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(57) Abstract: Disclosed is an electronic device including a resonator that generates an induced current by electromagnetic coup -
ling. The resonator includes a first conductor, a plurality of second conductors, a one end of each of the second conductors being
electrically coupled to a first point of the first conductor, and an other end of each of the second conductors being electrically
coupled to a second point of the first conductor, and at least one impedance load connected with the second conductors in series or
in parallel. Thus, the resonator may generate current through the first and second conductors.
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Description

Title of Invention: ELECTRONIC DEVICE WITH RESONATOR
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Technical Field

Various embodiments of the present disclosure relate to an electronic device, and
more particularly, to an electronic device that is provided with a resonator.
Background Art

Due to the development of information communication technology, various types of
electronic devices are utilized in people's daily lives, and the number of electronic
devices owned by an individual user tends to increase. For example, an individual user
may own a mobile communication terminal, a tablet PC, an electronic scheduler, a
portable multimedia reproducer, or the like, and may use a suitable electronic device
for a particular purpose or environment. An electronic device may be supplied with a
wired power supply, and a portable electronic device also includes a battery pack so
that it is possible to use the portable electronic device for a period of time even if the
wired power supply is not connected.

However, since the capacity of the battery pack is limited, periodic charging or re-
placement of the battery pack may be required. Accordingly, each of the electronic
devices may be provided with a charging device or a charging cable suitable for it,
which may be the wired power supply. Accordingly, the individual user may own as
many charging devices or charging cables, which correspond to the electronic devices,
respectively, as electronic devices owned by the individual user. As the number of a
user's electronic devices increases, the user may own an increasing number of ac-
cessories, such as charging devices. This burdens the user in that the user owns a
plurality of accessories. Further, carrying the plurality of accessories is inconvenient.

However, when such electronic devices are charged via a wireless charger, the
plurality of electronic devices may be charged with a single charging device, and thus
lessens the user's burden and inconvenience. In order to enable wireless charging, it
will be necessary to secure a stable power transmission/reception performance between
the wireless charger and the battery being charged. For example, it will be necessary to
sufficiently determine a distance that enables wireless power transmission/reception,
and to secure sufficient power transmission/reception efficiency between a

transmission side and a reception side within a predetermined distance.
Disclosure of Invention
Technical Problem

A wireless power transmission/reception device may transmit/receive power in a

wireless manner using an electromagnetic field coupling between a primary resonator
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of the transmission side and a secondary resonator of the reception side. However,
there is a limit in sufficiently securing the efficiency of the electromagnetic field
coupling between the primary resonator and the secondary resonator. For example,
even though the power transmission/reception in the wireless manner is possible, it has

not yet become common due to its low efficiency.
Thus, various embodiments of the present disclosure provide for stable wireless

power transmission/reception efficiency by using a resonator that is capable of im-
plementing a good electromagnetic field coupling efficiency as a primary resonator on
the transmission side.

In addition, various embodiments of the present disclosure provide electronic devices

with a resonator that may be easily installed.

Solution to Problem

According to various embodiments of the present disclosure, an electronic device
includes a resonator that is configured to generate induced current by electromagnetic
coupling. The resonator includes a first conductor, a plurality of second conductors,
one end of each of the second conductors being electrically coupled to a first point of
the first conductor, and an other end of each of the second conductors being elec-
trically coupled to a second point of the first conductor, and at least one load, which
may comprise reactive component(s), connected with the second conductors in series
or in parallel, where a power feeding unit provides power to the second conductors.
Thus, the resonator may generate a loop type current that flows in the first and second
conductors.

The electronic device described above may be supplied with a charging power as the
resonator generates an induced current by an electromagnetic field generated by a
primary resonator of a transmission side (e.g., a charging cradle).

Advantageous Effects of Invention

The electronic device including the resonator as described above may improve
coupling efficiency through the multi-reactive load so that its miniaturization can be
facilitated. Accordingly, when applied to a medical device configured to be worn on a
user's body (e.g., an electrocardiogram sensor), a wrist watch type electronic device, or
an eyeglass type electronic device, the resonator can contribute to the miniaturization
of the electronic device while enabling wireless charging. Accordingly, a connector for
charging or the like becomes unnecessary and the electronic device may be configured
to efficiently arrange components in an internal space while miniaturizing the

electronic device.
Brief Description of Drawings

The descriptions above and other aspects, features, and advantages of the present
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disclosure will be more apparent from the following detailed description taken in con-

junction with the accompanying drawings, in which:
FIG. 1 is a view illustrating a network environment of an electronic device according

to various embodiments of the present disclosure;

FIG. 2 is a perspective view for describing a resonator of an electronic device
according to various embodiments of the present disclosure;

FIG. 3 is a schematic diagram for describing a resonator of an electronic device
according to various embodiments of the present disclosure;

FIGS. 4 to 7 are views illustrating examples of implementing a resonator of an
electronic device according to various embodiments of the present disclosure;

FIG. 8 is a perspective view for describing another example of a resonator of an
electronic device according to the various embodiments of the present disclosure;

FIG. 9 is a perspective view for describing another example of a resonator of an
electronic device according to various embodiments of the present disclosure;

FIG. 10 is a schematic diagram for describing another example of a resonator of an
electronic device according to various embodiments of the present disclosure;

FIG. 11 is a schematic diagram for describing still another example of a resonator of
an electronic device according to various embodiments of the present disclosure;

FIGS. 12 to 14 are views illustrating examples, in which a resonator of an electronic
device according to various embodiments is implemented in a plane shape;

FIG. 15 is a graph representing quality factors measured for a resonator of an
electronic device according to various embodiments of the present disclosure;

FIG. 16 is a graph representing coupling efficiencies obtained by measuring
transmission/reception resonators of electronic devices according to various em-
bodiments of the present disclosure;

FIG. 17 is a view illustrating an electronic device according to one of various em-
bodiments of the present disclosure in a state of being charged;

FIG. 18 is a sectional view illustrating the electronic device of FIG. 17 according to
one of various embodiments of the present disclosure;

FIG. 19 is a perspective view illustrating an electronic device according to one of
various embodiments of the present disclosure; and

FIG. 20 is a view illustrating a configuration that uses for wireless power reception a
resonator of an electronic device according to various embodiments of the present

disclosure.
Mode for the Invention

The present disclosure may describe various embodiments in detail with reference to

the accompanying drawings. However, it should be understood that the present
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disclosure is not limited to the specific embodiments described, but the present
disclosure includes all modifications, equivalents, and alternatives within the spirit and
the scope of the present disclosure.

