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Description

BACKGROUND

1. Field

[0001] The following description relates to a wireless power transmission system, and more particularly, to a wireless
power transmission apparatus that may control the direction of a magnetic field generated by a resonator using near
field focusing.

2. Description of Related Art

[0002] With the development of Information Technology (IT), the amount and the variety of portable electronic devices
has increased. Battery performance of a corresponding portable electronic device is an important issue. In addition to
the portable electronic devices, home electronic appliances have a function of wirelessly transmitting data, however,
conventionally the electronic appliances are supplied with power over a power line.
[0003] Currently, researches are being conducted on wireless power transmission technologies that may wirelessly
supply power. Due to characteristics of a wireless power transmission environment, peripheral apparatuses may be
influenced by a magnetic field of a wireless power transmission apparatus.
[0004] Here, reference is made here to publication WO 2008/144677 A1, which discloses techniques for creating sub-
wavelength-patterned structures to provide electromagnetic focusing beyond the diffraction limit.

SUMMARY

[0005] In one general aspect, there is provided a wireless power transmission apparatus, in accordance with the
appended apparatus claims.
[0006] In another aspect, there is provided a source resonator for increasing wireless energy transmission efficiency,
in accordance with the appended resonator claims.

Brief Description of Drawings

[0007]

FIG. 1 is a diagram illustrating an example of a wireless power transmission system.
FIG. 2 is a diagram illustrating an example of a wireless power transmission apparatus.
FIGS. 3 through 5 are diagrams illustrating examples of a near field focusing unit.
FIG. 6 is a diagram illustrating another example of a wireless power transmission apparatus.
FIG. 7 through FIG. 14 are diagrams illustrating various examples of a resonator structure.
FIG. 15 is a diagram illustrating an example of an equivalent circuit of the resonator for a wireless power transmission
of FIG. 7.

[0008] Throughout the drawings and the description, unless otherwise described, the same drawing reference numerals
should be understood to refer to the same elements, features, and structures. The relative size and depiction of these
elements may be exaggerated for clarity, illustration, and convenience.

