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ELECTRONIC DEVICE INCLUDING
HIGH-FREQUENCY TRANSMISSION
CIRCUIT

PRIORITY

This application is a Continuation Application of U.S.
patent application Ser. No. 15/621,687, filed on Jun. 13,
2017, and claims priority under 35 U.S.C. § 119(a) to a
Korean Patent Application filed on Jun. 13, 2016 in the
Korean Intellectual Property Office and assigned Serial No.
10-2016-0073355, the content of each of which is incorpo-
rated herein by reference.

BACKGROUND
1. Field of the Disclosure

The present disclosure relates generally to a high-fre-
quency transmission circuit included in an electronic device,
and more particularly, to a transmission line capable of
effectively transmitting a noiseless high-frequency signal in
a narrow space without affecting other modules.

2. Description of the Related Art

Recently, portable terminals having new functions have
been rapidly developed and have accounted for a greater part
of people’s lives with the common use thereof.

Internal circuits of portable terminals are generally imple-
mented on printed circuit boards (PCBs). PCB technologies
have been rapidly developing, and flexible PCBs (FPCBs)
that can be bent easily are currently used widely, as well as
conventional rigid PCBs.

In addition, coaxial cables are typically used for high-
frequency transmission lines (especially, radio frequency
(RF) lines) that are applied to wireless terminals. A large
amount of additional material cost may be required to
produce coaxial cables used for electronic devices as high-
frequency transmission lines, and additional labor cost may
be incurred by an increase in the number of assembly steps.
In another example, electronic devices have narrow internal
spaces available on account of various types of circuit
modules mounted therein, and due to the narrow internal
spaces, a defect rate may increase when small connectors
used for coaxial cables are assembled.

SUMMARY

An aspect of the present disclosure provides a transmis-
sion line capable of effectively transmitting a noiseless
high-frequency signal in a narrow space without affecting
other modules.

Another aspect of the present disclosure provides that a
coaxial cable used as a transmission line in a portable
terminal can be replaced by a circuit board that includes an
FPCB, and thus it is possible to eliminate material costs
associated with the manufacture of a coaxial cable.

Another aspect of the present disclosure provides a rigid
PCB that is disposed between transmission lines of an
FPCB, whereby it is possible to reduce line loss occurring in
the transmission lines of the FPCB and to provide a high-
frequency signal without loss.

Another aspect of the present disclosure provides that it is
possible to efficiently use a mounting space in a wireless
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terminal, which enables diversification of the extemal
design of the wireless terminal to improve customer satis-
faction.

In accordance with an aspect of the present disclosure, an
electronic device is provided. The electronic device includes
a housing; a PCB disposed in the housing, wherein the PCB
includes a plurality of layers that include one or more
conductive layers and one or more insulation layers; a first
electrical component formed to be at least a part of the
housing or disposed in the housing; a second electrical
component disposed above or near the PCB in the housing,
wherein the second electrical component is separated from
the first electrical component; and at least one electrical path
extending from the first electrical component to the second
electrical component, wherein at least a portion of the
electrical path runs on or inside the PCB, wherein the PCB
includes a region including a pattern of conductive vias,
wherein each of the conductive vias extends through at least
a part of the plurality of layers to contact at least one of the
one or more conductive layers, and wherein the electrical
path may run through the region without making contact
with the conductive vias.

In accordance with another aspect of the present disclo-
sure, an electronic device is provided. The electronic device
includes a first PCB; a second PCB connected to the first
PCB through a connector and including at least one FPCB
and at least one rigid PCB that are integrated with each
other, wherein the at least one FPCB flexible and the at least
one rigid PCB each include a plurality of layers; an electrical
path that transmits a high-frequency signal through the
connector and passes over or through the second PCB; and
at least one conductive via disposed in the at least one rigid
PCB to connect grounds between the plurality of layers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages 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 a front view of a high-frequency transmission
line according to an embodiment of the present disclosure,
in which a PCB in an electronic device is used for the
high-frequency transmission line;

FIG. 2 is a partial sectional view of a plurality of layers
of the PCB of FIG. 1, according to an embodiment of the
present disclosure, where FIG. 2 is taken along line B-B' of
FIG. 1;

FIG. 3 is a sectional view of an interlayer configuration of
a plurality of layers of the PCB of FIG. 1, according to an
embodiment of the present disclosure, where FI1G. 3 is taken
along line B-B' of FIG. 1;

FIG. 4 is a front view of a high-frequency transmission
line according to an embodiment of the present disclosure,
where a PCB in an electronic device is used for the high-
frequency transmission line;

FIG. 5 is a front view of a high-frequency transmission
line according to an embodiment of the present disclosure,
where a PCB in an electronic device is used for the high-
frequency transmission line;

FIGS. 64, 6B, 6C, 7A, 7B, and 7C are front views of
condnctive vias according to an embodiment of the present
disclosure, the conductive vias being arranged in PCBs in
electronic devices;

FIG. 8 is a perspective view of an electronic device
according to an embodiment of the present disclosure;
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FIG. 9 is a schematic of an antenna arrangement in an
electronic device according to an embodiment of the present
disclosure;

FIG. 10 illustrates an antenna device and a PCB in an
electronic device according to an embodiment of the present
disclosure;

FIG. 11 is an illustration of a signal transmission using a
second PCB according to an embodiment of the present
disclosure;

FIGS. 12 and 13 are enlarged views of a first FPCB and
a first rigid PCB;

FIG. 14 is a block diagram of an electronic device
according to an embodiment of the present disclosure in a
network environment; and

FIG. 15 is a block diagram of an electronic device
according fo an embodiment of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT DISCLOSURE

Hereinafter, various embodiments of the present disclo-
sure are described with reference to the accompanying
drawings. However, it should be understood that there is no
intent to limit the present disclosure to the particular forms
disclosed herein; rather, the present disclosure is intended to
be construed to cover various modifications, equivalents,
and/or alternatives of embodiments of the present disclo-
sure. In the description of the accompanying drawings,
similar reference numerals may be used to designate similar
elements.

As used herein, the expressions “have”, “may have”,
“include”, or “may include” refer to the existence of a
corresponding feature (e.g., numeral, function, operation, or
element such as a component), and do not exclude one or
more additional features.

In the present disclosure, the expressions “A or B”, “at
least one of A and/or B”, and “one or more of A and/or B”
may include all possible combinations of the items listed.
For example, the expressions “Aor B”, “at least one of A and
B>, and “at least one of A or B” refer to all of (1) including
at least one A, (2) including at least one B, and (3) including
all of at least one A and at least one B.

The expressions “a first”, “a second”, “the first”, or “the
second” used in various embodiments of the present disclo-
sure may modify various components regardless of the order
and/or the importance of the components but are not not
intended to limit the corresponding components. For
example, a first user device and a second user device
indicate different user devices although both of them are user
devices. For example, a first element may be referred to as
a second element, and similarly, a second element may be
referred to as a first element without departing from the
scope of the present disclosure.

It should be understood that when an element (e.g., a first
element) is referred to as being (operatively or communi-
catively) “connected,” or “coupled,” to another element
(e.g., a second element), the element may be directly con-
nected or directly coupled to the other element or any other
element (e.g., a third element) may be interposer between
them. In contrast, it may be understood that when an element
(e.g., a first element) is referred to as being “directly
connected,” or “directly coupled” to another element (e.g., a
second element), there is no element (e.g., a third element)
interposed between them.

The expression “configured to” used in the present dis-
closure may be used interchangeably with the expressions,
for example, “suitable for”, “having the capacity 107,
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“designed t0”, “adapted to”, “made to”, and “capable of”
according to the situation. The term “configured to” may not
necessarily imply “specifically designed to” in hardware.
Alternatively, in some situations, the expression “device
configured to” may indicate that the device, together with
other devices or components, “is able to”. For example, the
expression “processor adapted (or configured) to perform A,
B, and C” may indicate a dedicated processor (e.g., an
embedded processor) only for performing the corresponding
operations or a general purpose processor (e.g., a central
processing unit (CPU) or an application processor (AP)) that
can perform the corresponding operations by executing one
or more software programs stored in a memory device.

The terms used herein are merely used for the purpose of
describing particular embodiments but are not intended to
limit the scope of the present disclosure. A singular expres-
sion may include a plural expression unless they are defi-
nitely different in a context. Unless defined otherwise, all
terms used herein, have the same meanings as those com-
monly understood by a person skilled in the art to which the
present disclosure pertains. Such terms as those defined in a
generally used dictionary may be interpreted to have the
meanings equal to the contextual meanings in the relevant
field of art, and are not intended to be interpreted to have
ideal or excessively formal meanings unless clearly defined
in the present disclosure. In some cases, even the terms
defined in the present disclosure are not intended to be
interpreted to exclude embodiments of the present disclo-
sure.

An electronic device according to various embodiments
of the present disclosure may include at least one of, for
example, a smart phone, a tablet personal computer (PC), a
mobile phone, a video phone, an electronic book reader
(e-book reader), a desktop PC, a laptop PC, a netbook
computer, a workstation, a server, a personal digital assistant
(PDA), a portable multimedia player (PMP), a moving
picture experts group (MPEG-1) audio layer-3 (MP3)
player, a mobile medical device, a camera, and a wearable
device. According to various embodiments of the present
disclosure, the wearable device may include at least one of
an accessory type (e.g., a watch, a ring, a bracelet, an anklet,
a necklace, glasses, a contact lens, or a head-mounted device
(HMD)), a fabric or clothing integrated type (e.g., electronic
clothing), a body-mounted type (e.g., a skin pad, or tattoo),
and a bio-implantable type (e.g., an implantable circuit).

According to an embodiment of the present disclosure,
the electronic device may be a home appliance. A home
appliance may include at least one of, for example, a
television, a digital video disk (DVD) player, an audio
player, a refrigerator, an air conditioner, a vacuum cleaner,
an oven, a microwave oven, a washing machine, an air
cleaner, a set-top box, a home automation control panel, a
security control panel, a TV box (e.g., Samsung Home-
Sync®, Apple TV®, or Google TV™), a game console (e.g.,
Xbox® and PlayStation®), an electronic dictionary, an
electronic key, a camcorder, and an electronic photo frame.

According to an embodiment of the present disclosure,
the electronic device may include at least one of various
medical devices (e.g., various portable medical measuring
devices (a blood glucose monitoring device, a heart rate
monitoring device, a blood pressure measuring device, a
body temperature measuring device, etc.), a magnetic reso-
nance angiography (MRA), a magnetic resonance imaging
(MRI), a computed tomography (CT) machine, and an
ultrasonic machine), a navigation device, a global position-
ing system (GPS) receiver, an event data recorder (EDR), a
flight data recorder (FDR), a vehicle infotainment device, an



US 10,978,789 B2

5

electronic device for a ship (e.g., a navigation device for a
ship, and a gyro-compass), avionics, security devices, an
automotive head unit, a robot for home or industry, an
automated teller machine (ATM), point of sales (POS)
device in a shop, or an Internet of Things (IoT) device (e.g.,
a light bulb, various sensors, electric or gas meter, a sprin-
kler device, a fire alarm, a thermostat, a streetlamp, a toaster,
sporting goods, a hot water tank, a heater, a boiler, ete.).

According to an embodiment of the present disclosure, an
electronic device may include at least one of a part of
furniture or a building/structure, an electronic board, an
electronic signature receiving device, a projector, and vari-
ous types of measuring instruments (e.g., a water meter, an
electric meter, a gas meter, and a radio wave meter). An
electronic device may be a combination of one or more of
the aforementioned various devices. An electronic device
may also be a flexible device. Further, an electronic device
is not intended to be limited to the aforementioned devices,
but may include an electronic device to be developed in the
future.

Hereinafter, an electronic device according to various
embodiments of the present disclosure is described with
reference to the accompanying drawings. In the present
disclosure, the term “user” may indicate a person using an

electronic device or a device (e.g., an artificial intelligence 2

electronic device) using an electronic device.

FIG. 1 is a front view of a high-frequency transmission
line according to an embodiment of the present disclosure,
in which a PCB 300 in an electronic device is used for the
high-frequency transmission line. The electronic device may
be a smart phone or a wearable device.

Referring to FIG. 1, the electronic device may include a
housing corresponding to a case; a printed circuit unit
including at least one PCB 300 in the housing; and an
electrical path 350 passing over or through the printed
circuit board 300.

The PCB 300 according to an embodiment of the present
disclosure may be a first PCB 310 and a second PCB 320.
For example, the first PCB 310 may be a main board on
which electronic components included in the electronic
device are mounted, the main board being capable of trans-
mitting signals between the electronic components, and the
second PCB 320 may be a sub-board that transmits signals
generated by the electronic components. The sub-board may
further include the electronic components.

The PCB 300 according to an embodiment of the present
disclosure may be provided with a circuit of a terminal,
which may be, for example, at least one of an AP, a
communication processor (CP), a memory, and an RF trans-
ceiver, and may include a signal line (for example, an RF
signal line).

The first and second PCBs 310 and 320 according to an
embodiment of the present disclosure may be formed of a
plurality of layers, and the plurality of layers may include
one or more conductive layers 306 in FIG. 2 described
below and one or more insulation layers 303.

The first PCB 310 in FIG. 1 according to an embodiment
of the present disclosure may be a rigid PCB. The first PCB
310 may be electrically connected to the second PCB 320
through a connector 370. The connector 370 may include a
ground pad 390 and a signal pad 391 of the first PCB 310
and a ground pad 392 and a signal pad 393 of the second
PCB 320. The ground pad 3990 of the first PCB 310 and the
ground pad 392 of the second PCB 320 may be connected
together by soldering. The signal pad 391 of the first PCB
310 and the signal pad 393 of the second PCB 320 may be
connected together by soldering. The second PCB 320 may
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include an interconnection pad 394. An antenna contact
member (for example, a C-clip) or an RF component (for
example, a matching circuit) may be mounted on the inter-
connection pad 394.

The second PCB 320 according to an embodiment of the
present disclosure may be connected to the first PCB 310
and may include an FPCB 330 or a rigid PCB 340. The
FPCRB 330 and the rigid PCB 340 of the second PCB 320
may be integrated with each other. For example, a first FPCB
331, a first rigid printed circuit board 341, a second flexible
printed circuit board 332, and a second rigid PCB 342 may
be arranged in sequence. The second rigid PCB 342 may
include an antenna connector and a universal serial bus
(USB) connector, for example.

The second PCB 320 according to an embodiment of the
present disclosure may have the electrical path 350 therein
through which electrical signals can be transmiited. The
electrical path 350 may be connected with the first PCB 310
through the FPCB 330 and the rigid PCB 340, which are
integrated with each other.

The electrical path 350 according to an embodiment of the
present disclosure may extend from a first elecirical com-
ponent 230 in FIG. 10 described below to a second electrical
component 240 and may be disposed on or in the PCB 300
in FIG. 1. The electrical path 350 may be implemented as a
transmission line of a side-guarded micro-strip-line type or
a strip-line type, where the transmission line is shielded by
a ground line 360 in order to transmit a high-frequency
signal, which may be, for example, an RF signal.

The electrical path 350 according to an embodiment of the
present disclosure, which is disposed on or in the second
PCB 320, may receive a high-frequency signal through the
connector 370 and may forward the received signal to
antenna radiators 231 and 232 in FIG. 10 described below.
Furthermore, a plurality of electrical paths 350 in FIG. 1
may be provided, and a ground line 360 may be disposed
between the electrical paths 350 so that the electrical paths
350 can independently transmit the high-frequency signal
without mutually affecting the characteristics thereof.

The ground line 360 according to an embodiment of the
present disclosure may be disposed adjacent to the electrical
path 350, and conductive vias 305 may be arranged in a
portion of the area of a ground line 360(a). Accordingly, the
electrical path 350 can pass through the PCB 300 without
making contact with the conductive vias 305.

According to an embodiment of the present disclosure,
the connector 370 for connecting the electrical path 350 may
be disposed between the first and second PCBs 310 and 320
in order to transmit a high-frequency signal therebetween.
The connector 370 may include a soldering pad, a zip-type
connector, or a B-to-B-type connector. A rigid PCB may be
employed for the connector 370, and, for example, a B-to-
B-type connector may be mounted on the rigid printed
circuit board, or a soldering pad may be located on the rigid
PCB. Furthermore, for example, the pin map of a transmis-
sion line included in the connector 370 may be implemented
in the sequence of a ground, an RF signal, and a ground.

Hereinafter, the plurality of layers and the conductive vias
305 of the PCB 300 is described in detail.

FIG. 2 is a partial sectional view of the plurality of layers
of the PCB of FIG. 1, according to an embodiment of the
present disclosure, where FIG. 2 is taken along line B-B' of
FIG. 1. Hereinafter, the PCB is described as the second PCB
320. However, the following description may be applied to
second printed circuit boards 420, 520, 620, and 720 in other
embodiments, which will be described below.
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Referring to FIG. 2, the second printed circuit board 320
according to an embodiment of the present disclosure may
be formed of a plurality of layers, each including at least one
conductive layer 306, at least one first insulation layer 302,
and at least one second insulation layer 303. The conductive
layer 306 and the first insulation layer 302 may be included
in a flexible copper clad laminated (FCCL) layer. Further,
the first insulation layer 302 may include polyamide.

