ception 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 wire-
lessly receive power from the second transmission coil
220 through a magnetic field.
[0024] When the wireless power transmitter 200 wire-
lessly 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.
[0025] 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 embod-
iment is not limited thereto.
[0026] 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 stand-
ard to wirelessly 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.
[0027] 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 tech-
nical standard to wirelessly transmit power through elec-
tromagnetic induction. In this case, an outer diameter of
the reception coil 310 may be 35 mm, but the embodiment
is not limited thereto.
[0028] However, the numerical value of the frequency
band is provided, but the embodiment is not limited there-
to.
[0029] 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.
[0030] According to one embodiment, when the wire-
less power receiver 300 is mounted on a mobile terminal
such as a cellular phone, the reception coil 310 may have
a spiral structure.
[0031] If the reception coil 310 is realized as an equiv-
alent circuit, the reception coil 310 may be expressed in
the structure including an inductor having a proper in-
ductance.
[0032] The frequency detecting unit 350 may detect a
frequency band of power received by the reception coil
310. According to one embodiment, the frequency de-
tecting 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.
[0033] According to one embodiment, when the wire-
less power receiver 300 receives power having a first
frequency band from the wireless power transmitter 200,
the wireless power receiver 300 may make communica-
tion with the wireless power transmitter 200 through the
in-band communication. In this case, the frequency de-
tecting 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 electro-
magnetic induction.
[0034] 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.
[0035] If the frequency detecting unit 350 does not re-
ceive the response signal to the ping signal, the frequen-
cy detecting unit 350 determines that the wireless power
transmitter 100 transmits power having the second fre-
quency band. Accordingly, the frequency detecting unit
350 may determine if the frequency band is the first fre-
quency band or the second frequency band. In this case,
the second frequency band may be 6.78 MHz, and may
be a frequency band used in the A4WP (Alliance for Wire-
less Power) which is a technical standard to wirelessly
transmit power through resonance.
[0036] According to one embodiment, when the fre-
quency 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.
[0037] When the frequency detecting unit 350 detects
the frequency band having power received by the recep-
tion coil 310 through the out-of-band communication, the
frequency detecting unit 350 may include one among
short range communication modules for Bluetooth, Zig-
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bee, WLAN, and NFC.
[0038] Since the in-band-communication and the out-
of-band communication have been described with refer-
ence to FIG. 5, the details thereof will be omitted.
[0039] 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 re-
ceived 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 de-
crease the inductance of the reception coil 310. The de-
tails thereof will be described below.
[0040] 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.
[0041] 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.
[0042] 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.
[0043] The rectifying unit 330 may receive the AC pow-
er in the matching state from the frequency matching unit
370 and rectify the AC power in the matching state into
DC power.
[0044] The rectifying unit 330 may transmit the rectified
DC power to the load 400 and charge the load 400 with
the DC power.
[0045] FIG. 7 is a block diagram showing the structure
of a wireless power receiver according to another em-
bodiment, and FIG. 8 is a block diagram to explain the
operation of the inductance varying unit when the wire-
less power receiver according to another embodiment
receives the power having the first frequency band. FIG.
9 is a block diagram to explain the operation of the in-
ductance varying unit when the wireless power receiver
according to another embodiment receives the power
having the second frequency band.
[0046] Referring to FIG. 7, the wireless power receiver
300 according to another embodiment 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.
[0047] The inductance varying unit 360 may include at
least one switch, and each switch may connect one ter-
minal 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 termi-

nal 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.
[0048] According to one embodiment, the switch in-
cluded in the inductance varying unit 360 may include a
MEMS (Micro Electro Mechanical System) switch. A
MEMS technology refers to a technology of manufactur-
ing ultra-precision machinery having the size of micron
(um) or millimeters (mm) based on a semiconductor proc-
ess 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 re-
ceiver 300 that must be down-scaled.
[0049] Hereinafter, the inductance varying unit 360 will
be described on the assumption that the inductance var-
ying unit 360 includes two switches of a first switch 361
and a second switch 363.
[0050] 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 detect-
ed by the frequency detecting unit 350. In other words,
the inductance varying unit 360 may change the induct-
ance of the reception coil 310 by actuating the first and
second switches 361 and 363 according to the detected
frequency band.
[0051] 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 hav-
ing 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 in-
ductance. In other words, the relationship equation be-
tween the frequency f and the inductance L of the recep-
tion coil 310 may be expressed as Equation 1.

