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(57) Abstract: Disclosed is a wireless power transmitter. A wireless power transmitter includes a transmission coil for generating a
magnetic field by receiving power from a power source, a transmission resonant coil for transmitting power to a receiving coil by us-
ing the magnetic field generated from the transmission coil by using resonance, a detection unit for detecting an approach of the re -
ceiving coil and a power regulator for adjusting an output of the power source, which supplies the power, based on the approach of
the receiving coil detected by the detection unit.
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Description
Title of Invention: WIRELESS POWER TRANSMITTER,
WIRELESS POWER RECEIVER AND WIRELESS POWER

TRANSMISSION METHOD
Technical Field

The embodiment relates to a wireless power transmission. More particularly, the em-
bodiment relates to a wireless power transmission using resonance, in which a
detection coil capable of detecting energy stored in a transmission resonant coil of a
wireless power transmitter is provided to detect whether a receiver is located far away.
If it is determined that the receiver is located far away or does not exist, intensity of

transmission power is reduced to prevent the power loss.

Background Art

A wireless power transmission or a wireless energy transfer refers to a technology for
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 electric energy by irradiating elec-
tromagnetic waves, such as radio waves or lasers, has been suggested. Actually,
electric toothbrushes or electric razors, which are frequently used in daily life, are
charged based on the principle of electromagnetic induction. Until now, the long-
distance transmission using the magnetic induction, the resonance and the short-
wavelength radio frequency has been used as the wireless energy transfer scheme.

In the case of a short-distance wireless power transmission, which has been
spotlighted in these days, a wireless power transmitter is installed in a building in such
a manner that a mobile device, such as a cellular phone or a notebook computer, can be
continuously charged when a user uses the mobile device in the building even if the
mobile device is not connected to an additional power cable.

However, according to the wireless power transmission of the related art, power must
be constantly transmitted regardless of the existence of a receiver that receives the

power, causing the waste of the power.

Disclosure of Invention

Technical Problem
The embodiment provides a method for preventing the waste of power by adjusting

transmission power based on the existence or the location of a receiver.
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Solution to Problem

A wireless power transmitter according to one embodiment includes a transmission
coil for generating a magnetic field by receiving power from a power source, a
transmission resonant coil for transmitting power to a receiving coil by using the
magnetic field generated from the transmission coil by using resonance, a detection
unit for detecting an approach of the receiving coil and a power regulator for adjusting
an output of the power source, which supplies the power, based on the approach of the
receiving coil detected by the detection unit.

A wireless power receiver for wirelessly receiving power from a wireless power
transmitter equipped with a detection unit according to one embodiment includes a
receiving resonant coil for receiving AC power from the wireless power transmitter by
using resonance and a receiving coil for receiving the received AC power by using
electromagnetic induction, wherein an approach of the receiving resonant coil to the
wireless power transmitter is detected by the detection unit.

A wireless power transmission method according to one embodiment includes
transmitting a magnetic field generated by power supplied from a power source,
checking a status of the transmitted magnetic field, detecting an approach of a
receiving coil that receives the magnetic field based on the status of the magnetic field

and adjusting transmission power based on the approach of the receiving coil.

Advantageous Effects of Invention
According to the embodiment, the waste of power can be prevented by adjusting

transmission power based on the existence or the location of a receiver.

Brief Description of Drawings

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

FIG. 2 is a view showing an equivalent circuit of a transmission coil 21 according to
one embodiment;

FIG. 3 is a view showing an equivalent circuit of a power source 10 and a transmitter
20 according to one embodiment;

FIG. 4 is a view showing an equivalent circuit of a receiving resonant coil 31, a
receiving coil 32, a smoothing circuit 40 and a load 50; and

FIG. 5 is a view showing the structure of a wireless power transmitter according to

one embodiment.

Best Mode for Carrying out the Invention
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Hereinafter, embodiments will be described in more detail with reference to ac-
companying drawings.

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

Power generated from a power source 10 is transmitted to a transmitter 20 and then
transmitted to a receiver 30 that makes resonance with the transmitter 20 using
resonance, that is, has a resonant frequency value equal to that of the transmitter 20.
The power transmitted to the receiver 30 is transmitted to a load 50 through a rectifier
circuit 40. The load 50 may be a battery or a device requiring the power.

In detail, the power source 10 is an AC power source to provide AC power having a
predetermined frequency.

