
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2017/082659 Al
18 May 2017 (18.05.2017) P O P C T

(51) International Patent Classification: (KR). MOON, Jesun; #204, 13, Sannam-ro 29beon-gil,
H01Q 1/24 (2006.01) H01Q 1/22 (2006.01) Yeongtong-gu, Suwon-si, Gyeonggi-do 16539 (KR).
H01Q 1/38 (2006.01) H01Q 9/04 (2006.01) HONG, Sungyeul; 269, Hyowon-ro, Paldal-gu, Suwon-si,
H01Q 5/40 (2014.01) H01Q 9/42 (2006.01) Gyeonggi-do 16490 (KR). LEE, Kyung-Jong; #102-1202,
H04M 1/02 (2006.01) 333, Dongtanjiseong-ro, Hwaseong-si, Gyeonggi-do 18395

(KR). BANG, Jinkyu; #305-1 101, 111, Yeongtong-ro,
(21) International Application Number:

Yeongtong-gu, Suwon-si, Gyeonggi-do 16687 (KR). LEE,
PCT/KR2016/012956

Hanbin; #B-403, 2-3, Sinwon-ro 283beon-gil, Yeongtong-
(22) International Filing Date: gu, Suwon-si, Gyeonggi-do 16676 (KR). KO, Kyung-Bae;

11 November 2016 ( 11. 1 1.2016) #1005-1201, 192, Dongtandaerosibeom-gil, Hwaseong-si,
Gyeonggi-do 18476 (KR). KIM, Donghwan; #105-1205,

(25) Filing Language: English 221, lOyongsa-ro, Hwaseong-si, Gyeonggi-do 18417 (KR).

(26) Publication Language: English KIM, Taegyu; #873-904, 68, Dongtansupsok-ro,
Hwaseong-si, Gyeonggi-do 18430 (KR). CHUN, Jae-

(30) Priority Data: Bong; #102-2104, 20, Maebong-ro, Yeongtong-gu, Su
10-2015-0159674 won-si, Gyeonggi-do 16527 (KR).

13 November 2015 (13. 11.2015) KR
10-2016-0043 135 8 April 2016 (08.04.2016) KR (74) Agents: KWON, Hyuk-Rok et al; 2F, 28, Gyeonghui-

gung-gil, Jongro-gu, Seoul 03 175 (KR).
(71) Applicant: SAMSUNG ELECTRONICS CO., LTD.

[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si, (81) Designated States (unless otherwise indicated, for every
Gyeonggi-do 16677 (KR). kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(72) Inventors: KIM, Jaehyung; #209-1903, 67, Dong- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,

baekjukjeon-daero 527beon-gil, Giheung-gu, Yongin-si, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
Gyeonggi-do 16989 (KR). LIM, Jae-Ho; #303-902, 21, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP,
Pyeongchon-daero 2 11beon-gil, Dongan-gu, Anyang-si, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
Gyeonggi-do 14075 (KR). KIM, Hosaeng; #105-1401, 12, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
Sammak-ro, Manan-gu, Anyang-si, Gyeonggi-do 13909

[Continued on nextpage]

(54) Title: ANTENNA DEVICE AND ELECTRONIC DEVICE INCLUDING THE SAME

(57) Abstract: An electronic device is
provided. The electronic device includes a
first housing a second housing, a first display
disposed on the first housing and a second
display disposed on the second housing, a
connecting member configured to couple the
first housing to the second housing such that
the first housing and the second housing are
foldable relative to each other, and the second
surface and the fourth surface face each other
when the first housing and the second housing
are folded toward each other, a first conduct
ive element disposed within the first housing
and between the second surface and the first
display, and an intermediate conductive plate
disposed within the second housing and
between the fourth surface and the second dis
play, the intermediate conductive plate having
an opening that faces the first conductive ele
ment when the first housing and the second
housing are in a folded configuration.

∞ 1413

o

o

o



w o 2017/082659 A i I il II I I 11 I I 11 III III III Hill lllll lllll lllll lllll 111 llll 11llll

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,

TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE,

ZM, ZW. SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH, Published:
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

— with international search report (Art. 21(3))
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,



Description

Title of Invention: ANTENNA DEVICE AND ELECTRONIC

DEVICE INCLUDING THE SAME

Technical Field
[1] The present disclosure relates generally to an electronic device and more particularly,

to an electronic device that includes an antenna device.

Background Art
[2] With the development of electronic communication technologies, electronic devices

having various functions have been widely used. These electronic devices generally

have a convergence function for performing one or more complex functions.

[3] As the functional differences between electronic devices of respective manufacturers

has been reduced, the manufacturers have been making an effort to increase the rigidity

of the electronic devices, which are being gradually slimmed in order to satisfy

consumers' purchasing needs, and to strengthen the design features of the electronic

devices. However, in view of the slimming down of the electronic devices, it becomes

more difficult to ensure an adequate space for an arrangement of one or more antenna

devices that are typically provided in the electronic devices while preventing a

degradation in the radiation efficiency of the antenna devices.

Disclosure of Invention

Solution to Problem
[4] The present disclosure has been made to address at least the above-mentioned

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

[5] According to an aspect of the present disclosure, an exterior of an electronic device

can be formed of a conductive member (e.g., a metal bezel, etc.) and may be used as an

antenna radiator in order to meet the demands for a slim electronic device, e as

opposed to conventional electronic devices that can have an exterior formed of a d i

electric injection-molded material, which is not capable of being used as an antenna

radiator.

[6] For example, when a metal bezel is provided on the outer periphery of an electronic

device and is used as an antenna radiator, specific positions of the metal bezel may be

cut off by filling cut-off portions with non-conductive members made of a dielectric

material to adjust the electrical length from a feeding part to the antenna, thereby

enabling the antenna to operate in a desired frequency band.

[7] Electronic devices of a rotation type (e.g., a foldable type, a slide type, a swivel type,

etc.), each having at least two bodies that are able to rotate relative to each other by

means of a connecting part, have been widely used, as well as general bar-type



electronic devices. According to an aspect of the present disclosure, a rotation-type

electronic device may have at least two bodies that cover each other, and the radiation

efficiency of an antenna device provided in one body may be degraded by a metal

element that is provided in another body to correspond to the antenna device.

[8] An aspect of the present disclosure provides an antenna device and an electronic

device that includes the same.

[9] An aspect of the present disclosure provides an antenna device configured to always

exhibit constant or improved radiation efficiency irrespective of the rotation of a body,

and an electronic device that includes the same.

[10] An aspect of the present disclosure provides an antenna device configured to prevent

a degradation in the performance of the antenna device in advance while employing a

conductive element (e.g., a metal element, etc.), and may provide an electronic device

that includes the same.

[11] In accordance with an aspect of the present disclosure, there is provided an electronic

device. The electronic device includes a first housing a second housing, a first display

disposed on the first housing and a second display disposed on the second housing, a

connecting member configured to couple the first housing to the second housing such

that the first housing and the second housing are foldable relative to each other, and the

second surface and the fourth surface face each other when the first housing and the

second housing are folded toward each other, a first conductive element disposed

within the first housing and between the second surface and the first display, and an in

termediate conductive plate disposed within the second housing and between the fourth

surface and the second display, the intermediate conductive plate having an opening

that faces the first conductive element when the first housing and the second housing

are in a folded configuration.

[12] In accordance with an aspect of the present disclosure, there is provided an electronic

device. The electronic device includes a first body comprising a first housing, a second

body rotatable relative to the first body and comprising a second housing made of

metal, a first antenna radiator disposed on the first housing, and an opening provided

on the second housing such that the opening overlaps the first antenna radiator when

the first body and the second body are in a folded configuration.

[13] In accordance with an aspect of the present disclosure, there is provided an electronic

device. The electronic device includes a first body comprising a first housing, a second

body rotatable relative to the first body and comprising a second housing made of

metal, a first antenna radiator disposed on the first housing, a second antenna radiator

overlapping at least a part of the first antenna radiator in the first body, and an opening

provided on the second housing such that the opening overlaps the first antenna

radiator when the first body and the second body are in a folded configuration.



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

present disclosure will be more apparent from the following detailed description taken

in conjunction with the accompanying drawings, in which:

[15] FIG. 1 is a diagram illustrating a network environment that includes an electronic

device, according to an embodiment of the present disclosure;

[16] FIG. 2 is a block diagram of an electronic device, according to an embodiment of the

present disclosure;

[17] FIGs. 3A and 3B are perspective views of an electronic device, according to an em

bodiment of the present disclosure;

[18] FIG. 4 is an exploded perspective view of an electronic device, according to an em

bodiment of the present disclosure;

[19] FIG. 5A is a schematic view of an electronic device, which illustrates an arrangement

relation between antenna devices and slots, according to an embodiment of the present

disclosure;

[20] FIG. 5B is a schematic view of a configuration of an antenna device and a corre

sponding slot in the electronic device, according to the an embodiment of the present

disclosure;

[21] FIG. 5C is a graph depicting radiation efficiency of the antenna device according to a

presence or absence of a slot, according to an embodiment of the present disclosure;

[22] FIGs. 6A and 6B are diagrams illustrating a configuration of antenna devices that

correspond to various lengths of slots, according to an embodiment of the present

disclosure;

[23] FIGs. 7A and 7B are graphs depicting radiation efficiency and standing wave ratios

relevant to variations in an operating frequency bands of the antenna devices

depending on the variations in the lengths of the slots according to the various em

bodiments of the present disclosure;

[24] FIGs. 8A to 8C are diagrams illustrating a slide type electronic device, according to

an embodiment of the present disclosure;

[25] FIGs. 9A and 9B are diagrams illustrating a foldable electronic device that includes a

flexible display, according to an embodiment of the present disclosure;

[26] FIGs. 10A to IOC are diagrams illustrating a bendable electronic device that includes

a flexible display, according to an embodiment of the present disclosure;

[27] FIGs. 11A and 1IB are diagrams illustrating a foldable electronic device, according

to an embodiment of the present disclosure;

[28] FIGs. 12A and 12B are diagrams illustrating a detachable electronic device,

according to an embodiment of the present disclosure;



[29] FIG. 13A is a perspective view of an electronic device, according to an embodiment

of the present disclosure;
[30] FIGs. 13B to 13D are diagrams illustrating various operating states of the electronic

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

[31] FIG. 14 is an exploded perspective view of an electronic device, according to an em

bodiment of the present disclosure;

[32] FIGs. 15A and 15B are diagrams illustrating an arrangement relation between a first

conductive element and an opening according to an operation of opening/closing an

electronic device, according to an embodiment of the present disclosure;

[33] FIGs. 16A to 16C are graphs depicting antenna radiation efficiency under various

folding conditions of an electronic device, according to an embodiment of the present

disclosure;

[34] FIG. 16D is a graph depicting antenna radiation efficiency depending on the size of

an opening of an electronic device, according to an embodiment of the present

disclosure;

[35] FIG. 17 is a diagram illustrating an arrangement relation between a first conductive

element and a second conductive element, according to an embodiment of the present

disclosure;

[36] FIGs. 18A to 18C are diagrams illustrating arrangement states of second conductive

elements, according to an embodiment of the present disclosure;

[37] FIG. 19 is a graph depicting antenna radiation efficiency by means of a second

conductive element when an electronic device is folded, according to an embodiment

of the present disclosure,;

[38] FIG. 20 is a diagram illustrating an arrangement relation between a first conductive

element, an opening, and a second conductive element of an electronic device,

according to an embodiment of the present disclosure;

[39] FIG. 2 1 is a graph depicting antenna radiation efficiency in the state of FIG. 20,

according to an embodiment of the present disclosure;

[40] FIG. 22 is a perspective view of an electronic device in which three bodies (or

portions) thereof are folded with respect to each other, according to an embodiment of

the present disclosure,;

[41] FIGs. 23A and 23B are diagrams illustrating an electronic device that includes a

protective cover, according to an embodiment of the present disclosure; and

[42] FIGs. 24, 25A, and 25B are diagrams illustrating wearable electronic devices,

according to an embodiment of the present disclosure.

Best Mode for Carrying out the Invention
[43] Embodiments of the present disclosure will be described herein below with reference



to the accompanying drawings. However, the embodiments of the present disclosure

are not limited to the specific embodiments and should be construed as including all

modifications, changes, equivalent devices and methods, and/or alternative em

bodiments of the present disclosure.

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

their dictionary meanings, but are merely used to enable a clear and consistent under

standing of the present disclosure. Accordingly, it should be apparent to those skilled

in the art that the following description of embodiments of the present disclosure is

provided for illustrative purposes only and not for the purpose of limiting the present

disclosure as defined by the appended claims and their equivalents.

[45] Singular terms "a," "an," and "the" include plural references unless the context

clearly dictates otherwise. Thus, for example, reference to "a component surface"

includes reference to one or more of such surfaces.

[46] The embodiments described herein are by way of illustration only and should not be

construed in any way to limit the scope of the disclosure. Those skilled in the art will

understand that the principles of the present disclosure may be implemented in any

suitably arranged electronic device.

[47] As used herein, the term "substantially" means that the recited characteristic,

parameter, or value need not be achieved exactly, but that variations such as tolerances,

measurement errors, measurement accuracy limitations and other factors known to

those of skill in the art, may occur in amounts that do not preclude the effect the char

acteristic was intended to provide.