Mode for the Invention

[0009] The following description is provided to assist the reader in gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein. Accordingly, various changes, modifications, and equivalents
of the methods, apparatuses, and/or systems described herein may be suggested to those of ordinary skill in the art.
Also, description of well-known functions and constructions may be omitted for increased clarity and conciseness.
[0010] As described herein, for example, the source or transmitter may be, or may be included in, a terminal, such as
a mobile terminal, a personal computer, a personal digital assistant (PDA), an MP3 player, and the like. As another
example, the target or receiver described herein may be, or may be included in, a terminal, such as a mobile terminal,
a personal computer, a personal digital assistant (PDA), an MP3 player, and the like. As another example, the transmitter
and/or the receiver may be a separate individual unit. FIG. 1 illustrates an example of a wireless power transmission
system.
[0011] As described herein, wireless power transmitted using the wireless power transmission system may be referred
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to as resonance power.
[0012] Referring to FIG. 1, the wireless power transmission system includes a source-target structure including a
source and a target. In this example, the wireless power transmission system includes a resonance power transmitter
110 corresponding to the source and a resonance power receiver 120 corresponding to the target.
[0013] The resonance power transmitter 110 includes a source unit 111 and a source resonator 115. The source unit
111 may receive energy from an external voltage supplier to generate a resonance power. The resonance power trans-
mitter 110 may further include a matching control 113 to perform resonance frequency or impedance matching.
[0014] For example, the source unit 111 may include an alternating current (AC)-to-AC (AC/AC) converter, an AC-to-
direct current (DC) (AC/DC) converter, a DC-to-AC (DC/AC) inverter, and the like. The AC/AC converter may adjust, to
a desired level, a signal level of an AC signal input from an external device. The AC/DC converter may output a DC
voltage at a predetermined level by rectifying an AC signal output from the AC/AC converter. The DC/AC inverter may
generate an AC signal in a band of hertz (HZ), for example, a few megahertz (MHz), tens of MHz, and the like, by quickly
switching a DC voltage output from the AC/DC converter.
[0015] The matching control 113 may set at least one of a resonance bandwidth of the source resonator 115 and an
impedance matching frequency of the source resonator 115. Although not illustrated in FIG. 1, the matching control 113
may include at least one of a source resonance bandwidth setting unit and a source matching frequency setting unit.
The source resonance bandwidth setting unit may set the resonance bandwidth of the source resonator 115. The source
matching frequency setting unit may set the impedance matching frequency of the source resonator 115. For example,
a Q-factor of the source resonator 115 may be determined based on the setting of the resonance bandwidth of the
source resonator 115 and/or the setting of the impedance matching frequency of the source resonator 115.
[0016] The source resonator 115 may transfer electromagnetic energy to a target resonator 121. For example, the
source resonator 115 may transfer resonance power to the resonance power receiver 120 through magnetic coupling
101 with the target resonator 121. The source resonator 115 may resonate within the set resonance bandwidth.
[0017] The resonance power receiver 120 includes the target resonator 121, a matching control 123 to perform res-
onance frequency or impedance matching, and a target unit 125 to transfer the received resonance power to a load.
[0018] The target resonator 121 may receive the electromagnetic energy from the source resonator 115. The target
resonator 121 may resonate within the set resonance bandwidth.
[0019] The matching control 123 may set at least one of a resonance bandwidth of the target resonator 121 and an
impedance matching frequency of the target resonator 121. Although not illustrated in FIG. 1, the matching control 123
may include at least one of a target resonance bandwidth setting unit and a target matching frequency setting unit. The
target resonance bandwidth setting unit may set the resonance bandwidth of the target resonator 121. The target matching
frequency setting unit may set the impedance matching frequency of the target resonator 121. For example, a Q-factor
of the target resonator 121 may be determined based on the setting of the resonance bandwidth of the target resonator
121 and/or the setting of the impedance matching frequency of the target resonator 121.
[0020] The target unit 125 may transfer the received resonance power to the load. For example, the target unit 125
may include an AC/DC converter and a DC/DC converter. The AC/DC converter may generate a DC voltage by rectifying
an AC signal transmitted from the source resonator 115 to the target resonator 121. The DC/DC converter may supply
a rated voltage to a device or the load by adjusting a voltage level of the DC voltage.
[0021] For example, the source resonator 115 and the target resonator 121 may be configured in a helix coil structured
resonator, a spiral coil structured resonator, a meta-structured resonator, and the like.
[0022] Referring to FIG. 1, a process of controlling the Q-factor may include setting the resonance bandwidth of the
source resonator 115 and the resonance bandwidth of the target resonator 121, and transferring the electromagnetic
energy from the source resonator 115 to the target resonator 121 through magnetic coupling 101 between the source
resonator 115 and the target resonator 121. For example, the resonance bandwidth of the source resonator 115 may
be set wider or narrower than the resonance bandwidth of the target resonator 121. For example, an unbalanced
relationship between a bandwidth (BW)-factor of the source resonator 115 and a BW-factor of the target resonator 121
may be maintained by setting the resonance bandwidth of the source resonator 115 to be wider or narrower than the
resonance bandwidth of the target resonator 121.
[0023] In a wireless power transmission system employing a resonance scheme, the resonance bandwidth may be
an important factor. When the Q-factor considering all of a change in a distance between the source resonator 115 and
the target resonator 121, a change in the resonance impedance, impedance mismatching, a reflected signal, and the
like, is Qt, Qt may have an inverse-proportional relationship with the resonance bandwidth, as given by Equation 1.
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[0024] In Equation 1, f0 denotes a central frequency, Δf denotes a change in a bandwidth, ΓS,D denotes a reflection
loss between the source resonator 115 and the target resonator 121, BWs denotes the resonance bandwidth of the
source resonator 115, and BWD denotes the resonance bandwidth of the target resonator 121. For example, the BW-
factor may indicate either 1/BWS or 1/BWD.
[0025] Due to an external effect, impedance mismatching between the source resonator 115 and the target resonator
121 may occur. For example, a change in the distance between the source resonator 115 and the target resonator 121,
a change in a location of at least one of the source resonator 115 and the target resonator 121, and the like, may cause
impedance mismatching between the source resonator 115 and the target resonator 121 to occur. The impedance
mismatching may be a direct cause in decreasing an efficiency of power transfer. When a reflected wave corresponding
to a transmission signal that is partially reflected by the source and returned towards the target is detected, the matching
control 113 may determine that impedance mismatching has occurred, and may perform impedance matching. For
example, the matching control 113 may change a resonance frequency by detecting a resonance point through a
waveform analysis of the reflected wave. The matching control 113 may determine, as the resonance frequency, a
frequency that has a minimum amplitude in the waveform of the reflected wave.
[0026] The source resonator 115 and the target resonator 121 of FIG. 1 may be configured as shown in the examples
of FIGS. 7 through 12.
[0027] FIG. 2 illustrates a wireless power transmission apparatus.
[0028] Referring to FIG. 2, wireless power transmission apparatus 210 includes a source unit 211 and a near field
focusing unit 213.
[0029] For example, the source unit 211 may include a source resonator to transmit power wirelessly to a target
apparatus 220. The source unit 211 may further include a means for measuring a location or a direction of the target
apparatus 220. For example, the means for measuring the location or the direction of the target apparatus 220 may be
implemented as a communication module configured to receive location information via a communication channel with
the target apparatus 220, or as a means for detecting a direction that is set in advance for each target apparatus 220.
[0030] The near field focusing unit 213 may focus a near field of a magnetic field onto the target apparatus 220. For
example, the magnetic field may be radiated in an omni-direction of the source resonator. As shown in FIG. 3, the near
field focusing unit 213 may include, for example, a meta-superstrate having a negative refractive index. The meta-
superstrate that has a negative refractive index may enable incident waves to be transmitted in a direction indicated by
solid arrows of FIG. 3. Also shown is the direction that a general medium is transmitted as indicated by dotted arrows
of FIG. 3. Accordingly, the near field of the magnetic field may be focused onto the target apparatus 120 by the meta-
superstrate that has the negative refractive index.
[0031] As shown in FIG. 4, the near field focusing unit 213 may include, for example, a Mm Near Zero (MNZ) superstrate
or Epsilon Near Zero (ENZ) superstrate that has a beam forming characteristic. For example, the MNZ superstrate or
the ENZ superstrate may enable incident waves to be transmitted in a direction that is approximately perpendicular to
a transmission plane, as indicated by solid arrows of FIG. 4. The incident waves may be transmitted regardless of an
incidence angle of the incident waves, in a different manner from a general medium transmitted as indicated by dotted
arrows of FIG. 4. For example, the near field focusing unit 213 may be bent toward the target apparatus 220, as shown
in FIG. 5. In this example, a near field may be formed in a direction that is approximately perpendicular to a transmission
plane of the near field focusing unit 213.
[0032] For example, the near field focusing unit 213 may focus a magnetic field radiated in an undesired direction
during wireless power transmission, onto the target apparatus 220. Accordingly, it is possible to prevent interference
due to radiated energy from affecting peripheral apparatuses. In addition, it is possible to increase an energy transmission
efficiency by focusing, to the target apparatus 220, the near field of the magnetic field radiated in the omni-direction of
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the source resonator.
[0033] FIG. 6 illustrates a wireless power transmission apparatus.
[0034] Referring to FIG. 6, wireless power transmission apparatus 610 includes a source unit 211, a near field focusing
unit 213, and a near field controller 615. The source unit 211 and the near field focusing unit 213 of FIG. 6 may respectively
have the same configuration as any of the source units 211 and the near field focusing units 213 of FIGS. 2 through 5.
[0035] The near field controller 615 may be designed to have a High Impedance Surface (HIS) characteristic. Thus,
the near field controller 615 may minimize a change in a resonance frequency or a Q-factor of the source resonator by
minimizing a ground effect.
[0036] For example, the HIS characteristic may be designed based on a resonance frequency of the source unit 211.
