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Description
Title of Invention: WIRELESS POWER TRANSMITTING

APPARATUS AND METHOD THEREOF
Technical Field

[0001] The embodiment relates to a wireless power transmitting apparatus and a
method thereof.
Background Art

[0002] 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
attempted. The electromagnetic induction refers to a phenomenon in which a voltage is
induced so that a 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.

[0003] Until now, the long-distance transmission using the electromagnetic
induction, the resonance and the short-wavelength radio frequency has been used as
the wireless energy transfer scheme.

[0004] Recently, an energy transfer scheme has been extensively used based on the
magnetic resonance among wireless power transmission schemes.

[0005] Since a wireless power transmission system based on the electromagnetic
induction scheme and the resonance scheme wirelessly transmits electrical signals
generated from transmitter and receiver sides through a coil, a user can easily charge
an electronic device such as a portable device with electricity.

[0006] The wireless power transmitting apparatus produces AC power having a
resonance frequency and transmits the AC power to the wireless power receiving
apparatus. In this case, power transmission efficiency is determined due to various
causes. Meanwhile, the demand for the improvement of the wireless power

transmission efficiency is increased.
Disclosure of Invention
Technical Problem

[0007] The embodiment provides a wireless power transmitting apparatus, capable of

improving wireless power transmission efficiency, and a method thereof.

Solution to Problem
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[0008] According to the first embodiment, there is provided a wireless power
transmitting apparatus to wirelessly transmit power to a wireless power receiving
apparatus through a transmission resonance coil by using resonance. The wireless
power transmitting apparatus includes an AC power generating unit to generate quasi
square-wave AC power having quasi square-wave voltage, and a transmission
induction coil to transmit the quasi square-wave AC power to the transmission
resonance coil through electromagnetic induction.

[0009] An input impedance of the wireless power transmitting apparatus may have a
maximum value at a fundamental frequency component.

[0010] The input impedance of the wireless power transmitting apparatus may have a
minimum value at a second harmonic frequency component.

[0011] The input impedance of the wireless power transmitting apparatus may be
increased as an order of a harmonic frequency component is increased from the second
harmonic frequency component.

[0012] A duty ratio of the quasi square-wave AC power may have a value allowing a
power ratio of the quasi square-wave AC power at the fundamental frequency
component to be greater than a power ratio of square-wave AC power at a fundamental
frequency component when a duty ratio of the square-wave AC power is 50%.

[0013] The duty ratio of the quasi square-wave AC power may be in a range of 23%
to 48%.

[0014] The duty ratio of the quasi square-wave AC power may be in a range of 28%
to 34%.

[0015] The duty ratio of the quasi square-wave AC power may be in a range of 29%
to 31%.

[0016] According to the second embodiment, there is provided a method of
wirelessly transmitting power to a wireless power receiving apparatus through a
transmission resonance coil by using resonance by a wireless power transmitting
apparatus. The method includes generating quasi square-wave AC power having quasi
square-wave voltage, and transmitting the quasi square-wave AC power to the
transmission resonance coil through electromagnetic induction.

[0017] An input impedance of the wireless power transmitting apparatus may have a
maximum value at a fundamental frequency component, and may be increased as an
order of a harmonic frequency component is increased from the second harmonic
frequency component.

[0018] The method further may include generating DC power, generating a sine
wave, and generating an AC power control signal based on the sine wave.

[0019] The generating of the quasi square-wave AC power having the quasi square-

wave voltage may include generating the quasi square-wave AC power based on the
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AC power control signal.
[0020] A duty ratio of the quasi square-wave AC power may have a value allowing a

power ratio of the quasi square-wave AC power at the fundamental frequency
component to be greater than a power ratio of square-wave AC power at the fun-
damental frequency component when a duty ratio of the square-wave AC power is
50%.

[0021] According to the third embodiment, there is provided a wireless power
transmitting apparatus to wirelessly transmit power to a wireless power receiving
apparatus through a transmission resonance coil by using resonance. The wireless
power transmitting apparatus includes an AC power control unit to generate an AC
power control signal, a full-bridge structure transistor circuit part to output quasi
square-wave AC power having quasi square-wave voltage based on the AC power
control signal, and a transmission induction coil to transmit the quasi square-wave AC
power to the transmission resonance coil through electromagnetic induction.

[0022] The full-bridge structure transistor circuit part may include a first transistor
comprising a drain electrode, to which DC power is applied, and a source electrode
connected to one terminal of the transmission induction coil, a second transistor
comprising a drain electrode connected to the source electrode of the first transistor
and a source electrode connected to a ground, a third transistor comprising a drain
electrode, to which the DC power is applied, and a source electrode connected to an
opposite terminal of the transmission induction coil, and a fourth transistor comprising
a drain electrode connected to the source electrode of the third transistor and a source
electrode connected to the ground. The source electrode of the first transistor and the
source electrode of the third transistor may output quasi square-wave AC power.

[0023] A duty ratio of the quasi square-wave AC power at the fundamental
frequency component may have a value allowing a power ratio of the quasi square-
wave AC power at the fundamental frequency component to be greater than a power
ratio of square-wave AC power at the fundamental frequency component when a duty
ratio of the square-wave AC power is 50%.

[0024] The duty ratio of the quasi square-wave AC power may be in a range of 23%
to 48%.

[0025] An input impedance of the wireless power transmitting apparatus may have a
maximum value at a fundamental frequency component, and may be increased as an
order of a harmonic frequency component is increased from the second harmonic

frequency component.

Advantageous Effects of Invention
[0026] As described above, according to the embodiment, the efficiency of the
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wireless power transmitting apparatus can be increased.
[0027] According to the embodiment, a circuit can be prevented from being broken

due to high current.

[0028] According to the embodiment, the wireless charging apparatus employing the
resonance scheme uses the quasi square-wave AC power to increase the efficiency of
the wireless power transmitting apparatus.

Brief Description of Drawings

[0029] FIG. 1 is a circuit diagram to explain a wireless power transmission system
according to the embodiment.

[0030] FIG. 2 is a circuit diagram showing an equivalent circuit of a transmission
induction coil according to the embodiment.

[0031] FIG. 3 is a circuit diagram showing an equivalent circuit of a power supply
device and a wireless power transmitting apparatus according to the embodiment.

[0032] FIG. 4 is a circuit diagram showing an equivalent circuit of the wireless
power receiving apparatus according to the embodiment.

[0033] FIG. 5 is a block diagram showing a power supply device according to the
first embodiment.