[0052] As the frequency f is increased, the inductance
L must be relatively decreased. As the frequency f is de-
creased, the inductance L must be relatively increased.
In more detail, as the frequency f is increased, the wave-
length 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.
[0053] 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.
[0054] 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.
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[0055] According to one embodiment, the frequency
matching unit 370 may include at least one capacitor con-
nected 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 inductance
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 in-
ductance of the reception coil 310 so that the matching
is achieved at the transmitted frequency band.
[0056] As the capacitance of the capacitor is adjusted,
the frequency matching unit 370 may match the frequen-
cy band of the power transmitted from the wireless power
transmitter 200 to the frequency band of the wireless
power receiver 300.
[0057] The wireless power receiver 300 according to
the embodiment may change the inductance of the re-
ception 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 re-
ceived. 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 im-
proved. The details thereof will be described in more de-
tail with reference to FIGS. 8 and 9.
[0058] FIG. 8 is a block diagram to explain the proce-
dure 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 wire-
less 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 frequen-
cy band from the wireless power transmitter 200.
[0059] Referring to FIG. 8, if the frequency band de-
tected by the frequency detecting unit 350 is the first fre-
quency 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.
[0060] In addition, as the inductance of the reception

coil 310 is changed to L3, the capacitance 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 fre-
quency matching. The capacitance of the additional ca-
pacitor may be 183 nF, but the embodiment is not limited
thereto.
[0061] 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.
[0062] Referring to FIG. 9, when the frequency band
detected by the frequency detecting unit 350 is the sec-
ond 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 recep-
tion coil 310. In other words, since the second frequency
band is higher than the first frequency band, the induct-
ance 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 short-
ened 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. Ac-
cording to one embodiment, the inductance L4 may have
the range of 1.5 uH to 2 uH.
[0063] In addition, as the inductance of the reception
coil 310 is changed to L4, the capacitance 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
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 fre-
quency matching. The capacitance of the additional ca-
pacitor may be 360 pF, but the embodiment is not limited
thereto.
[0064] Accordingly, the frequency band of the wireless
power receiver 300 may be matched to the second fre-
quency band of the power transmitted from the wireless
power transmitter 200.
[0065] According to one embodiment, when the fre-
quency 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
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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 interme-
diate value between L3 and L4. In this case, the induct-
ance L4 may be in the range of 4 uH to 5 uH.
[0066] 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 fre-
quency 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 addi-
tion, 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 in-
ductance of the reception coil 310 according to the fre-
quency band of the power transmitted from the wireless
power transmitter 200.
[0067] Accordingly, although the wireless power trans-
mitter 200 uses various frequency bands in power trans-
mission, the wireless power receiver 300 may cover the
various frequency bands. Therefore, when a user charg-
es a terminal equipped with the wireless power receiver
300, the user can conveniently charge the terminal re-
gardless of the frequency band used in the wireless pow-
er transmitter 200.
[0068] The terminal may include one of a mobile
phone, an MP3, and a smart appliance, but the embod-
iment is not limited thereto. The terminal is applicable to
all electronic appliances that can be wirelessly charged.
[0069] Hereinafter, applications of the embodiment ac-
cording to the shapes of the reception coil will be de-
scribed with reference to FIGS. 10 to 13.
[0070] First, description will be made with reference to
FIGS. 10 and 11 regarding an example that the induct-
ance of the reception coil 310 is changed when the re-
ception coil 310 has a spiral structure.
[0071] 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.
[0072] Referring to FIGS. 10 and 11, the wireless pow-
er 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.
[0073] 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.
[0074] In the reception coil 310 having the spiral struc-
ture, 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.
[0075] 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 switch-
es 361 and 363 may include MEMS switches, and may
be operated by external power.
[0076] 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.
[0077] 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.
[0078] In FIG. 11, when the frequency band detected
by the frequency detecting unit 350 is the second fre-
quency 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 a frequency band of power transmitted
through electromagnetic induction, the inductance vary-
ing 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.
[0079] In other words, as shown in FIG. 11, as the
length of the reception coil 310 is provided from the sec-
ond 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.
[0080] Further, as the inductance of the reception coil
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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.
[0081] Therefore, the frequency band of the wireless
power receiver 300 may be matched to the second fre-
quency band of the power transmitted from the wireless
power transmitter 200.
[0082] 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.
[0083] In other words, the first terminal A of the recep-
tion coil 310 is grounded thereby preventing the frequen-
cy 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.
[0084] According to one embodiment, when the fre-
quency 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 termi-
nal 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 induct-
ance varying unit 360 may control the operations of the
first and second switches 361 and 363 so that the induct-
ance 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.
[0085] Hereinafter, description will be made with ref-
erence 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.
[0086] Referring to FIGS. 12 and 13, the wireless pow-
er 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.
[0087] The reception coil 310 has a helical structure in
which one conductive line has a 3-D spiral shape.
[0088] In the reception coil 310 having the helical struc-
ture, 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.
[0089] 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.
[0090] In addition, as the inductance of the reception
coil 310 is changed to L3, 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 first frequency band.
[0091] 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.
[0092] In FIG. 13, when the frequency band detected
by the frequency detecting unit 350 is the second fre-
quency 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 var-
ying 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.
[0093] In addition, as the inductance of the reception
coil 310 is changed to 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 second frequency band.
[0094] Accordingly, the frequency band of the wireless
power receiver 300 may be matched to the second fre-
quency band of the power transmitted from the wireless
power transmitter 200.
[0095] 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