The conductive layers 306 according to an embodiment of
the present disclosure are arranged in the stacking direction,
and the first insulation layer 302 is disposed on the rear or
front surface of each conductive layer 306. The individual
layers may be alternately arranged. One or more conductive
vias 305 may be formed to electrically connect the conduc-
tive layers 306.

According to an embodiment of the present disclosure,
the second insulation layer 303 is provided between the
conductive layers 306 to prevent the conductive layers 306

from being electrically connected together through contact >

therebetween. For example, the plurality of second insula-
tion layers 303 disposed between the plurality of conductive
layers 306 may function to insulate the layers and may
include a resin and a glass fabric.

According to an embodiment of the present disclosure, a
plurality of electronic components may be disposed on and
electrically connected to the conductive layers 306. The
electronic components may be electrically connected to the
antenna radiators 231 and 232 in FIG. 10 described below
provided in the electronic device. For example, the elec-
tronic components may include an antenna clip, a connector,
and a switch device.

Without being limited thereto, however, various materials
capable of passing electricity therethrough, other than metal,
may be applied to the conductive layers 306 in FIG. 2.

According to an embodiment of the present disclosure,
the conductive layers 306 may be electrically connected to
any of a plurality of signal lines and ground lines.

The conductive layers 306 according to an embodiment of
the present disclosure may be provided, on the top and
bottom thereof, with a protective layer 301 capable of
protecting the conductive layers 306. The protective layers
301 may be formed of an insulating coating material, such
as solder resist, and, for example, a photo imageable solder
resist ink (PSR ink) may be used for the solder resist. The
PSR ink may be left on a product because it provides
insulation and protection even after a component is
mounted. Accordingly, the protective layers 301 coated on
the exterior of the conductive layers 306 can prevent a short
circuit, a connection, corrosion, and contamination of a
circuit during a manufacturing process and can protect the
conductive layers 306 from external shock, humidity, and
chemical substances after the manufacturing process.

The conductive vias 305 according to an embodiment of
the present disclosure, which electrically connect the con-
ductive layers 306, may include a first conductive via 305(a)
capable of electrically connecting all the layers and a second
conductive via 305(h) capable of electrically connecting
adjacent layers. For example, the first conductive via 305(a)
may be formed by computerized numerical control (CNC)
hole machining and copper plating, and the second conduc-
tive via 305(b) may be formed by laser hole machining and
copper plating.

The conductive vias 305 according to an embodiment of
the present disclosure may include a region that forms a
predetermined pattern within the PCB 300. The conductive
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vias 305 may be configured to make contact with at least one
of the conductive layers 306 and to pass through at least one
of the multiple layers.

A pattern cover layer 304 according to an embodiment of
the present disclosure may be disposed in a single layer on
the bottom or top of the conductive layers 306 while
surrounding a pattern and thus can protect the internal
pattern. For example, the pattern cover layer 304 may be
formed of polyimide (PI) and an adhesive.

According to an embodiment of the present disclosure,
rigid PCBs 380 and 382 and a FPCB 381 may be integrated
with one another. The FPCB 381 may not include the second
insulation layer 303, but may include the pattern cover layer
304 instead of the protective layer 301.

FIG. 3 is a sectional view of an interlayer configuration of
a plurality of layers of the PCB of FIG. 1, according to an
embodiment of the present disclosure, where FIG. 3 is taken
along line B-B' of FIG. 1.

Referring to FIG. 3, the second PCB 320 may include the
first FPCB 331, the first rigid PCB 341, and the second
FPCB 332, which are integrally connected together.

Further, the second PCB 320 may include first to fourth
ground pattern layers 371, 372, 373, and 374 that are
connected by the conductive vias 305 in order to form a
ground. The entirety of the first and second ground pattern
layers 371 and 372 forms a ground. Only a part of the second
and third ground pattern layers 372 and 373 forms a ground.
According to an embodiment of the present disclosure, there
may be a layer having no ground layer.

Signal line patterns 364 not connected to the ground may
be provided. These signal line patterns 364 may be used as
RF signal lines.

The ground pattern layers according to an embodiment of
the present disclosure may be connected by the first con-
ductive via 305(a) capable of electrically connecting all of
the layers and the second conductive via 305(b) capable of
electrically connecting adjacent layers. For example, all or
some of the ground pattern layers may be connected using
the first conductive via 305(a) passing through all of the
layers. For example, the first to fourth ground pattern layers
371, 372, 373, and 374 may be connected by the first
conductive via 305(a). The adjacent ground pattern layers
may be connected to each other by the second conductive via
305(b). For example, the first and second ground pattern
layers 371 and 372 may be connected to each other by the
second conductive via 305(b).

According to an embodiment of the present disclosure, a
PCB (for example, the PCB 300 of FIG. 1) may include the
first PCB 310 and the second PCB 320 including a rigid PCB
and a FPCB. In this case, the PCB is described as the PCB
300 of FIG. 1 as an example, but may be applied to the PCBs
400, 500, 600, and 700 of FIGS. 4, 5, 6A, 6B, 6C, 7A, 7B,
and 7C.

According to an embodiment of the present disclosure,
the high-frequency transmission line provided by the PCB in
the electronic device may be configured such that the FPCB
330 having advantages of reducing a material cost and
ensuring a mounting space can substitute for a coaxial cable.

For example, the first and second FPCBs 331 and 332
may be used between the second rigid PCB 342 and the first
PCB 310 in order to transmit a high-frequency signal from
the second rigid PCB 342 to the first PCB 310.

In another example, in order to eliminate Joss that occurs
when a high-frequency signal is transmitted using the FPCB
330, the first rigid PCB 341 may be disposed between the
first and second FPCB 331 and 332, and the ground pattern
layers may be connected by the conductive vias 305.



US 10,978,789 B2

9

According to an embodiment of the present disclosure, in
order to mitigate an increase in line loss, the electronic
device may further include a section containing the first rigid
PCB 341 in the middle of the FPCB 330. If the FPCB 330
has a length of 10 mm or more, the transmission line in the
section may cause a great line loss. For example, the
transmission line may have a change in the strip line
characteristics due to the inductance generated by the
ground lines 360 disposed on the opposite sides thereof, and
thus the line loss generated by the electrical path 350 may
increase markedly.

According to an embodiment of the present disclosure,
the electronic device may have the one or more vias 305
arranged on the first rigid PCB 341. When the grounds are
connected by the conductive vias 305 arranged on the first
rigid PCB 341, the inductance generated by the ground lines
360 can be reduced, for example, by virtue of the interlayer
ground connection on the ground lines 360, thereby reduc-
ing adverse effects, such as line loss. Furthermore, an
all-ground layer (ground line) is disposed between the layers
providing the second PCB 320, and the entire ground line
360 may be connected to the all-ground layer through the
conductive vias 305, whereby it is possible to have a much
greater line loss reduction effect.

According to an embodiment of the present disclosure, a
rigid PCB may be disposed between the FPCBs, thereby
preventing the layers from being separated or twisted as
described above. In the case where the existing FPCBs are
installed on a drive unit, the layers of the FPCBs may be
separated or twisted. Even in this case, there may be a
change in the characteristics of a strip line, which may cause
line loss in the transmission line or other adverse property
changes.

However, an electronic device having the aforementioned
arrangement is advantageous in that the side effects men-
tioned above are not exhibited even when the FPCBs move,
whereby it is possible to reduce line loss in the transmission
line and to alleviate other adverse characteristics.

In addition, in the case where a transmission line has a
greater length, it is possible to solve shortcomings, such as
line loss, by additionally placing rigid PCBs in several
positions on the FPCBs and using a connection between the
ground line 360, other ground pattern layers 363, and the
conductive vias 305. This is described below in greater
detail with reference to FIG. 4.

FIG. 4 is a front view of a high-frequency transmission
fine according to an embodiment of the present disclosure,
in which a PCB in an electronic device is used for the
high-frequency transmission line. An electronic device may
be a smart phone or a wearable device.

According to an embodiment of the present disclosure, an
electronic device may include a housing corresponding to a
case; a printed circuit unit including at least one PCB 400 in
the housing; and an electrical path 450 passing over or
through the PCB 400.

Referring to FIG. 4, the PCB 400 according to an embodi-
ment of the present disclosure may include a second PCB
420, a third PCB 411, and a fourth PCB 412. For example,
the third PCB 411 may be a main board on which electronic
components included in an electronic device are mounted,
the main board being capable of transmitting signals
between the electronic components. Furthermore, for
example, the fourth PCB 412 may be a main board on which
electronic components included in an electronic device are
mounted, the main board being capable of transmitting
signals between the electronic components. Moreover, for
example, the second PCB 420 may be a sub-board that
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transmits signals generated by electronic components. The
sub-board may further include the electronic components.

The PCB 400 according to an embodiment of the present
disclosure may be provided with a circuit of a terminal,
which may be, for example, at least one of an AP, a CP, a
memory, and an RF transceiver, and may include a signal
line (for example, an RF signal line).

The second to fourth PCBs 420, 411, and 412 according
to an embodiment of the present disclosure may be formed
of a plurality of layers, and the plurality of layers may
include one or more conductive layers and one or more
insulation layers.

The third and fourth PCBs 411 and 412 according to an
embodiment of the present discloswre may be a rigid PCB.
The third or fourth PCB 411 and 412 may be electrically
connected to the second PCB 410 through a connector 470.

The third PCB 411 may be disposed on one end of the
second PCB 420, and the fourth PCB 412 may be disposed
on an opposite end of the second PCB 420. Hereinafter, the
third and fourth printed circuit boards 411 and 412 are
described as third and fourth rigid PCBs 411 and 412,
respectively.

The third rigid PCB 411 according to an embodiment of
the present disclosure may be connected with the second
PCB 420, and a first connector 471 may be disposed to
transmit a high-frequency signal through the electrical path
450. The first connector 471 may include a soldering pad, a
zip-type connector, or a B-to-B-type connector. A rigid PCB
may be employed for the first connector 471, and, for
example, a B-to-B-type connector may be mounted on the
rigid PCB, or a soldering pad may be located on the rigid
PCB. Furthermore, for example, the pin map of a transmis-
sion line included in the first connector 471 may be imple-
mented in the sequence of a ground, an RF signal, and a
ground.

The first connector 471 according to an embodiment of
the present disclosure may include a ground pad 490 and a
signal pad 491 of the third rigid PCB 411 and a ground pad
492 and a signal pad 493 of the second PCB 420. The ground
pad 490 of the third rigid PCB 411 and the ground pad 492
of the second PCB 420 may be connected together by
soldering. The signal pad 491 of the third rigid PCB 411 and
the signal pad 493 of the second PCB 420 may be connected
by soldering.

The fourth rigid PCB 412 according to an embodiment of
the present disclosure may be connected to the second PCB
420, and a second connector 472 may be disposed to
transmit a high-frequency signal through the electrical path
450. The second connector 472 may include a soldering pad,
a zip-type connector, or a B-to-B-type connector. A rigid
PCB may be employed for the second connector 472, and,
for example, a B-to-B-type connector may be mounted on
the rigid PCB, or a soldering pad may be located on the rigid
PCB. Furthermore, for example, the pin map of a transmis-
sion line included in the first connector 472 may be imple-
mented in the sequence of a ground, an RF signal, and a
ground.

The second connector 472 according to an embodiment of
the present disclosure may include a ground pad 495 and a
signal pad 496 of the fourth rigid PCB 412 and a ground pad
497 and a signal pad 498 of the second PCB 420. The ground
pad 495 of the fourth rigid PCB 412 and the ground pad 497
of the second PCB 420 may be connected by soldering. The
signal pad 496 of the fourth rigid PCB 412 and the signal pad
498 of the second PCB 420 may be connected by soldering.
The second PCB 420 may include an interconnection pad
494. An antenna contact member (for example, a C-clip) or



US 10,978,789 B2

11

an RF component (for example, a matching circuit) may be
mounted on the interconnection pad 494.

The second PCB 420 according to an embodiment of the
present disclosure may be disposed between the third rigid
PCB 411 and the fourth rigid PCB 412, and may include an
FPCB 430 or a rigid PCB 440. The flexible printed circuit
board 430 and the rigid PCB 440 of the second PCB 420
may be integrated with each other. For example, a first FPCB
431, the first rigid PCB 440, and a second flexible PCB 432
may be arranged in sequence. The first rigid PCB 440 may
include an antenna connector and a USB connector, for
example.

The electrical path 450 according to an embodiment of the
present disclosure may extend from a first electrical com-
ponent including an antenna radiator to a second electrical
component including a communication circuit, and may be
disposed on or in the PCB 400. The electrical path 450 may
be implemented to be a transmission line of a side-guarded
micro-strip-line type or a strip-line type, the transmission
line being shielded by a ground line in order to transmit a
high-frequency signal, which may be, for example, an RF
signal.

The electrical path 450 according to an embodiment of the
present disclosure, which is disposed on or in the second
PCB 420, may receive a high-frequency signal through the
connector 470 and may forward the received signal to
antenna radiators 231 and 232 in FIG. 10 described below.
Furthermore, a plurality of electrical paths 450 in FIG. 4
may be provided, and a ground line 460 may be disposed
between the electrical paths 450 so that the electrical paths
450 can independently transmit a high-frequency signal
without mutually affecting the characteristics thereof.

The ground line 460 according to an embodiment of the
present disclosure may be disposed adjacent to the electrical
path 450, and conductive vias 405 may be arranged in a
portion of the area of the ground line 460. Accordingly, the
electrical path 450 can pass through the PCB 400 without
making contact with the conductive vias 405.

A plurality of layers of the PCB 400 and the conductive
vias 405 are the same as those in the above-described
embodiment with reference to FIGS. 1 to 3, and therefore
descriptions thereof are omitted here.

FIG. 5 is a front view of a high-frequency transmission
line according to an embodiment of the present disclosure,
where a PCB in an electronic device is used for the high-
frequency transmission line. The electronic device may be a
smart phone or a wearable device.

Referring 1o FIG. 5, an electronic device may include a
housing corresponding to a case; a printed circuit unit
including at least one PCB 500 in the housing; and an
electrical path 550 passing over or through the PCB 500.

The PCB 500 according to an embodiment of the present
disclosure may include a first PCB 510 and a second PCB
520. For example, the first PCB 510 may be a main board on
which electronic components included in an electronic
device are mounted, the main board being capable of trans-
mitting signals between the electronic components, and the
second PCB 520 may be a sub-board on which the electronic
components are mounted, the sub-board being capable of
transmitting signals generated by the electronic components.
The sub-board may further include the electronic compo-
nents.

The PCB 500 according to an embodiment of the present
disclosure may be provided with a circuit of a terminal,
which may be, for example, at least one of an AP, a CP, a
memory, and an RF transceiver, and may include a signal
line (for example, an RF signal line).
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The first and second PCBs 516 and 520 according to an
embodiment of the present disclosure may be formed of a
plurality of layers, and the plurality of layers may include
one or more conductive layers and one or more insulation
layers.

The first PCB 510 according to an embodiment of the
present disclosure may be a rigid PCB. The first PCB 520
may be electrically connected to the second PCB 510
through a connection unit 570. The first PCB 510 may be
connected to the second PCB 520, and the connector 570
may be disposed to transmit a high-frequency signal through
the electrical path 550. The connector 570 may include a
soldering pad, a zip-type connector, or a B-to-B-type con-
nector. A rigid PCB may be employed for the connector 570,
and, for example, a B-to-B-type connector may be mounted
on the rigid PCB, or a soldering pad may be located on the
rigid PCB.

The connector 570 according to an embodiment of the
present disclosure may include a ground pad 590 and a
signal pad 591 of the first PCB 510 and a ground pad 592
and a signal pad 593 of the second PCB 520. The ground pad
590 of the first PCB 510 and the ground pad 592 of the
second PCB 520 may be connected by soldering. The signal
pad 591 of the first PCB 510 and the signal pad 593 of the
second PCB 520 may be connected together by soldering.
The second PCB 520 may include an interconnection pad
594. An antenna contact member (for example, a C-clip) or
an RF component (for example, a matching circuit) may be
mounted on the interconnection pad 594.

The second PCB 520 according to an embodiment of the
present disclosure may include an FPCB 530 and a rigid
PCB 540 that are integrated with each other. For example,
the second PCB 520 may include a first FPCB 531, a first
rigid PCB 541, and a second FPCB 532, which are arranged
in sequence. The second FPCB 532 may include an antenna
connector and a USB connector. Unlike in an embodiment
described above with reference to FIG. 1, the second FPCB
532 in FIG. 5 is configured to perform the function of the
second rigid PCB 342 in FIG. 1 as well.

The electrical path 550 in FIG. 5 according to an embodi-
ment of the present disclosure may extend from a first
electrical component including an antenna radiator to a
second electrical component including a communication
circuit, and may be disposed on or in the PCB 500. The
electrical path 550 may be implemented to be a transmission
line of a side-guarded micro-strip-line type or a strip-line
type, the transmission line being shielded by a ground line
in order to transmit a high-frequency signal, which may be,
for example, an RF signal.