[0034] FIG. 6 is a block diagram showing an AC power generating unit and a
transmission power control unit according to the first embodiment.

[0035] FIG. 7 is a circuit diagram showing a DC-DC converter according to the first
embodiment.

[0036] FIG. 8§ is a circuit diagram showing a DC-AC converter according to the first
embodiment.

[0037] FIG. 9 is a flowchart showing a wireless power transmission method
according to the first embodiment,

[0038] FIG. 10 illustrates waveforms at nodes in the power supply device according
to the first embodiment.

[0039] FIG. 11 is a graph showing the voltage magnitudes of the square-wave AC
power which are generated by the power supply device and varied depending on the
frequency components according to the first embodiment.

[0040] FIG. 12 is a block diagram showing a power supply device according to the
second embodiment.

[0041] FIG. 13 is a block diagram showing an AC power generating unit and a
transmission power control unit according to a second embodiment.

[0042] FIG. 14 is a circuit diagram showing a DC-AC converter according to the
second embodiment.

[0043] FIG. 15 is a flowchart showing a wireless power transmission method
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according to a second embodiment.
[0044] FIG. 16 illustrates waveforms at nodes in a power supply device according to

the second embodiment.

[0045] FIG. 17 is a graph showing an input impedance of a resonance-type wireless
power transmission system according to the second embodiment.

[0046] FIG. 18 is a graph showing the voltage magnitudes of the square-wave AC
power which are generated by the power supply device and varied depending on the
frequency components according to the second embodiment.

[0047] FIG. 19 is a graph showing the power ratio of the quasi square-wave AC
power which is generated by the power supply device and varied according to the fun-

damental frequency components according to the second embodiment.

Best Mode for Carrying out the Invention

[0048] Hereinafter, embodiments will be described in detail with reference to ac-
companying drawings so that those skilled in the art can easily work with the em-
bodiments. However, the embodiments may not be limited to those described below,
but have various modifications. In addition, only components related to the em-
bodiment are shown in drawings for the clarity of explanation. Hereinafter, the similar
reference numerals will be assigned to the similar elements.

[0049] In the following description, when a predetermined part "includes" a prede-
termined component, the predetermined part does not exclude other components, but
may further include other components unless otherwise indicated.

[0050] Hereinafter, a wireless power transmission system according to the em-
bodiment will be described with reference to FIGS. 1 to 4.

[0051] FIG. 1 is a circuit diagram to explain the wireless power transmission system
according to the embodiment.

[0052] Referring to FIG. 1, the wireless power transmission system may include a
power supply device 100, a wireless power transmitting apparatus 200, a wireless
power receiving apparatus 300 and a load 400.

[0053] The power supply device 100 according to the embodiment may be included
in the wireless power transmitting apparatus 200.

[0054] The wireless power transmitting apparatus 200 may include a transmission
induction coil 210 and a transmission resonant coil 220.

[0055] The wireless power receiving apparatus 300 may include a reception resonant
coil 310, a reception induction coil 320 and a rectifying circuit 330.

[0056] Both terminals of the power supply device 100 are connected to both
terminals of the transmission induction coil 210.

[0057] The transmission resonant coil 220 may be spaced apart from the transmission



WO 2014/119871 PCT/KR2014/000656

induction coil 210 by a predetermined distance.

[58] [0058] The reception resonant coil 310 may be spaced apart from the reception
induction coil 320 by a predetermined distance.

[59] [0059] Both terminals of the reception induction coil 320 are connected to both
terminals of the rectifying circuit 330, and the load 400 is connected to both terminals
of the rectifying circuit 330. According to an embodiment, the load 400 may be
included in the wireless power receiving apparatus 300.

[60] [0060] The power generated from the power supply device 100 is transmitted to the
wireless power transmitting apparatus 200. The power received in the wireless power
transmitting apparatus 200 is transmitted to the wireless power receiving apparatus 300
that makes resonance with the wireless power transmitting apparatus 200 due to a
resonance phenomenon, that is, has the resonance frequency the same as that of the

wireless power transmitting apparatus 200.

[61] [0061] Hereinafter, the power transmission process will be described in more detail.

[62] [0062] The power supply device 100 generates AC power having a predetermined
frequency and transmits the AC power to the wireless power transmitting apparatus
200.

[63] [0063] The transmission induction coil 210 and the transmission resonant coil 220

are inductively coupled with each other. In other words, if AC current flows through
the transmission induction coil 210 due to the power received from the power supply
device 100, the AC current is induced to the transmission resonant coil 220 physically
spaced apart from the transmission induction coil 210 due to the electromagnetic
induction.

[64] [0064] Thereafter, the power received in the transmission resonant coil 220 is
transmitted to the wireless power receiving apparatus 300, which makes a resonance
circuit with the wireless power transmitting apparatus 200, by using resonance.

[65] [0065] Power may be transmitted between two LC circuits, which are impedance-
matched with each other by using resonance. The power transmitted through the
resonance may be farther transmitted with higher efficiency when comparing with the
power transmitted through the electromagnetic induction.

[66] [0066] The reception resonant coil 310 receives power from the transmission
resonant coil 220 through the resonance. The AC current flows through the reception
resonant coil 310 due to the received power. The power received in the reception
resonant coil 310 is transmitted to the reception induction coil 320, which is in-
ductively coupled with the reception resonant coil 310, due to the electromagnetic
induction. The power received in the reception induction coil 320 is rectified by the
rectifying circuit 330 and transmitted to the load 400.

[67] [0067] According to the embodiment, the transmission induction coil 210, the
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transmission resonant coil 220, the reception resonant coil 310, and the reception
induction coil 320 may have the shape such as a circular shape, an oval shape, or a
square shape, but the embodiment is not limited thereto.

[0068] The transmission resonant coil 220 of the wireless power transmitting
apparatus 200 may transmit power to the reception resonant coil 310 of the wireless
power receiving apparatus 300 through a magnetic field.

[0069] In detail, the transmission resonant coil 220 and the reception resonant coil
310 are coupled with each other by using resonance to operate at a resonance
frequency.

[0070] As the transmission resonant coil 220 and the reception resonant coil 310 are
coupled with each other by using resonance, the power transmission efficiency
between the wireless power transmitting apparatus 200 and the wireless power
receiving apparatus 300 can be significantly improved.

[0071] A quality factor and a coupling coefficient are important in the wireless power
transmission. That is, as the quality factor and the coupling coefficient have greater
values, the power transmission efficiency may be more improved.