17 18 



EP 2 932 578 B9

11

5

10

15

20

25

30

35

40

45

50

55

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.
[0096] In other words, the first terminal A of the recep-
tion coil 310 is grounded thereby preventing the frequen-
cy 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.
[0097] According to one embodiment, when the fre-
quency 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 termi-
nal 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 induct-
ance varying unit 360 may control the operations of the
first and second switches 361 and 363 so that the induct-
ance 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.
[0098] FIG. 14 is a view showing the structure of a wire-
less power receiver according to still another embodi-
ment in which an MEMS switch is used as the inductance
varying unit.
[0099] Referring to FIG. 14, the wireless power receiv-
er 300 according to still another embodiment 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.
[0100] The inductance varying unit 360 may include at
least one MEMS switch. Since the MEMS switch repre-
sents 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.
[0101] Although FIG. 14 shows the case that the in-
ductance varying unit 360 employs three MEMS switches
having an SPST (Single Pole Single Throw) type, the
embodiment is not limited thereto. The inductance vary-
ing unit 360 may use various types of MEMS switches
and the different number of the MEMS switches.
[0102] 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.
[0103] Each MEMS switch may include a power supply
unit K, a gate terminal G, a source terminal S, and a drain
terminal D.
[0104] The power supply unit K may be connected with
the gate terminal G, the source terminal S may be con-
nected with one terminal of the reception coil 310, and