The electrical path 550 according to an embodiment of the
present disclosure, which is disposed on or in the second
PCB 520, may receive a high-frequency signal through the
connector 570 and may forward the received signal to an
antenna radiator. Furthermore, a plurality of electrical paths
550 may be provided, and a ground line 560 may be
disposed between the electrical paths 550 so that the elec-
trical paths 550 can independently transmit the high-fre-
quency signal without mutually affecting the characteristics
thereof.

The ground line 560 according to an embodiment of the
present disclosure may be disposed adjacent to the electrical
path 550, and conductive vias 505 may be arranged in a
portion of the area of the ground line 560. Accordingly, the
electrical path 550 can pass through the PCB 500 without
making contact with the conductive vias 505.

A plurality of layers of the PCB 500 and the conductive
vias 505 are the same as those in an above-described



US 10,978,789 B2

13

embodiment with reference to FIGS. 1 to 3, and therefore
descriptions thereof are omitted here.

FIGS. 6A, 6B, and 6C are front views of conductive vias
according to an embodiment of the present disclosure, the
conductive vias being arranged in electronic device PCBs.
FIGS. 6A, 6B, and 6C illustrate various forms of PCBs.

Referring to FIG. 6A, a second PCB 620 according to an
embodiment of the present disclosure may include an FPCB
630 and a rigid PCB 640, which are integrated with each
other. For example, the second PCB 620 may include a first
FPCB 631, the first rigid PCB 640, and a second FPCB 632,
which are arranged in sequence.

An electrical path 650 according to an embodiment of the
present disclosure may be disposed on or in the second PCB
620 and may be implemented to be a transmission line of a
side-guarded micro-strip-line type or a strip-line type in
order to transmit a high-frequency signal.

The electrical path 650 according to an embodiment of the
present disclosure, which is disposed on or in the second
PCB 620, may receive a high-frequency signal through a
connector and may forward the received signal to an antenna
radiator. Furthermore, a plurality of electrical paths 650 may
be provided, and a ground line 660 may be disposed between
the electrical paths 650 so that the electrical paths 650 can
independently transmit the high-frequency signal without
mutually affecting the characteristics thereof.

The ground lines 660 according to an embodiment of the
present disclosure may be disposed adjacent to the electrical
path 650 and may be connected with one or more conductive
layers through conductive vias 605(c) in the PCB. Since the
conductive vias 605(c) are arranged in one ground line 660,
the electrical path 650 may pass through the PCB without
making contact with the conductive vias 605(c).

The electrical path 650 according to an embodiment of the
present disclosure is disposed to pass through the flexible
PCB 630 and the rigid PCB 640, and thus the ground lines
660 disposed on opposite sides of the electrical path 650
may also be disposed to pass through the FPCB 630 and the
rigid PCB 640. While two ground lines 660 are provided in
FIG. 6A, the number of ground lines 660 may be diversely
varied so as to avoid contact with the electrical path 650,
without being limited thereto.

For example, the first ground line 660(a) disposed on the
left side may have a greater width than the second ground
line 660(b) disposed on the right side, and the plurality of
conductive vias 605(c) may be formed in the region where
the rigid PCB 640 and the ground line 660(a) cross each
other. The second ground line 660(b) may not include the
conductive vias 605(c) since the second ground line 660(b)
has a lesser width than the first ground line 660(a).

The PCB is illustrated as having the conductive vias
605(c) arranged in the first ground line 660(a) having a great
width. The conductive vias 605(c) arranged in the first
ground line 660(a) may include vias passing through all
layers. Ground patterns in all or some of the layers and the
ground line on a side of the electrical path may be connected
by the conductive vias 605(c) passing through all the layers.

Referring to FIG. 6B, ground lines 660 may be separately
disposed on opposite sides of an electrical path 650 in the
second PCB 620 and may be formed to pass through the
flexible PCB and the rigid PCB along the lengthwise direc-
tion of the electrical path 650. While the two ground lines
660 are provided in FIG. 6B, the number of ground lines 660
may be diversely varied so as to avoid contact with the
electrical path 650, without being limited thereto.

According to an embodiment of the present disclosure,
the first ground line 660(a) disposed on the left side may
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have a greater width than the second ground line 660(b)
disposed on the right side, and a plurality of conductive vias
605(c) may be formed in the region where the first ground
line 660(a) and the rigid PCB 640 cross each other. The
second ground line 660(5) on the right side may not include
the conductive vias 605(c) having the size since the second
ground line 660(b) has a lesser width than the first ground
line 660(a). Instead, the second ground line 660(5) on the
right side may have conductive vias 605(d) having a lesser
size than the conductive vias 605(c).

For example, the rigid PCB 640 formed of a plurality of
layers may include the third conductive vias 605(c) passing
through all of the layers in the PCB and the fourth conduc-
tive vias 605(d) passing through some of the layers. The
third conductive vias 605(c) may have a greater hole size
than the fourth conductive vias 605(d) passing through some
of the layers, and may be arranged in the ground line 660(a)
having a great width. However, the fourth conductive vias
605(d) may be arranged in the second ground line 660(5)
having a lesser width and disposed on the right side, since
the fourth conductive vias 605(d) have a lesser hole size than
the third conductive vias 605(c). Even when the ground lines
660 are connected with a ground in a different layer through
some conductive vias 605, it is possible to reduce line loss.

Referring to FIG. 6C, ground lines 660 may be separately
disposed on opposite sides of an electrical path 650 and may
be formed in the lengthwise direction of the electrical path
650. While two ground lines 660 are provided in FIG. 6C,
the number of ground lines 660 may be diversely varied so
as to avoid contact with the electrical path 650, without
being limited thereto.

According to an embodiment of the present disclosure,
the first ground line 660(a) disposed on the left side may
have a lesser width than the second ground line 660(b)
disposed on the right side, and a plurality of conductive vias
605(d) may be formed in the region where the second
ground line 660(b) and the rigid PCB 640 cross each other.
The second ground line 660(b) on the right side has a greater
width than the first ground line 660(a), but is too narrow to
have the great conductive vias 605(c). Instead, the conduc-
tive vias 605(d) having a lesser width may be arranged in the
second ground line 660(b) on the right side.

Therefore, according to an embodiment of the present
disclosure, the second ground line 660(5) having a lesser
width and disposed on the right side may electrically con-
nect the PCB using the fourth conductive vias 605(d)
passing through some layers. Even when the ground lines
660 are connected with a ground in a different layer through
some of the fourth conductive vias 605(d), it is possible to
reduce line loss.

FIGS. 7A, 7B, and 7C are top views illustrating conduc-
tive vias arranged in PCBs according to an embodiment of
the present disclosure. FIGS. 7A, 7B, and 7C illustrate
various forms of PCBs.

Referring to FIG. 7A, a second PCB 720 may include a
plurality of FPCBs and/or a plurality of rigid PCBs. For
example, the second PCB 720 may be configured such that
FPCBs 730 and rigid PCBs 740 are alternately disposed and
are integrated with each other.

The FPCBs 730 according to an embodiment of the
present disclosure may include a first FPCB 731, a second
FPCB 732, and a third FPCB 733. The rigid PCBs 740 may
include a first rigid PCB 741 and a fifth rigid PCB 742.

According to an embodiment of the present disclosure, at
least two rigid PCBs 740 may be provided between the
EPCBs 730. For example, the second PCB 720 may include
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the first FPCB 731, the first rigid PCB 741, the second FPCB
732, the fifth rigid PCB 742, and the third FPCB 733, which
are arranged in sequence.

The first and fifth rigid PCBs 741 and 742 may be
disposed to be spaced apart from each other and may include
a plurality of conductive vias 705(c) and ground lines 760.

An electrical path 750 according to an embodiment of the
present disclosure may be disposed on or in the second PCB
720 and may be implemented to be a transmission line of a
side-guarded micro-strip-line type or a strip-line type in
order to transmit a high-frequency signal.

The electrical path 750 according to an embodiment of the
present disclosure, which is disposed on or in the second
PCB 720, may receive a high-frequency signal through a
connector and may forward the received signal to an antenna
radiator. Furthermore, a plurality of electrical paths 750 may
be provided, and the ground line 760 may be disposed
between the electrical paths 750 so that the electrical paths
750 can independently transmit the high-frequency signal
without mutually affecting the characteristics thereof.

The ground lines 760 according to an embodiment of the
present disclosure may be disposed adjacent to the electrical
path 750 and may be connected with one or more conductive
layers through the conductive vias 705(c) in the PCB 720.

The ground lines 760 according to an embodiment of the
present disclosure may be formed to pass through the FPCB
730 and the rigid PCBs 740 along the lengthwise direction
of the electrical path 750. While two ground lines 760 are
provided in the present disclosure, the number of ground
lines 760 may be diversely varied so as to avoid contact with
the electrical path 750, without being limited thereto.

For example, the first ground line 760(a) disposed on the
left side of the first and fifth rigid PCBs 741 and 742 may
have a greater width than the second ground line 760(5)
disposed on the right side, and the plurality of conductive
vias 705(c) may be formed in the regions where the first
ground line 760(a) crosses the first and fifth rigid PCBs 741
and 742. In another example, the second ground line 760(5)
on the right side may not include the conductive vias 705(c)
Laving the size since the second ground line 760(b) has a
lesser width than the first ground line 760(a). The PCB is
illustrated as having the conductive vias 705(c) arranged in
the first ground line 760(a) having a great width.

Referring to FIG. 7B, the second PCB 720 may include
the FPCBs 730 and the rigid PCBs 740 that are integrated
with each other. For example, the second PCB 720 may be
configured such that the FPCBs 730 and the rigid PCBs 740
are alternately disposed and are integrated with each other.

The second PCB 720 according to an embodiment of the
present disclosure may include the first FPCB 731, the first
rigid PCB 741, the second FPCB 732, the fifth rigid PCB
742, and the third FPCB 733, which are arranged in
sequence.

Ground lines 760 according to an embodiment of the
present disclosure may be separately disposed on opposite
sides of the electrical path 750 and may be formed along the
lengthwise direction of the electrical path 750. While two
ground lines 760 are provided in the FIG. 7B, the number of
ground lines 760 may be diversely varied so as to avoid
contact with the electrical path 750, without being limited
thereto.

According to an embodiment of the present disclosure,
the first ground line 760(a) disposed on the left side of the
first and fifth rigid PCBs 741 and 742 may have a greater
width than the second ground line 760(b) disposed on the
right side, and a plurality of conductive vias 705(c) may be
formed in the regions where the first ground line 760(a)
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crosses the rigid PCBs 740. However, the second ground
line 760(b) on the right side may not include the conductive
vias 705(c) having the size since the second ground line
760(b) has a lesser width than the first ground line 760(a).
Instead, the second ground line 760() on the right side may
have conductive vias 705(d) having a lesser size than the
conductive vias 705(c).

For example, the rigid PCBs 740 formed of a plurality of
layers may include the third conductive vias 705(c) passing
through all the layers in the PCB and the fourth conductive
vias 705(d) passing through some of the layers. The third
conductive vias 705(c) may have a greater hole size than the
fourth conductive vias 705(d) passing through some of the
layers, and may be arranged in the ground line 760(a) having
a great width. However, the fourth conductive vias 705(d)
may be arranged in the second ground line 760(b) having a
lesser width and disposed on the right side, since the fourth
conductive vias 705(d) have a lesser hole size than the third
conductive vias 705(c). Even when the ground lines 760 are
comnected with a ground in a different layer through some
conductive vias 705, it is possible to reduce a line loss.

Referring to FIG. 7C, the second PCB 720 may include
the FPCBs 730 and the rigid PCBs 740 that are alternately
disposed and are integrated with each other. In this embodi-
ment, at least two rigid PCBs 740 may be provided between
the FPCBs 730. For example, the second PCB 720 may
include the first FPCB 731, the second FPCB 732, the first
rigid PCB 741, the fifth rigid PCB 742, and the third FPCB
733, which are arranged in sequence.

Ground lines 760 according to an embodiment of the
present disclosure may be separately disposed on opposite
sides of the electrical path 750 and may be formed along the
Jengthwise direction of the electrical path 750. While two
ground lines 760 are provided in the present disclosure, the
number of ground lines 760 may be diversely varied so as to
avoid contact with the electrical path 750, without being
limited thereto.

According to an embodiment of the present disclosure,
the first ground line 760(a) disposed on the left side of the
first and fifth rigid PCBs 741 and 742 may have a lesser
width than the second ground line 760(b) disposed on the
right side, and a plurality of conductive vias 705(d) may be
formed in the regions where the second ground line 760(b)
crosses the rigid PCBs 740. The second ground line 760(b)
on the right side has a greater width than the first ground line
760(a), but is too narrow to have the great conductive vias
705(c). Instead, the conductive vias 705(d) having a lesser
width may be arranged in the second ground line 760(5) on
the right side.

Therefore, according to an embodiment of the present
disclosure, even when the ground lines 760 are connected to
a ground in a different layer through some of the fourth
conductive vias 705(d) arranged in the second ground line
760(b), it is possible to reduce a line loss.

FIG. 8 is a perspective view of an electronic device
according to an embodiment of the present disclosure. The
electronic device 10 may be a smart phone or a wearable
device. The electronic device 10 may be an electronic device
that includes the PCBs described above with reference to
FIGS.1to 7.

Referring to F1G. 8, a display 101 may be mounted on the
front 107 of the electronic device 10. A speaker device 102
for receiving a counterpart’s speech may be provided on the
upper side of the display 101. A microphone device 103 for
transmitting the speech of a user of the electronic device 10
to the counterpart may be provided on the lower side of the
display 101.
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According to an embodiment of the present disclosure,
one or more components for performing various functions of
the electronic device 10 may be arranged around the speaker
device 102. For example, the one or more arranged compo-
nents may include at least one sensor module 104. The
sensor module 104 may include, for example, at least one of
an illuminance sensor (e.g., an optical sensor), a proximity
sensor, an infrared sensor, and an ultrasonic sensor. The
components may also include a camera device 105. The
components may also include a light emitting diode (LED)
indicator 106 for informing a user of status information of
the electronic device 10.

According to an embodiment of the present disclosure,
the electronic device 10 may include a metal bezel 110 (for
example, capable of serving as at least a part of a metal
housing). The metal bezel 110 may be disposed along the
outer periphery of the electronic device 10 and may extend
to at least one area of the back of the electronic device 10,
the at least one area being connected to the outer periphery.
The metal bezel 110 may define the thickness of the elec-
tronic device 10 along the outer periphery of the electronic
device 10 and may be formed in a loop shape. Without being
limited thereto, however, the metal bezel 110 may also be
formed in such a manner that the metal bezel contributes to
at least part of the thickness of the electronic device 10. The
metal bezel 110 may also be disposed only in at least one
area of the outer periphery of the electronic device 10. The
metal bezel 110 may include one or more cut-off portions
115 and 116. Unit bezel parts separated by the cut-off
portions 115 and 116 may be used as an antenna radiator that
operates in at least one frequency band.

According to an embodiment of the present disclosure,
the metal bezel 110 may have a loop shape along the outer
periphery of the electronic device and may be disposed to
contribute to the entirety or a part of the thickness of the
electronic device 10. When the electronic device 10 is
viewed from the front, the metal bezel 110 may include a
right bezel part 111, a left bezel part 112, an upper bezel part
113, and a lower bezel part 114. In this case, the lower bezel
part 114 described above may serve as a unit bezel part
formed by a pair of cut-off portions 116.

According to an embodiment of the present disclosure, a
main antenna device may be disposed in the lower region (an
antenna region of a main part) of the electronic device 10.
The lower bezel part 114 may be used as a main antenna
radiator by virtue of the pair of cut-off portions 116. The
lower bezel part 114 may serve as an antenna radiator that
operates in at least two operating frequency bands depend-
ing on the feeding position. For example, the lower bezel
part 114 may be a part of an antenna that supports a low band
(LB) and a high/middle band (H/MB), or a part of an antenna
that supports an H/MB.

According to an embodiment of the present disclosure,
the antenna device of the present disclosure is simply for
illustrative purpose, and the aforementioned functions of the
lower bezel part 114 may be performed by the upper bezel
part 113 separated by the other cut-off portions 115, or may
be performed by the upper and lower bezel parts.

According to an embodiment of the present disclosure, an
antenna region of a diversity part may be used as an antenna
for diversity/multiple input multiple output (MIMO). For
example, the upper bezel part 113 may be a part of a
diversity antenna that supports LB and H/MB.

According to an embodiment of the present disclosure, at
least one of the right and left bezel parts 111 and 112 may
be supplied with electrical power to operate as an antenna.
For example, the right or left bezel part 111 or 112 may be
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a part of an antenna that supports an H/MB band or LB and
H/MB bands. For example, an antenna including the right or
left bezel part 111 or 112 included in the antenna region of
the main part may operate as a main antenna. An antenna
including the right or left bezel part 111 or 112 included in
the antenna region of the diversity part may operate as a
diversity antenna. Hereinafter, the configuration of an
antenna is described in detail.