The transmitter 20 includes a transmission coil 21 and a transmission resonant coil
22. The transmission coil 21 is connected to the power source 10 and AC current is
applied to the transmission coil 21. As the AC current is applied to the transmission
coil 21, the AC current is induced to the transmission resonant coil 22, which is
physically spaced apart from the transmission coil 21, by using the electromagnetic
induction. The power transmitted to the transmission resonant coil 22 is transmitted to
the power receiver 30, which forms a resonant circuit together with the power
transmitter 10 using resonance.

According to the power transmission using the magnetic resonance, the power can be
transmitted between two LC circuits which are impedance-matched. The power
transmission using the magnetic resonance can transmit the power farther than the
power transmission using the electromagnetic induction with the high power
transmission efficiency.

The power receiver 30 includes a receiving resonant coil 31 and a receiving coil 32.
The power transmitted through the transmission resonant coil 22 is received in the
receiving resonant coil 31 so that the AC current is applied to the receiving resonant
coil 31. The power transmitted to the receiving resonant coil 31 is transmitted to the
receiving coil 32 by using the electromagnetic induction. The power transmitted to the
receiving coil 32 is rectified through the rectifier circuit 40 and then transmitted to the
load 50.

The transmitting resonant coil of the power transmitter 20 transmits power to the
receiving resonant coil of the power receiver 30 by using magnetic field. The
transmitting resonant coil and the receiving resonant coil are magnetically coupled and
each of them can operate at resonant frequency. Resonant coupling of the transmitting
resonant coil and the receiving resonant coil significantly improves power transmission
efficiency between the power transmitter 20 and the power receiver 30.

FIG. 2 shows the equivalent circuit of the transmission coil 21 according to one em-
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bodiment. As shown in FIG. 2, the transmission coil 21 may include an inductor L1
and a capacitor C1 and a circuit having predetermined inductance and capacitance
values can be formed by using the inductor L1 and the capacitor C1. The capacitor C1
may be a variable capacitor and the impedance matching can be performed by con-
trolling the variable capacitor. The equivalent circuit of the transmission resonance coil
22, the receiving resonant coil 31 and the receiving coil 22 may be equal to the
equivalent circuit shown in FIG. 2.

FIG. 3 is a view showing an equivalent circuit of the power source 10 and the
transmitter 20 according to one embodiment. As shown in FIG. 3, the transmission coil
21 and the transmission resonant coil 22 may consist of inductors L1 and L2 having
predetermined inductance values and capacitors C1 and C2 having predetermined ca-
pacitance values, respectively.

FIG. 4 is a view showing an equivalent circuit of the receiving resonant coil 31, the
receiving coil 32, the smoothing circuit 40 and the load 50.

As shown in FIG. 4, the receiving resonant coil 31 and the receiving coil 32 may
consist of inductors L.3 and L4 having predetermined inductance values and capacitors
C3 and C4 having predetermined capacitance values, respectively. The smoothing
circuit 40 may consist of a diode D1 and a smoothing capacitor C5 and can output DC
power by converting AC power to the DC power. Although the load 50 is shown as a
DC power source of 1.3V, the load 50 may be a battery or a device requiring the DC
power.

Meanwhile, according to the embodiment, a detection unit for detecting the location
of the receiver is installed at a side of the wireless power transmitter to adjust intensity
of the transmission power according to the location of the receiver.

FIG. 5 is a view showing the structure of the wireless power transmitter according to
one embodiment.

In FIG. 5, elements except for the transmission coil 21 and the transmission resonant
coil 22 may be included in the power source 10 shown in FIG. 1.

As shown in FIG. 5, the wireless power transmitter according to one embodiment
includes a signal generator 11, a transmission coil 21 connected to the signal generator
1 to form a magnetic field, a transmission resonant coil 22 coupled with the
transmission coil 21 to transmit the power, a detection unit 19 for detecting the
location of a coil of a receiving side, and a power regulator 12 for controlling the
output of the power source based on the location of the coil of the receiving side.

In addition, the wireless power transmitter according to one embodiment may further
include an amplifier 13 which transmits the output of the signal generator 11 by am-
plifying the output of the signal generator 11.

The detection unit 19 includes a first power detector 14 that detects an output of the
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signal generator 11 to convert the output into DC current, a detection coil 15 for
detecting intensity of a magnetic field transmitted from the transmission resonant coil
22, a second power detector 16 that converts the power, which is generated by the
magnetic field detected from the detection coil 15, into DC current, and a comparator
that compares the output of the first power detector 14 with the output of the second
power detector 16 and transmits the comparison result to the power regulator 12.