Although ordinal terms such as "first" and "second" may be used to describe various
elements, these elements are not limited by the terms. The terms are used merely to
distinguish one element from other elements. For example, a first element could be
termed a second element, and similarly, a second element could be termed a first
element without departing from the scope of the present disclosure. As used herein, the
term "and/or" includes any and all combinations of one or more associated items.

Further, the relative terms "a front" surface, "a rear" surface, "a top" surface, "a
bottom" surface, and the like described with respect to drawings may be replaced by
ordinal numbers such as "a first" surface, "a second" surface, etc. Generally, the
ordinal numbers such as first and second are used to distinguish different parts and not
necessarily importance of a specific part or a specific order.

In the present disclosure, the terms are used to describe specific embodiments, and
are not intended to limit the present disclosure. As used herein, the singular forms are
intended to include the plural forms as well, unless the context clearly indicates
otherwise. In the description, it should be understood that the terms "include” or "have"
indicate existence of a feature, a number, a step, an operation, a structural element,
parts, or a combination thereof, and do not exclude the existence or probability of
addition of one or more other features, numbers, steps, operations, structural elements,
parts, or combinations thereof.

Unless defined differently, all terms used herein, which include technical termi-
nologies or scientific terminologies, have the same meaning as that understood by a
person skilled in the art to which the present disclosure belongs. Terms defined in a
generally used dictionary are to be interpreted to have contextual meanings in the
relevant field of art, and are not to be interpreted to have ideal or excessively formal
meanings unless clearly defined in that way in the present disclosure.

In the present disclosure, an electronic device may be one of a number of different
devices, and the electronic device may be called a terminal, a portable terminal, a
mobile terminal, a communication terminal, a portable communication terminal, a
portable mobile terminal, a display device or the like.

For example, the electronic device may be a smartphone, a portable phone, a game
player, a TV, a display unit, a heads-up display unit for a vehicle, a notebook
computer, a laptop computer, a tablet Personal Computer (PC), a Personal Media
Player (PMP), a Personal Digital Assistants (PDA), and the like. The electronic device
may be implemented as a portable communication terminal that has a wireless commu-

nication function and a pocket sized. Further, the electronic device may be a flexible
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device or a flexible display device.

The electronic device may communicate with an external electronic device, such as a
server or the like, or perform an operation through an interworking with the external
electronic device. For example, the electronic device may transmit an image pho-
tographed by a camera and/or position information detected by a sensor unit to the
server through a network. The network may be a mobile or cellular communication
network, a Local Area Network (LAN), a Wireless Local Area Network (WLAN), a
Wide Area Network (WAN), an Internet, a Small Area Network (SAN) or the like, but
is not limited thereto.

FIG. 1 is a view illustrating a network environment of an electronic device according
to various embodiments of the present disclosure. An electronic device 10 within a
network environment 1, according to various embodiments, will be described with
reference to FIG. 1. The electronic device 10 may include a bus 11, a processor 12, a
memory 13, an input/output interface 15, a display 16, and a communication interface
17. In any embodiment, the electronic device 10 may omit at least some of the above
components or further include other components.

The bus 11 may include, for example, a circuit for communicatively connecting the
processor 12, the memory 13, the input/output interface 15, the display 16, and the
communication interface 17 to each other for transfer of, for example, control
messages and/or data.

The processor 12 may include one or more of, for example, a Central Processing Unit
(CPU), an Application Processor (AP), and a Communication Processor (CP). For
example, the processor 12 may carry out operations or data processing related to
control and/or communication of at least one other element of the electronic device 10.

The memory 13 may include a volatile memory and/or a non-volatile memory. The
memory 13 may store, for example, instructions or data related to at least one other
component of the electronic device 10. According to an embodiment, the memory 13
may store software and/or a program 14. The program 14 may include a kernel 14a,
middleware 14b, an Application Programming Interface (API) 14c, and/or an ap-
plication program(s) (or "application(s)") 14d. At least some of the kernel 14a, the
middleware 14b, and the API 14c may be referred to as an Operating System (OS).

The kernel 14a may control or manage system resources (for example, the bus 11, the
processor 12, or the memory 13) used for executing an operation or function im-
plemented in other programs (for example, the middleware 14b, the API 14c, or the ap-
plication(s) 14d). Further, the kernel 14a may provide an interface through which the
middleware 14b, the API 14c, or the application(s) 14d may access and control or
manage individual elements of the electronic device 10.

The middleware 14b may serve as an intermediator that allows the API 14c or the ap-
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plication(s) 14d to communicate with and exchange data with the kernel 14a. Further,
in relation to requests for operation received from the application(s) 14d, the
middleware 14b may control (e.g., scheduling or load-balancing) the requests by using,
for example, a method of determining sequence for using system resources (e.g., the
bus 11, the processor 12, the memory 13, or the like) of the electronic device 10 with
respect to at least one application among the application(s) 14d.

The API 14c is an interface by which the application(s) 14d control functions
provided from the kernel 14a or the middleware 14b, and may include, for example, at
least one interface or function (for example, instructions) for file control, window
control, image processing, or text control.

The input/output interface 15 may serve as an interface that may transfer instructions
or data, which is input from a user or another external device, to another component(s)
of the electronic device 10. Further, the input/output interface 15 may output in-
structions or data received from another component(s) of the electronic device 10 to a
user or another external device.

The display 16 may include, for example, a Liquid Crystal Display (LCD), a Light
Emitting Diode (LED) display, an Organic Light Emitting Diode (OLED) display, a
Micro Electro Mechanical System (MEMS) display, or an electronic paper display.
The display 16 may display various types of contents (for example, text, images,
videos, icons, or symbols) to users. The display 16 may include a touch screen and
receive, for example, a touch input, a gesture input, a proximity input, or a hovering
input using an electronic pen or a user's body part.

For example, the communication interface 17 may be used for communicating
between the electronic device 10 and an external device (for example, a first external
electronic device 10a, a second external electronic device 10b, or a server 20). The
communication interface 17 may be connected to a network 21 through wireless or
wired communication to communicate with the external device (for example, the
external electronic device 10b or the server 20).

The wireless communication may use at least one of, for example, LTE, LTE-A,
CDMA, WCDMA, UMTS, WiBro, and GSM as a communication protocol. The wired
communication may include at least one of, for example, a Universal Series Bus
(USB), a High Definition Multimedia Interface (HDMI), Recommended Standard 232
(RS-232), and a Plain Old Telephone Service (POTS). The network 21 may include at
least one of communication networks such as, for example, a computer network (for
example, a LAN or a WAN), the Internet, and a telephone network.