FIG. 9 is a schematic of an antenna arrangement in an
electronic device 10 according to an embodiment of the
present disclosure. The electronic device 10 may be a smart
phone or a wearable device. The electronic device 10 may be
an electronic device that includes the PCBs described above
with reference to FIGS. 1 to 7.

The electronic device 10 according to an embodiment of
the present disclosure may include a plurality of antenna
radiators 230. For example, the electronic device 10 may
include first and second antennas 231 and 232 of a main part
210 and third and fourth antennas 233 and 234 of a diversity
part 220.

The first antenna 231 may support LB and H/MB bands,
and the second antenna 232 may support an H/MB band.
According to an embodiment of the present disclosure, an
LB band has a relatively great wavelength so that an antenna
may have a relatively great size, and there may be a
mounting space limitation by adding an antenna supporting
multiple LBs to the main part 210 of the terminal. Therefore,
only one antenna may be configured to support an LB band.

In the case where the electronic device 10 additionally has
the diversity part 220 according to an embodiment of the
present disclosure, the electronic device 10 may include the
third and fourth antennas 233 and 234. In order to enhance
correlation/isolation characteristics, the antenna radiators
230 of the main part 210 may be included in the lower end
portion of the terminal, and the antenna radiators 230 of the
diversity part 220 may be included in the upper end portion
of the terminal. For example, in the case where the antenna
radiators 230 of the main part 210 are included in the lower
end portion of the terminal, and the antenna radiators 230 of
the diversity part 220 are included in the upper end portion
of the terminal, it is possible to ensure an antenna separation
distance available in the terminal even when a plurality of
LB band antennas are included.

By virtue of the structure described above, the electronic
device 10 can receive signals using four antennas in an
H/MB band and can receive signals using two antennas in an
LB band. That is, 4th order diversity/MIMO can be per-
formed in an H/MB band, and 2nd order diversity/MIMO
can be performed in an LB band.

FIG. 10 illustrates an antenna device and a PCB of an
electronic device according to an embodiment of the present
disclosure. Referring to FIG. 10, a main RF circuit in the
main part 210 may supply electrical power to the first and
second antennas 231 and 232 connected thereto through the
connector 370 and the second PCB 320 using RF signal
lines. The second PCB 320 may include the first FPCB 331,
the first rigid PCB 341, the second FPCB 332, and the
second rigid PCB 342. A ground may be removed from an
antenna feeding part or from the surroundings of an antenna
in order to enhance antenna characteristics.

According to an embodiment of the present disclosure,
the metal bezel 110 may include the right bezel part 111, the
left bezel part 112, the upper bezel part 113, and the lower
bezel part 114 when viewed from the front. The upper bezel
part 113 may be maintained separately from the right and left
bezel parts 111 and 112 by a pair of cut-off portions that are
formed with a predetermined interval therebetween. The
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lower bezel part 114 may be maintained separately from the
right and left bezel parts 111 and 112 by a pair of cut-off
portions that are formed with a predetermined interval
therebetween. The pair of cut-off portions may be formed of
a dielectric material. The pair of cut-off portions may be
formed by double-injection molding or insert molding a
synthetic resin into the metal bezel. Without being limited
thereto, however, various types of electrical insulating mate-
rials may be applied to the pair of cut-off portions.

According to an embodiment of the present disclosure, a
first feeding piece may be integrally formed with the lower
bezel part 114 and may be supplied with electrical power by
a first feeding part of the PCB. The first feeding piece of the
lower bezel part 114 may be connected to the first feeding
part of the PCB merely by installing the PCB in the
electronic device, or may be electrically connected to the
first feeding part by a separate electrical connection member
(e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a
first feeding pad may be disposed on the PCB and may be
electrically connected to the first feeding piece of the lower
bezel part 114, A first electrical path (e.g., an interconnection
wire line) may be formed from the first feeding pad to the
first feeding part. The first feeding piece may be integrally
formed with the lower bezel part 114 and may be supplied
with electrical power by the first feeding part of the PCB.
The first feeding piece of the lower bezel part 114 may be
connected to the first feeding part of the PCB merely by
installing the PCB in the electronic device, or may be
electrically connected to the first feeding part by a separate
electrical connection member (e.g., a C-clip, efc.).

According to an embodiment of the present disclosure,
the first feeding pad may be disposed on the PCB and may
be electrically connected to the first feeding piece of the
lower bezel part 114. The first electrical path (e.g., an
interconnection wire line) may be formed from the first
feeding pad to the first feeding part.

The lower bezel part may be a portion of the first antenna
231 of the main part 210 that supports an LB or H/MB band.
The left and right bezel parts 112 and 111 may also be
supplied with electrical power by the same method. The left
and right bezel parts 112 and 111 may be portions of the
second antenna 231 of the main part 210 that supports an LB
or H/MB band.

According to an embodiment of the present disclosure, a
first electrical connection piece may be integrally formed
with the lower bezel part 114 so as to be located at a position
separate from the first feeding piece by a predetermined
distance, and may be grounded to a first ground part of the
PCR. The first electrical connection piece of the lower bezel
part 114 may be grounded to the first ground part of the PCB
merely by installing the PCB in the electronic device, or may
be electrically connected to the first ground part by a
separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a
first ground pad may be disposed on the PCB and may be
electrically connected to the first electrical connection piece
of the lower bezel part 114. A second electrical path (e.g., an
interconnection wire line) may be formed from the first
ground pad to the first ground part.

According to an embodiment of the present disclosure, a
second feeding piece may be integrally formed with the
lower bezel part 114 and may be supplied with electrical
power by a first feeding part of the PCB. The second feeding
piece of the lower bezel part 114 may be connected to a
second feeding part of the PCB merely by installing the PCB
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in the electronic device, or may be electrically connected to
the second feeding part by a separate electrical connection
member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a
second feeding pad may be disposed on the PCB and may be
electrically connected to the second feeding piece of the
lower bezel part 114. A third electrical path (e.g., an inter-
connection wire line) may be formed from the second
feeding pad to the second feeding part. The lower bezel part
114 may be a portion of the second antenna 232 of the main
part 210 that supports an LB or H/MB band.

According to an embodiment of the present disclosure, a
second electrical connection piece may be integrally formed
with the right bezel part 111 so as to be located at a position
separate from the cut-off portions by a predetermined dis-
tance, and may be grounded to a second ground part of the
PCB. The second electrical connection piece of the right
bezel part 111 may be grounded to a second ground part of
the PCB merely by installing the PCB in the electronic
device, or may be electrically connected to the second
ground part by a separate electrical connection member
(e.g., a Cclip, etc.).

According to an embodiment of the present disclosure, a
second ground pad may be disposed on the PCB and may be
electrically connected to the second electrical connection
piece of the right bezel part 111. A fourth electrical path
(e.g., an interconnection wire line) may be formed from the
second ground pad to the second ground part.

For example, the feeding parts, the feeding pads, the
ground parts, and the ground pads of the main part 210 may
be disposed on the second PCB 320. The main part 210 and
an RF circuit of the diversity part 220 may be disposed on
the first PCB (main PCB) 310. The first and second PCBs
may be connected by an FPCB. The first and second PCBs
may be integrated with each other.

According to an embodiment of the present disclosure,
the second rigid PCB 342 included in the second PCB 320
may be disposed at a lower vertical position than the first
PCB (main PCB) 310. Accordingly, components included in
the second rigid PCB 342 may be additionally spaced apart
from the antenna. Further, relatively thick components, such
as a USB connector and a speaker, can also be disposed on
the second rigid PCB 342.

According to an embodiment of the present disclosure, a
transmitted or received signal of the RF circuit of the main
part 210 may be forwarded to the first and second feeding
parts of the second PCB 320.

The diversity part 220 may include the third and fourth
antennas 233 and 234. The third antenna 233 may include a
part of the upper bezel part 113, and the fourth antenna 234
may include the left or right bezel part 112 or 111.

The third antenna 233 may support LB and H/MB bands,
and the fourth antenna 234 may support an H/MB band.
Feeding parts, feeding pads, ground parts, and ground pads
of the diversity part 220 may be disposed on the first PCB
(main PCB) 310. Electrical paths connecting the feeding
parts and the feeding pads and electrical paths connecting
the ground parts and the ground pads in the diversity part
220 may be disposed on the first PCB (main PCB) 310.

According to an embodiment of the present disclosure,
when the main part 210 uses the right bezel part 111 as the
second antenna 232 for the purpose of signal separation
between the antennas, the diversity part 220 may use the
opposite left bezel part 112 as the fourth antenna 234.
Alternately, when the main part 210 uses the left bezel part
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112 as the second antenna 232, the diversity part 220 may
use the opposite right bezel part 111 as the fourth antenna
234.

FIG. 11 is an illustration of a signal transmission using the
second PCB 320 according to an embodiment of the present
disclosure. The second PCB 320 may be the same as the
second PCBs 320, 420, and 520 described above with
reference to FIGS. 1 to 7.

Referring to FIG. 11, the second PCB 320 may include the
FPCB 330 and the rigid PCB 340, which are integrated with
each other. The second PCB 320 may include the first FPCB
331, the second FPCB 332, the first rigid PCB 341, and the
second rigid PCB 342.

According to an embodiment of the present disclosure,
the electrical path 350 for transmitting a high-frequency
signal may also transmit signals other than RF signals using
the second PCB 320. The other signals may include, for
example, a USB signal, an ear-jack signal, a microphone
(MIC) signal, a speaker signal, and a touch key signal.

According to an embodiment of the present disclosure, an
antenna contact to which an RF signal is connected, and a
USB connector, an ear-jack connector, a microphone (MIC)
connector, and a speaker contact to which the other signals
are connected may be disposed on the second rigid PCB 342.
For example, RF signals may be transmitted through two
electrical paths 350: the first electrical path 351 and the
second electrical path 352. The ground line 360 may be
disposed between the first and second electrical paths 351
and 352 to prevent the first and second electrical paths 351
and 352 from mutually affecting the characteristics thereof.
The conductive vias 305 may be arranged in the region
where the ground line 360 and the first rigid PCB 341 cross
each other, and may be connected to a ground in a different
layer. A rigid PCB connected to the rear end of the second
rigid PCB 342 may be various types of modules of the
electronic device, and may function as a touch key, for
example.

According to an embodiment of the present disclosure, a
first connector 342(a) connected to the first electrical path
351 may be a first antenna contact, a first USB connector, a
first ear-jack connector, a first MIC comnector, or a first
speaker contact, and a second connector 342(b) connected to
the second electrical path 352 may be a second antenna
contact, a second USB connector, a second ear-jack con-
nector, a second MIC comnector, and a second speaker
contact.

FIGS. 12 and 13 are enlarged views of a first FPCB and
a first rigid PCB. The second PCB 320 may be one of the
second PCBs 320, 420, 520, 620, and 720 described above
with reference to FIGS. 1 to 7.

Referring to FIGS. 12 and 13, a high-frequency signal
may be connected from a B-to-B-type connector A of the
connector 370 to antenna (ANT) feeding B and C by a micro
strip line or a strip line on the FPCB. Further, the ground
lines 306 may exist on the left and right sides of the electrical
path 350 through which an RF signal is transmitted on the
connector, and may be formed parallel to the electrical path
350 along the lengthwise direction of the electrical path 350
so as to be connected to the ANT feeding B and C. In
addition, the conductive vias 305 may be formed in the
ground lines 306. Conductive vias 307 lesser in size than the
conductive vias 305 may be formed on the right side of the
electrical path 351 so as to prevent contact between the
ground lines and a signal line on one side.

An electronic device according to an embodiment of the
present disclosure includes a housing; a PCB disposed in the
housing, the PCB including a plurality of layers that include
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one or more conductive layers and one or more insulation
layers; a first electrical component formed to be at least a
part of the housing or disposed in the housing; a second
electrical component disposed above or near the PCB in the
housing, the second electrical component being separated
from the first electronic component; and at least one elec-
trical path extending from the first electrical component to
the second electronic component, wherein at least a portion
of the electrical path runs on or inside the PCB, wherein the
PCB may include a region including a pattern of conductive
vias, each of the vias extending through at least a part of the
plurality of layers to contact at least one of the one or more
conductive layers, and wherein the electrical path may run
through the region without making contact with the condue-
tive vias.

According to an embodiment of the present disclosure,
the first electrical component may include an antenna radia-
tor and the second electrical component may include a
communication circuit.

According to an embodiment of the present disclosure,
the antenna radiator may form at least one part of the
housing.

According to an embodiment of the present disclosure,
the pattern of the conductive vias may be aligned in one or
more rows or columns along the electrical path when viewed
from above the region of the PCB.

According to an embodiment of the present disclosure,
the PCB may include an FPCB as at least a part thereof,
where the FPCB may transmit a signal through the electrical
path.

According to an embodiment of the present disclosure,
the PCB may include a first PCB; and a second PCB
connected to the first PCB through a connector, where the
second PCB includes at least one FPCB and at least one rigid
PCB, and where the electrical path may transmit a high-
frequency signal through the connector and may pass over or
through the second PCB.

According to an embodiment of the present disclosure,
the electronic device may further include a ground line
disposed around the electrical path so as to be adjacent
thereto, where the ground line may be connected to the one
or more conductive layers through the conductive vias in the
rigid PCB.

According to an embodiment of the present disclosure,
the second PCB may include a first FPCB connected to the
first PCB through a communication circuit; a second PCB
disposed to face the first flexible PCB with a separation
distance therebetween; and a first rigid PCB disposed
between the first and second FPCBs, where the first rigid
PCB includes the pattern of the conductive vias.

According to an embodiment of the present disclosure,
the electronic device may further include a second rigid PCB
connected to the second FPCB, wherein a part of the antenna
radiator that forms at least one portion of the housing may
be disposed on the second rigid PCB.

According to an embodiment of the present disclosure, at
least one of the plurality of layers may form a ground pattern
in the ground line of the second PCB, where the entire line
of the ground pattern includes a ground.

According to an embodiment of the present disclosure,
the conductive vias of the first rigid PCB may include a first
conductive via passing through all of the plurality of layers;
and a second conductive via passing through some of the
plurality of layers, and where the first conductive via may
comnect the ground pattern disposed on all or some of the
layers and the ground line.
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According to an embodiment of the present disclosure, a
plorality of ground lines may be formed on the rigid PCB so
as to be spaced apart from the electrical path, and may have
different widths.

According to an embodiment of the present disclosure,
the conductive vias formed along the width of the ground
line may include a third conductive via having a first hole
size; and a fourth via having a second hole size that differs
from the first hole size.

According to an embodiment of the present disclosure, a
space for mounting an electronic component may be formed
on or in the rigid PCB of the second PCB.

According to an embodiment of the present disclosure,
the connector may be disposed on one side of the first or
second PCB, where the electrical path passing over or
through the second PCB may be connected to the first PCB.

According to an embodiment of the present disclosure,
the connector may include a first connector disposed on one
end of the first FPCB of the second PCB; and a second
connector disposed on one end of the second FPCB of the
second PCB.

According to an embodiment of the present disclosure,
the electronic device may include a plurality of electrical
paths and a plurality of antenna radiators, wherein the
electrical paths may be connected to the respective antenna
radiators corresponding thereto, and the ground line may be
disposed between the plurality of electrical paths.

According to an embodiment of the present disclosure,
the first PCB may include at least a part of the first electrical
component and may be connected to the antenna radiator,
and the second PCB may have the second electrical com-
ponent disposed thereon.

According to an embodiment of the present disclosure,
the FPCB and the rigid PCB of the second PCB may be
integrated with each other.

According to an embodiment of the present disclosure,
the region of the PCB may be a rigid PCB region, and the
electronic device may include a first FPCB region disposed
between the first electrical component and the region; and a
second FPCB region disposed between the second electrical
component and the region.

An electronic device according to an embodiment of the
present disclosure includes a first PCB; a second PCB
connected with the first PCB through a connector and
including at least one FPCB and at least one rigid PCB that
are integrated with each other, where the flexible and rigid
PCBs include a plurality of layers; an electrical path that
transmits a high-frequency signal through the connector and
passes over or through the second PCB; and at least one
conductive via disposed in the rigid PCB to connect grounds
between the plurality of layers.

FIG. 14 is a block diagram of an electronic device 10,
according to an embodiment of the present disclosure, in a
network environment 11.

Referring to FIG. 14, the electronic device 10 may include
a bus 180, a processor 120, a memory 130, an input/output
interface 150, a display 160, and a communication interface
170. The electronic device 10 may omit at least one of the
elements, or may further include other elements.

The bus 180 may include, for example, a circuit that
interconnects the elements 120 to 170 and delivers commu-
nication (for example, a control message and/or data)
between the elements.

The processor 120 may include one or more of a CPU, an
AP, and a CP. For example, the processor 120 may carry out
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operations or data processing relating to the control and/or
communication of at least one other element of the elec-
tronic device 10.

