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First, referring to FIG. 14, the wireless power receiver 1000 according to the fifth
embodiment may include a magnetic substrate 100, a coil unit 200 and a connecting unit 300.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using electromagnetic induction. In this case, the coil 230 of

5 the coil unit 200 can wirelessly receive power through the electromagnetic induction with a coil
of the transmission side.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using resonance.

The magnetic substrate 100 may change the direction of the magnetic field received from

10 the transmission side.

The magnetic substrate 100 can reduce the amount of the magnetic field leaked to the
outside by changing the direction of the magnetic field received from the transmission side.

The magnetic substrate 100 can change the direction of the magnetic field received from
the transmission side in the lateral direction such that the magnetic field can be more

15 concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field received from the
transmission side and leaked to the outside to dissipate the magnetic field as heat. If the amount
of the magnetic field leaked to the outside is reduced, the bad influence of the magnetic field
exerted on the human body can be reduced.

20 Referring to FIG. 16, the magnetic substrate 100 may include a magnet 110 and a support
120.

The magnet 110 may include a particle or a ceramic. According to one embodiment, the
magnet 110 may be one of a spinel type magnet, a hexa type magnet, a sendust type magnet and
a permalloy type magnet.

25 The support 120 may include thermosetting resin or thermoplastic resin and support the
magnetic substrate 100.
The magnetic substrate 100 may be prepared in the form of a sheet and may have a

flexible property.
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Referring again to FIG. 14, the coil unit 200 may include a first connection terminal 210,
a second connection terminal 220 and a coil 230. The coil 230 may formed as a conductive layer
or a conductive pattern.

The coil unit 200 may be disposed inside the magnetic substrate 100. In detail, the coil
unit 200 may be buried inside the magnetic substrate 100. In more detail, the magnetic substrate
100 may include a pattern groove and the coil unit 200 may be disposed in the pattern groove.
The pattern groove may be formed as a conductive pattern or a conductive layer similar to the
coil unit 200.

The coil unit 200 has a thickness smaller than that of the magnetic substrate 100 and an
upper portion of the coil unit 200 may be exposed out of the magnetic substrate 100.

A process for manufacturing the wireless power receiver 1000 by disposing the coil unit
200 and the connecting unit 300 in the magnetic substrate 100 will be described later with
reference to FIGS. 17 to 21.

The first connection terminal 210 of the coil unit 200 is located at one end of the coil 230
and the second connection terminal 220 of the coil unit 200 is located at the other end of the coil
230.

The first and second connection terminals 210 and 220 of the coil unit 200 are necessary
for connection with the connecting unit 300.

The coil 230 may be formed as a coil pattern which is obtained by winding a conductive
line several times. According to one embodiment, when viewed from the top, the coil pattern
may have a spiral shape. However, the embodiment is not limited thereto, and various patterns
may be formed.

The coil unit 200 may transfer the power wirelessly received from the transmission side
to the connecting unit 300. The coil unit 200 may transfer the power wirelessly received from the
transmission side using the electromagnetic induction or resonance to the connecting unit 300.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320 and a printed circuit board 330.

The first connection terminal 310 of the connecting unit 300 may be connected to the first

connection terminal 210 of the coil unit 200 and the second connection terminal 320 of the
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connecting unit 300 may be connected to the second connection terminal 220 of the coil unit
200.

The printed circuit board 330 may include a wiring layer and the wiring layer may
include a wireless power receiving circuit, which will be described later.

The connecting unit 300 connects the wireless power receiving circuit (not shown) with
the coil unit 200 to transfer the power received from the coil unit 200 to a load (not shown)
through the wireless power receiver circuit. The wireless power receiver circuit may include a
rectifier circuit (not shown) for converting AC power into DC power and a smoothing circuit for
transferring the DC power to the load after removing ripple components from the DC power.

FIGS. 15 and 16 show the detailed structure of the wireless power receiver 1000
according to the fifth embodiment when the coil unit 200 is connected to the connecting unit
300.

FIG. 15 shows the coil unit 200 and the connecting unit 300 interconnected with each
other.

The coil unit 200 can be connected to the connecting unit 300 by a solder.

Referring to FIG. 16, the first connection terminal 210 of the coil unit 200 may be
connected to the first connection terminal 310 of the connecting unit 300 through a first solder 10
and the second connection terminal 220 of the coil unit 200 may be connected to the second
connection terminal 320 of the connecting unit 300 through a second solder 20. In detail, the first
connection terminal 210 of the coil unit 200 may be connected to the first connection terminal
310 of the connecting unit 300 through a via hole of the first solder 10 and the second connection
terminal 220 of the coil unit 200 may be connected to the second connection terminal 320 of the
connecting unit 300 through a via hole of the second solder 20.

According to one embodiment, the via hole can be formed by using a laser. The laser may
include a UV laser or a CO2 laser.

FIG. 16 is a sectional view of the wireless power receiver 1000 in which the magnetic
substrate 100 and the coil unit 200 are connected to the connecting unit 300.

That is, the first connection terminal 210, the second connection terminal 220 and the coil
230 constituting the coil unit 200 may be disposed in a pattern groove 140 of the magnetic

substrate 100.
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In addition, the magnetic substrate 100 and the coil unit 200 are connected to the
connecting unit 300.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T and the magnetic substrate 100 may be designed to have a predetermined thickness
T1. According to one embodiment, the coil 230 has a thickness of 0.lmm and the magnetic
substrate 100 has a thickness of 0.43 mm, but these numerical values are illustrative purposes
only. According to one embodiment, the thickness T of the coil 230 may be smaller than the
thickness T1 of the magnetic substrate 100.

In the wireless power receiver 1000 according to the fifth embodiment, the coil unit 200
is directly disposed in the pattern groove 140 of the magnetic substrate 100, so the overall
thickness of an electronic appliance equipped with the wireless power receiver 1000 can be
reduced as much as the thickness of the coil unit 200. Thus, if the wireless power receiver 1000
according to the fifth embodiment is applied to the electronic device, such as the portable
terminal, the overall thickness of the portable terminal can be reduced suitably for the current
trend of slimness

In addition, in the wireless power receiver 1000 according to the fifth embodiment, the
coil unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100. Thus, different
from the electronic appliance in which a coil pattern is formed on an FPCB, the overall size of
the electronic device equipped with the wireless power receiver 1000 can be reduced.

FIGS. 17 to 21 are views for explaining a method of manufacturing the wireless power
receiver 1000 according to the fifth embodiment.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
the fifth embodiment will be described with reference to FIGS. 17 to 21 as well as FIGS. 14 to
16.

First, referring to FIG. 17, the magnetic substrate 100 is prepared. According to one
embodiment, the magnetic substrate 100 may be produced by coating metal powder of sendust
alloys, such as Al, Fe and SiO2, on polyethylene rubber and then forming an oxide layer on a
surface of the polyethylene rubber.

Then, referring to FIG. 18, heat and pressure are applied using a mold 1 to form the

pattern groove in the magnetic substrate 100 for receiving the coil unit 200. The mold 1 may
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have the shape corresponding to the shape of the coil unit 200. According to one embodiment,
the mold 1 can be manufactured by using an aluminum alloy, a copper alloy or a cast iron.

The mold 1 may be provided with a protrusion at a region corresponding to the coil unit
200 for wirelessly receiving the power.

When the heat is applied by using the mold 1, the heat having the specific temperature is
applied by taking the property of the metal powder of the sendust alloy constituting the magnetic
substrate 100 into consideration. According to one embodiment, if the magnetic substrate 100 is
produced by coating the metal powder of sendust alloy on the polyethylene rubber, when the heat
and pressure are applied by using the mold 1, high-pressure is applied at the temperature in the
range of 100°C to 180°C, and then the mold 100 is cooled to the temperature of 100°C or below.
After that, the mold 1 is separated from the magnetic substrate 100. If the mold 1 is separated
just after the pressure has been applied to the magnetic substrate 100, the desired pattern groove
140 may not be formed due to residual heat in the pattern groove 140. For this reason, the mold 1
is separated from the magnetic substrate 100 after cooling the mold 100 to the temperature of
100°C or below.

If the magnetic substrate 100 is prepared by using the metal powder of sendust alloy, the
heat temperature and pressure may vary depending on the distribution and concentration of the
metal powder. That is, if the distribution of the metal powder is not uniform, the higher
temperature and pressure may be applied. In contrast, if the distribution of the metal powder is
uniform, the lower temperature and pressure may be applied. In addition, if the concentration of
the metal powder is low, the lower temperature and pressure may be applied as compared with
the case in which the concentration of the metal powder is high. Further, the heat temperature
and pressure may vary depending on the composition of the metal powder, that is, depending on
the alloy constituting the metal powder.

In this manner, the temperature applied to the mold 1 may vary depending on the
distribution, concentration and composition of the powder.

According to one embodiment, laser may be irradiated, instead of applying heat and
pressure using the mold 1, to form the pattern groove in the magnetic substrate 100 to receive the
coil unit 200. In this case, the pattern groove can be formed by using an excimer laser that

irradiates the laser beam having a wavelength band of ultraviolet ray. The excimer laser may
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include a KrF excimer laser (central wavelength 248 nm) or an ArF excimer laser (central
wavelength 193 nm).

Next, referring to FIG. 19, the mold 1 is separated from the magnetic substrate 100 so
that the magnetic substrate 100 is formed with the pattern groove 140.

Then, referring to FIG. 20, the coil unit 200 is inserted into the pattern groove 140
formed in the magnetic substrate 100. As the coil unit 200 is inserted into the pattern groove 140,
a predetermined conductive pattern is formed in the pattern groove 140 of the magnetic substrate
100.

According to one embodiment, a process for forming the coil unit 200 in the pattern
groove 140 of the magnetic substrate 100 may include a plating process or a process for inserting
a metal which has been etched to have the conductive pattern formed by the coil unit 200.

In detail, according to the plating process, the metallic material is filled in the pattern
groove 140 to form the coil unit 200. At this time, the metallic material may include one selected
from Cu, Ag, Sn, Au, Ni and Pd and the filling of the metallic metal can be performed through
one of electroless plating, screen printing, sputtering, evaporation, ink-jetting and dispensing or a
combination thereof.

Then, referring to FIG. 21, the soldering process is performed to connect the coil unit 200
with the connecting unit 300.

That is, the first connection terminal 210 of the coil unit 200 is connected to the first
connection terminal 310 of the connecting unit 300 through the solder 10 and the second
connection terminal 220 of the coil unit 200 is connected to the second connection terminal 320
of the connecting unit 300 through the solder 20.

As described above, according to the method of manufacturing the wireless power
receiver 1000 of the fifth embodiment, the pattern groove is formed in the magnetic substrate
100 and the coil unit 200 is disposed in the pattern groove, so that the overall thickness of the
wireless power receiver 1000 can be reduced. In addition, the wireless power receiver 1000 can
be manufactured by simply forming the pattern groove and then inserting the coil unit into the
pattern groove, so that the manufacturing process can be simplified.

FIG. 22 is a view for explaining variation of inductance, resistance and Q values of the

coil unit 200 as a function of a usable frequency when the coil unit 200 is disposed on a top
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surface of the magnetic substrate according to the first embodiment, and FIG. 23 is a view for
explaining variation of inductance, resistance and Q values of the coil unit 200 as a function of a
usable frequency when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate according to the fifth embodiment.

The inductance, resistance and Q values of the coil unit 200 can be expressed as
following equation 1.

[Equation 1]
Q=W*L/R

In equation 1, w is a frequency used when transmitting power, L is inductance of the coil
unit 200 and R is resistance of the coil unit 200.

As can be understood from equation 1, the Q value becomes high as the inductance of the
coil unit 200 is increased. If the Q value is increased, the power transmission efficiency can be
improved. The resistance of the coil unit 200 is a numerical value of power loss occurring in the
coil unit 200 and the Q value becomes high as the resistance value is decreased.

Referring to FIGS. 22 and 23, when comparing the fifth embodiment, in which the coil
unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100, with the first
embodiment, in which the coil unit 200 is disposed on the top surface of the magnetic substrate
100, when the usable frequency is 150 kHz, the inductance of the coil unit 200 is increased by
352.42 um from about 9986.92 um to about 10339.34 um and the resistance of the coil unit 200
is reduced by 0.057 Q from 0.910 Q to 0.853 Q. That is, the Q value is increased corresponding
to the increment of the inductance and the reduction of the resistance.

Therefore, the wireless power receiver 1000 according to the fifth embodiment can
increase the Q value by disposing the coil unit 200 in the pattern groove of the magnetic
substrate 100.

FIG. 24 is an H-field for illustrating a radiation pattern of a magnetic field when the coil
unit is disposed on a top surface of the magnetic substrate according to the first embodiment, and
FIG. 25 is an H-field for illustrating a radiation pattern of a magnetic field when the coil unit is
disposed in the pattern groove formed in the magnetic substrate according to the fifth

embodiment.
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Referring to FIGS. 24 and 25, a greater amount of magnetic fields is radiated from the
outer peripheral portion of the coil unit 200 when the coil unit 200 is disposed in the pattern
groove formed in the magnetic substrate 100 as compared with the case in which the coil unit
200 is disposed on the top surface of the magnetic substrate 100. This is because the magnetic
field directed to the outside is changed in the lateral direction of the coil unit 200 due to the coil
unit 200 buried in the magnetic substrate 100.

In addition, a greater amount of magnetic fields is radiated at the inner portion of the coil
unit 200 when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate 100 as compared with the case in which the coil unit 200 is disposed on the top surface
of the magnetic substrate 100. This is also because the magnetic field directed to the outside is
changed in the lateral direction of the coil unit 200 due to the coil unit 200 buried in the magnetic
substrate 100.

Referring to FIGS. 24 and 25, the wireless power receiver 1000 may further include a
short-range communication antenna 600.

The short-range communication antenna 600 can make near field communication with a
reader. The short-range communication antenna 600 may serve as an antenna that transceives
information in cooperation with the reader.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. According to one embodiment, when
the coil unit 200 is disposed at the center of the magnetic substrate 100, the short-range
communication antenna 600 may be arranged along the outer peripheral portion of the magnetic
substrate 100 to surround the coil unit 200. The short-range communication antenna 600 may
have a rectangular configuration by winding one conductive line several times, but the
embodiment is not limited thereto.

Similar to the coil unit 200, the short-range communication antenna 600 may be formed
as a conductive pattern or a conductive layer.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

Hereinafter, a wireless power receiver according to another embodiment will be

described with reference to FIGS. 26 to 3736.
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FIG. 26 is an exploded perspective view of the wireless power receiver 1000 according to
still another embodiment, FIG. 27 is a perspective view of the wireless power receiver 1000
according to still another embodiment, and FIG. 28 is a sectional view of the wireless power
receiver 1000 according to still another embodiment.

Meanwhile, FIG. 27 is a perspective view showing the assembled state of the elements of
the wireless power receiver 1000 shown in FIG. 26, in which some elements are omitted.

The wireless power receiver 1000 according to still another embodiment may be disposed
in an electronic device, such as a portable terminal.

Referring to FIGS. 26 to 28, the wireless power receiver 1000 may include a magnetic
substrate 100, a coil unit 200, a connecting unit 300, a short-range communication antenna 600,
an adhesive layer 700, a first dual-side adhesive layer 710, a second dual-side adhesive layer
720, a protective film 800 and a release paper layer 730.

Referring to FIG. 26, the magnetic substrate 100 can change the direction of the magnetic
field transferred from the transmission side.

The magnetic substrate 100 changes the direction of the magnetic field transferred to the
coil unit 200 from the transmission side to reduce the amount of the magnetic field leaked to the
outside. Thus, the magnetic substrate 100 may have the electromagnetic wave shielding effect.

In detail, the magnetic substrate 100 changes the direction of the magnetic field
transferred from the transmission side in the lateral direction such that the magnetic field can be
more concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field transferred to the coil
unit 200 from the transmission side and leaked to the outside to dissipate the magnetic field as
heat. If the amount of the magnetic field leaked to the outside is reduced, the bad influence of the
magnetic field exerted on the human body can be reduced.

Referring to FIG. 28, the magnetic substrate 100 may include a magnet 110 and a support
120.

According to one embodiment, the magnet 110 may be one of a spinel type magnet, a
hexa type magnet, a sendust type magnet and a permalloy type magnet.

The support 120 may include thermosetting resin or thermoplastic resin and support the

magnetic substrate 100.
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Referring again to FIG. 26, the magnetic substrate 100 may be prepared in the form of a
sheet and may have a flexible property.

A receiving space 130 is formed at a predetermined area of the magnet substrate 100. The
receiving space 130 has a structure the same as that of the connecting unit 300. The connecting
unit 300 is disposed in the receiving space 130 and connected to the coil unit 200.

The coil unit 200 can receive the power from the transmission side using the
electromagnetic induction or resonance. Similar to the coil unit 200 illustrated in FIG. 1, the coil
unit 200 may include a first connection terminal 210, a second connection terminal 220 and a
coil 230. The coil 230 may be formed as a conductive layer or a conductive pattern.

The connecting unit 300 connects a receiver circuit (not shown) with the coil unit 200 to
transfer the power received from the coil unit 200 to a load (not shown) through the receiver
circuit.

The connecting unit 300 may include a wiring layer and the wiring layer may include the
wireless power receiving circuit. The wireless power receiving circuit may include a rectifier
circuit for rectifying the power received from the coil unit 200, a smoothing circuit for removing
noise signals, and a main IC chip for performing the operation to wirelessly receive the power.

In addition, the receiver circuit can transfer the signal received from the short-range
communication antenna 600 to a short-range communication signal processing unit (not shown).

The connecting unit 300 is disposed in the receiving space 130 of the magnetic substrate
100 and connected to the coil unit 200. FIG. 27 shows the connecting unit 300 disposed in the
receiving space 130 of the magnetic substrate 100.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320, a third connection terminal 340 and a fourth connection terminal 350.
The first connection terminal 310 of the connecting unit 300 is connected to the first connection
terminal 210 of the coil unit 200, the second connection terminal 320 of the connecting unit 300
is connected to the second connection terminal 220 of the coil unit 200, the third connection
terminal 340 of the connecting unit 300 is connected to a first connection terminal 610 of the
short-range communication antenna 600 and the fourth connection terminal 350 of the
connecting unit 300 is connected to a second connection terminal 620 of the short-range

communication antenna 600.
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The connecting unit 300 may have the shape corresponding to the shape of the receiving
space 130 and may be disposed in the receiving space 130. Since the connecting unit 300 is
disposed in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless
power receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit
300. Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

According to one embodiment, the connecting unit 300 may include a flexible printed
circuit board (FPCB), a tape substrate (TS) or a lead frame (LF). If the tape substrate is used as
the connecting unit 300, the thickness of the connecting unit 300 can be reduced, so that the
overall size of the wireless power receiver 1000 can be reduced.

If the lead frame is used as the connecting unit 300, the wiring layer included in the
connecting unit 300 can be protected from the heat, external moisture or impact and the mass
production can be realized.

Referring again to FIG. 26, the short-range communication antenna 600 can make near
field communication with a reader. The short-range communication antenna 600 may serve as an
antenna that transceives information in cooperation with the reader.

