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Description
Title of Invention: ANTENNA DEVICE AND ELECTRONIC

APPARATUS HAVING THE SAME
Technical Field

[1] The present disclosure relates to an antenna device. More particularly, the present

disclosure relates to an antenna device including an artificial magnetic conductor layer

and an electronic apparatus having the same.

Background Art
[2] Development of wireless communication technology has enabled transmission/

reception and sharing of data between different electronic apparatuses. For example, it

is possible to directly transmit multimedia files, including image files, stored in a

digital camera or a multimedia playback device, to a smartphone or a laptop computer.

Technology for transmitting data between electronic apparatuses is also useful in

medical fields. For example, information regarding patients obtained from a medical

electronic apparatus, such as an electrocardiography (ECG) sensor, which is attached

to a human body, can be transmitted to a personal computer, a mobile communication

terminal, etc. Such wireless transmission/reception is largely based on Wi-Fi

technology, with which a limited number of electronic apparatuses (e.g. laptops,

smartphones, etc.) have been equipped. Recently, more diversified apparatuses (e.g.

game consoles, printers, TVs, etc.) have also been equipped with Wi-Fi technology.

[3] An electronic apparatus that is designed to be portable or an apparatus that is

designed to be attached to a human body needs an antenna device that can exhibit

stable performance with a compact size, in order to reduce discomfort experienced by

the user or patient. An electronic apparatus using a metallic case, such as a small

digital camera, has a pleasing aesthetic appearance, but the material of the case makes

it difficult to secure stable antenna performance. Therefore, part of the metallic case

may be removed to secure stability of wireless transmission/reception. However,

removal of a part of the case compromises the aesthetic appearance provided by the

metallic case. A medical electronic apparatus to be attached to a human body

preferably gives the patient, to whom it is attached, no discomfort, while the antenna

device exhibits stable operating characteristics. A bowtie dipole antenna having a size

of 40mmx25mm, which has been commercialized as an ECG sensor antenna, exhibits

a radiation efficiency of 95% before being attached to a human body, but the radiation

efficiency drops to 5% in an actual environment of use, e.g. when attached to a human

body.

[4] The above-mentioned antenna devices are capable of wireless transmission/reception



in poor operating environments, e.g. when installed inside a metallic case or when

attached to a human body, as long as they are manufactured with a sufficient size.

However, as described above, a compact electronic apparatus or an apparatus that is

supposed to be attached to a human body needs to be compact and light, while securing

stable operating characteristics of the antenna device, in order to make the user less un

comfortable.
[5] Further to the above considerations, the radiator of an antenna device requires a

distance of at least 1/4 of the signal wavelength from the ground surface of an electric

conductor. If the distance between the radiator and the ground surface of the electric

conductor is less than 1/4 of the signal wavelength, a surface current is induced on the

ground surface in the opposite direction of the current flowing through the radiator. In

that case, the signal current of the radiator is offset by the current on the ground

surface, thus preventing the antenna device from functioning. The magnetic conductor

operates as a component having the function of an open circuit with a considerably

high resistance at a specific frequency. This can be realized by periodically arranging a

cell pattern of an intended specific unit on the electric conductor, and a magnetic

conductor made in this manner is referred to as an artificial magnetic conductor

(AMC). A radiator arranged on the AMC may be arranged closer to the ground surface

than the radiator of a conventional antenna device. However, there is a limit to making

an AMC, which requires periodic arrangement of a cell pattern of a specific unit, small

enough to be applied to a compact electronic apparatus and an apparatus to be attached

to human bodies.

[6] Antenna devices using AMCs are disclosed in a paper published by IEEE IOCS in

201 1, entitled "A Wideband High Gain Dipole EBG Reflector Antenna (P. Lau, etc.)",

in a paper published at the Antenna and Propagation Conference in 2009, entitled

"Ultra Thin Dipole Antenna backed by new planar artificial magnetic conductor (M.

Al-Nuaimi etc.)", etc.

[7] Antenna devices disclosed in the above-referenced papers utilize AMCs composed of

a unit cell combination with a 7x7 arrangement or a unit cell combination with a 9x5

arrangement, and their horizontal x vertical size exceeds 50mmx50mm, placing a limit

on mounting them on compact electronic apparatuses or medical electronic apparatuses

which are attached to human bodies.