The memory 130 may include a volatile and/or non-
volatile memory. For example, the memory 130 may store
instructions or data relevant to at least one other element 120
to 170 of the electronic device 10. The memory 130 may
store software and/or a program 140. The program 140 may
include, for example, a kernel 141, middleware 143, an
application programming interface (API) 145, and/or appli-
cation programs (or applications) 147. At least some of the
kernel 141, the middleware 143, and the API 145 may be
referred to as an operating system (OS).

For example, the kernel 141 may control or manage
system resources (for example, the bus 180, the processor
120, and the memory 130) that are used to execute opera-
tions or functions implemented by the other programs (for
example, the middleware 143, the API 145, and the appli-
cations 147). Furthermore, the kernel 141 may provide an
interface by which the middleware 143, the API 145, or the
applications 147 access the individual elements of the elec-
tronic device 10 to control or manage the system resources.

For example, the middleware 143 may serve as an inter-
mediary to allow the API 145 or the applications 147 to
exchange data with the kernel 141 through communication.

Furthermore, the middleware 143 may process one or
more task requests received from the applications 147
according to the priorities of the requests. For example, the
middleware 143 may assign, to at least one of the applica-
tions 147, a priority to use the system resources (for
example, the bus 180, the processor 120, and the memory
130) of the electronic device 10. For example, the middle-
ware 143 may perform scheduling or loading balancing on
the one or more task requests by processing the one or more
task requests according to the priority assigned to the at least
one of the applications.

The API 145 is, for example, an interface by which the
applications 147 control functions provided by the kernel
141 or the middleware 143, and the API 145 may include at
least one interface or function (for example, an instruction)
for file control, window control, image processing, or text
confrol, for example.

The input/output interface 150 may serve as, for example,
an interface that can forward instructions or data input from
a user or an external device to the other element(s) 120 to
170 of the electronic device 10. Furthermore, the input/
output interface 150 may output instructions or data received
from the other element(s) of the electronic device 10 to the
user or the external device.

Examples of the display 160 may include a liquid crystal
display (LCD), an LED display, an organic LED (OLED)
display, a microelectromechanical systems (MEMS) display,
and an electronic paper display. For example, the display
160 may display various types of content (for example, text,
images, videos, icons, or symbols) for a user. The display
160 may include a touch screen, and may receive, for
example, a touch, gesture, a proximity input, or a hovering
input using an electronic pen or a part of a user’s body.

For example, the communication interface 170 may estab-
lish communication between the electronic device 10 and a
first external electronic device 12, a second external elec-
tronic device 14, or a server 16. For example, the commu-
nication interface 170 may be connected to a network 162
through wireless or wired communication to communicate
with the second external electronic device 14 or the server
16.
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The wireless communication may use, for example, at
least one of long term evolution (LTE), LTE-advanced
(LTE-A), code division multiple access (CDMA), wideband
CDMA (WCDMA), universal mobile telecommunications
system (UMTS), wireless broadband (WiBro), and global
system for mobile communications (GSM), for example, as
a cellular communication protocol. Furthermore, the wire-
less communication may include short range communica-
tion 164, for example. The short range communication 164
may include, for example, at least one of wireless fidelity
(WiFi), Bluetooth (BT), near field communication (NFC),
and global navigation satellite system (GNSS). Depending
on the service area and the bandwidth, the GNSS may
include, for example, at least one of a global positioning
system (GPS), a global navigation satellite system (Glo-
nass), a Beidou navigation satellite system (Beidou), and a
Buropean global satellite-based navigation system (Galileo).
Hereinafter, “GPS” may be interchangeably used with
“GNSS.” The wired communication may include, for
example, at least one of a USB, a high definition multimedia
interface (HDMI), recommended standard 232 (RS-232),
and a plain old telephone service (POTS). The network 162
may include at least one of a communication network such
as a computer network (e.g., a local area network (LAN) or
a wide area network (WAN)), the Internet, and a telephone
network.

Each of the first and second external electronic devices 12
and 14 may be of the same or a different type from the
electronic device 10. According to an embodiment of the
present disclosure, the server 16 may include a group of one
or more servers. All or some of the operations executed in
the electronic device 10 may be executed in the electronic
device 102, the electronic device 104, or the server 16. When
the electronic device 10 must perform a function or service
automatically or in response to a request, the electronic
device 10 may request the electronic device 12, the elec-
tronic device 14, or the server 16 to perform at least some
functions relating thereto, instead of or in addition to per-
forming the function or service by itself. The electronic
device 102, the electronic device 104, or the server 106 may
execute the requested function or additional functions and
then deliver the result to the electronic apparatus 10. The
electronic device 10 may provide a received result as is, or
may further process the received result to provide the
requested function or service. To this end, for example,
cloud computing, distributed computing, or client-server
computing technology may be used.

The electronic device 10, which is described below in
greater detail, may be one of a wearable device, a notebook
computer, a net-book computer, a smart phone, a tablet PC,
a Galaxy tab, an i-Pad, and a wireless charging device
mentioned above. In this embodiment, the electronic device
10 may be a smart phone.

The wireless charging device, according to an embodi-
ment of the present disclosure, refers to a device that
recharges the electronic device by wirelessly transmitting
and receiving power in a short range.

In addition, the display 160 of the electronic device 10
may increase in size and may implement a luxurious design
by minimizing the bezel area thereof, or may be imple-
mented to be flexible, convex, or concave.

Namely, the peripheral portion of the display 160 may be
bent to allow a view area to extend to the lateral portion. As
the view area of the display 160 is bent to extend to the
lateral, the view area may be enlarged, a separate screen may
be used on the lateral portion, or a luxurious design may be
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implemented. In other words, the display 160 may include a
first view area and second view areas on opposite sides of
the first view area.

FIG. 15 is a block diagram of an electronic device 1901
according to an embodiment of the present disclosure. The
electronic device 1901 may include, for example, the
entirety or a part of the electronic device 10 described above
with reference to FIG. 14. The electronic device 1901 in
FIG. 15 may include at least one processor (e.g., an AP)
1910, a communication module 1920, a subscriber identifi-
cation module card 1924, a memory 1930, a sensor module
1940, an input device 1950, a display 1960, an interface
1970, an audio module 1980, a camera module 1991, a
power management module 1995, a battery 1996, an indi-
cator 1997, and a motor 1998.

The processor 1910 may operate, for example, an OS or
an application program to control a plurality of hardware or
software elements connected to the processor 1910 and to
perform various types of data processing and operations.
The processor 1910 may be implemented to be a system on
chip (SoC), for example. According to an embodiment of the
present disclosure, the processor 1910 may further include a
graphics processing unit (GPU) and/or an image signal
processor. The processor 1910 may also include at least
some (for example, a cellular module 1921) of the elements
illustrated in FIG. 15. The processor 1910 may load, in a
volatile memory, instructions or data received from at least
one of the other elements (for example, a non-volatile
memory) to process the loaded instructions or data, and may
store various types of data in the non-volatile memory.

The configuration of the communication module 1920
may be the same as or similar to that of the communication
interface 170 of FIG. 14. The communication module 1920
may include, for example, a cellular module 1921, a WiFi
module 1923, a BT module 1925, a GNSS module 1927 (for
example, a GPS module, a Glonass module, a Beidou
module, or a Galileo module), an NFC module 1928, and an
RF module 1929.

The cellular module 1921 may provide, for example, a
voice call, a video call, a text message service, or an Internet
service through a communication network. According to an
embodiment of the present disclosure, the cellular module
1921 may identify and authenticate the electronic device
1901 in a communication network using the subscriber
identification module card (SIM card) 1924. The cellular
module 1921 may perform at least some of the functions that
the processor 1910 can provide. The cellular module 1921
may include a CP.

The WiFi module 1923, the BT module 1925, the GNSS
module 1927, and the NFC module 1928 may each include,
for example, a processor for processing data transmitted and
received through the corresponding module. According to an
embodiment of the present disclosure, at least some (for
example, two or more) of the cellular module 1921, the WiFi
module 1923, the BT module 1925, the GNSS module 1927,
and the NFC module 1928 may be included in one integrated
circuit (IC) or IC package.

The RF module 1929 may transmit and receive, for
example, a communication signal (for example, an RF
signal). The RF module 1929 may include, for example, a
transceiver, a power amplifier module (PAM), a frequency
filter, a low noise amplifier (LNA), or an antenna. At least
one of the cellular module 1921, the WiFi module 1923, the
BT module 1925, the GNSS module 1927, and the NFC
module 1928 may transmit and receive an RF signal through
a separate RF module.
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The subscriber identification module card 1924 may
include, for example, an embedded SIM, and may include
unique identification information (for example, an integrated
circuit card identifier (ICCID)) or subscriber information
(for example, an international mobile subscriber identity
(IMSI)).

The memory 1930 (for example, the memory 130 in FIG.
14) may include, for example, an internal memory 1932 or
an external memory 1934. The internal memory 1932 may
include, for example, at least one of a volatile memory (for
example, a dynamic random access memory (DRAM), a
static RAM (SRAM), or a synchronous DRAM (SDRAM))
and a non-volatile memory (for example, a one-time pro-
grammable read only memory (OTPROM), a programmable
ROM (PROM), an erasable and programmable ROM
(EPROM), an electrically erasable PROM (EEPROM), a
mask ROM, a flash ROM, a flash memory (for example, a
NAND flash memory or a NOR flash memory), a hard disc
drive, or a solid state drive (SSD)).

The external memory 1934 may further include a flash
drive, which may be, for example, a compact flash (CF)
drive, a secure digital (SD) memory card, a micro SD
(Micro-SD) memory card, a a mini SD (Mini-SD) memory
card, an extreme digital (xD) memory card, a multi-media
card (MMC), or a memory stick. The external memory 1934
may be functionally and/or physically comnected to the
electronic device 1901 through various interfaces.

For example, the sensor module 1940 may measure a
physical quantity, or may sense an operating state of the
electronic device 1901, to convert the measured or sensed
information into an electrical signal. The sensor module
1940 may include, for example, at least one of a gesture
sensor 1940A, a gyro sensor 1940B, an atmospheric pres-
sure sensor 1940C, a magnetic sensor 1940D, an accelera-
tion sensor 1940E, a grip sensor 1940F, a proximity sensor
1940G, a color sensor 1940H (for example, a red, green,
blue (RGB) sensor), a biometric sensor 19401, a tempera-
ture/humidity sensor 1940J, an illuminance sensor 1940K,
and a ultraviolet (UV) light sensor 1940M. Additionally or
alternatively, the sensor module 1940 may include, for
example, an electronic nose (E-nose) sensor, an electromyo-
graphy (EMG) sensor, an electroencephalogram (EEG) sen-
sor, an electrocardiogram (ECG) sensor, an infrared (IR)
sensor, an iris sensor, and/or a fingerprint sensor. The sensor
module 1940 may further include a control circuit for
controlling one or more sensors included therein. In an
embodiment of the present disclosure, the electronic device
1901 may further include a processor configured to control
the sensor module 1940 as a part of the processor 1910 or
separately from the processor 1910 to control the sensor
module 1940 while the processor 1910 is in a reduced power
or sleep state.

The input device 1950 may include, for example, a touch
panel 1952, a (digital) pen sensor 1954, a key 1956, or an
ultrasonic input device 1958. The touch panel 1952 may use,
for example, at least one of a capacitive type panel, a
resistive type panel, an infrared type panel, and an ultrasonic
type panel. Furthermore, the touch panel 1952 may further
include a control circuit. The touch panel 1952 may further
include a tactile layer to provide a tactile reaction to a user.

The (digital) pen sensor 1954 may include, for example,
a recognition sheet that is a part of, or separate from, the
touch panel. The key 1956 may include, for example, a
physical button, an optical key, or a keypad. The ultrasonic
input device 1958 may sense ultrasonic waves generated by
an input tool through a microphone 1988 and may identify
data corresponding to the sensed ultrasonic waves.
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The display 1960 (for example, the display 160 in FIG.
14) may include a panel 1962, a hologram device 1964, or
a projector 1966. The panel 1962 may have a configuration
that is the same as, or similar to, that of the display 160
illustrated in FIG. 1. The panel 1962 in FIG. 15 may be
implemented to be, for example, flexible, transparent, or
wearable. The panel 1962, together with the touch panel
1952, may be implemented to be one module. The hologram
device 1964 may show a three-dimensional image in the air
by using an interference of light. The projector 1966 may
project light onto a screen to display an image. The screen
may be located, for example, inside or outside of the
electronic device 1901. According to an embodiment of the
present disclosure, the display 1960 may further include a
control circuit for controlling the panel 1962, the hologram
device 1964, and the projector 1966.

The interface 1970 may include, for example, an HDMI
1972, a USB 1974, an optical interface 1976, or a D-sub-
miniature (D-sub) connector 1978. The interface 1970 may
be included, for example, in the communication interface
170 illustrated in FIG. 3. Additionally or alternatively, the
interface 1970 in FIG. 15 may include, for example, a
mobile high-definition link (MHL) interface, an SD card/
MMC interface, or an Infrared Data Association (IrDA)
standard interface.

For example, the audio module 1980 may convert a sound
into an electrical signal, and vice versa. At least some
elements of the audic module 1980 may be included, for
example, in the input/output interface 145 illustrated in FIG.
1. The audio module 1980 in FIG. 15 may process sound
information that is input or output, for example, through a
speaker 1982, a receiver 1984, an earphone 1986, or the
microphone 1988.

The camera module 1991 is a device that can photograph
a still image and a dynamic image. According to an embodi-
ment of the present disclosure, the camera module 1991 may
include one or more image sensors (for example, a front
sensor or a rear sensor), a lens, an image Sensor processor
(ISP), or a flash (for example, an LED or a xenon lamp).

The power management module 1995 may manage, for
example, power of the electronic device 1901. According to
an embodiment of the present disclosure, the power man-
agement module 1995 may include a power management IC
(PMIC), a charger IC, or a battery gauge. The PMIC may use
a wired and/or wireless charging method. Examples of the
wireless charging method may include a magnetic resonance
method, a magnetic induction method, and an electromag-
netic wave method. An additional circuit (for example, a coil
loop, a resonance circuit, or a rectifier) for wireless charging
may be further included. The battery gauge may measure,
for example, a residual amount of the battery 1996 and a
voltage, current, or temperature while charging. The battery
1996 may include, for example, a rechargeable battery
and/or a solar battery.

The indicator 1997 may indicate a particular state (for
example, a booting state, a message state, or a charging
state) of the electronic device 1901 or a part thereof (for
example, the processor 1910). The motor 1998 may convert
an electrical signal into a mechanical vibration and may
generate a vibration or a haptic effect. The electronic device
1901 may include a processing unit (for example, a GPU)
for supporting mobile TV. The processing unit for support-
ing mobile TV may process media data according to a
standard, such as digital multimedia broadcasting (DMB),
digital video broadcasting (DVB), or MediaFlo™.

Each of the above-described component elements of
hardware according to the present disclosure may be con-
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figured with one or more components, and the names of the
corresponding component elements may vary based on the
type of electronic device. The electronic device according to
various embodiments of the present disclosure may include
at least one of the aforementioned elements. Some elements
may be omitted or other additional elements may be further
included in the electronic device. In addition, some of the
hardware components according to various embodiments
may be combined into one entity, which may perform
functions identical to those of the relevant components
before the combination.

While the present disclosure has been shown and
described with reference to certain embodiments thereof, it
will be apparent to those skilled in the art that the camera
lens module according to the present disclosure is not
limited to these embodiments, and various changes in form
and details may be made therein without departing from the
scope of the present disclosure as defined by the appended
claims and their equivalents.

What is claimed is:

1. A portable communication device comprising:

a housing including a first conduction portion forming a
first portion of a side surface of the portable commu-
nication device and a second conduction portion form-
ing a second portion of the side surface, the first
conduction portion operating as a first antenna and the
second conduction portion operating as a second
antenna;

a wireless communication circuitry; and

a first printed circuit board (PCB) including:

a first PCB portion;

a second PCB portion in contact with the first PCB portion
and being more flexible than the first PCB portion;

a third PCB portion in contact with the second PCB
portion and being less flexible than the second PCB
portion;

a fourth PCB portion in contact with the third PCB
portion and being more flexible than the third PCB
portion; and

a plurality of lines located from the first PCB portion to
the fourth PCB portion through the second PCB
portion and the third PCB portion, the plurality of
lines including a first ground line, a second ground
line at least partially spaced apart from the first
ground line, a first signal line located between the
first ground line and the second ground line, and a
second signal line located between the first signal
line and the second ground line, the first signal line
electrically connected with the first antenna and the
wireless communication circuitry, and the second
signal line electrically connected with the second
antenna and the wireless communication circuitry.

2. The portable communication device of claim 1,

wherein the plurality of lines includes a third ground line
located between the first signal line and the second
signal line, and

wherein the first PCB further includes an insulating layer
on which the first ground line, the second ground line,
the third ground line, the first signal line, and the
second signal line are located, and a ground plate
located below the insulating layer.