According to one embodiment, the NFC signal processing unit (not shown) can process
the signal transferred to the short-range communication antenna 600 through the connecting unit
300.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. Referring to FIG. 27, when the coil
unit 200 is disposed at the magnetic substrate 100, the short-range communication antenna 600
may be arranged along the outer peripheral portion of the magnetic substrate 100 to surround the
coil unit 200. The short-range communication antenna 600 may have a rectangular configuration
by winding one conductive line several times, but the embodiment is not limited thereto.

Referring again to FIG. 26, the adhesive layer (not shown) may be disposed under the
protective film 800 to form the protective film 800 on the coil unit 200 and the short-range

communication antenna 600, which will be described later in detail.
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The first dual-side adhesive layer 710 is interposed between the magnetic substrate 100
and the coil unit 200/short-range communication antenna 600 to adhere the coil unit 200 to the
magnetic substrate 100, which will be described later in detail. Similar to the magnetic substrate
100, a receiving space having the shape identical to the shape of the connecting unit 300 may be
formed in the first dual-side adhesive layer 710.

Referring again to FIG. 28, the second dual-side adhesive layer 720 adheres the
protective film 800 to the release paper layer 730, which will be described later in detail.

The coil unit 200 may be disposed on the magnetic substrate 100 and may have a spiral
structure, but the embodiment is not limited thereto.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
still another embodiment will be described with reference to FIGS. 29 to 3%36.

When the manufacturing process starts, as shown in FIG. 29, the conductor 201, the
adhesive layer 700 and the protective film 800 are prepared.

According to one embodiment, the conductor 201 may be formed by using an alloy
including copper. The copper is in the form of roll annealed copper or electrodeposited copper.
The conductor 201 may have various thicknesses depending on the specification of a product.
According to one embodiment, the conductor 201 may have the thickness of 100um, but the
embodiment is not limited thereto.

The adhesive layer 700 is used to reinforce the adhesive strength between the conductor
201 and the protective film 800. The adhesive layer 700 may include thermosetting resin, but the
embodiment is not limited thereto. The adhesive layer may have the thickness of 17um, but the
embodiment is not limited thereto.

The protective film 800 protects the conductor 201 when a predetermined conductive
pattern is formed in the conductor 201. In detail, the protective film 800 supports the conductor
201 in the etching process, which will be described later, to protect the conductor 201 such that
the predetermined conductive pattern can be formed in the conductor 201.

According to one embodiment, the protective film 800 may include polyimide film (PI
film), but the embodiment is not limited thereto.

Then, as shown in FIG. 30, the conductor 201 is formed on the protective film 800 by the

adhesive layer 700. The laminating process can be used to form the conductor 201 on the
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protective film 800. The laminating process refers to the process to bond heterogencous materials
with each other by applying predetermined heat and pressure.

Then, as shown in FIG. 31, a photoresist film 900 is attached onto the top surface of the
conductor 201. The photoresist film 900 is used for etching the conductor 201 to form a
predetermined conductive pattern in the conductor 201. A UV exposure type film or an LDI
exposure type film may be used as the photoresist film 900. According to another embodiment, a
photoresist coating solution can be coated on the top surface of the conductor 201 without using
the photoresist film 900.

After that, as shown in FIG. 32, the photoresist film 900 is subject to the exposure and
development processes to form a mask pattern 910.

The mask pattern 910 may be formed on the top surface of the conductor 201
corresponding to the position of the conductive pattern.

The exposure process refers to the process for selectively irradiating light onto the
photoresist film 900 corresponding to the conductive pattern. In detail, in the exposure process,
the light is irradiated onto regions of the conductor 201 where the conductive pattern is not
formed. The development process refers to the process for removing the regions to which the
light is irradiated through the exposure process.

Due to the exposure and development processes, the mask pattern 910 may be formed in
the regions corresponding to the coil unit 200 and the short-range communication antenna 600.
The conductor 201 exposed through the mask pattern 910 may be etched.

Then, as shown in FIG. 33, a predetermined portion of the conductor 201 where the mask
pattern 910 is not formed may be removed through the etching process. The etching process
refers to the process of removing the predetermined portion of the conductor 201 where the mask
pattern 910 is not formed by using a chemical reacting with the predetermined portion of the
conductor 201. According to one embodiment, the conductor 201 may be patterned through the
wet etching or dry etching.

After that, as shown in FIG. 34, the mask pattern 910 is removed so that the first and
second connection terminals 210 and 220 of the coil unit 200, the first and second connection

terminals 610 and 620 of the short-range communication antenna 600, the coil 230 having a
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predetermined conductive pattern and the short-range communication antenna 600 having a
predetermined conductive pattern may be formed.

Then, as shown in FIG. 35, the soldering process is performed to connect the coil unit
200 and the short-range communication antenna 600 to the connecting unit 300. According to
one embodiment, the soldering process includes the reflow process, but the embodiment is not
limited thereto. The reflow process refers to the process for bonding the coil unit 230 and the
short-range communication antenna 600 with the connecting unit 300 by melting solder cream
using high-temperature heat to ensure the stable electrical connection between the connecting
unit 300 and the coil unit 230/NFC antenna 600.

The first connection terminal 310 of the connecting unit 300 may be connected to the first
connection terminal 210 of the coil unit 200 by a solder 30, the second connection terminal 320
of the connecting unit 300 may be connected to the second connection terminal 220 of the coil
unit 200 by the solder 30, the third connection terminal 340 of the connecting unit 300 may be
connected to the first connection terminal 610 of the short-range communication antenna 600 by
the solder 30 and the fourth connection terminal 350 of the connecting unit 300 may be
connected to the second connection terminal 620 of the short-range communication antenna 600.

Then, as shown in FIG. 36, the magnetic substrate 100 is laminated on a predetermined
portion of the conductive pattern where the connecting unit 300 is not present. In detail, the
magnetic substrate 100 may be laminated on the top surfaces of the coil 230 and the short-range
communication antenna 600.

Prior to the above, the receiving space corresponding to the connecting unit 300 can be
formed at the magnetic substrate 100. The receiving space of the magnetic substrate 100 may
have the shape identical to the shape of the connecting unit 300.

As described above with reference to FIG. 26, since the connecting unit 300 is disposed
in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless power
receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit 300.
Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

The coil 230/short-range communication antenna 600 and the magnetic substrate 100

may be adhered with each other by the first dual-side adhesive layer 710. According to one
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embodiment, the magnetic substrate 100 may have the thickness in the range of 100um to
800um, but the embodiment is not limited thereto. According to one embodiment, the first dual-
side adhesive layer 710 may have the thickness in the range of 10um to 50um, but the
embodiment is not limited thereto.

5 After that, as-s

—37-the release paper layer 730 is attached to one side of the
protective film 800 by interposing the second dual-size adhesive layer 720 therebetween. The
release paper layer 730 is a paper layer for protecting the second dual-size adhesive layer 720
and may be removed when the wireless power receiver is disposed in a case of an electronic
device, such as a portable terminal.

10 Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications 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 arrangements of the subject combination arrangement

15 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

What is claimed is:

1. A wireless power receiver comprising:
a magnetic substrate; and
a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.

2. The wireless power receiver of claim 1, wherein the coil is formed as a conductive

pattern on the magnetic substrate.

3. The wireless power receiver of claim 1, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.

4. The wireless power receiver of claim 3, further comprising the connecting unit

disposed in the receiving space and connected to the coil.

5. The wireless power receiver of claim 4, wherein the connecting unit comprises one of

a flexible printed circuit board, a lead frame and a tape substrate.

6. The wireless power receiver of claim 1, further comprising a short-range

communication antenna formed on the magnetic substrate to surround the coil.

7. The wireless power receiver of claim 6, wherein the short-range communication

antenna comprises a near field communication (NFC) antenna.

8. The wireless power receiver of claim 6, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.
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9. The wireless power receiver of claim 8, further comprising the connecting unit
disposed in the receiving space and connected to the coil and a near field communication signal

process unit.

10. A wireless power receiver comprising:

a magnetic substrate; and

a coil configured to wirelessly receive power, wherein the coil is formed as a conductive
layer at the magnetic substrate,

wherein a part of the coil is disposed inside the magnetic substrate.

11. The wireless power receiver of claim 10, wherein the coil is formed as a conductive

pattern at the magnetic substrate.

12. The wireless power receiver of claim 10, wherein the magnetic substrate comprises a
pattern groove for receiving a part of the coil and the part of the coil is disposed in the pattern

groove.

13. The wireless power receiver of claim 10, wherein the coil has a thickness smaller
than a thickness of the magnetic substrate and an upper portion of the coil is exposed out of the

magnetic substrate.

14. A method of manufacturing a wireless power receiver for wirelessly receiving
power, the method comprising:

forming a conductor on a protective film;

forming a conductive pattern by etching the conductor;

connecting a connecting unit to be connected to an external circuit to a connection
terminal of the conductive pattern;

obtaining a magnetic substrate having a receiving space of a predetermined shape

corresponding to the connecting unit; and
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disposing the magnetic substrate on the conductive pattern while positioning the

connecting unit in the receiving space.

15. The method of claim 14, wherein the forming of the conductive pattern comprises
etching the conductor to form the conductive pattern corresponding to a coil for wirelessly
receiving the power and a near field communication antenna for making communication with an

outside.

16. The method of claim 15, which comprises positioning connection terminals of the

coil and the near field communication antenna in the receiving space.

17. The method of claim 14, wherein the disposing of the magnetic substrate comprises

forming the magnetic substrate on the conductive pattern using a dual-side adhesive layer.

18. The method of claim 14, further comprising forming a release paper layer on the

protective film using a dual-side adhesive layer.
19. A terminal equipped therein with a wireless power receiver of claim 1.

20. A terminal equipped therein with a wireless power receiver of claim 10.
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ABSTRACT
A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.
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CLEAN VERSION OF SUBSTITUTE SPECIFICATION
1 SUN.LGI.420

DESCRIPTION

WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C §119 of Korean Patent Application
Nos. 10-2012-0029987, filed March 23, 2012, and 10-2012-0079004, filed July 19, 2012, which

are hereby incorporated by reference in their entirety.

BACKGROUND

The embodiment relates to a wireless power receiver and a method of manufacturing the
same. In more particular, the embodiment relates to a wireless power receiver used for wireless
power transmission or an antenna to reduce a thickness of the wireless power receiver and to
simplify the manufacturing process thereof and a method of manufacturing the same.

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 of transmitting electrical energy by irradiating clectromagnetic waves, such as
radio waves or lasers, has been suggested. Actually, electrical toothbrushes or electrical razors,
which are frequently used in daily life, are charged based on the principle of electromagnetic
induction. The electromagnetic induction refers to the generation of an electric current through
induction of a voltage when a magnetic field is changed around a conductor. The
electromagnetic induction scheme has been successfully commercialized for electronic
appliances having small sizes, but represents a problem in that the transmission distance of
power is too short.

Besides the electromagnetic induction scheme, the long-distance transmission using the
resonance and the short-wavelength radio frequency has been suggested as the wireless energy
transfer scheme.

However, in general, a wireless power receiver disposed in a terminal has a thick

thickness and the manufacturing process thereof is complicated.
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BRIEF SUMMARY

An embodiment provides a method capable of remarkably reducing a thickness of a
wireless power receiver by directly disposing a coil unit on a top surface of a magnetic substrate.

An embodiment provides a method capable of ensuring high power transmission
efficiency and enabling communication with external devices by directly disposing a coil unit
and a near field communication antenna on a top surface of a magnetic substrate.

An embodiment provides a method capable of simplifying the manufacturing process for
a wireless power receiver by directly disposing a coil unit on a magnetic substrate.

An embodiment provides a method capable of remarkably reducing a thickness of a
wireless power receiver by disposing a coil unit inside a magnetic substrate.

An embodiment provides a method capable of ensuring high power transmission
efficiency and enabling communication with external devices by disposing a coil unit inside a
magnetic substrate and a near field communication antenna on a magnetic substrate.

An embodiment provides a method capable of simplifying the manufacturing process for
a wireless power receiver by disposing a coil unit inside a magnetic substrate.

A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil configured to wirelessly receive power, wherein the coil is formed as a conductive
layer on the magnetic substrate.

A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil a coil configured to wirelessly receive power, wherein the coil is formed as a
conductive layer at the magnetic substrate, wherein a part of the coil is disposed inside the
magnetic substrate.

A method of manufacturing a wireless power receiver for wirelessly receiving power
according to one embodiment includes forming a conductor on a protective film, forming a
conductive pattern by etching the conductor, connecting a connecting unit to be connected to an
external circuit to a connection terminal of the conductive pattern, obtaining a magnetic substrate
having a receiving space of a predetermined shape corresponding to the connecting unit and
disposing the magnetic substrate on the conductive pattern while positioning the connecting unit

in the receiving space.
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According to one embodiment, the thickness of the wireless power receiver can be
remarkably reduced by directly disposing the coil unit on a top surface of the magnetic substrate.
According to one embodiment, the high power transmission efficiency can be ensured and
communication with external devices can be enabled by directly disposing the coil unit and the
near field communication antenna on the top surface of the magnetic substrate.

According to one embodiment, the manufacturing process for the wireless power receiver
can be simplified by directly disposing the coil unit on the magnetic substrate only through
laminating and etching processes.

According to one embodiment, the thickness of the wireless power receiver can be
remarkably reduced by forming the conductive pattern inside the magnetic substrate.

According to one embodiment, the high power transmission efficiency can be ensured by
forming the conductive pattern inside the magnetic substrate and the communication with
external devices can be enabled by using the near field communication antenna.

According to one embodiment, the connecting unit is disposed in the receiving space of
the magnetic substrate so that the thickness of the wireless power receiver can be remarkably
reduced as much as the thickness of the connecting unit.

According to one embodiment, a tape substrate is used as the connecting unit so that the
overall size of the wireless power receiver can be reduced.

According to one embodiment, a lead frame is used as the connecting unit, so the wiring
layer included in the connecting unit can be protected from the heat, external moisture or impact
and the mass production can be realized.

According to one embodiment, the magnetic field directed to the outside can be changed
into the coil unit due to the conductive pattern formed in the magnetic substrate, so the power
transmission efficiency can be improved, at the same time, the amount of the magnetic field
leaked to the outside can be reduced so that the bad influence of the magnetic field exerted to the
human body can be diminished.

According to one embodiment, the wireless power receiver can be manufactured only
through the processes of forming the pattern groove and inserting the coil unit, so that the

manufacturing process can be simplified.
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Other various effects of the embodiments will be disclosed directly or indirectly in the

detailed description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a wireless power receiver 1000 according to the
first embodiment;

FIG. 2 is a plan view illustrating a wireless power receiver 1000 according to the first
embodiment;

FIG. 3 is a sectional view taken along line A-A’ of a connecting unit 300 of a wircless
power receiver 1000 shown in FIG. 2;

FIGS. 4 to 8 are views for explaining a method of manufacturing a wireless power
receiver 1000 according to one embodiment;

FIG. 9 is a sectional view taken along line A-A’ of a connecting unit 300 of a wireless
power receiver 1000 shown in FIG. 2 according to the second embodiment;

FIG. 10 is a plan view illustrating a wireless power receiver 1000 according to the third
embodiment;

FIG. 11 is a perspective view illustrating a wireless power receiver 1000 according to the
fourth embodiment;

FIG. 12 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment;

FIG. 13 is a sectional view taken along line B-B’ of a connecting unit 300 of a wircless
power receiver 1000 shown in FIG. 12 according to the fourth embodiment;

FIG. 14 is a perspective view illustrating a wireless power receiver 1000 according to the
fifth embodiment;

FIG. 15 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment;

FIG. 16 is a sectional view taken along line C-C’ of a wireless power receiver 1000
according to the fifth embodiment;

FIGS. 17 to 21 are views for explaining a method of manufacturing a wireless power

receiver 1000 according to the fifth embodiment;
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FIG. 22 is a view for explaining variation of inductance, resistance and Q values of a coil
unit 200 as a function of a usable frequency when the coil unit 200 is disposed on a top surface
of a magnetic substrate according to the first embodiment;

FIG. 23 is a view for explaining variation of inductance, resistance and Q values of a coil
unit 200 as a function of a usable frequency when the coil unit 200 is disposed in a pattern
groove formed in a magnetic substrate according to the fifth embodiment;

FIG. 24 is an H-field for illustrating a radiation pattern of a magnetic field when a coil
unit is disposed on a top surface of a magnetic substrate according to the first embodiment;

FIG. 25 is an H-field for illustrating a radiation pattern of a magnetic field when a coil
unit is disposed in a pattern groove formed in a magnetic substrate according to the fifth
embodiment;

FIG. 26 is an exploded perspective view of a wireless power receiver 1000 according to
still another embodiment;

FIG. 27 is a perspective view of a wireless power receiver 1000 according to still another
embodiment;

FIG. 28 is a sectional view of a wireless power receiver 1000 according to still another
embodiment; and

FIGS. 29 to 36 arc views for explaining a method of manufacturing a wireless power

receiver according to still another embodiment.

DETAILED DESCRIPTION

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

Hereinafter, “conductive pattern” refers to the shape of a conductive layer and may be
used to refer to a structure formed by a patterning process. “conductive layer” may be used
interchangeably with “conductive pattern” and refers to a structure formed by methods including
patterning, etching, deposing, selective plating, and the like.

FIG. 1 is a perspective view illustrating a wireless power receiver 1000 according to the

first embodiment, FIG. 2 is a plan view illustrating the wireless power receiver 1000 according
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to the first embodiment and FIG. 3 is a sectional view taken along line A-A’ of a connecting unit
300 of the wireless power receiver 1000 shown in FIG. 2.

Referring to FIGS. 1 to 3, the wireless power receiver 1000 may include a magnetic
substrate 100, a coil unit 200 and a connecting unit 300.

The wireless power receiver 1000 may wirelessly receive power from a transmission
side. According to one embodiment, the wireless power receiver 1000 may wirelessly receive
the power using electromagnetic induction. According to one embodiment, the wireless power
receiver 1000 may wirelessly receive the power using resonance.

The electromagnetic induction and resonance may be used when transmitting the power
using the magnetic field.

The magnetic substrate 100 may change the direction of the magnetic field received from
the transmission side.

The magnetic substrate 100 can reduce the amount of the magnetic field to be leaked to
the outside by changing the direction of the magnetic field received from the transmission side.

In detail, the magnetic substrate 100 changes the direction of the magnetic field
transferred from the transmission side in the lateral direction such that the magnetic field can be
more concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field received from the
transmission side and leaked to the outside to dissipate the magnetic field as heat. If the amount
of the magnetic field leaked to the outside is reduced, the bad influence of the magnetic field
exerted on the human body can be reduced.

Referring to FIG. 3, the magnetic substrate 100 may include a magnet 110 and a support

120.

The magnet 110 may include a particle or a ceramic.

The support 120 may include thermosetting resin or thermoplastic resin.

The magnetic substrate 100 may be prepared in the form of a sheet and may have a
flexible property.

Referring again to FIG. 1, the coil unit 200 may include a first connection terminal 210, a
second connection terminal 220 and a coil 230. The coil 230 may be formed as a conductive

layer or a conductive pattern.
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The first connection terminal 210 is located at one end of the coil 230 and the second
connection terminal 220 is provided at the other end of the coil 230.

The first and second connection terminals 210 and 220 are necessary for connection with
the connecting unit 300.

The coil 230 may be formed as a conductive pattern which is obtained by winding a
conductive line several times. According to one embodiment, when viewed from the top, the coil
pattern may have a spiral shape. However, the embodiment is not limited thereto, and various
patterns may be formed.