[48] The terms "have," "may have," "include," and "may include" as used herein indicate

the presence of corresponding features (for example, elements such as numerical

values, functions, operations, or parts), and do not preclude the presence of additional

features.

[49] The terms "A or B," "at least one of A or/and B," or "one or more of A or/and B" as

used herein include all possible combinations of items enumerated with them. For

example, "A or B," "at least one of A and B," or "at least one of A or B" means (1)

including at least one A, (2) including at least one B, or (3) including both at least one

A and at least one B.

[50] The terms such as "first" and "second" as used herein may modify various elements

regardless of an order and/or importance of the corresponding elements, and do not

limit the corresponding elements. These terms may be used for the purpose of distin

guishing one element from another element. For example, a first user device and a

second user device may indicate different user devices regardless of the order or im

portance. For example, a first element may be referred to as a second element without

departing from the scope the presentdisclosure, and similarly, a second element may be



referred to as a first element.

[51] When an element (for example, a first element) is "(operatively or communicatively)

coupled with/to" or "connected to" another element (for example, a second element),

the element may be directly coupled with/to another element, and there may be an in

tervening element (for example, a third element) between the element and another

element. To the contrary, when an element (for example, a first element) is "directly

coupled with/to" or "directly connected to" another element (for example, a second

element), there is no intervening element (for example, a third element) between the

element and another element.

[52] The term "module" as used herein may imply a unit including one of hardware,

software, and firmware, or a combination thereof. The term "module" may be inter

changeably used with terms, such as unit, logic, logical block, component, or circuit. A

module as described herein may be a minimum unit of an integrally constituted

component or may be a part thereof. A module may be a minimum unit for performing

one or more functions or may be a part thereof. A module may be mechanically or

electrically implemented. For example, a module may include at least one of an ap

plication-specific integrated circuit (ASIC) chip, field-programmable gate arrays

(FPGAs), and a programmable-logic device, which are known or will be developed

and which perform certain operations.

[53] All of the terms used herein including technical or scientific terms have the same

meanings as those generally understood by an ordinary skilled person in the related art

unless they are defined otherwise. The terms defined in a generally used dictionary

should be interpreted as having the same or similar meanings as the contextual

meanings of the relevant technology and should not be interpreted as having ideal or

exaggerated meanings unless they are clearly defined herein. According to cir

cumstances, even the terms defined in this disclosure should not be interpreted as

excluding the embodiments of the present disclosure.

[54] Electronic devices according to the embodiments of the present disclosure may

include at least one of, for example, smart phones, tablet personal computers (PCs),

mobile phones, video telephones, electronic book readers, desktop PCs, laptop PCs,

netbook computers, workstations, servers, personal digital assistants (PDAs), portable

multimedia players (PMPs), Motion Picture Experts Group (MPEG-1 or MPEG-2)

Audio Layer 3 (MP3) players, mobile medical devices, cameras, or wearable devices.

According to an embodiment of the present disclosure, the wearable devices may

include at least one of accessory-type wearable devices (e.g., watches, rings, bracelets,

anklets, necklaces, glasses, contact lenses, or head-mounted-devices (HMDs)), fabric

or clothing integral wearable devices (e.g., electronic clothes), body-mounted wearable

devices (e.g., skin pads or tattoos), or implantable wearable devices (e.g., implantable



circuits).

[55] The electronic devices may be smart home appliances. The smart home appliances

may include at least one of, for example, televisions (TVs), digital versatile disk

(DVD) players, audios, refrigerators, air conditioners, cleaners, ovens, microwave

ovens, washing machines, air cleaners, set-top boxes, home automation control panels,

security control panels, TV boxes (e.g., Samsung HomeSync™, Apple TV™, or

Google TV™), game consoles (e.g., Xbox™ and PlayStation™), electronic dic

tionaries, electronic keys, camcorders, or electronic picture frames.

[56] The electronic devices may include various medical devices (e.g., various portable

medical measurement devices (such as blood glucose meters, heart rate monitors,

blood pressure monitors, or thermometers, and the like), magnetic resonance an

giography (MRA) devices, magnetic resonance imaging (MRI) devices, computed to

mography (CT) devices, scanners, ultrasonic devices, and the like), navigation devices,

global positioning system (GPS) receivers, event data recorders (EDRs), flight data

recorders (FDRs), vehicle infotainment devices, electronic equipment for vessels (e.g.,

navigation systems, gyrocompasses, and the like), avionics, security devices, head

units for vehicles, industrial or home robots, automatic teller machines (ATMs), points

of sales (POSs) devices, or Internet of Things (IoT) devices (e.g., light bulbs, various

sensors, electric or gas meters, sprinkler devices, fire alarms, thermostats, street lamps,

toasters, exercise equipment, hot water tanks, heaters, boilers, and the like).

[57] The electronic devices may further include at least one of parts of furniture or

buildings/structures, electronic boards, electronic signature receiving devices,

projectors, or various measuring instruments (such as water meters, electricity meters,

gas meters, wave meters, and the like). The electronic devices may be one or more

combinations of the above-mentioned devices. The electronic devices may be flexible

electronic devices. Also, the electronic devices are not limited to the above-mentioned

devices, and may include new electronic devices according to the development of new

technologies.

[58] The electronic device may be one or more combinations of the aforementioned

various devices. In addition, the electronic device may be a flexible device. Moreover,

the electronic device is not limited to the aforementioned devices.

[59] Hereinafter, the electronic devices according to various embodiments of the present

disclosure will be described with reference to the accompanying drawings. The term

"user" as used herein may refer to a person who uses an electronic device or may refer

to a device (e.g., an artificial intelligence electronic device) which uses an electronic

device.

[60] FIG. 1 is a diagram illustrating a network environment including an electronic

device, according to an embodiment of the present disclosure.



[61] Referring to FIG. 1, a network environment 100 includes an electronic device 101,

which includes a bus 110, a processor 120, a memory 130, an input/output interface

150, a display 160, and a communication interface 170. The electronic device 101 can

omit at least one of the components or further include another component.

[62] The bus 110 includes a circuit for connecting the components and delivering commu

nications such as a control message therebetween.

[63] The processor 120 includes one or more of a central processing units (CPUs), an ap

plication processor (AP), and a communication processor (CP). The processor 120

processes an operation or data on control of and/or communication with another

component of the electronic device 101.

[64] The processor 120, which can be connected to a long term evolution (LTE) network,

determines whether a call is connected over a circuit switched (CS) service network

using caller identification information, such as a caller phone number of the CS service

network, such as a 2nd generation (2G) or 3rd generation (3G) network. For example,

the processor 120 receives incoming call information, such as a CS notification

message or a paging request message of the CS service network over the LTE network,

such as circuit- switched fallback (CSFB). The processor 120 being connected to the

LTE network receives incoming call information, such as a paging request message

over the CS service network, such as single radio LTE (SRLTE).

[65] When receiving an incoming CS notification message or a paging request message of

the CS service network over the LTE network, the processor 120 obtains caller identi

fication information from the incoming call information. The processor 120 displays

the caller identification information on the display 160. The processor 120 determines

whether to connect the call based on input information corresponding to the caller

identification information displayed on the display 160. For example, when detecting

input information corresponding to an incoming call rejection, through the input/output

interface 150, the processor 120 restricts the voice call connection and maintains the

LTE network connection. For example, when detecting input information corre

sponding to an incoming call acceptance, through the input/output interface 150, the

processor 120 connects the voice call by connecting to the CS service network.

[66] When receiving the incoming CS notification message or a paging request message

of the CS service network over the LTE network, the processor 120 obtains caller iden

tification information from the incoming call information. The processor 120 de

termines whether to connect the call by comparing the caller identification information

with a reception control list. For example, when the caller identification information is

included in a first reception control list, such as a blacklist, the processor 120 restricts

the voice call connection and maintains the connection to the LTE network. When the

caller identification information is not included in the blacklist, the processor 120



connects the voice call by connecting to the CS service network. When the caller iden

tification information is included in a second reception control list, such as a white list,

the processor 120 connects the voice call by connecting to the CS service network.

[67] When receiving the incoming call information, such as a paging request message of

the CS service network over the LTE network, the processor 120 sends an incoming

call response message, such as a paging response message, to the CS service network.

The processor 120 suspends the LTE service and receives the caller identification in

formation, such as a circuit-switched call (CC) setup message, from the CS service

network. The processor 120 determines whether to connect the call by comparing the

caller identification information with the reception control list. For example, when the

caller identification information is included in the blacklist, the processor 120 restricts

the voice call connection and resumes the LTE network connection. When the caller

identification information is not included in the he blacklist, the processor 120

connects the voice call by connecting to the CS service network. For example, when

the caller identification information is included in the white list, the processor 120

connects the voice call by connecting to the CS service network.

[68] The memory 130 can include volatile and/or nonvolatile memory. The memory 130

stores commands or data, such as the reception control list relating to at least another

component of the electronic device 101. The memory 130 may store software and/or a

program 140. The program 140 includes a kernel 141, middleware 143, an application

programming interface (API) 145, and/or application programs(or applications) 147.

At least some of the kernel 141, the middleware 143, and the API 145 may be referred

to as an operating system (OS).

[69] The kernel 141 controls or manages system resources, such as the bus 110, the

processor 120, or the memory 130 used for performing an operation or function im

plemented by the other programs, such as the middleware 143, the API 145, or the ap

plications 147. Furthermore, the kernel 141 provides an interface through which the

middleware 143, the API 145, or the applications 147 connects the individual elements

of the electronic device lOlto control or manage the system resources.

[70] The middleware 143 functions as an intermediary for allowing the API 145 or the ap

plications 147 to communicate with the kernel 141 to exchange data.

[71] In addition, the middleware 143 processes one or more task requests received from

the applications 147 according to priorities thereof. For example, the middleware 143

assigns priorities for using the system resources of the electronic device 101, to at least

one of the applications 147. For example, the middleware 143 may perform scheduling

or load balancing on the one or more task requests by processing the one or more task

requests according to the priorities assigned thereto.

[72] The API 145 is an interface through which the applications 147 control functions



provided from the kernel 141 or the middleware 143, and may include at least one

interface or function, such as an instruction for file control, window control, image

processing, or text control.

[73] The input/output interface 150 functions as an interface that transfers instructions or

data input from a user or another external device to the other element(s) of the

electronic device 101. Furthermore, the input/output interface 150 outputs the in

structions or data received from the other element(s) of the electronic device lOlto the

user or an external electronic device.

[74] The display 160 may include a liquid crystal display (LCD), a light emitting diode

(LED) display, an organic LED (OLED) display, a micro electro mechanical system

(MEMS) display, an electronic paper display, etc. The display 160 displays various

types of content, such as text, images, videos, icons, or symbols for the user. The

display 160 may include a touch screen and receive, for example, a touch, a gesture,

proximity, a hovering input, etc., using an electronic pen or a user's body part (e.g., a

finger). The display 160 may display a web page.

[75] The communication interface 170 can establish a communication between the

electronic device 101 and an external electronic device, such as a first external

electronic device 102, a second external electronic device 104, or a server 106. For

example, the communication interface 170 can communicate with the first external

electronic device 102, the second external electronic device 104, or the server 106 in

connection to the network 162 through wireless communication or wired commu

nication or via a short-range communication 164. For example, the wireless commu

nication can conform to a cellular communication protocol including at least one of

LTE, LTE-advanced (LTE-A), code division multiple access (CDMA), wideband

CDMA (WCDMA), universal mobile telecommunication system (UMTS), wireless

broadband (WiBro), and global system for mobile communications (GSM).

[76] The wired communication can include at least one of a universal serial bus (USB), a

high definition multimedia interface (HDMI), a recommended standard 232 (RS-232),

and a plain old telephone service (POTS).

[77] The network 162 can include a telecommunications network, for example, a

computer network such as local area network (LAN) or wide area network (WAN), the

Internet, and a telephone network.

[78] The electronic device 101 provides the LTE service in the single radio environment

by use of at least one module functionally or physically separated from the processor

120.

[79] Each of the first and second external electronic devices 102 and 104 may be a type of

device that is the same as or different from the electronic device 101. The server 106

may include a group of one or more servers. All or some of the operations to be



executed by the electronic device 101 may be executed by the electronic devices 102

and 104 or the server 106. When the electronic device 101 may perform a certain

function or service automatically or by request, the electronic device 101 may request

some functions that are associated therewith from another electronic device instead of

or in addition to executing the function or service by itself. The electronic devices 102

and 104 or the server 106 may execute the requested functions or additional functions,

and may transmit the results to the electronic device 101. The electronic device 101

may provide the requested functions or services by processing the received results. For

example, a cloud computing technique, a distributed computing technique, or a client-

server computing technique may be used.

[80] FIG. 2 is a diagram of a configuration of an electronic device, according to an em

bodiment of the present disclosure.

[81] Referring to FIG. 2, the electronic device 201 includes at least one processor (AP)

210, a communication module 220, a subscriber identification module (SIM) card 224,

a memory 230, a sensor module 240, an input device 250, a display 260, an interface

270, an audio module 280, a camera module 291, a power management module 295, a

battery 296, an indicator 297, and a motor 298.