each drain terminal D may be connected with the fre-
quency matching unit 370.
[0105] 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 be-
tween 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 0V is applied
between the gate terminal G and the source terminal S.
In this case, voltages of 5V and 0V are provided, but the
embodiment is not limited thereto.
[0106] 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 induct-
ance 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 inductance of the
reception coil 310. In this case, the changed inductance
of the reception coil 310 may be expressed as L3.
[0107] In addition, 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.
[0108] 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 in-
ductance of the reception coil 310 may be expressed as
L4.
[0109] In addition, 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.
[0110] 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
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the inductance of the reception coil 310 has the value
between L3 and L4.
[0111] 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 match-
ing unit 370 may be adjusted so that the frequency band
of the wireless power receiver 300 is matched to the third
frequency band.
[0112] Hereinafter, a method of controlling the wireless
power receiver according to one embodiment will be de-
scribed with reference to FIG. 15.
[0113] 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.
[0114] FIG. 15 is a flowchart showing the method of
controlling the wireless power receiver according to one
embodiment.
[0115] First, the reception coil 310 of the wireless pow-
er receiver 300 wirelessly receives power from the wire-
less power transmitter 200 (step S101). According to one
embodiment, 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.
[0116] The frequency detecting unit 350 of the wireless
power receiver 300 detects the frequency band of the
power transmitted from the wireless power transmitter
200 (step S103). According to one embodiment, the fre-
quency detecting unit 350 may detect the frequency band
of the power transmitted from the wireless power trans-
mitter 200 through the in-band communication or the out-
of-band communication.
[0117] 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.
[0118] If the detected frequency band is the first fre-
quency band, the inductance varying unit 360 of the wire-
less power receiver 300 increases the inductance of the
reception coil 310 through the switching operation so that
the reception coil 310 has proper inductance (step S107).
Since the frequency band used based on electromagnet-
ic 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.
[0119] The frequency matching unit 370 of the wireless
power receiver 300 matches the frequency of the wire-
less 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).
[0120] 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).
[0121] 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).
[0122] The inductance varying unit 360 of the wireless
power receiver 300 decreases the inductance of the re-
ception 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 sec-
ond frequency band, the inductance varying unit 360 may
decrease the inductance 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.
[0123] The frequency matching unit 370 of the wireless
power receiver 300 matches the frequency of the wire-
less power receiver 300 to the second frequency band
by combining the capacitance and the decreased induct-
ance of the reception coil 310 and transmits AC power
having a frequency band matched to the second frequen-
cy band to the rectifying unit 330 (step S117).
[0124] 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).
[0125] FIG. 16 is a flowchart to explain a method of
controlling the wireless power receiver according to an-
other embodiment.
[0126] Hereinafter, the description of the method of
controlling the wireless power receiver according to an-
other embodiment will be made by making reference to
the description of FIGS. 6 to 14.
[0127] 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 trans-
mitted from the wireless power transmitter 200 is the first
frequency band. In this case, the capacitance of the ca-
pacitor 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.
[0128] According to one embodiment, the first frequen-
cy band may be in the range of 110 KHz to 205 KHz, but
the embodiment is not limited thereto.
[0129] 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
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power transmitter 200.
[0130] The frequency detecting unit 350 of the wireless
power receiver 300 transmits a power signal to the wire-
less power transmitter 200 through in-band communica-
tion (step S205). The in-band communication scheme
refers to a communication scheme to transmit informa-
tion through a switch and a resistor by using the frequen-
cy 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 transmit-
ter 200 through the in-band communication. 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 trans-
mitter 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.
[0131] The frequency detecting unit 350 of the wireless
power receiver 300 periodically transmits the power sig-
nal to the wireless power transmitter 200 while determin-
ing if the wireless power receiver 300 has not received
the power normally, that is, a power receiving state is
abnormal (step S207).
[0132] 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 de-
tecting 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 lim-
ited thereto.
[0133] In addition, if the power receiving state is ab-
normal, the frequency band of the power transmitted from
the wireless power transmitter 200 may not be the first
frequency band.
[0134] 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 em-
bodiment, 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.
[0135] Meanwhile, if the frequency detecting unit 350
determines that the power receiving state is normal, the
procedure returns to step S201.
[0136] The frequency detecting unit 350 of the wireless
power receiver 300 determines that the frequency band
of the power transmitted from the wireless power trans-
mitter 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 communication with the wireless power transmitter
200 to determine if the frequency band of the power trans-
mitted from the wireless power transmitter 200 is the sec-
ond frequency band. According to one embodiment, the
second frequency band may be 6.78 MHz, but the em-
bodiment is not limited thereto.
[0137] 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 inductance of the
reception coil 310 in order to match the frequency band
of the wireless power receiver 300 to the second frequen-
cy 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.
[0138] 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 changed (step S215).
[0139] 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).
[0140] Meanwhile, if the frequency detecting unit 350
determines that the frequency band of the power trans-
mitted 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 trans-
mitted from the wireless power transmitter 200 is the third
frequency band (step S219). According to the embodi-
ment, the third frequency band may be in the range of
206 KHz to 300 KHz, but the embodiment is not limited
thereto.
[0141] The inductance varying unit 360 of the wireless
power receiver 300 changes the inductance of the recep-
tion coil 310 to decrease the inductance of the reception
coil 310 in order to match the frequency band of the wire-
less power receiver 300 to the third frequency band (step
S221). In this case, the changed inductance of the re-
ception 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.
[0142] 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 fre-
quency band through the capacitor as the inductance of
the reception coil 310 is changed (step S223).
[0143] 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).
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[0144] 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 In-
ternet).
[0145] The computer-readable recording media are
distributed into computer systems connected to each oth-
er through a network to store computer-readable codes
through a distribution scheme so that the computer-read-
able codes may be executed. In addition, function pro-
grams, codes, and code segments used to realize the
method can be easily deduced by programmers in the
art to which the disclosure pertains.
[0146] According to the embodiment, a scheme of
transmitting power through electromagnetic 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.