For example, the near field controller 615 may be designed such that a magnetic field of the source unit 211 may have
an in-phase characteristic. When the near field controller 615 has the HIS characteristic, the magnetic field generated
by the source unit 211 may have the in-phase characteristic with respect to the near field controller 615. Thus, according
to various examples, it is possible to minimize an influence on peripheral apparatuses, for example, apparatuses that
are sensitive to the magnetic field.
[0037] As an example, the near field controller 615 may include side focusing units and a rear surface focusing unit.
The side focusing units may control the direction of a side magnetic field of the source unit 211 such that the side
magnetic field of the source unit 211 is focused on the target apparatus 220, as shown in FIG. 6. The rear surface
focusing unit may control the direction of a rear surface magnetic field of the source unit 211 such that the rear surface
magnetic field of the source unit 211 may be focused on the target apparatus 220, as shown in FIG. 6.
[0038] According to various examples, it is possible to focus a magnetic field that is initially radiated in an undesired
direction during the wireless power transmission, towards a target apparatus. Thus, it is possible to increase the energy
transmission efficiency and minimize an influence on peripheral apparatuses.
[0039] For example, a source resonator and/or a target resonator may be configured as a helix coil structured resonator,
a spiral coil structured resonator, a meta-structured resonator, and the like.
[0040] All the materials may have a unique magnetic permeability (Mm and a unique permittivity (epsilon ∈). The
magnetic permeability indicates a ratio between a magnetic flux density that occurs with respect to a given magnetic
field in a corresponding material and a magnetic flux density that occurs with respect to the given magnetic field in a
vacuum state. The magnetic permeability and the permittivity may determine a propagation constant of a corresponding
material in a given frequency or a given wavelength. An electromagnetic characteristic of the corresponding material
may be determined based on the magnetic permeability and the permittivity. For example, a material that has a magnetic
permeability or a permittivity that has not been found in nature and that is artificially designed is referred to as a meta-
material. The metamaterial may be disposed in a resonance state even in a relatively large wavelength area or a relatively
low frequency area. For example, even though a material size rarely varies, the metamaterial may be easily disposed
in the resonance state.
[0041] FIG. 7 illustrates an example of a two-dimensional (2D) view of a resonator.
[0042] Referring to FIG. 7, resonator 700 includes a transmission line, a capacitor 720, a matcher 730, and conductors
741 and 742. In this example, the transmission line includes a first signal conducting portion 711, a second signal
conducting portion 712, and a ground conducting portion 713.
[0043] For example, the capacitor 720 may be inserted in series between the first signal conducting portion 711 and
the second signal conducting portion 712, and an electric field may be confined within the capacitor 720. Generally, the
transmission line may include at least one conductor in an upper portion of the transmission line and at least one conductor
in a lower portion of the transmission line. Current may flow through the at least one conductor disposed in the upper
portion of the transmission line, and the at least one conductor disposed in the lower portion of the transmission may
be electrically grounded. For example, a conductor disposed in an upper portion of the transmission line may be separated
into and thereby be referred to as the first signal conducting portion 711 and the second signal conducting portion 712.
A conductor disposed in the lower portion of the transmission line may be referred to as the ground conducting portion 713.
[0044] As shown in FIG. 7, the transmission line may include the first signal conducting portion 711 and the second
signal conducting portion 712 in the upper portion of the transmission line, and may include the ground conducting
portion 713 in the lower portion of the transmission line. The first signal conducting portion 711 and the second signal
conducting portion 712 may be disposed to face the ground conducting portion 713. Current may flow through the first
signal conducting portion 711 and the second signal conducting portion 712.
[0045] One end of the first signal conducting portion 711 may be shorted to the conductor 742, and another end of
the first signal conducting portion 711 may be connected to the capacitor 720. One end of the second signal conducting
portion 712 may be grounded to the conductor 741, and another end of the second signal conducting portion 712 may
be connected to the capacitor 720. Accordingly, the first signal conducting portion 711, the second signal conducting
portion 712, the ground conducting portion 713, and the conductors 741 and 742 may be connected to each other, and
the resonator 700 may have an electrically closed-loop structure. The phrase "loop structure" may include a polygonal
structure, for example, a circular structure, a rectangular structure, and the like. "Having a loop structure" indicates a
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circuit that is electrically closed.
[0046] The capacitor 720 may be inserted into an intermediate portion of the transmission line. For example, the
capacitor 720 may be inserted into a space between the first signal conducting portion 711 and the second signal
conducting portion 712. As an example, the capacitor 720 may have the shape of a lumped element, a distributed
element, and the like. For example, a distributed capacitor having the shape of the distributed element may include
zigzagged conductor lines and a dielectric material that has a relatively high permittivity between the zigzagged conductor
lines.
[0047] When the capacitor 720 is inserted into the transmission line, the resonator 700 may have a property of a
metamaterial. The metamaterial indicates a material having a predetermined electrical property that has not been dis-
covered in nature, and thus, may have an artificially designed structure. An electromagnetic characteristic of all the
materials existing in nature may have a unique magnetic permeability or a unique permittivity. Most materials may have
a positive magnetic permeability or a positive permittivity. In the case of most materials, a right hand rule may be applied
to an electric field, a magnetic field, and a pointing vector, and thus, the corresponding materials may be referred to as
right handed materials (RHMs). However, the metamaterial has a magnetic permeability or a permittivity absent in nature,
and thus, may be classified into an epsilon negative (ENG) material, a mu negative (MNG) material, a double negative
(DNG) material, a negative refractive index (NRI) material, a left-handed (LH) material, and the like, based on a sign of
the corresponding permittivity or magnetic permeability.
[0048] When a capacitance of the capacitor 720 inserted as the lumped element is determined, the resonator 700
may have the characteristic of the metamaterial. Because the resonator 700 may have a negative magnetic permeability
by appropriately adjusting the capacitance of the capacitor 720, the resonator 700 may also be referred to as an MNG
resonator. Various criteria may be applied to determine the capacitance of the capacitor 720. For example, the various
criteria may include a criterion for enabling the resonator 700 to have the characteristic of the metamaterial, a criterion
for enabling the resonator 700 to have a negative magnetic permeability in a target frequency, a criterion for enabling
the resonator 700 to have a zeroth order resonance characteristic in the target frequency, and the like. For example,
the capacitance of the capacitor 720 may be determined based on at least one criterion.
[0049] The resonator 700, also referred to as the MNG resonator 700, may have a zeroth order resonance characteristic
that has, as a resonance frequency, a frequency when a propagation constant is "0". For example, a zeroth order
resonance characteristic may be a frequency transmitted through a line or a medium that has a propagation constant
of "0." Because the resonator 700 may have the zeroth order resonance characteristic, the resonance frequency may
be independent with respect to a physical size of the MNG resonator 700. By appropriately designing the capacitor 720,
the MNG resonator 700 may sufficiently change the resonance frequency. Accordingly, the physical size of the MNG
resonator 700 may not be changed.
[0050] In a near field, the electric field may be concentrated on the capacitor 720 inserted into the transmission line.
Accordingly, due to the capacitor 720, the magnetic field may become dominant in the near field. The MNG resonator
700 may have a relatively high Q-factor using the capacitor 720 of the lumped element, and thus, it is possible to enhance
an efficiency of power transmission. For example, the Q-factor may indicate a level of an ohmic loss or a ratio of a
reactance with respect to a resistance in the wireless power transmission. Accordingly, the efficiency of the wireless
power transmission may increase according to an increase in the Q-factor.
[0051] The MNG resonator 700 may include a matcher 730 for impedance matching. The matcher 730 may adjust
the strength of a magnetic field of the MNG resonator 700. An impedance of the MNG resonator 700 may be determined
by the matcher 730. Current may flow into and/or out of the MNG resonator 700 via a connector. The connector may
be connected to the ground conducting portion 713 or the matcher 730. For example, power may be transferred through
coupling without using a physical connection between the connector and the ground conducting portion 713 or the
matcher 730.
[0052] For example, as shown in FIG. 7, the matcher 730 may be positioned within the loop formed by the loop structure
of the resonator 700. The matcher 730 may adjust the impedance of the resonator 700 by changing the physical shape
of the matcher 730. For example, the matcher 730 may include the conductor 731 for the impedance matching in a
location that is separated from the ground conducting portion 713 by a distance h. The impedance of the resonator 700
may be changed by adjusting the distance h.
[0053] Although not illustrated in FIG. 7, a controller may be provided to control the matcher 730. For example, the
matcher 730 may change the physical shape of the matcher 730 based on a control signal generated by the controller.
For example, the distance h between the conductor 731 of the matcher 730 and the ground conducting portion 713 may
increase or decrease based on the control signal. Accordingly, the physical shape of the matcher 730 may be changed
and the impedance of the resonator 700 may be adjusted. The controller may generate the control signal based on
various factors, which is described later.
[0054] As shown in FIG. 7, the matcher 730 may be configured as a passive element such as the conductor 731. As
another example, the matcher 730 may be configured as an active element such as a diode, a transistor, and the like.
When the active element is included in the matcher 730, the active element may be driven based on the control signal
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generated by the controller, and the impedance of the resonator 700 may be adjusted based on the control signal. For
example, a diode that is a type of the active element may be included in the matcher 730. The impedance of the resonator
700 may be adjusted based on whether the diode is in an ON state or in an OFF state.
[0055] Although not illustrated in FIG. 7, a magnetic core may pass through the MNG resonator 700. For example,
the magnetic core may perform a function of increasing a power transmission distance.
