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Description
Title of Invention: ELECTRONIC DEVICE INCLUDING

ANTENNA
Technical Field

The present disclosure relates to a technology for mounting antennas and parts in an
electronic device.
Background Art

As an information technology (IT) develops, various types of electronic devices are
widely being supplied. An electronic device may communicate with any other
electronic device or a base station by using an antenna.

Nowadays, as the network traffic of a mobile device sharply increases, next-
generation mobile communication technology using a signal in a ultra-high-frequency
band, for example, Sth generation (5G) technology is being developed. If the signal in
the ultra-high-frequency band is used, a wavelength of the signal may become short to
a millimeter unit. Also, since the bandwidth may be used more widely, a significant
amount of information may be transmitted or received. Since an antenna array has an
effective isotropically radiated power (EIRP) greater than one antenna, the antenna
array may transmit or receive various kinds of data more effectively. The signal in the

ultra-high-frequency band may be referred to as a "millimeter wave signal".
Disclosure of Invention
Technical Problem

An electronic device may be equipped with other parts in addition to the antenna
structure. For example, the electronic device may be equipped with cover glass, a
display, a printed circuit board, or a rear cover. As the various parts are mounted on an
electronic device, the electronic device may lack the space in which the antenna
structure is capable of being disposed.

The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with
regard to the present disclosure.

Solution to Problem

According to an embodiment of the present disclosure, at least one of the antenna
structure and other parts may be disposed in the partial area of a display of the
electronic device.

In accordance with an aspect of the present disclosure, an electronic device may

include a housing including a first plate including a glass plate, a second plate facing
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the first plate, and a side surface surrounding a space between the first plate and the
second plate, a display disposed inside the space and exposed through a first area of the
first plate, an antenna structure comprising an antenna at least partly overlapping a
second area of the first plate when viewed from above the first plate and being
connected to the second area, a printed circuit board disposed in parallel to the first
plate inside the space and electrically connected to a wireless communication circuit,
and a processor disposed on the printed circuit board and connected to the display. The
antenna structure may include a first structure including a first surface facing the side
surface and a second surface facing away from the side surface, a first array of
conductive patterns formed on the first surface or between the first surface and the
second surface, wherein the wireless communication circuit, which is attached to the
antenna structure or formed on the antenna structure, which is electrically connected to
the first array, and which is configured to transmit and/or receive a signal in a

frequency range of 3 GHz to 100 GHz.
In accordance with another aspect of the present disclosure, an electronic device may

include a housing including a first plate including a first area and a second area sur-
rounding the first area, a second plate facing the first plate, a side surface surrounding
a space between the first plate and the second plate, a display disposed inside the space
and exposed through the first area, an antenna structure disposed at a location corre-
sponding to the second area in the space, a second printed circuit board disposed
between the display and the second plate, and a processor disposed on the second
printed circuit board and electrically connected to a wireless communication circuit.
The antenna structure may include a first printed circuit board attached to the second
area, a first antenna array disposed in an area adjacent to the second area in the first
printed circuit board, wherein the wireless communication circuit configured to
transmit and/or receive a signal in a specified frequency band by feeding power to the
first antenna array.
Advantageous Effects of Invention

According to various embodiments of the present disclosure, at least one of an
antenna structure and other parts may be disposed in a display deactivation area of an
electronic device, thereby improving the space utilization of the electronic device.

A variety of effects directly or indirectly understood through this disclosure may be
provided.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present

disclosure.
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Brief Description of Drawings

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:

FIG. 1 is an exploded perspective view illustrating an example electronic device,
according to an embodiment;

FIG. 2a is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to an embodiment;

FIG. 2b diagram illustrating an example antenna structure including a first antenna
array and a second antenna array, according to an embodiment;

FIG. 2c is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to another embodiment;

FIG. 2d is a diagram illustrating an example antenna structure including a first
antenna array and a second antenna array, according to another embodiment;

FIG. 2¢ is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to still another embodiment;

FIG. 2f is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to still another embodiment;

FIG. 3a is a sectional view illustrating an example antenna structure including an
antenna array, according to an embodiment;

FIG. 3b is a diagram illustrating an example antenna structure including an antenna
array, according to an embodiment;

FIG. 3c is a sectional view illustrating an example antenna structure including an
antenna array, according to another embodiment;

FIG. 3d is a sectional view illustrating an example antenna structure including an
antenna array, according to still another embodiment;

FIG. 3e is a sectional view illustrating an example antenna structure including an
antenna array, according to still another embodiment;

FIG. 4a is a sectional view illustrating an example antenna structure including an
antenna array, according to an embodiment;

FIG. 4b a diagram illustrating an example antenna structure including an antenna
array, according to an embodiment;

FIG. 4c is a sectional view illustrating an example antenna structure including an
antenna array, according to another embodiment;

FIG. 5 is a sectional view illustrating an example electronic device in which an
embossing layer is interposed between an antenna structure and a cover glass,

according to an embodiment;
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[29] FIG. 6a is a sectional view illustrating an example inverted L-shaped antenna
structure, according to an embodiment;

[30] FIG. 6b is a diagram illustrating an example inverted L-shaped antenna structure,
according to an embodiment;

[31] FIG. 6c¢ is a sectional view illustrating an example inverted L-shaped antenna
structure, according to another embodiment;

[32] FIG. 6d is a sectional view illustrating an example inverted L-shaped antenna
structure, according to still another embodiment;

[33] FIG. 6e is a sectional view illustrating an example inverted L-shaped antenna
structure, according to yet another embodiment;

[34] FIG. 7a is a sectional view illustrating an example U-shaped antenna structure,
according to an embodiment;

[35] FIG. 7b is a sectional view illustrating an example U-shaped antenna structure,
according to another embodiment;

[36] FIG. 8a is a diagram illustrating an example antenna structure including one wireless
communication circuit, according to an embodiment;

[37] FIG. 8b is a diagram illustrating an example antenna structure including two wireless
communication circuits, according to an embodiment;

[38] FIG. 8c is a diagram illustrating an example antenna structure including three
wireless communication circuits, according to an embodiment;

[39] FIG. 9a is a sectional view illustrating an example electronic device including an
electronic part interposed between an antenna structure and a display, according to an
embodiment;

[40] FIG. 9b is a diagram illustrating an example antenna structure and an electronic part,
according to an embodiment;

[41] FIG. 10a is a sectional view illustrating an example electronic device in which a first
printed circuit board and a second printed circuit board are connected to each other,
according to an embodiment;

[42] FIG. 10b is a sectional view illustrating an example electronic device in which a first
printed circuit board and a second printed circuit board are connected to each other,
according to another embodiment;

[43] FIG. 10c is a sectional view illustrating an example electronic device in which a first
printed circuit board and a second printed circuit board are connected to each other,
according to still another embodiment;

[44] FIG. 11ais a sectional view illustrating an example I-shaped antenna structure,
according to an embodiment;

[45] FIG. 11b is a sectional view illustrating an example L-shaped antenna structure,

according to an embodiment;
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FIG. 11c is a sectional view illustrating an example L-shaped antenna structure,

according to another embodiment;
FIG. 12a is a diagram illustrating an example electronic device in which an antenna

structure including a plurality of electronic parts is mounted, according to an em-
bodiment;

FIG. 12b is a diagram illustrating an enlarged view of an example antenna structure,
according to an embodiment;

FIG. 12c is a diagram illustrating an enlarged view of an example antenna structure,
according to another embodiment;

FIG. 13 is a block diagram illustrating an example electronic device in a network en-
vironment, according to various embodiments;

FIG. 14 is a block diagram illustrating an example of an electronic device supporting
5G communication; and

FIG. 15 is a block diagram illustrating an example communication device, according
to an embodiment.

Mode for the Invention

FIG. 1 is an exploded perspective view illustrating an example electronic device,
according to an embodiment.

Referring to FIG. 1, an electronic device 100 may include housing 110, a display
120, a first antenna structure 130f, a second antenna structure 130s, a shield layer 140,
a printed circuit board 150, and a processor 160. According to an embodiment, the
electronic device 100 may be implemented without some of the components illustrated
in FIG. 1 or may be implemented to further include one or more components not il-
lustrated in FIG. 1. Also, the order in which the components included in the electronic
device 100 are stacked may be different from the stacked order illustrated in FIG. 1.

The housing 110 may form an outer appearance of the electronic device 100. For
example, the housing 110 may include a first plate 111, a second plate 113 facing the
first plate 111, and a side member (e.g., including a side face) 112 surrounding the
space between the first plate 111 and the second plate 113.

The first plate 111 may protect various components (e.g., the display 120) included
in the electronic device 100 from an external impact. For example, the first plate 111
may include a transparent material, such as, for example, and without limitation,
tempered glass, reinforced plastics, a flexible polymer material, or the like. According
to an embodiment, the first plate 111 may be referred to as "cover glass"

According to an embodiment, the first plate 111 may include a first area 111f, a
second area 111s, or a third area 111t. The first area 111f may transmit light generated

by the display 120. The second area 111s or the third area 111t may surround or be
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adjacent to the first area 111f, and various sensors (e.g., an illuminance sensor and a
camera) may be exposed through the second area 111s or the third area 111t. In this
disclosure, the second area 111s and/or the third area 111t may be referred to as a
"bezel area”

The side member (e.g., including a side surface) 112 may form an outer appearance
of a side surface of the electronic device 100. Furthermore, various components
included in the electronic device 100 may be mounted in the side member 112.

The second plate 113 may be coupled in the direction '-z' of the side member 112.
The second plate 113 may include, for example, and without limitation, tempered
glass, plastic, and/or metal, or the like. According to an embodiment, the second plate
113 may be integrally implemented with the side member 112 or may be implemented
to be removable by a user.

The first antenna structure 130f and the second antenna structure 130s may be
disposed in the direction -z’ of the second area 111s or the third area 111t, re-
spectively. For example, the first antenna structure 130f may be disposed in the
direction '-z' of the second area 111s, and the second antenna structure 130s may be
disposed in the direction '-z' of the third area 111t.

According to an embodiment, the first antenna structure 130f may transmit and/or
receive a signal in a specified frequency band (e.g., 3 GHz to 100 GHz). Moreover, the
first antenna structure 130f may transmit and/or receive a signal in the direction 'z’,
direction '-z', and/or direction '-y'.

In the electronic device 100 according to an embodiment of the present disclosure,
since the first antenna structure 130f is disposed in the second area 111s, or the third
area 111t, the thickness of the electronic device 100 may be reduced. Also, since the
first antenna structure 130f is disposed in the second area 111s or the third area 111t,
the electronic device 100 may transmit and/or receive a signal in the direction 'z'. In the
present disclosure, the description given with regard to the first antenna structure 130f
may also be applied to the second antenna structure 130s.

The display 120 may be disposed in the direction '-z' of the first area 111f. The
display 120 may be electrically connected with the printed circuit board 150, and may
output content (e.g., a text, an image, a video, an icon, a widget, or a symbol) and/or
may receive a touch input (e.g., a touch, a gesture, or a hovering) from the user.

The shield layer 140 may be interposed between the display 120 and the side member
112. The shield layer 140 may, for example, shield an electro-magnetic wave
generated between the display 120 and the printed circuit board 150 to prevent and/or
reduce an electro-magnetic interference between the display 120 and the printed circuit
board 150.