In addition, the detection unit 19 may further include an amplifier 17 for amplifying
the DC current converted by the second power detector 16.

The detection unit 19 measures the intensity of the magnetic field generated by the
transmission coil. If the intensity of the magnetic field exceeds a reference value, the
power regulator 12 determines that the coil of the receiving side may not approach the
transmitter, so the power regulator 12 reduces the transmission power.

When the receiver rarely receives the power because the receiver is located far away
from the transmitter or when it is not necessary for the transmitter to generate the
power because there is no receiver, the wireless power transmitter according to the em-
bodiment automatically shuts off the power transmission by detecting the above
situation.

When the wireless power transmitter is installed in the room and a wireless power
receiver is installed in a cellular phone or a notebook computer, if the cellular phone or
the notebook computer does not exist in the room or is located far away from the
wireless power transmitter, the transmission power of the wireless power transmitter is
automatically reduced to prevent the power loss.

The principle of the wireless power transmitter according to the embodiment is as
follows. Referring to FIG. 5, the transmission resonant coil 22 stores power using
resonance. The amount of energy stored in the transmission resonant coil 22 can be
expressed as: input power x Q (quality factor). The Q value of the transmission
resonant coil 22 may become lowered as the power received in the receiver is
increased because the receiver approaches the transmitter.

In addition, since the amount of the magnetic field generated from the transmission
resonant coil 22 is proportional to the energy stored in the transmission resonant coil
22, the amount of the energy stored in the transmission resonant coil 22 may be
reduced as the receiver approaches the transmitter, so the intensity of the magnetic
field generated from the transmission resonant coil 22 is weakened. Thus, the amount
of power detected by the detection coil 15 is also reduced.

The detection coil 15 is coupled with the magnetic field generated from the
transmission resonant coil 22 and the second power detector 16 converts the coupled
magnetic field into a DC voltage signal. Since the DC voltage signal converted by the

second power detector 16 is very low, the amplifier 17 amplifies the DC voltage signal.
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The first power detector 14 may output a constant DC voltage.

Since the DC voltage output from the first power detector 14 is constant, the DC
voltage can be used as a reference value. If the DC voltage output from the amplifier
17 or the second power detector 16 is constant, the output of the comparator 18 may
have the constant value of high or low.

If the receiver moves far from the transmitter, the amount of the energy stored in the
transmission resonant coil 22 is increased and the intensity of the magnetic field
generated from the transmission resonant coil 22 is increased. That is, if the output of
the comparator becomes high (or low) because the DC voltage output from the
amplifier 17 exceeds a predetermined voltage level, the power regulator 12 outputs a
power reduction signal based on the output of the comparator. The power reduction
signal refers to a signal for reducing the transmission power and the power regulator 12
can reduce the power transmitted from the transmission coil 21 and the transmission
resonant coil 22 or can make the power as zero by using the power reduction signal.

In contrast, if the output of the comparator becomes low (or high) because the DC
voltage output from the amplifier 17 is less than the predetermined voltage level, the
power regulator 12 outputs a power increase signal based on the output of the
comparator. The power regulator 12 can increase the power transmitted from the
transmission coil 21 and the transmission resonant coil 22 by using the power increase
signal.

In other words, the output of the first power detector 14 is always kept in a constant
level, so the output value of the first power detector 14 can be used as the reference
value for detecting the approach of the receiving coil.

In addition, the output of the second power detector 16 may vary depending on the
location of the coil of the receiving side. Preferably, the output of the second power
detector 16 becomes reduced as the coil of the receiving side approaches the
transmitter or becomes increased as the coil of the receiving side moves far away from
the transmitter.

The comparator 18 compares the output value of the first power detector 14 with the
output value of the second power detector 16 and outputs the high or low signal
according to the comparison result. Preferably, the comparator 18 outputs the low (or
high) signal when the output value of the first power detector 14 is equal to or higher
than the output value of the second power detector 16. At this time, if the output value
of the second power detector 16 becomes higher than the output value of the first
power detector 14 because the coil of the receiving side moves far away from the
transmitter, the comparator 18 outputs the high (or low) signal. That is, the high (or
low) signal output from the comparator 18 signifies that the coil of the receiving side

moves far away from the transmitter.
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Upon receiving the high (or low) signal from the comparator 18, the power regulator
12 reduces the power transmitted from the transmission resonant coil 22 or makes the
power as zero, thereby minimizing the power loss.