[8] The above information is presented as background information only to assist with an

understanding of the present disclosure. No determination has been made, and no

assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.

Disclosure of Invention



Technical Problem
[9] Accordingly, there is a need for an improved antenna device that is compact and

light, and an electronic apparatus having the same.

[10] Aspects of the present disclosure are to address at least the above-mentioned

problems and/or disadvantages and to provide at least the advantages described below.

Accordingly, an aspect of the present disclosure is to provide an antenna device that is

compact and light, and an electronic apparatus having the same.

[11] Another aspect of the present disclosure is to provide an antenna device exhibiting

stable performance even in poor operating environments, e.g. when arranged adjacent

to metal or human bodies, and an electronic apparatus having the same.

Solution to Problem
[12] In accordance with an aspect of the present disclosure, an antenna device is provided.

The antenna device includes a conductive radiator pattern formed on one surface of a

dielectric substrate, an artificial magnetic conductor layer including at least one unit

cell formed on the other surface of the dielectric substrate, and a shorting pin

connected to the unit cell. The artificial magnetic conductor layer may be configured to

form an induction current of the same phase with regard to a signal current flowing

through the conductive radiator pattern.

[13] In the above-described antenna device, the unit cell may be composed of a metal

pattern forming a resonance circuit composed of a parallel inductance and a series c a

pacitance.

[14] In accordance with an aspect of the present disclosure, the unit cell is provided. The

unit cell includes a first conductor unit pattern, second conductor unit patterns formed

adjacent to both ends of the first conductor unit pattern, respectively, and gaps formed

between the first conductor unit pattern and respective second conductor unit patterns.

The antenna device may form capacitive coupling between the first and second

conductor unit patterns through the gaps.

[15] In the above-described antenna device, a plurality of the first and second conductor

unit patterns may be arranged alternately to form capacitive coupling.

[16] The shorting pin may be connected to one of the first and second conductor unit

patterns at one end of arrangement of the unit cells.

[17] In addition, the first or second conductor unit patterns may provide a grounding unit

and inductive coupling between the gap and an adjacent different gap.

[18] An electronic apparatus having an antenna device according to various embodiments

of the present disclosure may include a main circuit substrate, and an antenna device

arranged on the main circuit substrate, and the antenna device may include a dielectric

substrate arranged to face the main circuit substrate, a conductive radiator pattern



formed on one surface of the dielectric substrate, an artificial magnetic conductor layer

composed of a metal pattern formed on the other surface of the dielectric substrate, and

a shorting pin connected to the artificial magnetic conductor layer. The shorting pin

may be configured to short the artificial magnetic conductor layer to the main circuit

substrate.

[19] The artificial magnetic conductor layer may be formed on a surface of the dielectric

substrate facing the main circuit substrate.

[20] In an embodiment, the artificial magnetic conductor layer may include at least one

unit cell composed of a first conductor unit pattern and a pair of second conductor unit

patterns, and the first and second conductor unit patterns may form capacitive

coupling.

[21] The shorting pin may be configured to short one of the first and second conductor

unit patterns to ground of the main circuit substrate.

[22] In the above-described antenna device, a plurality of first conductor unit patterns and

a plurality of second conductor unit patterns may be alternately arranged in series.

[23] The shorting pin may be configured to short one of the first and second conductor

unit patterns to the ground at one end of the arrangement of the first and second

conductor unit patterns.

[24] Other aspects, advantages, and salient features of the disclosure will become apparent

to those skilled in the art from the following detailed description, which, taken in con

junction with the annexed drawings, discloses various embodiments of the present

disclosure.

Advantageous Effects of Invention
[25] The antenna device according to various embodiments of the present disclosure

forms an artificial magnetic conductor layer on one surface of a dielectric substrate

using a metal pattern only, and connects a shorting pin to compensate for the in

ductance component, making it possible to configure an artificial magnetic conductor

using only a small number of unit cells. Therefore, stable operating characteristics can

be secured while reducing the size of the artificial magnetic conductor, and thus that of

the antenna device. Furthermore, arrangement of a radiator on the artificial magnetic

conductor makes it possible to secure stable radiation performance of the antenna

device even when arranged inside an electronic apparatus made of a metallic case or

when operating adjacent to a human body.