The coil unit 200 can be directly disposed on the top surface of the magnetic substrate
100. According to one embodiment, an adhesive layer (not shown) may be disposed between the
coil unit 200 and the magnetic substrate 100.

The coil unit 200 may include a conductor. The conductor may include a metal or an
alloy. According to one embodiment, the metal may include silver or copper, but the
embodiment is not limited thereto.

The coil unit 200 may transfer the power, which is wirelessly received from the
transmission side, to the connecting unit 300. The coil unit 200 can receive the power from the
transmission side using the electromagnetic induction or resonance.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320 and a printed circuit board 330.

The first connection terminal 310 of the connecting unit 300 may be connected to the first
connection terminal 210 of the coil unit 200 and the second connection terminal 320 of the
connecting unit 300 may be connected to the second connection terminal 220 of the coil unit
200.

The printed circuit board 330 may include a wiring layer and a receiver circuit, which
will be described later, may be disposed on the wiring layer.

The connecting unit 300 connects the wireless power receiving circuit (not shown) with
the coil unit 200 to transfer the power received from the coil unit 200 to a load (not shown)
through the wireless power receiving circuit. The wireless power receiving circuit may include a
rectifier circuit for converting AC power into DC power and a smoothing circuit for transferring

the DC power to the load after removing ripple components from the DC power.
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FIGS. 2 and 3 are views for explaining the structure of the wireless power receiver 1000
according to the first embodiment in detail when the coil unit 200 is connected with the
connecting unit 300.

FIG. 2 is a plan view illustrating the wireless power receiver 1000 according to the first
embodiment.

FIG. 2 shows the coil unit 200 connected with the connecting unit 300.

According to one embodiment, the connection between the coil unit 200 and the
connecting unit 300 may be achieved by a solder. In detail, the first connection terminal 210 of
the coil unit 200 may be connected to the first connection terminal 310 of the connecting unit
300 through a first solder 10 and the second connection terminal 220 of the coil unit 200 may be
connected to the second connection terminal 320 of the connecting unit 300 through a second
solder 20. In more detail, the first connection terminal 210 of the coil unit 200 may be connected
to the first connection terminal 310 of the connecting unit 300 through a via hole of the first
solder 10 and the second connection terminal 220 of the coil unit 200 may be connected to the
second connection terminal 320 of the connecting unit 300 through a via hole of the second
solder 20.

The wireless power receiver 1000 shown in FIG. 2 may be equipped in an electronic
appliance, such as a terminal.

The terminal may include a typical mobile phone, such as a cellular phone, a PCS
(personal communication service) phone, a GSM phone, a CDMA-2000 phone, or a WCDMA
phone, a PMP (portable multimedia player), a PDA (personal digital assistant), a smart phone, or
an MBS (mobile broadcast system) phone, but the embodiment is not limited thereto. Various
devices can be used as the terminal if they can wirelessly receive the power.

A section taken along line A-A’ of the connecting unit 300 shown in FIG. 2 will be
explained with reference to FIG. 3.

FIG. 3 is a sectional view taken along line A-A’ of the connecting unit 300 of the
wireless power receiver 1000 shown in FIG. 2.

Referring to FIG. 3, the first connection terminal 210, the second connection terminal 220
and the coil 230 constituting the coil unit 200 are disposed on the top surface of the magnetic

substrate 100.
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In the wireless power receiver 1000 according to the first embodiment, the coil unit 200
is directly disposed on the top surface of the magnetic substrate 100, so the overall thickness can
be remarkably reduced when comparing with the case in which the coil pattern is formed on an
FPCB.

Preferably, the magnetic substrate 100 has a thickness of 0.43 mm and the coil unit 200
has a thickness of 0.1 mm, so the overall thickness is 0.53 mm. However, this numerical value is
illustrative purpose only.

That is, the thickness of the wireless power receiver 1000 can be reduced by preparing
the coil unit 200 in the form of a conductor, a conductive pattern or a thin film. Since the current
trend has tended toward the slimness, if the wireless power receiver 1000 is applied to the
electronic device, such as the portable terminal, the overall thickness of the portable terminal can
be reduced and the power can be effectively received from the transmission side.

The connecting unit 300 is directly disposed on the coil unit 200. Since the connecting
unit 300 is directly disposed on the coil unit 200, the coil unit 200 can be readily connected with
the connecting unit 300.

The first connection terminal 210 of the coil unit 200 is connected to the first connection
terminal 310 of the connecting unit 300 through the solder 10.

The second connection terminal 220 of the coil unit 200 is connected to the second
connection terminal 320 of the connecting unit 300 through the solder 20.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T. In addition, the coil 230 can be designed to have a predetermined winding interval.

FIGS. 4 to 8 are views for explaining a method of manufacturing the wireless power
receiver 1000 according to one embodiment.

The structure of the wireless power receiver 1000 may be essentially identical to the
structure of the wireless power receiver 1000 described with reference to FIGS. 1 to 3.

First, referring to FIG. 4, the magnetic substrate 100 is prepared.

Then, referring to FIG. 5, a conductor 201 is directly laminated on the top surface of the
magnetic substrate 100. According to one embodiment, the conductor 201 may be laminated

after the adhesive layer has been laminated on the top surface of the magnetic substrate 100.
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According to one embodiment, a laminating process can be used to form the conductor
201 on the top surface of the magnetic substrate 100. According to the laminating process, the
conductor 201 is heated at the predetermined temperature and then predetermined pressure is
applied to the conductor 201. The laminating process refers to a process of forming
heterogeneous materials, such as a metal foil and a paper, by using heat and pressure.

Then, referring to FIG. 6, a mask 500 is laminated on the top surface of the conductor
201. The mask 500 may be selectively formed on the top surface of the conductor 201
corresponding to positions of the first connection terminal 210, the second connection terminal
220 and the coil 230 of the coil unit 200.

After that, referring to FIG. 7, the structure shown in FIG. 6 is immersed in an etchant so
that portions of the conductor 201 where the mask 500 is not positioned may be etched. Thus, the
conductor 201 may have a predetermined conductive pattern.

Then, the coil unit 200 of the wireless power receiver 1000 is formed by removing the
mask 500.

Thereafter, referring to FIG. 8, the soldering work is performed to connect the coil unit
200 with the connecting unit 300.

That is, the first connection terminal 210 of the coil unit 200 may be connected to the first
connection terminal 310 of the connecting unit 300 through the first solder 10 and the second
connection terminal 220 of the coil unit 200 may be connected to the second connection terminal
320 of the connecting unit 300 through the second solder 20.

As described above, since the coil unit 200 is directly disposed on the top surface of the
magnetic substrate 100, the overall thickness of the wireless power receiver 1000 can be
remarkably reduced. In addition, since the wireless power receiver 1000 can be manufactured
only through the laminating and etching processes, the manufacturing process may be simplified.
FIG. 9 is a sectional view taken along line A-A’ of the connecting unit 300 of the wireless power
receiver 1000 shown in FIG. 2 according to the second embodiment.

Referring to FIG. 9, the wireless power receiver 1000 may include a magnetic substrate
100, a coil unit 200, a connecting unit 300 and an adhesive layer 700.

The magnetic substrate 100, the coil unit 200, and the connecting unit 300 are identical to

those described with reference to FIG. 1.
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The adhesive layer 700 is interposed between the magnetic substrate 100 and the coil unit
200 to bond the magnetic substrate 100 to the coil unit 200.

FIG. 10 is a plan view illustrating a wireless power receiver 1000 according to the third
embodiment.

Referring to FIG. 10, the wireless power receiver 1000 may include a magnetic substrate
100, a coil unit 200, a connecting unit 300 and a short-range communication antenna 600.

The magnetic substrate 100, the coil unit 200 and the connecting unit 300 are identical to
those described with reference to FIGS. 1 to 3.

The short-range communication antenna 600 includes a first connection terminal 610, a
second connection terminal 620 and an outer peripheral coil 630.

The first connection terminal 610 and the second connection terminal 620 of the short-
range communication antenna 600 are connected to the connecting unit 300.

The short-range communication antenna 600 can make near field communication with a
reader. The short-range communication antenna 600 may serve as an antenna that transceives
information in cooperation with the reader.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. According to one embodiment, when
the coil unit 200 is disposed at the center of the magnetic substrate 100, the short-range
communication antenna 600 may be arranged along the outer peripheral portion of the magnetic
substrate 100 to surround the coil unit 200. The short-range communication antenna 600 may
have a rectangular configuration by winding one conductive line several times, but the
embodiment is not limited thereto.

Similar to the coil unit 200, the short-range communication antenna 600 may be formed
as a conductive pattern or a conductive layer.

Various short-range communication technologies can be applied to the short-range
communication antenna 600, and the NFC technology is preferable. The NFC technology has the
band of 12.56 MHz and is used for wireless communication in a short distance.

The short-range communication antenna 600 can be directly disposed on the top surface

of the magnetic substrate 100.
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The method of forming the short-range communication antenna 600 on the magnetic
substrate 100 may be identical to the method described with reference to FIG. 4.

Hereinafter, a wireless power receiver 1000 according to the fourth embodiment will be
described with reference to FIGS. 11 to 13.

FIG. 11 is a perspective view illustrating the wireless power receiver 1000 according to
the fourth embodiment.

Referring to FIG. 11, the wireless power receiver 1000 includes a magnetic substrate 100,
a coil unit 200 and a connecting unit 300.

The magnetic substrate 100 and the coil unit 200 are identical to those described with
reference to FIG. 1. However, the magnetic substrate 100 is slightly different from the magnetic
substrate 100 described with reference to FIG. 1, so the following description will be made while
focusing the difference of the magnetic substrate 100.

Referring to FIG. 11, the magnet substrate 100 is formed with a receiving space 130
having a structure the same as that of the connecting unit 300. That is, referring to FIG. 1, the
coil unit 200 is disposed on the top surface of the magnetic substrate 100 and the connecting unit
300 is disposed on the coil unit 200. However, referring to FIG. 11, the receiving space 130
having the structure the same as that of the connecting unit 300 is formed in the magnetic
substrate 100, so that the connecting unit 300 may be disposed under the coil unit 200.

FIG. 12 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment.

FIG. 12 shows the state in which the coil unit 200 and the connecting unit 300 arc
interconnected with each other.

The connecting unit 300 has a thickness equal to or smaller than a thickness of the
magnetic substrate 100. The connecting unit 300 may be implemented as a flexible printed
circuit board (FPCB).

The connecting unit 300 may be disposed in the receiving space 130 of the magnetic
substrate 100.

If the thickness of the connecting unit 300 is equal to or smaller than the thickness of the
magnetic substrate 100, different from the embodiment shown in FIG. 3, the overall thickness of

the wireless power receiver 1000 can be reduced as much as the thickness of the connecting unit
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300. In addition, since the usage of the magnet 110 and the support 120 can be reduced due to
the receiving space 130, it is advantageous in terms of cost effectiveness.

FIG. 13 is a sectional view taken along line B-B’ of the connecting unit 300 of the
wireless power receiver 1000 shown in FIG. 12 according to the fourth embodiment.

The following description will be made on the assumption that the connecting unit 300
has a thickness smaller than that of the magnetic substrate 100.

Referring to FIG. 13, the first connection terminal 210, the second connection terminal
220 and the coil 230 constituting the coil unit 200 are disposed on the top surface of the
connecting unit 300.

The connecting unit 300 is disposed under the coil unit 200.

The first connection terminal 210 of the coil unit 200 is connected to the first connection
terminal 310 of the connecting unit 300 by the solder 10.

The second connection terminal 220 of the coil unit 200 is connected to the second
connection terminal 320 of the connecting unit 300 by the solder 20.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T. In addition, the coil 230 can be designed to have a predetermined winding interval.

Referring to FIG. 12, different from the embodiment shown in FIG. 3, the thickness of
the connecting unit 300 is smaller than the thickness of the magnetic substrate 100, so the overall
thickness of the wireless power receiver 1000 can be reduced as much as the thickness of the
connecting unit 300. In addition, since the usage of the magnet 110 and the support 120 can be
reduced due to the receiving space 130, it is advantageous in terms of cost effectiveness.

Hereinafter, a wireless power receiver 1000 according to the fifth embodiment will be
described in detail with reference to FIGS. 14 to 20.

FIG. 14 is a perspective view illustrating the wireless power receiver 1000 according to
the fifth embodiment, FIG. 15 is a plan view illustrating the wireless power receiver 1000
according to the fourth embodiment, FIG. 16 is a sectional view taken along line C-C’ of the
wireless power receiver 1000 according to the fifth embodiment, and FIGS. 17 to 21 are views
for explaining a method of manufacturing the wireless power receiver 1000 according to the fifth

embodiment.
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First, referring to FIG. 14, the wireless power receiver 1000 according to the fifth
embodiment may include a magnetic substrate 100, a coil unit 200 and a connecting unit 300.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using electromagnetic induction. In this case, the coil 230 of
the coil unit 200 can wirelessly receive power through the electromagnetic induction with a coil
of the transmission side.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using resonance.

The magnetic substrate 100 may change the direction of the magnetic field received from
the transmission side.

The magnetic substrate 100 can reduce the amount of the magnetic field leaked to the
outside by changing the direction of the magnetic field received from the transmission side.

The magnetic substrate 100 can change the direction of the magnetic field received from
the transmission side in the lateral direction such that the magnetic field can be more
concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field received from the
transmission side and leaked to the outside to dissipate the magnetic field as heat. If the amount
of the magnetic field leaked to the outside is reduced, the bad influence of the magnetic field
exerted on the human body can be reduced.

Referring to FIG. 16, the magnetic substrate 100 may include a magnet 110 and a support
120.

The magnet 110 may include a particle or a ceramic. According to one embodiment, the
magnet 110 may be one of a spinel type magnet, a hexa type magnet, a sendust type magnet and
a permalloy type magnet.

The support 120 may include thermosetting resin or thermoplastic resin and support the
magnetic substrate 100.

The magnetic substrate 100 may be prepared in the form of a sheet and may have a

flexible property.
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Referring again to FIG. 14, the coil unit 200 may include a first connection terminal 210,
a second connection terminal 220 and a coil 230. The coil 230 may formed as a conductive layer
or a conductive pattern.

The coil unit 200 may be disposed inside the magnetic substrate 100. In detail, the coil
unit 200 may be buried inside the magnetic substrate 100. In more detail, the magnetic substrate
100 may include a pattern groove and the coil unit 200 may be disposed in the pattern groove.
The pattern groove may be formed as a conductive pattern or a conductive layer similar to the
coil unit 200.

The coil unit 200 has a thickness smaller than that of the magnetic substrate 100 and an
upper portion of the coil unit 200 may be exposed out of the magnetic substrate 100.

A process for manufacturing the wireless power receiver 1000 by disposing the coil unit
200 and the connecting unit 300 in the magnetic substrate 100 will be described later with
reference to FIGS. 17 to 21.

The first connection terminal 210 of the coil unit 200 is located at one end of the coil 230
and the second connection terminal 220 of the coil unit 200 is located at the other end of the coil
230.

The first and second connection terminals 210 and 220 of the coil unit 200 are necessary
for connection with the connecting unit 300.

The coil 230 may be formed as a coil pattern which is obtained by winding a conductive
line several times. According to one embodiment, when viewed from the top, the coil pattern
may have a spiral shape. However, the embodiment is not limited thereto, and various patterns
may be formed.

The coil unit 200 may transfer the power wirelessly received from the transmission side
to the connecting unit 300. The coil unit 200 may transfer the power wirelessly received from the
transmission side using the electromagnetic induction or resonance to the connecting unit 300.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320 and a printed circuit board 330.

The first connection terminal 310 of the connecting unit 300 may be connected to the first

connection terminal 210 of the coil unit 200 and the second connection terminal 320 of the
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connecting unit 300 may be connected to the second connection terminal 220 of the coil unit
200.

The printed circuit board 330 may include a wiring layer and the wiring layer may
include a wireless power receiving circuit, which will be described later.

The connecting unit 300 connects the wireless power receiving circuit (not shown) with
the coil unit 200 to transfer the power received from the coil unit 200 to a load (not shown)
through the wireless power receiver circuit. The wireless power receiver circuit may include a
rectifier circuit (not shown) for converting AC power into DC power and a smoothing circuit for
transferring the DC power to the load after removing ripple components from the DC power.

FIGS. 15 and 16 show the detailed structure of the wireless power receiver 1000
according to the fifth embodiment when the coil unit 200 is connected to the connecting unit
300.

FIG. 15 shows the coil unit 200 and the connecting unit 300 interconnected with each
other.

The coil unit 200 can be connected to the connecting unit 300 by a solder.

Referring to FIG. 16, the first connection terminal 210 of the coil unit 200 may be
connected to the first connection terminal 310 of the connecting unit 300 through a first solder 10
and the second connection terminal 220 of the coil unit 200 may be connected to the second
connection terminal 320 of the connecting unit 300 through a second solder 20. In detail, the first
connection terminal 210 of the coil unit 200 may be connected to the first connection terminal
310 of the connecting unit 300 through a via hole of the first solder 10 and the second connection
terminal 220 of the coil unit 200 may be connected to the second connection terminal 320 of the
connecting unit 300 through a via hole of the second solder 20.

According to one embodiment, the via hole can be formed by using a laser. The laser may
include a UV laser or a CO2 laser.

FIG. 16 is a sectional view of the wireless power receiver 1000 in which the magnetic
substrate 100 and the coil unit 200 are connected to the connecting unit 300.

That is, the first connection terminal 210, the second connection terminal 220 and the coil
230 constituting the coil unit 200 may be disposed in a pattern groove 140 of the magnetic

substrate 100.
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In addition, the magnetic substrate 100 and the coil unit 200 are connected to the
connecting unit 300.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T and the magnetic substrate 100 may be designed to have a predetermined thickness
T1. According to one embodiment, the coil 230 has a thickness of 0.lmm and the magnetic
substrate 100 has a thickness of 0.43 mm, but these numerical values are illustrative purposes
only. According to one embodiment, the thickness T of the coil 230 may be smaller than the
thickness T1 of the magnetic substrate 100.

In the wireless power receiver 1000 according to the fifth embodiment, the coil unit 200
is directly disposed in the pattern groove 140 of the magnetic substrate 100, so the overall
thickness of an electronic appliance equipped with the wireless power receiver 1000 can be
reduced as much as the thickness of the coil unit 200. Thus, if the wireless power receiver 1000
according to the fifth embodiment is applied to the electronic device, such as the portable
terminal, the overall thickness of the portable terminal can be reduced suitably for the current
trend of slimness

In addition, in the wireless power receiver 1000 according to the fifth embodiment, the
coil unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100. Thus, different
from the electronic appliance in which a coil pattern is formed on an FPCB, the overall size of
the electronic device equipped with the wireless power receiver 1000 can be reduced.

FIGS. 17 to 21 are views for explaining a method of manufacturing the wireless power
receiver 1000 according to the fifth embodiment.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
the fifth embodiment will be described with reference to FIGS. 17 to 21 as well as FIGS. 14 to
16.

First, referring to FIG. 17, the magnetic substrate 100 is prepared. According to one
embodiment, the magnetic substrate 100 may be produced by coating metal powder of sendust
alloys, such as Al, Fe and SiO2, on polyethylene rubber and then forming an oxide layer on a
surface of the polyethylene rubber.