Each of the first and second external electronic devices 10a and 10b may be a device
which is the same as or different from the electronic device 10. According to various

embodiments of this disclosure, the server 20 may include a group of one or more
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servers. According to various embodiments of this disclosure, all or some of the op-
erations performed by the electronic device 10 may be performed by another electronic
device or a plurality of electronic devices (for example, the first external electronic
device 10a, the second external electronic device 10b or the server 20). According to
various embodiments of this disclosure, when the electronic device 10 is to perform
some functions or services automatically or by request, the electronic device 10 may
make a request to another device (for example, the first external electronic device 10a,
the second external electronic device 10b or the server 20) to perform at least some of
the functions or services instead of performing the functions or services by itself. The
other electronic device (for example, the first external electronic device 10a, the
second external electronic device 10b or the server 20) may carry out the requested
function(s) and transfer the result(s), obtained by carrying out the function(s), to the
electronic device 10. The electronic device 10 may provide the requested functions or
services based on the received result as it is or after additionally processing the
received result. To achieve this, for example, cloud computing, distributed computing,
or client-server computing technology may be used.

Various embodiments disclosed herein are provided merely to easily describe
technical details of the present disclosure and to help in the understanding of the
present disclosure, and are not intended to limit the scope of the present disclosure.
Therefore, it should be understood that all modifications and changes or modified and
changed forms based on the present disclosure fall within the scope of the present
disclosure.

FIG. 2 is a perspective view for describing a resonator of an electronic device
according to various embodiments of the present disclosure. Referring to FIG. 2, there
is shown a resonator 30 of an electronic device according to various embodiments of
the present disclosure. FIG. 3 is a schematic diagram for describing a resonator of an
electronic device according to various embodiments of the present disclosure.
Referring to FIG. 3, there is shown a schematic diagram for describing the resonator 30
according to various embodiments of the present disclosure.

The resonator 30 of the electronic device may include a first conductor 31, at least
one second conductor 33 of which one end is electrically coupled to a first point of the
first conductor 31 and an other end is electrically coupled to a second point of the first
conductor 31, and a load E is connected between the first conductor 31 and the second
conductor 33 in series or in parallel. The resonator 30 may generate an induced current
by being positioned within an electromagnetic field, may supply a direct current (DC)
by use of a rectifier or the like, and may perform wireless electromagnetic wave or
power transmission/reception by including a power feeding unit F.

Referring to FIGS. 2 and 3, the first conductor 31 may be made of a flat plate of a
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conductive material that acts as a ground for the resonator 30. The second conductor
33 may be made of a flat plate of a conductive material and arranged to face the first
conductor 31. Each end of the second conductor 33 may be bent toward the first
conductor 31 to facilitate electric coupling with the first conductor 31. For example,
the second conductor 33 may be connected with the first conductor 31 directly, or
through capacitive coupling, inductive coupling, resistive coupling, or the like. Ac-
cordingly, the load E may also be referred to as impedance E.

The load E may be connected with the second conductor 33 in series or in parallel so
as to improve the electromagnetic field coupling characteristic of the resonator 30. The
load E may include, for example, a capacitive load or an inductive load. For example,
in forming the electric coupling of the first conductor 31 and the second conductor 33,
the load E may be arranged between the first conductor 31 and the second conductor
33 in series. As will be described in more detail below, the load E may be not only
connected with the second conductor 33 in series or in parallel, but also connected with
the power feeding unit F in series or in parallel.

Through the arrangement structure of the first conductor 31 and the second conductor
33 and the load E as described above, the resonator 30 may generate an induced
current. For example, the resonator, the first conductor 31 and the second conductor
33, and the load E may resonate by peripheral electromagnetism so as to generate an
induced current. The induced current generated by the resonator 30 may be converted
into a DC current through a rectifier or the like, and the converted DC current may be
output at the appropriate voltage through a DC converter (DC-to-DC converter) to be
used for charging an electronic device. A configuration for supplying the charging
power of the electronic device using the power generated through the resonator 30 or
the like will be described in more detail with reference to FIG. 20. When the resonator
30 is positioned within an electromagnetic field (e.g., an electromagnetic field
generated by a primary resonator of the transmission side of a charging cradle or the
like), an induced current CF may be induced on the surfaces of the first conductor 31
and the second conductor 33. Depending on the arrangement of the first conductor 31
and the second conductor 33, the induced current CF may be formed as a loop type
current as illustrated in FIG. 3.

According to various embodiments of the disclosure, the resonator 30 may further
include a power feeding unit F in addition to the first conductor 31 and the second
conductor 33 and the load E described above. The power feeding unit F may be
connected with the second conductor 33 in series, and may be connected with the first
conductor 31 or a separate ground. By including the power feeding unit F, the
resonator 30 may be utilized as a radiator for transmitting a wireless electromagnetic

wave or power. For example, the resonator 30 may further include the power feeding
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unit F or may be connected to the power feeding unit F so as to form an antenna device
or a radiator for transmitting wireless power. By including an impedance matching
circuit, the power feeding unit F may improve electric coupling efficiency when the
resonator 30 is used as a transmission side primary resonator.

FIGS. 4 to 7 are views illustrating examples of implementing a resonator, for
example, the resonator 30, of an electronic device according to various embodiments
of the present disclosure.

Some of the following specific embodiments will exemplify configurations in which
the resonator 30 includes the power feeding unit F. However, the power feeding unit F
does not necessarily have to be included in the resonator 30. For example, the power
feeding unit F may be configured separately from the resonator 30, and may be
replaced by a rectifier or the like. The resonator 30 may transmit or receive a wireless
electromagnetic wave (or power) depending on whether it is connected with the power
feeding unit or the rectifier.

Referring to FIGS. 4 to 7, for the resonator 30, the arrangement of the first conductor
31 and the second conductor 33, the load E, and the power feeding unit F may be
diversely implemented. For example, the load E may be implemented as a capacitive
load C or an inductive load L, and may be connected with the first conductor 31 and
the second conductor 33 in series. In addition, the load E may be connected with the
second conductor 33 or the power feeding unit F in series or in parallel. The first
conductor 31 may provide a ground G in the structure of the resonator 30. According
to various embodiments, the first conductor 31 may be utilized as a conductor that
provides a flow path of an induced current without being limited to providing the
ground G. In the illustrated embodiments, a structure, in which the load E is im-
plemented by one of a capacitive load C and an inductive load L, is exemplified.
However, the load E may be formed by a combination of the capacitive load C and the
inductive load L. The capacitive load C and the inductive load L may be connected
with each other in series or in parallel, and may be connected with the power feeding
unit F in parallel. According to various embodiments, the load E may further include a
resistive load. Accordingly, the load E may also be referred to as impedance E.