Claims

1. A wireless power receiver (300) configured to wire-
lessly receive power from a wireless power transmit-
ter (200), the wireless power receiver (300) compris-
ing:

a reception coil (310) configured to receive pow-
er having a first frequency band from the wire-
less power transmitter (200);
a frequency detecting unit (350) configured to
detect if a frequency band of the power trans-
mitted from the wireless power transmitter (200)
is the first frequency band, and to determine the
frequency band of the power transmitted from
the wireless power transmitter as a second fre-
quency band if the detected frequency band is
out of the first frequency band, the first frequency
band being lower than the second frequency
band; and
an inductance varying unit (360) configured to
change an inductance of the reception coil (310)
if the detected frequency band is out of the first
frequency band,
wherein the inductance varying unit (360) is con-
figured to decrease the inductance of the recep-
tion coil (310) such that a used frequency band
of the wireless power receiver (300) is matched
to the second frequency band if the frequency
detecting unit (350) determines that the frequen-
cy band of the power transmitted from the wire-
less power transmitter (200) is the second fre-
quency band,

characterized in that the frequency detecting
unit (350) is configured to send a ping signal to
the wireless power transmitter (200) and to de-
tect the frequency band based on a response
signal to the ping signal through in-band com-
munication,
wherein the frequency detecting unit (350) is
configured to determine the frequency band of
the power transmitted from the wireless power
transmitter (200) through out-of-band commu-
nication if the frequency detecting unit (350)
does not receive the response signal to the ping
signal.

2. The wireless power receiver (300) of claim 1, where-
in the frequency detecting unit (350) is configured to
determine the frequency band of the power trans-
mitted from the wireless power transmitter (200) as
a third frequency band if the detected frequency
band is out of the second frequency band,
the third frequency band being between the first fre-
quency band and the second frequency band, and
the inductance varying unit (360) is configured to
change the inductance of the reception coil (310) so
that
the used frequency band of the wireless power re-
ceiver (300) is matched to the third frequency band
if the frequency detecting unit (350) determines that
the frequency band of the power transmitted from
the wireless power transmitter (200) is the third fre-
quency band.

3. The wireless power receiver (300) of one of claims
1 to 2, wherein the inductance varying unit (360)
comprises at least one switch and is configured to
control an operation of each of the at least one switch
so that a length of the reception coil (310) is de-
creased in order to decrease the inductance of the
reception coil (310).

4. The wireless power receiver (300) of claim 2, where-
in the inductance varying unit (360) comprises at
least one switch ans is configured to control an op-
eration of each of the at least one switch so that a
length of the reception coil (310) is increased in order
to change the inductance of the reception coil (310).

5. The wireless power receiver (300) of one of claims
3 to 4, wherein each of the at least one switch com-
prises a Micro-Electromechanical System (MEMS)
switch configured to operate as power is applied
thereto.

6. The wireless power receiver (300) of claim 2, where-
in 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.
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7. The wireless power receiver (300) of claim 1, where-
in the reception coil (310) has a spiral structure in
which one conductive line has a spiral shape on a
flat surface.