[82] The AP 210 controls a plurality of hardware or software elements connected to the

AP 210 by driving an OS or an application program. The AP 210 processes a variety of

data, including multimedia data, performs arithmetic operations, may be implemented

with a system on chip (SoC) and may further include a graphical processing unit

(GPU).

[83] The communication module 220 performs data transmission/reception in commu

nication between the external electronic devices 102, 104 or the server 106 which may

be connected with the electronic device 201 through the network 162. The commu

nication module 220 includes a cellular module 221, a wireless-fidelity (Wi-Fi) module

223, a Bluetooth® (BT) module 225, a global navigation satellite system (GNSS) or

GPS module 227, a near field communication (NFC) module 228, and a radio

frequency (RF) module 229.

[84] The cellular module 221 provides a voice call, a video call, a text service, or an

Internet service, such as through a communication network including LTE, LTE-A,

CDMA, WCDMA, UMTS, WiBro, and GSM, for example. In addition, the cellular

module 221 identifies and authenticates the electronic device 201 within the commu

nication network by using the SIM card 224. The cellular module 221 may perform at

least some of the functions that can be provided by the AP 210. For example, the

cellular module 221 may perform multimedia control functions.

[85] The cellular module 221 includes a CP. Further, the cellular module 221 may be im

plemented, for example, with an SoC. Although elements, such as the cellular module



221, the memory 230, and the power management module 295 are illustrated as

separate elements with respect to the AP 210 in FIG. 2, the AP 210 may also be im

plemented such that at least one part, such as the cellular module 221 of the afore

mentioned elements is included in the AP 210.

[86] The AP 210 or the cellular module 221 loads an instruction or data, which is received

from each non-volatile memory connected thereto or at least one of different elements,

to a volatile memory and processes the instruction or data. In addition, the AP 210 or

the cellular module 221 stores data, which is received from at least one of different

elements or generated by at least one of different elements, into the non- volatile

memory.

[87] Each of the Wi-Fi module 223, the BT module 225, the GNSS module 227, and the

NFC module 228 includes a processor for processing data transmitted/received through

a corresponding module. Although the cellular module 221, the Wi-Fi module 223, the

BT module 225, the GNSS module 227, and the NFC module 228 are illustrated in

FIG. 2 as separate blocks, at least two of the cellular module 221, the Wi-Fi module

223, the BT module 225, the GNSS module 227, and the NFC module 228 may be

included in one integrated chip (IC) or IC package. For example, at least some of

processors corresponding to the cellular module 221, the Wi-Fi module 223, the BT

module 225, the GNSS module 227, and the NFC module 228, such as a commu

nication processor corresponding to the cellular module 221 and a Wi-Fi processor cor

responding to the Wi-Fi module 223, may be implemented with an SoC.

[88] The RF module 229 transmits/receives data, such as an RF signal, and may include a

transceiver, a power amp module (PAM), a frequency filter, or a low noise amplifier

(LNA), for example. In addition, the RF module 229 may further include a component

for transmitting/receiving a radio wave on a free space in wireless communication, for

example, a conductor, or a conducting wire. The cellular module 221, the Wi-Fi

module 223, the BT module 225, the GNSS module 227, and the NFC module 228

may share one RF module 229, and at least one of these modules may transmit/receive

an RF signal via a separate RF module.

[89] The SIM card 224 may be inserted into a slot formed at a specific location of the

electronic device 201. The SIM card 224 includes unique identification information,

such as an integrated circuit card identifier (ICCID) or subscriber information, such as

an international mobile subscriber identity (IMSI).

[90] The memory 230 includes an internal memory 232 or an external memory 234.

[91] The internal memory 232 may include at least one of a volatile memory, such as a

dynamic random access memory (DRAM), a static RAM (SRAM), or a synchronous

dynamic RAM (SDRAM) or a non- volatile memory, such as a one- time pro

grammable read only memory (OTPROM), a programmable ROM (PROM), an



erasable and programmable ROM (EPROM), an electrically erasable and pro

grammable ROM (EEPROM), a mask ROM, a flash ROM, a not and (NAND) flash

memory, and a not or (NOR) flash memory. The internal memory 232 may be a solid

state drive (SSD).

[92] The external memory 234 may include a flash drive, a compact flash (CF), secure

digital (SD), micro-SD, mini-SD, extreme digital (xD), and a memory stick, and may

be operatively coupled to the electronic device 201 via various interfaces.

[93] The electronic device 201 may further include a storage unit (or a storage medium),

such as a hard drive.

[94] The sensor module 240 measures a physical quantity or detects an operation state of

the electronic device 201, and converts the measured or detected information into an

electric signal. The sensor module 240 includes, for example, at least one of a gesture

sensor 240A, a gyro sensor 240B, a barometric pressure sensor or air sensor 240C, a

magnetic sensor 240D, an acceleration sensor 240E, a grip sensor 240F, a proximity

sensor 240G, a color sensor 240H, such as a red, green, blue (RGB) sensor, a biometric

sensor 2401, a temperature/humidity sensor 240J, an illumination/illuminance sensor

240K and an ultraviolet (UV) sensor 240M.

[95] Additionally or alternatively, the sensor module 240 may include, for example, an E-

node sensor, an electromyography (EMG) sensor, an electroencephalogram (EEG)

sensor, an electrocardiogram (ECG) sensor, and a fingerprint sensor.

[96] The sensor module 240 may further include a control circuit for controlling at least

one or more sensors included therein.

[97] The input device 250 includes a touch panel 252, a (digital) pen sensor 254, a key

256, or an ultrasonic input unit 258.

[98] The touch panel 252 recognizes a touch input by using at least one of an electrostatic

type configuration, a pressure- sensitive type configuration, and an ultrasonic type con

figuration. The touch panel 252 may further include a control circuit. In the instance

where the touch panel is of the electrostatic type, both physical contact recognition and

proximity recognition are possible. The touch penal 252 may further include a tactile

layer, which provides the user with a tactile reaction.

[99] The (digital) pen sensor 254 may include a recognition sheet which can be a part of

the touch panel or can be separated from the touch panel. The key 256 may include a

physical button, an optical key, or a keypad. The ultrasonic input device 258 may

detect ultrasonic waves generated by an input tool through a microphone 288, and may

confirm data corresponding to the detected ultrasonic waves.

[100] The (digital) pen sensor 254 may be implemented using the same or similar method

of receiving a touch input of a user or using an additional sheet for recognition.

[101] The key 256 may be a physical button, an optical key, a keypad, or a touch key.



[102] The ultrasonic input unit 258 detects a reflected sound wave through a microphone

288 and is capable of radio recognition. For example, an ultrasonic signal, which may

be generated by using a pen, may be reflected off an object and detected by the m i

crophone 288.

[103] The electronic device 201 may use the communication module 220 to receive a user

input from an external device, such as a computer or a server connected thereto.

[104] The display 260 includes a panel 262, a hologram 264, or a projector 266.

[105] The panel 262 may be an LCD or an AM-OLED, for example. The panel 262 may be

implemented in a flexible, transparent, or wearable manner, and may be constructed as

one module with the touch panel 252.

[106] The hologram device 264 uses an interference of light and displays a stereoscopic

image in the air.

[107] The projector 266 displays an image by projecting a light beam onto a screen. The

screen may be located inside or outside the electronic device 201.

[108] The display 260 may further include a control circuit for controlling the panel 262,

the hologram device 264, or the projector 266.

[109] The interface 270 may include an HDMI 272, a USB 274, an optical communication

interface 276, or a d-subminiature (D-sub) 278. The interface 270 may be included, for

example, in the communication interface 160 of FIG. 1, and may include a mobile

high-definition link (MHL), SD/multi-media card (MMC) or infrared data association

(IrDA).

[110] The audio module 280 bilaterally converts a sound and an electric signal. At least

some elements of the audio module 280 may be included in the input/output interface

150 of FIG. 1. The audio module 280 converts sound information which is input or

output through a speaker 282, a receiver 284, an earphone 286, or the microphone 288.

[Ill] The speaker 282 may output a signal of an audible frequency band and a signal of an

ultrasonic frequency band. Reflected waves of an ultrasonic signal emitted from the

speaker 282 and a signal of an external audible frequency band may be received.

[112] The camera module 291 is a device for image and video capturing, and may include

one or more image sensors, such as a front sensor or a rear sensor, a lens, an image

signal processor (ISP), or a flash, such as an LED or a xenon lamp. In certain

instances, it may prove advantageous to include two or more camera modules.

[113] The power management module 295 manages power of the electronic device 201.

The power management module 295 may include a power management integrated

circuit (PMIC), a charger IC, or a battery gauge.

[114] The PMIC may be placed inside an IC or an SoC semiconductor and may use a wired

charging and/or a wireless charging method. The charger IC can charge a battery and

can prevent an over-voltage or over-current flow.



[115] The wireless charging may be classified, for example, into a magnetic resonance

type, a magnetic induction type, and an electromagnetic type. An additional circuit for

the wireless charging, such as a coil loop, a resonant circuit, or a rectifier may be

added.

[116] The battery gauge may measure a residual quantity of the battery 296 and a voltage,

current, and temperature during charging. The battery 296 stores or generates

electricity and supplies power to the electronic device 201 by using the stored or

generated electricity. The battery 296 may include a rechargeable battery or a solar

battery.

[117] The indicator 297 indicates a specific state, such as a booting state, a message, or a

charging state of the electronic device 201 or a part thereof, such as the AP 210.

[118] The motor 298 converts an electric signal into a mechanical vibration.

[119] The electronic device 201 includes a processing unit, such as a GPU, for supporting

mobile TV which processes media data according to a protocol of, for example, digital

multimedia broadcasting (DMB), digital video broadcasting (DVB), or media flow.

[120] Each of the aforementioned elements of the electronic device 201 may consist of one

or more components, and names thereof may vary depending on a type of the

electronic device 201. The electronic device 201 may include at least one of the afore

mentioned elements. Some of the elements may be omitted, or additional other

elements may be further included. In addition, some of the elements of the electronic

device 201 may be combined and constructed as one entity, so as to equally perform

functions of corresponding elements before combination.

[121] At least some parts of the electronic device 201, such as modules or functions

thereof, or operations, may be implemented with an instruction stored in a non-

transitory computer-readable storage media for example. The instruction may be

executed by the processor 210, to perform a function corresponding to the instruction.

The non-transitory computer-readable storage media may be the memory 230. At least

some parts of the programming module may be executed by the processor 210. At least

some parts of the programming module may include modules, programs, routines, and

a set of instructions for performing one or more functions.

[122] In accordance with the present disclosure, an antenna device may be applied to

various rotation-type electronic devices, each of which can include a first body and a

second body that is rotatable relative to the first body, but the antenna device is not

limited thereto. For example, the antenna device may also be applied to an electronic

device having a single body in which an antenna device and a conductive element

(e.g., a metal element, a metal ornament, etc.) overlap each other.

[123] FIGs. 3A and 3B are perspective views of an electronic device 300, according to an

embodiment of the present disclosure.



[124] Referring to FIGs. 3A and 3B, the electronic device 300 includes a first body 310

and a second body 330 that are rotatable relative each other about a connecting device

350 (e.g., a hinge device). The second body 330 may be folded with respect to the first

body 310 by the connecting device 350 with an axis Al as a rotational axis, in which

case the first body 310 and the second body 330 may cover each other when they are in

a folded configuration. The first body 310 includes a key input unit 3 11 on the front

surface thereof, and the key input unit 311 may include a plurality of key buttons 3111

(e.g., key buttons for inputting numbers, characters, and/or symbols) and a navigation

key button 3 112. The first body 310 includes a microphone device 312 disposed at the

lower side thereof.

[125] The first body 310 includes a first housing 320. At least a part of the first housing

320 includes conductive members 321, 322, and 323. The conductive members 321,

322, and 323 form a loop along an outer periphery of the first body 310 and may serve

as an entirety or a part of a thickness of the electronic device 300. The conductive

members 321, 322, and 323 may extend to at least one area of the front and/or rear

surface of the electronic device 300.

[126] The conductive members 321, 322, and 323 may be disposed at left, right, and lower

sides of the first body 310, respectively. The conductive members 321, 322, and 323

are separated from each other by non-conductive members 321 1, 3221, 3231, and 3232

that fill gaps formed in one or more areas of the conductive members. The first

conductive member 321 is separated by the first non-conductive member 321 1, the

second conductive member 322 is separated by the second non-conductive member

3221, and the third conductive member 323 is separated by the third and fourth non-

conductive members 3231 and 3232. The non-conductive members 3211, 3221, 3231,

and 3232 may be air, plastic, or an appropriate non-conductive material. The non-

conductive members 3211, 3221, 3231, and 3232 may prevent foreign substances from

being introduced through the gaps.

[127] The first body 310 may include one or more antenna devices therein. The antenna

devices may include the corresponding conductive members 321, 322, and 323 that can

be electrically connected to an RF communication module in the vicinity of the non-

conductive members 321 1, 3221, 3231, and 3232 to operate as antenna radiators.