3. The portable communication device of claim 2,

wherein the ground plate is electrically connected with the
first ground line through a first conduction via formed
in a first portion of the insulating layer, the second
ground line through a second conduction via formed in

a second portion of the insulating layer, and the third
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ground line through a third conduction via formed in a
third portion of the insulating layer.

4. The portable communication device of claim 2,

wherein the first PCB further includes a solder resist ink
forming at least a part of an exterior surface of the first
PCB portion or the third PCB portion.

5. The portable communication device of claim 1,

wherein the first PCB further includes a fifth PCB portion
in contact with the fourth PCB portion and being less
flexible than the fourth PCB portion,

wherein the first PCB portion further includes a first
connector for a connection with the antenna,

wherein the fifth PCB portion includes a second connector
for a connection with the wireless communication
circuitry, and

wherein a first ending portion of the first signal line and
a second ending portion of the second signal line are in
contact with the second connector.

6. The portable communication device of claim 1, further

comprising:

a second PCB on which the wireless communication
circuitry is located,

wherein the first ground line and the second ground line
are electrically connected with a ground member
located in the second PCB, or

wherein the first ground line and the second ground line
are electrically connected with a ground member
located in the first PCB portion.

7. A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with
the first electronic component and the second electronic
component, the PCB including:

a first rigid PCB portion,

a first flexible PCB portion in contact with the first rigid
PCB portion;

a second rigid PCB portion in contact with the first
flexible PCB portion; and

a second flexible PCB portion in contact with the second
rigid PCB portion,

wherein each of the first rigid PCB portion and the second
rigid PCB portion includes:

a first insulating layer including a first material and
forming a first exterior surface of each of the first rigid
PCB portion and the second rigid PCB portion;

a first conduction layer located on or above the first
insulating layer;

a second insulating layer located on or above the first
conduction layer and having a first thickness;

a second conduction layer located on or above the second
insulating layer; and

a third insulating layer including the first material and
located on or above the second conduction layer, the
third insulating layer forming a second exterior surface
of each of the first rigid PCB portion and the second
rigid PCB portion, and

wherein each of the first flexible PCB portion and the
second flexible PCB portion includes:

a first insulating layer including a second material differ-
ent from the first material and forming a first exterior
surface of each of the first flexible PCB portion and the
second flexible PCB portion;

a first conduction layer located on or above the first
insulating layer and being electrically connected with
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the first conduction layer of first rigid PCB portion and
the first conduction layer of the second rigid PCB
portion;

a second insulating layer located on or above the first
conduction layer and having a second thickness thinner
than the first thickness;

a second conduction layer located on or above the second
insulating layer and being electrically connected with
the second conduction layer of the first rigid PCB
portion and the second conduction layer of the second
rigid PCB portion; and

a third insulating layer including the second material and
located on or above the second conduction layer, the
third insulating layer forming a second exterior surface
of each of the first flexible PCB portion and the second
flexible PCB portion.

8. The portable communication device of claim 7,

wherein the second insulating layer of the first flexible
PCB portion or the second insulating layer of the
second flexible PCB portion includes the second mate-
rial.

9. The portable communication device of claim 7,

wherein each of the first flexible PCB portion and the
second flexible PCB portion includes a fourth insulat-
ing layer located between the second conduction layer
and the third insulating layer, and a third conduction
layer located between the third insulating layer and the
fourth insulating layer.

10. The portable communication device of claim 9,

wherein the fourth insulating layer includes the second
material.

11. The portable communication device of claim 9,

wherein the first conduction layer of each of the first
flexible PCB portion and the second flexible PCB
portion includes a first ground portion,

wherein the second conduction layer of each of the first
flexible PCB portion and the second flexible PCB
portion includes a second ground portion electrically
connected with the first ground portion through a first
conduction via, and

wherein the third conduction layer includes a third ground
portion electrically connected with the second ground
portion through a second conduction via.

12. The portable communication device of claim 7,

wherein the first material is a solder resist ink and the
second material is a polyimide, and

wherein the second insulating layer of the first rigid PCB
portion or the second insulating layer of the second
rigid PCB portion includes a third material.

13. The portable communication device of claim 12,

wherein the third material includes a resin or a glass
fabric.

14. A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with
the first electronic component and the second electronic
component, the PCB including:

a first flexible PCB portion including:

a first insulating layer forming a first exterior surface of
the first flexible PCB portion and including a first
material;

a first conduction layer located on or above the first
insulating layer;

a second insulating layer located on or above the first
conduction layer having a first thickness;
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a second conduction layer located on or above the second
insulating layer; and

a third insulating layer located on or above the second
conduction layer and forming a second exterior surface
of the first flexible PCB portion, the third insulating
layer including the first material;

arigid PCB portion in contact with the first flexible PCB
portion, the rigid PCB portion including:

a first insulating layer forming a first exterior surface of
the rigid PCB portion and including a second material
different from the first material;

a first conduction layer located on or above the first
insulating layer and being electrically connected with
the first conduction layer of the first flexible PCB
portion;

a second insulating layer located on or above the first
conduction layer and having a second thickness thicker
than the first thickness;

a second conduction layer located on or above the second

insulating layer and being electrically connected with

the second conduction layer of the first flexible PCB
portion; and

third insulating layer located on or above the second

conduction layer and forming a second exterior surface

of the rigid PCB portion, the third insulating layer
including the second material;

a second flexible PCB portion in contact with the rigid
PCB portion, the second flexible PCB portion includ-
ing:

a first insulating layer forming a first exterior surface of

the second flexible PCB portion and including the first

material;

first conduction layer located on or above the first

insulating layer and being electrically connected with

the first conduction layer of the rigid PCB portion;

a second insulating layer located on or above the first
conduction layer and having the first thickness;

a second conduction layer located on or above the second
insulating layer and being electrically connected with
the second conduction layer of the rigid PCB portion;

a third insulating layer located on or above the second
conduction layer and forming a second exterior surface
of the second flexible PCB portion, the third insulating
layer including the first material; and

a contact pad located on the third insulating layer.

15. The portable communication device of claim 14,

wherein the second insulating layer of the first flexible
PCB portion or the second insulating layer of the
second flexible PCB portion includes the second mate-
rial.

16. The portable communication device of claim 14,

wherein each of the first flexible PCB portion and the
second flexible PCB portion includes a fourth insulat-
ing layer located between the second conduction layer
and the third insulating layer, and a third conduction
layer located between the third insulating layer and the
fourth insulating layer.

17. The portable communication device of claim 16,

wherein the fourth insulating layer includes the second
material.

18. The portable communication device of claim 16,

wherein the first conduction layer of each of the first
flexible PCB portion and the second flexible PCB
portion includes a first ground portion,

wherein the second conduction layer of each of the first
flexible PCB portion and the second flexible PCB
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portion includes a second ground portion electrically
connected with the first ground portion through a first
conduction via, and

wherein the third conduction layer includes a third ground
portion electrically connected with the second ground
portion through a second conduction via.

19. The portable communication device of claim 14,

wherein the first material is a solder resist ink and the
second material is a polyimide, and

n

wherein the second insulating layer of the rigid PCB 10

portion includes a third material.
20. The portable communication device of claim 19,
wherein the third material includes a resin or a glass fabric.
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NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
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copy of search results from the instant application without delay in a European patent application that claims priority to
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2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; orthe name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name Samsung Electronics Co., Ltd.

Mailing Address Information For Applicant:

Address 1 129, Samsung-ro, Yeongtong-gu, Suwon-si

Address 2

City Gyeonggi-do State/Province

Country | KR Postal Code 16677
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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patent application publication.
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Email Address
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Signature:
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ELECTRONIC DEVICE INCLUDING HIGH-FREOUENCY TRANSMISSION
CIRCUIT

PRIORITY

This application is a Continuation Application of U.S. Patent Application No.
15/621,687, filed on June 13, 2017, and claims priority under 35 U.S.C. §119(a) to a
Korean Patent Application filed on June 13, 2016 in the Korean Intellectual Property
Office and assigned Serial No. 10-2016-0073355, the content of each of which is

incorporated herein by reference.

BACKGROUND

1. Field of the Disclosure

The present disclosure relates generally to a high-frequency transmission circuit
included in an electronic device, and more particularly, to a transmission line capable of
effectively transmitting a noiseless high-frequency signal in a narrow space without

affecting other modules.

2. Description of the Related Art

Recently, portable terminals having new functions have been rapidly developed
and have accounted for a greater part of people's lives with the common use thereof.

Internal circuits of portable terminals are generally implemented on printed circuit
boards (PCBs). PCB technologies have been rapidly developing, and flexible PCBs
(FPCBs) that can be bent easily are currently used widely, as well as conventional rigid

PCBs.

In addition, coaxial cables are typically used for high-frequency transmission

lines (especially, radio frequency (RF) lines) that are applied to wireless terminals.
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A large amount of additional material cost may be required to produce coaxial
cables used for electronic devices as high-frequency transmission lines, and
additional labor cost may be incurred by an increase in the number of assembly
steps. In another example, electronic devices have narrow internal spaces
available on account of various types of circuit modules mounted therein, and due
to the narrow internal spaces, a defect rate may increase when small connectors

used for coaxial cables are assembled.

SUMMARY

An aspect of the present disclosure provides a transmission line capable of
effectively transmitting a noiseless high-frequency signal in a narrow space without
affecting other modules.

Another aspect of the present disclosure provides that a coaxial cable used as a
transmission line in a portable terminal can be replaced by a circuit board that includes an
FPCB, and thus it is possible to eliminate material costs associated with the manufacture
of a coaxial cable.

Another aspect of the present disclosure provides a rigid PCB that is disposed
between transmission lines of an FPCB, whereby it is possible to reduce line loss
occurring in the transmission lines of the FPCB and to provide a high-frequency signal
without loss.

Another aspect of the present disclosure provides that it 1s possible to efficiently
use a mounting space in a wireless terminal, which enables diversification of the external
design of the wireless terminal to improve customer satisfaction.

In accordance with an aspect of the present disclosure, an electronic device is
provided. The electronic device includes a housing; a PCB disposed in the housing,
wherein the PCB includes a plurality of layers that include one or more conductive layers

and one or more insulation layers; a first electrical component formed to be at least a part



10

15

20

25

678-5477 CON (P23235-USI-CON)

of the housing or disposed in the housing; a second electrical component disposed above
or near the PCB in the housing, wherein the second electrical component is separated
from the first electrical component; and at least one electrical path extending from the
first electrical component to the second electrical component, wherein at least a portion
of the electrical path runs on or inside the PCB, wherein the PCB includes a region
including a pattern of conductive vias, wherein each of the conductive vias extends
through at least a part of the plurality of layers to contact at least one of the one or more
conductive layers, and wherein the electrical path may run through the region without
making contact with the conductive vias.

In accordance with another aspect of the present disclosure, an electronic device is
provided. The electronic device includes a first PCB; a second PCB connected to the first
PCB through a connector and including at least one FPCB and at least one rigid PCB that
are integrated with each other, wherein the at least one FPCB flexible and the at least one
rigid PCB each include a plurality of layers; an electrical path that transmits a high-
frequency signal through the connector and passes over or through the second PCB; and
at least one conductive via disposed in the at least one rigid PCB to connect grounds

between the plurality of layers.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages 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 a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, in which a PCB in an electronic device is used for
the high-frequency transmission line;

FIG. 2 is a partial sectional view of a plurality of layers of the PCB of FIG. 1,
according to an embodiment of the present disclosure, where FIG. 2 is taken along line

B-B' of FIG. 1;
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FIG. 3 is a sectional view of an interlayer configuration of a plurality of layers of
the PCB of FIG. 1, according to an embodiment of the present disclosure, where FIG. 3 is
taken along line B-B' of FIG. 1;

FIG. 4 is a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, where a PCB in an electronic device 1s used for the
high-frequency transmission line;

FIG. 5 is a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, where a PCB in an electronic device 1s used for the
high-frequency transmission line;

FIGS. 6A, 6B, 6C, 7A, 7B, and 7C are front views of conductive vias according to
an embodiment of the present disclosure, the conductive vias being arranged in PCBs in
electronic devices;

FIG. 8 is a perspective view of an electronic device according to an embodiment
of the present disclosure;

FIG. 9 is a schematic of an antenna arrangement in an electronic device according
to an embodiment of the present disclosure;

FIG. 10 illustrates an antenna device and a PCB in an electronic device according
to an embodiment of the present disclosure;

FIG. 11 1is an illustration of a signal transmission using a second PCB according to
an embodiment of the present disclosure;

FIGS. 12 and 13 are enlarged views of a first FPCB and a first rigid PCB;

FIG. 14 1s a block diagram of an electronic device according to an embodiment of
the present disclosure in a network environment; and

FIG. 15 is a block diagram of an electronic device according to an embodiment of

the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE PRESENT
DISCLOSURE
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Hereinafter, various embodiments of the present disclosure are described with
reference to the accompanying drawings. However, it should be understood that there is
no intent to limit the present disclosure to the particular forms disclosed herein; rather,
the present disclosure is intended to be construed to cover various modifications,
equivalents, and/or alternatives of embodiments of the present disclosure. In the
description of the accompanying drawings, similar reference numerals may be used to
designate similar elements.

As used herein, the expressions “have”, “may have”, “include”, or “may include”
refer to the existence of a corresponding feature (e.g., numeral, function, operation, or
element such as a component), and do not exclude one or more additional features.

In the present disclosure, the expressions “A or B”, “at least one of A and/or B”,
and “one or more of A and/or B” may include all possible combinations of the items
listed. For example, the expressions “A or B”, “at least one of A and B”, and “at least
one of A or B” refer to all of (1) including at least one A, (2) including at least one B, and
(3) including all of at least one A and at least one B.

The expressions “a first”, “a second”, “the first”, or “the second” used in various
embodiments of the present disclosure may modify various components regardless of the
order and/or the importance of the components but are not not intended to limit the
corresponding components. For example, a first user device and a second user device
indicate different user devices although both of them are user devices. For example, a
first element may be referred to as a second element, and similarly, a second element may
be referred to as a first element without departing from the scope of the present disclosure.

It should be understood that when an element (e.g., a first element) is referred to as
being (operatively or communicatively) “connected,” or “coupled,” to another element
(e.g., a second element), the element may be directly connected or directly coupled to the
other element or any other element (e.g., a third element) may be interposer between
them. In contrast, it may be understood that when an element (e.g., a first element) is
referred to as being “directly connected,” or “directly coupled” to another element (e.g., a

second element), there is no element (e.g., a third element) interposed between them.
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The expression “configured to” used in the present disclosure may be used
interchangeably with the expressions, for example, “suitable for”, “having the capacity
to”, “designed to”, “adapted to”, “made to”, and “capable of” according to the situation.
The term “configured to” may not necessarily imply “specifically designed to” in
hardware. Alternatively, in some situations, the expression “device configured to” may
indicate that the device, together with other devices or components, “is able to”. For
example, the expression “processor adapted (or configured) to perform A, B, and C” may
indicate a dedicated processor (e.g., an embedded processor) only for performing the
corresponding operations or a general purpose processor (e.g., a central processing unit
(CPU) or an application processor (AP)) that can perform the corresponding operations
by executing one or more software programs stored in a memory device.

The terms used herein are merely used for the purpose of describing particular
embodiments but are not intended to limit the scope of the present disclosure. A
singular expression may include a plural expression unless they are definitely different in
a context. Unless defined otherwise, all terms used herein, have the same meanings as
those commonly understood by a person skilled in the art to which the present disclosure
pertains. Such terms as those defined in a generally used dictionary may be interpreted
to have the meanings equal to the contextual meanings in the relevant field of art, and are
not intended to be interpreted to have ideal or excessively formal meanings unless clearly
defined in the present disclosure. In some cases, even the terms defined in the present
disclosure are not intended to be interpreted to exclude embodiments of the present
disclosure.

An electronic device according to various embodiments of the present disclosure
may include at least one of, for example, a smart phone, a tablet personal computer (PC),
a mobile phone, a video phone, an electronic book reader (e-book reader), a desktop PC,
a laptop PC, a netbook computer, a workstation, a server, a personal digital assistant
(PDA), a portable multimedia player (PMP), a moving picture experts group (MPEG-1)
audio layer-3 (MP3) player, a mobile medical device, a camera, and a wearable device.

According to various embodiments of the present disclosure, the wearable device may
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include at least one of an accessory type (e.g., a watch, a ring, a bracelet, an anklet, a
necklace, glasses, a contact lens, or a head-mounted device (HMD)), a fabric or clothing
integrated type (e.g., electronic clothing), a body-mounted type (e.g., a skin pad, or
tattoo), and a bio-implantable type (e.g., an implantable circuit).

According to an embodiment of the present disclosure, the electronic device may
be a home appliance. A home appliance may include at least one of, for example, a
television, a digital video disk (DVD) player, an audio player, a refrigerator, an air
conditioner, a vacuum cleaner, an oven, a microwave oven, a washing machine, an air
cleaner, a set-top box, a home automation control panel, a security control panel, a TV
box (e.g., Samsung HomeSync®, Apple TV®, or Google TV™), a game console (e.g.,
Xbox® and PlayStation®), an electronic dictionary, an electronic key, a camcorder, and
an electronic photo frame.