Various types of electronic parts, elements, and/or printed circuits of the electronic
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device 100 may be mounted on the printed circuit board 150 or a second printed circuit
board. For example, and without limitation, an application processor (AP), a commu-
nication processor (CP), and/or a memory may be mounted on the printed circuit board
150. In this disclosure, the printed circuit board 150 may be referred to as a "main
board" or a "printed board assembly (PBA)"

The processor 160 may be electrically connected to the first antenna structure 130f
and the second antenna structure 130s. The processor 160 may transmit and/or receive
a signal in a specified frequency band (e.g., 3 GHz to 100 GHz) by feeding power to
the first antenna structure 130f and the second antenna structure 130s. For example, the
signal emitted from the first antenna structure 130f and the second antenna structure
130s may be radiated in the direction 'z', direction '-z', direction 'y', and/or direction '-
y'. In the present disclosure, the processor 160 may be referred to, for example, and
without limitation, as a "communication processor (CP)"

In the present disclosure, the description given with reference to FIG. 1 may be
identically applied to components having the same reference numerals/marks as the
components of the electronic device 100 described with reference to FIG. 1. Moreover,
in the present disclosure, the direction 'y' may refer, for example, the direction in which
the second antenna structure 130s is positioned with respect to the first antenna
structure 130f; the direction 'z' may refer, for example, to the direction in which the
first plate 111is positioned with respect to the first antenna structure 130f; the direction
'x" may refer, for example, to the direction perpendicular to each of the direction 'y' and
the direction 'z'.

FIG. 2a is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to an embodiment. FIG. 2b is a
diagram illustrating an example antenna structure including a first antenna array and a
second antenna array, according to an embodiment. FIG. 2b illustrates a detailed
structural view of an antenna structure 220 illustrated in FIG. 2a.

FIG. 2c is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to another embodiment. FIG. 2d is
a diagram illustrating an example antenna structure including a first antenna array and
a second antenna array, according to another embodiment. FIG. 2d illustrates a detailed
structural view of an antenna structure 230 illustrated in FIG. 2c.

FIG. 2¢ is a sectional view illustrating an example antenna structure including a first
antenna array and a second antenna array, according to still another embodiment. FIG.
2f is a sectional view illustrating an example antenna structure including a first antenna
array and a second antenna array, according to still another embodiment.

Referring to FIG. 2a, the antenna structure 220 (e.g., the first antenna structure 130f

or the second antenna structure 130s of FIG. 1) may be attached to the second area
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111s. For example, an adhesive member 210 may be disposed between the antenna
structure 220 and the second area 111s, and the antenna structure 220 may be attached
to the second area 111s through the adhesive member 210. When the antenna structure
220 is attached to the second area 111s, the antenna structure 220 is positioned on sub-
stantially the same plane as some areas (e.g., an embossing layer 141, a copper sheet
143, and a heat sink sheet 144) of the display 120.

According to an embodiment, an empty space 230h may be formed between the
antenna structure 220 and the display 120, and various electronic parts (e.g., a fin-
gerprint sensor or an illuminance sensor) may be disposed in the empty space 230h.
The description about the empty space 230h illustrated in FIG. 2a may be applied to
various embodiments to be described below.

According to an embodiment, the antenna structure 220 may include a printed circuit
board 221 (or a first printed circuit board), a first antenna array 222, and/or a second
antenna array 223. According to an embodiment, a communication circuit (not il-
lustrated) may be disposed in the antenna structure 220. For example, the first antenna
array 222 or the second antenna array 223 may include, for example, and without
limitation, at least one of a patch antenna array, a dipole antenna array, or the like.

In the present disclosure, the printed circuit board (e.g., the printed circuit board 221)
included in the antenna structure (e.g., the first antenna structure 130f or the second
antenna structure 130s of FIG. 1) may be referred to as a "first printed circuit board",
and the printed circuit board 150 interposed between the display 120 and the second
plate 113 may be referred to as a "second printed circuit board"

In the case of FIG. 2a, the antenna structure 220 may include the first antenna array
222 and the second antenna array 223. For example, the first antenna array 222 may
include a dipole antenna. For another example, the second antenna array 223 may
include a patch antenna. The first antenna array 222 may face in the direction 'z, and
the second antenna array 223 may face in the direction '-y'. The first antenna array 222
may transmit and/or receive a signal in the direction 'z' and the direction -y'. The
second antenna array 223 may transmit and/or receive a signal in the direction '-y'.

According to an embodiment, the display 120 may include a display panel 120p, the
embossing layer 141, the copper sheet 143, and the heat sink sheet 144.

According to an embodiment, a plurality of pixels and a plurality of wires for
applying power to the pixels may be mounted in the display panel 120p. The
embossing layer 141 may protect other parts from impact by absorbing the impact
applied to the electronic device 100. The copper sheet 143 may shield electromagnetic
waves generated between the display 120 and the printed circuit board 150. The heat
sink sheet 144 may disperse heat generated from the display 120. Although not il-
lustrated in FIG. 2a, the display 120 may further include a digitizer that senses the
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location of the user input based on the electromagnetic field that changes in the first
area 111f.

According to an embodiment, the first antenna array 222 may include a plurality of
dipole antennas arranged in the direction 'x' or the direction '-x' when viewed from
above the cover glass 111. Furthermore, the second antenna array 223 may include a
plurality of patch antennas arranged in the direction X' or the direction '-x' when
viewed from above the cover glass 111.

Referring to FIG. 2b, the first antenna array 222 may include multiple dipole
antennas. The first antenna array 222 may be connected to a wireless communication
circuit 226 via a feed line 224. The wireless communication circuit 226 may feed
power to the first antenna array 222 through the feed line 224. When the wireless com-
munication circuit 226 feeds power to the first antenna array 222, the first antenna
array 222 may form beams in orthogonal directions. The signal transmission/reception
rate of the antenna structure 220 may be improved as the first antenna array 222 forms
beams in orthogonal directions.

According to an embodiment, the second antenna array 223 may be disposed on one
surface of the printed circuit board 221. For example, the second antenna array 223
may include patch antennas. The wireless communication circuit 226 may directly feed
power to the second antenna array 223 via the feed line 224, or may indirectly feed
power to the second antenna array 223. When feeding power to the second antenna
array 223, the wireless communication circuit 226 may transmit and/or receive the
signal in a specified frequency band via the second antenna array 223.

According to an embodiment, a via 225 may be formed on the printed circuit board
221. The via 225 may improve isolation between the first antenna array 222 and the
second antenna array 223.

Referring to FIG. 2c, the antenna structure 230 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 231
and a second antenna array 232. For example, the first antenna array 231 may include
dipole antennas. The second antenna array 232 may include patch antennas. The first
antenna array 231 and the second antenna array 232 may be disposed such that beams
are formed in the direction '-y'. For example, the first antenna array 231 may transmit
and/or receive a signal in the direction '-y'. The second antenna array 232 may transmit
and/or receive a signal in the direction '-y'.

When the antenna structure 220 illustrated in FIG. 2a is compared with the antenna
structure 230 illustrated in FIG. 2c, the directions the beams formed by the first
antenna array 222 of FIG. 2a and the first antenna array 231 of FIG. 2c may be
different from each other. Since the first antenna array 222 of FIG. 2a forms a beam in

the direction 'z', the intensity of the signal radiated in the direction 'z' may be stronger
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than the intensity of the signal radiated in the direction '-y'. Since the first antenna
array 231 of FIG. 2c forms a beam in the direction '-y’, the intensity of the signal
radiated in the direction -y' may be stronger than the intensity of the signal radiated in
the direction 'z'.

Referring to FIG. 2d, the antenna structure 230 may use a first via 231v as the first
antenna array 231. For example, a wireless communication circuit 235 and the first via
231v may be electrically connected to each other through a feed line 233. The wireless
communication circuit 235 may feed power to the first via 231v through the feed line
233 directly or indirectly. The first via 231v may transmit and/or receive a signal in a
specified frequency band.

According to an embodiment, the second antenna array 232 may be disposed on one
surface of the printed circuit board 221. The wireless communication circuit 235 may
directly feed power to the second antenna array 232 via the feed line 233, or may in-
directly feed power to the second antenna array 223.

According to an embodiment, a second via 234 may be formed on the printed circuit
board 221. The second via 234 may improve isolation between the first antenna array
231 and the second antenna array 232.

Referring to FIG. 2e, an antenna structure 240 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 241, a
second antenna array 242, a third antenna array 243, and a fourth antenna array 244.
For example, each of the first antenna array 241 and the second antenna array 242 may
include dipole antennas, and each of the third antenna array 243 and the fourth antenna
array 244 may include patch antennas.

According to an embodiment, the first antenna array 241 and the second antenna
array 242 may be disposed to form beams in the direction 'z' and the direction -z', re-
spectively. The third antenna array 243 and the fourth antenna array 244 may be
disposed to form beams in the direction '-y', respectively. For example, the first
antenna array 241 may transmit and/or receive a signal in the direction 'z'. For
example, the second antenna array 242 may transmit and/or receive a signal in the
direction '-z'. For example, the third antenna array 243 and fourth antenna array 244
may transmit and/or receive a signal in the direction -y'.

Referring to FIG. 2f, an antenna structure 250 (e.g., the first antenna structure 130f or
the second antenna structure 130s of FIG. 1) may include a first antenna array 251, a
second antenna array 252, a third antenna array 253, and a fourth antenna array 254.
For example, each of the first antenna array 251 and the second antenna array 252 may
include dipole antennas, and each of the third antenna array 253 and the fourth antenna
array 254 may include patch antennas. The first antenna array 251, the second antenna

array 252, the third antenna array 253, and the fourth antenna array 254 may be
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disposed to form beams in the direction '-y', respectively. When the antenna structure
240 illustrated in FIG. 2e is compared with the antenna structure 250 illustrated in FIG.
2f, the directions of the first antenna array 241 of FIG. 2e and the first antenna array
251 of FIG. 2f may be different. For another example, the directions of the second
antenna array 242 of FIG. 2e and the second antenna array 252 of FIG. 2f may be
different. As such, the intensity of each of the signals radiated in the direction 'z' and
the direction '-z' by the first antenna array 241 and the second antenna array 242 of
FIG. 2e may be somewhat stronger than the intensity of the signal radiated in the
direction '-y'. The intensity of each of the signals radiated in the direction '-y' by the
first antenna array 251 and the second antenna array 252 of FIG. 2f may be somewhat
stronger than the intensity of each of the signals radiated in the direction 'z' and the
direction -z".

[90] FIG. 3a is a sectional view illustrating an example antenna structure including an
antenna array, according to an embodiment. FIG. 3b is a diagram illustrating an
example antenna structure including an antenna array, according to an embodiment.
FIG. 3b illustrates a detailed structural view of an antenna structure 310 illustrated in
FIG. 3a.

[91] FIG. 3c is a sectional view illustrating an example antenna structure including an
antenna array, according to another embodiment. FIG. 3d is a diagram illustrating an
example antenna structure including an antenna array, according to still another em-
bodiment. FIG. 3e is a sectional view illustrating an example antenna structure
including an antenna array, according to still another embodiment.

[92] Referring to FIG. 3a, the antenna structure 310 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a printed circuit board 311
(or a first printed circuit board), a first antenna array 312, and/or a second antenna
array 313. For example, the first antenna array 312 or the second antenna array 313
may include patch antennas or dipole antennas, respectively.