Brief Description of Drawings
[26] The above and other aspects, features, and advantages of certain embodiments of the

present disclosure will be more apparent from the following description taken in con

junction with the accompanying drawings, in which:



[27] FIG. 1 is a perspective view schematically illustrating an antenna device according to

an embodiment of the present disclosure;
[28] FIG. 2 is a side view illustrating an antenna device according to an embodiment of

the present disclosure;

[29] FIG. 3 is an exploded perspective view illustrating an antenna device according to an

embodiment of the present disclosure;

[30] FIG. 4 illustrates operating characteristics of an antenna device according to an em

bodiment of the present disclosure;

[31] FIG. 5 is a circuit diagram illustrating a configuration of an antenna device according

to the related art;

[32] FIG. 6 is a circuit diagram illustrating a configuration of an antenna device according

to an embodiment of the present disclosure;

[33] FIG. 7 is a perspective view illustrating a medical electronic apparatus equipped with

an antenna device according to an embodiment of the present disclosure;

[34] FIG. 8 is a side view of the antenna device illustrated in FIG. 7 according to an em

bodiment of the present disclosure;

[35] FIG. 9 is a perspective view illustrating an electronic apparatus equipped with an

antenna device according to an embodiment of the present disclosure; and

[36] FIG. 10 is a side view of the antenna device illustrated in FIG. 9 according to an em

bodiment of the present disclosure.

[37] Throughout the drawings, it should be noted that like reference numbers are used to

depict the same or similar elements, features, and structures.

Mode for the Invention
[38] The following description with reference to the accompanying drawings is provided

to assist in a comprehensive understanding of various embodiments of the present

disclosure as defined by the claims and their equivalents. It includes various specific

details to assist in that understanding but these are to be regarded as merely exemplary.

Accordingly, those of ordinary skill in the art will recognize that various changes and

modifications of the various embodiments described herein can be made without

departing from the scope and spirit of the present disclosure. In addition, descriptions

of well-known functions and constructions may be omitted for clarity and conciseness.

[39] The terms and words used in the following description and claims are not limited to

the bibliographical meanings, but, are merely used by the inventor to enable a clear and

consistent understanding of the present disclosure. Accordingly, it should be apparent

to those skilled in the art that the following description of various embodiments of the

present disclosure is provided for illustration purpose only and not for the purpose of

limiting the present disclosure as defined by the appended claims and their equivalents.



[40] It is to be understood that the singular forms "a," "an," and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, reference to

"a component surface" includes reference to one or more of such surfaces.

[41] FIG. 1 is a perspective view schematically illustrating an antenna device according to

an embodiment of the present disclosure. FIG. 2 is a side view illustrating an antenna

device according to an embodiment of the present disclosure.

[42] Referring to FIG. 1 and FIG. 2, an antenna device 100 according to various em

bodiments of the present disclosure may have a conductive radiator pattern 102 formed

on one surface of a dielectric substrate 101 and an artificial magnetic conductor

(AMC) layer 103 formed on the other surface of the dielectric substrate 101. For

example, the conductive radiator pattern 102 and the AMC layer 103 may be formed

on opposite surfaces of the dielectric substrate 101, respectively. In general, an AMC is

structured in such a manner that a ground layer is formed on one surface of a dielectric

substrate, cells of a specific pattern are periodically arranged on the other surface, and

each cell is connected to the ground through a via hole, for example. In contrast, in the

case of a configuration of the antenna device 100 according to various embodiments of

the present disclosure, the AMC layer 103 may be solely composed of a unit cell

having a metal pattern, e.g. a predetermined pattern. When a signal current is applied

to the conductive radiator pattern 102, the AMC layer 103 forms an induction current

of the same phase with regard to the signal current flowing through the conductive

radiator pattern 102, thereby the improving radiation performance of the antenna

device 100.

[43] The antenna device 100 may have a shorting pin 105 connected to the dielectric

substrate 101, e.g. connected to one of the metal patterns constituting the AMC layer

103. Since the AMC layer 103 is solely composed of metal patterns, unlike AMCs of

the related art, it may have an inductance component smaller than that formed by the

ground, via holes, etc., of the AMC structure of the related art. The shorting pin 105

compensates for the inductance component of the AMC layer 103, so that the antenna

device 100 can be compact while including an AMC structure.