According to an embodiment of the present disclosure, the electronic device may
include at least one of various medical devices (e.g., various portable medical measuring
devices (a blood glucose monitoring device, a heart rate monitoring device, a blood
pressure measuring device, a body temperature measuring device, etc.), a magnetic
resonance angiography (MRA), a magnetic resonance imaging (MRI), a computed
tomography (CT) machine, and an ultrasonic machine), a navigation device, a global
positioning system (GPS) receiver, an event data recorder (EDR), a flight data recorder
(FDR), a vehicle infotainment device, an electronic device for a ship (e.g., a navigation
device for a ship, and a gyro-compass), avionics, security devices, an automotive head
unit, a robot for home or industry, an automated teller machine (ATM), point of sales
(POS) device in a shop, or an Internet of Things (IoT) device (e.g., a light bulb, various
sensors, electric or gas meter, a sprinkler device, a fire alarm, a thermostat, a streetlamp, a
toaster, sporting goods, a hot water tank, a heater, a boiler, etc.).

According to an embodiment of the present disclosure, an electronic device may
include at least one of a part of furniture or a building/structure, an electronic board, an
electronic signature receiving device, a projector, and various types of measuring

instruments (e.g., a water meter, an electric meter, a gas meter, and a radio wave meter).
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An electronic device may be a combination of one or more of the aforementioned various
devices. An electronic device may also be a flexible device. Further, an electronic
device 1s not intended to be limited to the aforementioned devices, but may include an
electronic device to be developed in the future.

Hereinafter, an electronic device according to various embodiments of the present
disclosure is described with reference to the accompanying drawings. In the present
disclosure, the term “user” may indicate a person using an electronic device or a device
(e.g., an artificial intelligence electronic device) using an electronic device.

FIG. 1 is a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, in which a PCB 300 in an electronic device is used
for the high-frequency transmission line. The electronic device may be a smart phone
or a wearable device.

Referring to FIG. 1, the electronic device may include a housing corresponding
to a case; a printed circuit unit including at least one PCB 300 in the housing; and an
electrical path 350 passing over or through the printed circuit board 300.

The PCB 300 according to an embodiment of the present disclosure may be a first
PCB 310 and a second PCB 320. For example, the first PCB 310 may be a main board
on which electronic components included in the electronic device are mounted, the
main board being capable of transmitting signals between the electronic components, and
the second PCB 320 may be a sub-board that transmits signals generated by the electronic
components. The sub-board may further include the electronic components.

The PCB 300 according to an embodiment of the present disclosure may be
provided with a circuit of a terminal, which may be, for example, at least one of an AP, a
communication processor (CP), a memory, and an RF transceiver, and may include a
signal line (for example, an RF signal line).

The first and second PCBs 310 and 320 according to an embodiment of the present
disclosure may be formed of a plurality of layers, and the plurality of layers may include
one or more conductive layers 306 in FIG. 2 described below and one or more insulation

layers 303.
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The first PCB 310 in FIG. 1 according to an embodiment of the present disclosure
may be a rigid PCB. The first PCB 310 may be electrically connected to the second
PCB 320 through a connector 370. The connector 370 may include a ground pad 390
and a signal pad 391 of the first PCB 310 and a ground pad 392 and a signal pad 393 of
the second PCB 320. The ground pad 390 of the first PCB 310 and the ground pad 392
of the second PCB 320 may be connected together by soldering. The signal pad 391 of
the first PCB 310 and the signal pad 393 of the second PCB 320 may be connected
together by soldering. The second PCB 320 may include an interconnection pad 394.
An antenna contact member (for example, a C-clip) or an RF component (for example, a
matching circuit) may be mounted on the interconnection pad 394.

The second PCB 320 according to an embodiment of the present disclosure may
be connected to the first PCB 310 and may include an FPCB 330 or a rigid PCB 340.
The FPCB 330 and the rigid PCB 340 of the second PCB 320 may be integrated with
each other. For example, a first FPCB 331, a first rigid printed circuit board 341, a
second flexible printed circuit board 332, and a second rigid PCB 342 may be arranged in
sequence. The second rigid PCB 342 may include an antenna connector and a universal
serial bus (USB) connector, for example.

The second PCB 320 according to an embodiment of the present disclosure may
have the electrical path 350 therein through which electrical signals can be transmitted.
The electrical path 350 may be connected with the first PCB 310 through the FPCB 330
and the rigid PCB 340, which are integrated with each other.

The electrical path 350 according to an embodiment of the present disclosure may
extend from a first electrical component 230 in FIG. 10 described below to a second
electrical component 240 and may be disposed on or in the PCB 300 in FIG. 1. The
electrical path 350 may be implemented as a transmission line of a side-guarded micro-
strip-line type or a strip-line type, where the transmission line is shielded by a ground line
360 in order to transmit a high-frequency signal, which may be, for example, an RF
signal.

The electrical path 350 according to an embodiment of the present disclosure,
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which is disposed on or in the second PCB 320, may receive a high-frequency signal
through the connector 370 and may forward the received signal to antenna radiators 231
and 232 in FIG. 10 described below. Furthermore, a plurality of electrical paths 350 in
FIG. 1 may be provided, and a ground line 360 may be disposed between the electrical
paths 350 so that the electrical paths 350 can independently transmit the high-frequency
signal without mutually affecting the characteristics thereof.

The ground line 360 according to an embodiment of the present disclosure may be
disposed adjacent to the electrical path 350, and conductive vias 305 may be arranged in
a portion of the area of a ground line 360(a). Accordingly, the electrical path 350 can
pass through the PCB 300 without making contact with the conductive vias 305.

According to an embodiment of the present disclosure, the connector 370 for
connecting the electrical path 350 may be disposed between the first and second PCBs
310 and 320 in order to transmit a high-frequency signal therebetween. The connector
370 may include a soldering pad, a zip-type connector, or a B-to-B-type connector. A
rigid PCB may be employed for the connector 370, and, for example, a B-to-B-type
connector may be mounted on the rigid printed circuit board, or a soldering pad may be
located on the rigid PCB. Furthermore, for example, the pin map of a transmission line
included in the connector 370 may be implemented in the sequence of a ground, an RF
signal, and a ground.

Hereinafter, the plurality of layers and the conductive vias 305 of the PCB 300 is
described in detail.

FIG. 2 is a partial sectional view of the plurality of layers of the PCB of FIG. 1,
according to an embodiment of the present disclosure, where FIG. 2 is taken along line
B-B' of FIG. 1. Hereinafter, the PCB is described as the second PCB 320. However,
the following description may be applied to second printed circuit boards 420, 520, 620,
and 720 in other embodiments, which will be described below.

Referring to FIG. 2, the second printed circuit board 320 according to an
embodiment of the present disclosure may be formed of a plurality of layers, each

including at least one conductive layer 306, at least one first insulation layer 302, and at

10
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least one second insulation layer 303. The conductive layer 306 and the first insulation
layer 302 may be included in a flexible copper clad laminated (FCCL) layer. Further,
the first insulation layer 302 may include polyamide.

The conductive layers 306 according to an embodiment of the present disclosure
are arranged in the stacking direction, and the first insulation layer 302 is disposed on the
rear or front surface of each conductive layer 306. The individual layers may be
alternately arranged. Omne or more conductive vias 305 may be formed to electrically
connect the conductive layers 306.

According to an embodiment of the present disclosure, the second insulation layer
303 is provided between the conductive layers 306 to prevent the conductive layers 306
from being electrically connected together through contact therebetween. For example,
the plurality of second insulation layers 303 disposed between the plurality of conductive
layers 306 may function to insulate the layers and may include a resin and a glass fabric.

According to an embodiment of the present disclosure, a plurality of electronic
components may be disposed on and electrically connected to the conductive layers 306.
The electronic components may be electrically connected to the antenna radiators 231
and 232 in FIG. 10 described below provided in the electronic device. For example, the
electronic components may include an antenna clip, a connector, and a switch device.

Without being limited thereto, however, various materials capable of passing
electricity therethrough, other than metal, may be applied to the conductive layers 306 in
FIG. 2.

According to an embodiment of the present disclosure, the conductive layers 306
may be electrically connected to any of a plurality of signal lines and ground lines.

The conductive layers 306 according to an embodiment of the present disclosure
may be provided, on the top and bottom thereof, with a protective layer 301 capable of
protecting the conductive layers 306. The protective layers 301 may be formed of an
insulating coating material, such as solder resist, and, for example, a photo imageable
solder resist ink (PSR ink) may be used for the solder resist. The PSR ink may be left

on a product because it provides insulation and protection even after a component is
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mounted.  Accordingly, the protective layers 301 coated on the exterior of the
conductive layers 306 can prevent a short circuit, a connection, corrosion, and
contamination of a circuit during a manufacturing process and can protect the conductive
layers 306 from external shock, humidity, and chemical substances after the
manufacturing process.

The conductive vias 305 according to an embodiment of the present disclosure,
which electrically connect the conductive layers 306, may include a first conductive via
305(a) capable of electrically connecting all the layers and a second conductive via
305(b) capable of electrically connecting adjacent layers. For example, the first
conductive via 305(a) may be formed by computerized numerical control (CNC) hole
machining and copper plating, and the second conductive via 305(b) may be formed by
laser hole machining and copper plating.

The conductive vias 305 according to an embodiment of the present disclosure
may include a region that forms a predetermined pattern within the PCB 300. The
conductive vias 305 may be configured to make contact with at least one of the
conductive layers 306 and to pass through at least one of the multiple layers.

A pattern cover layer 304 according to an embodiment of the present disclosure
may be disposed in a single layer on the bottom or top of the conductive layers 306 while
surrounding a pattern and thus can protect the internal pattern. For example, the pattern
cover layer 304 may be formed of polyimide (PI) and an adhesive.

According to an embodiment of the present disclosure, rigid PCBs 380 and 382
and a FPCB 381 may be integrated with one another. The FPCB 381 may not include
the second insulation layer 303, but may include the pattern cover layer 304 instead of the
protective layer 301.

FIG. 3 is a sectional view of an interlayer configuration of a plurality of layers of
the PCB of FIG. 1, according to an embodiment of the present disclosure, where FIG. 3 is
taken along line B-B' of FIG. 1.

Referring to FIG. 3, the second PCB 320 may include the first FPCB 331, the first
rigid PCB 341, and the second FPCB 332, which are integrally connected together.

12
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Further, the second PCB 320 may include first to fourth ground pattern layers 371,
372, 373, and 374 that are connected by the conductive vias 305 in order to form a
ground. The entirety of the first and second ground pattern layers 371 and 372 forms a
ground. Only a part of the second and third ground pattern layers 372 and 373 forms a
ground. According to an embodiment of the present disclosure, there may be a layer
having no ground layer.

Signal line patterns 364 not connected to the ground may be provided. These
signal line patterns 364 may be used as RF signal lines.

The ground pattern layers according to an embodiment of the present disclosure
may be connected by the first conductive via 305(a) capable of electrically connecting all
of the layers and the second conductive via 305(b) capable of electrically connecting
adjacent layers. For example, all or some of the ground pattern layers may be connected
using the first conductive via 305(a) passing through all of the layers. For example, the
first to fourth ground pattern layers 371, 372, 373, and 374 may be connected by the first
conductive via 305(a). The adjacent ground pattern layers may be connected to each
other by the second conductive via 305(b). For example, the first and second ground
pattern layers 371 and 372 may be connected to each other by the second conductive via
305(b).

According to an embodiment of the present disclosure, a PCB (for example, the
PCB 300 of FIG. 1) may include the first PCB 310 and the second PCB 320 including a
rigid PCB and a FPCB. In this case, the PCB is described as the PCB 300 of FIG. 1 as
an example, but may be applied to the PCBs 400, 500, 600, and 700 of FIGS. 4, 5, 6A,
6B, 6C, 7A, 7B, and 7C.

According to an embodiment of the present disclosure, the high-frequency
transmission line provided by the PCB in the electronic device may be configured such
that the FPCB 330 having advantages of reducing a material cost and ensuring a
mounting space can substitute for a coaxial cable.

For example, the first and second FPCBs 331 and 332 may be used between the
second rigid PCB 342 and the first PCB 310 in order to transmit a high-frequency signal
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from the second rigid PCB 342 to the first PCB 310.

In another example, in order to eliminate loss that occurs when a high-frequency
signal is transmitted using the FPCB 330, the first rigid PCB 341 may be disposed
between the first and second FPCB 331 and 332, and the ground pattern layers may be
connected by the conductive vias 305.

According to an embodiment of the present disclosure, in order to mitigate an
increase in line loss, the electronic device may further include a section containing the
first rigid PCB 341 in the middle of the FPCB 330. If the FPCB 330 has a length of 10
mm or more, the transmission line in the section may cause a great line loss. For
example, the transmission line may have a change in the strip line characteristics due to
the inductance generated by the ground lines 360 disposed on the opposite sides thereof,
and thus the line loss generated by the electrical path 350 may increase markedly:.

According to an embodiment of the present disclosure, the electronic device may
have the one or more vias 305 arranged on the first rigid PCB 341. When the grounds
are connected by the conductive vias 305 arranged on the first rigid PCB 341, the
inductance generated by the ground lines 360 can be reduced, for example, by virtue of
the interlayer ground connection on the ground lines 360, thereby reducing adverse
effects, such as line loss. Furthermore, an all-ground layer (ground line) is disposed
between the layers providing the second PCB 320, and the entire ground line 360 may be
connected to the all-ground layer through the conductive vias 305, whereby it is possible
to have a much greater line loss reduction effect.

According to an embodiment of the present disclosure, a rigid PCB may be
disposed between the FPCBs, thereby preventing the layers from being separated or
twisted as described above. In the case where the existing FPCBs are installed on a
drive unit, the layers of the FPCBs may be separated or twisted. Even in this case, there
may be a change in the characteristics of a strip line, which may cause line loss in the
transmission line or other adverse property changes.

However, an electronic device having the aforementioned arrangement 1is

advantageous in that the side effects mentioned above are not exhibited even when the
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FPCBs move, whereby it is possible to reduce line loss in the transmission line and to
alleviate other adverse characteristics.

In addition, in the case where a transmission line has a greater length, it is possible
to solve shortcomings, such as line loss, by additionally placing rigid PCBs in several
positions on the FPCBs and using a connection between the ground line 360, other
ground pattern layers 363, and the conductive vias 305. This is described below in
greater detail with reference to FIG. 4.

FIG. 4 is a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, in which a PCB in an electronic device is used for
the high-frequency transmission line. An electronic device may be a smart phone or a
wearable device.

According to an embodiment of the present disclosure, an electronic device may
include a housing corresponding to a case; a printed circuit unit including at least one
PCB 400 in the housing; and an electrical path 450 passing over or through the PCB 400.

Referring to FIG. 4, the PCB 400 according to an embodiment of the present
disclosure may include a second PCB 420, a third PCB 411, and a fourth PCB 412. For
example, the third PCB 411 may be a main board on which electronic components
included in an electronic device are mounted, the main board being capable of
transmitting signals between the electronic components. Furthermore, for example, the
fourth PCB 412 may be a main board on which electronic components included in an
electronic device are mounted, the main board being capable of transmitting signals
between the electronic components. Moreover, for example, the second PCB 420 may
be a sub-board that transmits signals generated by electronic components. The sub-
board may further include the electronic components.

The PCB 400 according to an embodiment of the present disclosure may be
provided with a circuit of a terminal, which may be, for example, at least one of an AP, a
CP, a memory, and an RF transceiver, and may include a signal line (for example, an RF
signal line).

The second to fourth PCBs 420, 411, and 412 according to an embodiment of the
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present disclosure may be formed of a plurality of layers, and the plurality of layers may
include one or more conductive layers and one or more insulation layers.

The third and fourth PCBs 411 and 412 according to an embodiment of the present
disclosure may be a rigid PCB. The third or fourth PCB 411 and 412 may be
electrically connected to the second PCB 410 through a connector 470.

The third PCB 411 may be disposed on one end of the second PCB 420, and the
fourth PCB 412 may be disposed on an opposite end of the second PCB 420.
Hereinafter, the third and fourth printed circuit boards 411 and 412 are described as third
and fourth rigid PCBs 411 and 412, respectively.

The third rigid PCB 411 according to an embodiment of the present disclosure
may be connected with the second PCB 420, and a first connector 471 may be disposed
to transmit a high-frequency signal through the electrical path 450. The first connector
471 may include a soldering pad, a zip-type connector, or a B-to-B-type connector. A
rigid PCB may be employed for the first connector 471, and, for example, a B-to-B-type
connector may be mounted on the rigid PCB, or a soldering pad may be located on the
rigid PCB. Furthermore, for example, the pin map of a transmission line included in the
first connector 471 may be implemented in the sequence of a ground, an RF signal, and a
ground.