Then, referring to FIG. 18, heat and pressure are applied using a mold 1 to form the

pattern groove in the magnetic substrate 100 for receiving the coil unit 200. The mold 1 may
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have the shape corresponding to the shape of the coil unit 200. According to one embodiment,
the mold 1 can be manufactured by using an aluminum alloy, a copper alloy or a cast iron.

The mold 1 may be provided with a protrusion at a region corresponding to the coil unit
200 for wirelessly receiving the power.

When the heat is applied by using the mold 1, the heat having the specific temperature is
applied by taking the property of the metal powder of the sendust alloy constituting the magnetic
substrate 100 into consideration. According to one embodiment, if the magnetic substrate 100 is
produced by coating the metal powder of sendust alloy on the polyethylene rubber, when the heat
and pressure are applied by using the mold 1, high-pressure is applied at the temperature in the
range of 100°C to 180°C, and then the mold 100 is cooled to the temperature of 100°C or below.
After that, the mold 1 is separated from the magnetic substrate 100. If the mold 1 is separated
just after the pressure has been applied to the magnetic substrate 100, the desired pattern groove
140 may not be formed due to residual heat in the pattern groove 140. For this reason, the mold 1
is separated from the magnetic substrate 100 after cooling the mold 100 to the temperature of
100°C or below.

If the magnetic substrate 100 is prepared by using the metal powder of sendust alloy, the
heat temperature and pressure may vary depending on the distribution and concentration of the
metal powder. That is, if the distribution of the metal powder is not uniform, the higher
temperature and pressure may be applied. In contrast, if the distribution of the metal powder is
uniform, the lower temperature and pressure may be applied. In addition, if the concentration of
the metal powder is low, the lower temperature and pressure may be applied as compared with
the case in which the concentration of the metal powder is high. Further, the heat temperature
and pressure may vary depending on the composition of the metal powder, that is, depending on
the alloy constituting the metal powder.

In this manner, the temperature applied to the mold 1 may vary depending on the
distribution, concentration and composition of the powder.

According to one embodiment, laser may be irradiated, instead of applying heat and
pressure using the mold 1, to form the pattern groove in the magnetic substrate 100 to receive the
coil unit 200. In this case, the pattern groove can be formed by using an excimer laser that

irradiates the laser beam having a wavelength band of ultraviolet ray. The excimer laser may
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include a KrF excimer laser (central wavelength 248 nm) or an ArF excimer laser (central
wavelength 193 nm).

Next, referring to FIG. 19, the mold 1 is separated from the magnetic substrate 100 so
that the magnetic substrate 100 is formed with the pattern groove 140.

Then, referring to FIG. 20, the coil unit 200 is inserted into the pattern groove 140
formed in the magnetic substrate 100. As the coil unit 200 is inserted into the pattern groove 140,
a predetermined conductive pattern is formed in the pattern groove 140 of the magnetic substrate
100.

According to one embodiment, a process for forming the coil unit 200 in the pattern
groove 140 of the magnetic substrate 100 may include a plating process or a process for inserting
a metal which has been etched to have the conductive pattern formed by the coil unit 200.

In detail, according to the plating process, the metallic material is filled in the pattern
groove 140 to form the coil unit 200. At this time, the metallic material may include one selected
from Cu, Ag, Sn, Au, Ni and Pd and the filling of the metallic metal can be performed through
one of electroless plating, screen printing, sputtering, evaporation, ink-jetting and dispensing or a
combination thereof.

Then, referring to FIG. 21, the soldering process is performed to connect the coil unit 200
with the connecting unit 300.

That is, the first connection terminal 210 of the coil unit 200 is connected to the first
connection terminal 310 of the connecting unit 300 through the solder 10 and the second
connection terminal 220 of the coil unit 200 is connected to the second connection terminal 320
of the connecting unit 300 through the solder 20.

As described above, according to the method of manufacturing the wireless power
receiver 1000 of the fifth embodiment, the pattern groove is formed in the magnetic substrate
100 and the coil unit 200 is disposed in the pattern groove, so that the overall thickness of the
wireless power receiver 1000 can be reduced. In addition, the wireless power receiver 1000 can
be manufactured by simply forming the pattern groove and then inserting the coil unit into the
pattern groove, so that the manufacturing process can be simplified.

FIG. 22 is a view for explaining variation of inductance, resistance and Q values of the

coil unit 200 as a function of a usable frequency when the coil unit 200 is disposed on a top
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surface of the magnetic substrate according to the first embodiment, and FIG. 23 is a view for
explaining variation of inductance, resistance and Q values of the coil unit 200 as a function of a
usable frequency when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate according to the fifth embodiment.

The inductance, resistance and Q values of the coil unit 200 can be expressed as
following equation 1.

[Equation 1]
Q=W*L/R

In equation 1, w is a frequency used when transmitting power, L is inductance of the coil
unit 200 and R is resistance of the coil unit 200.

As can be understood from equation 1, the Q value becomes high as the inductance of the
coil unit 200 is increased. If the Q value is increased, the power transmission efficiency can be
improved. The resistance of the coil unit 200 is a numerical value of power loss occurring in the
coil unit 200 and the Q value becomes high as the resistance value is decreased.

Referring to FIGS. 22 and 23, when comparing the fifth embodiment, in which the coil
unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100, with the first
embodiment, in which the coil unit 200 is disposed on the top surface of the magnetic substrate
100, when the usable frequency is 150 kHz, the inductance of the coil unit 200 is increased by
352.42 um from about 9986.92 um to about 10339.34 um and the resistance of the coil unit 200
is reduced by 0.057 Q from 0.910 Q to 0.853 Q. That is, the Q value is increased corresponding
to the increment of the inductance and the reduction of the resistance.

Therefore, the wireless power receiver 1000 according to the fifth embodiment can
increase the Q value by disposing the coil unit 200 in the pattern groove of the magnetic
substrate 100.

FIG. 24 is an H-field for illustrating a radiation pattern of a magnetic field when the coil
unit is disposed on a top surface of the magnetic substrate according to the first embodiment, and
FIG. 25 is an H-field for illustrating a radiation pattern of a magnetic field when the coil unit is
disposed in the pattern groove formed in the magnetic substrate according to the fifth

embodiment.
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Referring to FIGS. 24 and 25, a greater amount of magnetic fields is radiated from the
outer peripheral portion of the coil unit 200 when the coil unit 200 is disposed in the pattern
groove formed in the magnetic substrate 100 as compared with the case in which the coil unit
200 is disposed on the top surface of the magnetic substrate 100. This is because the magnetic
field directed to the outside is changed in the lateral direction of the coil unit 200 due to the coil
unit 200 buried in the magnetic substrate 100.

In addition, a greater amount of magnetic fields is radiated at the inner portion of the coil
unit 200 when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate 100 as compared with the case in which the coil unit 200 is disposed on the top surface
of the magnetic substrate 100. This is also because the magnetic field directed to the outside is
changed in the lateral direction of the coil unit 200 due to the coil unit 200 buried in the magnetic
substrate 100.

Referring to FIGS. 24 and 25, the wireless power receiver 1000 may further include a
short-range communication antenna 600.

The short-range communication antenna 600 can make near field communication with a
reader. The short-range communication antenna 600 may serve as an antenna that transceives
information in cooperation with the reader.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. According to one embodiment, when
the coil unit 200 is disposed at the center of the magnetic substrate 100, the short-range
communication antenna 600 may be arranged along the outer peripheral portion of the magnetic
substrate 100 to surround the coil unit 200. The short-range communication antenna 600 may
have a rectangular configuration by winding one conductive line several times, but the
embodiment is not limited thereto.

Similar to the coil unit 200, the short-range communication antenna 600 may be formed
as a conductive pattern or a conductive layer.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

Hereinafter, a wireless power receiver according to another embodiment will be

described with reference to FIGS. 26 to 36.
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FIG. 26 is an exploded perspective view of the wireless power receiver 1000 according to
still another embodiment, FIG. 27 is a perspective view of the wireless power receiver 1000
according to still another embodiment, and FIG. 28 is a sectional view of the wireless power
receiver 1000 according to still another embodiment.

Meanwhile, FIG. 27 is a perspective view showing the assembled state of the elements of
the wireless power receiver 1000 shown in FIG. 26, in which some elements are omitted.

The wireless power receiver 1000 according to still another embodiment may be disposed
in an electronic device, such as a portable terminal.

Referring to FIGS. 26 to 28, the wireless power receiver 1000 may include a magnetic
substrate 100, a coil unit 200, a connecting unit 300, a short-range communication antenna 600,
an adhesive layer 700, a first dual-side adhesive layer 710, a second dual-side adhesive layer
720, a protective film 800 and a release paper layer 730.

Referring to FIG. 26, the magnetic substrate 100 can change the direction of the magnetic
field transferred from the transmission side.

The magnetic substrate 100 changes the direction of the magnetic field transferred to the
coil unit 200 from the transmission side to reduce the amount of the magnetic field leaked to the
outside. Thus, the magnetic substrate 100 may have the electromagnetic wave shielding effect.

In detail, the magnetic substrate 100 changes the direction of the magnetic field
transferred from the transmission side in the lateral direction such that the magnetic field can be
more concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field transferred to the coil
unit 200 from the transmission side and leaked to the outside to dissipate the magnetic field as
heat. If the amount of the magnetic field leaked to the outside is reduced, the bad influence of the
magnetic field exerted on the human body can be reduced.

Referring to FIG. 28, the magnetic substrate 100 may include a magnet 110 and a support
120.

According to one embodiment, the magnet 110 may be one of a spinel type magnet, a
hexa type magnet, a sendust type magnet and a permalloy type magnet.

The support 120 may include thermosetting resin or thermoplastic resin and support the

magnetic substrate 100.
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Referring again to FIG. 26, the magnetic substrate 100 may be prepared in the form of a
sheet and may have a flexible property.

A receiving space 130 is formed at a predetermined area of the magnet substrate 100. The
receiving space 130 has a structure the same as that of the connecting unit 300. The connecting
unit 300 is disposed in the receiving space 130 and connected to the coil unit 200.

The coil unit 200 can receive the power from the transmission side using the
electromagnetic induction or resonance. Similar to the coil unit 200 illustrated in FIG. 1, the coil
unit 200 may include a first connection terminal 210, a second connection terminal 220 and a
coil 230. The coil 230 may be formed as a conductive layer or a conductive pattern.

The connecting unit 300 connects a receiver circuit (not shown) with the coil unit 200 to
transfer the power received from the coil unit 200 to a load (not shown) through the receiver
circuit.

The connecting unit 300 may include a wiring layer and the wiring layer may include the
wireless power receiving circuit. The wireless power receiving circuit may include a rectifier
circuit for rectifying the power received from the coil unit 200, a smoothing circuit for removing
noise signals, and a main IC chip for performing the operation to wirelessly receive the power.

In addition, the receiver circuit can transfer the signal received from the short-range
communication antenna 600 to a short-range communication signal processing unit (not shown).

The connecting unit 300 is disposed in the receiving space 130 of the magnetic substrate
100 and connected to the coil unit 200. FIG. 27 shows the connecting unit 300 disposed in the
receiving space 130 of the magnetic substrate 100.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320, a third connection terminal 340 and a fourth connection terminal 350.
The first connection terminal 310 of the connecting unit 300 is connected to the first connection
terminal 210 of the coil unit 200, the second connection terminal 320 of the connecting unit 300
is connected to the second connection terminal 220 of the coil unit 200, the third connection
terminal 340 of the connecting unit 300 is connected to a first connection terminal 610 of the
short-range communication antenna 600 and the fourth connection terminal 350 of the
connecting unit 300 is connected to a second connection terminal 620 of the short-range

communication antenna 600.
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The connecting unit 300 may have the shape corresponding to the shape of the receiving
space 130 and may be disposed in the receiving space 130. Since the connecting unit 300 is
disposed in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless
power receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit
300. Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

According to one embodiment, the connecting unit 300 may include a flexible printed
circuit board (FPCB), a tape substrate (TS) or a lead frame (LF). If the tape substrate is used as
the connecting unit 300, the thickness of the connecting unit 300 can be reduced, so that the
overall size of the wireless power receiver 1000 can be reduced.

If the lead frame is used as the connecting unit 300, the wiring layer included in the
connecting unit 300 can be protected from the heat, external moisture or impact and the mass
production can be realized.

Referring again to FIG. 26, the short-range communication antenna 600 can make near
field communication with a reader. The short-range communication antenna 600 may serve as an
antenna that transceives information in cooperation with the reader.

According to one embodiment, the NFC signal processing unit (not shown) can process
the signal transferred to the short-range communication antenna 600 through the connecting unit
300.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. Referring to FIG. 27, when the coil
unit 200 is disposed at the magnetic substrate 100, the short-range communication antenna 600
may be arranged along the outer peripheral portion of the magnetic substrate 100 to surround the
coil unit 200. The short-range communication antenna 600 may have a rectangular configuration
by winding one conductive line several times, but the embodiment is not limited thereto.

Referring again to FIG. 26, the adhesive layer (not shown) may be disposed under the
protective film 800 to form the protective film 800 on the coil unit 200 and the short-range

communication antenna 600, which will be described later in detail.
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The first dual-side adhesive layer 710 is interposed between the magnetic substrate 100
and the coil unit 200/short-range communication antenna 600 to adhere the coil unit 200 to the
magnetic substrate 100, which will be described later in detail. Similar to the magnetic substrate
100, a receiving space having the shape identical to the shape of the connecting unit 300 may be
formed in the first dual-side adhesive layer 710.

Referring again to FIG. 28, the second dual-side adhesive layer 720 adheres the
protective film 800 to the release paper layer 730, which will be described later in detail.

The coil unit 200 may be disposed on the magnetic substrate 100 and may have a spiral
structure, but the embodiment is not limited thereto.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
still another embodiment will be described with reference to FIGS. 29 to 36.

When the manufacturing process starts, as shown in FIG. 29, the conductor 201, the
adhesive layer 700 and the protective film 800 are prepared.

According to one embodiment, the conductor 201 may be formed by using an alloy
including copper. The copper is in the form of roll annealed copper or electrodeposited copper.
The conductor 201 may have various thicknesses depending on the specification of a product.
According to one embodiment, the conductor 201 may have the thickness of 100um, but the
embodiment is not limited thereto.

The adhesive layer 700 is used to reinforce the adhesive strength between the conductor
201 and the protective film 800. The adhesive layer 700 may include thermosetting resin, but the
embodiment is not limited thereto. The adhesive layer may have the thickness of 17um, but the
embodiment is not limited thereto.

The protective film 800 protects the conductor 201 when a predetermined conductive
pattern is formed in the conductor 201. In detail, the protective film 800 supports the conductor
201 in the etching process, which will be described later, to protect the conductor 201 such that
the predetermined conductive pattern can be formed in the conductor 201.

According to one embodiment, the protective film 800 may include polyimide film (PI
film), but the embodiment is not limited thereto.

Then, as shown in FIG. 30, the conductor 201 is formed on the protective film 800 by the

adhesive layer 700. The laminating process can be used to form the conductor 201 on the
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protective film 800. The laminating process refers to the process to bond heterogencous materials
with each other by applying predetermined heat and pressure.

Then, as shown in FIG. 31, a photoresist film 900 is attached onto the top surface of the
conductor 201. The photoresist film 900 is used for etching the conductor 201 to form a
predetermined conductive pattern in the conductor 201. A UV exposure type film or an LDI
exposure type film may be used as the photoresist film 900. According to another embodiment, a
photoresist coating solution can be coated on the top surface of the conductor 201 without using
the photoresist film 900.

After that, as shown in FIG. 32, the photoresist film 900 is subject to the exposure and
development processes to form a mask pattern 910.

The mask pattern 910 may be formed on the top surface of the conductor 201
corresponding to the position of the conductive pattern.

The exposure process refers to the process for selectively irradiating light onto the
photoresist film 900 corresponding to the conductive pattern. In detail, in the exposure process,
the light is irradiated onto regions of the conductor 201 where the conductive pattern is not
formed. The development process refers to the process for removing the regions to which the
light is irradiated through the exposure process.

Due to the exposure and development processes, the mask pattern 910 may be formed in
the regions corresponding to the coil unit 200 and the short-range communication antenna 600.
The conductor 201 exposed through the mask pattern 910 may be etched.

Then, as shown in FIG. 33, a predetermined portion of the conductor 201 where the mask
pattern 910 is not formed may be removed through the etching process. The etching process
refers to the process of removing the predetermined portion of the conductor 201 where the mask
pattern 910 is not formed by using a chemical reacting with the predetermined portion of the
conductor 201. According to one embodiment, the conductor 201 may be patterned through the
wet etching or dry etching.

After that, as shown in FIG. 34, the mask pattern 910 is removed so that the first and
second connection terminals 210 and 220 of the coil unit 200, the first and second connection

terminals 610 and 620 of the short-range communication antenna 600, the coil 230 having a
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predetermined conductive pattern and the short-range communication antenna 600 having a
predetermined conductive pattern may be formed.

Then, as shown in FIG. 35, the soldering process is performed to connect the coil unit
200 and the short-range communication antenna 600 to the connecting unit 300. According to
one embodiment, the soldering process includes the reflow process, but the embodiment is not
limited thereto. The reflow process refers to the process for bonding the coil unit 230 and the
short-range communication antenna 600 with the connecting unit 300 by melting solder cream
using high-temperature heat to ensure the stable electrical connection between the connecting
unit 300 and the coil unit 230/NFC antenna 600.

The first connection terminal 310 of the connecting unit 300 may be connected to the first
connection terminal 210 of the coil unit 200 by a solder 30, the second connection terminal 320
of the connecting unit 300 may be connected to the second connection terminal 220 of the coil
unit 200 by the solder 30, the third connection terminal 340 of the connecting unit 300 may be
connected to the first connection terminal 610 of the short-range communication antenna 600 by
the solder 30 and the fourth connection terminal 350 of the connecting unit 300 may be
connected to the second connection terminal 620 of the short-range communication antenna 600.

Then, as shown in FIG. 36, the magnetic substrate 100 is laminated on a predetermined
portion of the conductive pattern where the connecting unit 300 is not present. In detail, the
magnetic substrate 100 may be laminated on the top surfaces of the coil 230 and the short-range
communication antenna 600.

Prior to the above, the receiving space corresponding to the connecting unit 300 can be
formed at the magnetic substrate 100. The receiving space of the magnetic substrate 100 may
have the shape identical to the shape of the connecting unit 300.

As described above with reference to FIG. 26, since the connecting unit 300 is disposed
in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless power
receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit 300.
Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

The coil 230/short-range communication antenna 600 and the magnetic substrate 100

may be adhered with each other by the first dual-side adhesive layer 710. According to one
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embodiment, the magnetic substrate 100 may have the thickness in the range of 100um to
800um, but the embodiment is not limited thereto. According to one embodiment, the first dual-
side adhesive layer 710 may have the thickness in the range of 10um to 50um, but the
embodiment is not limited thereto.

5 After that, the release paper layer 730 is attached to one side of the protective film 800 by
interposing the second dual-size adhesive layer 720 therebetween. The release paper layer 730 is
a paper layer for protecting the second dual-size adhesive layer 720 and may be removed when
the wireless power receiver is disposed in a case of an electronic device, such as a portable
terminal.

10 Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications 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 arrangements of the subject combination arrangement

15 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

What is claimed is:

1. A wireless power receiver comprising:
a magnetic substrate; and
a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.