Operating frequency bands of the antenna devices may be determined in consideration

of electrical lengths from the non-conductive members 3211, 3221, 3231, and 3232 to

feeding points between the corresponding conductive members 321, 322, and 323 and

the RF communication module. The antenna devices may be disposed around the

plurality of non-conductive members 3211, 3221, 3231, and 3232. The antenna

devices, however, may also be separately disposed inside the electronic device 300.

The antenna devices may include antenna radiators that can be provided in a pattern



type on a PCB included in the electronic device 300, or may include antenna radiators

that can be mounted on an antenna carrier.

[128] The second body 330 includes a first display 331 that can be disposed on the front

surface thereof and a speaker device 332 that can be disposed on the upper side of the

first display 331 to receive speech. Components for performing the various functions

of the electronic device 300 may be arranged around the speaker device 332. The

components may include at least one sensor module 333. The sensor module 333 may

include, for example, at least one of an illuminance sensor (e.g., an optical sensor), a

proximity sensor, an infrared sensor, and an ultrasonic sensor. The components may

also include a camera device 334. The components may also include an LED indicator

for informing a user of status information of the electronic device 300. The second

body 330 may have a second display 335 disposed on the rear surface thereof. The

electronic device 300 may be operated through the second display 335 while the

second body 330 of the electronic device 300 is superposed on the first body 310. The

first and second displays 331 and 335 may be touch screen devices that include touch

sensors.

[129] The second body 330 includes a second housing 340. At least a part of the second

housing 340 includes conductive members 341, 342, and 343, which can form a loop

shape along an outer periphery of the second body 330 and may serve as an entirety or

a part of the thickness of the electronic device 300. The conductive members 341, 342,

and 343 may extend to at least one area of the front and/or rear surface of the

electronic device 300.

[130] The conductive members 341, 342, and 343 may include the first, second, and third

conductive members 341, 342, and 343 disposed at the left, right, and upper sides of

the second body 330, respectively. The conductive members 341, 342, and 343 may be

separated from each other by non-conductive members 341 1, 3421, 3431, and 3432

that fill gaps formed in one or more areas of the conductive members 341, 342, and

343. The first conductive member 341 may be separated by the first non-conductive

member 341 1, the second conductive member 342 may be separated by the second

non-conductive member 3421, and the third conductive member 343 may be separated

by the third and fourth non-conductive members 343 1 and 3432.

[131] When the second body 330 is superposed on the first body 310, the first non-

conductive member 321 1 of the first housing 320 may face the first non-conductive

member 341 1 of the second housing 340, the second non-conductive member 3221 of

the first housing 320 may face the second non-conductive member 3421 of the second

housing 340, the third non-conductive member 323 1 of the first housing 320 may face

the third non-conductive member 343 1 of the second housing 340, and the fourth non-

conductive member 3232 of the first housing 320 may face the fourth non-conductive



member 3432 of the second housing 340.

[132] Slots having one or more suitable lengths may be provided near the areas of the

conductive members 341, 342, and 343 of the second housing 340 that correspond to

the areas where the antenna devices are disposed in the first housing 320. The slots

may include the non-conductive members 3411, 3421, 3431, and 3432, and the non-

conductive members 3411, 3421, 3431, and 3432 included in the slots may serve as

openings through which the slots are exposed to the outside of the electronic device

300. Accordingly, the antenna devices may effectively conduct radiation through the

corresponding slots when the second body 330 is superposed on the first body 310

(i.e., when the second body 330 and the first body 310 are in a folded configuration.

[133] The connecting device 350 may include a hinge device. The hinge device includes a

pair of side hinge arms 313 and 314 that are disposed on the upper end of the first body

310 and spaced apart from each other, and a central hinge arm 335 of the second body

330 that is disposed between the side hinge arms 313 and 314, thereby allowing

rotation of the first body 310 and the second body330. Although not illustrated in the

drawings, a hinge module operating in conjunction with the side hinge arms 313 and

314 may be provided in the central hinge arm 335 to adjust the rotation angle of the

second body 330 or to continually apply a pressure in a direction in which the second

body 330 is opened or closed at more than an angle of inflection.

[134] More or fewer non-conductive members may be provided in each of the bodies, and

may be disposed in diverse positions in the electronic device 300.

[135] FIG. 4 is an exploded perspective view of an electronic device 400, according to

various embodiments of the present disclosure.

[136] The electronic device 400 of FIG. 4 may be similar to the electronic device 300 of

FIG. 3A.

[137] Referring to FIG. 4, the electronic device 400 includes a first body Bl and a second

body B2 that is able to rotate relative to the first body Bl.

[138] The first body B 1 includes a first housing 410, a printed circuit board (PCB) 420

disposed inside the first housing 410, and a keypad assembly 430 serving as an upper

housing. At least a part of the first housing 410 includes a conductive member 4 11. At

least a part of the first housing 410 includes an injection-molded member 412. The

conductive member 4 11 and the injection-molded member 412 of the first housing 410

may be integrally formed with each other by double injection molding or insert

molding. The conductive member 4 11 is separated by a non-conductive member 4111

that fills a gap having a predetermined width, which is formed in the conductive

member 4 11. At least a part of the conductive member 4 11 in the vicinity of the non-

conductive member 4111 of the first housing 410 may serve as an antenna area (area

R). The antenna device may be operated by electrically connecting an RF commu-



nication module on the PCB 420 to a position that corresponds to the conductive

member 411 and is separate from the non-conductive member 4 111 by a prede

termined distance. The non-conductive member 4111 may be formed of a material that

is the same as that of the injection-molded member 412.

[139] The second body B2 includes a second housing 440, and an internal housing 450

(e.g., a bracket, etc.) and a first display 460 that are sequentially mounted on a first

surface of the second housing 440. The second body B2 includes a second display 470

mounted on a second surface of the second housing 440. The first display 460 and the

second display 470 may serve as touch screen devices that include touch sensors. In a

case where the second housing 440 is formed of a conductive material, the first display

460 and the second display 470 may be electrically insulated from the second housing

440 and/or the internal housing 450 (e.g., a metal bracket, etc.), which can be made of

a conductive material in order to prevent the problem of an electric shock. The first

display 460 and the second display 470 may be attached to the second housing 440 by

an insulating cushion member, an insulating double-sided tape, etc.

[140] A conductive member 441 and an injection-molded member 442 of the second

housing 440 may be integrally formed with each other by double injection molding or

insert molding. The conductive member 441 may be separated by a non-conductive

member 441 1 that fills a gap having a predetermined width, which is formed in the

conductive member. A slot 443 having a predetermined length may be formed in an

area (area S) near the non-conductive member 441 1 of the second housing 440. The

slot 443 may be configured to extend along with the non-conductive member 441 1.

The slot 443 and/or the non-conductive member 441 1 may be formed of the same

material as that of the injection-molded member 442 when the injection-molded

member 442 is formed.

[141] The antenna area (area R) of the first housing 410 and the slot area (area S) of the

second housing 440 may face each other when the second body B2 is superposed on

the first body B 1. An RF signal radiated from the antenna area R may be easily

radiated through the slot 443.

[142] A space may be formed in a position that corresponds to an electronic component in

terposed between the antenna area R of the first housing 410 and the slot area S of the

second housing 440 in order to minimize interference caused by the electronic

component. A recess 421 being inwardly cut may be formed in the PCB 420 to

correspond to the electronic component. A recess 461 being inwardly cut may be

formed in the internal housing 450 (e.g., conductive bracket, etc.) to correspond to the

electronic component. Although not illustrated, at least a part of the first and second

displays 460 and 470 coupled to the second housing 440 may not overlap at least a part

of the slot 443.



[143] FIG. 5A is a schematic view of an electronic device 500, which illustrates an ar

rangement relation between antenna devices and slots, according to an embodiment of

the present disclosure.

[144] The electronic device 500 of FIG. 5A may be similar to the electronic devices 300

and 400 of FIGs. 3A and 4, respectively.

[145] Referring to FIG. 5A, the electronic device 500 includes a first housing 510 and a

second housing 520 that may be folded with respect to the first housing 510 by rotating

about a connecting device 530 (e.g., a hinge device). In a case where the second

housing 520 is folded with respect to the first housing 510, the first housing 510 and

the second housing 520 may cover each other.

[146] At least a part of the first housing 510 includes conductive members 5 11, 512, and

513. The conductive members 511, 512, and 513 may form a loop shape along an outer

periphery of the first housing 510 and may serve as the entirety or a part of the

thickness of the electronic device 500.

[147] The conductive members 511, 512, and 513 may be disposed at the left, right, and

lower sides of the first housing 510, respectively. The conductive members 5 11, 512,

and 513 may be separated from each other by non-conductive members 5111, 5121,

5131, and 5132 that fill gaps formed in one or more areas of the conductive members

5 11, 512, and 513. The first conductive member 511 may be separated by the first non-

conductive member 5111, the second conductive member 512 may be separated by the

second non-conductive member 5121, and the third conductive member 513 may be

separated by the third and fourth non-conductive members 5131 and 5132.

[148] The first housing 510 may have one or more antenna devices therein. The antenna

devices may include the corresponding conductive members 511, 512, and 513 that are

electrically connected to an RF communication module in the vicinity of the non-

conductive members 5111, 5121, 5131, and 5132 to operate as antenna radiators. In

this case, operating frequency bands of the antenna devices may be determined in con

sideration of electrical lengths from the non-conductive members 5111, 5121, 5131,

and 5132 to feeding points between the corresponding conductive members 511, 512,

and 513 and the RF communication module. The antenna devices may be disposed

around the plurality of non-conductive members 5111, 5121, 5131, and 5132. For

example, the antenna devices may be disposed in an area R l at the left side, an area R2

at the right side, and an area R3 at the lower side of the first housing 510.

[149] At least a part of the second housing 520 includes conductive members 521, 522, and

523. The conductive members 521, 522, and 523 may form a loop shape along the

outer periphery of the second housing 520 and may serve as the entirety or a part of the

thickness of the electronic device 500.

[150] The conductive members 521, 522, and 523 may be disposed at the left, right, and



upper sides of the second housing 520, respectively. The conductive members 521,

522, and 523 may be separated from each other by non-conductive members 521 1,

5221, 5231, and 5232 that fill gaps formed in one or more areas of the conductive

members. The first conductive member 521 may be separated by the first non-

conductive member 521 1, the second conductive member 522 may be separated by the

second non-conductive member 5221, and the third conductive member 523 may be

separated by the third and fourth non-conductive members 523 1 and 5232.

[151] When the second housing 520 is superposed on the first housing 510, the first non-

conductive member 5111 of the first housing 510 may face the first non-conductive

member 5211 of the second housing 520, the second non-conductive member 5121 of

the first housing 510 may face the second non-conductive member 5221 of the second

housing 520, the third non-conductive member 5131 of the first housing 510 may face

the third non-conductive member 523 1 of the second housing 520, and the fourth non-

conductive member 5132 of the first housing 510 may face the fourth non-conductive

member 5232 of the second housing 520.

[152] Slots having one or more suitable lengths may be provided near the corresponding

areas of the conductive members 521, 522, and 523 of the second housing 520 that

correspond to the areas where the antenna devices are disposed in the first housing

320. For example, the slots may be disposed in an area S1 on the left side, an area S2

on the right side, and an area S3 on the upper side of the second housing 520. The slots

may include the non-conductive members 5211, 5221, 5231, and 5232, and the non-

conductive members 5211, 5221, 5231, and 5232 included in the slots may serve as

openings through which the slots are exposed to the outside of the electronic device

500. Accordingly, the antenna devices may effectively conduct radiation through the

corresponding slots when the second housing 520 is superposed on the first housing

510.

[153] Hereinafter, the antenna devices and the slots corresponding thereto will be described

in detail.

[154] FIG. 5B is a diagram illustrating a configuration of one antenna device according to

the arrangement of the corresponding slot in the electronic device 500, according to an

embodiment of the present disclosure.

[155] It should be understood that the antenna device disposed in the area Rl of the first

housing 510 of FIG. 5A and the corresponding slot disposed in the area SI of the

second housing 520 are illustrated and described herein, but the non-illustrated antenna

devices disposed in the areas R2 and R3 of the first housing 510 and the non-illustrated

corresponding slots disposed in the areas S2 and S3 of the second housing 520 have

the same technical configuration. In addition, since technical members having

reference numerals identical to those illustrated in FIG. 5A perform identical functions,



detailed descriptions thereof will be omitted for the convenience of description.

[156] Referring to FIG. 5B, the first conductive member 5 11 of the housing 510 includes a

feeding piece 5 112 integrally formed therewith in a position spaced apart from the first

non-conductive member 5 111 by a predetermined distance. The feeding piece 5 112

may be connected to a feeding part 5141 of a PCB 514 in the first housing 510, or may

be electrically connected to the feeding part 5141 by a separate electrical connection

member (e.g., a C-clip, etc.).

[157] A feeding pad 5142 may be disposed on the PCB 514 and may be electrically

connected with the feeding piece 5 112 of the first conductive member 5 11. A first

electrical path (e.g., a wire line) 5143 may be formed from the feeding pad 5142 to the

feeding part 5141. A first electric-shock prevention circuit 5144 for preventing an

electric shock and discharging static electricity and a matching circuit 5145 for tuning

the antenna radiator to a desired frequency band may be provided on the first electrical

path 5143, since the feeding pad 5142 of the PCB 514 makes direct electrical contact

with the first conductive member 511 that forms the external appearance of the

electronic device 500.