Referring to FIGS. 4 and 5, the load E may be the capacitive load C or the inductive
load L, and may be connected in series between the first conductor 31 and the second
conductor 33. The load E may adjust the resonance frequency of the resonator 30 and
may improve an electromagnetic field coupling characteristic by, for example,
adjusting the capacitive load C or the inductive load L.

Referring to FIGS. 6 and 7, the load E may be implemented by a capacitive load C or
an inductive load L connected in parallel with the power feeding unit F. As illustrated

in FIG. 7, when connected with the power feeding unit F in parallel, the load E (e.g.,
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the inductive load L) may be connected between the first conductor 31 and the second
conductor 33. As described above, the first conductor 31 may be utilized as a
conductor that provides a ground or a flow path of an induced current. For example, as
in the embodiment illustrated in FIG. 7, in implementing the resonator 30, the first
conductor 31 may provide the flow path of the induced current.

In the above-described embodiment, it has been exemplarily described that each of
the first conductor 31 and the second conductor 33 has a flat shape. However, the
present disclosure is not limited thereto. For example, the first conductor 31 and the
second conductor 33 may have a wire shape by being composed of a printed circuit
pattern formed on a dielectric substrate. In addition, depending on the position and the
space where the resonator 30 is disposed, the first conductor 31 and the second
conductor 33 may have a non-linear line form. In addition, as will be described below,
the first conductor 31 and the second conductor 33 may be provided in different shapes
so that the resonator 30 may have an asymmetric structure. For example, according to
various embodiments of the present disclosure, the resonator 30 of the electronic
device is not limited to the shapes of the first conductor 31 and the second conductor
33. The first conductor 31 and the second conductor 33, or the combination of the first
conductor 31 and the second conductor 33 and the load E, may generate an induced
current when the resonator 30 is positioned within an electromagnetic field, and the
combination of the first conductor 31 and the second conductor 33 and the power
feeding unit F may form a radiator for transmitting a wireless electromagnetic wave (or
power).

The current flowing on the surfaces of the first conductor 31 and the second
conductor 33 may follow the shortest path that connects the power feeding unit F (or a
rectifier) and the load E with each other. When the resonator 30 includes one or more
(e.g., two) loads, a plurality of power feeding units F (or rectifiers) may be provided. In
some embodiments, a plurality of paths may be provided that extend from one power
feeding unit (or rectifier) to the first conductor 31 and the second conductor 33. Even
in the case where a plurality of power feeding units (or rectifiers) and loads are
provided, current may flow along the shortest path extending between each of the
power feeding units (or rectifiers) and the load. In the case where the resonator 30 is
connected with a rectifier, a surface current may be generated by the resonator 30
when the resonator is positioned in the electromagnetic field formed by the primary
resonator of the transmission unit side, and as the amount of the surface current
generated on the resonator 30 (e.g., on the second conductor 33) increases, the
coupling efficiency between the primary resonator and the resonator 30 may be
improved.

FIG. 8 is a perspective view for describing another example of a resonator of an
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electronic device according to the various embodiments of the present disclosure.

Referring to FIG. 8, as the first conductor 31 and the second conductor 33 have
different shapes, the resonator 30 may be formed with an asymmetric shape. According
to electromagnetic field image theory, an asymmetric resonator may exhibit a per-
formance similar to that of a resonator having a resonator that is larger than its
practical size. For example, an asymmetric resonator may have an electromagnetic
field coupling efficiency that is better than that of a symmetric resonator having the
same size.

FIG. 9 is a perspective view for describing another example of the resonator 30 of an
electronic device according to various embodiments of the present disclosure. FIG. 10
is a schematic diagram for describing another example of the resonator 30 of an
electronic device according to various embodiments of the present disclosure.

According to various embodiments of the disclosure, the resonator 30 may include a
magnetic material (or a dielectric material) disposed between the first and second
conductors or around the first and second conductors. The magnetic material (or di-
electric material) may improve the quality factor of the resonator, and as the quality
factor of the resonator is improved, the electromagnetic field coupling efficiency with
the primary resonator may be improved.

Referring to FIGS. 9 and 10, the resonator 30 of the electronic device of the present
embodiment may further include a magnetic material 35 (e.g., a ferrite member)
disposed between the first conductor 31 and the second conductor 33. As described
above, the magnetic material 35 (or dielectric material) between or around the first
conductor 31 and the second conductor 33, the quality factor of the resonator 30 may
be improved, and a coupling efficiency with another resonator may be improved. This
is because the direction of the electromagnetic field formed by the resonator 30 may be
adjusted by the magnetic material 35. Using such property of the magnetic material,
the distribution of the electromagnetic field formed around the resonator 30 or around
the electronic device equipped with the resonator 30 may be set according to the ar-
rangement of the resonator 30. Similarly to the preceding embodiments, the resonator
30 may include a reactive load, for which various configurations have been discussed
above through the preceding embodiments and thus descriptions thereof will be
omitted in the detailed description of the present embodiment.

FIG. 11 is a schematic diagram for describing still another example of a resonator of
an electronic device according to various embodiments of the present disclosure.

According to various embodiments of the present disclosure, the coupling efficiency
with another resonator for electromagnetic field coupling may be improved by
widening the surface area in which the current flows on the first and/or second

conductors. For example, as illustrated in FIG. 11, by forming a plurality of slits 37 in
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the second conductor 33, a plurality of paths in which the current may flow through the
second conductor 33 may be physically formed such that each path is formed between
every two adjacent slits 37. For example, in a second conductor having a non-slit
structure, the current flows through one path, but in the second conductor 33 having
the structure illustrated in FIG. 11, the current may flow through five paths with a
greater total surface area than through the one path with no slits.

In the structure illustrated in FIG. 11, while one end of the second conductor 33 may
be connected with the first conductor (not illustrated) through a power feeding unit F,
the other end of the second conductor 33 may be connected with the first conductor
through a load E. According to various embodiments of the disclosure, one end of the
second conductor 33 may be directly connected with the first conductor, and the power
feeding unit F (or the rectifier) or the load E may be connected to the other end of the
second conductor 33. While FIG. 11 illustrates a configuration in which the power
feeding unit F and the load E are connected to different locations, the power feeding
unit F of the load E is connected to only one location, a plurality of power feeding
units F may be provided in any one end of the second conductor 33, and a plurality of
loads E may be connected with the second conductor 33 in series or in parallel as in the
preceding embodiments. For example, the number of loads E may correspond to the
number of current flow paths on the second conductor 33. According to various em-
bodiments of the disclosure, each of the power feeding units F and the loads E may be
connected to one point of the second conductor 33 in series. In this case, the power
feeding units F and the loads E may be connected with each other in parallel. In
addition, similarly to the preceding embodiments, the resonator 30 including the
second conductor 33 of the present embodiment may also be formed in an asymmetric
shape, and may include a magnetic material or a dielectric material, and the power
feeding unit F may include an impedance matching circuit. In implementing the
resonator 30 with a multiple load structure as described above, a loop type current may
flow via the first and second conductors.