2. The wireless power receiver of claim 1, wherein the coil is formed as a conductive

pattern on the magnetic substrate.

3. The wireless power receiver of claim 1, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.

4. The wireless power receiver of claim 3, further comprising the connecting unit

disposed in the receiving space and connected to the coil.

5. The wireless power receiver of claim 4, wherein the connecting unit comprises one of

a flexible printed circuit board, a lead frame and a tape substrate.

6. The wireless power receiver of claim 1, further comprising a short-range

communication antenna formed on the magnetic substrate to surround the coil.

7. The wireless power receiver of claim 6, wherein the short-range communication

antenna comprises a near field communication (NFC) antenna.

8. The wireless power receiver of claim 6, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.
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9. The wireless power receiver of claim 8, further comprising the connecting unit
disposed in the receiving space and connected to the coil and a near field communication signal

process unit.

10. A wireless power receiver comprising:

a magnetic substrate; and

a coil configured to wirelessly receive power, wherein the coil is formed as a conductive
layer at the magnetic substrate,

wherein a part of the coil is disposed inside the magnetic substrate.

11. The wireless power receiver of claim 10, wherein the coil is formed as a conductive

pattern at the magnetic substrate.

12. The wireless power receiver of claim 10, wherein the magnetic substrate comprises a
pattern groove for receiving a part of the coil and the part of the coil is disposed in the pattern

groove.

13. The wireless power receiver of claim 10, wherein the coil has a thickness smaller
than a thickness of the magnetic substrate and an upper portion of the coil is exposed out of the

magnetic substrate.

14. A method of manufacturing a wireless power receiver for wirelessly receiving
power, the method comprising:

forming a conductor on a protective film;

forming a conductive pattern by etching the conductor;

connecting a connecting unit to be connected to an external circuit to a connection
terminal of the conductive pattern;

obtaining a magnetic substrate having a receiving space of a predetermined shape

corresponding to the connecting unit; and
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disposing the magnetic substrate on the conductive pattern while positioning the

connecting unit in the receiving space.

15. The method of claim 14, wherein the forming of the conductive pattern comprises
etching the conductor to form the conductive pattern corresponding to a coil for wirelessly
receiving the power and a near field communication antenna for making communication with an

outside.

16. The method of claim 15, which comprises positioning connection terminals of the

coil and the near field communication antenna in the receiving space.

17. The method of claim 14, wherein the disposing of the magnetic substrate comprises

forming the magnetic substrate on the conductive pattern using a dual-side adhesive layer.

18. The method of claim 14, further comprising forming a release paper layer on the

protective film using a dual-side adhesive layer.
19. A terminal equipped therein with a wireless power receiver of claim 1.

20. A terminal equipped therein with a wireless power receiver of claim 10.
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ABSTRACT
A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.
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FILED UNDER 37 CFR 1.53(b)

A filing date has been accorded to the above-identified nonprovisional application papers; however, the following
item(s) appear to have been omitted from the application:

+ Figure(s) 37 described in the specification.

Applicant must reply to this notice within the time period set forth in this notice to avoid abandonment of

this application. Applicant must select one of the three following options and the reply must comply with the
requirements set forth in the selected option and any other requirements set forth in this notice. The reply should
also indicate which option applicant has selected.

I. Petition for date of deposit: Should applicant contend that the above-noted omitted item(s) was in fact
deposited in the U.S. Patent and Trademark Office (USPTO) with the nonprovisional application papers, a copy of
this Notice and a petition (and $400.00 petition fee (37 CFR 1.17(f))) with evidence of such deposit must be filed
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1.64 referring to such items), and a petition under 37 CFR 1.182 (with the $400.00 petition fee (37 CFR 1.17(f))
requesting the later filing date must be filed within TWO MONTHS of the date of this Notice. THIS TWO MONTH
PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b).

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing
date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date
of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment
of a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted item(s) and the petition (and petition fee) requesting the later filing
date.

lll. Acceptance of application as deposited: Applicant may accept the application as deposited in the USPTO
by filing an appropriate amendment as set forth in either (A) or (B) below within TWO MONTHS of the date of this
Notice. THIS TWO MONTH PERIOD IS EXTENDABLE UNDER 37 CFR 1.136(a) or (b) . The application will
maintain a filing date as of the date of deposit of the application papers in the USPTO, and original application
papers (i.e., the original disclosure of the invention) will include only those application papers present in the
USPTO on the date of deposit. A petition is not required for this option.
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(A) If applicant wants to accept the application as deposited without adding the subject matter that was in the
omitted item (e.g., a missing page or figure), applicant is required to submit one or more of the following items
without adding any new matter (see 35 U.S.C. 132(a)):

1. For a missing page of the specification,

a) a substitute specification including claims that amends the specification to renumber the pages
consecutively and cancels any incomplete sentences, and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

2. For a missing figure of the drawings,

a) replacement drawing sheets in compliance with 37 CFR 1.121(d) to renumber the drawing figures
consecutively (if necessary),

b) a substitute specification excluding claims that amends the specification to cancel any references to any
omitted drawing(s) and corrects the references in the specification to the drawing figures to correspond
with any relabeled drawing figures, and

¢) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

3. For a missing page of the claim listing only, a replacement claim listing with the claims renumbered
consecutively or, if amendment to the claims is also necessary, then a complete claim listing in compliance
with 37 CFR 1.121(c);

4. For a missing or unreadable compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the compact disc and the files
contained on the compact disc, and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

5. For a missing or unreadable file submitted on a compact disc,

a) a substitute specification (excluding the claims) deleting the reference to the missing or unreadabile file,
and a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125; and

b) a replacement transmittal letter listing all of the files except the missing or unreadable file in compliance
with 37 CFR 1.52(e)(3)(ii).

(B) Alternatively, if applicant wants to accept the application as deposited but wishes to add the subject matter in

the omitted item (e.g., a missing page or figure) by relying on an incorporation by reference under 37 CFR 1.57 or
other portions of the original disclosure, applicant is required to submit one or more of the following items without

adding any new matter (see 35 U.S.C. 132(a)):

1. To add the subject matter in a missing page of specification,

a) a substitute specification excluding claims and

b) a statement that the substitute specification includes no new matter, in compliance with 37 CFR
1.121(b)(3) and 1.125;

2. To add a missing figure of the drawings, new and replacement drawing sheets in compliance with 37 CFR
1.121(d);

3. To add the subject matter in a missing page of the claim listing, a complete claim listing in compliance with 37
CFR 1.121(c) (e.g., a claim in the missing page should be submitted as a new claim);

4. To add the subject matter in a missing or unreadable compact disc,

a) a replacement compact disc and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e);
and

b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4); and,

5. To add the subject matter in a missing or unreadable file submitted on a compact disc,

a) a replacement compact disc that contains all of the files listed in the specification including the missing or
unreadable file and a duplicate copy of the compact disc, in compliance with 37 CFR 1.52(e); and
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b) a statement that the replacement compact disc contains no new matter in compliance with 37 CFR
1.52(e)(4).

If applicant is relying on an incorporation by reference under 37 CFR 1.57 to add the omitted subject matter, then
applicant must also comply with the requirements of 37 CFR 1.57.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/kung/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
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The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.
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United States Patent and Trademark Office connected therewith for the application referenced in the attached
transmittal letter (form PTO/AIA/B2A or equivalent):

Reglstration Registration
Name Number Name Number

Please recognize or change the correspondence address for the application identified in the attached

transmittal letter to:
D The address associated with the above-mentioned Customer Number,

OR
D The address associated with Customer Number:

OR

Firmm or
Individual Name

Address

City | state | [ zp]
Country

Telephone

| am the Applicant:
[ Jinventor or Joint Inventor

DLegal Representative of a Deceased or Legally Incapacitated Inventor

Assignee or Person to Whom the Inventor is Under an Obligation to Assign
Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was
granted in the application or is concurrently being filed with this document)
SIGNATURE of Aﬁpllcar{t for Patent

i Email |

L I\
Signature DNES Naom p Tt Dale Qrbey 51 2o
Name J&angbongKim  © - / Telephone | +82-31-436.7690
Title and Company | Vice President, LG Innotek Co,, Lid. [

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signalure requirements and
certifications. Submit muttiple forms for more than one signature, see below *.

D *Total of forms are submitied.

This collection of information Is required by 37 CFR 1.31, 1.32 and 1,33, The Information is required to obtain or retain a benefit by the public which Is to file {and by the
USPTO to process) an application. Confidentiality s govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated lo take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, siiould be sent to the Chief Information Officer, U.S. Palent and
Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1460. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P,O, Box 1450, Alexandria, VA 22313-1450.
If you need assistance in compleling the form, call 1-800-PT0-9199 and select option 2.
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Doc Code: PA..

S . PTO/AIAIB2A (07-12)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

-

\

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number 13/663,012

Filing Date October 29, 2012

First Named Inventor Jeong Wook An

Title Wireless Power Receiver and Method of Manufacturing the Same
Art Unit

Examiner Name

Attorney Docket Number SUN.LGIL.420

SIGNATURE of Applicant or Patent Practitioner

Signature Sufl&)
el (]
Y

35,589

Date November 2, 2012

352-375-8100

Telephone

Registration Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

D *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Electronic Acknowledgement Receipt

EFS ID: 14137472
Application Number: 13663012
International Application Number:
Confirmation Number: 3575
Title of Invention: WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME
First Named Inventor/Applicant Name: Jeong Wook AN
Customer Number: 23557
Filer: Jeff Lloyd/Wea Sto Domingo
Filer Authorized By: Jeff Lloyd
Attorney Docket Number: SUN.LGI.420
Receipt Date: 02-NOV-2012
Filing Date:
Time Stamp: 15:17:27
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)(tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
210148
1 Comm-POA-Transmittal.pdf yes 3
63518bbf07d0f15959533f328e7¢0156392¢|
f20b
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Power of Attorney 2 3
Warnings:
Information:
Total Files Size (in bytes):‘ 210148

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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I hereby certify that this correspondence is being Patent Application
electronically filed in the United States Patent and Docket No. SUN.LGIL.420
Trademark Office on November 2, 2012. Serial No. 13/663,012

Jeff Lloyd@ég Att;ﬁ, Reg. No. 35,589

HE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants Jeong Wook An, Jung Oh Lee, Sung Hyun Leem, Yang Hyun Kim
Serial No. : 13/663,012

Filed : October 29, 2012

Conf. No. : 3575

For : Wireless Power Receiver and Method of Manufacturing the Same

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

COMMUNICATION

Sir:

Attached hereto, please find a Power of Attorney by Applicant (PTO/AIA/82B) executed
by a representative of the assignee, LG Innotek Co., Ltd., and a Transmittal for Power of
Attorney to One or More Registered Practitioners (PTO/AIA/82A) for the patent application

referenced above.

Respectfully submitted,

d
Patent Attorney
Registration No. 35,589
Phone No.:  352-375-8100
Fax No.: 352-372-5800
Address: P.O. Box 142950
Gainesville, FL 32614-2950
JL/whs
Attachments: Power of Attorney by Applicant (PTO/AIA/82B);
Transmittal for Power of Attorney to One or More Registered Practitioners
(PTO/ATA/82A).

JASUNALGIM20\PTO-misc\Comm-POA-Transmittal.doc/whs
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DocCode — SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 13663012 Document Date: 10/29/2012

The presence of this form in the IFW record indicates that the following document type was
received in electronic format on the date identified above. This content is stored in the SCORE
database.

- Drawing

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the
IFW record were created from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
» Examiners may access SCORE content via the eDAN interface.
» Other USPTO employees can bookmark the current SCORE URL
(http:/fes/ScoreAccessWeb/).
+ External customers may access SCORE content via the Public and Private PAIR
interfaces.

Form Revision Date: February 8, 2006
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Docket No. SUN.LGI.420
Docket No. P2012-7Z0451US

2012/10/28 0l13 2

LRI X TEOMBINED DECLARATION (37 C.F.R. § 1.63) AND ASSIGNMENT
As a below-named inventor, [ hereby declare that:

I believe | am the original inventor or an original joint inventor of the subject matter which is
claimed and for which a patent is sought on the invention entitled

Insert Titte: :
WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

the specification for which

><] is attached hereto.
[] wasfiled , Serial No.

The above-identified application was made or authorized to be made by me.

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to patentability of this
application in accordance with Title 37, Code of Federal Regulations, § 1.56.

I hereby acknowledge that any willful false statement made in this declaration is punishable
under 13 U.S.C. 1001 by fine or imprisonment of not more than five (5) years, or both,

ASSIGNMENT

WHEREAS, the undersigned has invented certain new and useful improvements described in the
application identified above.

WHEREAS,

et LG INNOTEK CO., LTD.,
ssignee(s)

Name/Address: | & corporation of the country of the Seoul Square, 541, Namdaemunno 5-ga,
Jung-gu, Seoul, 100-714, Republic of Korea

(hereinafter ASSIGNEE), is desirous of acquiring the entire right, title, and interest in and to said
invention and in and to any Letters Patent which may be granted therefor in the United States
and in any and all foreign countries;

Page 1 of 4
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Docket No. SUN.LGIL.420
Docket No. P2012-720451US

2012/10/29 01 H @

Le0i =S /X NOW, " FIAEREFORE, in view of valuable consideration, receipt of which is hereby
acknowledged, I/we, the undersigned, have sold, assigned, and transferred, and by these presents
do sell, assign, and transfer, unto said ASSIGNEE, its successors and assigns, the full and
exclusive right to the said invention in the United States and its territorial possessions and in all
foreign countries and the entire right, title, and interest in and to any and all Letters Patent which
may be granted therefor in the United States and its territorial possessions and in any and all
foreign countries and in and to any and afl divisions, reissues, continuations, and extensions
thereof,

I/we hereby authorize and request the Patent Office Officials in the United States and in any and
all foreign countries to issue any and all of said Letters Patent, when granted, to ASSIGNEE, as
the assignee of the entite right, title, and interest in and to the same, for the sole use and behoof
of said ASSIGNEE, its successors and assigns.

FURTHER, I/we agree that we will communicate to said ASSIGNEE, or its representatives, any
facts known to me respecting said invention; testify in any legal proceedings; sign all lawful
papers; execute all divisional, continuation, substitution, renewal, and reissue applications;
execute all necessary assignment papers to cause any and all of said Letters Patent to be issued to
said ASSIGNEE; make all rightful oaths; and generally do everything possible to aid the said
ASSIGNEE, its successors and assigns, to obtain and enforce proper protection for said
invention in the United States and in any and all foreign countries.

In witness whereof, executed by the undersigned on the date opposite the undersigned name.

Legal Name .
ofginventor AN, Jeong Wook Date: 9/ ct [ ao/>

Inventor’s ‘

Signature ﬁ% M. %,/'

Additional inventors are being named on the I supplemental sheet(s) attached hereto.

Page 2 of 4
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2012/10/29 01N @
LEOf S8 /X x.x 17 0|8 @

SUPPLEMENTAL SHEET FOR
DECLARATION AND ASSIGNMENT

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name LEE, Jung Oh

of inventor

Inventor’s

S b/ /
ignature Ue/(

Docket No. SUN.LGI.420
Docket No. P2012-Z0451U8

ADDITIONAL INVENTOR(S)
Supplemental Sheet Page 1 of _I_

Date:
29 ect, />

LEGAL NAME OF JOINT INVENTOR, IF ANY:

LogalName T EEM, Sung Hyun

of inventor

Inventor’s

Signaturc A \4(f K/lj LM\_/’

Date:

_")-5) [ Q,_)’OLL

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Logal Name  [(IM, Yang Hyun

of inventor

Inventor’s
Signature

Date:

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name
of inventor

[nventor’s
Signature

Date:

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name
of inventor

Inventor’s
Signature

Date:
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2012/10/29 2 ¢hel
LGOI &/x . %x.x. 197 HoH

SUPPLEMENTAL SHEET FOR
DECLARATION AND ASSIGNMENT

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name LEE, Jun g Oh

of inventor

Inventor’s
Signature

Docket No. SUN.LGI.420

Docket No. P2012-7Z0451US

ADDITIONAL INVENTOR(S)
Supplemental Sheet Page _1_of _1_

Date:

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name LEEM, Sung Hyun

of inventor

Inventor’s
Signature

Date:

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name KIM, Yang Hyun

of inventor

Inventor’s
Signature

Date:

N NIRRT

7=
LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name
of inventor

Taventor’s
Signature

Date:

LEGAL NAME OF JOINT INVENTOR, IF ANY:

Legal Name
of inventor

Inventor’s
Signature

Date:
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0632

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | SUN.LGI.420
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD CF MANUFACTURING THE SAME

The application data sheet is part of the provisional or nonprovisicnal application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Jeong Wook AN
Residence Information {Select One) (O US Residency  (¢) Non US Residency () Active US Military Service
City |seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 Seoul Square, 541, Namdaemunno 5-ga, Jung-gu
Address 2
City Seoul ‘ State/Province |
Postal Code 100-714 ‘ Country | | KR
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jung Oh LEE
Residence Information {Select One) () US Residency () Non US Residency () Active US Military Service
City  |seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 Seoul Square, 541, Namdaemunno 5-ga, Jung-gu

Address 2

City Seoul ‘ State/Province |
Postal Code 100-714 | Country | KR

Remove
Inventor 3

Legal Name

EFSWeb223
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PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0632

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | SUN.LGI.420

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

Prefix| Given Name Middle Name Family Name Suffix
Sung Hyun LEEM
Residence Information {Select One) () US Residency  (#) Non US Residency () Active US Military Service
City  |seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 Seoul Square, 541, Namdaemunno 5-ga, Jung-gu
Address 2
City Seoul ‘ State/Province |
Postal Code 100-714 | Country | KR
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Yang Hyun KIM
Residence Information {Select One) () US Residency () Non US Residency () Active US Military Service
City |seoul Country of Residence KR

Mailing Address of Inventor:

Address 1 Seoul Square, 541, Namdaemunno 5-ga, Jung-gu
Address 2
City Seoul ‘ State/Province |
Postal Code | 100-714 ‘ Country | KR
All Inventorg I_Vlust. Be Listed - Additional Inventor Information blocks may be ==
generated within this form by selecting the Add button.
Correspondence Information:
Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).
[] An Address is being provided for the correspondence Information of this application.
Customer Number 23557
Email Address ji@slepatents.com | | AddEmail |  |Remove Email
EFS Web2.23
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PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0632

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | SUN.LGI.420

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

Application Information:

Title of the Invention WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME
Attorney Docket Number| SUN.LGI.420 | Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) |Sub Class (if any) |

Suggested Technology Center {if any)

Total Number of Drawing Sheets (if any) 36 Suggested Figure for Publication (if any}

Publication Information:
[ 1 Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. |hereby request that the attached application not be published under

[[] 35U.5.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (¢) Customer Number ‘ (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)
Customer Number 23557

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.8.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

Additional Domestic Benefit/Naticnal Stage Data may be generated within this form
by selecting the Add hutton.

Foreign Priority Information:

EFSWeb223
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PTO/AIA/14 (08-12)

Approved for use through 01/31/2014. OMB 0651-0632
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | SUN.LGI.420

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

and 37 CFR 1.55(a).

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)

Add button.

[ Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Priority Claimed
10-2012-0029987 KR 2012-03-23 ® Yes (O No
[ Remove |
Application Number Country i Filing Date (YYYY-MM-DD) Priority Claimed
10-2012-0079004 KR 2012-07-19 ® Yes (O No
Additional Foreign Priority Data may be generated within this form by selecting the =

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan FPatent Office (JPO), the Korean Intellectual Property Office (KIFQ), the World Intellectual Property Office (WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14{h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14{c), access may be provided to information conceming the date of filing this Authorization.

Applicant Information:

to have an assignment recorded by the Office.

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR

EFSWeb223
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PTO/AIA/4 (08-12)

Approved for use through 01/31/2014. OMB 0651-0632

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | SUN.LGI.420

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

Applicant 1

If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(® Assignee (O Legal Representative under 35 U.S.C. 117

O Person to whom the inventor is obligated to assign. ‘O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Assighee is an Organization check here.

Organization Name

LG INNOTEK CO., LTD.

Mailing Address Information:

Address 1 Seoul Square, 541, Namdaemunno 5-ga, Jung-gu

Address 2

City Seoul State/Province

Country i| KR Postal Code 100-714
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and

certifications
Signature | /JEFF LLOYD/ Date (YYYY-MM-DD)| 2012-10-29
First Name | JEFF Last Name | LLOYD Registration Number | 35589
Additional Signature may be generated within this form by selecting the Add button. Add

EFS Web 2.2.3
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PTO/AIA/4 (08-12)
Approved for use through 01/31/2014. OMB 0651-0632

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number

SUN.LGI.420

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFSWeb223
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.5. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
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DESCRIPTION

WIRELESS POWER RECEIVER AND METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit under 35 U.S.C §119 of Korean Patent Application
Nos. 10-2012-0029987, filed March 23, 2012, and 10-2012-0079004, filed July 19, 2012, which

are hereby incorporated by reference in their entirety.

BACKGROUND

The embodiment relates to a wireless power receiver and a method of manufacturing the
same. In more particular, the embodiment relates to a wireless power receiver used for wireless
power transmission or an antenna to reduce a thickness of the wireless power receiver and to
simplify the manufacturing process thereof and a method of manufacturing the same.

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 of transmitting electrical energy by irradiating clectromagnetic waves, such as
radio waves or lasers, has been suggested. Actually, electrical toothbrushes or electrical razors,
which are frequently used in daily life, are charged based on the principle of electromagnetic
induction. The electromagnetic induction refers to the generation of an electric current through
induction of a voltage when a magnetic field is changed around a conductor. The
electromagnetic induction scheme has been successfully commercialized for electronic
appliances having small sizes, but represents a problem in that the transmission distance of
power is too short.

Besides the electromagnetic induction scheme, the long-distance transmission using the
resonance and the short-wavelength radio frequency has been suggested as the wireless energy
transfer scheme.

However, in general, a wireless power receiver disposed in a terminal has a thick

thickness and the manufacturing process thereof is complicated.
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BRIEF SUMMARY

An embodiment provides a method capable of remarkably reducing a thickness of a
wireless power receiver by directly disposing a coil unit on a top surface of a magnetic substrate.

An embodiment provides a method capable of ensuring high power transmission
efficiency and enabling communication with external devices by directly disposing a coil unit
and a near field communication antenna on a top surface of a magnetic substrate.

An embodiment provides a method capable of simplifying the manufacturing process for
a wireless power receiver by directly disposing a coil unit on a magnetic substrate.

An embodiment provides a method capable of remarkably reducing a thickness of a
wireless power receiver by disposing a coil unit inside a magnetic substrate.

An embodiment provides a method capable of ensuring high power transmission
efficiency and enabling communication with external devices by disposing a coil unit inside a
magnetic substrate and a near field communication antenna on a magnetic substrate.

An embodiment provides a method capable of simplifying the manufacturing process for
a wireless power receiver by disposing a coil unit inside a magnetic substrate.

A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil configured to wirelessly receive power, wherein the coil is formed as a conductive
layer on the magnetic substrate.

A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil a coil configured to wirelessly receive power, wherein the coil is formed as a
conductive layer at the magnetic substrate, wherein a part of the coil is disposed inside the
magnetic substrate.

A method of manufacturing a wireless power receiver for wirelessly receiving power
according to one embodiment includes forming a conductor on a protective film, forming a
conductive pattern by etching the conductor, connecting a connecting unit to be connected to an
external circuit to a connection terminal of the conductive pattern, obtaining a magnetic substrate
having a receiving space of a predetermined shape corresponding to the connecting unit and
disposing the magnetic substrate on the conductive pattern while positioning the connecting unit

in the receiving space.
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According to one embodiment, the thickness of the wireless power receiver can be
remarkably reduced by directly disposing the coil unit on a top surface of the magnetic substrate.
According to one embodiment, the high power transmission efficiency can be ensured and
communication with external devices can be enabled by directly disposing the coil unit and the
near field communication antenna on the top surface of the magnetic substrate.

According to one embodiment, the manufacturing process for the wireless power receiver
can be simplified by directly disposing the coil unit on the magnetic substrate only through
laminating and etching processes.

According to one embodiment, the thickness of the wireless power receiver can be
remarkably reduced by forming the conductive pattern inside the magnetic substrate.

According to one embodiment, the high power transmission efficiency can be ensured by
forming the conductive pattern inside the magnetic substrate and the communication with
external devices can be enabled by using the near field communication antenna.

According to one embodiment, the connecting unit is disposed in the receiving space of
the magnetic substrate so that the thickness of the wireless power receiver can be remarkably
reduced as much as the thickness of the connecting unit.

According to one embodiment, a tape substrate is used as the connecting unit so that the
overall size of the wireless power receiver can be reduced.

According to one embodiment, a lead frame is used as the connecting unit, so the wiring
layer included in the connecting unit can be protected from the heat, external moisture or impact
and the mass production can be realized.

According to one embodiment, the magnetic field directed to the outside can be changed
into the coil unit due to the conductive pattern formed in the magnetic substrate, so the power
transmission efficiency can be improved, at the same time, the amount of the magnetic field
leaked to the outside can be reduced so that the bad influence of the magnetic field exerted to the
human body can be diminished.

According to one embodiment, the wireless power receiver can be manufactured only
through the processes of forming the pattern groove and inserting the coil unit, so that the

manufacturing process can be simplified.
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Other various effects of the embodiments will be disclosed directly or indirectly in the

detailed description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a wireless power receiver 1000 according to the
first embodiment;

FIG. 2 is a plan view illustrating a wireless power receiver 1000 according to the first
embodiment;

FIG. 3 is a sectional view taken along line A-A’ of a connecting unit 300 of a wircless
power receiver 1000 shown in FIG. 2;

FIGS. 4 to 8 are views for explaining a method of manufacturing a wireless power
receiver 1000 according to one embodiment;

FIG. 9 is a sectional view taken along line A-A’ of a connecting unit 300 of a wireless
power receiver 1000 shown in FIG. 2 according to the second embodiment;

FIG. 10 is a plan view illustrating a wireless power receiver 1000 according to the third
embodiment;

FIG. 11 is a perspective view illustrating a wireless power receiver 1000 according to the
fourth embodiment;

FIG. 12 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment;

FIG. 13 is a sectional view taken along line B-B’ of a connecting unit 300 of a wircless
power receiver 1000 shown in FIG. 12 according to the fourth embodiment;

FIG. 14 is a perspective view illustrating a wireless power receiver 1000 according to the
fifth embodiment;

FIG. 15 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment;

FIG. 16 is a sectional view taken along line C-C’ of a wireless power receiver 1000
according to the fifth embodiment;

FIGS. 17 to 21 are views for explaining a method of manufacturing a wireless power

receiver 1000 according to the fifth embodiment;
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FIG. 22 is a view for explaining variation of inductance, resistance and Q values of a coil
unit 200 as a function of a usable frequency when the coil unit 200 is disposed on a top surface
of a magnetic substrate according to the first embodiment;

FIG. 23 is a view for explaining variation of inductance, resistance and Q values of a coil
unit 200 as a function of a usable frequency when the coil unit 200 is disposed in a pattern
groove formed in a magnetic substrate according to the fifth embodiment;

FIG. 24 is an H-field for illustrating a radiation pattern of a magnetic field when a coil
unit is disposed on a top surface of a magnetic substrate according to the first embodiment;

FIG. 25 is an H-field for illustrating a radiation pattern of a magnetic field when a coil
unit is disposed in a pattern groove formed in a magnetic substrate according to the fifth
embodiment;

FIG. 26 is an exploded perspective view of a wireless power receiver 1000 according to
still another embodiment;

FIG. 27 is a perspective view of a wireless power receiver 1000 according to still another
embodiment;

FIG. 28 is a sectional view of a wireless power receiver 1000 according to still another
embodiment; and

FIGS. 29 to 37 are views for explaining a method of manufacturing a wireless power

receiver according to still another embodiment.

DETAILED DESCRIPTION

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

Hereinafter, “conductive pattern” refers to the shape of a conductive layer and may be
used to refer to a structure formed by a patterning process. “conductive layer” may be used
interchangeably with “conductive pattern” and refers to a structure formed by methods including
patterning, etching, deposing, selective plating, and the like.

FIG. 1 is a perspective view illustrating a wireless power receiver 1000 according to the

first embodiment, FIG. 2 is a plan view illustrating the wireless power receiver 1000 according
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to the first embodiment and FIG. 3 is a sectional view taken along line A-A’ of a connecting unit
300 of the wireless power receiver 1000 shown in FIG. 2.

Referring to FIGS. 1 to 3, the wireless power receiver 1000 may include a magnetic
substrate 100, a coil unit 200 and a connecting unit 300.

The wireless power receiver 1000 may wirelessly receive power from a transmission
side. According to one embodiment, the wireless power receiver 1000 may wirelessly receive
the power using electromagnetic induction. According to one embodiment, the wireless power
receiver 1000 may wirelessly receive the power using resonance.

The electromagnetic induction and resonance may be used when transmitting the power
using the magnetic field.

The magnetic substrate 100 may change the direction of the magnetic field received from
the transmission side.

The magnetic substrate 100 can reduce the amount of the magnetic field to be leaked to
the outside by changing the direction of the magnetic field received from the transmission side.

In detail, the magnetic substrate 100 changes the direction of the magnetic field
transferred from the transmission side in the lateral direction such that the magnetic field can be
more concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field received from the
transmission side and leaked to the outside to dissipate the magnetic field as heat. If the amount
of the magnetic field leaked to the outside is reduced, the bad influence of the magnetic field
exerted on the human body can be reduced.

Referring to FIG. 3, the magnetic substrate 100 may include a magnet 110 and a support

120.

The magnet 110 may include a particle or a ceramic.

The support 120 may include thermosetting resin or thermoplastic resin.

The magnetic substrate 100 may be prepared in the form of a sheet and may have a
flexible property.

Referring again to FIG. 1, the coil unit 200 may include a first connection terminal 210, a
second connection terminal 220 and a coil 230. The coil 230 may be formed as a conductive

layer or a conductive pattern.
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The first connection terminal 210 is located at one end of the coil 230 and the second
connection terminal 220 is provided at the other end of the coil 230.

The first and second connection terminals 210 and 220 are necessary for connection with
the connecting unit 300.

The coil 230 may be formed as a conductive pattern which is obtained by winding a
conductive line several times. According to one embodiment, when viewed from the top, the coil
pattern may have a spiral shape. However, the embodiment is not limited thereto, and various
patterns may be formed.

The coil unit 200 can be directly disposed on the top surface of the magnetic substrate
100. According to one embodiment, an adhesive layer (not shown) may be disposed between the
coil unit 200 and the magnetic substrate 100.

The coil unit 200 may include a conductor. The conductor may include a metal or an
alloy. According to one embodiment, the metal may include silver or copper, but the
embodiment is not limited thereto.

The coil unit 200 may transfer the power, which is wirelessly received from the
transmission side, to the connecting unit 300. The coil unit 200 can receive the power from the
transmission side using the electromagnetic induction or resonance.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320 and a printed circuit board 330.

The first connection terminal 310 of the connecting unit 300 may be connected to the first
connection terminal 210 of the coil unit 200 and the second connection terminal 320 of the
connecting unit 300 may be connected to the second connection terminal 220 of the coil unit
200.

The printed circuit board 330 may include a wiring layer and a receiver circuit, which
will be described later, may be disposed on the wiring layer.

The connecting unit 300 connects the wireless power receiving circuit (not shown) with
the coil unit 200 to transfer the power received from the coil unit 200 to a load (not shown)
through the wireless power receiving circuit. The wireless power receiving circuit may include a
rectifier circuit for converting AC power into DC power and a smoothing circuit for transferring

the DC power to the load after removing ripple components from the DC power.
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FIGS. 2 and 3 are views for explaining the structure of the wireless power receiver 1000
according to the first embodiment in detail when the coil unit 200 is connected with the
connecting unit 300.

FIG. 2 is a plan view illustrating the wireless power receiver 1000 according to the first
embodiment.

FIG. 2 shows the coil unit 200 connected with the connecting unit 300.

According to one embodiment, the connection between the coil unit 200 and the
connecting unit 300 may be achieved by a solder. In detail, the first connection terminal 210 of
the coil unit 200 may be connected to the first connection terminal 310 of the connecting unit
300 through a first solder 10 and the second connection terminal 220 of the coil unit 200 may be
connected to the second connection terminal 320 of the connecting unit 300 through a second
solder 20. In more detail, the first connection terminal 210 of the coil unit 200 may be connected
to the first connection terminal 310 of the connecting unit 300 through a via hole of the first
solder 10 and the second connection terminal 220 of the coil unit 200 may be connected to the
second connection terminal 320 of the connecting unit 300 through a via hole of the second
solder 20.

The wireless power receiver 1000 shown in FIG. 2 may be equipped in an electronic
appliance, such as a terminal.

The terminal may include a typical mobile phone, such as a cellular phone, a PCS
(personal communication service) phone, a GSM phone, a CDMA-2000 phone, or a WCDMA
phone, a PMP (portable multimedia player), a PDA (personal digital assistant), a smart phone, or
an MBS (mobile broadcast system) phone, but the embodiment is not limited thereto. Various
devices can be used as the terminal if they can wirelessly receive the power.

A section taken along line A-A’ of the connecting unit 300 shown in FIG. 2 will be
explained with reference to FIG. 3.

FIG. 3 is a sectional view taken along line A-A’ of the connecting unit 300 of the
wireless power receiver 1000 shown in FIG. 2.

Referring to FIG. 3, the first connection terminal 210, the second connection terminal 220
and the coil 230 constituting the coil unit 200 are disposed on the top surface of the magnetic

substrate 100.
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In the wireless power receiver 1000 according to the first embodiment, the coil unit 200
is directly disposed on the top surface of the magnetic substrate 100, so the overall thickness can
be remarkably reduced when comparing with the case in which the coil pattern is formed on an
FPCB.

Preferably, the magnetic substrate 100 has a thickness of 0.43 mm and the coil unit 200
has a thickness of 0.1 mm, so the overall thickness is 0.53 mm. However, this numerical value is
illustrative purpose only.

That is, the thickness of the wireless power receiver 1000 can be reduced by preparing
the coil unit 200 in the form of a conductor, a conductive pattern or a thin film. Since the current
trend has tended toward the slimness, if the wireless power receiver 1000 is applied to the
electronic device, such as the portable terminal, the overall thickness of the portable terminal can
be reduced and the power can be effectively received from the transmission side.

The connecting unit 300 is directly disposed on the coil unit 200. Since the connecting
unit 300 is directly disposed on the coil unit 200, the coil unit 200 can be readily connected with
the connecting unit 300.

The first connection terminal 210 of the coil unit 200 is connected to the first connection
terminal 310 of the connecting unit 300 through the solder 10.

The second connection terminal 220 of the coil unit 200 is connected to the second
connection terminal 320 of the connecting unit 300 through the solder 20.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T. In addition, the coil 230 can be designed to have a predetermined winding interval.

FIGS. 4 to 8 are views for explaining a method of manufacturing the wireless power
receiver 1000 according to one embodiment.

The structure of the wireless power receiver 1000 may be essentially identical to the
structure of the wireless power receiver 1000 described with reference to FIGS. 1 to 3.

First, referring to FIG. 4, the magnetic substrate 100 is prepared.

Then, referring to FIG. 5, a conductor 201 is directly laminated on the top surface of the
magnetic substrate 100. According to one embodiment, the conductor 201 may be laminated

after the adhesive layer has been laminated on the top surface of the magnetic substrate 100.

JASUN\LGI420\Application\as-filed.doc/whs

Page 1341 of 1385



10

15

20

25

30

10 SUN.LGI.420

According to one embodiment, a laminating process can be used to form the conductor
201 on the top surface of the magnetic substrate 100. According to the laminating process, the
conductor 201 is heated at the predetermined temperature and then predetermined pressure is
applied to the conductor 201. The laminating process refers to a process of forming
heterogeneous materials, such as a metal foil and a paper, by using heat and pressure.

Then, referring to FIG. 6, a mask 500 is laminated on the top surface of the conductor
201. The mask 500 may be selectively formed on the top surface of the conductor 201
corresponding to positions of the first connection terminal 210, the second connection terminal
220 and the coil 230 of the coil unit 200.

After that, referring to FIG. 7, the structure shown in FIG. 6 is immersed in an etchant so
that portions of the conductor 201 where the mask 500 is not positioned may be etched. Thus, the
conductor 201 may have a predetermined conductive pattern.

Then, the coil unit 200 of the wireless power receiver 1000 is formed by removing the
mask 500.

Thereafter, referring to FIG. 8, the soldering work is performed to connect the coil unit
200 with the connecting unit 300.

That is, the first connection terminal 210 of the coil unit 200 may be connected to the first
connection terminal 310 of the connecting unit 300 through the first solder 10 and the second
connection terminal 220 of the coil unit 200 may be connected to the second connection terminal
320 of the connecting unit 300 through the second solder 20.

As described above, since the coil unit 200 is directly disposed on the top surface of the
magnetic substrate 100, the overall thickness of the wireless power receiver 1000 can be
remarkably reduced. In addition, since the wireless power receiver 1000 can be manufactured
only through the laminating and etching processes, the manufacturing process may be simplified.
FIG. 9 is a sectional view taken along line A-A’ of the connecting unit 300 of the wireless power
receiver 1000 shown in FIG. 2 according to the second embodiment.

Referring to FIG. 9, the wireless power receiver 1000 may include a magnetic substrate
100, a coil unit 200, a connecting unit 300 and an adhesive layer 700.

The magnetic substrate 100, the coil unit 200, and the connecting unit 300 are identical to

those described with reference to FIG. 1.
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The adhesive layer 700 is interposed between the magnetic substrate 100 and the coil unit
200 to bond the magnetic substrate 100 to the coil unit 200.

FIG. 10 is a plan view illustrating a wireless power receiver 1000 according to the third
embodiment.

Referring to FIG. 10, the wireless power receiver 1000 may include a magnetic substrate
100, a coil unit 200, a connecting unit 300 and a short-range communication antenna 600.

The magnetic substrate 100, the coil unit 200 and the connecting unit 300 are identical to
those described with reference to FIGS. 1 to 3.

The short-range communication antenna 600 includes a first connection terminal 610, a
second connection terminal 620 and an outer peripheral coil 630.

The first connection terminal 610 and the second connection terminal 620 of the short-
range communication antenna 600 are connected to the connecting unit 300.