[93] According to an embodiment, the printed circuit board 311 may have an inverted 'L/
shape. In the case of FIG. 3a, the first antenna array 312 may be disposed on one
surface, which is capable of forming a beam in the direction '-y', of the inverted L'
shape of the printed circuit board 311; the second antenna array 313 may be disposed
on the other surface, which is capable of forming a beam in the direction 'Z', of the
inverted 'L’ shape of the printed circuit board 311. For example, the first antenna array
312 may transmit and/or receive a signal in the direction -y'. The second antenna array
313 may transmit and/or receive a signal in the direction 'z'.

[94] Referring to FIG. 3b, according to an embodiment, the first antenna array 312 and
the second antenna array 313 may be connected to a wireless communication circuit

315 directly or indirectly. When the first antenna array 312 and the second antenna
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array 313 are directly connected to the wireless communication circuit 315, the first
antenna array 312 and the second antenna array 313 may be electrically connected to
the wireless communication circuit 315 via a feed line 314. The wireless commu-
nication circuit 315 may transmit and/or receive a signal in a specified frequency band
by feeding power to the first antenna array 312 and the second antenna array 313
directly or indirectly.

According to an embodiment, the printed circuit board 311 may include a first
structure 311-1 and a second structure 311-2. The first structure 311-1 and the second
structure 311-2 may be manufactured as a single printed circuit board. For example,
the printed circuit board 311 may include the first structure 311-1 and the second
structure 311-2 by applying the heat of a specific temperature or more to a portion
where bending is required after the wire and the part are mounted.

Referring to FIG. 3c, an antenna structure 320 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 321, a
second antenna array 322, and a third antenna array 323. For example, each of the first
antenna array 321, the second antenna array 322, and the third antenna array 323 may
include patch antennas or dipole antennas. In the case of FIG. 3c, a printed circuit
board 324 may have a 'U' shape. The first antenna array 321 may be disposed on one
surface, which faces in the direction '-y', of the printed circuit board 324; the second
antenna array 322 may be disposed on one surface, which faces in the direction 'z', of
the printed circuit board 324; the third antenna array 323 may be disposed on one
surface, which faces in the direction '-z', of the printed circuit board 324. For example,
the first antenna array 321 may form a beam in the direction '-y'; the second antenna
array 322 may form a beam in the direction 'z'; the third antenna array 323 may form a
beam in the direction -z'; the first antenna array 321, the second antenna array 322, and
the third antenna array 323 may transmit and/or receive signals. Since the antenna
structure 320 illustrated in FIG. 3¢ includes third antenna array 323, the antenna
structure 320 may transmit and/or receive a signal in the direction '-z', unlike the
antenna structure 310 illustrated in FIG. 3a.

Referring to FIG. 3d, an antenna structure 330 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 331, a
second antenna array 332, a third antenna array 333, and a fourth antenna array 334.
For example, each of the first antenna array 331, the second antenna array 332, the
third antenna array 333, and the fourth antenna array 334 may include patch antennas
or dipole antennas. In the case of FIG. 3d, the first antenna array 331 and the second
antenna array 332 may form beams in the direction '-y', and the third antenna array 333
and the fourth antenna array 334 may form beams in the direction 'z'. For example, the

first antenna array 331 and the second antenna array 332 may transmit and/or receive
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signals in the direction '-y', and the third antenna array 333 and the fourth antenna
array 334 may transmit and/or receive signals in the direction 'z'.

Referring to FIG. 3e, an antenna structure 340 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include the printed circuit board
324, a first antenna array 341, a second antenna array 342, a third antenna array 343, a
fourth antenna array 344, a fifth antenna array 345, and a sixth antenna array 346. For
example, each of the first antenna array 341, the second antenna array 342, the third
antenna array 343, the fourth antenna array 344, the fifth antenna array 345, and the
sixth antenna array 346 may include patch antennas or dipole antennas. For example,
the printed circuit board 324 may have a ‘U’ shape.

According to an embodiment, the first antenna array 341 and the second antenna
array 342 may form beams in the direction '-y'; the third antenna array 343 and the
fourth antenna array 344 may form beams in the direction 'z'; the fifth antenna array
345 and the sixth antenna array 346 may form beams in the direction -z'. According to
an embodiment, the first antenna array 341 and the second antenna array 342 may
transmit and/or receive signals in the direction '-y'; the third antenna array 343 and the
fourth antenna array 344 may transmit and/or receive signals in the direction 'z'; the
fifth antenna array 345 and the sixth antenna array 346 may transmit and/or receive
signals in the direction -z".

FIG. 4a is a sectional view illustrating an example antenna structure including an
antenna array, according to an embodiment. FIG. 4b is a diagram illustrating an
example antenna structure including an antenna array, according to an embodiment.
FIG. 4c is a sectional view illustrating an example antenna structure including an
antenna array, according to another embodiment.

Referring to FIG. 4a, an antenna structure 410 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a printed circuit board 411
(or a first printed circuit board), a first antenna array 412, and a second antenna array
413. For example, each of the first antenna array 412 and the second antenna array 413
may include dipole antennas or patch antennas. In the case of FIG. 4a, the first antenna
array 412 and the second antenna array 413 may form beams in the direction 'z' and the
direction '-z', respectively. For example, the first antenna array 412 and the second
antenna array 413 may substantially transmit and/or receive signals in the direction 'z’
and the direction -z', respectively.

Referring to FIG. 4b, the first antenna array 412 and the second antenna array 413
may include a plurality of dipole antennas. The plurality of dipole antennas may be
electrically connected to a wireless communication circuit 415 through a feed line 414.
The wireless communication circuit 415 may feed power to the first antenna array 412

and the second antenna array 413 through the feed line 414, and the first antenna array
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412 and the second antenna array 413 may transmit and/or receive a signal in a
specified frequency band.

Referring to FIG. 4c, the antenna structure 420 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 421
and a second antenna array 422. For example, each of the first antenna array 412 and
the second antenna array 413 may include dipole antennas or patch antennas. For
example, the first antenna array 421 and the second antenna array 422 may form beams
in the direction -y'. For example, the first antenna array 421 and the second antenna
array 422 may transmit and/or receive signals in the direction '-y'. Unlike the antenna
structure 410 illustrated in FIG. 4a, in the antenna structure 420 illustrated in FIG. 4c,
the intensity of a signal transmitted and received in the direction -y’ may be relatively
stronger than the intensity of each of signals transmitted and received in the direction
'z' and the direction '-z', because the first antenna array 421 and the second antenna
array 422 form beams in the direction -y'.

FIG. 5 is a sectional view illustrating an example electronic device in which an
embossing layer is interposed between an antenna structure and a cover glass,
according to an embodiment.

Referring to FIG. 5, the electronic device 100 may include an additional embossing
layer 520 interposed between an antenna structure 510 (e.g., the first antenna structure
130f or the second antenna structure 130s of FIG. 1) and the second area 111s. The ad-
ditional embossing layer 520 may protect the antenna structure 510 by absorbing
external impact applied to the antenna structure 510.

According to an embodiment, the antenna structure 510 may include a first antenna
array 512, a second antenna array 513, and a third antenna array 514. For example, the
first antenna array 512 may include dipole antennas, and each of the second antenna
array 513 and the third antenna array 514 may include of patch antennas. The first
antenna array 512 may form a beam in the direction '-y', and the second antenna array
513 and the third antenna array 514 may form beams in the direction 'z'. For example,
the first antenna array 512 may transmit and/or receive a signal in the direction -y'.
The second antenna array 513 and the third antenna array 514 may transmit and/or
receive signals in the direction 'z'.

According to an embodiment, an electronic part (e.g., a fingerprint sensor, an 1il-
luminance sensor, or a camera) may be disposed in the direction '-z' of the antenna
structure 510.

FIG. 6a is a sectional view illustrating an example inverted L-shaped antenna
structure, according to an embodiment. FIG. 6b is a diagram illustrating an example
inverted L-shaped antenna structure, according to an embodiment.

FIG. 6c¢ is a sectional view illustrating an example inverted L-shaped antenna
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structure, according to another embodiment. FIG. 6d is a diagram illustrating an
example inverted L-shaped antenna structure, according to still another embodiment.
FIG. 6e is a sectional view illustrating an example inverted L-shaped antenna structure,
according to yet another embodiment.

Referring to FIG. 6a, an antenna structure 610 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a printed circuit board 611
(or a first printed circuit board), a first antenna array 612, and/or a second antenna
array 613. A part of the printed circuit board 611 may extend in the direction 'y', and
the remaining parts of the printed circuit board 611 may extend in the direction -z'.
The first antenna array 612 and the second antenna array 613 may form beams in the
direction 'z'. For example, the first antenna array 612 and the second antenna array 613
may transmit and/or receive signals substantially in the direction 'z'.

Referring to FIG. 6b, the printed circuit board 611 may include a first printed circuit
board 611f and a second printed circuit board 611s. The first printed circuit board 611f
and the second printed circuit board 611s may be electrically connected to each other
through a connection member 614 (e.g., a flexible printed circuit board (FPCB)).

According to an embodiment, the first antenna array 612 may be disposed on the first
printed circuit board 611f. The first antenna array 612 may be electrically connected to
a wireless communication circuit 618 through a first feed line 615. The wireless com-
munication circuit 618 may transmit and/or receive a signal in a specified frequency
band by feeding power the first antenna array 612 through the first feed line 615.

According to an embodiment, a second feed line 616 may be connected to a third
feed line 617, which is disposed on the second printed circuit board 611s, through the
connection member 614. The wireless communication circuit 618 may feed power
directly to the second antenna array 613 through the second feed line 616, the
connection member 614, and the third feed line 617. For another example, the wireless
communication circuit 618 may transmit and/or receive a signal in a specified
frequency band by indirectly feeding power to the second antenna array 613.

Referring to FIG. 6¢, an antenna structure 620 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 621, a
second antenna array 622, and a third antenna array 623. For example, the first antenna
array 621 may include dipole antennas, and the second antenna array 622 and/or the
third antenna array 623 may include patch antennas. The first antenna array 621, the
second antenna array 622, and the third antenna array 623 may form beams in the
direction "-y'. For example, the first antenna array 621, the second antenna array 622,
and the third antenna array 623 may transmit and/or receive signals in the direction '-y'.

Referring to FIG. 6d, an antenna structure 630 (e.g., the first antenna structure 130f

or the second antenna structure 130s of FIG. 1) may include a first antenna array 631, a
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second antenna array 632, a third antenna array 633, and a fourth antenna array 634.
For example, the first antenna array 631, the second antenna array 632, the third
antenna array 633, or the fourth antenna array 634 may include patch antennas or
dipole antennas. The first antenna array 631 and the second antenna array 632 may
form beams in the direction 'z', and the third antenna array 633 and the fourth antenna
array 634 may form beams in the direction '-y'. For example, the first antenna array
631 and the second antenna array 632 may transmit and/or receive signals in the
direction 'z'. The third antenna array 633 and the fourth antenna array 634 may transmit
and/or receive signals in the direction '-y'.