It can be said that the resonator 30 of the above-described embodiments are based on
a structure in which the first conductor 31 and the second conductor 33 are disposed in
different planes. For example, the resonator 30 may have a structure in which the first
conductor 31 and the second conductor 33 are in different layers of a multi-layered
circuit board, or a structure in which one of the first conductor 31 and the second
conductor 33 is formed of a conductive member on an outer surface of the electronic
device and the other is inside the electronic device. According to various embodiments
of the disclosure, the resonators described above may be implemented in a planar
shape.

FIGS. 12 to 14 are views illustrating examples in which a resonator of an electronic
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device according to various embodiments of the disclosure is implemented in a plane
shape.

Referring to FIGS. 12 to 14, the resonators 30a, 30b, and 30c of the electronic device
according to various embodiments of the present disclosure may be implemented in a
plane. Each of the illustrated resonators 30a, 30b, and 30c includes a first conductor 31
and a plurality of second conductors 33. The second conductors 33 may extend in
parallel to each other in the forms branched from the first conductor 31 at different first
points. The ends of the second conductors 33 may be adjacent to different second
points on the first conductor 31, respectively. For example, each of the resonators 30a,
30b, and 30c may have a multiple loop shape formed by the second conductors 33.
Here, the description, "the second conductors are branched from the first conductors,"
may cover not only the structure in which the second conductors 33 are physically and
directly connected with the first conductor 31, but also a structure in which each of the
opposite ends of the second conductors 33 is positioned adjacent to the first conductor
31 as illustrated in FIG. 14. For example, even if each of the opposite ends of the
second conductors 33 is positioned adjacent to the first conductor 31 rather than being
physically directly connected to the first conductor 31, such a structure may be referred
to as a "branched structure” in an embodiment of the present disclosure.

Power feeding units and loads for each of the resonators 30a, 30b, and 30c may be
between the first conductor 31 and the ends of each second conductors 33 (e.g., at the
points indicated by "P"). As described above, the load may be formed of capacitive
load, inductive load, or a combination of capacitive load and inductive load, and in the
configuration of the load formed of a combination of capacitive load and inductive
load, the capacitive load and the inductive load may be connected with each other in
series or in parallel. According to various embodiments, the load described above may
further include a resistive load and, therefore, the load may be referred to as
impedance.

By arranging the second conductors 33 in a multiple loop shape, each of the
resonators 30a, 30b, and 30c may generate a plurality of loop-shaped current flows and
the current may flow through the second conductors 33. Thus, it is possible to obtain a
large current flowing area on the resonators 30a, 30b, and 30c. The operating charac-
teristics of each of the resonators 30a, 30b, and 30c may depend on the spacing
between the second conductors 33, the resonance frequency, the shape, the length, and
the area of the second conductors 33, spacing between the first conductor 31 and the
second conductor 33, characteristic values of the reactive load (e.g., a capacitance
value or an inductance value), and the magnetic material (or dielectric material)
disposed between or around the first conductor 31 and the second conductor 33.

FIG. 15 is a graph representing quality factors measured for a resonator of an
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electronic device according to various embodiments of the present disclosure.

The measured values of the graph illustrated in FIG. 15 represent the results that
were obtained by measuring the quality factors of the resonators formed with the same
size but with one, three, and five second conductors. As illustrated in FIG. 15, it will
be appreciated that when only one conductor is used, the quality factor indicates 41.27,
and with multiple loads configured with, for example, five second conductors, the
quality factor indicates 54.53, so that the quality factor increases approximately in
proportion to the number of conductors.

FIG. 16 is a graph represents coupling efficiencies obtained by measuring
transmission/reception resonators of an electronic device according to various em-
bodiments of the present disclosure.

In order to compare coupling efficiencies with resonators which are to form an elec-
tromagnetic field coupling, each of the coupling efficiencies of a conventional
resonator and the resonators according to the embodiments of the present disclosure
with respect to a transmission side resonator was measured and indicated on the graph
of FIG. 16. Here, a conventional resonator where a coil is wound nine times on a
ferrite core was compared to various resonator embodiments according to the present
disclosure, where the embodiments did not have a ferrite core. In performing the mea-
surement, the relative positions of the transmission side resonator and the reception
side resonators were set to a position where the coupling efficiency became the
maximum. As will be appreciated, the conventional resonator exhibits a coupling ef-
ficiency of 56.37% with the transmission side resonator, and among the embodiments
of the present disclosure, the resonator using five second conductors exhibits the
coupling efficiency of 57.91%, thereby providing an improvement as compared to the
conventional resonator. In addition, the conventional resonator wound with the coil is
considerably more expensive to manufacture and occupies a larger installation space.
Accordingly, it can be seen that resonators according to various embodiments of the
present disclosure may be simpler in structure, and may provide better coupling ef-
ficiency, even with the same or smaller size.

FIG. 17 is a view illustrating an electronic device according to one of various em-
bodiments of the present disclosure in a state of being charged. FIG. 18 is a sectional
view illustrating the electronic device of FIG. 17 according to one of various em-
bodiments of the present disclosure.

In the following detailed description, as an example, a wearable electronic device
will be described as the electronic device according to various embodiments of the
present disclosure. However, the present disclosure is not necessarily limited to this.
For example, the present disclosure may also be applied to an electronic device to

which an Internet of Things (IOT) technology is applied so that power may be
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transmitted/received between different electronic devices in a wireless manner.

Referring to FIGS. 17 and 18, the electronic device 102 (label shown in FIG. 18)is a
wearable (e.g., wrist-wearable) electronic device which may include wearing parts that
extend out from opposite sides of the main body 121, such as, for example, straps 123.
The straps 123 may fasten to each other by a buckle 125 so as to allow a main body
121 to be worn on a user's body, for example, a wrist. On the front surface of the main
body 121, a display device 127 may be mounted, and a circuit board 131 may be
disposed inside the main body 121. The electronic device 102 may be provided with at
least one of the above-disclosed resonators 30, 30a, 30b, and 30c. In describing the
present embodiment, the resonator provided in the electronic device 102 will be
denoted by reference number "30".

On the electronic device 102, the resonator 30 may be embedded in the front surface
or the rear surface of the main body 121 or in the straps 123. The resonator 30 for
wireless power transmission/reception may be disposed at any one of the positions
indicated by "V" in FIGS. 17 and 18. In addition, when any one of the main body 121
and the straps 123 includes a conductive member M (shown in FIG. 18) such as, for
example, metal for exterior ornamentation or the like, at least a part of the conductive
member M may form a part of the above-described resonator 30 such as, for example,
the first conductor 31 or the second conductor 33.