[44] According to an embodiment, the shorting pin 105 may be shorted to a different

circuit substrate, e.g. to a main circuit substrate 109 of an electronic apparatus. The

antenna device 100, e.g. the AMC layer 103 may be provided with feeding or

grounding through the shorting pin 105. The shorting pin 105 may include a

connection member, such as a flexible printed circuit board, a metal conductor, or a C-

clip. In other words, the shorting pin 105 may be composed of anything capable of de

livering electric signals. The conductive radiator pattern 102 may be connected to a

feeding circuit or a grounding unit G, which is provided on the main circuit substrate

109, through via holes 119 extending through the dielectric substrate 101, another



shorting pin, etc.

[45] FIG. 3 is an exploded perspective view illustrating an antenna device according to an

embodiment of the present disclosure.

[46] Referring to FIG. 3, the dielectric substrate 101 may have at least one via hole 119

connecting the conductive radiator pattern 102 to the feeding circuit or the grounding

unit G. The via holes 119 may be formed to extend from one surface of the dielectric

substrate 101 to the other surface thereof. The conductive radiator pattern 102 may be

formed on one surface of the dielectric substrate 101 in various patterns, it may be

formed as a printed circuit pattern, or it may be formed by processing a metal thin plate

and attaching it to the dielectric substrate 101. In arranging the conductive radiator

pattern 102 on one surface of the dielectric substrate 101, at least a part of the

conductive radiator pattern 102 may be positioned to correspond to the via holes 119.

[47] The AMC layer 103 may be composed of a metal pattern forming at least one unit

cell, and the unit cell may form a resonance circuit composed of parallel inductance

and series capacitance. For example, a plurality of conductor unit patterns 131, 133

may be arranged in series, while forming capacitive coupling with each other, and

form the unit cell, and thus the AMC layer 103. FIG. 3 illustrates an exemplary con

figuration where the AMC layer 103 includes second conductor unit patterns 133

formed adjacent to both ends of a first conductor unit pattern 131, respectively. The

second conductor unit patterns 133 capacitively couple with the first conductor unit

pattern 131, respectively, and an interdigital structure 135, e.g. meander line gaps 137,

between the first and second conductor unit patterns 131, 133 to obtain a high c a

pacitive component. Between the gaps 137, the first or second conductor unit patterns

131, 133 may provide a grounding unit and inductive coupling.

[48] An embodiment of the present disclosure illustrates a configuration where the AMC

layer 103 has three conductor unit patterns 131, 133 arranged in series adjacent to one

another through the interdigital structure 135. However, the number of conductor unit

patterns 131, 133 may be varied depending on specifications required by the antenna

device 100. For example, a plurality of first conductor unit patterns 131 and a plurality

of second conductor unit patterns 133 may alternately arranged in series so that an in

terdigital structure 135 is provided between adjacent conductor unit patterns 131, 133.

In addition, a specific embodiment of the present disclosure illustrates a configuration

where the interdigital structure 135 constitutes a meander line gap, but the shape of the

interdigital structure may be changed variously.

[49] The shorting pin 105 may include a signal pin 151 for providing a signal and a

grounding pin 155 for providing a connection to ground. In an embodiment, the

antenna device 100 may have a feeding pad 111 and a grounding pad 113, respectively,

so that the shorting pin 105 is stably connected to the dielectric substrate 101. The



feeding pad 111 and the grounding pad 113 may be arranged on the other surface of

the dielectric substrate 101 and positioned to correspond to parts of the via holes 119,

respectively. The feeding pad 111 and the grounding pad 113 may establish electric

coupling with the conductive radiator pattern 102 through the via holes 119. In

addition, the AMC layer 103 may be shorted to the main circuit substrate 109 through

the shorting pin 105. For example, the AMC layer 103 may be connected to the

grounding unit G or feeding circuit of the main circuit substrate 109 through the

shorting pin 105.