Referring to FIG. 6¢, an antenna structure 640 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 641
and a second antenna array 642. For example, the first antenna array 641 and/or the
second antenna array 642 may include patch antennas or dipole antennas, respectively.
The first antenna array 641 may form a beam in the direction 'z', and the second
antenna array 642 may form a beam in the direction '-y'. For example, the first antenna
array 641 may transmit and/or receive a signal in the direction ‘z'. The second antenna
array 642 may transmit and/or receive a signal in the direction '-y'.

FIG. 7a is a sectional view illustrating an example U-shaped antenna structure,
according to an embodiment. FIG. 7b is a sectional view illustrating an example U-
shaped antenna structure, according to another embodiment.

Referring to FIG. 7a, an antenna structure 710 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a U-shaped printed circuit
board 711 (or a first printed circuit board), a first antenna array 712, a second antenna
array 713, a third antenna array 714, and a fourth antenna array 715, which are
disposed on a printed circuit board 711. The first antenna array 712, the second
antenna array 713, the third antenna array 714, and the fourth antenna array 715 may
form beams in the direction '-y'. For example, the first antenna array 712, the second
antenna array 713, the third antenna array 714, and the fourth antenna array 715 may
transmit and/or receive signals in the direction '-y'.

Referring to FIG. 7b, an antenna structure 740 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a first antenna array 741
and a second antenna array 742. For example, each of the first antenna array 741 and
the second antenna array 742 may include dipole antennas or patch antennas. The first
antenna array 741 and the second antenna array 742 may form beams in the direction '-
y'. For example, the first antenna array 741 or the second antenna array 742 may
transmit and/or receive a signal in the direction -y'.

FIG. 8a is a diagram illustrating an example antenna structure including a wireless

communication circuit, according to an embodiment. FIG. 8b is a diagram illustrating
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an example antenna structure including two wireless communication circuits,
according to an embodiment. FIG. 8c is a diagram illustrating an example antenna
structure including three wireless communication circuits, according to an em-
bodiment.

Referring to FIG. 8a, an antenna structure 8§10 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a printed circuit board 811
(or a first printed circuit board), a first antenna array 812, a second antenna array 813,
a third antenna array 814, and a wireless communication circuit 815. For example, the
first antenna array 812 may include dipole antennas. The second antenna array 813
and/or the third antenna array 814 may include patch antennas. The first antenna array
812 may form a beam in the direction '-y'. The second antenna array 813 and the third
antenna array 814 may form beams in the direction 'z'. The wireless communication
circuit 815 may be electrically connected to the first antenna array 812, the second
antenna array 813, and the third antenna array 814.

According to an embodiment, the wireless communication circuit 815 may transmit
and/or receive a signal in a specified frequency band by feeding power to the first
antenna array 812, the second antenna array 813, and the third antenna array 814. For
example, the wireless communication circuit 815 may transmit and/or receive a signal
in a frequency range of 3 GHz to 100 GHz by feeding power to the first antenna array
812.

Referring to FIG. 8b, an antenna structure 820 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include an inverted L-shaped
printed circuit board 821 (or a first printed circuit board), a first antenna array 822, a
second antenna array 823, a third antenna array 824, a first wireless communication
circuit 825, and a second wireless communication circuit 826. For example, the first
antenna array 822 may include dipole antennas. The second antenna array 823 and/or
the third antenna array 824 may include patch antennas. The first antenna array 822,
the second antenna array 823, and the third antenna array 824 may form beams in the
direction 'z'. The first wireless communication circuit 825 may be electrically
connected to the first antenna array 822, and the second wireless communication
circuit 826 may be electrically connected to the second antenna array 823 and the third
antenna array 824.

According to an embodiment, the first wireless communication circuit 825 may
transmit and/or receive a signal in a specified frequency band by feeding power to the
first antenna array 822. The second wireless communication circuit 826 may transmit
and/or receive a signal in a specified frequency band by feeding power to the second
antenna array 823 and the third antenna array 824. For example, the first wireless com-

munication circuit 825 may transmit and/or receive a signal in a frequency range of 3
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GHz to 100 GHz by feeding power to the first antenna array 822.

Referring to FIG. 8c, an antenna structure 830 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a U-shaped printed circuit
board 831 (or a first printed circuit board), a first antenna array 832, a second antenna
array 833, a third antenna array 834, a first wireless communication circuit 836, a
second wireless communication circuit 837, and/or a third wireless communication
circuit 838. For example, each of the first antenna array 832, the second antenna array
833, and the third antenna array 834 may include patch antennas or dipole antennas.
The first antenna array 832, the second antenna array 833, and the third antenna array
834 may form beams in the direction 'z', the direction '-y', and the direction '-z', re-
spectively.

According to an embodiment, the first wireless communication circuit 836 may be
electrically connected to the first antenna array 832, and the second wireless commu-
nication circuit 837 may be electrically connected to the second antenna array 833. The
third wireless communication circuit 838 may be electrically connected to the third
antenna array 834. According to an embodiment, the first wireless communication
circuit 836 may transmit and/or receive a signal in a specified frequency band by
feeding power to the first antenna array 832. The second wireless communication
circuit 837 may transmit and/or receive a signal in a specified frequency band by
feeding power to the second antenna array 833. The third wireless communication
circuit 838 may transmit and/or receive a signal in a specified frequency band by
feeding power to the third antenna array 834. For example, the first wireless commu-
nication circuit 836 may transmit and/or receive a signal in a frequency range of 3 GHz
to 100 GHz by feeding power to the first antenna array 832.

FIG. 9a is a sectional view illustrating an example electronic device including an
electronic part interposed between an antenna structure and a display, according to an
embodiment. FIG. 9b is a diagram illustrating an example antenna structure and an
electronic part, according to an embodiment.

The details about the display 120 and the adhesive member 210 illustrated in FIG. 2a
and the additional embossing layer 520 illustrated in FIG. 5 may be applied to FIG. 9a.
Referring to FIG. 9a, an antenna structure 910f (e.g., the first antenna structure 130f

or the second antenna structure 130s of FIG. 1) may include an L-shaped printed
circuit board 910, a first antenna array 911, a second antenna array 912, a third antenna
array 913, and a wireless communication circuit 914. For example, the first antenna
array 911 may include dipole antennas, and the second antenna array 912 and/or the
third antenna array 913 may include patch antennas. The first antenna array 911, the
second antenna array 912, and the third antenna array 913 may form beams in the

direction '-y'. The wireless communication circuit 914 may be electrically connected to
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the first antenna array 911, the second antenna array 912, and the third antenna array
913. The wireless communication circuit 914 may transmit and/or receive a signal in a
specified frequency band by feeding power to the first antenna array 911, the second
antenna array 912, and the third antenna array 913.

According to an embodiment, the printed circuit board 910 may include a first
structure 910-1 and a second structure 910-2. The first structure 910-1 may include a
first surface 910-3 facing a side member (e.g., the side member 112 of FIG. 1) and a
second surface 910-4 that faces a direction facing away from the first surface 910-3.
The second structure 910-2 may be bent from the first structure 910-1 and may include
a third surface 910-5 facing the second plate (e.g., 113 in FIG. 1) and a fourth surface
910-6 facing the first plate (e.g., 111 in FIG. 1).

According to an embodiment, the L-shaped printed circuit board 910 may sub-
stantially surround an electronic part 920. For example, the electronic part 920 may be,
for example, and without limitation, a proximity sensor, a camera module, a receiver,
an iris sensor, an illuminance sensor, or the like. For example, when the electronic part
920 is a proximity sensor, the electronic part 920 may determine whether the user ap-
proaches the electronic device 100. According to an embodiment of the present
disclosure, the electronic part 920 may be mounted between the L-shaped printed
circuit board 910 and the display 120.

Referring to FIG. 9b, the printed circuit board 910 may include the first structure
910-1 and the second structure 910-2. The first structure 910-1 and the second
structure 910-2 may be connected to each other through a connection member 916
(e.g., FPCB).

According to an embodiment, the second antenna array 912, the third antenna array
913, a feed line 915, and the wireless communication circuit 914 may be disposed in
the first structure 910-1. The wireless communication circuit 914 may transmit and/or
receive a signal in a specified frequency band by feeding power to the second antenna
array 912 and the third antenna array 913 directly or indirectly.

According to an embodiment, a via 911v and the electronic part 920 may be disposed
in or on the second structure 910-2. The via 911v may be used as the first antenna
array 911. For example, the wireless communication circuit 914 may feed power to the
via 911v through the connection member 916, and the wireless communication circuit
914 may transmit and/or receive a signal in a specified frequency band through the via
911v.

FIG. 10a is a sectional view illustrating an example electronic device in which a first
printed circuit board and a second printed circuit board are connected to each other,
according to an embodiment. FIG. 10b is a sectional view illustrating an example

electronic device in which a first printed circuit board and a second printed circuit
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board are connected to each other, according to another embodiment. FIG. 10c is a
sectional view illustrating an example electronic device in which a first printed circuit
board and a second printed circuit board are connected to each other, according to still
another embodiment.

Referring to FIG. 10a, an antenna structure 1011f (e.g., the first antenna structure
130f or the second antenna structure 130s of FIG. 1) may include a first printed circuit
board 1011p. One end of the first printed circuit board 1011p may be attached to a
bezel area of the cover glass 111 through the adhesive member 210, and the other end
of the first printed circuit board 1011p may be connected to the second printed circuit
board 150 through a connection member 1012.

According to an embodiment, the connection member 1012 may be connected to a
surface facing the direction '-z' of the second printed circuit board 150. The processor
160 disposed on the second printed circuit board 150 may control an antenna structure
1011f and/or an electronic part 1013 through the connection member 1012. For
example, the processor 160 may control a wireless communication circuit 1011r to
feed power to an antenna array 1011a or may control the electronic part 1013 to emit
light in the infrared band. For example, the connection member 1012 may include an
FPCB.

Referring to FIG. 10b, one end of a connection member 1022 may be connected to a
first printed circuit board 1021p, and the other end of the connection member 1022
may be connected to a surface facing the direction 'z' of the second printed circuit
board 150.

According to an embodiment, an electronic part 1023 and a wireless communication
circuit 1021r may be interposed between the first printed circuit board 1021p and the
second printed circuit board 150 in the direction 'y’, in parallel. The processor 160
disposed on the second printed circuit board 150 may control an antenna structure
1021f (e.g., the first antenna structure 130f or the second antenna structure 130s of
FIG. 1) and/or the electronic part 1023 through the connection member 1022.

According to an embodiment, the antenna structure 1021f may include a first antenna
array 1021-1, a second antenna array 1021-2, and a third antenna array 1021-3. The
first antenna array 1021-1, the second antenna array 1021-2, and the third antenna
array 1021-3 may include patch antennas or dipole antennas.

Referring to FIG. 10c, one end of a connection member 1032 may be connected to a
first printed circuit board 1031p, and the other end of the connection member 1032
may be connected to a surface facing the direction 'z' of the second printed circuit
board 150.

According to an embodiment, an electronic part 1033 and a wireless communication

circuit 1031r may be interposed between the first printed circuit board 1031p and the
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second printed circuit board 150 in the direction 'z', in parallel. The processor 160
disposed on the second printed circuit board 150 may control an antenna structure
1031f (e.g., the first antenna structure 130f or the second antenna structure 130s of
FIG. 1) and/or the electronic part 1033 through the connection member 1032.

According to an embodiment, a signal for controlling the wireless communication
circuit 1031r and electronic part 1033 may be transmitted through the connection
member 1032. For example, the processor 160 may control the wireless commu-
nication circuit 1031r and the electronic part 1033 through the connection member
1032.