The electronic device 102 may be supplied with a charging power by being placed on
a wireless power transmission unit such as, for example, a charging cradle 101. The
charging cradle 101 may include, for example, a primary resonator T that generates an
electromagnetic field, and power to the charging cradle 101 may be provided via a
cable 113. FIG. 17 exemplifies an electromagnetic field formed by the primary
resonator T, the electromagnetic field being denoted by reference numeral "HT". When
the electronic device 102 is placed on the charging cradle 101 (for example, when the
electronic device 102 is positioned within the electromagnetic field HT formed by the
charging cradle 101), the resonator 30, a part of the electronic device 102, forms an
electromagnetic field coupling with the resonator T of the charging cradle 101 so as to
generate an induced current so that the battery 129 (FIG. 18) embedded in the
electronic device 102 can be charged. In the present embodiment, the resonator 30
generates the induced current by being positioned within the electromagnetic field
formed by the primary resonator T, and may include or may be connected to a rectifier
rather than the above-described power feeding unit F. A configuration in which the
resonator 30 is connected to the rectifier is described in more detail with reference to
FIG. 20.

The resonator 30 may include a second conductor 33 and a plurality of slits 37

formed on the second conductor 33. As the number of the slits 37 increases, more
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current flowing paths may be formed on the second conductor 33, and as the current
flowing paths increase, the quality factor or the like of the resonator 30 may be
improved. When the quality factor or the like of the resonator 30 is improved, a
coupling efficiency (e.g., an electromagnetic field coupling efficiency between the
resonator 30 and other resonators (e.g., the primary resonator T)) may be improved.
When a part of the main body 121 or a part of the straps 123 is formed as a conductive
member M, a part of the conductive member M may be utilized as the second
conductor 33 or the first conductor 31.

When positioned within the electromagnetic field HT of the primary resonator T, the
resonator 30 may induce current along the extending direction of the slits 37. For
example, the resonator 30 may be excited by the electromagnetic field HT of the
primary resonator T to generate the induced current. When the electronic device 102 is
mounted on the charging cradle 101, the electromagnetic field HT of the primary
resonator T may excite the resonator 30. At this time, when the current flowing path(s)
formed on the resonator 30 is (are) arranged in a direction perpendicular to the electro-
magnetic field HT of the primary resonator, the maximum electromagnetic field
coupling efficiency can be secured between the primary resonator T and the resonator
30. For example, when an electromagnetic field HR, which is formed by the resonator
30, is parallel to the electromagnetic field HT formed by the primary resonator T. Even
if the two electromagnetic fields HT and HR are not parallel to each other, it is
possible to secure a good coupling efficiency between the primary resonator T and the
resonator 30 so that at least some of the vector components of the electromagnetic field
HR formed by the resonator 30 are parallel to the electromagnetic field HT of the
primary resonator T. Accordingly, good wireless power transmission/reception is
enabled between the charging cradle 101 and the electronic device 102. As described
above, the resonator according to various embodiments of the present disclosure may
sufficiently secure the wireless power transmission/reception efficiency by being
properly arranged according to the placement direction of the electronic device or the
direction of the electromagnetic field formed by the primary resonator of the charging
cradle.

The resonator 30 may be disposed at one or more of the points indicated by "V" in
FIGS. 17 and 18, and may also be disposed at any other point on the electronic device
102. The number, positions, or the like of the resonators 30 disposed on the electronic
device 102 may vary in consideration of the wireless power transmission/reception ef-
ficiency, the shape, the placement state, or the like of the electronic device 102.

The charging cradle 101 may have a top surface that is flat so that any type of
electronic device equipped with a resonator capable of receiving wireless power can be

placed thereon. Accordingly, electronic devices of different shapes may be supplied
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with wireless power for charging by the charging cradle 101 when the electronic
devices have the resonator 30. According to various embodiments of the disclosure, the
charging cradle 101 may include a mounting recess 115 formed at a proper position
thereon. Although only one mounting recess 115 is shown, various embodiments of the
disclosure may have a plurality of mounting recesses. An electronic device capable of
receiving wireless power may be laid on the top surface of the charging cradle 101 or
mounted in the mounting recess 115 so as to be supplied with power from the charging
cradle 101 in a wireless manner.

FIG. 19 is a perspective view illustrating an electronic device according to another
one of various embodiments of the present disclosure.

Referring to FIG. 19, the electronic device 202 may be supplied with charging power
through the charging cradle 101 so as to charge the battery embedded therein. For
example, at least one of the resonators 30, 30a, 30b, and 30c of the embodiments
described above may be mounted at one of the points indicated by alphabet "V". In de-
scribing the present embodiment, the resonator provided in the electronic device 202
will be denoted by reference number "30".

The electronic device 202 may be implemented as a display device which is wearable
on a user's body such as head or face. A see-through display unit may be positioned in
a region adjacent to the user's head (e.g., eyes) and a speaker (not illustrated) may be
positioned in a region adjacent to the user's ears so as to provide visual information and
auditory information, respectively. The electronic device 202 may be, for example, an
eyeglass type display device or a helmet type display device. The electronic device 202
may include a monocular type display device 211a including one display unit 211a that
displays contents meant to be viewed by one eye. As an alternative, the electronic
device 202 may include a binocular type display device including two display units
211a with a display unit 211a for each eye. The binocular type display device may be
able to display a three-dimensional image. The illustrated electronic device 202 is a
configuration having a binocular type display device but may selectively operate only
one of the plurality of display units 211a.

The electronic device 202 may include optical lenses 211b, first housings 221 that
partially accommodate the optical lenses 211b, second housings 233 that accommodate
battery packs, and housing connection portions 231 that interconnect the first housings
221 and the second housings 233. For example, the electronic device 202 may be
configured to be in bilateral symmetry. The display unit(s) 211a may project an image,
either directly or indirectly, on the optical lenses 211b. The housing connection
portions 231 may be made of an elastically flexible material, and may allow the
electronic device 202 to be worn on the user's head or face. The electronic device 202

may include a bridge 213 that interconnects the first housings 221. The optical lenses
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211b, the first housings 221, the display units 21 1a, or the like may be utilized as a
main body of the electronic device 202, the housing connection portions 231, the
second housings 233, or the like may be utilized as wearing parts (e.g., temples) that
enable the main body to be worn on the user's body (e.g., head or face) while accom-
modating some electronic components of the electronic device 202. When the
electronic device 202 is worn on the user's face, the wearing parts may be seated on the
user's ears.