[0072] The quality factor may refer to an index of energy that may be stored in the
vicinity of the wireless power transmitting apparatus 200 or the wireless power
receiving apparatus 300.

[0073] The quality factor may vary according to the operating frequency w as well as
a shape, a dimension and a material of a coil. The quality factor may be expressed as
an equation, Q=w*L/R. In the above equation, L refers to the inductance of the coil
and R refers to resistance corresponding to the quantity of power loss caused in the
coil.

[0074] The quality factor may have a value of O to infinity. As the quality factor has
a greater value, the power transmission efficiency between the wireless power
transmitting apparatus 200 and the wireless power receiving apparatus 300 may be
more improved.

[0075] The coupling coefficient represents the degree of inductive magnetic coupling
between a transmission coil and a reception coil, and has a value of O to 1.

[0076] The coupling coefficient may vary according to the relative position and the
distance between the transmission coil and the reception coil.

[0077] FIG. 2 is a circuit diagram showing an equivalent circuit of the transmission
induction coil 210 according to the embodiment.

[0078] As shown in FIG. 2, the transmission induction coil 210 may include an
inductor L1 and a capacitor C1, and a circuit having an appropriate inductance and an
appropriate capacitance is configured through the inductor L1 and the capacitor C1.

[0079] The transmission induction coil 210 may have an equivalent circuit in which
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both terminals of the inductor L1 are connected with both terminals of the capacitor
C1. In other words, the transmission induction coil 210 may have an equivalent circuit
in which the inductor L1 and the capacitor C1 are connected with each other in
parallel.

[0080] The capacitor C1 may include a variable capacitor, and the impedance
matching may be performed as the capacitance of the capacitor C1 is adjusted. The
equivalent circuits of the transmission resonant coil 220, the reception resonant coil
310, and the reception induction coil 320 may have the same as the circuit shown in
FIG. 2.

[0081] FIG. 3 is a circuit diagram showing an equivalent circuit of the power supply
device 100 and the wireless power transmitting apparatus 200 according to the em-
bodiment.

[0082] As shown in FIG. 3, the transmission induction coil 210 may include the
inductor L1 having a predetermined inductance and the capacitor C1 having a prede-
termined capacitance. The transmission resonant coil 220 may include an inductor L2
having a predetermined inductance and a capacitor C2 having a predetermined ca-
pacitance.

[0083] FIG. 4 is a circuit diagram showing an equivalent circuit of the wireless
power receiving apparatus 300 according to the embodiment.

[0084] As shown in FIG. 4, the reception resonant coil 310 may include an inductor
L3 having a predetermined inductance and a capacitor C3 having a predetermined ca-
pacitance. The reception induction coil 320 may include an inductor L4 having a pre-
determined inductance and a capacitor C4 having a predetermined capacitance.

[0085] The rectifying circuit 330 may convert AC power transferred from the
reception induction coil 320 into DC power and may transfer the DC power to the load
400.

[0086] In detail, the rectifying circuit 330 may include a rectifier and a smoothing
circuit. The rectifier according to one embodiment may include a silicon rectifier and,
as shown in FIG. 4, may be equivalent to a diode D1.

[0087] The rectifier may convert AC power transferred from the reception induction
coil 320 into DC power.

[0088] The smoothing circuit may remove AC components included in the DC power
converted by the rectifier to output a smoothed DC power waveform. According to an
embodiment, as shown in FIG. 4, the smoothing circuit may include a rectifying
capacitor C5, but the embodiment is not limited thereto.

[0089] The load 400 may include a predetermined rechargeable battery or a device
requiring the DC power. For example, the load 400 may refer to a battery.

[0090] The wireless power receiving apparatus 300 may be installed in an electronic
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device, such as a cellular phone, a laptop computer or a mouse, requiring the power.
Accordingly, the reception resonant coil 310 and the reception induction coil 320 may
have the shape suitable for that of an electronic device.

[0091] The wireless power transmitting apparatus 200 may exchange information
with the wireless power receiving apparatus 300 through in-band or out-of-band com-
munication.

[0092] The in-band communication may refer to the communication for exchanging
information between the wireless power transmitting apparatus 200 and the wireless
power receiving apparatus 300 by using a signal having a frequency used in the
wireless power transmission. The wireless power receiving apparatus 300 may further
include a switch. The wireless power receiver 300 may receive the power transmitted
from the wireless power transmitting apparatus 200 through a switching operation of
the switch or may not receive the power transmitted from the wireless power
transmitting apparatus 200. Thus, the wireless power transmitting apparatus 200
detects the quantity of power consumed in the wireless power transmitting apparatus
200, so that the wireless power transmitting apparatus 200 may recognize an on or off
signal of the switch included therein.

[0093] In detail, the wireless power receiving apparatus 300 may change the quantity
of power dissipated in a resistor by using the resistor and a switch, so that the power
consumed in the wireless power transmitting apparatus 200 may be changed. The
wireless power transmitting apparatus 200 may sense a change of the dissipated power
to obtain information about a state of the wireless power receiving apparatus 300. The
switch and the resistor may be connected in series to each other. The information about
a state of the wireless power receiving apparatus 300 may include information about a
current charged quantity and/or the change of charged quantity of the wireless power
receiving apparatus 300.

[0094] In more detail, when the switch is opened, the power dissipated in the resistor
is 0 (zero) and the power dissipated in the wireless power transmitting apparatus 200 is
also reduced.

[0095] If the switch is shorted, the power dissipated in the resistor is more than 0 and
the power consumed in the wireless power transmitting apparatus 200 is increased.
While the wireless power receiving apparatus repeats the above operation, the wireless
power transmitting apparatus 200 may detect the power consumed in the wireless
power transmitting apparatus 200 and may perform digital communication with the
wireless power receiving apparatus 300.

[0096] The wireless power transmitting apparatus 200 receives the information about
the state of the wireless power receiving apparatus 300 according to the above

operation, so that the wireless power transmitting apparatus 200 may transmit the
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power appropriate to the reception state of the wireless power receiving apparatus 300.

[0097] To the contrary, the wireless power transmitting apparatus 200 may include a
resistor and a switch to transmit the information about the state of the wireless power
transmitting apparatus 200 to the wireless power receiving apparatus 300. According to
one embodiment, the information about the state of the wireless power transmitting
apparatus 200 may include information about the maximum quantity of power to be
supplied from the wireless power transmitting apparatus 200, the number of wireless
power receiving apparatus 300 receiving the power from the wireless power
transmitting apparatus 200 and the quantity of available power of the wireless power
transmitting apparatus 200.