According to an embodiment, the antenna structure 1031f may include a first antenna
array 1031-1, a second antenna array 1031-2, and a third antenna array 1031-3. The
first antenna array 1031-1, the second antenna array 1031-2, and the third antenna
array 1031-3 may include patch antennas or dipole antennas.

FIG. 11ais a sectional view illustrating an example I-shaped antenna structure,
according to an embodiment. FIG. 11b is a sectional view illustrating an example L-
shaped antenna structure, according to an embodiment. FIG. 11c is a sectional view il-
lustrating an example L-shaped antenna structure, according to another embodiment.
The antenna structure illustrated in FIGS. 11a, 11b and 11c may be mounted in an
electronic device 900 illustrated in FIG. 9a.

Referring to FIG. 11a, an antenna structure 1120 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include a printed circuit board
1120p, a first antenna array 1121, a second antenna array 1122, and a third antenna
array 1123. For example, the printed circuit board 1120p may be a planar shape, and
the via 1121 formed in the printed circuit board 1120 may be used as the first antenna
array 1121. For another example, the first antenna array 1121 may include dipole
antennas, and the second antenna array 1122 and/or the third antenna array 1123 may
include patch antennas. The first antenna array 1121, the second antenna array 1122,
and the third antenna array 1123 may form beams in the direction -z'. For example, the
first antenna array 1121, the second antenna array 1122, and the third antenna array
1123 may transmit and/or receive signals in the direction '-z'.

Referring to FIG. 11b, an antenna structure 1130 (e.g., the first antenna structure
130f or the second antenna structure 130s of FIG. 1) may include a printed circuit
board 1111, a first antenna array 1131, a second antenna array 1132, a third antenna
array 1133, and a fourth antenna array 1134. For example, each of the first antenna
array 1131, the second antenna array 1132, the third antenna array 1133, and the fourth
antenna array 1134 may include patch antennas or dipole antennas. The first antenna
array 1131 and the second antenna array 1132 may form beams in the direction "-y’,

and the third antenna array 1133 and the fourth antenna array 1134 may form beams in
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the direction '-z'. For example, the first antenna array 1131 and the second antenna
array 1132 may transmit and/or receive signals in the direction '-y', and the third
antenna array 1133 and the fourth antenna array 1134 may transmit and/or receive
signals in the direction -z".

Referring to FIG. 11c, an antenna structure 1140 (e.g., the first antenna structure 130f
or the second antenna structure 130s of FIG. 1) may include the printed circuit board
1111, a first antenna array 1141, and a second antenna array 1142. For example, each
of the first antenna array 1141 and the second antenna array 1142 may include patch
antennas or dipole antennas. The first antenna array 1141 may form a beam in the
direction '-y', and the second antenna array 1142 may form a beam in the direction '-z".
For example, the first antenna array 1141 may transmit and/or receive a signal in the
direction '-y'. The second antenna array 1142 may transmit and/or receive a signal in
the direction '-z'.

FIG. 12a is a diagram illustrating an example electronic device in which an antenna
structure including a plurality of electronic parts is mounted, according to an em-
bodiment. FIG. 12b is a diagram illustrating an enlarged view of an example antenna
structure, according to an embodiment. FIG. 12c¢ is a diagram illustrating an enlarged
view of an example antenna structure, according to another embodiment. The antenna
structure illustrated in FIGS. 12b and 12c illustrates the enlarged view of an antenna
structure 1230 illustrated in FIG. 12a.

Referring to FIG. 12a, an electronic device 1200 may include the display 120 and the
antenna structure 1230.

According to an embodiment, the display 120 may include an activation area 1210
and a deactivation area 1220. At least one pixel may be disposed in the activation area
1210, and various pieces of content (e.g., a photo or a video) may be output. The deac-
tivation area 1220 may be an area where a part of the activation area 1210 is removed,
and may have, for example, a 'U’ shape. The antenna structure 1230 may be disposed
in the deactivation area 1220.

Referring to FIGS. 12b and 12c¢, the antenna structure 1230 (e.g., the first antenna
structure 130f or the second antenna structure 130s of FIG. 1) may include an antenna
array 1231, a wireless communication circuit 1232, a connection member 1233, and a
plurality of electronic parts 1234, 1235, 1236, and 1237. The wireless communication
circuit 1232 may transmit and/or receive a signal in a specified frequency band by
feeding power to the antenna array 1231. The connection member 1233 may connect
the second printed circuit board 150 to the antenna structure 1230. The processor 160
disposed on the second printed circuit board 150 may control the plurality of electronic
parts 1234, 1235, 1236, and 1237. For example, when the first electronic part 1234 is a

proximity sensor, the second electronic part 1235 is a receiver, the third electronic part
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1236 is a camera, and when the fourth electronic part 1237 is an illuminance sensor,
the processor 160 may control the first electronic part 1234 to sense whether a user ap-
proaches the electronic device 1200. The processor 160 may control the second
electronic part 1235 so that the voice of another user is output while a user makes a
call and may control the third electronic part 1236 to capture a photo or a video in
response to a user input. The processor 160 may also control the fourth electronic part
1237 to measure an external illumination value.

According to an embodiment of the present disclosure, an electronic device 100 may
include housing 110 including a first plate 111 including a glass plate, a second plate
113 facing the first plate 111, and a side member (e.g., side face or side surface) 112
surrounding a space between the first plate 111 and the second plate 113, a display 120
disposed inside the space and exposed through a first area 111f of the first plate 111,
an antenna structure 910f (e.g., the antenna structure 910f of FIG. 9a) which at least
partially overlaps a second area 111s of the first plate 111 when viewed from above the
first plate 111 and which is connected to the second area 111s, a printed circuit board
910 (e.g., the printed circuit board 910 of FIG. 9a) disposed in parallel to the first plate
111, disposed inside the space and electrically connected to the wireless commu-
nication circuit, and a processor 160 disposed on the printed circuit board 910 and
connected to the display 120. The antenna structure 910f may include a first structure
910-1 including a first surface facing the side member 112 and a second surface facing
away {rom the side member 112, a first array (e.g., the second antenna 912 of FIG. 9a
and the third antenna 913 of FIG. 9a) of conductive patterns formed on the first surface
or between the first surface and the second surface and a wireless communication
circuit 914 (e.g., the wireless communication circuit 914 of FIG. 9a), which is attached
to the antenna structure 910f or formed on the antenna structure 910f, which is elec-
trically connected to the first array, and which is configured to transmit and/or receive
a signal in a frequency range of 3 GHz to 100 GHz.

According to an embodiment of the present disclosure, the display 120 may include
an embossing layer 141 extending from the first area 111f to at least part of the second
area 111s, and the antenna structure 910f may be connected to the embossing layer
141.

According to an embodiment of the present disclosure, the antenna structure 910f
may be attached to the embossing layer 141 through an adhesive layer 210.

According to an embodiment of the present disclosure, the display 120 may include
an organic light emitting diode layer interposed between the embossing layer 141 and
the first plate 111, a conductive layer 143 interposed between the embossing layer 141
and the printed circuit board 910, and a heat insulating layer 144 interposed between

the conductive layer 143 and the printed circuit board 910.
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According to an embodiment of the present disclosure, the wireless communication
circuit 914 may be attached to the second surface or is formed on the second surface.

According to an embodiment of the present disclosure, the antenna structure 910f
may include a third surface facing the second plate 113 and a fourth surface facing the
first plate 111, and the antenna structure 910f may further include a second structure
910-2 bent from the first structure.

According to an embodiment of the present disclosure, the wireless communication
circuit 914 may be attached to the fourth surface or is formed on the fourth surface.

According to an embodiment of the present disclosure, the antenna structure 910f
may further include a second array (e.g., the first antenna array 911 of FIG. 9a) of
conductive patterns formed on the third surface or formed between the third surface
and the fourth surface, and the wireless communication circuit 914 may be electrically
connected to the second array 911.

According to an embodiment of the present disclosure, the electronic device 100 may
further include an electronic element (e.g., the electronic part 920 of FIG. 9a) attached
to the antenna structure 910f. The electronic element may include at least one of a
camera, a speaker, a light emitting diode, an infrared sensor, a microphone, or a
proximity sensor.

According to an embodiment of the present disclosure, the electronic device 100 may
further include a flexible member (e.g., the connection member 1012 of FIG. 10a)
electrically connecting the display 120 to the printed circuit board 910. The flexible
member 1012 may at least partly overlap with a third area of the first plate 111 when
viewed from above the first plate 111, and the first area 111f may be positioned
between the second area 111s and the third area.

According to an embodiment of the present disclosure, an electronic device 100 may
include housing 110 including a first plate 111 including a first area 111f and a second
area 111s surrounding the first area 111f, a second plate 113 facing the first plate 111,
a side member 112 surrounding a space between the first plate 111 and the second
plate 113, a display 120 positioned inside the space and exposed through the first area
111f, an antenna structure 220 disposed at a location corresponding to the second area
111s in the space, and a processor 160 disposed on the second printed circuit board 150
and electrically connected to the wireless communication circuit 226. The antenna
structure 220 may include a first printed circuit board 221 attached to the second area
111s, a first antenna array 222 disposed in an area adjacent to the second area 111s in
the first printed circuit board 221, and a wireless communication circuit 226
configured to transmit and receive a signal in a specified frequency band by feeding
power to the first antenna array 222, and a second printed circuit board 150 interposed

between the display 120 and the second plate.
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According to an embodiment of the present disclosure, the antenna structure 220 may
further include a second antenna array 223 disposed in an area adjacent to the side
member 112 in the first printed circuit board 221.

According to an embodiment of the present disclosure, wherein each of the first
antenna array 222 and second antenna array 223 may include at least one of a patch
antenna array and a dipole antenna array.

According to an embodiment of the present disclosure, the antenna structure 220 may
further include a third antenna array (e.g., the second antenna array 242 of FIG. 2e)
disposed in an area adjacent to the second plate 113 in the first printed circuit board
221.

According to an embodiment of the present disclosure, the wireless communication
circuit 226 may transmit and/or receive the signal in a direction in which the second
area 111s is positioned with respect to the first antenna array 222.

According to an embodiment of the present disclosure, the wireless communication
circuit 226 may transmit and/or receive the signal in a direction in which the side
member 112 is positioned with respect to the first antenna array 222.

According to an embodiment of the present disclosure, the electronic device 100 may
further include a shield layer 140 interposed between the display 120 and the second
printed circuit board 150 and configured to shield electro-magnetic interference (EMI)
between the display 120 and the second printed circuit board 150.

According to an embodiment of the present disclosure, at least one of a proximity
sensor, an illuminance sensor, a camera, and a receiver may be interposed between the
antenna structure 220 and the shield layer 140.

According to an embodiment of the present disclosure, the electronic device 100 may
further include a connection member (e.g., the connection member 1012 of FIG. 10a)
electrically connecting the first printed circuit board 221 to the second printed circuit
board 150.

According to an embodiment of the present disclosure, the second area 111s may
correspond to a bezel of the electronic device 100.

FIG. 13 is a block diagram illustrating an example electronic device in a network en-
vironment according to various embodiments.