[158] The first conductive member 511 may have an electrical connection piece 5113 in

tegrally formed therewith in a position spaced apart from the feeding piece 5 112 by a

predetermined distance. The electrical connection piece 5113 may be grounded to a

ground part 5146 of the PCB 514. The electrical connection piece 5 113 of the first

conductive member 511 may be grounded to the ground part 5146 of the PCB 514 in

the first housing 510, or may be electrically connected to the ground part 5146 by a

separate electrical connection member (e.g., a C-clip, etc.).

[159] A ground pad 5147 may be disposed on the PCB 514 and may be electrically

connected with the electrical connection piece 5 113 of the first conductive member

5 11. A second electrical path (e.g., a wire line) 5148 may be formed from the ground

pad 5147 to the ground part 5146. A second electric- shock prevention circuit 5149

(e.g., a capacitor) for preventing an electric shock and discharging static electricity

may be provided on the second electrical path 5148, since the first ground pad 5147 of

the PCB 514 makes direct electrical contact with the first conductive member 511 that

forms the external appearance of the electronic device 500.

[160] A slot 5212 having a suitable length may be disposed near the first non-conductive

member 521 1 of the second housing 520. The slot 5212 may be formed such that it

extends toward the feeding piece 5 112 of the first housing 510 from the first non-

conductive member 521 1 when the first housing 510 is superposed on the second

housing 520. The slot 5212 may be disposed in a position where the slot is electrically

coupled with the first conductive member 5 11 of the first housing 510, which is elec

trically connected to the PCB 514 to operate as an antenna device, when the first



housing 510 is superposed on the second housing 520. The length by which the slot

5212 extends toward the feeding piece 5 112 may be adjusted to control the operating

frequency band of the first conductive member 511 that operates as an antenna device.

[161] FIG. 5C is a graph depicting radiation efficiency of the antenna device according to a

presence or absence of a slot, according to an embodiment of the present disclosure.

[162] As illustrated in FIG. 5C, when the second housing 520 has the slot 5212, the first

conductive member 511, which operates as an antenna radiator of the first housing

510, has a gain that is about 5 dB greater than that when the second housing 520 has no

slot 5212. For example, when the second housing 520 has no slot, the antenna has a

gain of about -12 dB in a 1575 MHz band (e.g., a GPS operating frequency band),

which is the operating frequency band of the antenna, and when the second housing

520 has the slot 5212, the antenna has a gain of about -7 dB in the same frequency

band, thereby resulting in an increase in the gain of about 5 dB.

[163] FIGs. 6A and 6B are diagrams illustrating a configuration of antenna devices that

correspond to various lengths of slots, according to an embodiment of the present

disclosure.

[164] Conductive members 610 of FIGs. 6A and 6B may be similar to the first conductive

member 5 11 of the first housing 510 of FIG. 5B. A slot 630 of FIG. 6A may be similar

to the slot 5212 of FIG. 5B.

[165] Referring to FIG. 6A, the conductive member 610 includes a feeding piece 611

disposed in a position spaced apart from a non-conductive member 613 by a prede

termined distance and electrically connected with a feeding part 621 of a PCB and an

electrical connection piece 612 spaced apart from the feeding piece 611 and elec

trically connected with a ground part 622 of the PCB. The slot 630 may be formed to

have a length in a direction from the non-conductive member 613 to the feeding piece

611. The slot 630 may be provided in a position where the slot 630 is capable of being

electrically coupled with the conductive member 610, which operates as an antenna

radiator, without making contact with the conductive member 610.

[166] The slot 630 may be formed to have a first electrical length L I in the direction from

the non-conductive member 613 to the feeding piece 6 11. In this case, the conductive

member 610 may operate in a first operating frequency band that corresponds to the

first electrical length L I of the slot 630. The slot 630 may be formed to have a second

electrical length L2 in the direction from the non-conductive member 613 to the

feeding piece 6 11. In this case, the conductive member 610 may operate in a second

operating frequency band that corresponds to the second electrical length L2 of the slot

630. In a case where the electrical length of the slot 630 decreases from L I to L2, the

operating frequency band of the conductive member 610, which operates as an antenna

device, may shift from a low frequency band to a relatively high frequency band.



[167] Referring to FIG. 6B, the conductive member 610 includes a feeding piece 611

disposed in a position spaced apart from a non-conductive member 613 by a prede

termined distance and electrically connected with a feeding part 621 of a PCB and an

electrical connection piece 612 spaced apart from the feeding piece 611 and elec

trically connected with a ground part 622 of the PCB. A slot 640 may be formed to

have a length in a direction from the non-conductive member 613 to the feeding piece

611. The slot 640 may be provided in a position where the slot 640 is capable of being

electrically coupled with the conductive member 610, which operates as an antenna

radiator, without making contact with the conductive member 610.

[168] The slot 640 may be formed to have a first electrical length L3 in the direction from

the non-conductive member 613 to the feeding piece 6 11. In this case, the conductive

member 610 may operate in a first operating frequency band that corresponds to the

first electrical length L3 of the slot 640.

[169] An electrical path 641 may be connected to the slot 640 in such a manner that the

electrical path 641 crosses the slot 640 at a specific point, and a switch device 641 1

may be provided on the electrical path 641. The electrical length of the slot 640 may

vary from L3 to L4 by turning on/off the switch device 641 1. Accordingly, the slot 640

may be formed to have the second electrical length L4 in the direction from the non-

conductive member 613 to the feeding piece 611 while the switch device 641 1 is

turned on. In this case, the conductive member 610 may operate in a second operating

frequency band that corresponds to the second electrical length L4 of the slot 640. In a

case where the electrical length of the slot 640 decreases from L3 to L4 by means of

the switch device 641 1, the operating frequency band of the conductive member 610,

which operates as an antenna device, may shift from a low frequency band to a

relatively high frequency band.

[170] FIGs. 7A and 7B are graphs depicting radiation efficiency and standing wave ratios

relevant to variations in the operating frequency bands of the antenna devices

depending on the variations in the lengths of the slots, according to an embodiment of

the present disclosure.

[171] FIGs. 7A and 7B show that the conductive members, which operate as antenna

devices, exhibit similar gains, and the operating frequency bands thereof shift from a

1400 MHz band to a 1575 MHz band when the lengths of the slots decrease, for

example, when the electrical length of the slot 630 of FIG. 6A is varied from L I to L2

and when the electrical length of the slot 640 of FIG. 6B is varied from L3 to L4 by

turning on the switch device. Namely, the operating frequency bands of the conductive

members, which are used as antenna radiators, shift from a low-frequency band to a

relatively high frequency band as the lengths of the slots decrease.

[172] The FIGs. provided hereinafter show electronic devices, each of which includes a



first body and a second body that is able to rotate relative to the first body, and it will

be obvious that when the first and second bodies cover each other, the radiation ef

ficiency of antenna devices provided in one of the first and second bodies is improved

by slots provided in corresponding positions in the other body, as described above.

[173] FIGs. 8A to 8C are diagrams illustrating a slide type electronic device 800, according

to an embodiment of the present disclosure.

[174] Referring to FIGs. 8A to 8C, the electronic device 800 includes a first body 810 and

a second body 820 superposed on the first body 810. The second body 820 may slide

on (or relative to) the first body 810. The second body 820 includes a first display 825

on the front surface thereof. The first body 810 includes a second display 815, at least a

part of which is exposed when the second body 820 slides relative to the first body

810.

[175] The second body 820 may slide relative to the first body 810 in the X-axis direction,

as illustrated in FIG. 8B, or the second body 820 may slide relative to the first body

810 in the Y-axis direction, as illustrated in FIG. 8C. The first body 810 includes one

or more non-conductive members 811, 812, and 813 provided along the outer

periphery thereof. The second body 820 includes one or more non-conductive

members 821, 822, and 823 provided along the outer periphery thereof. The non-

conductive members 811, 812, and 813 of the first body 810 and the non-conductive

members 821, 822, and 823 of the second body 820 may face each other when the

second body 820 is superposed on the first body 810. Antenna devices may be

provided near the non-conductive members of one of the first and second bodies 810

and 820, and slots may be provided near the non-conductive members of the other

body to correspond to the antenna devices.

[176] FIGs. 9A and 9B are diagrams illustrating a foldable electronic device 900 that

includes a flexible display, according to an embodiment of the present disclosure.

[177] Referring to FIGs. 9A and 9B, the electronic device 900 includes a first body 910

and a second body 920 disposed so as to be superposed on the first body 910. The

second body 920 may be folded with respect to the first body 910. The first body 910

and the second body 920 may be folded toward each other such that the first and

second bodies 910 and 920 face each other, and a flexible display 901 may be disposed

on the surfaces of the first and second bodies 910 and 920 that face each other. The

flexible display 901 may cover both the first body 910 and the second body 920,

without seams. The second body 920 may be superposed on the first body 910 by

rotating about the rotational axis A2 of a connecting device 930.

[178] The first body 910 includes one or more non-conductive members 9 11, 912, 913, and

914 provided along the outer periphery thereof. The second body 920 includes one or

more non-conductive members 921, 922, 923, and 924 provided along the outer



periphery thereof. The non-conductive members 911, 912, 913, and 914 of the first

body 910 and the non-conductive members 921, 922, 923, and 924 of the second body

920 may face each other when the second body 920 is superposed on the first body

910. Antenna devices may be provided near the non-conductive members of one of the

first and second bodies 910 and 920, respectively, and slots may be provided near the

non-conductive members of the other body to correspond to the antenna devices.

[179] FIGs. 10A to IOC are diagrams illustrating a bendable electronic device that includes

a flexible display, according to an embodiment of the present disclosure.

[180] Referring to FIGs. 10A to IOC, the electronic device 1000 may be constituted by a

single body. The electronic device 1000 may be an electronic device for commu

nication that includes a speaker device 1002 and a microphone device 1003. The

electronic device 1000 may be bent with respect to the lateral axis A3 thereof that

serves as a rotational axis, in which case a first area 1010 and a second area 1020 may

be separated from each other with respect to the axis A3. The first area 1010 and the

second area 1020 may face each other by when the electronic device is in a bent con

figuration. The electronic device 1000 may include one flexible display 1001 that

covers both the first area 1010 and the second area 1020. The second area 1020 may be

superposed on the first area 1010 by rotating about the rotational axis A3, with no

separate connecting device.

[181] The first area 1010 includes one or more non-conductive members 1011, 1012, 1013,

and 1014 provided along the outer periphery thereof. The second area 1020 includes

one or more non-conductive members 1021, 1022, 1023, and 1024 provided along the

outer periphery thereof. The non-conductive members 1011, 1012, 1013, and 1014 of

the first area 1010 and the non-conductive members 1021, 1022, 1023, and 1024 of the

second area 1020 may face each other when the second area 1020 is superposed on the

first area 1010. Antenna devices may be provided near the non-conductive members of

one of the first and second areas 1010 and 1020, and slots may be provided near the

non-conductive members of the other area to correspond to the antenna devices.

[182] FIGs. 11A and 1IB are diagrams illustrating a foldable electronic device 1100,

according to an embodiment of the present disclosure.

[183] Referring to FIGs. 11A and 1IB, the electronic device 1100 includes a first electronic

device 1110 and a second electronic device 1120 disposed so as to be superposed on

the first electronic device 1110. The first and second electronic devices 1110 and 1120

may be disposed on a connecting member 1101 that is folded about the axis A4

thereof. The electronic device 1110 may be an electronic device for communication

that includes a first display 1116, a speaker device 1117, and a microphone device

1118. The second electronic device 1120 includes a second display 1126 that assists

with the first electronic device 1110. The first and second electronic devices 1110 and



1120 may be functionally connected with each other through the connecting member

1101. However, the first and second electronic devices 1110 and 1120 may be func

tionally connected with each other through wireless communication (e.g., BT commu

nication, etc.). The first electronic device 1110 may be superposed on the second

electronic device 1120 by rotating about the rotational axis A4 of the connecting

member 1101.

[184] The first electronic device 1110 includes one or more non-conductive members 1111,

1112, 1113, 1114, and 1115 provided along the outer periphery thereof. The second

electronic device 1120 includes one or more non-conductive members 1121, 1122,

1123, 1124, and 1125 provided along the outer periphery thereof. The non-conductive

members 1111, 1112, 1113, 1114, and 1115 of the first electronic device 1110 and the

non-conductive members 1121, 1122, 1123, 1124, and 1125 of the second electronic

device 1120 may face each other when the second electronic device 1120 is su

perposed on the first electronic device 1110 by the connecting member. Antenna

devices may be provided near the non-conductive members of one of the first and

second electronic devices 1110 and 1120, and slots may be provided near the non-

conductive members of the other electronic device to correspond to the antenna

devices.

[185] FIGs. 12A and 12B are diagrams illustrating a detachable electronic device 1200,

according to an embodiment of the present disclosure.