8. The wireless power receiver (300) of claim 1, further
comprising a frequency matching unit (370) config-
ured to match a used frequency band of the wireless
power receiver (300) to the frequency band of the
power transmitted from the wireless power transmit-
ter (200) according to the changed inductance of the
reception coil (310).

9. The wireless power receiver (300) of claim 8, where-
in the frequency matching unit (370) comprises a
capacitor connected with the reception coil (310)
configured to have its inductance changed.

10. The wireless power receiver (300) of claim 1, where-
in the reception coil (310) has a helical structure in
which one conductive line has a 3-D spiral shape.

Patentansprüche

1. Drahtlos-Energieempfänger (300), der dafür konfi-
guriert ist, drahtlos Energie von einem Drahtlos-En-
ergiesender (200) zu empfangen, wobei der Draht-
los-Energieempfänger (300) Folgendes umfasst:

eine Empfangsspule (310), die dafür konfiguriert
ist, Energie, die ein erstes Frequenzband auf-
weist, von dem Drahtlos-Energiesender (200)
zu empfangen,
eine Frequenzerkennungseinheit (350), die da-
für konfiguriert ist, zu erkennen, ob ein Fre-
quenzband der von dem Drahtlos-Energiesen-
der (200) gesendeten Energie das erste Fre-
quenzband ist, und das Frequenzband der von
dem Drahtlos-Energiesender gesendeten Ener-
gie als ein zweites Frequenzband zu bestim-
men, falls das erkannte Frequenzband außer-
halb des ersten Frequenzbandes liegt, wobei
das erste Frequenzband niedriger ist als das
zweite Frequenzband, und
eine Induktivitätsveränderungseinheit (360), die
dafür konfiguriert ist, eine Induktivität der Emp-
fangsspule (310) zu ändern, falls das erkannte
Frequenzband außerhalb des ersten Frequenz-
bandes liegt,
wobei die Induktivitätsveränderungseinheit
(360) dafür konfiguriert ist, die Induktivität der
Empfangsspule (310) derart zu vermindern,
dass ein verwendetes Frequenzband des Draht-
los-Energieempfängers (300) mit dem zweiten
Frequenzband abgeglichen wird, falls die Fre-
quenzerkennungseinheit (350) bestimmt, dass
das Frequenzband der von dem Drahtlos-Ener-

giesender (200) gesendeten Energie das zweite
Frequenzband ist,
dadurch gekennzeichnet, dass die Frequen-
zerkennungseinheit (350) dafür konfiguriert ist,
ein Pingsignal an den Drahtlos-Energiesender
(200) zu senden und das Frequenzband auf der
Grundlage eines Antwortsignals auf das Pingsi-
gnal durch Inband-Kommunikation zu erken-
nen,
wobei die Frequenzerkennungseinheit (350)
dafür konfiguriert ist, das Frequenzband der von
dem Drahtlos-Energiesender (200) gesendeten
Energie durch Außerband-Kommunikation zu
bestimmen, falls die Frequenzerkennungsein-
heit (350) das Antwortsignal auf das Pingsignal
nicht empfängt.

2. Drahtlos-Energieempfänger (300) nach Anspruch 1,
wobei die Frequenzerkennungseinheit (350) dafür
konfiguriert ist, das Frequenzband der von dem
Drahtlos-Energiesender (200) gesendeten Energie
als ein drittes Frequenzband zu bestimmen, falls das
erkannte Frequenzband außerhalb des zweiten Fre-
quenzbandes liegt,
wobei das dritte Frequenzband zwischen dem ers-
ten Frequenzband und dem zweiten Frequenzband
liegt, und
wobei die Induktivitätsveränderungseinheit (360)
dafür konfiguriert ist, die Induktivität der Empfangs-
spule (310) derart zu ändern, dass das verwendete
Frequenzband des Drahtlos-Energieempfängers
(300) mit dem dritten Frequenzband abgeglichen
wird, falls die Frequenzerkennungseinheit (350) be-
stimmt, dass das Frequenzband der von dem Draht-
los-Energiesender (200) gesendeten Energie das
dritte Frequenzband ist.