Referring to FIG. 13, an electronic device 1301 may communicate with an electronic
device 1302 through a first network 1398 (e.g., a short-range wireless communication)
or may communicate with an electronic device 1304 or a server 1308 through a second
network 1399 (e.g., a long-distance wireless communication) in a network en-
vironment 1300. According to an embodiment, the electronic device 1301 may com-
municate with the electronic device 1304 through the server 1308. According to an em-

bodiment, the electronic device 1301 may include a processor 1320, a memory 1330,
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an input device 1350, a sound output device 1355, a display device 1360, an audio
module 1370, a sensor module 1376, an interface 1377, a haptic module 1379, a
camera module 1380, a power management module 1388, a battery 1389, a commu-
nication module 1390, a subscriber identification module 1396, and an antenna module
1397. According to some embodiments, at least one (e.g., the display device 1360 or
the camera module 1380) among components of the electronic device 1301 may be
omitted or other components may be added to the electronic device 1301. According to
some embodiments, some components may be integrated and implemented as in the
case of the sensor module 1376 (e.g., a fingerprint sensor, an iris sensor, or an il-
luminance sensor) embedded in the display device 1360 (e.g., a display).

The processor 1320 may operate, for example, software (e.g., a program 1340) to
control at least one of other components (e.g., a hardware or software component) of
the electronic device 1301 connected to the processor 1320 and may process and
compute a variety of data. The processor 1320 may load a command set or data, which
is received from other components (e.g., the sensor module 1376 or the communication
module 1390), into a volatile memory 1332, may process the loaded command or data,
and may store result data into a nonvolatile memory 1334. According to an em-
bodiment, the processor 1320 may include a main processor 1321 (e.g., a central
processing unit or an application processor) and an auxiliary processor 1323 (e.g., a
graphic processing device, an image signal processor, a sensor hub processor, or a
communication processor), which operates independently from the main processor
1321, additionally or alternatively uses less power than the main processor 1321, or is
specified to a designated function. In this case, the auxiliary processor 1323 may
operate separately from the main processor 1321 or embedded.

In this case, the auxiliary processor 1323 may control, for example, at least some of
functions or states associated with at least one component (e.g., the display device
1360, the sensor module 1376, or the communication module 1390) among the
components of the electronic device 1301 instead of the main processor 1321 while the
main processor 1321 is in an inactive (e.g., sleep) state or together with the main
processor 1321 while the main processor 1321 is in an active (e.g., an application
execution) state. According to an embodiment, the auxiliary processor 1323 (e.g., the
image signal processor or the communication processor) may be implemented as a part
of another component (e.g., the camera module 1380 or the communication module
1390) that is functionally related to the auxiliary processor 1323. The memory 1330
may store a variety of data used by at least one component (e.g., the processor 1320 or
the sensor module 1376) of the electronic device 1301, for example, software (e.g., the
program 1340) and input data or output data with respect to commands associated with

the software. The memory 1330 may include the volatile memory 1332 or the non-



27

WO 2019/172701 PCT/KR2019/002704

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

volatile memory 1334.

The program 1340 may be stored in the memory 1330 as software and may include,
for example, an operating system 1342, a middleware 1344, or an application 1346.

The input device 1350 may be a device for receiving a command or data, which is
used for a component (e.g., the processor 1320) of the electronic device 1301, from an
outside (e.g., a user) of the electronic device 1301 and may include, for example, a mi-
crophone, a mouse, or a keyboard.

The sound output device 1355 may be a device for outputting a sound signal to the
outside of the electronic device 1301 and may include, for example, a speaker used for
general purposes, such as multimedia play or recordings play, and a receiver used only
for receiving calls. According to an embodiment, the receiver and the speaker may be
either integrally or separately implemented.

The display device 1360 may be a device for visually presenting information to the
user of the electronic device 1301 and may include, for example, a display, a hologram
device, or a projector and a control circuit for controlling a corresponding device.
According to an embodiment, the display device 1360 may include a touch circuitry or
a pressure sensor for measuring an intensity of pressure on the touch.

The audio module 1370 may convert a sound and an electrical signal in dual di-
rections. According to an embodiment, the audio module 1370 may obtain the sound
through the input device 1350 or may output the sound through an external electronic
device (e.g., the electronic device 1302 (e.g., a speaker or a headphone)) wired or
wirelessly connected to the sound output device 1355 or the electronic device 1301.

The sensor module 1376 may generate an electrical signal or a data value corre-
sponding to an operating state (e.g., power or temperature) inside or an environmental
state outside the electronic device 1301. The sensor module 1376 may include, for
example, a gesture sensor, a gyro sensor, a barometric pressure sensor, a magnetic
sensor, an acceleration sensor, a grip sensor, a proximity sensor, a color sensor, an
infrared sensor, a biometric sensor, a temperature sensor, a humidity sensor, or an il-
luminance sensor.

The interface 1377 may support a designated protocol wired or wirelessly connected
to the external electronic device (e.g., the electronic device 1302). According to an em-
bodiment, the interface 1377 may include, for example, an HDMI (high-definition
multimedia interface), a USB (universal serial bus) interface, an SD card interface, or
an audio interface.

A connecting terminal 1378 may include a connector that physically connects the
electronic device 1301 to the external electronic device (e.g., the electronic device
1302), for example, an HDMI connector, a USB connector, an SD card connector, or

an audio connector (e.g., a headphone connector).
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The haptic module 1379 may convert an electrical signal to a mechanical stimulation
(e.g., vibration or movement) or an electrical stimulation perceived by the user through
tactile or kinesthetic sensations. The haptic module 1379 may include, for example, a
motor, a piezoelectric element, or an electric stimulator.

The camera module 1380 may shoot a still image or a video image. According to an
embodiment, the camera module 1380 may include, for example, at least one lens, an
image sensor, an image signal processor, or a flash.

The power management module 1388 may be a module for managing power supplied
to the electronic device 1301 and may serve as at least a part of a power management
integrated circuit (PMIC).

The battery 1389 may be a device for supplying power to at least one component of
the electronic device 1301 and may include, for example, a non-rechargeable (primary)
battery, a rechargeable (secondary) battery, or a fuel cell.

The communication module 1390 may establish a wired or wireless communication
channel between the electronic device 1301 and the external electronic device (e.g., the
electronic device 1302, the electronic device 1304, or the server 1308) and support
communication execution through the established communication channel. The com-
munication module 1390 may include at least one communication processor operating
independently from the processor 1320 (e.g., the application processor) and supporting
the wired communication or the wireless communication. According to an em-
bodiment, the communication module 1390 may include a wireless communication
module 1392 (e.g., a cellular communication module, a short-range wireless commu-
nication module, or a GNSS (global navigation satellite system) communication
module) or a wired communication module 1394 (e.g., an LAN (local area network)
communication module or a power line communication module) and may com-
municate with the external electronic device using a corresponding communication
module among them through the first network 1398 (e.g., the short-range commu-
nication network such as a Bluetooth, a WiFi direct, or an IrDA (infrared data as-
sociation)) or the second network 1399 (e.g., the long-distance wireless commu-
nication network such as a cellular network, an internet, or a computer network (e.g.,
LAN or WAN)). The above-mentioned various communication modules 1390 may be
implemented into one chip or into separate chips, respectively.

According to an embodiment, the wireless communication module 1392 may identify
and authenticate the electronic device 1301 using user information stored in the
subscriber identification module 1396 in the communication network.

The antenna module 1397 may include one or more antennas to transmit and/or
receive the signal or power to or from an external source. According to an em-

bodiment, the communication module 1390 (e.g., the wireless communication module
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1392) may transmit and/or receive the signal to or from the external electronic device
through the antenna suitable for the communication method.

Some components among the components may be connected to each other through a
communication method (e.g., a bus, a GPIO (general purpose input/output), an SPI
(serial peripheral interface), or an MIPI (mobile industry processor interface)) used
between peripheral devices to exchange signals (e.g., a command or data) with each
other.

According to an embodiment, the command or data may be transmitted or received
between the electronic device 1301 and the external electronic device 1304 through the
server 1308 connected to the second network 1399. Each of the electronic devices
1302 and 1304 may be the same or different types as or from the electronic device
1301. According to an embodiment, all or some of the operations performed by the
electronic device 1301 may be performed by another electronic device or a plurality of
external electronic devices. When the electronic device 1301 performs some functions
or services automatically or by request, the electronic device 1301 may request the
external electronic device to perform at least some of the functions related to the
functions or services, in addition to or instead of performing the functions or services
by itself. The external electronic device receiving the request may carry out the
requested function or the additional function and transmit the result to the electronic
device 1301. The electronic device 1301 may provide the requested functions or
services based on the received result as is or after additionally processing the received
result. To this end, for example, a cloud computing, distributed computing, or client-
server computing technology may be used.

The electronic device according to various embodiments disclosed in the present
disclosure may be various types of devices. The electronic device may include, for
example, at least one of a portable communication device (e.g., a smartphone), a
computer device, a portable multimedia device, a mobile medical appliance, a camera,
a wearable device, or a home appliance. The electronic device according to an em-
bodiment of the present disclosure should not be limited to the above-mentioned
devices.

It should be understood that various embodiments of the present disclosure and terms
used in the embodiments do not intend to limit technologies disclosed in the present
disclosure to the particular forms disclosed herein; rather, the present disclosure should
be construed to cover various modifications, equivalents, and/or alternatives of em-
bodiments of the present disclosure. With regard to description of drawings, similar
components may be assigned with similar reference numerals. As used herein, singular
forms may include plural forms as well unless the context clearly indicates otherwise.

In the present disclosure disclosed herein, the expressions "A or B", "at least one of A
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or/and B", "A, B, or C" or "one or more of A, B, or/and C", and the like used herein
may include any and all combinations of one or more of the associated listed items.
The expressions "a first", "a second", "the first", or "the second", used in herein, may
refer to various components regardless of the order and/or the importance, but do not
limit the corresponding components. The above expressions are used merely for the
purpose of distinguishing a component from the other components. It should be un-
derstood that when a component (e.g., a first component) is referred to as being
(operatively or communicatively) "connected,” or "coupled," to another component
(e.g., a second component), it may be directly connected or coupled directly to the
other component or any other component (e.g., a third component) may be interposed
between them.

The term "module” used herein may represent, for example, a unit including one or
more combinations of hardware, software and firmware. The term "module"” may be
interchangeably used with the terms "logic", "logical block", "part" and "circuit". The
"module” may be a minimum unit of an integrated part or may be a part thereof. The
"module” may be a minimum unit for performing one or more functions or a part
thereof. For example, the "module” may include an application-specific integrated
circuit (ASIC).

Various embodiments of the present disclosure may be implemented by software
(e.g., the program 1340) including an instruction stored in a machine-readable storage
media (e.g., an internal memory 1336 or an external memory 1338) readable by a
machine (e.g., a computer). The machine may be a device that calls the instruction
from the machine-readable storage media and operates depending on the called in-
struction and may include the electronic device (e.g., the electronic device 1301).
When the instruction is executed by the processor (e.g., the processor 1320), the
processor may perform a function corresponding to the instruction directly or using
other components under the control of the processor. The instruction may include a
code generated or executed by a compiler or an interpreter. The machine-readable
storage media may be provided in the form of non-transitory storage media. Here, the
term "non-transitory", as used herein, is a limitation of the medium itself (i.e., tangible,
not a signal) as opposed to a limitation on data storage persistency.