[0056] FIG. 8 illustrates a three-dimensional (3D) view of a resonator.
[0057] Referring to FIG. 8, resonator 800 includes a transmission line and a capacitor 820. The transmission line may
include a first signal conducting portion 811, a second signal conducting portion 812, and a ground conducting portion
813. The capacitor 820 may be inserted in series between the first signal conducting portion 811 and the second signal
conducting portion 812 of the transmission link, and an electric field may be confined within the capacitor 820.
[0058] As shown in FIG. 8, the transmission line may include the first signal conducting portion 811 and the second
signal conducting portion 812 in an upper portion of the resonator 800, and may include the ground conducting portion
813 in a lower portion of the resonator 800. The first signal conducting portion 811 and the second signal conducting
portion 812 may be disposed to face the ground conducting portion 813. For example, current may flow in an x direction
through the first signal conducting portion 811 and the second signal conducting portion 812. Due to the current, a
magnetic field H(W) may be formed in a -y direction. Alternatively, unlike the diagram of FIG. 8, the magnetic field H(W)
may be formed in a +y direction.
[0059] One end of the first signal conducting portion 811 may be shorted to the conductor 842, and another end of
the first signal conducting portion 811 may be connected to the capacitor 820. One end of the second signal conducting
portion 812 may be grounded to the conductor 841, and another end of the second signal conducting portion 812 may
be connected to the capacitor 820. Accordingly, the first signal conducting portion 811, the second signal conducting
portion 812, the ground conducting portion 813, and the conductors 841 and 842 may be connected to each other such
that the resonator 800 has an electrically closed-loop structure. The term "loop structure" may include a polygonal
structure, for example, a circular structure, a rectangular structure, and the like. "Having a loop structure" refers to a
circuit that is electrically closed.
[0060] As shown in FIG. 8, the capacitor 820 may be inserted between the first signal conducting portion 811 and the
second signal conducting portion 812. The capacitor 820 may be inserted into a space between the first signal conducting
portion 811 and the second signal conducting portion 812. For example, the capacitor 820 may have a shape of a lumped
element, a distributed element, and the like. For example, a distributed capacitor that has the shape of the distributed
element may include zigzagged conductor lines and a dielectric material that has a relatively high permittivity between
the zigzagged conductor lines.
[0061] As the capacitor 820 is inserted into the transmission line, the resonator 800 may have a property of a meta-
material.
[0062] When a capacitance of the capacitor inserted as the lumped element is appropriately determined, the resonator
800 may have the characteristic of the metamaterial. Because the resonator 800 may have a negative magnetic per-
meability by appropriately adjusting the capacitance of the capacitor 820, the resonator 800 may also be referred to as
an MNG resonator. Various criteria may be applied to determine the capacitance of the capacitor 820. For example, the
various criteria may include a criterion for enabling the resonator 800 to have the characteristic of the metamaterial, a
criterion for enabling the resonator 800 to have a negative magnetic permeability in a target frequency, a criterion enabling
the resonator 800 to have a zeroth order resonance characteristic in the target frequency, and the like. For example,
the capacitance of the capacitor 820 may be determined based on at least one criterion.
[0063] The resonator 800, also referred to as the MNG resonator 800, may have a zeroth order resonance characteristic
that has, as a resonance frequency, a frequency when a propagation constant is "0". Because the resonator 800 may
have the zeroth order resonance characteristic, the resonance frequency may be independent with respect to a physical
size of the MNG resonator 800. By appropriately designing the capacitor 820, the MNG resonator 800 may sufficiently
change the resonance frequency. Accordingly, the physical size of the MNG resonator 800 may not be changed.
[0064] Referring to the MNG resonator 800 of FIG. 8, in a near field, the electric field may be concentrated on the
capacitor 820 inserted into the transmission line. Accordingly, due to the capacitor 820, the magnetic field may become
dominant in the near field. For example, because the MNG resonator 800 having the zeroth-order resonance characteristic
may have characteristics similar to a magnetic dipole, the magnetic field may become dominant in the near field. A
relatively small amount of the electric field formed due to the insertion of the capacitor 820 may be concentrated on the
capacitor 820, and thus, the magnetic field may become further dominant.
[0065] Also, the MNG resonator 800 may include a matcher 830 for impedance matching. The matcher 830 may adjust
the strength of magnetic field of the MNG resonator 800. An impedance of the MNG resonator 800 may be determined
by the matcher 830. Current may flow into and/or out of the MNG resonator 800 via a connector 840. The connector
840 may be connected to the ground conducting portion 813 or the matcher 830.
[0066] For example, as shown in FIG. 8, the matcher 830 may be positioned within the loop formed by the loop structure
of the resonator 800. The matcher 830 may adjust the impedance of the resonator 800 by changing the physical shape
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of the matcher 830. For example, the matcher 830 may include the conductor 831 for the impedance matching in a
location that is separated from the ground conducting portion 813 by a distance h. The impedance of the resonator 800
may be changed by adjusting the distance h.
[0067] Although not illustrated in FIG. 8, a controller may be provided to control the matcher 830. For example, the
matcher 830 may change the physical shape of the matcher 830 based on a control signal generated by the controller.
For example, the distance h between the conductor 831 of the matcher 830 and the ground conducting portion 813 may
increase or decrease based on the control signal. Accordingly, the physical shape of the matcher 830 may be changed
and the impedance of the resonator 800 may be adjusted. The distance h between the conductor 831 of the matcher
830 and the ground conducting portion 813 may be adjusted using a variety of schemes. As one example, a plurality of
conductors may be included in the matcher 830 and the distance h may be adjusted by adaptively activating one of the
conductors. As another example, the distance h may be adjusted by adjusting the physical location of the conductor
831 up and down. The distance h may be controlled based on the control signal of the controller. The controller may
generate the control signal using various factors. An example of the controller generating the control signal is described
later.
[0068] As shown in FIG. 8, the matcher 830 may be configured as a passive element such as the conductor 831. As
another example, the matcher 830 may be configured as an active element such as a diode, a transistor, and the like.
When the active element is included in the matcher 830, the active element may be driven based on the control signal
generated by the controller, and the impedance of the resonator 800 may be adjusted based on the control signal. For
example, a diode that is a type of the active element may be included in the matcher 830. For example, the impedance
of the resonator 800 may be adjusted based on whether the diode is in an ON state or in an OFF state.
[0069] Although not illustrated in FIG. 8, a magnetic core may pass through the resonator 800 configured as the MNG
resonator. The magnetic core may perform a function of increasing a power transmission distance.
[0070] FIG. 9 illustrates an example of a bulky-type resonator for wireless power transmission.
[0071] Referring to FIG. 9, in resonator 900 a first signal conducting portion 911 and a second signal conducting portion
912 may be integrally formed instead of being separately manufactured and later connected to each other. Similarly,
the second signal conducting portion 912 and the conductor 941 may also be integrally manufactured.
[0072] When the second signal conducting portion 912 and the conductor 941 are separately manufactured and then
are connected to each other, a loss of conduction may occur due to a seam 950. As an example, the second signal
conducting portion 912 and the conductor 941 may be seamlessly connected to each other. Accordingly, it is possible
to decrease a conductor loss caused by the seam 950. As another example, the second signal conducting portion 912
and a ground conducting portion 913 may be seamlessly and integrally manufactured. Similarly, the first signal conducting
portion 911 and the ground conducting portion 913 may be seamlessly and integrally manufactured. Accordingly, it
should be understood, any of the components of the resonator may be seamlessly manufactured with adjacent compo-
nents of the resonator to prevent seams from being formed.
[0073] Referring to FIG. 9, a type of a seamless connection connecting at least two partitions into an integrated form
is referred to as a bulky type.
[0074] FIG. 10 illustrates an example of a hollow-type resonator for wireless power transmission.
[0075] Referring to FIG. 10, in resonator 1000 each of a first signal conducting portion 1011, a second signal conducting
portion 1012, a ground conducting portion 1013, and conductors 1041 and 1042 of the resonator 1000 configured as
the hollow type may include an empty or hollow space inside.
[0076] In a given resonance frequency, an active current may be modeled to flow in only a portion of the first signal
conducting portion 1011 instead of the entire the first signal conducting portion 1011, only a portion of the second signal
conducting portion 1012 instead of the entire second signal conducting portion 1012, only a portion of the ground
conducting portion 1013 instead of the entire ground conducting portion 1013, and/or only a portion of the conductors
1041 and 1042 instead of the entire conductors 1041 and 1042. For example, when a depth of each of the first signal
conducting portion 1011, the second signal conducting portion 1012, the ground conducting portion 1013, and the
conductors 1041 and 1042 is significantly deeper than a corresponding skin depth in the given resonance frequency, it
may be ineffective. The significantly deeper depth may increase a weight or manufacturing costs of the resonator 1000.
[0077] Accordingly, in the given resonance frequency, the depth of each of the first signal conducting portion 1011,
the second signal conducting portion 1012, the ground conducting portion 1013, and the conductors 1041 and 1042
may be determined based on the corresponding skin depth of each of the first signal conducting portion 1011, the second
signal conducting portion 1012, the ground conducting portion 1013, and the conductors 1041 and 1042. When each of
the first signal conducting portion 1011, the second signal conducting portion 1012, the ground conducting portion 1013,
and the conductors 1041 and 1042 has an appropriate depth deeper than a corresponding skin depth, the resonator
1000 may become light, and manufacturing costs of the resonator 1000 may also decrease.
[0078] For example, as shown in FIG. 10, the depth of the second signal conducting portion 1012 may be determined
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as "d" mm and d may be determined according to  . In this example, f denotes
a frequency, m denotes a magnetic permeability, and σ denotes a conductor constant. For example, when the first signal
conducting portion 1011, the second signal conducting portion 1012, the ground conducting portion 1013, and the
conductors 1041 and 1042 are made of a copper and have a conductivity of 5.8X107 siemens per meter (S • m-1), the