[186] Referring to FIGs. 12A and 12B, the electronic device 1200 includes a first electronic

device 1210 and a second electronic device 1220 disposed so as to be detached from

the first electronic device 1210. The first electronic device 1210 may be a keypad 1211

that includes a plurality of key buttons. The second electronic device 1220 includes a

display 1221. The first and second electronic devices 1210 and 1220 may be func

tionally connected with each other through wireless communication (e.g., BT commu

nication, etc.). The electronic device 1200 may be carried while the second electronic

device 1220 is superposed on the first electronic device 1210 and secured to the first

electronic device 1210 by a stopper 1240 provided on the first electronic device 1210

and a locking device 1230 opposite to the stopper 1240.

[187] The first electronic device 1210 includes one or more non-conductive members 1212

and 1213 provided along the outer periphery thereof. The second electronic device

1220 includes one or more non-conductive members 1222 and 1223 provided along

the outer periphery thereof. The non-conductive members 1212 and 1213 of the first

electronic device 1210 and the non-conductive members 1222 and 1223 of the second

electronic device 1220 may face each other when the second electronic device 1120 is

superposed on the first electronic device 1110. Antenna devices may be provided near

the non-conductive members of one of the first and second electronic devices 1210 and



1220, and slots may be provided near the non-conductive members of the other

electronic device to correspond to the antenna devices.

[188] In the various embodiments described above, more or fewer non-conductive

members may be provided in each of the electronic devices, and may be disposed in

various positions in or along the electronic device.

[189] An electronic device, may include: a first housing that includes a first surface, a

second surface opposite to the first surface, and a first side surface at least partially sur

rounding the space between the first surface and the second surface; a second housing

that includes a first surface oriented to face the first surface of the first housing, a

second surface opposite to the first surface, and a second side surface at least partially

surrounding the space between the first surface and the second surface; a connecting

part that connects the first housing and the second housing; a communication circuit

within at least one of the first housing and the second housing; a first conductive

member that extends along at least a part of the first side surface and includes at least

one gap for electrically separating segments thereof; a first non-conductive member at

least partially filling the at least one gap of the first conductive member; a second

conductive member that extends along at least a part of the second side surface and

includes at least one gap for electrically separating segments thereof; and a second

non-conductive member at least partially filling the at least one gap of the second

conductive member. The first conductive member of the first housing and the commu

nication circuit may be electrically connected with each other to operate as an antenna,

and a slot having a predetermined length may be provided in an area that is capable of

being coupled with the first conductive member of the second housing that overlaps

the antenna while the first surface of the second housing faces the first surface of the

first housing.

[190] The first and second non-conductive members may be configured to be substantially

aligned with each other when viewed from a side of the first or second housing while

the first surface of the second housing faces the first surface of the first housing.

[191] The communication circuit may be electrically connected with a first part of the first

conductive member that is spaced apart from the first non-conductive member by a

predetermined distance.

[192] The electronic device may further include a ground member in at least one of the first

and second housings, and the ground member may be electrically connected with a

second part of the first conductive member that is spaced apart from the first part of the

first conductive member by a predetermined distance in the opposite direction of the

first non-conductive member.

[193] The slot may be formed to have a space directed toward the first part from the second

non-conductive member.



[194] An operating frequency band of the first conductive member used as an antenna may

be regulated by adjusting at least one of the width and length of the slot.

[195] The electrical length of the slot may be adjusted by an electrical path crossing the

slot.

[196] A switch may be provided on the electrical path to vary the operating frequency band

by means of a switching operation thereof.

[197] The slot may be filled with the same material as that of the second non-conductive

member.

[198] The first and second housings may be connected with each other using a foldable

type configuration, a slide type configuration, a bendable type configuration, or a de

tachable type configuration.

[199] An electronic device, according to various embodiment, may include: a first housing

having at least one antenna therein; a second housing, at least a part of which is formed

of a first conductive member; and a connecting part that connects the first housing and

the second housing, and a slot having a predetermined length may be provided in the

conductive member area of the second housing that overlaps the antenna and is capable

of being coupled with the antenna while the first housing and the second housing face

each other.

[200] The first housing may further include a PCB having a communication circuit therein,

and the antenna may be formed to be a pattern on the PCB and may be electrically

connected to the communication circuit.

[201] The first housing may further include a PCB having a communication circuit therein,

and the antenna may be mounted on an antenna carrier disposed in the first housing

and may be electrically connected to the communication circuit.

[202] The first housing may further include a second conductive member in a position cor

responding to the first conductive member of the second housing, and the second

conductive member may be electrically connected to the communication circuit in a

position corresponding to the slot.

[203] The electronic device may further include a first non-conductive member that at least

partially fills at least one gap formed in the first conductive member and a second non-

conductive member that at least partially fills at least one gap formed in the second

conductive member, and the second conductive member of the first housing that is

electrically separated by the second non-conductive member may be electrically

connected with the communication circuit to operate as an antenna.

[204] The first and second non-conductive members may be configured to be substantially

aligned with each other while the second housing faces the firs housing.

[205] The communication circuit may be electrically connected with a first part of the

second conductive member that is spaced apart from the second non-conductive



member by a predetermined distance.

] The electronic device may further include a ground member in at least one of the first

and second housings, and the ground member may be electrically connected with a

second part of the second conductive member that is spaced apart from the first part of

the second conductive member by a predetermined distance in the opposite direction of

the second non-conductive member.

] The slot may be formed to have a space directed toward the first part from the first

non-conductive member.

] The operating frequency band of the antenna may be regulated by adjusting the

length of the slot.

] An electronic device, according to various embodiments, may include: a first housing

that includes a first surface, a second surface opposite to the first surface, and a first

side surface at least partially surrounding the space between the first surface and the

second surface; a second housing that includes a first surface oriented to face the first

surface of the first housing, a second surface opposite to the first surface, and a second

side surface at least partially surrounding the space between the first surface and the

second surface; a connecting part that connects the first housing and the second

housing; a first conductive member that extends along at least a part of the first side

surface and includes at least one gap for electrically separating segments thereof; a first

non-conductive member at least partially filling the at least one gap of the first

conductive member; a second conductive member that extends along at least a part of

the second side surface and includes at least one gap for electrically separating

segments thereof; a second non-conductive member at least partially filling the at least

one gap of the second conductive member and substantially aligned with the first non-

conductive member when viewed from a side of the first or second housing while the

first surface of the second housing faces the first surface of the first housing; a commu

nication circuit disposed within at least one of the first and second housings and elec

trically connected with a first point of the first conductive member of the first housing;

a non-conductive region that has a second length substantially corresponding to a first

length from the first point of the first conductive member to the first non-conductive

member and extends along the second conductive member in the second housing in the

longitudinal direction, and is adjacent to the second non-conductive member; and a

conductive region that surrounds the non-conductive region.

] The area from the first point of the first conductive member to the first non-

conductive member may at least partially face the non-conductive area when the first

surface of the second housing faces the first surface of the first housing.

] At least some of the non-conductive region, the conductive region, and the second

conductive member may form an antenna member for the communication circuit.



[212] The electronic device may further include a ground member in at least one of the first

and second housings, and the ground member may be electrically connected with a

second part of the first conductive member that is spaced apart from the first part of the

first conductive member by a predetermined distance in the opposite direction of the

first non-conductive member.

[213] The non-conductive region may be formed to have a space directed toward the first

part from the second non-conductive member.

[214] The operating frequency band of the first conductive member used as an antenna

may be regulated by adjusting at least one of the width and length of the non-

conductive region.

[215] FIG. 13A is a perspective view of an electronic device 1300, according to an em

bodiment of the present disclosure. FIGs. 13B to 13D are diagrams illustrating various

operating states of the electronic device 1300, according to the an embodiment of the

present disclosure.

[216] Referring to FIG. 13A, the electronic device 1300 includes a first body 1310 and a

second body 1320 that may be folded with respect to the first body 1310 by rotating

about a connecting member 1330, in which case the second body 1320 may be su

perposed on the first body 1310.

[217] The first body 1310 includes a first display 131 1. A speaker device 1312 may be

disposed on the upper side of the first display 1311, and a microphone device 1313

may be disposed on the lower side of the first display 1311. Components for

performing various functions of the electronic device 1300 may be arranged around the

speaker device 1312. The components may include at least one sensor module 1314.

The sensor module 1314 may include, for example, at least one of an illuminance

sensor (e.g., an optical sensor), a proximity sensor, an infrared sensor, and an u l

trasonic sensor. The components may also include a camera device 1315, and an LED

indicator 1316 for informing a user of status information of the electronic device 1300.

[218] The second body 1320 includes a second display 1321. The second display 1321 may

face the first display 1311 when the second body 1320 of the electronic device 1300 is

superposed on the first body 1310. The first and second displays 1311 and 1321 may

include touch screen devices that include touch sensors.

[219] FIG. 13B illustrates an open state in which the second body 1320 is unfolded away

from the first body 1310, FIG. 13C illustrates a closed state in which the second body

1320 is superposed on the first body 1310, and FIG. 13D illustrates a back folding state

in which rear surfaces of the first and second bodies 1310 and 1320 make contact with

each other. An antenna radiator may be disposed, as a conductive element, in an area

C I of the first body 1310. The second body 1320 may be formed of a conductive

material, or may include a conductive element. An area C2 of the second body 1320



superposed on the first body 1310 may include an opening (e.g., reference numeral

1451 of FIG. 14) for preventing a degradation in the radiation efficiency of the antenna

radiator disposed in the area CI.

[220] The opening may be provided in a position where the opening is electrically coupled

with coupleable to the antenna radiator when the second body 1320 is superposed on

the first body 1310. The opening may be formed to have an optimum electrical length

along an outer periphery thereof to correspond to the operating frequency band of the

antenna radiator. The opening may be formed to have an electrical length of λ along

the outer periphery thereof in a case where the antenna radiator operates in a 2.4 GHz

band. The opening may be provided such that the antenna radiator is included therein.

[221] FIG. 14 is an exploded perspective view of an electronic device 1400, according to

an embodiment of the present disclosure.

[222] The electronic device 1400 of FIG. 14 may be similar to the electronic device 1300

of FIG. 13A.

[223] Referring to FIG. 14, the electronic device 1400 includes a first body Bl and a

second body B2 that is able to rotate relative to the first body B 1 by means of a

connecting member (corresponding to the connecting member 1330 of FIG. 13).

[224] The first body B l includes a first housing 1410, a first display 1430 disposed on a

first surface 141 1 of the first housing 1410 in a first direction, and a first rear cover

1440 disposed on a second surface 1412 of the first housing 1410 in a second direction

opposite to the first direction. A first conductive element 1413 may be disposed on the

second surface 1412 of the first housing 1410. The first conductive element 1413 may

be electrically connected with a wireless communication circuit of the electronic

device 1400 and may be used as an antenna radiator. At least a part of the first housing

1410 may include a metal member and an injection-molded member. The metal

member and the injection-molded member of the first housing 1410 may be integrally

formed with each other by double injection molding or insert molding. The first

conductive element 1413 may be disposed on the injection-molded member. However,

the first conductive element 1413 may include at least a part of the metal member that

is used as an antenna radiator.

[225] The second body B2 includes a second housing 1450, a second display 1460

disposed on a third surface of the second housing 1450 that is directed in a third

direction, and a second rear cover 1470 disposed on a fourth surface of the second

housing 1450 that is directed in a fourth direction opposite to the third direction. The

second housing 1450 may be used as an intermediate plate made of a metal material.

The second housing 1450 may also be formed only by a metal member, or may be

formed by a metal member and an injection-molded member that are formed through

double injection molding. An opening 1451 may be formed in the second housing



1450 to overlap the first conductive element 1413 disposed on the first housing 1410

when the second body B2 is superposed on the first body Bl. The opening 1451 may

be located in a position where the opening 1451 is capable of being electrically

coupled with the first conductive element 1413. The opening 1451 may be provided in

the corresponding position to surround the first conductive element 1413. The opening

1451, when formed in the second housing 1450 and made of a metal material, may be

used as a parasitic antenna member with the outer periphery thereof as an electrical

length. The opening 1451 with the outer periphery thereof as an electrical length may

have various sizes and shapes according to applied operating frequency bands of the

first conductive element 1413.

[226] A second conductive element 1441 may be provided on the first rear cover 1440,

which is disposed on the first housing 1410, to overlap the first conductive element

1413. The second conductive element 1441 may be disposed so as to be electrically

coupled with the first conductive element 1413 and may be used as a parasitic antenna

device to help to improve the radiation efficiency of the first conductive element 1413

when the second body B2 is not superposed on the first body B l (when the second

body and the first body are in an unfolded configuration).

[227] FIGs. 15A and 15B are diagrams illustrating an arrangement relation between a first

conductive element 1513 and an opening 1541 according to an operation of opening/

closing an electronic device 1500, according to an embodiment of the present

disclosure.

[228] The electronic device 1500 of FIGs. 15A and 15B may be similar to the electronic

device 1300 of FIGS. 13A to 13D or the electronic device 1400 of FIG. 14.