The short-range communication antenna 600 can make near field communication with a
reader. The short-range communication antenna 600 may serve as an antenna that transceives
information in cooperation with the reader.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. According to one embodiment, when
the coil unit 200 is disposed at the center of the magnetic substrate 100, the short-range
communication antenna 600 may be arranged along the outer peripheral portion of the magnetic
substrate 100 to surround the coil unit 200. The short-range communication antenna 600 may
have a rectangular configuration by winding one conductive line several times, but the
embodiment is not limited thereto.

Similar to the coil unit 200, the short-range communication antenna 600 may be formed
as a conductive pattern or a conductive layer.

Various short-range communication technologies can be applied to the short-range
communication antenna 600, and the NFC technology is preferable. The NFC technology has the
band of 12.56 MHz and is used for wireless communication in a short distance.

The short-range communication antenna 600 can be directly disposed on the top surface

of the magnetic substrate 100.
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The method of forming the short-range communication antenna 600 on the magnetic
substrate 100 may be identical to the method described with reference to FIG. 4.

Hereinafter, a wireless power receiver 1000 according to the fourth embodiment will be
described with reference to FIGS. 11 to 13.

FIG. 11 is a perspective view illustrating the wireless power receiver 1000 according to
the fourth embodiment.

Referring to FIG. 11, the wireless power receiver 1000 includes a magnetic substrate 100,
a coil unit 200 and a connecting unit 300.

The magnetic substrate 100 and the coil unit 200 are identical to those described with
reference to FIG. 1. However, the magnetic substrate 100 is slightly different from the magnetic
substrate 100 described with reference to FIG. 1, so the following description will be made while
focusing the difference of the magnetic substrate 100.

Referring to FIG. 11, the magnet substrate 100 is formed with a receiving space 130
having a structure the same as that of the connecting unit 300. That is, referring to FIG. 1, the
coil unit 200 is disposed on the top surface of the magnetic substrate 100 and the connecting unit
300 is disposed on the coil unit 200. However, referring to FIG. 11, the receiving space 130
having the structure the same as that of the connecting unit 300 is formed in the magnetic
substrate 100, so that the connecting unit 300 may be disposed under the coil unit 200.

FIG. 12 is a plan view illustrating a wireless power receiver 1000 according to the fourth
embodiment.

FIG. 12 shows the state in which the coil unit 200 and the connecting unit 300 arc
interconnected with each other.

The connecting unit 300 has a thickness equal to or smaller than a thickness of the
magnetic substrate 100. The connecting unit 300 may be implemented as a flexible printed
circuit board (FPCB).

The connecting unit 300 may be disposed in the receiving space 130 of the magnetic
substrate 100.

If the thickness of the connecting unit 300 is equal to or smaller than the thickness of the
magnetic substrate 100, different from the embodiment shown in FIG. 3, the overall thickness of

the wireless power receiver 1000 can be reduced as much as the thickness of the connecting unit
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300. In addition, since the usage of the magnet 110 and the support 120 can be reduced due to
the receiving space 130, it is advantageous in terms of cost effectiveness.

FIG. 13 is a sectional view taken along line B-B’ of the connecting unit 300 of the
wireless power receiver 1000 shown in FIG. 12 according to the fourth embodiment.

The following description will be made on the assumption that the connecting unit 300
has a thickness smaller than that of the magnetic substrate 100.

Referring to FIG. 13, the first connection terminal 210, the second connection terminal
220 and the coil 230 constituting the coil unit 200 are disposed on the top surface of the
connecting unit 300.

The connecting unit 300 is disposed under the coil unit 200.

The first connection terminal 210 of the coil unit 200 is connected to the first connection
terminal 310 of the connecting unit 300 by the solder 10.

The second connection terminal 220 of the coil unit 200 is connected to the second
connection terminal 320 of the connecting unit 300 by the solder 20.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T. In addition, the coil 230 can be designed to have a predetermined winding interval.

Referring to FIG. 12, different from the embodiment shown in FIG. 3, the thickness of
the connecting unit 300 is smaller than the thickness of the magnetic substrate 100, so the overall
thickness of the wireless power receiver 1000 can be reduced as much as the thickness of the
connecting unit 300. In addition, since the usage of the magnet 110 and the support 120 can be
reduced due to the receiving space 130, it is advantageous in terms of cost effectiveness.

Hereinafter, a wireless power receiver 1000 according to the fifth embodiment will be
described in detail with reference to FIGS. 14 to 20.

FIG. 14 is a perspective view illustrating the wireless power receiver 1000 according to
the fifth embodiment, FIG. 15 is a plan view illustrating the wireless power receiver 1000
according to the fourth embodiment, FIG. 16 is a sectional view taken along line C-C’ of the
wireless power receiver 1000 according to the fifth embodiment, and FIGS. 17 to 21 are views
for explaining a method of manufacturing the wireless power receiver 1000 according to the fifth

embodiment.
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First, referring to FIG. 14, the wireless power receiver 1000 according to the fifth
embodiment may include a magnetic substrate 100, a coil unit 200 and a connecting unit 300.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using electromagnetic induction. In this case, the coil 230 of
the coil unit 200 can wirelessly receive power through the electromagnetic induction with a coil
of the transmission side.

According to one embodiment, the wireless power receiver 1000 can wirelessly receive
power from the transmission side using resonance.

The magnetic substrate 100 may change the direction of the magnetic field received from
the transmission side.

The magnetic substrate 100 can reduce the amount of the magnetic field leaked to the
outside by changing the direction of the magnetic field received from the transmission side.

The magnetic substrate 100 can change the direction of the magnetic field received from
the transmission side in the lateral direction such that the magnetic field can be more
concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field received from the
transmission side and leaked to the outside to dissipate the magnetic field as heat. If the amount
of the magnetic field leaked to the outside is reduced, the bad influence of the magnetic field
exerted on the human body can be reduced.

Referring to FIG. 16, the magnetic substrate 100 may include a magnet 110 and a support
120.

The magnet 110 may include a particle or a ceramic. According to one embodiment, the
magnet 110 may be one of a spinel type magnet, a hexa type magnet, a sendust type magnet and
a permalloy type magnet.

The support 120 may include thermosetting resin or thermoplastic resin and support the
magnetic substrate 100.

The magnetic substrate 100 may be prepared in the form of a sheet and may have a

flexible property.
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Referring again to FIG. 14, the coil unit 200 may include a first connection terminal 210,
a second connection terminal 220 and a coil 230. The coil 230 may formed as a conductive layer
or a conductive pattern.

The coil unit 200 may be disposed inside the magnetic substrate 100. In detail, the coil
unit 200 may be buried inside the magnetic substrate 100. In more detail, the magnetic substrate
100 may include a pattern groove and the coil unit 200 may be disposed in the pattern groove.
The pattern groove may be formed as a conductive pattern or a conductive layer similar to the
coil unit 200.

The coil unit 200 has a thickness smaller than that of the magnetic substrate 100 and an
upper portion of the coil unit 200 may be exposed out of the magnetic substrate 100.

A process for manufacturing the wireless power receiver 1000 by disposing the coil unit
200 and the connecting unit 300 in the magnetic substrate 100 will be described later with
reference to FIGS. 17 to 21.

The first connection terminal 210 of the coil unit 200 is located at one end of the coil 230
and the second connection terminal 220 of the coil unit 200 is located at the other end of the coil
230.

The first and second connection terminals 210 and 220 of the coil unit 200 are necessary
for connection with the connecting unit 300.

The coil 230 may be formed as a coil pattern which is obtained by winding a conductive
line several times. According to one embodiment, when viewed from the top, the coil pattern
may have a spiral shape. However, the embodiment is not limited thereto, and various patterns
may be formed.

The coil unit 200 may transfer the power wirelessly received from the transmission side
to the connecting unit 300. The coil unit 200 may transfer the power wirelessly received from the
transmission side using the electromagnetic induction or resonance to the connecting unit 300.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320 and a printed circuit board 330.

The first connection terminal 310 of the connecting unit 300 may be connected to the first

connection terminal 210 of the coil unit 200 and the second connection terminal 320 of the
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connecting unit 300 may be connected to the second connection terminal 220 of the coil unit
200.

The printed circuit board 330 may include a wiring layer and the wiring layer may
include a wireless power receiving circuit, which will be described later.

The connecting unit 300 connects the wireless power receiving circuit (not shown) with
the coil unit 200 to transfer the power received from the coil unit 200 to a load (not shown)
through the wireless power receiver circuit. The wireless power receiver circuit may include a
rectifier circuit (not shown) for converting AC power into DC power and a smoothing circuit for
transferring the DC power to the load after removing ripple components from the DC power.

FIGS. 15 and 16 show the detailed structure of the wireless power receiver 1000
according to the fifth embodiment when the coil unit 200 is connected to the connecting unit
300.

FIG. 15 shows the coil unit 200 and the connecting unit 300 interconnected with each
other.

The coil unit 200 can be connected to the connecting unit 300 by a solder.

Referring to FIG. 16, the first connection terminal 210 of the coil unit 200 may be
connected to the first connection terminal 310 of the connecting unit 300 through a first solder 10
and the second connection terminal 220 of the coil unit 200 may be connected to the second
connection terminal 320 of the connecting unit 300 through a second solder 20. In detail, the first
connection terminal 210 of the coil unit 200 may be connected to the first connection terminal
310 of the connecting unit 300 through a via hole of the first solder 10 and the second connection
terminal 220 of the coil unit 200 may be connected to the second connection terminal 320 of the
connecting unit 300 through a via hole of the second solder 20.

According to one embodiment, the via hole can be formed by using a laser. The laser may
include a UV laser or a CO2 laser.

FIG. 16 is a sectional view of the wireless power receiver 1000 in which the magnetic
substrate 100 and the coil unit 200 are connected to the connecting unit 300.

That is, the first connection terminal 210, the second connection terminal 220 and the coil
230 constituting the coil unit 200 may be disposed in a pattern groove 140 of the magnetic

substrate 100.
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In addition, the magnetic substrate 100 and the coil unit 200 are connected to the
connecting unit 300.

The coil 230 may be designed to have a predetermined width W and a predetermined
thickness T and the magnetic substrate 100 may be designed to have a predetermined thickness
T1. According to one embodiment, the coil 230 has a thickness of 0.lmm and the magnetic
substrate 100 has a thickness of 0.43 mm, but these numerical values are illustrative purposes
only. According to one embodiment, the thickness T of the coil 230 may be smaller than the
thickness T1 of the magnetic substrate 100.

In the wireless power receiver 1000 according to the fifth embodiment, the coil unit 200
is directly disposed in the pattern groove 140 of the magnetic substrate 100, so the overall
thickness of an electronic appliance equipped with the wireless power receiver 1000 can be
reduced as much as the thickness of the coil unit 200. Thus, if the wireless power receiver 1000
according to the fifth embodiment is applied to the electronic device, such as the portable
terminal, the overall thickness of the portable terminal can be reduced suitably for the current
trend of slimness

In addition, in the wireless power receiver 1000 according to the fifth embodiment, the
coil unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100. Thus, different
from the electronic appliance in which a coil pattern is formed on an FPCB, the overall size of
the electronic device equipped with the wireless power receiver 1000 can be reduced.

FIGS. 17 to 21 are views for explaining a method of manufacturing the wireless power
receiver 1000 according to the fifth embodiment.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
the fifth embodiment will be described with reference to FIGS. 17 to 21 as well as FIGS. 14 to
16.

First, referring to FIG. 17, the magnetic substrate 100 is prepared. According to one
embodiment, the magnetic substrate 100 may be produced by coating metal powder of sendust
alloys, such as Al, Fe and SiO2, on polyethylene rubber and then forming an oxide layer on a
surface of the polyethylene rubber.

Then, referring to FIG. 18, heat and pressure are applied using a mold 1 to form the

pattern groove in the magnetic substrate 100 for receiving the coil unit 200. The mold 1 may
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have the shape corresponding to the shape of the coil unit 200. According to one embodiment,
the mold 1 can be manufactured by using an aluminum alloy, a copper alloy or a cast iron.

The mold 1 may be provided with a protrusion at a region corresponding to the coil unit
200 for wirelessly receiving the power.

When the heat is applied by using the mold 1, the heat having the specific temperature is
applied by taking the property of the metal powder of the sendust alloy constituting the magnetic
substrate 100 into consideration. According to one embodiment, if the magnetic substrate 100 is
produced by coating the metal powder of sendust alloy on the polyethylene rubber, when the heat
and pressure are applied by using the mold 1, high-pressure is applied at the temperature in the
range of 100°C to 180°C, and then the mold 100 is cooled to the temperature of 100°C or below.
After that, the mold 1 is separated from the magnetic substrate 100. If the mold 1 is separated
just after the pressure has been applied to the magnetic substrate 100, the desired pattern groove
140 may not be formed due to residual heat in the pattern groove 140. For this reason, the mold 1
is separated from the magnetic substrate 100 after cooling the mold 100 to the temperature of
100°C or below.

If the magnetic substrate 100 is prepared by using the metal powder of sendust alloy, the
heat temperature and pressure may vary depending on the distribution and concentration of the
metal powder. That is, if the distribution of the metal powder is not uniform, the higher
temperature and pressure may be applied. In contrast, if the distribution of the metal powder is
uniform, the lower temperature and pressure may be applied. In addition, if the concentration of
the metal powder is low, the lower temperature and pressure may be applied as compared with
the case in which the concentration of the metal powder is high. Further, the heat temperature
and pressure may vary depending on the composition of the metal powder, that is, depending on
the alloy constituting the metal powder.

In this manner, the temperature applied to the mold 1 may vary depending on the
distribution, concentration and composition of the powder.

According to one embodiment, laser may be irradiated, instead of applying heat and
pressure using the mold 1, to form the pattern groove in the magnetic substrate 100 to receive the
coil unit 200. In this case, the pattern groove can be formed by using an excimer laser that

irradiates the laser beam having a wavelength band of ultraviolet ray. The excimer laser may
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include a KrF excimer laser (central wavelength 248 nm) or an ArF excimer laser (central
wavelength 193 nm).

Next, referring to FIG. 19, the mold 1 is separated from the magnetic substrate 100 so
that the magnetic substrate 100 is formed with the pattern groove 140.

Then, referring to FIG. 20, the coil unit 200 is inserted into the pattern groove 140
formed in the magnetic substrate 100. As the coil unit 200 is inserted into the pattern groove 140,
a predetermined conductive pattern is formed in the pattern groove 140 of the magnetic substrate
100.

According to one embodiment, a process for forming the coil unit 200 in the pattern
groove 140 of the magnetic substrate 100 may include a plating process or a process for inserting
a metal which has been etched to have the conductive pattern formed by the coil unit 200.

In detail, according to the plating process, the metallic material is filled in the pattern
groove 140 to form the coil unit 200. At this time, the metallic material may include one selected
from Cu, Ag, Sn, Au, Ni and Pd and the filling of the metallic metal can be performed through
one of electroless plating, screen printing, sputtering, evaporation, ink-jetting and dispensing or a
combination thereof.

Then, referring to FIG. 21, the soldering process is performed to connect the coil unit 200
with the connecting unit 300.

That is, the first connection terminal 210 of the coil unit 200 is connected to the first
connection terminal 310 of the connecting unit 300 through the solder 10 and the second
connection terminal 220 of the coil unit 200 is connected to the second connection terminal 320
of the connecting unit 300 through the solder 20.

As described above, according to the method of manufacturing the wireless power
receiver 1000 of the fifth embodiment, the pattern groove is formed in the magnetic substrate
100 and the coil unit 200 is disposed in the pattern groove, so that the overall thickness of the
wireless power receiver 1000 can be reduced. In addition, the wireless power receiver 1000 can
be manufactured by simply forming the pattern groove and then inserting the coil unit into the
pattern groove, so that the manufacturing process can be simplified.

FIG. 22 is a view for explaining variation of inductance, resistance and Q values of the

coil unit 200 as a function of a usable frequency when the coil unit 200 is disposed on a top
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surface of the magnetic substrate according to the first embodiment, and FIG. 23 is a view for
explaining variation of inductance, resistance and Q values of the coil unit 200 as a function of a
usable frequency when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate according to the fifth embodiment.

The inductance, resistance and Q values of the coil unit 200 can be expressed as
following equation 1.

[Equation 1]
Q=W*L/R

In equation 1, w is a frequency used when transmitting power, L is inductance of the coil
unit 200 and R is resistance of the coil unit 200.

As can be understood from equation 1, the Q value becomes high as the inductance of the
coil unit 200 is increased. If the Q value is increased, the power transmission efficiency can be
improved. The resistance of the coil unit 200 is a numerical value of power loss occurring in the
coil unit 200 and the Q value becomes high as the resistance value is decreased.

Referring to FIGS. 22 and 23, when comparing the fifth embodiment, in which the coil
unit 200 is disposed in the pattern groove 140 of the magnetic substrate 100, with the first
embodiment, in which the coil unit 200 is disposed on the top surface of the magnetic substrate
100, when the usable frequency is 150 kHz, the inductance of the coil unit 200 is increased by
352.42 um from about 9986.92 um to about 10339.34 um and the resistance of the coil unit 200
is reduced by 0.057 Q from 0.910 Q to 0.853 Q. That is, the Q value is increased corresponding
to the increment of the inductance and the reduction of the resistance.

Therefore, the wireless power receiver 1000 according to the fifth embodiment can
increase the Q value by disposing the coil unit 200 in the pattern groove of the magnetic
substrate 100.

FIG. 24 is an H-field for illustrating a radiation pattern of a magnetic field when the coil
unit is disposed on a top surface of the magnetic substrate according to the first embodiment, and
FIG. 25 is an H-field for illustrating a radiation pattern of a magnetic field when the coil unit is
disposed in the pattern groove formed in the magnetic substrate according to the fifth

embodiment.
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Referring to FIGS. 24 and 25, a greater amount of magnetic fields is radiated from the
outer peripheral portion of the coil unit 200 when the coil unit 200 is disposed in the pattern
groove formed in the magnetic substrate 100 as compared with the case in which the coil unit
200 is disposed on the top surface of the magnetic substrate 100. This is because the magnetic
field directed to the outside is changed in the lateral direction of the coil unit 200 due to the coil
unit 200 buried in the magnetic substrate 100.

In addition, a greater amount of magnetic fields is radiated at the inner portion of the coil
unit 200 when the coil unit 200 is disposed in the pattern groove formed in the magnetic
substrate 100 as compared with the case in which the coil unit 200 is disposed on the top surface
of the magnetic substrate 100. This is also because the magnetic field directed to the outside is
changed in the lateral direction of the coil unit 200 due to the coil unit 200 buried in the magnetic
substrate 100.

Referring to FIGS. 24 and 25, the wireless power receiver 1000 may further include a
short-range communication antenna 600.

The short-range communication antenna 600 can make near field communication with a
reader. The short-range communication antenna 600 may serve as an antenna that transceives
information in cooperation with the reader.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. According to one embodiment, when
the coil unit 200 is disposed at the center of the magnetic substrate 100, the short-range
communication antenna 600 may be arranged along the outer peripheral portion of the magnetic
substrate 100 to surround the coil unit 200. The short-range communication antenna 600 may
have a rectangular configuration by winding one conductive line several times, but the
embodiment is not limited thereto.