3. Drahtlos-Energieempfänger (300) nach einem der
Ansprüche 1 bis 2, wobei die Induktivitätsverände-
rungseinheit (360) wenigstens einen Schalter um-
fasst und dafür konfiguriert ist, einen Betrieb jedes
von dem wenigstens einen Schalter so zu steuern,
dass eine Länge der Empfangsspule (310) vermin-
dert wird, um die Induktivität der Empfangsspule
(310) zu vermindern.

4. Drahtlos-Energieempfänger (300) nach Anspruch 2,
wobei die Induktivitätsveränderungseinheit (360)
wenigstens einen Schalter umfasst und dafür konfi-
guriert ist, einen Betrieb jedes von dem wenigstens
einen Schalter so zu steuern, dass eine Länge der
Empfangsspule (310) gesteigert wird, um die Induk-
tivität der Empfangsspule (310) zu ändern.

5. Drahtlos-Energieempfänger (300) nach einem der
Ansprüche 3 bis 4, wobei jeder von dem wenigstens
einen Schalter einen Mikrosystem(Micro-Electrome-
chanical System - MEMS)-Schalter umfasst, der da-
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für konfiguriert ist, zu arbeiten, wenn Energie an den-
selben angelegt wird.

6. Drahtlos-Energieempfänger (300) nach Anspruch 2,
wobei das erste Frequenzband in einem Bereich von
110 kHz bis 205 kHz liegt, das zweite Frequenzband
6,78 MHz beträgt und das dritte Frequenzband in
einem Bereich von 206 kHz bis 300 kHz liegt.

7. Drahtlos-Energieempfänger (300) nach Anspruch 1,
wobei die Empfangsspule (310) eine spiralige Struk-
tur aufweist, in der eine leitfähige Leitung eine spi-
ralige Form auf einer flachen Oberfläche aufweist.

8. Drahtlos-Energieempfänger (300) nach Anspruch 1,
der ferner eine Frequenzabgleicheinheit (370) um-
fasst, die dafür konfiguriert ist, ein verwendetes Fre-
quenzband des Drahtlos-Energieempfängers (300)
mit dem Frequenzband der von dem Drahtlos-Ener-
giesender (200) gesendeten Energie entsprechend
der geänderten Induktivität der Empfangsspule
(310) abzugleichen.

9. Drahtlos-Energieempfänger (300) nach Anspruch 8,
wobei die Frequenzabgleicheinheit (370) einen Kon-
densator umfasst, der mit der Empfangsspule (310)
verbunden ist, die dafür konfiguriert ist, ihre Indukti-
vität ändern zu lassen.

10. Drahtlos-Energieempfänger (300) nach Anspruch 1,
wobei die Empfangsspule (310) eine schraubenför-
mige Struktur aufweist, in der eine leitfähige Leitung
eine dreidimensionale spiralige Form aufweist.

Revendications

1. Récepteur de puissance sans fil (300) configuré pour
recevoir la puissance sans fil d’un émetteur de puis-
sance sans fil (200), le récepteur de puissance sans
fil (300) comprenant une bobine de réception (310)
configurée pour recevoir une puissance ayant une
première bande de fréquences de l’émetteur de puis-
sance sans fil (200);
une unité de détection de fréquence (350) configurée
pour détecter si une bande de fréquences de la puis-
sance transmise par l’émetteur de puissance sans
fil (200) est la première bande de fréquences, et pour
déterminer la bande de fréquences de la puissance
transmise par l’émetteur de puissance sans fil com-
me deuxième bande de fréquences, si la bande de
fréquences détectée est en dehors de la première
bande de fréquences, la première bande de fréquen-
ces étant inférieure à la deuxième bande de fréquen-
ces; et
une unité de variation d’inductance (360) configurée
pour changer une inductance de la bobine de récep-
tion (310), si la bande de fréquences détectée est