skin depth may be approximately 0.6 mm with respect to 10 kHz of the resonance frequency and the skin depth may
be approximately 0.006 mm with respect to 100 MHz of the resonance frequency.
[0079] FIG. 11 illustrates an example of a resonator for wireless power transmission using a parallel-sheet.
[0080] Referring to FIG. 11, the parallel-sheet may be applicable to each of a first signal conducting portion 1111 and
a second signal conducting portion 1112 included in the resonator 1100.
[0081] Each of the first signal conducting portion 1111 and the second signal conducting portion 1112 may not be a
perfect conductor, and thus, may have a resistance. Due to the resistance, an ohmic loss may occur. The ohmic loss
may decrease a Q-factor and also decrease a coupling effect.
[0082] By applying the parallel-sheet to each of the first signal conducting portion 1111 and the second signal conducting
portion 1112, it is possible to decrease the ohmic loss, and to increase the Q-factor and the coupling effect. Referring
to portion 1170 indicated by a circle, when the parallel-sheet is applied, each of the first signal conducting portion 1111
and the second signal conducting portion 1112 may include a plurality of conductor lines. The plurality of conductor lines
may be disposed in parallel, and may be shorted at an end portion of each of the first signal conducting portion 1111
and the second signal conducting portion 1112.
[0083] As described above, when the parallel-sheet is applied to each of the first signal conducting portion 1111 and
the second signal conducting portion 1112, the plurality of conductor lines may be disposed in parallel. Accordingly, a
sum of resistances having the conductor lines may decrease. Consequently, the resistance loss may decrease, and the
Q-factor and the coupling effect may increase.
[0084] FIG. 12 illustrates an example of a resonator for wireless power transmission that includes a distributed capacitor.
[0085] Referring to FIG. 12, a capacitor 1220 included in resonator 1200 for wireless power transmission may be a
distributed capacitor. A capacitor as a lumped element may have a relatively high equivalent series resistance (ESR).
For example, using the capacitor 1220 as a distributed element, it is possible to decrease the ESR. A loss caused by
the ESR may decrease a Q-factor and a coupling effect.
[0086] As shown in FIG. 12, the capacitor 1220 as the distributed element may have a zigzagged structure. For
example, the capacitor 1220 as the distributed element may be configured as a conductive line and a conductor having
the zigzagged structure.
[0087] As shown in FIG. 12, by employing the capacitor 1220 as the distributed element, it is possible to decrease the
loss occurring due to the ESR. In addition, by disposing a plurality of capacitors as lumped elements, it is possible to
decrease the loss that occurs due to the ESR. Because a resistance of each of the capacitors as the lumped elements
decreases through a parallel connection, active resistances of parallel-connected capacitors as the lumped elements
may also decrease and the loss occurring due to the ESR may decrease. For example, by employing ten capacitors of
1 pF instead of using a single capacitor of 10 pF, it is possible to decrease the loss caused by the ESR.
[0088] FIG. 13 illustrates an example of the matcher 730 that is used in the resonator 700 provided in the 2D view of
FIG. 7, and FIG. 14 illustrates an example of the matcher 830 used in the resonator 800 provided in the 3D view of FIG. 8.
[0089] FIG. 13 illustrates a portion of the 2D resonator including the matcher 730, and FIG. 14 illustrates a portion of
the 3D resonator of FIG. 8 including the matcher 830.
[0090] Referring to FIG. 13, the matcher 730 includes a conductor 731, a conductor 732, and a conductor 733. The
conductors 732 and 733 may be connected to a ground conducting portion 713 and the conductor 731. The impedance
of the 2D resonator may be determined based on a distance h between the conductor 731 and the ground conducting
portion 713. The distance h between the conductor 731 and the ground conducting portion 713 may be controlled by
the controller. For example, the distance h between the conductor 731 and the ground conducting portion 713 may be
adjusted using a variety of schemes. For example, the variety of schemes may include a scheme of adjusting the distance
h by adaptively activating one of the conductors 731, 732, and 733, a scheme of adjusting the physical location of the
conductor 731 up and down, and the like.
[0091] Referring to FIG. 14, the matcher 830 includes a conductor 831, a conductor 832, and a conductor 833. The
conductors 832 and 833 may be connected to a ground conducting portion 813 and the conductor 831. The conductors
832 and 833 may be connected to the ground conducting portion 813 and the conductor 831. The impedance of the 3D
resonator may be determined based on a distance h between the conductor 831 and the ground conducting portion 813.