[50] The shorting pin 105, e.g. at least one of the signal pin 151 and the grounding pin

153, may be connected to one of the first and second conductor unit patterns 131, 133

at one end of the unit cell, i.e. at one end of the first and second conductor unit patterns

131, 133. As used herein, the expression "the shorting pin 105 is connected to one of

the first and second conductor unit patterns 131, 133" includes not only a configuration

of direct connection through wires or printed circuit patterns, but also a configuration

of positioning a part of the shorting pin 105 to be adjacent to the first and second

conductor unit patterns 131, 133 and establishing electric coupling. The shorting pin

105 shorts one of the first and second conductor unit patterns 131, 133 to the main

circuit substrate 109, thereby compensating for the inductance component of the

antenna device 100 that is compact while having an AMC structure.

[51] FIG. 4 illustrates operating characteristics of an antenna device according to an em

bodiment of the present disclosure. FIG. 5 is a circuit diagram illustrating a con

figuration of an antenna device according to the related art. FIG. 6 is a circuit diagram

illustrating a configuration of an antenna device according to an embodiment of the

present disclosure.

[52] Referring to FIG. 4, operating characteristics of antenna device 10 of the related art

and antenna device 100 according to an embodiment of the present disclosure,

measured in an ideal operating environment, are illustrated. That is, neither device is

affected by metallic cases or human bodies, for example.

[53] Referring to FIG. 5, reference numeral 12 refers to a circuit configuration of a

conductive radiator pattern of an antenna device 10 of the related art, and reference

numeral 13 refers to a circuit configuration of an AMC according to various em

bodiments of the present disclosure.

[54] Referring to FIG. 5 and FIG. 6, the antenna device 100 according to various em

bodiments of the present disclosure is different from the structure of the antenna device

10 of the related art in that a shorting pin 105 is used to compensate for the inductance

component. Such a difference enables the antenna device 100 according to various em

bodiments of the present disclosure to exhibit improved radiation performance while

being smaller than the antenna device 10 of the related art.



[55] An antenna device 10 that employs an AMC structure of the related art, e.g. an AMC

composed of a unit cell combination with a 7x7 arrangement or a unit cell combination

with a 9x5 arrangement, has a horizontal x vertical size of 66mmx66mm or

60mmx40mm. The antenna device according to various embodiments of the present

disclosure has a size of 18mmx6mmxlmm (horizontal x vertical x thickness),

meaning that it can be compactly configured. As used herein, the thickness of the

antenna device refers to the thickness of the dielectric substrate.

[56] In FIG. 4, "Rl" refers to radiation efficiency of an antenna device 10 realized based

on the structure illustrated in FIG. 5 while having a size according to the related art,

and "P" refers to radiation efficiency of an antenna device 100 according to various

embodiments of the present disclosure. In addition, in FIG. 4, "R2" refers to radiation

efficiency of an antenna device which has the structure illustrated in FIG. 5, but the

size of which has been simply reduced.

[57] It is clear from comparison of Rl and R2 in FIG. 4 that an antenna device 10

employing an AMC structure of the related art requires a predetermined size, e.g.

66mmx66mm (horizontal x vertical), in order to obtain sufficient radiation efficiency

in a desired frequency band. The size of such an antenna device 10 may be simply

reduced, but such size reduction substantially distorts the resonance frequency and

critically degrades the radiation efficiency. Therefore, it is inappropriate to install an

antenna device 10 with a structure of the related art in an electronic apparatus that

needs to be compact and light, such as a mobile communication terminal or a medical

electronic apparatus that is supposed to be attached to a human body (e.g. an electro

cardiography (ECG) sensor).

[58] It has been described above that the antenna device 100 according to various em

bodiments of the present disclosure can be made smaller than the antenna device 10 of

the related art. For example, the antenna device according to various embodiments of

the present disclosure can be manufactured to have a size of 18mmx6mmxlmm

(horizontal x vertical x thickness).

[59] It is clear from a comparison of Rl and P in FIG. 4 that the antenna device 100 has

secured stable operating characteristics in the operating frequency band of the antenna

device 10 of the related art, although the radiation efficiency is degraded to some

extent. As illustrated in FIG. 4, the radiation efficiency of the antenna device 100

according to various embodiments of the present disclosure is degraded to some extent

in an ideal operating environment, but it is possible to secure radiation efficiency better

than the antenna device 10 of the related art in an actual operating environment, e.g.

when attached to a human body or when installed inside a metallic case. This will be

described in more detail with reference to FIG. 7 to FIG. 10.