[229] Referring to FIGs. 15A and 15B, the electronic device 1500 includes a first body

1510 and a second body 1530 that performs opening/closing operations in such a

manner that the second body 1530 is folded toward, and unfolded away from, the first

body 1510 by a connecting member 1560. The first body 1510 includes a first housing

1520, and the second body 1530 includes a second housing 1540. The first housing

1520 includes a metal member 1521 and an injection-molded member 1522 that are in

tegrally formed with each other by double injection molding. The metal member 1521

may be applied to at least a part of the outer periphery of the first body 1510. The first

conductive element 1513 may be disposed in the area of the injection-molded member

of the first housing 1520. The first conductive element 1513 may be electrically

connected with a wireless communication circuit included in the first body 1510. The

first conductive element 1513 may be formed in a predetermined pattern, and may or

may not be exposed through the injection-molded member of the first housing 1520.

However, the first conductive element 1513 may be formed in a pattern type on a PCB

disposed inside the first housing 1520, or may be disposed on an antenna carrier that



has a height and is disposed inside the first housing 1520.

[230] The second body 1530 includes the second housing 1540 that is formed of a metal

member or has a metal member applied to at least a part thereof. In a case where the

second housing 1540 is formed of a metal member, the second housing 1540 may be

used as a metal reinforcing plate for protecting a display module 1550. The second

housing 1540 may also be used as an intermediate plate that constitutes the second

body 1530.

[231] The opening 1541 may be formed in the second housing 1540 to overlap the first

conductive element 1513 formed on the first housing 1520, in a case where the first

body 1510 and the second body 1530 are folded to each other. The opening 1541 may

be provided in a corresponding position of the second housing 1540 that is capable of

being electrically coupled with the first conductive element 1513, in a case where the

first body 1510 and the second body 1530 are folded to each other. The opening 1541

may surround the first conductive element 1513 when the first body 1510 and the

second body 1530 are folded to each other. The opening 1541 may be formed to have

an electrical length along the outer periphery thereof to correspond to the operating

frequency band of the first conductive element 1513. The opening 1541 may be formed

to have an electrical length of λ along the outer periphery thereof in a case where the

first conductive element 1513 operates in a 2.4 GHz band. The opening 1541 may be

provided such that at least a part of the first conductive element 1513 is included

therein. The opening 1541 may be finished by an injection-molded member.

[232] FIGs. 16A to 16C are graphs depicting antenna radiation efficiency under various

folding conditions of an electronic device, according to an embodiment of the present

disclosure. FIG. 16D is a graph depicting antenna radiation efficiency depending on

the size of an opening, according to an embodiment of the present disclosure. The

graphs will be described with reference to FIGs. 15A and 15B.

[233] Referring to FIG. 16A, when the second body 1530 having the opening 1541 has

been folded to the first body 1510 (back folding), the first conductive element 1513,

which is disposed in the first body 1510 and operates in a 2.4 GHz band, has radiation

efficiency that is about 1 dB greater than when the second body 1530 has been

unfolded away from the first body 1510 (default open).

[234] FIGs. 16B and 16C show standing wave ratios and efficiency in a state in which the

second body 1530 has been unfolded away from the first body 1510 (open mode), in a

state in which the second body 1530 that does not include the opening 1541 has been

folded to the first body 1510 (close mode), in a state in which the second body 1530

that includes the opening 1541 has been folded to the first body 1510 (close mode

(slot)), and in a state in which the second body 1530 that includes the opening 1541

and has the display 1550 mounted thereon has been folded to the first body 1510 (close



mode (slot + sub LCD)).

[235] Referring to FIG. 16B, the first conductive element 1513 operates in a desired

operating frequency band (e.g., a 2.4 GHz band) in the state in which the second body

1530 has been unfolded away from the first body 1510. A problem arises in which the

operating frequency band of the first conductive element 1513 shifts to an unused

frequency band (e.g., a 2.2 GHz band) while the second body 1530 that does not

include the opening 1541 has been folded to the first body 1510. In this case, the first

conductive element 1513 may not operate in the WiFi band. The first conductive

element 1513 operates in a desired operating frequency band while the second body

1530 that includes the opening 1541 has been folded to the first body 1510. In

addition, the first conductive element 1513 operates in its operating frequency band as

a result of the opening 1541 being formed in the second body 1530 even though the

display module 1550 (e.g., a sub-LCD) is installed.

[236] Referring to FIG. 16C, the first conductive element effectively operates in the corre

sponding frequency band (a 2.4 GHz band), as in FIG. 16B, while there is a slight

difference in efficiency.

[237] FIG. 16D is a graph depicting a variation in the efficiency of the first conductive

element 1513 according to the size of the opening 1541. Referring to FIG. 16D, the

first conductive element 1513 exhibits the highest efficiency when the first conductive

element 1513 operates in a 2.4 GHz band and the opening 1541 is 20 mm by 35 mm,

and the radiation efficiency decreases with decreasing size of the opening 1541. In

addition, the radiation efficiency can deteriorate and the operation frequency band

shifts when the opening 1541 has a size greater than a reference size (e.g., when the

opening is 65 mm by 78 mm in FIG. 16D). Accordingly, the opening 1541 may be

sized such that the maximum radiation efficiency may be exhibited according to the

operating frequency band of the first conductive element 1513.

[238] The radiation efficiency of the first conductive element 1513 may be determined

based on a size and/or shape of the opening 1541, the permittivity of a dielectric

material disposed between the first conductive element 1513 and the opening 1541

when the second body 1530 is folded to the first body 1510, the property of a dielectric

material that fills the opening 1541, a nearby metal member, or the like.

[239] FIG. 17 is a diagram illustrating an arrangement relation between a first conductive

element 1713 and a second conductive element 1731, according to an embodiment of

the present disclosure.

[240] A first body 1710 of FIG. 17 may be similar to the first body 13 10 of FIG. 13, the

first body B l of FIG. 14, or the first body 1510 of FIG. 15A.

[241] Referring to FIG. 17, the first body 1710 may include a first housing 1720, and the

first housing 1720 may have a metal member 1721 and an injection-molded member



1722 that are formed by double injection molding. The first conductive element 1713

may be disposed on the first housing 1720, and the first conductive element 1713 may

be electrically connected to a wireless communication circuit included in the first body

1710 to operate as an antenna radiator.

[242] The second conductive element 1731 may be disposed on the first body 1710 to

overlap the first conductive element 1713, and the second conductive element 1731

may be disposed on various members coupled with the first body 1710. The members

may include a rear cover or an intermediate bracket that is coupled with the first

housing 1710. When disposed to overlap the first conductive element 1713, the second

conductive element 1731 may be disposed in a position where electrical coupling is

possible. The second conductive element 1731 may be disposed on the inner surface of

the rear cover coupled with the first housing 1720. The second conductive element

1731 may include a metal plate or a flexible printed circuit (FPC) having a pattern that

is disposed on the rear cover, or a conductive paint applied to the surface of the rear

cover.

[243] The second conductive element 1731 may be formed in a closed loop shape and may

be disposed such that at least a part of the first conductive element 1713 is included in

the space of the closed loop. However, the second conductive element 1731 may also

be disposed on the surface where the first conductive element 1713 is formed in order

to surround the first conductive element.

[244] FIGs. 18A to 18C are diagrams illustrating arrangement states of second conductive

elements, according to an of the present disclosure. FIGs. 18A to 18C are also

sectional views taken along line D-D' of FIG. 17, where FIGs. 18A to 18C illustrate

major components of the first body.

[245] The second conductive elements 1831, 1841, and 1851 of FIGs. 18A to 18C may be

similar to the second conductive element 1731 of FIG. 17.

[246] Referring to FIG. 18A, a rear cover 1830 may be disposed on a first housing 1820,

and the rear cover 1830 may be integrally formed with the first housing 1820, or may

be detachably provided on the first housing 1820. The second conductive element 1831

may be disposed on the inner surface of the rear cover 1830, and the second conductive

element 1831 may include a metal plate, a flexible printed circuit, or a conductive paint

that is attached to the inner surface of the rear cover 1830. The second conductive

element 1831 may be disposed in a position where the second conductive element

1831 is electrically coupled with the first conductive element 1813 so that the second

conductive element 1831 may be used as a parasitic antenna element when the rear

cover is mounted on the first housing 1820.

[247] Referring to FIG. 18B, a rear cover 1840 may be disposed on the first housing 1820,

and the rear cover 1840 may be integrally formed with the first housing 1820, or may



be detachably provided on the first housing 1820. The second conductive element 1841

may be contained in the rear cover 1840, and the second conductive element 1841 may

be inserted into the rear cover by an insert molding process when the rear cover 1840

that is an injection-molded member is formed. The second conductive element 1841

may include a metal plate. The second conductive element 1841 may be disposed in a

position where the second conductive element 1841 is electrically coupled with the

first conductive element 1813 so that the second conductive element 1841 may be used

as a parasitic antenna element when the rear cover 1840 is mounted on the first

housing 1820.

[248] Referring to FIG. 18C, a rear cover 1850 may be disposed on the first housing 1820,

and the rear cover 1850 may be integrally formed with the first housing 1820, or may

be detachably provided on the first housing 1820. The second conductive element 1851

may be disposed on the outer surface of the rear cover 1850, and the second conductive

element 1851 may also be used for a metal ornamental member that is attached to the

exterior of the rear cover 1850. The second conductive element 1851 may be disposed

in a position where the second conductive element 1851 is electrically coupled with the

first conductive element 1813 so that the second conductive element 1851 may be used

as a parasitic antenna element when the rear cover 1850 is mounted on the first

housing 1820.

[249] FIG. 19 is a graph depicting antenna radiation efficiency by means of a second

conductive element when an electronic device is folded, according to an embodiment

of the present disclosure.

[250] Referring to FIGs. 17 and 19, when the second body is separated from the first body

1710 (default open), the first conductive element 1513, which is disposed on the first

body 1710 to which the rear cover having the second conductive element 1731 is

applied, has radiation efficiency that is about 1.5 dB greater than that when a rear

cover having no second conductive element is applied to the first body 1710.

[251] FIG. 20 is a diagram illustrating an arrangement relation between a first conductive

element 2013, an opening 2041, and a second conductive element 2031 of an

electronic device, according to an embodiment of the present disclosure.

[252] Referring to FIG. 20, the first conductive element 2013 may be disposed on a first

housing 2020, a rear cover 2030 may be disposed on the first housing 2020, and the

second conductive element 203 1 may be disposed on the rear cover 2030. The second

conductive element 203 1 may be provided so as to be aligned with the first conductive

element 2013 when the first housing 2020 and the second housing 2040 overlap each

other. The second conductive element 203 1 may have a closed loop shape, and at least

a part of the first conductive element 2013 may be included in a closed loop area of the

second conductive element 203 1 when the first housing 2020 and the second housing



2040 overlap each other.

[253] The second housing 2040 may be formed of a metal member, and the opening 2041

may be formed in the area of the second housing 2040 that corresponds to the first

conductive element 2013 when the first housing 2020 and the second housing 2040

overlap each other. The opening 2041 may have a size that is the same as, or different

from, that of the second conductive element 203 1 disposed on the rear cover 2030. The

size of the opening 2041 may be determined based on the operating frequency band of

the first conductive element 2013 that is used as an antenna radiator. The second

conductive element 2031 and the opening 2041 do not make physical contact with the

first conductive element 2013 for an application to a parasitic antenna device of the

first conductive element 2013, but may be electrically coupled with the first conductive

element 2013.

[254] The second housing 2040 may include a metal bracket that overlaps the first housing

2020. In a case where the second housing 2040 is used as a bracket, the second housing

2040 may be configured to be folded with respect to the first housing 2020, or may be

disposed, as a part of the first housing 2020, above the first housing 2020.

[255] FIG. 2 1 is a graph depicting antenna radiation efficiency in the state of FIG. 20,

according to an embodiment of the present disclosure.

[256] Referring to FIGs. 20 and 21, when the first housing 2020 and the second housing

2040 do no overlap each other and when the second conductive element 203 1 is

applied to the rear cover 2030, better radiation efficiency is exhibited at the same

operating frequency band (e.g., a 2.4 GHz band) than when the second conductive

element 203 1 is not applied to the rear cover 2030. In addition, the radiation efficiency

rarely changes in a desired operating frequency band (e.g., a 2.4 GHz band) even

though the first housing 2020 and the second housing 2040 overlap each other after the

second conductive element 203 1 is applied to the rear cover 2030.

[257] FIG. 22 is a perspective view of an electronic device, according to an embodiment of

the present disclosure, in which three bodies are folded with respect to each other.

FIGs. 23A and 23B are diagrams illustrating an electronic device that includes a

protective cover, according to an embodiment of the present disclosure. FIGs. 24, 25A,

and 25B are diagrams illustrating wearable electronic devices, according to an em

bodiment of the present disclosure.

[258] Referring to FIG. 22, the electronic device 2200 includes three foldable bodies 2210,

2220, and 2230. The electronic device 2200 includes the first body 2210, the second

body 2220 that is able to rotate relative to the first body 2210, and the third body 2230

that is able to rotate relative to the second body 2220. The first to third bodies 2210,

2220, and 2230 may be connected with each other through a connecting member 2240.

[259] A conductive element and openings for preventing a degradation in the radiation ef-



ficiency of the conductive element may be provided in corresponding positions of the

first to third bodies 2210, 2220, and 2230 in a case where the first to third bodies 2210,

2220, and 2230 are folded with respect to each other. In a case where a conductive

element operating as an antenna radiator is provided in an area El of the first body

2210, and openings may be provided in corresponding areas E2 and E3 of the second

and third bodies 2220 and 2230. Accordingly, even through the second body 2220 and/

or the third body 2230 is/are folded to the first body 2210, the openings may prevent a

degradation in the radiation efficiency of the conductive element used as an antenna

radiator.