EP 2 520 004 B1

10

5

10

15

20

25

30

35

40

45

50

55

The distance h between the conductor 831 and the ground conducting portion 813 may be controlled by the controller.
Similar to the matcher 730 included in the 2D structured resonator, for example, the distance h between the conductor
831 and the ground conducting portion 813 may be adjusted using a variety of schemes. For example, the variety of
schemes may include a scheme of adjusting the distance h by adaptively activating one of the conductors 831, 832,
and 833, a scheme of adjusting the physical location of the conductor 831 up and down, and the like.
[0092] Although not illustrated in FIGS. 13A and 13B, the matcher may include an active element. A scheme of adjusting
an impedance of a resonator using the active element may be similar as described above. For example, the impedance
of the resonator may be adjusted by changing a path of current flowing through the matcher using the active element.
[0093] FIG. 15 illustrates an example of an equivalent circuit of the resonator 700 of FIG. 7.
[0094] The resonator 700 may be modeled as the equivalent circuit of FIG. 15. In the equivalent circuit of FIG. 15, CL
denotes a capacitor that is inserted in a form of a lumped element in the middle of the transmission line of FIG. 7.
[0095] In this example, the resonator 700 may have a zeroth resonancecharacteristic. For example, when a propagation
constant is "0", the resonator 700 may be assumed to have ωMZR as a resonance frequency. The resonance frequency
ωMZR may be expressed by Equation 2.

[0096] In Equation 2, MZR denotes a Mm zero resonator.
[0097] Referring to Equation 2, the resonance frequency ωMZR of the resonator 700 may be determined by LR/CL. A
physical size of the resonator 700 and the resonance frequency ωMZR may be independent with respect to each other.
Because the physical sizes are independent with respect to each other, the physical size of the resonator 700 may be
sufficiently reduced.
[0098] As described herein, a wireless power transmission apparatus may reduce an influence on peripheral appara-
tuses using near field focusing.
[0099] The processes, functions, methods, and/or software described above may be recorded, stored, or fixed in one
or more computer-readable storage media that includes program instructions to be implemented by a computer to cause
a processor to execute or perform the program instructions. The media may also include, alone or in combination with
the program instructions, data files, data structures, and the like. Examples of computer-readable storage media include
magnetic media, such as hard disks, floppy disks, and magnetic tape; optical media such as CD ROM disks and DVDs;
magneto-optical media, such as optical disks; and hardware devices that are specially configured to store and perform
program instructions, such as read-only memory (ROM), random access memory (RAM), flash memory, and the like.
Examples of program instructions include machine code, such as produced by a compiler, and files containing higher
level code that may be executed by the computer using an interpreter. The described hardware devices may be configured
to act as one or more software modules in order to perform the operations and methods described above, or vice versa.
In addition, a computer-readable storage medium may be distributed among computer systems connected through a
network and computer-readable codes or program instructions may be stored and executed in a decentralized manner.
[0100] As a non-exhaustive illustration only, the terminal device described herein may refer to mobile devices such
as a cellular phone, a personal digital assistant (PDA), a digital camera, a portable game console, an MP3 player, a
portable/personal multimedia player (PMP), a handheld e-book, a portable lab-top personal computer (PC), a global
positioning system (GPS) navigation, and devices such as a desktop PC, a high definition television (HDTV), an optical
disc player, a setup box, and the like, capable of wireless communication or network communication consistent with that
disclosed herein.
[0101] A computing system or a computer may include a microprocessor that is electrically connected with a bus, a
user interface, and a memory controller. It may further include a flash memory device. The flash memory device may
store N-bit data via the memory controller. The N-bit data is processed or will be processed by the microprocessor and
N may be 1 or an integer greater than 1. Where the computing system or computer is a mobile apparatus, a battery may
be additionally provided to supply operation voltage of the computing system or computer.
[0102] It should be apparent to those of ordinary skill in the art that the computing system or computer may further
include an application chipset, a camera image processor (CIS), a mobile Dynamic Random Access Memory (DRAM),
and the like. The memory controller and the flash memory device may constitute a solid state drive/disk (SSD) that uses
a non-volatile memory to store data.
[0103] A number of examples have been described above. Nevertheless, it should be understood that various modi-
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fications may be made. For example, suitable results may be achieved if the described techniques are performed in a
different order and/or if components in a described system, architecture, device, or circuit are combined in a different
manner and/or replaced or supplemented by other components or their equivalents. Accordingly, other implementations
are within the scope of the following claims.

Claims

1. A wireless power transmission apparatus (210, 610), comprising:

a source unit (111, 211) comprising a source resonator (115, 700, 800, 900, 1000, 1100, 1200) to transmit
wireless power to a target apparatus (220); and
a near field focusing unit (213) to focus a near field of a magnetic field onto the target apparatus (220), wherein
the field focusing unit (213) is arranged in front of the source unit (111, 211) between the source unit and the
target apparatus and wherein the magnetic field is radiated in an omni-direction from the source resonator,

CHARACTERIZED IN THAT the near field focusing unit (213) comprises a meta-superstrate that has a negative
refractive index that enables the incident waves to be redirected towards the target resonator,
or one of a Mu Near Zero (MNZ) superstrate or Epsilon Near Zero (ENZ) superstrate that has a beam forming
characteristic that enables the incident waves to be redirected towards the target resonator.