According to an embodiment, the method according to various embodiments
disclosed in the present disclosure may be provided as a part of a computer program
product. The computer program product may be traded between a seller and a buyer as
a product. The computer program product may be distributed in the form of machine-
readable storage medium (e.g., a compact disc read only memory (CD-ROM)) or may
be distributed only through an application store (e.g., a Play Store)). In the case of

online distribution, at least a portion of the computer program product may be tem-
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porarily stored or generated in a storage medium such as a memory of a manufacturer's
server, an application store's server, or a relay server.

Each component (e.g., the module or the program) according to various embodiments
may include at least one of the above components, and a portion of the above sub-
components may be omitted, or additional other sub-components may be further
included. Alternatively or additionally, some components (e.g., the module or the
program) may be integrated in one component and may perform the same or similar
functions performed by each corresponding components prior to the integration. Op-
erations performed by a module, a programming, or other components according to
various embodiments of the present disclosure may be executed sequentially, in
parallel, repeatedly, or in a heuristic method. Also, at least some operations may be
executed in different sequences, omitted, or other operations may be added.

While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their
equivalents.

FIG. 14 is a diagram illustrating an example of an electronic device 1400 supporting
5G communication.

Referring to FIG. 14, the electronic device 1400 may include a housing 1410, a
processor 1440, a communication module 1450 (e.g., the communication module 1390
of FIG. 13), a first communication device 1421, a second communication device 1422,
a third communication device 1423, a fourth communication device 1424, a first
conductive line 1431, a second conductive line 1432, a third conductive line 1433, or a
fourth conductive line 1434.

According to an embodiment, the housing 1410 may protect any other components of
the electronic device 1400. The housing 1410 may include, for example, a front plate, a
back plate facing away from the front plate, and a side member (or a metal frame) sur-
rounding a space between the front plate and the back plate. The side member may be
attached to the back plate or may be integrally formed with the back plate.

According to an embodiment, the electronic device 1400 may include at least one
communication device. For example, the electronic device 1400 may include the first
communication device 1421, the second communication device 1422, the third com-
munication device 1423, or the fourth communication device 1424.

According to an embodiment, the first communication device 1421, the second com-
munication device 1422, the third communication device 1423, or the fourth commu-
nication device 1424 may be positioned within the housing 1410. According to an em-

bodiment, when viewed from above the front plate of the electronic device 1400, the
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first communication device 1421 may be positioned at an upper left end of the
electronic device 1400, the second communication device 1422 may be positioned at
an upper right end of the electronic device 1400, the third communication device 1423
may be positioned at a lower left end of the electronic device 1400, and the fourth
communication device 1424 may be positioned at a lower right end of the electronic
device 1400.

According to an embodiment, the processor 1440 may include one or more of a
central processing unit, an application processor, a graphic processing unit (GPU), an
image signal processor of a camera, or a baseband processor (or a communication
processor (CP)). According to an embodiment, the processor 1440 may be im-
plemented with a system on chip (SoC) or a system in package (SiP).

According to an embodiment, the communication module 1450 may be electrically
connected with at least one communication device by using at least one conductive
line. For example, the communication module 1450 may be electrically connected with
the first communication device 1421, the second communication device 1422, the third
communication device 1423, or the fourth communication device 1424 by using the
first conductive line 1431, the second conductive line 1432, the third conductive line
1433, or the fourth conductive line 1434. The communication module 1450 may
include a baseband processor, an RFIC, or an IFIC. The communication module 1450
may include a baseband processor which is independent of the processor 1440 (e.g., an
application processor (AP)). The first conductive line 1431, the second conductive line
1432, the third conductive line 1433, or the fourth conductive line 1434 may include,
for example, a coaxial cable or an FPCB.

According to an embodiment, the communication module 1450 may include a first
baseband processor (BP) (not illustrated) or a second baseband processor (not il-
lustrated). The electronic device 1400 may further include one or more interfaces for
supporting inter-chip communication between the first BP (or the second BP) and the
processor 1440. The processor 1440 and the first BP or the second BP may transmit/
receive data by using the inter-chip interface (e.g., an inter processor communication
channel).

According to an embodiment, the first BP or the second BP may provide an interface
for performing communication with any other entities. The first BP may support, for
example, wireless communication with regard to a first network (not illustrated). The
second BP may support, for example, wireless communication with regard to a second
network (not illustrated).

According to an embodiment, the first BP or the second BP may form one module
with the processor 1440. For example, the first BP or the second BP may be integrally
formed with the processor 1440. For another example, the first BP or the second BP
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may be positioned within one chip or may be implemented in the form of an in-
dependent chip. According to an embodiment, the processor 1440 and at least one
baseband processor (e.g., the first BP) may be integrally formed within one chip (a
SoC), and another baseband processor (e.g., the second BP) may be implemented in
the form of an independent chip.

According to an embodiment, the first network (not illustrated) or the second
network (not illustrated) may correspond to the network 899 of FIG. 8. According to
an embodiment, the first network (not illustrated) and the second network (not il-
lustrated) may include a 4G network and a 5G network, respectively. The 4G network
may support, for example, a long term evolution (LTE) protocol defined in the 3GPP.
The 5G network may support, for example, a new radio (NR) protocol defined in the
3GPP.

FIG. 15 is a block diagram illustrating an example of a communication device 1500.

Referring to FIG. 15, the communication device 1500 may include a communication
circuit 1530 (e.g., an RFIC), a PCB 1550, and at least one antenna array (e.g., a first
antenna array 1540 or a second antenna array 1545).

According to an embodiment, a communication circuit or at least one antenna array
may be positioned on or in the PCB 1550. For example, the first antenna array 1540 or
the second antenna array 1545 may be positioned on a first surface of the PCB 1550,
and the RFIC 1530 may be positioned on a second surface of the PCB 1550. The PCB
1550 may include a coaxial cable connector or a board to board (B-to-B) connector for
electrical connection with any other PCB (e.g., a PCB on which the communication
module 1450 of FIG. 14 is positioned) by using a transmission line (e.g., the first
conductive line 1431 of FIG. 14 or a coaxial cable). The PCB 1550 may be connected
with the PCB, on which the communication module 1450 is positioned, for example,
by using a coaxial cable, and the coaxial cable may be used to transmit a receive/
transmit IF or RF signal. For another example, a power or any other control signal may
be provided through the B-to-B connector.

According to an embodiment, the first antenna array 1540 or the second antenna
array 1545 may include a plurality of antenna elements. The plurality of antenna
elements may include a patch antenna or a dipole antenna. For example, an antenna
element included in the first antenna array 1540 may be a patch antenna for forming a
beam toward a back plate of the electronic device 1400. For another example, an
antenna element included in the second antenna array 1545 may be a dipole antenna
for forming a beam toward a side member of the electronic device 1400.

According to an embodiment, the communication circuit 1530 may support a
frequency band ranging from 24 GHz to 30 GHz or ranging from 37 GHz to 40 GHz.

According to an embodiment, the communication circuit 1530 may up-convert or
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down-convert a frequency. For example, a communication circuit included in the first
communication device 1421 may up-convert an IF signal received from the commu-
nication module 1450 through the first conductive line 1431. For another example, the
communication circuit may down-convert a millimeter wave signal received through
the first antenna array 1540 or the second antenna array 1545 included in the first com-
munication device 1421 and may transmit the down-converted signal to the commu-
nication module 1450.

While the present disclosure has been illustrated and described with reference to
various example embodiments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein without departing from
the spirit and scope of the present disclosure as defined, for example, by the appended

claims and their equivalents.
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[Claim 3]

[Claim 4]
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Claims

An electronic device comprising:

a housing including a first plate including a glass plate, a second plate
facing the first plate, and a side surface surrounding a space between
the first plate and the second plate;

a display disposed inside the space and exposed through a first area of
the first plate;

an antenna structure at least partially overlapping a second area of the
first plate when viewed from above the first plate and being connected
to the second area, wherein the antenna structure includes:

a first board including a first surface facing the side member and a
second surface facing away from the side member;

a first array of conductive patterns disposed on the first surface and/or
between the first surface and the second surface; and

a wireless communication circuit, which is attached to the antenna
structure or disposed on the antenna structure, and electrically
connected to the first array, and configured to transmit and/or receive a
signal in a frequency range of 3 GHz to 100 GHz;

a printed circuit board disposed in parallel to the first plate disposed
inside the space and electrically connected to the wireless commu-
nication circuit; and

a processor disposed on the printed circuit board and connected to the
display.

The electronic device of claim 1, wherein the display includes an
embossing layer extending from the first area to at least part of the
second area, and

wherein the antenna structure is connected to the embossing layer.
The electronic device of claim 2, wherein the antenna structure is
attached to the embossing layer by an adhesive layer.

The electronic device of claim 2, wherein the display includes:

an organic light emitting diode layer interposed between the embossing
layer and the first plate;

a conductive layer interposed between the embossing layer and the
printed circuit board; and

a heat insulating layer interposed between the conductive layer and the
printed circuit board.

The electronic device of claim 1, wherein the wireless communication
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[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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circuit is attached to the second surface or is formed on the second
surface.

The electronic device of claim 1, wherein the antenna structure includes
a third surface facing the second plate and a fourth surface facing the
first plate, and

wherein the antenna structure further includes a second board bent from
the first structure.

The electronic device of claim 6, wherein the wireless communication
circuit is attached to the fourth surface or is formed on the fourth
surface.

The electronic device of claim 6, wherein the antenna structure further
includes:

a second array of conductive patterns disposed on the third surface or
formed between the third surface and the fourth surface, and

wherein the wireless communication circuit is electrically connected to
the second array.

The electronic device of claim 1, further comprising:

an electronic assembly attached to the antenna structure,

wherein the electronic assembly includes:

at least one of: a camera, a speaker, a light emitting diode, an infrared
sensor, a microphone, and a proximity sensor.

The electronic device of claim 1, further comprising:

a flexible member comprising a conductive material electrically
connecting the display to the printed circuit board,

wherein the flexible member at least partially overlaps a third area of
the first plate when viewed from above the first plate, and

wherein the first area is between the second area and the third area.

An electronic device comprising:

a housing including a first plate including a first area and a second area
surrounding the first area, a second plate facing the first plate, a side
surface surrounding a space between the first plate and the second
plate;

a display disposed inside the space and exposed through the first area;
an antenna structure disposed to overlap the second area in the space,
wherein the antenna structure includes:

a first printed circuit board attached to the second area;

a first antenna array disposed in an area adjacent to the second area in

the first printed circuit board; and
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a wireless communication circuit configured to transmit and receive a
signal in a specified frequency band by feeding power to the first
antenna array; and

a second printed circuit board interposed between the display and the
second plate; and

a processor disposed on the second printed circuit board and elec-
trically connected to the wireless communication circuit.

[Claim 12] The electronic device of claim 11, wherein the antenna structure further
includes a second antenna array disposed in an area adjacent to the side
surface in the first printed circuit board.

[Claim 13] The electronic device of claim 12, wherein each of the first antenna
array and second antenna array includes at least one of: a patch antenna
array and a dipole antenna array.

[Claim 14] The electronic device of claim 12, wherein the antenna structure further
includes a third antenna array disposed in an area adjacent to the
second plate in the first printed circuit board.