en dehors de la première bande de fréquences,
dans lequel l’unité de variation d’inductance (360)
est configurée pour diminuer l’inductance de la bo-
bine de réception (310), de sorte qu’une bande de
fréquences utilisée du récepteur de puissance sans
fil (300) est adaptée à la deuxième bande de fré-
quences si l’unité de détection de fréquence (350)
détermine que la bande de fréquences de la puis-
sance transmise par l’émetteur de puissance sans
fil (200) est la deuxième bande de fréquences,
caractérisé en ce que l’unité de détection de fré-
quence (350) est configurée pour envoyer un signal
«ping» à l’émetteur de puissance sans fil (200) et
pour détecter la bande de fréquences sur la base
d’un signal de réponse au signal «ping» par une com-
munication dans la bande,
dans lequel l’unité de détection de fréquence (350)
est configurée pour déterminer la bande de fréquen-
ces de la puissance transmise par l’émetteur de puis-
sance sans fil (200) par une communication hors
bande, si l’unité de détection de fréquence (350) ne
reçoit pas le signal de réponse au signal «ping».

2. Récepteur de puissance sans fil (300) de la reven-
dication 1, dans lequel l’unité de détection de fré-
quence (350) est configurée pour déterminer la ban-
de de fréquences de la puissance transmise par
l’émetteur de puissance sans fil (200) comme troi-
sième bande de fréquences, si la bande de fréquen-
ces détectée est hors de la deuxième bande de fré-
quences,
la troisième bande de fréquences étant entre la pre-
mière bande de fréquences et la deuxième bande
de fréquences, et
l’unité de variation d’inductance (360) est configurée
pour changer l’inductance de la bobine de réception
(310), de sorte que la bande de fréquences utilisée
du récepteur de puissance sans fil (300) est adaptée
à la troisième bande de fréquences si l’unité de dé-
tection de fréquences (350) détermine que la bande
de fréquences de la puissance transmise par l’émet-
teur de puissance sans fil (200) est la troisième ban-
de de fréquences.

3. Récepteur de puissance sans fil (300) de l’une des
revendications 1 à 2, dans lequel l’unité de variation
d’inductance (360) comprend au moins un interrup-
teur, et est configurée pour contrôler une opération
de chacun du au moins un interrupteur, de sorte
qu’une longueur de la bobine de réception (310) est
diminuée de manière à diminuer l’inductance de la
bobine de réception (310).

4. Récepteur de puissance sans fil (300) de la reven-
dication 2, dans lequel l’unité de variation d’induc-
tance (360) comprend au moins un interrupteur, et
est configurée pour contrôler une opération de cha-
cun du au moins un interrupteur, de sorte qu’une
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longueur de la bobine de réception (310) est aug-
mentée de manière à changer l’inductance de la bo-
bine de réception (310).

5. Récepteur de puissance sans fil (300) de l’une des
revendications 3 à 4, dans lequel chacun du au
moins un interrupteur comprend un interrupteur à
systèmes micro-électromécaniques (MEMS), confi-
guré pour fonctionner lorsqu’une puissance lui est
appliquée.

6. Récepteur de puissance sans fil (300) de la reven-
dication 2, dans lequel la première bande de fré-
quences se situe dans une plage comprise entre 110
KHz et 205 KHz, la deuxième bande de fréquences
est de 6,78 MHz, et la troisième bande de fréquences
se situe dans une plage comprise entre 206 KHz et
300 KHz.

7. Récepteur de puissance sans fil (300) de la reven-
dication 1, dans lequel la bobine de réception (310)
possède une structure en spirale dans laquelle une
ligne conductrice présente une forme en spirale sur
une surface plate.

8. Récepteur de puissance sans fil (300) de la reven-
dication 1, comprenant, en outre, une unité d’adap-
tation de fréquences (370) configurée pour adapter
une bande de fréquences utilisée du récepteur de
puissance sans fil (300) à la bande de fréquences
de la puissance transmise par l’émetteur de puis-
sance sans fil (200) selon l’inductance changée de
la bobine de réception (310).

9. Récepteur de puissance sans fil (300) de la reven-
dication 8, dans lequel l’unité d’adaptation de fré-
quences (370) comprend un condensateur raccordé
à la bobine de réception (310) configuré pour avoir
son inductance changée.

10. Récepteur de puissance sans fil (300) de la reven-
dication 1, dans lequel la bobine de réception (310)
possède une structure hélicoïdale dans laquelle une
ligne conductrice présente une forme en spirale 3D.
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