[60] FIG. 7 is a perspective view illustrating a medical electronic apparatus equipped with



an antenna device according to an embodiment of the present disclosure. FIG. 8 is a

side view of the antenna device illustrated in FIG. 7.

[61] Referring to FIGS. 7 and 8, an ECG sensor 20 is illustrated as an example of the

medical electronic apparatus. The ECG sensor 20 is configured by arranging a main

circuit substrate 109 and the antenna device 100 on an inner surface of a cover member

21, and the shorting pin 105 can short the AMC layer 103 to the main circuit substrate

109 through a C-clip 191 installed on the main circuit substrate 109. When the antenna

device 100 is mounted on the ECG sensor 20 as described above, the distance between

the dielectric substrate 101 and the main circuit substrate 109 is approximately 3mm,

and the thickness of the dielectric substrate 101 is approximately 1mm, meaning that

the antenna device 100 can have a height of approximately 4mm from one surface of

the main circuit substrate 109.

[62] Radiation efficiency measured when an ECG sensor 20, which is equipped with an

antenna device 100 according to various embodiments of the present disclosure based

on the above-mentioned structure, is attached to a human body is compared with

radiation efficiency measured when an ECG sensor, which is equipped with an antenna

device 10 of the related art, is attached to a human body, as given in Table 1 below.

[63] Table 1

[Table 1]

[64] It is clear from Table 1 that the radiation efficiency of the antenna device of the

related art, which is mounted on an ECG sensor, drops to 5% when it operates while

being attached to a human body. In contrast, the antenna device 100 according to

various embodiments of the present disclosure maintains radiation efficiency of about

38% even when the ECG sensor 20 is attached to a human body, meaning that the

antenna device 100 according to various embodiments of the present disclosure can

exhibit stable operating characteristics in actual use environments.

[65] FIG. 9 is a perspective view illustrating an electronic apparatus equipped with an

antenna device according to an embodiment of the present disclosure. FIG. 10 is a side

view of the antenna device illustrated in FIG. 9 according to an embodiment of the

present disclosure.

[66] Referring to FIGS. 9 and 10, a digital camera 30 is illustrated as an example of the



electronic apparatus, and the external case of the digital camera 30 may be made of a

metallic material, such as magnesium, aluminum, or an alloy equivalent thereto. It is to

be noted that the top of the digital camera 30 is cut away in FIG. 9, and the dielectric

substrate of the antenna device 100 is not illustrated, but only a conductive radiator

pattern 102 and an AMC layer 103, which are arranged on one surface and the other

surface of the dielectric substrate, respectively, are illustrated. In addition, the antenna

device 100 may include a feeding pad 111 arranged on the same surface as the AMC

layer 103, and a shorting pin 105 may be connected to the AMC layer 103 on the other

surface of the dielectric substrate to short the AMC layer 103 to the main circuit

substrate 109. Meanwhile, as illustrated in FIG. 10, the conductive radiator pattern 102

may be connected to a feeding circuit and a grounding unit G of the main circuit

substrate 19 through a separate feeding line 117 and a grounding line 119, respectively.

The feeding line 117 and the grounding line 119 may be made of flexible printed

circuit boards, respectively. In an embodiment, if the conductive radiator pattern 102 is

made of a metal thin plate, the feeding line 117 and the grounding line 119 may extend

from the conductive radiator pattern 102 as parts of the metal thin plate, respectively.

[67] A more detailed configuration of the antenna device 100, which is mounted on the

digital camera, may be implemented in a more diversified manner through config

urations of the above-mentioned various embodiments.

[68] In connection with installing the antenna device 100 on an electronic apparatus as

described above, e.g. a digital camera 30 including a case made of a metallic material,

the distance between the dielectric substrate 101 and the main circuit substrate 109 is

approximately 3mm, and the thickness of the dielectric substrate 101 is approximately

lmm, meaning that the antenna device 100 can have a height of approximately 4mm

from one surface of the main circuit substrate 109.

[69] Radiation efficiency measured when an antenna device 100 according to various em

bodiments of the present disclosure is mounted on the digital camera 30 according to

the above-mentioned structure is compared with radiation efficiency measured when

an antenna device 10 of the related art is mounted on the same digital camera, as given

in Table 2 below.