[0098] Hereinafter, the out-of-band communication will be described.

[0099] 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
transmitting apparatus 200 and the wireless power receiving apparatus 300 can be
equipped with out-of-band communication modules to exchange information necessary
for the power transmission. The out-of-band communication module may be installed
in the power supply device. In one embodiment, the out-of-band communication
module may use a short-distance communication technology, such as Bluetooth,
Zigbee, WLAN or NFC, but the embodiment is not limited thereto.

[00100] Hereinafter, the power supply device 100 according to the first embodiment
will be described with reference to FIGS. 5 to 10.

[00101] FIG. 5 is a block diagram showing a power supply device according to the
first embodiment.

[00102] As shown in FIG. 5, the power supply device 100 according to the first em-
bodiment may include a power supply unit 110, an oscillator 130, an AC power
generating unit 150, and a transmission power control unit 190. The power supply unit
100 may be connected with the wireless power transmitting apparatus 200.

[00103] The power supply device 100 may be included in the wireless power
transmitting apparatus 200, but the embodiment is not limited thereto.

[00104] The power supply unit 110 generates DC power having a DC voltage to be
output to an output terminal.

[00105] The oscillator 130 generates a sine-wave AC signal.

[00106] The transmission power control unit 190 generates a control signal to control
the AC power generating unit 150.

[00107] The AC power generating unit 150 generates AC power having a voltage
having a square wave by amplifying the sine-wave AC signal of the oscillator 130

using the DC power of the power supply unit 110 according to the control signal of the
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transmission power control unit 190.

[00108] The wireless power transmitting apparatus 200 transmits the AC power of
the AC power generating unit 150 to the wireless power receiving apparatus 300 by
using resonance.

[00109] FIG. 6 is a block diagram showing the AC power generating unit and the
transmission power control unit according to the first embodiment.

[00110] As shown in FIG. 6, the AC power generating unit 150 according to the first
embodiment includes an AC power control unit 151, a DC-AC converter 153, and a
DC-DC converter 155. The transmission power control unit 190 includes a DC power
control unit 191.

[00111] The AC power control unit 151 generates an AC power control signal based
on the sine-wave AC signal of the oscillator 130.

[00112] The DC power control unit 191 generates a DC power control signal so that
the DC-DC converter 155 may output power having target DC voltage.

[00113] The DC-DC converter 155 converts the DC power (first DC power) of the
power supply unit 110 into DC power (second DC power) having the target DC
voltage based on the DC power control signal.

[00114] The DC-AC converter 153 converts the second DC power of the DC-DC
converter 155 into AC power having the square-wave AC voltage based on the AC
power control signal and outputs the converted signal to the transmission induction coil
210.

[00115] FIG. 7 is a circuit diagram showing a DC-DC converter according to the first
embodiment.

[00116] As shown in FIG. 7, the DC-DC converter 155 includes an inductor L11, a
power switch T11, a diode D11, and a capacitor C11. The power switch T11 may be
realized by using a transistor. For example, the power switch T11 may include an N-
channel metal-oxide-semiconductor field-effect transistor (NMOSFET), but may
include different devices performing the same operation.

[00117] One terminal of the inductor .11 is connected to an output terminal of the
power supply unit 110, that is, a first node n1, and an opposite terminal of the inductor
L11 is connected to a drain electrode of a power switch T112, that is, a second node
n2.

[00118] A gate electrode of the power switch T11 is connected to an output terminal
of a DC power control unit 191, that is, a fourth node n4, and a source electrode of the
power switch T11 is connected to a ground terminal.

[00119] An anode electrode of a diode D11 is connected to a drain electrode of the
power switch T11, that is, a second electrode n2, and a cathode electrode of the diode

D11 is connected to a third node n3.
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[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[00120] One terminal of a capacitor C11 is connected to the cathode electrode of the
diode D11, that is, the third node n3, and an opposite terminal of the capacitor C11 is
connected to the ground terminal.

[00121] FIG. 8 is a circuit diagram showing a DC-AC converter according to the first
embodiment.

[00122] As shown in FIG. §, a DC-AC converter 153 includes a transistor circuit part
having a half-bridge structure. The transistor circuit part having the half-bridge
structure includes an upper transistor T21, a lower transistor T22, and a DC cut-off
capacitor C21, and is connected to the AC power control unit 151 and the transmission
induction coil 210. The DC-AC converter 153 is connected to the DC-DC converter
155. The upper transistor T21 and the lower transistor T22 may be N-channel metal-
oxide-semiconductor field-effect transistor (NMOS). In addition, the upper and lower
transistors T21 and T22 may be substituted with different devices performing the same
operation as that of the NMOS.

[00123] The AC power control unit 151 generates an AC power control signal based
on a sine-wave AC signal of the oscillator through an upper transistor control signal
output terminal, that is, the first node m1, and a lower transistor control signal output
terminal, that is, the second node m2. The AC power control unit 151 generates an
upper transistor control signal serving as an AC power control signal based on the sine-
wave AC signal of the oscillator 130, and outputs the upper transistor control signal
through the first node m1. The AC power control unit 151 generates a lower transistor
control signal serving as an AC power control signal based on the sine-wave AC signal
of the oscillator 130, and outputs the lower transistor control signal through the second
node m2.

[00124] A drain electrode of an upper transistor T21 is connected to an output
terminal of the DC-DC converter 155, that is, a third node m3, and a gate electrode of
the upper transistor T21 is connected to the upper transistor control signal output
terminal of the AC power control unit 151, that is, the first node m1.

[00125] A drain electrode of a lower transistor T22 is connected to a source electrode
of the upper transistor T21, that is, a fourth node m4, a gate electrode of the lower
transistor T22 is connected to the lower transistor control signal output terminal of the
AC power control unit 151, that is, the second node m2, and a source electrode of the
lower transistor T22 is connected to the ground terminal.

[00126] One terminal of the DC cut-off capacitor C21 is connected to the fourth node
m4, and an opposite terminal of the DC cut-off capacitor C21 is connected to one
terminal of the inductor L1. An opposite terminal of the inductor L1 is connected to the
ground terminal.

[00127] Hereinafter, the wireless power transmission method according to the first
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[128]

[129]

[130]

[131]
[132]

[133]

[134]

[135]

[136]

[137]

[138]

embodiment will be described with reference to FIGS. 9 and 10.

[00128] FIG. 9 is a flowchart showing the wireless power transmission method
according to the first embodiment, and FIG. 10 illustrates waveforms at nodes in the
power supply device according to the first embodiment.