[Claim 15] The electronic device of claim 11, wherein the wireless communication
circuit is configured to transmit and/or receive the signal in a direction
in which the second area is positioned with respect to the first antenna

array.



1732

PCT/KR2019/002704

WO 2019/172701

[Fig. 1]

1111t

100




2/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 2a]

0cl

€ce
¢ce p0cc
Léc

14458

vl

M7 l—

~
~+—~Q\
N

—£¢¢

—Ccc

dogl—

L

-—~0l¢

FLE

L

—~SLLL




3/32

WO 2019/172701

[Fig. 2b]
220

A

~—226

223—1| [

224

3

~221

PCT/KR2019/002704



4/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 2¢]

0cl

cee
l€c p0EC
lee

1443

\

erl—

\

L7 L—

\

—
N YaN|
[aN]

——ct¢

—1€¢

dog 1 —

\

—01¢

L

\

—SLLL




WO 2019/172701

[Fig. 2d]
230

5/32

231N —p AT

234—T

(
233

3

~—235

7

2211 233

A}

~—221

PCT/KR2019/002704



6/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 2¢]

0cl

ve
eve
£ cve »Ove
74
lce
—¢v¢
Lec~+ 4
— V¢
1445 1
eyt e
7L~ e
dogl—+ +-0l¢
Vb= 1-si11




7/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 2f]

0cl

¥5¢
£4ce
. 252 1052
LGS
loc
=125 2
leg~t |
—¥G¢
Yl —r |
evl—t -KJmmm
Wi~ == {—|GZ
doz1— 101z
L~ +SLEL




8/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 3a]

0cl

RS
cle
LIE

01€

14458,

\

evl—

\

LLE~

1y

M7 l—

\

—ClE

dogl—

\

-—~0l¢

FLEE

\

—SLLL




9/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 3b]
310

~ 1315

314

7

312~

311-1
311{:
311-2

3

~311-1




10/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 3c]

0cl

vee
€ct
¢ce
lce

0ce

€ct

144

\

erl—

\

vee —~

L7 l—

\

act

—— L€

dog1—

\

-——~0l¢

FLE

\

L

SLLL




11/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 3d]

0clh

4%
£ee

cte >0ge
(R%9

LE

1445

\

erl—

\

\

e~

L7 l—

\

4%

eee

——CLe

—1e€

doz1—

L

-—~0l¢

L

S




12/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 3e]

0cl

oreEN
Gve
443
eve
4745
LvE

e

ore

ave

Gve

14458

Y

erl—

\Y

ce—

7

L7 l—

Y

1472

|

eve

|

——cie

——1vE

dog 1 —

L

-—01¢

L

Y

——SLLL




13/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 4a]

0cl

ey
¢y
Ly

forr

Ly —

14438

\

evl—

\

L7l

\

14

—~c v

dogl—

1

-—0l¢

FLEE

\

—SLLL




14/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 4b]

T—415

41—~




15/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 4c]

A eav
ley »0cv
Ly
L7 —
wl—r
evl—r
0cl
W l— === 1—I|cV
dogi— 1012
b | sttt




16/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 5]

0clh

——c LS

-——0l¢

) IS
€1G
21g (0
1S
_fE
prL—
PIS €IS
erl—t f (o
L —t
dogl—t

-—0c9

FLEE

\

S




17/32

WO 2019/172701
[Fig. 6a]
Z
61\:) /
613

1
61 24%

611

—

PCT/KR2019/002704



18/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 6b]

611s

o {
— 611s

—

r—611f




19/32

WO 2019/172701 PCT/KR2019/002704
[Fig. 6¢]
4
62\5 y
621
L )// A
| /
)
620 611
623
[Fig. 6d]
Z
630 y
631 632
1 2 ] 1 2 |
6331 o1

634—




WO 2019/172701

[Fig. 6¢]

640

641

=

[Fig. 7a]

712

~—T~

611

710

714—

715—

—T

711

713

20/32

PCT/KR2019/002704



21/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 7b]

S
B

740

741

711

742
[Fig. 8a]

813 814
812 °) )

AY

~—811

~815




22/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 8b]
y4
y
823 824
1 ‘2 1 1 ‘2 |
822~/{% 1821
~ 826
~—825
[Fig. 8c]
Z
8%5 y
832
L
~ 831
| 836
~837
833»/‘}
| 838
| —— |

834



23/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 9a]

716 G-0l16
€16 9-016 w
A 216 L1016 \ rte
L16 / =16
0lo ]
2-016 1
——C 16
I-016 i DR
Y| — 1 N-£-016
——E 6
ev l—
0zl [ —G—v-0l6
L7 L — 1012
dog1— +—0cS
FLLL— _ 4-s111

006



24/32

PCT/KR2019/002704

A9y

910-2

WO 2019/172701
[Fig. 9b]
910§
913—t [ ]
+—014
915
912+ 2
020~
910-1
916
=
910~1
910{
910-2



25/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 10a]

1101
Lol S0l
2101 dLiol eror 9HOL o110y
051 | — |
( \
[ | \
\ \ \ \
. | R
, 3 ﬂ | |
9L 0zl L Ok 1ol



26/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 10b]

0§l

€-1c0l

=120} 11201
11201 €-1c0L | ¢-1c0l

dizol f f

| 2201~k

S

091

AT~

~—
—J

I-1c0l



27/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 10c]

051

c-1c01

¢
I

J
d

LE0L

LE0L >11€01
1E0L

1E0L

¢C0 1

11E01

dreol
c-1€01 | ¢-1C0l

FLL

I-1E01



28/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 11a]

Z

1120
y
1121~ ™~1120p
) )
1122 1123

[Fig. 11b]

1 1§O 7

y

1131~
1132—

1111

) )
1133 1134
[Fig. 11c]
1140
[
y
1141\/‘}
1111

1142



29/32

WO 2019/172701
[Fig. 12a]
1200
y
1230
.)
[
~—1210

1210
120{
1220

PCT/KR2019/002704



WO 2019/172701

[Fig. 12b]

30/32

1230

)

~—1233

[Fig. 12c]

1230

(
1235

\

~—1233

PCT/KR2019/002704



31/32

PCT/KR2019/002704

WO 2019/172701

[Fig. 13]

80C1 c0E]
301430
430838 | by Ngw103 13
8681
70C 1 66S |
Niaa <D
0INOHLA3 T3 AHOMLAN
o=t W3LSAS A
Crel  oNTViI40

PrEL 3dvM3 A1

el NOILYDITddV

orel

WY4904dd

00¢!L

=

08El BLE1
3INAOW Y43aWyD || ITINAON D1 1dvH
3/C1 IIET
d0LI3ANNOO( | 30v443IN|
9/¢81 0/E1
3INAON "OSN3S || IINAON O1any
TRaT 96¢ | N
L1661 JINGON 88e1
ERACOE AR =] [ |, 21040
YNNAINY | [43314DS9NS ﬁ|mmmW|mmmmmw@maH@@L Hzmm%w%<s
——— —— — - -
- ERIU I2€1 H0SS3004d NIVW
veel zo_H<o_z:§Eqw o o |
R = 1)
00N 68ET
ﬂw@mr zo_F&mﬁdﬂzzoM >mwwu<m
|.||.mmmﬂ.|.l| 0281 40SS300Hd
3TN0 _NOT1¥D INNIWWOD
————— = by
8ECT AHOWIW TYNY3LX3 _ 1NdLN0
— - 1 ——
9cel AHOWIN TVNYFLNI AV1dS1a ocel
PeeT 301A30
7EET  AHOW3N 371LYTOANON B
ZCCT AHOWAW 371LYT0A e TI
GEET AHONTN 0INOY.LD3 T3




32/32

WO 2019/172701 PCT/KR2019/002704

[Fig. 14]
1 4‘21 1 431 0 1 4\22
FIRST SECOND
GOMMUN | CATION GOMMUN I CATION
DEV|CE DEV|CE
1431 1432
1400 A
1440
COMMUN| CATIONE
PROCESSOR|—{ M SN 1450
~—1433 1434—
THIRD FOURTH
COMMUN [ CATION COMMUN| CATION
DEVICE DEVICE
) )
1423 1424
[Fig. 15]
1 5V/OO

1 5250

SECOND ANTENNA
ARRAY 1545

FIRST ANTENNA |
ARRAY 1540

COMMUNICATION |
CIRCUIT 71530

PCB




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2019/002704

A. CLASSIFICATION OF SUBJECT MATTER
HO4M 1/02(2006.01)i, HO1Q 1/24(2006.01)i, HO1Q 1/38(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04M 1/02; GO6F 3/0481; HO1Q 1/22; HO1Q 1/24; HO1Q 21/00; HO1Q 21/30; HO1Q 7/00; HO4W 84/12; HO1Q 1/38

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)
cKOMPASS(KIPO internal) & Keywords: antenna, display, smartphone, patch antenna, conductive pattern, embossing layer, printed
circuit board

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2017-0244149 A1 (SAMSUNG ELECTRONICS CO., LTD.) 24 August 2017 1-15
See paragraphs [0038]-[0040] and figure 1A.

Y US 2012-0223866 A1 (ENRIQUE AYALA VAZQUEZ et al.) 06 September 2012 1-15
See paragraphs [0022],[0037],[0039]-[0046] and figures 4-5.

Y KR 10-2017-0087635 A (SAMSUNG ELECTRONICS CO., LTD.) 31 July 2017 2-4
See paragraphs [0038],[0086]-[0088], claim 15 and figure 9a.

A US 9653778 B2 (APPLE INC.) 16 May 2017 1-15
See column 10, line 24 — column 11, line 5 and figures 2,12.

A KR 10-1127452 B1 (SAMSUNG ELECTRO-MECHANICS CO., LTD.) 22 March 2012 1-15
See paragraphs [0025]-[0037], claim 1 and figures 1-2.

. . . . N .
|:| Further 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" carlier 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
04 July 2019 (04.07.2019) 04 July 2019 (04.07.2019)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office JANG, Gijeong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8364

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/KR2019/002704
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2017-0244149 Al 24/08/2017 KR 10-2017-0097396 A 28/08/2017
US 2012-0223866 Al 06/09/2012 AU 2012-200891 Al 20/09/2012
AU 2012-200891 B2 29/01/2015
BR 102012004456 A2 01/10/2013
CN 102709684 A 03/10/2012
CN 102709684 B 17/12/2014
EP 2495806 A2 05/09/2012
EP 2495806 A3 21/08/2013
EP 2495806 B1 23/05/2018
JP 2012-182791 A 20/09/2012
JP 2014-131321 A 10/07/2014
JP 5519716 B2 11/06/2014
KR 10-1392650 Bl 07/05/2014
KR 10-2012-0102513 A 18/09/2012
KR 10-2014-0040783 A 03/04/2014
TW 201301658 A 01/01/2013
TW 1543443 B 21/07/2016
US 8896488 B2 25/11/2014
WO 2012-118902 Al 07/09/2012
KR 10-2017-0087635 A 31/07/2017 US 2017-0212613 Al 27/07/2017
US 9653778 B2 16/05/2017 US 2015-0255853 Al 10/09/2015
US 2016-0164165 Al 09/06/2016
US 9293806 B2 22/03/2016
KR 10-1127452 Bl 22/03/2012 KR 10-2011-0092104 A 17/08/2011
US 2011-0193753 Al 11/08/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - wo-search-report
	Page 73 - wo-search-report