The electronic device 202 may include a camera unit 215 and a sensor unit 217. The
camera unit 215 may be positioned in at least one of the first housings 221. For
example, the camera unit 215 may be positioned in one of the first housing 221 or each
of the first housings 221. In addition, the camera unit 215 may be positioned in the
bridge 213.

The sensor unit 217 may be positioned in at least one of the first housings 221. For
example, the sensor unit 217 may be positioned in one of the first housings 221 or each
of the first housings 221. In addition, the sensor unit 217 may be positioned in the
bridge 213.

The first housings 221 of the electronic device 202 may include at least one of a
button 223 and a touch pad 225 as an input device. In addition, although not illustrated,
the electronic device 202 may include a microphone or a speaker for inputting/
outputting a sound.

The resonator 30 may be disposed in at least one of the optical lenses 211b, the first
housings 221, the second housings 233, and the housing connecting portions 231, for
example, at one or more the positions indicated by "V". When batteries are disposed in
the second housings 233, respectively, the resonator for wireless power reception may
be disposed in each of the second housings 233.

The resonator 30 may be composed of first conductor 31 and the second conductor
33 which are disposed to face each other. The second conductor 33 may include slits
37 extending along, for example, an extending direction of the housing connecting
portions 231. In FIG. 19, the slits 37 may be arranged in a direction perpendicular to
the surface where the electronic device 202 is placed. As the number of the slits 37
increases, more current flowing paths may be formed on the second conductors 33, and
as the number of the current flowing paths increases, the quality factor or the like of
the resonator 30 may be improved. When the quality factor or the like of the resonator
30 is improved, a coupling efficiency between the resonator 30 and other resonators
can be improved.

The electronic device 202 may be placed on the above-described charging cradle
101, and when positioned within the electromagnetic field HT of the primary resonator

T, the resonator 30 may induce current along the direction of the extending direction of
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the slits 37. For example, the resonator 30 may form an electromagnetic field HR in a
direction perpendicular to the extending direction of the slits 37 or in a direction where
the slits 37 are arranged. When the electronic device 202 is mounted on the charging
cradle 101, the electromagnetic field HT formed by the primary resonator T and the
electromagnetic field HR formed by the resonator 30 may be formed to be parallel to
each other or to be inclined to each other. For example, the electromagnetic field HR
formed by the resonator 30 may be formed such that at least some of the vector
components thereof are parallel to the electromagnetic field HT formed by the primary
resonator T. Accordingly, a good electromagnetic field coupling may be formed
between the primary resonator T and the resonator 30, and good wireless power
transmission/reception is enabled between the charging cradle 101 and the electronic
device 202. In this way, the resonator according to various embodiments of the present
disclosure can sufficiently secure wireless power transmission/reception efficiency by
being properly disposed along the placement direction of the electronic device 202, or
along the direction of the electromagnetic field formed by the primary resonator of the
charging cradle 101.

The resonator 30 may be disposed at one or more of the places indicated by "V" in
FIG. 19, and may also be positioned at other points on the electronic device 202. The
number, positions, or the like of resonators 30 disposed in the electronic device 202
may be changed in consideration of wireless power transmission/reception efficiency,
the shape, and the mounted state of the electronic device 202, or the like.

When the electronic device 202 is mounted on a wireless power transmission device
in which a resonator forming an electromagnetic field is included, for example, on the
charging cradle 101, the resonator equipped in the electronic device 202 may form an
electromagnetic field coupling with the resonator of the charging cradle 101 so as to
generate an induced current so that charging power can be generated. For example, the
electronic device 202 may be placed on the cradle 101 so that a battery embedded
therein can be charged.

FIG. 20 is a view for disclosing a configuration that uses for wireless power
reception a resonator of the electronic device according to various embodiments of the
present disclosure.

Referring to FIG. 20, the resonator 30 may receive wireless power. When the
resonator 30 is positioned within the electromagnetic field generated by the charging
cradle 101, the resonator 30 may be excited by the electromagnetic field generated by
the primary resonator of the charging cradle 101 to generate an induced current. When
the resonator 30 is excited by the electromagnetic field to generate an induced current
as described above, the power feeding unit F of the above-described embodiments may

be replaced by a rectifier 41 or the like. For example, when the resonator 30 includes
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the power feeding unit F, the resonator 30 may be utilized as a transmission side
resonator, and when the resonator 30 includes the rectifier 41, the resonator 30 may be
utilized as a reception side resonator.

The induced current generated by the resonator 30 by the electromagnetic coupling is
an AC current and may be converted into a DC current through the rectifier 41. The
induced current generated by the resonator 30 may be converted to DC current by the
rectifier 41 to be utilized as power for charging the battery (e.g., the battery 129 in
FIG. 18) of an electronic device as described above (e.g., the above-mentioned
electronic device 102 or 202).

According to various embodiments of the present disclosure, the electronic device
(e.g., the electronic device 102 or 202) may further include a DC converter (DC-to-DC
converter) 43. The DC converter 43 may increase or decrease the DC voltage to a
voltage suitable for charging the battery 129.

As described above, an electronic device according to various embodiments of the
present disclosure includes a resonator that generates induced current by electro-
magnetic coupling. The resonator includes a first conductor, a plurality of second
conductors, one end of each of the second conductors being electrically coupled to a
first point of the first conductor, and the other end of each of the second conductors
being electrically coupled to a second point of the first conductor, and at least one load
connected with the second conductors in series or in parallel, where the load may be an
impedance load. Thus, the resonator may generate a loop type current that flows in the
first and second conductors. The resonator of the electronic device as described above
may generate induced current by electromagnetic field coupling, and when equipped in
a battery-embedded electronic device, the resonator is connected with a rectifier or the
like so that a charging power can be supplied to the battery embedded in the electronic
device.

According to various embodiments of the present disclosure, the one end of each of
the second conductors extends to the first conductor.

According to various embodiments of the present disclosure, the electronic device
may further include a power feeding unit connected in series between the first and
second conductors, and the power feeding unit may feed power to the second
conductors.

According to various embodiments of the present disclosure, the impedance load
may include a capacitive load or an inductive load that is connected in series between
the first and second conductors at the other end of each of the second conductors.

According to various embodiments of the present disclosure, the electronic device
may further include a power feeding unit that is connected in series between the first

and second conductors. The power feeding unit may be connected with the impedance
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load in series or in parallel to feed power to the second conductors.

According to various embodiments of the present disclosure, the first conductor may
be a flat plate that is made of a conductive material and provides a ground, and each of
the second conductors may be a conductive flat plate disposed in parallel with the first
conductor. The opposite ends of each of the second conductors may be bent to be close
to the first conductor.