[00129] In particular, FIG. 9 illustrates the wireless power transmission method in
which the embodiments of FIGS. 6 to 8 are realized.

[00130] The power supply unit 110 generates DC power having DC voltage (step
S101). In particular, the power supply unit 110 may convert the AC power having the
AC voltage into the DC power having the DC voltage.

[00131] The oscillator 130 generates the sine-wave AC signal (step S103).

[00132] The DC power control unit 191 generates a DC power control signal to
allow the DC-DC converter 155 to output DC power having target DC voltage (step
S107) and outputs the DC power control signal to the gate electrode of the transistor
T11. The DC power control signal may be a pulse width modulation (PWM) signal
provided at the whole duration as shown in FIG. 10.

[00133] The DC-DC converter 155 converts the output power of the power supply
unit 110 into DC power having target DC voltage based on the DC power control
signal (step S109). The magnitude of the output voltage of the DC-DC converter 155
may be equal to the magnitude of the output voltage of the power supply unit 110, and
greater than or less than that of the output voltage of the power supply unit 110.

[00134] The AC power control unit 151 generates the AC power control signal based
on the sine-wave AC signal of the oscillator 130 (step S111). The AC power control
unit 151 may generate the upper transistor control signal serving as the AC power
control signal based on the sine-wave AC signal of the oscillator 130 and output the
upper transistor control signal through the first node m1. The AC power control unit
151 may generate the lower transistor control signal serving as the AC power control
signal based on the sine-wave AC signal of the oscillator 130 and output the lower
transistor control signal through the second node m2.

[00135] Hereinafter, the upper and lower transistor control signals will be described
with reference to FIG. 10.

[00136] As shown in FIG. 10, the upper and lower transistor control signals have
square waves.

[00137] One period of the upper transistor control signal sequentially includes a turn-
on time slot of the upper transistor T21 and a turn-off time slot of the upper transistor
T21. The turn-on time slot of the upper transistor T21 corresponds to a half period of
the sine-wave AC signal of the oscillator 130, and the turn-off time slot of the upper
transistor T21 may correspond to a remaining half period of the sine-wave AC signal.

[00138] One period of the lower transistor control signal sequentially includes a turn-
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[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

on time slot of the lower transistor T22 and a turn-off time slot of the lower transistor
T22. The turn-on time slot of the lower transistor T22 corresponds to a half period of
the sine-wave AC signal, and the turn-off time slot of the lower transistor T22 may
correspond to a remaining half period of the sine-wave AC signal.

[00139] The upper transistor control signal has a level to turn on the upper transistor
T21 during the turn-on time slot of the upper transistor T21. The level to turn on the
upper transistor T21 may be a high level.

[00140] The upper transistor control signal has a level to turn off the upper transistor
T21 during the turn-off time slot of the upper transistor T21. The level to turn off the
upper transistor T21 may be a low level.

[00141] The lower transistor control signal has a level to turn on the lower transistor
T22 at the turn-on time slot of the lower transistor T22. The level to turn on the lower
transistor T22 may be a high level.

[00142] The lower transistor control signal has a level to turn off the lower transistor
T22 at the turn-off time slot of the lower transistor T22. The level to turn off the lower
transistor T22 may be a low level.

[00143] During the turn-on time slot of the upper transistor T21, the lower transistor
control signal during the turn-off time slot of the lower transistor T22 has a level to
turn off the lower transistor T22.

[00144] During the turn-on time slot of the lower transistor T22, the lower transistor
control signal during the turn-off time slot of the upper transistor T21 has a level to
turn off the lower transistor T22.

[00145] In order to prevent the upper and lower transistors T21 and T22 from being
shorted as the upper and lower transistors T21 and T22 are simultaneously turned on,
the upper and lower transistor control signals may have dead time slots. During the
dead time slot, the upper transistor control signal has a level to turn off the upper
transistor T21, and the lower transistor control signal may have a level to turn off the
lower transistor T22.

[00146] In order to output power having square-wave voltage with a 50% duty ratio,
the turn-on time slot of the upper transistor T21 has a time length corresponding to
(50-a)% of one period T, and the dead time slot of the upper transistor T21 has a time
length corresponding to a% of one period T. The turn-off time slot of the upper
transistor T21 has a time length corresponding to a 50% of one period T, the turn-on
time slot of the lower transistor T22 has a time length corresponding to (50-a)% of one
period T, and the dead time slot of the lower transistor T22 has a time length corre-
sponding to a% of one period T. The turn-off time slot of the lower transistor T22 may
have a time length corresponding to 50% of one period T, in which a may refer to 1%.

[00147] The DC-AC converter 153 converts the output power of the DC-DC
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[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]
[157]

[158]

[159]

converter 155 into AC power having squre-wave AC voltage based on the AC power
control signal (step S113) and outputs the output power of the DC-DC converter 155 to
the transmission induction coil 210.

[00148] Hereinafter, the operation of the DC-AC converter 153 will be described
with reference to FIG. 10.

[00149] The upper transistor T21 and the lower transistor T22 output square-wave
power having square-wave voltage V3 by the upper and lower transistor control signals
having the dead time slot as shown in FIG. 10.

[00150] The DC cut-off capacitor C21 cuts off the DC voltage of the square-wave
power and outputs the square-wave AC power having the square-wave AC voltage V4
to the transmission induction coil 210.

[00151] The wireless power transmitting apparatus 200 transmits the square-wave
AC power having the square-wave AC voltage V4 to the wireless power receiving
apparatus 300 by resonance (step S115).

[00152] Hereinafter, the voltage magnitudes of the square-wave AC power which are
generated by the power supply device and varied depending on frequency components
according to the first embodiment will be described with reference to FIG. 11.

[00153] FIG. 11 is a graph showing the voltage magnitudes of the square-wave AC
power which are generated by the power supply device and varied depending on the
frequency components according to the first embodiment.

[00154] As shown in FIG. 11, when the square-wave AC power having voltage
fluctuated between 1V and -1V has a 50% duty ratio, the square-wave AC power has
the voltage magnitude of about 0.64V at a fundamental frequency component, the
voltage magnitude of about 0.21V at the third harmonic frequency component, and the
voltage magnitude of 0.13V at the fifth harmonic frequency component. The square-
wave AC power has no even-numbered harmonic components.

[00155] In this case, power Prygamenca at the fundamental frequency component, power
Ps1d_hanmomic at the second harmonic frequency component, and power Pag panmomic at the
nt harmonic frequency component can be obtained through Equations, 1, 2, and 3.