[260] Referring to FIGs. 23A and 23B, the electronic device 2300 includes a main body

2310 and a protective cover 2320 for selectively protecting the main body 2310. A

conductive element operating as an antenna radiator may be disposed in an area F l on

one side, or an opposite side, of the upper portion of the electronic device. In a case

where the protective cover 2320 is folded to the main body 2310 to protect the main

body 2310, the protective cover 2320 may include an opening 2321 in an area F2 that

corresponds to the conductive element. The opening 2321 may be formed in the corre

sponding position of the protective cover 2320 formed of a metal member. The

opening 2321 may be filled with, or hidden by, a non-metal material or the same

material as the outer cover material of the protective cover 2320. Accordingly, even

though the main body 2310 is hidden by the protective cover 2320, the opening

provided in the area F2 may prevent a degradation in the radiation efficiency of the

conductive element that is disposed in the area F l and used as an antenna radiator.

[261] Referring to FIG. 24, the electronic device 2400 includes a wearable electronic

device that includes a main body 2410 and a connecting member 2420 connected with

the main body 2410. The main body 2410 may include a conductive element operating

as an antenna radiator, and the conductive element may be disposed in an area Gl of

the main body 2410. In a case where the connecting member 2420 is fastened to the

main body 2410, the connecting member 2420 may include an opening in an area G2.

Even though the corresponding parts of the main body 2410 and the connecting

member 2420 overlap each other, the opening formed in the area G2 may prevent a

degradation in the radiation efficiency of the conductive element that is disposed in the

area Gl and used as an antenna radiator.

[262] Referring to FIGs. 25A and 25B, the electronic device 2500 includes a wearable

electronic device that can be worn on a human body. The electronic device 2500 may

include a display. The electronic device 2500 also includes a first end portion 2520 and

a second end portion 2530 opposite to the first end portion 2520, and when the

electronic device 2500 is worn on a human body (e.g., wrist), the first and second end

portions 2520 and 2530 may overlap each other. A conductive element used as an



antenna radiator may be disposed in an area H I of the first end portion 2520 that

overlaps the second end portion 2530. An opening may be formed in an area H2 of the

second end portion 2530 that overlaps the first end portion 2520. Accordingly, even

though the first and second end portions 2520 and 2530 overlap each other, the

opening formed in the area H2 may prevent a degradation in the radiation efficiency of

the conductive element that is disposed in the area H I and used as an antenna radiator.

[263] When a conductive element is provided in a second housing to correspond to an

antenna device provided in a first housing, a slot may be formed in an area corre

sponding to the antenna device in order to prevent a degradation in antenna radiation

efficiency and to exhibit an excellent radiation characteristic.

[264] An electronic device may include: a first housing having a first surface directed in a

first direction and a second surface directed in a second direction opposite to the first

direction; a second housing having a third surface directed in a third direction and a

fourth surface directed in a fourth direction opposite to the third direction; a first

display disposed on the first housing and exposed through the first surface; a second

display disposed on the second housing and exposed through the third surface; a

connecting member configured to couple the first housing to the second housing,

wherein the first housing and the second housing are foldable to each other, and the

second surface and the fourth surface face each other when the first housing and the

second housing are folded to each other; a first conductive element disposed inside the

first housing so as to be located between the second surface and the first display; a

wireless communication circuit electrically connected to the first conductive element;

and an intermediate conductive plate disposed inside the second housing so as to be

located between the fourth surface and the second display, wherein the intermediate

conductive plate may have an opening configured to face the first conductive element

when the first housing and the second housing are folded to each other.

[265] The electronic device may further include a second conductive element formed in an

annular shape on the first housing or the second housing, and the second conductive

element may be disposed to surround the first conductive element when viewed from

above the second or fourth surface in a case where the first housing and the second

housing are folded to each other.

[266] The electronic device may further include a third conductive element formed in an

annular shape on the first housing or the second housing, and the third conductive

element may be disposed to surround the first conductive element when viewed from

above the second or fourth surface in a case where the first housing and the second

housing are folded to each other.

[267] The opening may be disposed in a position where the opening is coupled with the

first conductive element without making contact with the first conductive element



when the first housing and the second housing are folded to each other.

[268] The opening may be disposed such that at least a part of the first conductive element

overlaps the interior of the first conductive element having an annular shape when

viewed from above the second or fourth surface in a case where the first housing and

the second housing are folded to each other.

[269] The radiation efficiency of the first conductive element may be determined based on

the size or shape of the opening or the permittivity of a dielectric material interposed

between the first housing and the second housing when the first housing and the

second housing are folded to each other.

[270] A rear cover may be disposed on the second surface of the first housing, and a

second conductive element may be disposed in a position in the rear cover to

correspond to the first conductive element when viewed from above the second

surface.

[271] The second conductive element may be disposed in a position where the second

conductive element is electrically coupled with the first conductive element without

making contact with the first conductive element.

[272] The second conductive element may be disposed on the inner or outer surface of the

rear cover or inside the rear cover.

[273] The second conductive element disposed on the inner or outer surface of the rear

cover may include a metal plate, a flexible printed circuit, or a conductive paint.

[274] The second conductive element disposed inside the rear cover may include a metal

plate that is insert-molded into the rear cover made of a synthetic resin.

[275] An electronic device may include: a first body that includes a first housing; a second

body that is configured to rotate relative to the first body and includes a second

housing made of metal; a first antenna radiator disposed in at least one area of the first

housing; and an opening provided in a corresponding position of the second housing

that overlaps the first antenna radiator when the first body and the second body are

folded to each other such that the first body is superposed on the second body.

[276] The opening may be disposed in a position where the opening is coupled with the

first antenna radiator without making contact with the first antenna radiator when the

first body and the second body are folded to each other.

[277] At least a part of the first antenna radiator may be included in the opening when the

first body and the second body are folded to each other.

[278] The radiation efficiency of the first antenna radiator may be determined based on the

size or shape of the opening or the permittivity of a dielectric material interposed

between the first body and the second body when the first body and the second body

are folded to each other.

[279] A second antenna radiator may be disposed to overlap at least a part of the first



antenna radiator in the first body.

[280] The second antenna radiator may be electrically coupled with the first antenna

radiator without making contact with the first antenna radiator.

[281] An electronic device may include: a first body that includes a first housing; a second

body that is configured to rotate relative to the first body and includes a second

housing made of metal; a first antenna radiator disposed in at least one area of the first

housing; a second antenna radiator disposed to overlap at least a part of the first

antenna radiator in the first body; and an opening provided in a corresponding position

of the second housing that overlaps the first antenna radiator when the first body and

the second body are folded to each other such that the first body is superposed on the

second body.

[282] The second antenna radiator may be disposed on the inner or outer surface of a rear

cover coupled to the first housing, or is disposed inside the rear cover.

[283] The second antenna radiator may be disposed so as to be electrically coupled with the

first antenna radiator without making contact with the first antenna radiator, and the

opening may be provided so as to be electrically coupled with the first antenna radiator

without making contact with the first antenna radiator when the first body and the

second body are folded to each other.

[284] 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 scope of

the present disclosure. Therefore, the scope of the present disclosure should not be

defined as being limited to the embodiments, but should be defined by the appended

claims and equivalents thereof.
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Claims
An electronic device comprising:

a first housing having a first surface and a second surface opposite to

the first surface;

a second housing having a third surface and a fourth surface opposite to

the third surface;

a first display disposed on the first housing;

a second display disposed on the second housing;

a connecting member configured to couple the first housing to the

second housing such that the first housing and the second housing are

foldable relative to each other, and the second surface and the fourth

surface face each other when the first housing and the second housing

are folded toward each other;

a first conductive element disposed within the first housing and

between the second surface and the first display;

a wireless communication circuit electrically connected to the first

conductive element; and

an intermediate conductive plate disposed within the second housing

and between the fourth surface and the second display, the intermediate

conductive plate having an opening that faces the first conductive

element when the first housing and the second housing are in a folded

configuration.

The electronic device of claim 1, further comprising:

a second conductive element formed on one of the first housing and the

second housing,

wherein the second conductive element surrounds the first conductive

element when the first housing and the second housing are in a folded

configuration.

The electronic device of claim 2, further comprising:

a third conductive element formed on one of the first housing and the

second housing,

wherein the third conductive element surrounds the first conductive

element when the first housing and the second housing are in a folded

configuration.

The electronic device of claim 1, wherein the opening of the in

termediate conductive plate is electrically coupleable to the first

conductive element when the first housing and the second housing are
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in a folded configuration.

The electronic device of claim 4, wherein the opening is disposed such

that at least a part of the first conductive element overlaps an interior of

the first conductive element when the first housing and the second

housing are in a folded configuration.

The electronic device of claim 1, wherein a radiation efficiency of the

first conductive element is determined based on one of a size or shape

of the opening of the intermediate conductive plate and a permittivity

of a dielectric material interposed between the first housing and the

second housing when the first housing and the second housing are in a

folded configuration.

The electronic device of claim 1, wherein a rear cover of the electronic

device is disposed on the second surface of the first housing, and a

second conductive element is disposed on the rear cover corresponding

to a position of the first conductive element.

The electronic device of claim 7, wherein the second conductive

element is electrically coupled to the first conductive element without

making contact with the first conductive element.

The electronic device of claim 7, wherein the second conductive

element is disposed on one of an inner or outer surface of the rear cover

and inside the rear cover.

The electronic device of claim 9, wherein when the second conductive

element is disposed on the inner or outer surface of the rear cover, the

second conductive element comprises one of a metal plate, a flexible

printed circuit, and a conductive paint.

The electronic device of claim 8, wherein when the second conductive

element is disposed inside the rear cover, the second conductive

element comprises a metal plate that is insert-molded into the rear

cover, which is made of a synthetic resin.

An electronic device comprising:

a first body comprising a first housing;

a second body rotatable relative to the first body and comprising a

second housing made of metal;

a first antenna radiator disposed on the first housing; and

an opening provided on the second housing such that the opening

overlaps the first antenna radiator when the first body and the second

body are in a folded configuration.

The electronic device of claim 12, wherein at least a part of the first
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antenna radiator is disposed within the opening when the first body and

the second body are in a folded configuration.

[Claim 14] The electronic device of claim 12, wherein a second antenna radiator is

disposed to overlap at least a part of the first antenna radiator in the

first body.

[Claim 15] The electronic device of claim 14, wherein the second antenna radiator

is electrically coupled to the first antenna radiator without making

contact with the first antenna radiator.



































































































A. CLASSIFICATION OF SUBJECT MATTER

HOIQ l/24(2006.01)i, HOIQ l/38(2006.01)i, HOIQ 5/40(2014.01)i, H04M l/02(2006.01)i, HOIQ l/22(2006.01)i, HOIQ
9/04(2006.01)i, H01Q 9/42(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
H01Q 1/24; H04B 7/216; H01Q 1/48; G06F 1/16; H04B 1/38; H01Q 1/38; H01Q 5/40; H04M 1/02; H01Q 1/22; H01Q 9/04; H01Q 9/42

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords: opening, fold, antenna, overlap

DOCUMENTS CONSIDERED TO BE RELEVANT

Category' Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2011-0080703 Al (MARIA C . SCHLESENER et al.) 07 April 2011 12-15

See paragraphs [0016]-[0021] , claim 1 and figure 1 .

1-11

US 6246374 Bl (ALESSANDRO PERROTTA et al.) 12 June 2001 1-11

See column 2 , line 11 - column 3 , line 43, claim 7 and figures 1-2.

US 7417593 Bl (LAN-YUNG HSIAO et al.) 26 August 2008 1-15

See claims 1-7 and figures 1-3.

US 2004-0063476 Al (MAKOTO KATAGISHI et al.) 01 April 2004 1-15

See abstract and figures 1-5.

US 8649825 B2 (JARI KRISTIAN VAN WONTERGHEM et al.) 11 February 2014 1-15

See abstract and figures 1-4.

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

09 February 2017 (09.02.2017) 10 February 2017 (10.02.2017)
Name and mailing address of the ISA/KR Authorized officer ¾ s

International Application Division
Korean Intellectual Property Office Lee, Eun Kyu . 1

» 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea ¾ J ?

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3580

Form PCT/ISA/210 (second sheet) (January 2015)



Information on patent family members PCT/KR2016/012956

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2011-0080703 Al 07/04/2011 US 2013-033809 Al 07/02/2013
US 8310825 B2 13/11/2012
US 9036339 B2 19/05/2015

US 6246374 Bl 12/06/2001 None

US 7417593 Bl 26/08/2008 None

US 2004-0063476 Al 01/04/2004 CN 100431367 C 05/11/2008
CN 1487767 A 07/04/2004
CN 1487767 C 05/11/2008
JP 2004-120052 A 15/04/2004
JP 2004-153589 A 27/05/2004

R 10-0602042 Bl 19/07/2006
US 7139533 B2 21/11/2006

US 8649825 B2 11/02/2014 US 2012-028685 Al 02/02/2012

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