[70] Table 2

[Table 2]

Electronic apparatus(digital Antenna device of the Antenna device according

camera) related art to present disclosure

Resonance frequency 2.4GHz 2.4GHz

Radiation efficiency 15-18% 28-35%

Total height 4mm 4mm



[71] It is clear from Table 2 that the radiation efficiency drops to 15-18% when the

antenna device 10 of the related art, which is mounted on an electronic apparatus

including a metallic case, operates. In contrast, the antenna device 100 according to

various embodiments of the present disclosure maintains radiation efficiency of about

28-35% even when mounted on an electronic apparatus including a metallic case,

meaning that it can exhibit stable operating characteristics.

[72] While the present disclosure has been shown and described with reference to various

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 and their

equivalents.
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Claims
An antenna device comprising:

a conductive radiator pattern formed on one surface of a dielectric

substrate;

an artificial magnetic conductor layer comprising at least one unit cell

formed on the other surface of the dielectric substrate; and

a shorting pin connected to the unit cell,

wherein the artificial magnetic conductor layer is configured to form an

induction current of the same phase with regard to a signal current

flowing through the conductive radiator pattern.

The antenna device of claim 1, wherein the unit cell is composed of a

metal pattern forming a resonance circuit composed of a parallel in

ductance and a series capacitance.

The antenna device of claim 1, wherein the unit cell comprises:

a first conductor unit pattern;

second conductor unit patterns formed adjacent to both ends of the first

conductor unit pattern, respectively; and

gaps formed between the first conductor unit pattern and respective

second conductor unit patterns,

wherein capacitive coupling is formed between the first and the second

conductor unit patterns through the gaps.

The antenna device of claim 3, wherein a plurality of the first and the

second conductor unit patterns are arranged alternately to form c a

pacitive coupling.

The antenna device of claim 4, wherein the shorting pin is connected to

one of the first and the second conductor unit patterns at one end of the

unit cells.

The antenna device of claim 5, wherein the shorting pin comprises at

least one of a flexible printed circuit board, a metal conductor, and a C-

clip.

The antenna device of claim 5, wherein the shorting pin comprises at

least one of a signal pin and a grounding pin.

The antenna device of claim 4, wherein at least one of the first and the

second conductor unit patterns provide a grounding unit and inductive

coupling between the gap and an adjacent different gap.

An electronic apparatus comprising:

a main circuit substrate; and
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an antenna device arranged on the main circuit substrate,

wherein the antenna device comprises:

a dielectric substrate arranged to face the main circuit substrate;

a conductive radiator pattern formed on one surface of the dielectric

substrate;

an artificial magnetic conductor layer composed of a metal pattern

formed on the other surface of the dielectric substrate; and

a shorting pin connected to the artificial magnetic conductor layer,

wherein the shorting pin is configured to electrically connect the ar

tificial magnetic conductor layer to the main circuit substrate.

The electronic apparatus of claim 9, wherein the artificial magnetic

conductor layer is formed on a surface of the dielectric substrate facing

the main circuit substrate.

The electronic apparatus of claim 9, wherein the artificial magnetic

conductor layer comprises at least one unit cell composed of a first

conductor unit pattern and a pair of second conductor unit patterns, and

the first and the second conductor unit patterns form capacitive

coupling.

The electronic apparatus of claim 11, wherein the shorting pin is

configured to short one of the first and the second conductor unit

patterns to ground of the main circuit substrate.

The electronic apparatus of claim 11, wherein a plurality of the first

conductor unit patterns and a plurality of the second conductor unit

patterns are alternately arranged in series.

The electronic apparatus of claim 13, wherein the shorting pin is

configured to short one of the first and the second conductor unit

patterns to the ground at one end of the first and the second conductor

unit patterns.

The electronic apparatus of claim 14, wherein the shorting pin

comprises at least one of a flexible printed circuit board, a metal

conductor, and a C-clip.

The electronic apparatus of claim 14, wherein the shorting pin

comprises at least one of a signal pin and a grounding pin.

The electronic apparatus of claim 9, wherein the metal pattern is

configured to form a resonance circuit composed of a parallel in

ductance and a series capacitance.
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