[Equation 1]

Viundamental ?
Zfundamental

[00156] In Equation 1, Zgydanaunes refers to an input impedance at the fundamental

Pfundamental=

frequency component, and Viygamena Tefers to a voltage magnitude at the fundamental
frequency component.

[Equation 2]
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[160]

[161]

[162]
[163]

[164]

[165]

[166]
[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

2
I 2nd-hanmornic

P2nd-h c=
& anmorine Z2nd-hanmornic

[00157] In Equation 2, Zs,gopamonic refers to an input impedance at the second
harmonic frequency component, and V., gonamonic Fefers to a voltage magnitude at the
second harmonic frequency component.

[Equation 3]

p)
Viath-hanmornic

Prth-hanmornic= :
Znth-hanmornic

[00158] In Equation 3, Z,momumonic refers to an input impedance at the nth harmonic
frequency component, and V yuomamonic refers to a voltage magnitude at the nth harmonic
frequency component.

[00159] Meanwhile, the power ratio at the fundamental frequency component may be
calculated through Equation 4.

[Equation 4]

Pfundamental
Pfundamental+Pnth-harmonic

Power-ratio-at-fundamental-frequency-component=

[00160] In Equation 4, when the duty ratio of the square-wave AC power is 50%, the
power ratio at the fundamental frequency component is substantially 65.5%.

[00161] Since a resonance-type wireless power transmitting apparatus transmits only
power, which is obtained at the fundamental frequency component, to the wireless
power receiving apparatus, the power ratio at the fundamental frequency component
becomes very power transmission efficiency.

[00162] Hereinafter, a power supply device capable of more improving power ef-
ficiency by more increasing the power ratio at the fundamental frequency component
according to the second embodiment will be described with reference FIGS. 12 to 16.

[00163] FIG. 12 is a block diagram showing a power supply device 100 according to
the second embodiment.

[00164] As shown in FIG. 12, the power supply device 100 according to the second
embodiment includes the power supply unit 110, the oscillator 130, an AC power
generating unit 160, and a transmission power control unit 190. The power supply 100
is connected to the wireless power transmitting apparatus 200.

[00165] The power supply device 100 may be included in the wireless power
transmitting apparatus 200, but the embodiment is not limited thereto.

[00166] The power supply unit 100 generates DC power having DC voltage and
outputs the DC power having the DC voltage to the output terminal.

[00167] The oscillator 130 generates a sine-wave AC signal.
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[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[00168] The transmission power control unit 190 generates a control signal to control
the AC power generating unit 160 based on the sine-wave AC signal of the oscillator
130.

[00169] The AC power generating unit 160 generates AC power having a voltage
having a modified square wave by amplifying the sine-wave AC signal of the oscillator
130 using the DC power of the power supply unit 110 according to the control signal
of the transmission power control unit 190. In this case, the modified square wave may
have a quasi square wave as shown in FIG. 16 described above. The wireless power
transmitting apparatus 200 transmits AC power having a quasi square wave, which is
generated from the AC power generating unit 160, to the wireless power receiving
apparatus 300 through the resonance, thereby increasing wireless power transmission
efficiency.

[00170] Although not shown, the power supply device 100 may additionally include
the DC-DC converter 155 and the DC power control unit 191. In this case, the DC-DC
converter 155 may convert output power of the power supply unit 110 into DC power
having DC voltage based on the DC power control signal generated from the DC
power control unit 191 and supply the DC power to the AC power control unit 160.

[00171] The wireless power transmitting apparatus 200 transmits the output power of
the AC power generating unit 160, that is, the AC power having a quasi square
waveform to the wireless power receiving apparatus 300 by resonance. FIG. 13 is a
block diagram showing the AC power generating unit and the transmission power
control unit according to a second embodiment.

[00172] As shown in FIG. 13, the AC power generating unit 160 according to the
second embodiment includes a DC-AC converter 163. The transmission power control
unit 190 includes an AC power control unit 193.

[00173] The AC power control unit 193 generates an AC power control signal based
on a sine-wave AC signal of the oscillator 130.

[00174] The DC-AC converter 163 converts the output power of the power supply
unit 110 into AC power having modified square-wave voltage based on the AC power
control signal and outputs the AC power having the modified square-wave voltage to
the transmission induction coil 210.

[00175] FIG. 14 is a circuit diagram showing the DC-AC converter according to the
second embodiment.

[00176] As shown in FIG. 14, the DC-AC converter 163 includes a full-bridge
structure transistor circuit part, and the full-bridge structure transistor circuit part
includes two half-bridge transistor circuit parts. One of the two half-bridge transistor
circuit parts includes an upper transistor T41 and a lower transistor T42, and the other

of the two half-bridge transistor circuit parts includes an upper transistor T44 and a
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[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]
[195]

lower transitor T43. The upper transistors T41 and T44 and the lower transistors T42
and T43 may include NMOSs, but may be substituted with different devices
performing the same operation.

[00177] The AC power control unit 193 has first to fourth nodes (k1 to k4) provided
at an output terminal thereof, and generates an AC power control signal based on the
sine-wave AC signal of the oscillator 130.

[00178] The upper transistor T41 has a drain electrode connected to the fifth node k5
connected to the output terminal of the power supply unit 110, a gate electrode
connected to the AC power control unit 193 through the first node k1, and a source
electrode connected to a sixth node k6 connected to one terminal of the inductor L1 of
the transmission induction coil 210.

[00179] The lower transistor T42 has a drain electrode connected to the sixth node
k6, a gate electrode connected to the AC power control unit 193 through the second
node k2, and a source electrode connected to the ground terminal.

[00180] The upper transistor T44 has a drain electrode connected to the fifth node k5
connected to the power supply unit 110, a gate electrode connected to the AC power
control unit 193 through the third node k3, and a source electrode connected to the
seventh node k7 connected to the opposite terminal of the inductor L1 of the
transmission induction coil 210.

[00181] The lower transistor T43 has a drain electrode connected to the seventh node
k7, a gate electrode connected to the AC power control unit 193 through the fourth
node k4, and a source electrode connected to the ground terminal.

[00182] Hereinafter, the wireless power transmission method according to the second
embodiment will be described with reference to FIGS. 15 and 16.

[00183] FIG. 15 is a flowchart showing the wireless power transmission method
according to the second embodiment, and FIG. 16 illustrates waveforms at nodes in the
power supply device according to the second embodiment.