Therefore, the power loss can be reduced when there is no receiver or the receiver is
located far away from the transmitter.

Although embodiments have been described with reference to a number of il-
lustrative 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 transmitter comprising:

a transmission coil for generating a magnetic field by receiving power
from a power source;

a transmission resonant coil for transmitting power to a receiving coil
by using the magnetic field generated from the transmission coil by
using resonance;

a detection unit for detecting an approach of the receiving coil; and

a power regulator for adjusting an output of the power source, which
supplies the power, based on the approach of the receiving coil detected
by the detection unit.

The wireless power transmitter of claim 1, wherein the detection unit
detects an intensity of the magnetic field transmitted from the
transmission resonant coil and detects the approach of the receiving
coil based on the detected intensity of the magnetic field.

The wireless power transmitter of claim 2, wherein the power regulator
compares the detected intensity of the magnetic field with a prede-
termined reference value and reduces transmission power if the
detected intensity of the magnetic field is equal to or higher than the
reference value.

The wireless power transmitter of claim 2, wherein the power regulator
compares the detected intensity of the magnetic field with a prede-
termined reference value and increases transmission power if the
detected intensity of the magnetic field is less than the reference value.
The wireless power transmitter of claim 1, wherein the detection unit
comprises:

a first power detector for converting the power of the power source into
DC current;

a detection coil for detecting an intensity of the magnetic field
transmitted from the transmission resonant coil;

a second power detector for converting the power generated by the
magnetic field detected from the detection coil into DC current; and

a comparator for comparing an output of the first power detector with
an output of the second power detector and transmitting a comparison
result to the power regulator.

The wireless power transmitter of claim 5, further comprising an

amplifier for amplifying the DC current converted by the second power
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detector.

The wireless power transmitter of claim 1, further comprising an
amplifier for amplifying the power supplied from the power source to
transmit the power to the transmission coil.

The wireless power transmitter of claim 1, wherein each of the
transmission coil and the transmission resonant coil comprises an
inductor and a capacitor.

A wireless power receiver for wirelessly receiving power from a
wireless power transmitter equipped with a detection unit, the wireless
power receiver comprising:

a receiving resonant coil for receiving AC power from the wireless
power transmitter by using resonance; and

a receiving coil for receiving the received AC power by using electro-
magnetic induction,

wherein an approach of the receiving resonant coil to the wireless
power transmitter is detected by the detection unit.

The wireless power receiver of claim 9, wherein the approach of the
receiving resonant coil to the wireless power transmitter is detected
based on an intensity of a magnetic field transmitted from a
transmission resonant coil of the wireless power transmitter coupled
with the receiving resonant coil.

The wireless power receiver of claim 10, wherein the power transmitted
from the wireless power transmitter is adjusted based on the approach
of the receiving resonant coil to the wireless power transmitter.

The wireless power receiver of claim 9, further comprising a rectifier
circuit that receives the AC power from the receiving coil and rectifies
the received AC power into DC power.

A wireless power transmission method comprising:

transmitting a magnetic field generated by power supplied from a
pOwer source;

checking a status of the transmitted magnetic field;

detecting an approach of a receiving coil that receives the magnetic
field based on the status of the magnetic field; and

adjusting transmission power based on the approach of the receiving
coil.

The wireless power transmission method of claim 13, wherein the
checking of the status of the transmitted magnetic field comprises

detecting an intensity of the transmitted magnetic field, and the
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approach of the receiving coil is determined based on the detected
intensity of the magnetic field.

The wireless power transmission method of claim 14, wherein the
adjusting of the transmission power based on the approach of the
receiving coil comprises:

comparing the detected intensity of the magnetic field with a prede-
termined reference value; and

reducing the transmission power if the detected intensity of the
magnetic field is equal to or higher than the predetermined reference
value

The wireless power transmission method of claim 15, wherein the
comparing of the detected intensity of the magnetic field with the pre-
determined reference

value comprises:

converting a first power supplied from the power source into DC
current;

generating the magnetic field by using the converted DC current;
transmitting the magnetic field to the receiving coil;

detecting the intensity of the magnetic field transmitted to the receiving
coil;

converting a second power, which is generated based on the intensity of
the detected magnetic field, into the DC current; and

comparing a value of the first power converted into the DC current with

a value of the second power converted into the DC current.
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