According to various embodiments of the present disclosure, the electronic device
may further include a power feeding unit connected with the first and second
conductors in series at the one end of each of the second conductors so as to feed
power to the second conductors. The impedance load may be connected with the first
and second conductors in series at the other end of each of the second conductors.

According to various embodiments of the present disclosure, the electronic device
may further include at least one slit extending from the one end to the second end of
each of the second conductors.

According to various embodiments of the present disclosure, the electronic device
may further include a magnetic material or a dielectric material interposed between the
first and second conductors.

According to various embodiments of the present disclosure, the second conductors
may be formed in a multi-loop shape in which the second conductors extend in parallel
to each other from the first conductor in a form of being branched at different first
points, respectively, and the ends of the second conductors are positioned adjacent to
different second points of the first conductor, respectively.

According to various embodiments of the present disclosure, the impedance load
may be disposed between at least one of the ends of the second conductors and the first
conductor.

According to various embodiments of the present disclosure, the electronic device
may further include a power feeding unit disposed between another one of the second
conductors and the first conductor, and the power feeding unit may feed power to the
second conductors.

According to various embodiment of the present disclosure, the second conductors
may form a multi-loop shape in which each of the opposite ends of the second
conductors are positioned adjacent to the first conductor, and the impedance load may
be disposed between at least one of the opposite ends of the second conductors and the
first conductor.

According to various embodiments of the present disclosure, the electronic device
may further include a power feeding unit disposed between another one of the opposite
ends of the second conductors and the first conductor, and the power feeding unit may

feed power to the second conductor.
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According to various embodiments of the present disclosure, the electronic device
may further include a main body, and a wearing part that allows the main body to be
worn on a user's body. The resonator may be equipped in one of the main body and the
wearing part.

According to various embodiments of the present disclosure, the electronic device
may further include a conductive member provided on an outer surface of the main
body or the wearing part, and the conductive member may form one of the first and
second conductors.

According to various embodiments of the present disclosure, the main body may
include a display device mounted on a front surface thereof, and the wearing part may
include a pair of bands extending away from each other from the main body.

According to various embodiments of the present disclosure, the resonator may be
embedded in one side of the display device, a rear surface of the main body, or at least
one of the bands.

According to various embodiments of the present disclosure, the main body may
include at least one lens and is worn to enclose at least a part of a user's face, and the
wearing part may include temples that extend from the main body to be seated on the
user's ears, respectively.

According to various embodiments of the present disclosure, the electronic device
may further include a display unit mounted on the main body, the display unit
projecting an image to be imaged on the lens. The resonator may be embedded in any
one of the display unit and the temples.

While the present disclosure has been shown and described with reference to certain
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and

scope of the present disclosure as defined by the appended claims.
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Claims

An electronic device comprising:

a resonator configured to generate an induced current by electro-
magnetic coupling,

wherein the resonator includes:

a first conductor;

a plurality of second conductors, an one end of each of the second
conductors being electrically coupled to a first point of the first
conductor, and an other end of each of the second conductors elec-
trically coupled to a second point of the first conductor; and

at least one impedance load connected with the second conductors in
series or in parallel, wherein

the resonator generates a loop type current that flows in the first and
second conductors.

The electronic device of claim 1, wherein the one end of each of the
second conductors extends towards the first conductor.

The electronic device of claim 1, further comprising:

a power feeding unit connected in series between the first and second
conductors,

wherein the power feeding unit is configured to supply power to the
second conductors.

The electronic device of claim 1, wherein the impedance load includes
a capacitive load or an inductive load that is connected in series
between the first and second conductors at the other end of each of the
second conductors.

The electronic device of claim 4, further comprising:

a power feeding unit that is connected in series between the first and
second conductors,

wherein the power feeding unit is connected with the impedance load in
series or in parallel to feed power to the second conductors.

The electronic device of claim 1, wherein the first conductor is a flat
plate that is made of a conductive material and provides a ground, and
each of the second conductors is a conductive flat plate disposed in
parallel with the first conductor, the one end and the other end of each
of the second conductors bent to be close to the first conductor.

The electronic device of claim 6, further comprising:

a power feeding unit connected with the first and second conductors in
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series at the one end of each of the second conductors so as to feed
power to the second conductors,

wherein the impedance load is connected with the first and second
conductors in series at the other end of each of the second conductors.
The electronic device of claim 6, further comprising:

at least one slit extending from the one end of each of the second
conductors to the other end of each of the second conductors.

The electronic device of claim 6, further comprising:

a magnetic material or a dielectric material interposed between the first
and second conductors.

The electronic device of claim 1, wherein the second conductors are
formed in a multi-loop shape in which the second conductors extend in
parallel to each other from the first conductor in a form of being
branched at different first points, respectively, and the one end and the
other end of each of the second conductors are positioned adjacent to
different second points of the first conductor, respectively.

The electronic device of claim 10, wherein the impedance load is
disposed between at least one of the one end and the other end of each
of the second conductors, and the first conductor.

The electronic device of claim 11, further comprising:

a power feeding unit disposed between another one of the second
conductors and the first conductor, and

the power feeding unit feeds power to the second conductors.

The electronic device of claim 1, wherein the second conductors form a
multi-loop shape in which the one end and the other end of each of the
second conductors are positioned adjacent to the first conductor, and
the impedance load is disposed between at least one of the opposite
ends of the second conductors and the first conductor.

The electronic device of claim 13, further comprising:

a power feeding unit disposed between another one of the opposite ends
of the second conductors and the first conductor,

wherein the power feeding unit is configured to feed power to the
second conductor.

The electronic device of claim 1, further comprising:

a main body; and

a wearing part that allows the main body to be worn on a user's body,
wherein the resonator is equipped in one of the main body and the

wearing part.
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The electronic device of claim 15, further comprising:

a conductive member provided on an outer surface of the main body or
the wearing part,

wherein the conductive member forms one of the first and second
conductors.

The electronic device of claim 15, wherein the main body includes a
display device mounted on a front surface thereof, and the wearing part
includes a pair of bands extending away from each other from the main
body.

The electronic device of claim 17, wherein the resonator is embedded
in one side of the display device, a rear surface of the main body, or at
least one of the bands.

The electronic device of claim 15, wherein the main body includes at
least one lens and is seated to enclose at least a part of a user's face, and
the wearing part includes temples extending from the main body to be
seated on the user's ears, respectively.

The electronic device of claim 19, further comprising:

a display unit mounted on the main body, the display unit configured to
project an image on the lens,

wherein the resonator is embedded in at least one of the display unit

and the temples.
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