[00184] In particular, FIG. 15 illustrates the wireless power transmission method in
which the embodiments of FIGS. 12 to 14 are realized.

[00185] The power supply unit 110 generates DC power having DC voltage V1 (step
S301). In particular, the power supply unit 110 may convert the AC power having the
AC voltage into the DC power having the DC voltage V1.

[00186] The oscillator 130 generates a sine-wave AC signal (step S303).

[00187] The AC power control unit 193 generates an AC power control signal based
on the sine-wave AC signal (step S311) and outputs the AC power control signal to the
DC-AC converter 163. For the DC-AC converter 163 having the circuit shown in FIG.
14, the AC power control signal may include control signals of the upper transistor

T41, the upper transistor T44, the lower transistor T42, and the lower transistor T43 .
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[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[00188] Especially, one period for the operation of the power supply device 100
includes a positive voltage output time slot TS1, a first zero-voltage output time slot
TS2, a negative output time slot TS3, and a second zero-voltage output time slot TS4.

[00189] Hereinafter, each control signal will be described in detail with reference to
FIG. 16.

[00190] During the positive voltage output time slot TS1, the control signal of the
upper transistor T41 has a level to turn on the upper transistor T41, the control signal
of the lower transistor T42 has a level to turn off the lower transistor T42, the control
signal of the lower transistor T43 has a level to turn on the lower transistor T43, and
the control signal of the upper transistor T44 has a level to turn off the upper transistor
T44. Accordingly, the output voltage V3 of the AC power control unit 193 becomes
positive voltage.

[00191] During the first zero-voltage output time slot TS2, the control signals of the
upper transistor T41, the lower transistor T42, the lower transistor T43, and the upper
transistor T44 have levels to turn off the upper transistor T41, the lower transistor T42,
the lower transistor T43, and the upper transistor T44, respectively. Accordingly, the
output voltage V3 of the AC power control unit 193 becomes zero-voltage.

[00192] During the negative voltage output time slot TS3, the control signal of the
upper transistor T41 has a level to turn off the upper transistor T41, the control signal
of the lower transistor T42 has a level to turn on the lower transistor T42, the control
signal of the lower transistor T43 has a level to turn off the lower transistor T43, and
the control signal of the upper transistor T44 has a level to turn on the upper transistor
T44. Accordingly, the output voltage V3 of the AC power control unit 193 becomes
negative voltage.

[00193] During the second zero-voltage output time slot TS4, the control signals of
the upper transistor T41, the lower transistor T42, the lower transistor T43, and the
upper transistor T44 have levels to turn off the upper transistor T41, the lower
transistor T42, the lower transistor T43, and the upper transistor T44, respectively. Ac-
cordingly, the output voltage V3 of the AC power control unit 193 becomes zero-
voltage.

[00194] The DC-AC converter 163 converts the output power of the power supply
unit 110 into AC power having modified square-wave voltage based on the AC power
control signal (step S313) and outputs the AC power having the modified square-wave
voltage to the transmission induction coil 210.

[00195] One period of the quasi square-wave AC power having the square-wave AC
voltage V3 includes the positive voltage output time slot TS1, the first zero-voltage
output time slot TS2, negative voltage output time slot TS3 and the second zero-

voltage output time slot TS4. During the positive voltage output time slot TS1, the
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square-wave AC voltage V3 becomes positive voltage. During the first zero-voltage
output time slot TS2, the square-wave AC voltage V3 becomes zero-voltage. During
the negative voltage output time slot TS3, the square-wave AC voltage V3 becomes
negative voltage. During the second zero-voltage output time slot TS4, the square-
wave AC voltage V3 becomes zero-voltage.

[204] [00196] The duty ratio D of the quasi square-wave AC power may be calculated
through following equation 5.

[205] [Equation 5]

12001 7S1

D:
TS1+TS2+TS3+TS54

[207] [00197] The wireless power transmitting apparatus 200 transmits the modified

X 100%

square-wave AC power having the modified square-wave AC voltage V3 to the
wireless power receiving apparatus 300 by using resonance (step S315).

[208] [00198] Hereinafter, the input impedance measured at an input stage of the wireless
power transmitting apparatus 200 will be described with reference to FIG. 17.

[209] [00199] FIG. 17 is a graph showing the input impedance of a resonance-type wireless
power transmission system according to the second embodiment.

[210] [00200] As shown in FIG. 17, the input impedance of the wireless power
transmitting apparatus 200 has the maximum magnitude at the fundamental frequency
component, and the minimum magnitude at the second harmonic frequency
component. The input impedance of the wireless power transmitting apparatus 200 is
increased as the order of the harmonic frequency component is increased from the
second harmonic frequency component.

[211] [00201] Hereinafter, the voltage magnitudes of quasi square-wave AC power which
are generated by the power supply device and varied depending on frequency
components according to the second embodiment will be described with reference to
FIG. 18.

[212] [00202] FIG. 18 is a graph showing the voltage magnitudes of the square-wave AC
power which are generated by the power supply device and varied depending on the
frequency components according to the second embodiment.

[213] [00203] As shown in FIG. 18, when the square-wave AC power having voltage
fluctuated among 1 V, 0V and -1 V has a 30% duty ratio, the square-wave AC power
has the voltage magnitude of about 0.52V at a fundamental frequency component, the
voltage magnitude of about 0.09V at the third harmonic frequency component, and the
voltage magnitude of 0.07V at the fifth harmonic frequency component.

[214] [00204] The power ratio of the quasi square-wave AC power which is generated by

the power supply device and varied according to the fundamental frequency
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[215]

[216]

[217]

[218]

[219]

[220]

components according to the second embodiment will be described with reference to
FIG. 19.

[00205] FIG. 19 is a graph showing the power ratio of the quasi square-wave AC
power which is generated by the power supply device and varied according to the fun-
damental frequency components according to the second embodiment.

[00206] The power ratio of the quasi square-wave AC power at the fundamental
frequency component may be calculated through Equation 4.

[00207] As shown in FIG. 19, the power ratio of the quasi square-wave AC power at
the fundamental frequency component when the duty ratio of the quasi square-wave
AC power is about 23% or more is greater than the power ratio of the square-wave AC
power at the fundamental frequency component when the duty ratio of the square-wave
AC power is 50% . Therefore, in order to obtain the efficiency greater than that in the
case of a 50% duty ratio of the square-wave AC power, the duty ratio of the quasi
square-wave AC power may be set to 23% or more.