2. The wireless power transmission apparatus (210, 610) of claim 1, further comprising:
a near field controller (615) that has a High Impedance Surface (HIS) characteristic.

3. The wireless power transmission apparatus (210, 610) of claim 2, wherein the near field controller (615) is designed
such that a magnetic field of the source unit (111, 211) has an in-phase characteristic.

4. The wireless power transmission apparatus (210, 610) of claim 2, wherein the near field controller (615) comprises:

a side focusing unit to control a direction of a side magnetic field of the source unit (111, 211); and
a rear surface focusing unit to control a direction of a rear surface magnetic field of the source unit (111, 211).

5. The wireless power transmission apparatus (210, 610) of any preceding claim, further comprising: a measurement
device to determine at least one of a location and a direction of the target apparatus (220).

6. The wireless power transmission apparatus (210, 610) of any preceding claim, wherein the near field focusing unit
(213) is bent toward the target apparatus (220).

7. The wireless power transmission apparatus (210, 610) of any preceding claim, further comprising: an impedance
matching matcher (730, 830, 930, 1030, 1130).

8. The wireless power transmission apparatus (210, 610) of claim 7, wherein the matcher is arranged within a loop
structure of the resonator, and has a selectively variable physical shape to change an impedance of the resonator.

9. The wireless power transmission apparatus (210, 610) of claim 7, wherein the matcher comprises an active element
to selectively change a path of current and adjust an impedance of the resonator thereby.

10. A source resonator for increasing wireless energy transmission efficiency, the source resonator comprising:

a resonator (115, 700, 800, 900, 1000, 1100, 1200) for wirelessly transmitting a power signal to a target resonator
(121); and
a near field focusing unit (213) that focuses a near field of a magnetic field in a direction of the target resonator
(121) such that incident waves of the power signal that are not traveling in the direction of the target resonator
(121) are redirected towards the target resonator, wherein the field focusing unit (213) is arranged in front of
the source unit (111, 211) between the source unit and the target apparatus and wherein the magnetic field is
radiated in an omni-direction from the source resonator, CHARACTERIZED IN THAT the near field focusing
unit (213) comprises a meta-superstrate that has a negative refractive index that enables the incident waves
to be redirected towards the target resonator, or one of a Mu Near Zero (MNZ) superstrate or Epsilon Near Zero



EP 2 520 004 B1

12

5

10

15

20

25

30

35

40

45

50

55

(ENZ) superstrate that has a beam forming characteristic that enables the incident waves to be redirected
towards the target resonator.

11. The source resonator of claim 10, further comprising a near field controller (615) that is designed such that the
magnetic field of the source unit (111, 211) has an in-phase characteristic.

12. The source resonator of claim 11, wherein the near field controller comprises a side focusing unit to control a direction
of a side magnetic field of the source unit, and a rear surface focusing unit to control a direction of a rear surface
magnetic field of the source unit.

Patentansprüche

1. Drahtlose Leistungsübertragungsvorrichtung (210, 610), die umfasst:

eine Quelleinheit (111, 211), die einen Quellresonator (115, 700, 800, 900, 1000, 1100, 1200) zum Übertragen
von drahtloser Leistung an eine Zielvorrichtung (220) umfasst; und
eine Nahfeldfokussiereinheit (213) zum Fokussieren eines Nahfelds eines Magnetfelds auf die Zielvorrichtung
(220), wobei die Nahfeldfokussiereinheit (213) vor der Quelleinheit (111, 211) zwischen der Quelleinheit und
der Zielvorrichtung ausgerichtet ist, und wobei das Magnetfeld von dem Quellresonator in alle Richtungen
ausgestrahlt wird,
DADURCH GEKENNZEICHNET, DASS die Nahfeldfokussiereinheit (213) umfasst: ein Meta-Superstrat, das
einen negativen Brechungsindex aufweist, der es ermöglicht, die einfallenden Wellen in Richtung des Zielre-
sonators umzuleiten, oder entweder ein Mu-Near-Zero-Superstrat (MNZ-Superstrat) oder ein Epsilon-Near-
Zero-Superstrat (ENZ-Superstrat), das eine Strahlformungseigenschaft aufweist, die es ermöglicht, die einfal-
lenden Wellen in Richtung des Zielresonators umzuleiten.

2. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß Anspruch 1, die weiterhin umfasst:
eine Nahfeldsteuerung (615), die eine Eigenschaft einer Oberfläche mit hoher Impedanz (High Impedance Surface,
HIS) aufweist.

3. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß Anspruch 2, wobei die Nahfeldsteuerung (615)
derart ausgelegt ist, dass ein Magnetfeld der Quelleinheit (111, 211) eine In-Phasen-Eigenschaft aufweist.

4. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß Anspruch 2, wobei die Nahfeldsteuerung (615)
umfasst:

eine Seiten-Fokussiereinheit zum Steuern der Richtung eines Seiten-Magnetfelds der Quelleinheit (111, 211);
und
eine Hinterseiten-Fokussiereinheit zum Steuern der Richtung eines Hinterseiten-Magnetfelds der Quelleinheit
(111, 211).

5. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß einem der vorangegangenen Ansprüche, die wei-
terhin umfasst: eine Messvorrichtung zum Bestimmen einer Position und/oder einer Richtung der Zielvorrichtung
(220).

6. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß einem der vorangegangenen Ansprüche, wobei die
Nahfeldfokussiereinheit (213) in Richtung der Zielvorrichtung (220) gekrümmt ist.

7. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß einem der vorangegangenen Ansprüche, die wei-
terhin umfasst: eine Anpassungseinrichtung (730, 830, 930, 1030, 1130) zur Impedanzanpassung.

8. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß Anspruch 7, wobei die Anpassungseinrichtung in
einer Schleifenstruktur des Resonators ausgerichtet ist und eine selektiv variable physikalische Form aufweist, um
eine Impedanz des Resonators zu ändern.

9. Drahtlose Leistungsübertragungsvorrichtung (210, 610) gemäß Anspruch 7, wobei die Anpassungseinrichtung ein
aktives Element umfasst, um selektiv einen Strompfad zu ändern und dadurch die Impedanz des Resonators ein-
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zustellen.