Similar to the coil unit 200, the short-range communication antenna 600 may be formed
as a conductive pattern or a conductive layer.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

Hereinafter, a wireless power receiver according to another embodiment will be

described with reference to FIGS. 26 to 37.
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FIG. 26 is an exploded perspective view of the wireless power receiver 1000 according to
still another embodiment, FIG. 27 is a perspective view of the wireless power receiver 1000
according to still another embodiment, and FIG. 28 is a sectional view of the wireless power
receiver 1000 according to still another embodiment.

Meanwhile, FIG. 27 is a perspective view showing the assembled state of the elements of
the wireless power receiver 1000 shown in FIG. 26, in which some elements are omitted.

The wireless power receiver 1000 according to still another embodiment may be disposed
in an electronic device, such as a portable terminal.

Referring to FIGS. 26 to 28, the wireless power receiver 1000 may include a magnetic
substrate 100, a coil unit 200, a connecting unit 300, a short-range communication antenna 600,
an adhesive layer 700, a first dual-side adhesive layer 710, a second dual-side adhesive layer
720, a protective film 800 and a release paper layer 730.

Referring to FIG. 26, the magnetic substrate 100 can change the direction of the magnetic
field transferred from the transmission side.

The magnetic substrate 100 changes the direction of the magnetic field transferred to the
coil unit 200 from the transmission side to reduce the amount of the magnetic field leaked to the
outside. Thus, the magnetic substrate 100 may have the electromagnetic wave shielding effect.

In detail, the magnetic substrate 100 changes the direction of the magnetic field
transferred from the transmission side in the lateral direction such that the magnetic field can be
more concentrated onto the coil unit 200.

The magnetic substrate 100 can absorb some of the magnetic field transferred to the coil
unit 200 from the transmission side and leaked to the outside to dissipate the magnetic field as
heat. If the amount of the magnetic field leaked to the outside is reduced, the bad influence of the
magnetic field exerted on the human body can be reduced.

Referring to FIG. 28, the magnetic substrate 100 may include a magnet 110 and a support
120.

According to one embodiment, the magnet 110 may be one of a spinel type magnet, a
hexa type magnet, a sendust type magnet and a permalloy type magnet.

The support 120 may include thermosetting resin or thermoplastic resin and support the

magnetic substrate 100.
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Referring again to FIG. 26, the magnetic substrate 100 may be prepared in the form of a
sheet and may have a flexible property.

A receiving space 130 is formed at a predetermined area of the magnet substrate 100. The
receiving space 130 has a structure the same as that of the connecting unit 300. The connecting
unit 300 is disposed in the receiving space 130 and connected to the coil unit 200.

The coil unit 200 can receive the power from the transmission side using the
electromagnetic induction or resonance. Similar to the coil unit 200 illustrated in FIG. 1, the coil
unit 200 may include a first connection terminal 210, a second connection terminal 220 and a
coil 230. The coil 230 may be formed as a conductive layer or a conductive pattern.

The connecting unit 300 connects a receiver circuit (not shown) with the coil unit 200 to
transfer the power received from the coil unit 200 to a load (not shown) through the receiver
circuit.

The connecting unit 300 may include a wiring layer and the wiring layer may include the
wireless power receiving circuit. The wireless power receiving circuit may include a rectifier
circuit for rectifying the power received from the coil unit 200, a smoothing circuit for removing
noise signals, and a main IC chip for performing the operation to wirelessly receive the power.

In addition, the receiver circuit can transfer the signal received from the short-range
communication antenna 600 to a short-range communication signal processing unit (not shown).

The connecting unit 300 is disposed in the receiving space 130 of the magnetic substrate
100 and connected to the coil unit 200. FIG. 27 shows the connecting unit 300 disposed in the
receiving space 130 of the magnetic substrate 100.

The connecting unit 300 may include a first connection terminal 310, a second
connection terminal 320, a third connection terminal 340 and a fourth connection terminal 350.
The first connection terminal 310 of the connecting unit 300 is connected to the first connection
terminal 210 of the coil unit 200, the second connection terminal 320 of the connecting unit 300
is connected to the second connection terminal 220 of the coil unit 200, the third connection
terminal 340 of the connecting unit 300 is connected to a first connection terminal 610 of the
short-range communication antenna 600 and the fourth connection terminal 350 of the
connecting unit 300 is connected to a second connection terminal 620 of the short-range

communication antenna 600.
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The connecting unit 300 may have the shape corresponding to the shape of the receiving
space 130 and may be disposed in the receiving space 130. Since the connecting unit 300 is
disposed in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless
power receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit
300. Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

According to one embodiment, the connecting unit 300 may include a flexible printed
circuit board (FPCB), a tape substrate (TS) or a lead frame (LF). If the tape substrate is used as
the connecting unit 300, the thickness of the connecting unit 300 can be reduced, so that the
overall size of the wireless power receiver 1000 can be reduced.

If the lead frame is used as the connecting unit 300, the wiring layer included in the
connecting unit 300 can be protected from the heat, external moisture or impact and the mass
production can be realized.

Referring again to FIG. 26, the short-range communication antenna 600 can make near
field communication with a reader. The short-range communication antenna 600 may serve as an
antenna that transceives information in cooperation with the reader.

According to one embodiment, the NFC signal processing unit (not shown) can process
the signal transferred to the short-range communication antenna 600 through the connecting unit
300.

Various short-range communication technologies can be applied to the short-range
communication antenna 600 and the NFC technology is preferable.

According to one embodiment, the short-range communication antenna 600 may be
arranged at an outer peripheral portion of the coil unit 200. Referring to FIG. 27, when the coil
unit 200 is disposed at the magnetic substrate 100, the short-range communication antenna 600
may be arranged along the outer peripheral portion of the magnetic substrate 100 to surround the
coil unit 200. The short-range communication antenna 600 may have a rectangular configuration
by winding one conductive line several times, but the embodiment is not limited thereto.

Referring again to FIG. 26, the adhesive layer (not shown) may be disposed under the
protective film 800 to form the protective film 800 on the coil unit 200 and the short-range

communication antenna 600, which will be described later in detail.
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The first dual-side adhesive layer 710 is interposed between the magnetic substrate 100
and the coil unit 200/short-range communication antenna 600 to adhere the coil unit 200 to the
magnetic substrate 100, which will be described later in detail. Similar to the magnetic substrate
100, a receiving space having the shape identical to the shape of the connecting unit 300 may be
formed in the first dual-side adhesive layer 710.

Referring again to FIG. 28, the second dual-side adhesive layer 720 adheres the
protective film 800 to the release paper layer 730, which will be described later in detail.

The coil unit 200 may be disposed on the magnetic substrate 100 and may have a spiral
structure, but the embodiment is not limited thereto.

Hereinafter, the method of manufacturing the wireless power receiver 1000 according to
still another embodiment will be described with reference to FIGS. 29 to 37.

When the manufacturing process starts, as shown in FIG. 29, the conductor 201, the
adhesive layer 700 and the protective film 800 are prepared.

According to one embodiment, the conductor 201 may be formed by using an alloy
including copper. The copper is in the form of roll annealed copper or electrodeposited copper.
The conductor 201 may have various thicknesses depending on the specification of a product.
According to one embodiment, the conductor 201 may have the thickness of 100um, but the
embodiment is not limited thereto.

The adhesive layer 700 is used to reinforce the adhesive strength between the conductor
201 and the protective film 800. The adhesive layer 700 may include thermosetting resin, but the
embodiment is not limited thereto. The adhesive layer may have the thickness of 17um, but the
embodiment is not limited thereto.

The protective film 800 protects the conductor 201 when a predetermined conductive
pattern is formed in the conductor 201. In detail, the protective film 800 supports the conductor
201 in the etching process, which will be described later, to protect the conductor 201 such that
the predetermined conductive pattern can be formed in the conductor 201.

According to one embodiment, the protective film 800 may include polyimide film (PI
film), but the embodiment is not limited thereto.

Then, as shown in FIG. 30, the conductor 201 is formed on the protective film 800 by the

adhesive layer 700. The laminating process can be used to form the conductor 201 on the
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protective film 800. The laminating process refers to the process to bond heterogencous materials
with each other by applying predetermined heat and pressure.

Then, as shown in FIG. 31, a photoresist film 900 is attached onto the top surface of the
conductor 201. The photoresist film 900 is used for etching the conductor 201 to form a
predetermined conductive pattern in the conductor 201. A UV exposure type film or an LDI
exposure type film may be used as the photoresist film 900. According to another embodiment, a
photoresist coating solution can be coated on the top surface of the conductor 201 without using
the photoresist film 900.

After that, as shown in FIG. 32, the photoresist film 900 is subject to the exposure and
development processes to form a mask pattern 910.

The mask pattern 910 may be formed on the top surface of the conductor 201
corresponding to the position of the conductive pattern.

The exposure process refers to the process for selectively irradiating light onto the
photoresist film 900 corresponding to the conductive pattern. In detail, in the exposure process,
the light is irradiated onto regions of the conductor 201 where the conductive pattern is not
formed. The development process refers to the process for removing the regions to which the
light is irradiated through the exposure process.

Due to the exposure and development processes, the mask pattern 910 may be formed in
the regions corresponding to the coil unit 200 and the short-range communication antenna 600.
The conductor 201 exposed through the mask pattern 910 may be etched.

Then, as shown in FIG. 33, a predetermined portion of the conductor 201 where the mask
pattern 910 is not formed may be removed through the etching process. The etching process
refers to the process of removing the predetermined portion of the conductor 201 where the mask
pattern 910 is not formed by using a chemical reacting with the predetermined portion of the
conductor 201. According to one embodiment, the conductor 201 may be patterned through the
wet etching or dry etching.

After that, as shown in FIG. 34, the mask pattern 910 is removed so that the first and
second connection terminals 210 and 220 of the coil unit 200, the first and second connection

terminals 610 and 620 of the short-range communication antenna 600, the coil 230 having a
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predetermined conductive pattern and the short-range communication antenna 600 having a
predetermined conductive pattern may be formed.

Then, as shown in FIG. 35, the soldering process is performed to connect the coil unit
200 and the short-range communication antenna 600 to the connecting unit 300. According to
one embodiment, the soldering process includes the reflow process, but the embodiment is not
limited thereto. The reflow process refers to the process for bonding the coil unit 230 and the
short-range communication antenna 600 with the connecting unit 300 by melting solder cream
using high-temperature heat to ensure the stable electrical connection between the connecting
unit 300 and the coil unit 230/NFC antenna 600.

The first connection terminal 310 of the connecting unit 300 may be connected to the first
connection terminal 210 of the coil unit 200 by a solder 30, the second connection terminal 320
of the connecting unit 300 may be connected to the second connection terminal 220 of the coil
unit 200 by the solder 30, the third connection terminal 340 of the connecting unit 300 may be
connected to the first connection terminal 610 of the short-range communication antenna 600 by
the solder 30 and the fourth connection terminal 350 of the connecting unit 300 may be
connected to the second connection terminal 620 of the short-range communication antenna 600.

Then, as shown in FIG. 36, the magnetic substrate 100 is laminated on a predetermined
portion of the conductive pattern where the connecting unit 300 is not present. In detail, the
magnetic substrate 100 may be laminated on the top surfaces of the coil 230 and the short-range
communication antenna 600.

Prior to the above, the receiving space corresponding to the connecting unit 300 can be
formed at the magnetic substrate 100. The receiving space of the magnetic substrate 100 may
have the shape identical to the shape of the connecting unit 300.

As described above with reference to FIG. 26, since the connecting unit 300 is disposed
in the receiving space 130 of the magnetic substrate 100, the thickness of the wireless power
receiver 1000 can be remarkably reduced as much as the thickness of the connecting unit 300.
Thus, the thickness of the electronic device, such as a portable terminal, equipped with the
wireless power receiver 1000 can be remarkably reduced.

The coil 230/short-range communication antenna 600 and the magnetic substrate 100

may be adhered with each other by the first dual-side adhesive layer 710. According to one
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embodiment, the magnetic substrate 100 may have the thickness in the range of 100um to
800um, but the embodiment is not limited thereto. According to one embodiment, the first dual-
side adhesive layer 710 may have the thickness in the range of 10um to 50um, but the
embodiment is not limited thereto.

5 After that, as shown in FIG. 37, the release paper layer 730 is attached to one side of the
protective film 800 by interposing the second dual-size adhesive layer 720 therebetween. The
release paper layer 730 is a paper layer for protecting the second dual-size adhesive layer 720
and may be removed when the wireless power receiver is disposed in a case of an electronic
device, such as a portable terminal.

10 Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications 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 arrangements of the subject combination arrangement

15 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

What is claimed is:

1. A wireless power receiver comprising:
a magnetic substrate; and
a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.

2. The wireless power receiver of claim 1, wherein the coil is formed as a conductive

pattern on the magnetic substrate.

3. The wireless power receiver of claim 1, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.

4. The wireless power receiver of claim 3, further comprising the connecting unit

disposed in the receiving space and connected to the coil.

5. The wireless power receiver of claim 4, wherein the connecting unit comprises one of

a flexible printed circuit board, a lead frame and a tape substrate.

6. The wireless power receiver of claim 1, further comprising a short-range

communication antenna formed on the magnetic substrate to surround the coil.

7. The wireless power receiver of claim 6, wherein the short-range communication

antenna comprises a near field communication (NFC) antenna.

8. The wireless power receiver of claim 6, wherein the magnetic substrate has a
receiving space of a predetermined shape formed therein corresponding to a shape of a

connecting unit connected to a wireless power receiving circuit.
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9. The wireless power receiver of claim 8, further comprising the connecting unit
disposed in the receiving space and connected to the coil and a near field communication signal

process unit.

10. A wireless power receiver comprising:

a magnetic substrate; and

a coil configured to wirelessly receive power, wherein the coil is formed as a conductive
layer at the magnetic substrate,

wherein a part of the coil is disposed inside the magnetic substrate.

11. The wireless power receiver of claim 10, wherein the coil is formed as a conductive

pattern at the magnetic substrate.

12. The wireless power receiver of claim 10, wherein the magnetic substrate comprises a
pattern groove for receiving a part of the coil and the part of the coil is disposed in the pattern

groove.

13. The wireless power receiver of claim 10, wherein the coil has a thickness smaller
than a thickness of the magnetic substrate and an upper portion of the coil is exposed out of the

magnetic substrate.

14. A method of manufacturing a wireless power receiver for wirelessly receiving
power, the method comprising:

forming a conductor on a protective film;

forming a conductive pattern by etching the conductor;

connecting a connecting unit to be connected to an external circuit to a connection
terminal of the conductive pattern;

obtaining a magnetic substrate having a receiving space of a predetermined shape

corresponding to the connecting unit; and
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disposing the magnetic substrate on the conductive pattern while positioning the

connecting unit in the receiving space.

15. The method of claim 14, wherein the forming of the conductive pattern comprises
etching the conductor to form the conductive pattern corresponding to a coil for wirelessly
receiving the power and a near field communication antenna for making communication with an

outside.

16. The method of claim 15, which comprises positioning connection terminals of the

coil and the near field communication antenna in the receiving space.

17. The method of claim 14, wherein the disposing of the magnetic substrate comprises

forming the magnetic substrate on the conductive pattern using a dual-side adhesive layer.

18. The method of claim 14, further comprising forming a release paper layer on the

protective film using a dual-side adhesive layer.
19. A terminal equipped therein with a wireless power receiver of claim 1.

20. A terminal equipped therein with a wireless power receiver of claim 10.
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ABSTRACT
A wireless power receiver according to one embodiment includes a magnetic substrate
and a coil configured to wirelessly receive power, wherein the coil is formed as a conductive

layer on the magnetic substrate.
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FreqlkHz] Inductapoe Resistapce Q _
Setupl : Sweep|Setupl @ Sweep|Setupl @ Sweep
130.000000 | 10023.448082 0.809633 10.012480
131.000000 | 10021.543951 0.814464 10.028048
132.000000 | 10019.649417 0.819320 10.043115
133.000000 | 10017.764376 0.824199 10.057691
134.000000 | 10015.888496 0.829101 10.071784
135.000000 | 10014.021426 0.834027 10.085405
136.000000 | 10012.163025 0.838976 10.098561
137.000000 | 10010.312867 0.843948 10.111262
138.000000 | 10008.470902 0.848942 10.123517
139.000000 | 10006.636764 0.853960 10.135333
140.000000 | 10004.810399 0.859000 10. 146721
141.000000 | 10002.991358 0.864062 10.157687
142 .000000 | 10001.179585 0.869147 10. 168241
143.000000 | 9999.374809 0.874254 10. 178391
144 .000000 | 9997.577015 0.879383 10.188142
145.000000 | 9995.785687 0.884534 10.197506
146.000000 | 9994.000944 0.889706 10.206488
147.000000 | 9992.222542 0.894900 10.215097
148.000000 | 9990.450319 0.900116 10.223339
149.000000 | 9988.684063 0.905352 10.231223
150.000000 | 9986.923648 0.910610 10.238756
151.000000 | 9985.169040 0.915889 10.245944
152.000000 | 9983.419964 0.921189 10.252794
153.000000 | 9981.676290 0.926509 10.259313
154.000000 | 9979.937950 0.931850 10.265510
155.000000 | 9978.204783 0.937212 10.271388
156.000000 | 9976.476722 0.942594 10.276956
157.000000 | 9974.753596 0.947996 10.282220
158.000000 | 9973.035485 0.953418 10.287185
159.000000 | 9971.321833 0.958860 10.291859
160.000000 | 9969.613051 0.964321 10.296247
FIG. 22
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FreqlkHz] Induotapce Resistapoe Q -
Setup1 @ Sweep|Setupl : Sweep|Setupl : Sweep
130.000000 | 10375.469101 0.760491 11.053420
131.000000 | 10373.611592 0.764922 11.072242
132.000000 | 10371.760893 0.769376 11.090493
133.000000 | 10369.916781 0.773853 11.108182
134.000000 | 10368.078898 0.778351 11.125322
135.000000 | 10366.247102 0.782872 11.141920
136.000000 | 10364.421100 0.787415 11.157989
137.000000 | 10362.600644 0.791979 11.173537
138.000000 | 10360.785303 0.796565 11.188574
139.000000 | 10358.975165 0.801173 11.203109
140.000000 | 10357.169752 0.805802 11.217153
141.000000 | 10355.369156 0.810452 11.230713
142.000000 | 10353.572957 0.815124 11.243801
143.000000 | 10351.780892 0.819816 11.256422
144 .000000 | 10349.993078 0.824529 11.268591
145.000000 | 10348.209063 0.829263 11.280309
146.000000 | 10346.428853 0.834018 11.291589
147.000000 | 10344.652133 0.838792 11.302441
148.000000 | 10342.878918 0.843587 11.312871
149.000000 | 10341.108850 0.848402 11.322886
150.000000 | 10339.342085 0.853237 11.332499
151.000000 | 10337.578231 0.858092 11.341712
152.000000 | 10335.817245 0.862967 11.350536
153.000000 | 10334.058946 0.867867 11.358980
154.000000 | 10332.303299 0.872774 11.367050
155.000000 | 10330.550019 0.877706 11.374754
156.000000 | 10328.799305 0.882658 11.382099
157.000000 | 10327.050748 0.887629 11.389091
158.000000 | 10325.304351 0.892618 11.395741
159.000000 | 10323.560143 0.897626 11.402053
160.000000 | 10321.817935 0.902653 11.408035
FIG. 23
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