[00208] Meanwhile, if the duty ratio of the quasi square-wave AC power is 50%, the
transistor T41 and the transistor T42 may be simultaneously turned on, so that shoot-
through current may be generated due to a short circuit. The shoot-through current may
degrade the system efficiency and cause damage to the transistors T41 and T42. Ac-
cordingly, in order to prevent the shoot-through current from being generated due to
the short circuit, the duty ratio of the quasi square-wave AC power may be set to 48%
or less.

[00209] In addition, when the duty ratio of the quasi square-wave AC power is about
30%, the power ratio of the quasi square-wave AC power at the fundamental frequency
component is maximized. Accordingly, in order to maximize the efficiency of the
resonance-type wireless power transmission system, the duty ratio of the quasi square-
wave AC power may be set to about 30%. For example, the duty ratio of the quasi
square-wave AC power may be set to 26% or more, narrowly, 28% or more. In more
narrowly, the duty ratio of the quasi square-wave AC power may be set to 29% or
more. In addition, the duty ratio of the quasi square-wave AC power may be set to 40%
or less, narrowly, 34% or less. In more narrowly, the duty ratio of the quasi square-
wave AC power may be set 31%.

[00210] Any reference in this specification to "one embodiment”, "an embodiment”,
"example embodiment", etc., means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one embodiment of
the invention. The appearances of such phrases in various places in the specification
are not necessarily all referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with any embodiment, it

is submitted that it is within the purview of one skilled in the art to effect such feature,
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structure, or characteristic in connection with other ones of the embodiments.

[221] [00211] Although embodiments have been described with reference to a number of
illustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts and/or ar-
rangements of the subject combination arrangement within the scope of the disclosure,
the drawings and the appended claims. In addition to variations and modifications in
the component parts and/or arrangements, alternative uses will also be apparent to
those skilled in the art.
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Claims

A wireless power transmitting apparatus to wirelessly transmit power to
a wireless power receiving apparatus through a transmission resonance
coil using resonance, the wireless power transmitting apparatus
comprises:

an AC power generating unit to generate quasi square-wave AC power
having quasi square-wave voltage; and

a transmission induction coil to transmit the quasi square-wave AC
power to the transmission resonance coil through electromagnetic
induction.

The wireless power transmitting apparatus of claim 1, wherein an input
impedance of the wireless power transmitting apparatus has a
maximum value at a fundamental frequency component.

The wireless power transmitting apparatus of claim 2, wherein the input
impedance of the wireless power transmitting apparatus has a minimum
value at a second harmonic frequency component.

The wireless power transmitting apparatus of claim 3, wherein the input
impedance of the wireless power transmitting apparatus is increased as
an order of a harmonic frequency component is increased from the
second harmonic frequency component.

The wireless power transmitting apparatus of one of claims 1 to 4,
wherein a duty ratio of the quasi square-wave AC power has a value
allowing a power ratio of the quasi square-wave AC power at the fun-
damental frequency component to be greater than a power ratio of
square-wave AC power at a fundamental frequency component when a
duty ratio of the square-wave AC power is 50%.

The wireless power transmitting apparatus of claim 5, wherein the duty
ratio of the quasi square-wave AC power is in a range of 23% to 48%.
The wireless power transmitting apparatus of claim 6, wherein the duty
ratio of the quasi square-wave AC power is in a range of 28% to 34%.
The wireless power transmitting apparatus of claim 7, wherein the duty
ratio of the quasi square-wave AC power is in a range of 29% to 31%.
A method of wirelessly transmitting power to a wireless power
receiving apparatus through a transmission resonance coil using
resonance by a wireless power transmitting apparatus, the method
comprising:

generating quasi square-wave AC power having quasi square-wave



WO 2014/119871
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[Claim 11]
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voltage; and

transmitting the quasi square-wave AC power to the transmission
resonance coil through electromagnetic induction.

The method of claim 9, wherein an input impedance of the wireless
power transmitting apparatus has a maximum value at a fundamental
frequency component, and is increased as an order of a harmonic
frequency component is increased from a second harmonic frequency
component.

The method of claim 10, further comprising:

generating DC power;

generating a sine wave; and

generating an AC power control signal based on the sine wave,
wherein the generating of the quasi square-wave AC power having the
quasi square-wave voltage comprises generating the quasi square-wave
AC power based on the AC power control signal.

The method of one of claims 9 to 11, wherein a duty ratio of the quasi
square-wave AC power has a value allowing a power ratio of the quasi
square-wave AC power at the fundamental frequency component to be
greater than a power ratio of square-wave AC power at the fundamental
frequency component when a duty ratio of the square-wave AC power
is 50%.

A wireless power transmitting apparatus to wirelessly transmit power to
a wireless power receiving apparatus through a transmission resonance
coil using resonance, the wireless power transmitting apparatus
comprises:

an AC power control unit to generate an AC power control signal;

a full-bridge structure transistor circuit part to output quasi square-wave
AC power having quasi square-wave voltage based on the AC power
control signal; and

a transmission induction coil to transmit the quasi square-wave AC
power to the transmission resonance coil through electromagnetic
induction.

The wireless power transmitting apparatus of claim 13, wherein the
full-bridge structure transistor circuit part comprises:

a first transistor comprising a drain electrode, to which DC power is
applied, and a source electrode connected to one terminal of the
transmission induction coil;

a second transistor comprising a drain electrode connected to the source
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[Claim 16]

[Claim 17]
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electrode of the first transistor and a source electrode connected to a
ground;

a third transistor comprising a drain electrode, to which the DC power
is applied, and a source electrode connected to an opposite terminal of
the transmission induction coil; and

a fourth transistor comprising a drain electrode connected to the source
electrode of the third transistor and a source electrode connected to the
ground,

wherein the source electrode of the first transistor and the source
electrode of the third transistor output the quasi square-wave AC
power.

The wireless power transmitting apparatus of claim 13 or 14, wherein a
duty ratio of the quasi square-wave AC power at the fundamental
frequency component has a value allowing a power ratio of the quasi
square-wave AC power at the fundamental frequency component to be
greater than a power ratio of square-wave AC power at the fundamental
frequency component when a duty ratio of the square-wave AC power
is 50%.

The wireless power transmitting apparatus of claim 15, wherein the
duty ratio of the quasi square-wave AC power is in a range of 23% to
48%.

The wireless power transmitting apparatus of claim 13 or 14, wherein
an input impedance of the wireless power transmitting apparatus has a
maximum value at a fundamental frequency component, and is
increased at a second harmonic frequency component or more as an

order of a harmonic frequency component is increased.
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