10. Quellresonator zur Erhöhung der Effizienz einer drahtlosen Leistungsübertragung, wobei der Quellresonator um-
fasst:

einen Resonator (115, 700, 800, 900, 1000, 1100, 1200) zum drahtlosen Übertragen eines Leistungssignals
an einen Zielresonator (121); und
eine Nahfeldfokussiereinheit (213), die ein Nahfeld eines Magnetfelds derart in die Richtung des Zielresonators
(121) fokussiert, dass einfallende Wellen des Leistungssignals, die sich nicht in Richtung des Zielresonators
(121) bewegen, in Richtung des Zielresonators umgeleitet werden, wobei die Nahfeldfokussiereinheit (213) vor
der Quelleinheit (111, 211) zwischen der Quelleinheit und der Zielvorrichtung ausgerichtet ist, und wobei das
Magnetfeld von dem Quellresonator in alle Richtungen ausgestrahlt wird,
DADURCH GEKENNZEICHNET, DASS die Nahfeldfokussiereinheit (213) umfasst: ein Meta-Superstrat, das
einen negativen Brechungsindex aufweist, der es ermöglicht, die einfallenden Wellen in Richtung des Zielre-
sonators umzuleiten, oder entweder ein Mu-Near-Zero-Superstrat (MNZ-Superstrat) oder ein Epsilon-Near-
Zero-Superstrat (ENZ-Superstrat), das eine Strahlformungseigenschaft aufweist, die es ermöglicht, die einfal-
lenden Wellen in Richtung des Zielresonators umzuleiten.

11. Quellresonator gemäß Anspruch 10, der weiterhin umfasst: eine Nahfeldsteuerung (615), die derart ausgelegt ist,
dass ein Magnetfeld der Quelleinheit (111, 211) eine In-Phasen-Eigenschaft aufweist.

12. Quellresonator gemäß Anspruch 11, wobei die Nahfeldsteuerung umfasst: eine Seiten-Fokussiereinheit zum Steu-
ern der Richtung eines Seiten-Magnetfelds der Quelleinheit, und eine Hinterseiten-Fokussiereinheit zum Steuern
der Richtung eines Hinterseiten-Magnetfelds der Quelleinheit.

Revendications

1. Appareil de transmission d’énergie sans fil (210, 610), comprenant :

une unité source (111, 211) comprenant un résonateur source (115, 700, 800, 900, 1000, 1100, 1200) permettant
de transmettre de l’énergie sans fil à un appareil cible (220), et
une unité de focalisation en champ proche (213) destinée à focaliser le champ proche d’un champ magnétique
sur l’appareil cible (220), l’unité de focalisation en champ proche (213) étant agencée devant l’unité source
(111, 211) entre l’unité source et l’appareil cible, et le champ magnétique étant rayonné de manière omnidirec-
tionnelle à partir du résonateur source,
CARACTÉRISÉ EN CE QUE l’unité de focalisation en champ proche (213) comprend un méta-superstrat
présentant un indice de réfraction négatif permettant aux ondes incidentes d’être redirigées vers le résonateur
cible, ou bien comprend un superstrat mu proche de zéro (MNZ, Mu Near Zero) ou un superstrat epsilon proche
de zéro (ENZ, Epsilon Near Zero) présentant une caractéristique de formation de faisceau permettant aux
ondes incidentes d’être redirigées vers le résonateur cible.

2. Appareil de transmission d’énergie sans fil (210, 610) selon la revendication 1, comprenant en outre :
un organe de commande en champ proche (615) présentant une caractéristique de surface de haute impédance
(HIS, High Impédance Surface).

3. Appareil de transmission d’énergie sans fil (210, 610) selon la revendication 2, dans lequel l’organe de commande
en champ proche (615) est conçu de manière qu’un champ magnétique de l’unité source (111, 211) présente une
caractéristique en phase.

4. Appareil de transmission d’énergie sans fil (210, 610) selon la revendication 2, dans lequel l’organe de commande
en champ proche (615) comprend :

une unité de focalisation latérale pour réguler la direction d’un champ magnétique latéral de l’unité source (111,
211), et
une unité de focalisation de surface arrière pour réguler la direction d’un champ magnétique de surface arrière
de l’unité source (111, 211).
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5. Appareil de transmission d’énergie sans fil (210, 610) selon l’une quelconque des revendications précédentes,
comprenant en outre : un dispositif de mesure permettant de déterminer l’emplacement et/ou et la direction de
l’appareil cible (220).

6. Appareil de transmission d’énergie sans fil (210, 610) selon l’une quelconque des revendications précédentes, dans
lequel l’unité de focalisation en champ proche (213) est coudée vers l’appareil cible (220).

7. Appareil de transmission d’énergie sans fil (210, 610) selon l’une quelconque des revendications précédentes,
comprenant en outre : un adaptateur pour adaptation d’impédance (730, 830, 930, 1030, 1130).

8. Appareil de transmission d’énergie sans fil (210, 610) selon la revendication 7, dans lequel l’adaptateur est agencé
dans une structure en boucle du résonateur, et présente une forme physique sélectivement variable permettant de
modifier l’impédance du résonateur.

9. Appareil de transmission d’énergie sans fil (210, 610) selon la revendication 7, dans lequel l’adaptateur comprend
un élément actif permettant de modifier sélectivement la trajectoire du courant et ainsi de régler l’impédance du
résonateur.

10. Résonateur source permettant d’accroître l’efficacité d’une transmission d’énergie sans fil, le résonateur source
comprenant :

un résonateur (115, 700, 800, 900, 1000, 1100, 1200) permettant de transmettre sans fil un signal d’énergie
auprès d’un résonateur cible (121), et
une unité de focalisation en champ proche (213) qui focalise le champ proche d’un champ magnétique en
direction du résonateur cible (121) de manière que les ondes incidentes du signal d’énergie qui ne se déplacent
pas vers le résonateur cible (121) sont redirigées vers le résonateur cible, l’unité de focalisation en champ
proche (213) étant agencée devant l’unité source (111, 211) entre l’unité source et l’appareil cible et le champ
magnétique étant rayonné de manière omnidirectionnelle à partir du résonateur source,
CARACTÉRISÉ EN CE QUE l’unité de focalisation en champ proche (213) comprend un méta-superstrat
présentant un indice de réfraction négatif permettant aux ondes incidentes d’être redirigées vers le résonateur
cible, ou bien comprend un superstrat mu proche de zéro (MNZ, Mu Near Zero) ou un superstrat epsilon proche
de zéro (ENZ, Epsilon Near Zero) présentant une caractéristique de formation de faisceau permettant aux
ondes incidentes d’être redirigées vers le résonateur cible.

11. Résonateur source selon la revendication 10, comprenant en outre un organe de commande en champ proche
(615) conçu de manière que le champ magnétique de l’unité source (111, 211) présente une caractéristique en phase.

12. Résonateur source selon la revendication 11, dans lequel l’organe de commande en champ proche comprend une
unité de focalisation latérale pour réguler la direction d’un champ magnétique latéral de l’unité source, et une unité
de focalisation de surface arrière pour réguler la direction d’un champ magnétique de surface arrière de l’unité source.
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