The first connector 471 according to an embodiment of the present disclosure may
include a ground pad 490 and a signal pad 491 of the third rigid PCB 411 and a ground
pad 492 and a signal pad 493 of the second PCB 420. The ground pad 490 of the third
rigid PCB 411 and the ground pad 492 of the second PCB 420 may be connected together
by soldering. The signal pad 491 of the third rigid PCB 411 and the signal pad 493 of
the second PCB 420 may be connected by soldering.

The fourth rigid PCB 412 according to an embodiment of the present disclosure
may be connected to the second PCB 420, and a second connector 472 may be disposed
to transmit a high-frequency signal through the electrical path 450. The second
connector 472 may include a soldering pad, a zip-type connector, or a B-to-B-type

connector. A rigid PCB may be employed for the second connector 472, and, for
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example, a B-to-B-type connector may be mounted on the rigid PCB, or a soldering pad
may be located on the rigid PCB. Furthermore, for example, the pin map of a
transmission line included in the first connector 472 may be implemented in the sequence
of a ground, an RF signal, and a ground.

The second connector 472 according to an embodiment of the present disclosure
may include a ground pad 495 and a signal pad 496 of the fourth rigid PCB 412 and a
ground pad 497 and a signal pad 498 of the second PCB 420. The ground pad 495 of
the fourth rigid PCB 412 and the ground pad 497 of the second PCB 420 may be
connected by soldering. The signal pad 496 of the fourth rigid PCB 412 and the signal
pad 498 of the second PCB 420 may be connected by soldering. The second PCB 420
may include an interconnection pad 494. An antenna contact member (for example, a
C-clip) or an RF component (for example, a matching circuit) may be mounted on the
interconnection pad 494.

The second PCB 420 according to an embodiment of the present disclosure may
be disposed between the third rigid PCB 411 and the fourth rigid PCB 412, and may
include an FPCB 430 or a rigid PCB 440. The flexible printed circuit board 430 and the
rigid PCB 440 of the second PCB 420 may be integrated with each other. For example,
a first FPCB 431, the first rigid PCB 440, and a second flexible PCB 432 may be
arranged in sequence. The first rigid PCB 440 may include an antenna connector and a
USB connector, for example.

The electrical path 450 according to an embodiment of the present disclosure may
extend from a first electrical component including an antenna radiator to a second
electrical component including a communication circuit, and may be disposed on or in
the PCB 400. The electrical path 450 may be implemented to be a transmission line of a
side-guarded micro-strip-line type or a strip-line type, the transmission line being
shielded by a ground line in order to transmit a high-frequency signal, which may be, for
example, an RF signal.

The electrical path 450 according to an embodiment of the present disclosure,

which is disposed on or in the second PCB 420, may receive a high-frequency signal
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through the connector 470 and may forward the received signal to antenna radiators 231
and 232 in FIG. 10 described below. Furthermore, a plurality of electrical paths 450 in
FIG. 4 may be provided, and a ground line 460 may be disposed between the electrical
paths 450 so that the electrical paths 450 can independently transmit a high-frequency
signal without mutually affecting the characteristics thereof.

The ground line 460 according to an embodiment of the present disclosure may be
disposed adjacent to the electrical path 450, and conductive vias 405 may be arranged in
a portion of the area of the ground line 460. Accordingly, the electrical path 450 can
pass through the PCB 400 without making contact with the conductive vias 405.

A plurality of layers of the PCB 400 and the conductive vias 405 are the same as
those in the above-described embodiment with reference to FIGS. 1 to 3, and therefore
descriptions thereof are omitted here.

FIG. 5 is a front view of a high-frequency transmission line according to an
embodiment of the present disclosure, where a PCB in an electronic device is used for the
high-frequency transmission line. The electronic device may be a smart phone or a
wearable device.

Referring to FIG. 5, an electronic device may include a housing corresponding
to a case; a printed circuit unit including at least one PCB 500 in the housing; and an
electrical path 550 passing over or through the PCB 500.

The PCB 500 according to an embodiment of the present disclosure may include a
first PCB 510 and a second PCB 520. For example, the first PCB 510 may be a main
board on which electronic components included in an electronic device are mounted,
the main board being capable of transmitting signals between the electronic components,
and the second PCB 520 may be a sub-board on which the electronic components are
mounted, the sub-board being capable of transmitting signals generated by the electronic
components. The sub-board may further include the electronic components.

The PCB 500 according to an embodiment of the present disclosure may be
provided with a circuit of a terminal, which may be, for example, at least one of an AP, a

CP, a memory, and an RF transceiver, and may include a signal line (for example, an RF
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signal line).

The first and second PCBs 510 and 520 according to an embodiment of the present
disclosure may be formed of a plurality of layers, and the plurality of layers may include
one or more conductive layers and one or more insulation layers.

The first PCB 510 according to an embodiment of the present disclosure may be a
rigid PCB. The first PCB 520 may be electrically connected to the second PCB 510
through a connection unit 570. The first PCB 510 may be connected to the second PCB
520, and the connector 570 may be disposed to transmit a high-frequency signal through
the electrical path 550. The connector 570 may include a soldering pad, a zip-type
connector, or a B-to-B-type connector. A rigid PCB may be employed for the connector
570, and, for example, a B-to-B-type connector may be mounted on the rigid PCB, or a
soldering pad may be located on the rigid PCB.

The connector 570 according to an embodiment of the present disclosure may
include a ground pad 590 and a signal pad 591 of the first PCB 510 and a ground pad 592
and a signal pad 593 of the second PCB 520. The ground pad 590 of the first PCB 510
and the ground pad 592 of the second PCB 520 may be connected by soldering. The
signal pad 591 of the first PCB 510 and the signal pad 593 of the second PCB 520 may
be connected together by soldering. The second PCB 520 may include an
interconnection pad 594. An antenna contact member (for example, a C-clip) or an RF
component (for example, a matching circuit) may be mounted on the interconnection pad
594,

The second PCB 520 according to an embodiment of the present disclosure may
include an FPCB 530 and a rigid PCB 540 that are integrated with each other. For
example, the second PCB 520 may include a first FPCB 531, a first rigid PCB 541, and a
second FPCB 532, which are arranged in sequence. The second FPCB 532 may include
an antenna connector and a USB connector. Unlike in an embodiment described above
with reference to FIG. 1, the second FPCB 532 in FIG. 5 is configured to perform the
function of the second rigid PCB 342 in FIG. 1 as well.

The electrical path 550 in FIG. 5 according to an embodiment of the present
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disclosure may extend from a first electrical component including an antenna radiator to a
second electrical component including a communication circuit, and may be disposed on
or in the PCB 500. The electrical path 550 may be implemented to be a transmission
line of a side-guarded micro-strip-line type or a strip-line type, the transmission line
being shielded by a ground line in order to transmit a high-frequency signal, which may
be, for example, an RF signal.

The electrical path 550 according to an embodiment of the present disclosure,
which is disposed on or in the second PCB 520, may receive a high-frequency signal
through the connector 570 and may forward the received signal to an antenna radiator.
Furthermore, a plurality of electrical paths 550 may be provided, and a ground line 560
may be disposed between the electrical paths 550 so that the electrical paths 550 can
independently transmit the high-frequency signal without mutually affecting the
characteristics thereof.

The ground line 560 according to an embodiment of the present disclosure may be
disposed adjacent to the electrical path 550, and conductive vias 505 may be arranged in
a portion of the area of the ground line 560. Accordingly, the electrical path 550 can
pass through the PCB 500 without making contact with the conductive vias 505.

A plurality of layers of the PCB 500 and the conductive vias 505 are the same as
those in an above-described embodiment with reference to FIGS. 1 to 3, and therefore
descriptions thereof are omitted here.

FIGS. 6A, 6B, and 6C are front views of conductive vias according to an
embodiment of the present disclosure, the conductive vias being arranged in electronic
device PCBs. FIGS. 6A, 6B, and 6C illustrate various forms of PCBs.

Referring to FIG. 6A, a second PCB 620 according to an embodiment of the
present disclosure may include an FPCB 630 and a rigid PCB 640, which are integrated
with each other. For example, the second PCB 620 may include a first FPCB 631, the
first rigid PCB 640, and a second FPCB 632, which are arranged in sequence.

An electrical path 650 according to an embodiment of the present disclosure may

be disposed on or in the second PCB 620 and may be implemented to be a transmission
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line of a side-guarded micro-strip-line type or a strip-line type in order to transmit a high-
frequency signal.

The electrical path 650 according to an embodiment of the present disclosure,
which is disposed on or in the second PCB 620, may receive a high-frequency signal
through a connector and may forward the received signal to an antenna radiator.
Furthermore, a plurality of electrical paths 650 may be provided, and a ground line 660
may be disposed between the electrical paths 650 so that the electrical paths 650 can
independently transmit the high-frequency signal without mutually affecting the
characteristics thereof.

The ground lines 660 according to an embodiment of the present disclosure may
be disposed adjacent to the electrical path 650 and may be connected with one or more
conductive layers through conductive vias 605(c) in the PCB. Since the conductive vias
605(c) are arranged in one ground line 660, the electrical path 650 may pass through the
PCB without making contact with the conductive vias 605(c).

The electrical path 650 according to an embodiment of the present disclosure is
disposed to pass through the flexible PCB 630 and the rigid PCB 640, and thus the
ground lines 660 disposed on opposite sides of the electrical path 650 may also be
disposed to pass through the FPCB 630 and the rigid PCB 640. While two ground lines
660 are provided in FIG. 6A, the number of ground lines 660 may be diversely varied so
as to avoid contact with the electrical path 650, without being limited thereto.

For example, the first ground line 660(a) disposed on the left side may have a
greater width than the second ground line 660(b) disposed on the right side, and the
plurality of conductive vias 605(c) may be formed in the region where the rigid PCB 640
and the ground line 660(a) cross each other. The second ground line 660(b) may not
include the conductive vias 605(c) since the second ground line 660(b) has a lesser width
than the first ground line 660(a).

The PCB is illustrated as having the conductive vias 605(c) arranged in the first
ground line 660(a) having a great width. The conductive vias 605(c) arranged in the

first ground line 660(a) may include vias passing through all layers. Ground patterns in
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all or some of the layers and the ground line on a side of the electrical path may be
connected by the conductive vias 605(c) passing through all the layers.

Referring to FIG. 6B, ground lines 660 may be separately disposed on opposite
sides of an electrical path 650 in the second PCB 620 and may be formed to pass through
the flexible PCB and the rigid PCB along the lengthwise direction of the electrical path
650. While the two ground lines 660 are provided in FIG. 6B, the number of ground
lines 660 may be diversely varied so as to avoid contact with the electrical path 650,
without being limited thereto.

According to an embodiment of the present disclosure, the first ground line 660(a)
disposed on the left side may have a greater width than the second ground line 660(b)
disposed on the right side, and a plurality of conductive vias 605(c) may be formed in the
region where the first ground line 660(a) and the rigid PCB 640 cross each other. The
second ground line 660(b) on the right side may not include the conductive vias 605(c)
having the size since the second ground line 660(b) has a lesser width than the first
ground line 660(a). Instead, the second ground line 660(b) on the right side may have
conductive vias 605(d) having a lesser size than the conductive vias 605(c).

For example, the rigid PCB 640 formed of a plurality of layers may include the
third conductive vias 605(c) passing through all of the layers in the PCB and the fourth
conductive vias 605(d) passing through some of the layers. The third conductive vias
605(c) may have a greater hole size than the fourth conductive vias 605(d) passing
through some of the layers, and may be arranged in the ground line 660(a) having a great
width. However, the fourth conductive vias 605(d) may be arranged in the second
ground line 660(b) having a lesser width and disposed on the right side, since the fourth
conductive vias 605(d) have a lesser hole size than the third conductive vias 605(c).
Even when the ground lines 660 are connected with a ground in a different layer through
some conductive vias 605, it is possible to reduce line loss.

Referring to FIG. 6C, ground lines 660 may be separately disposed on opposite
sides of an electrical path 650 and may be formed in the lengthwise direction of the

electrical path 650. While two ground lines 660 are provided in FIG. 6C, the number of
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ground lines 660 may be diversely varied so as to avoid contact with the electrical path
650, without being limited thereto.

According to an embodiment of the present disclosure, the first ground line 660(a)
disposed on the left side may have a lesser width than the second ground line 660(b)
disposed on the right side, and a plurality of conductive vias 605(d) may be formed in the
region where the second ground line 660(b) and the rigid PCB 640 cross each other.
The second ground line 660(b) on the right side has a greater width than the first ground
line 660(a), but is too narrow to have the great conductive vias 605(c). Instead, the
conductive vias 605(d) having a lesser width may be arranged in the second ground line
660(b) on the right side.

Therefore, according to an embodiment of the present disclosure, the second
ground line 660(b) having a lesser width and disposed on the right side may electrically
connect the PCB using the fourth conductive vias 605(d) passing through some layers.
Even when the ground lines 660 are connected with a ground in a different layer through
some of the fourth conductive vias 605(d), it is possible to reduce line loss.

FIGS. 7A, 7B, and 7C are top views illustrating conductive vias arranged in PCBs
according to an embodiment of the present disclosure. FIGS. 7A, 7B, and 7C illustrate
various forms of PCBs.

Referring to FIG. 7A, a second PCB 720 may include a plurality of FPCBs and/or
a plurality of rigid PCBs. For example, the second PCB 720 may be configured such
that FPCBs 730 and rigid PCBs 740 are alternately disposed and are integrated with each
other.

The FPCBs 730 according to an embodiment of the present disclosure may include
a first FPCB 731, a second FPCB 732, and a third FPCB 733. The rigid PCBs 740 may
include a first rigid PCB 741 and a fifth rigid PCB 742.

According to an embodiment of the present disclosure, at least two rigid PCBs 740
may be provided between the FPCBs 730. For example, the second PCB 720 may
include the first FPCB 731, the first rigid PCB 741, the second FPCB 732, the fifth rigid
PCB 742, and the third FPCB 733, which are arranged in sequence.
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The first and fifth rigid PCBs 741 and 742 may be disposed to be spaced apart
from each other and may include a plurality of conductive vias 705(¢c) and ground lines
760.

An electrical path 750 according to an embodiment of the present disclosure may
be disposed on or in the second PCB 720 and may be implemented to be a transmission
line of a side-guarded micro-strip-line type or a strip-line type in order to transmit a high-
frequency signal.

The electrical path 750 according to an embodiment of the present disclosure,
which is disposed on or in the second PCB 720, may receive a high-frequency signal
through a connector and may forward the received signal to an antenna radiator.
Furthermore, a plurality of electrical paths 750 may be provided, and the ground line 760
may be disposed between the electrical paths 750 so that the electrical paths 750 can
independently transmit the high-frequency signal without mutually affecting the
characteristics thereof.

The ground lines 760 according to an embodiment of the present disclosure may
be disposed adjacent to the electrical path 750 and may be connected with one or more
conductive layers through the conductive vias 705(c) in the PCB 720.

The ground lines 760 according to an embodiment of the present disclosure may
be formed to pass through the FPCB 730 and the rigid PCBs 740 along the lengthwise
direction of the electrical path 750. While two ground lines 760 are provided in the
present disclosure, the number of ground lines 760 may be diversely varied so as to avoid
contact with the electrical path 750, without being limited thereto.

For example, the first ground line 760(a) disposed on the left side of the first and
fifth rigid PCBs 741 and 742 may have a greater width than the second ground line
760(b) disposed on the right side, and the plurality of conductive vias 705(c) may be
formed in the regions where the first ground line 760(a) crosses the first and fifth rigid
PCBs 741 and 742. In another example, the second ground line 760(b) on the right side
may not include the conductive vias 705(c) having the size since the second ground line

760(b) has a lesser width than the first ground line 760(a). The PCB is illustrated as
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having the conductive vias 705(c) arranged in the first ground line 760(a) having a great
width.

Referring to FIG. 7B, the second PCB 720 may include the FPCBs 730 and the
rigid PCBs 740 that are integrated with each other. For example, the second PCB 720
may be configured such that the FPCBs 730 and the rigid PCBs 740 are alternately
disposed and are integrated with each other.

The second PCB 720 according to an embodiment of the present disclosure may
include the first FPCB 731, the first rigid PCB 741, the second FPCB 732, the fifth rigid
PCB 742, and the third FPCB 733, which are arranged in sequence.

Ground lines 760 according to an embodiment of the present disclosure may be
separately disposed on opposite sides of the electrical path 750 and may be formed along
the lengthwise direction of the electrical path 750. While two ground lines 760 are
provided in the FIG. 7B, the number of ground lines 760 may be diversely varied so as to
avoid contact with the electrical path 750, without being limited thereto.

According to an embodiment of the present disclosure, the first ground line 760(a)
disposed on the left side of the first and fifth rigid PCBs 741 and 742 may have a greater
width than the second ground line 760(b) disposed on the right side, and a plurality of
conductive vias 705(c) may be formed in the regions where the first ground line 760(a)
crosses the rigid PCBs 740. However, the second ground line 760(b) on the right side
may not include the conductive vias 705(c) having the size since the second ground line
760(b) has a lesser width than the first ground line 760(a). Instead, the second ground
line 760(b) on the right side may have conductive vias 705(d) having a lesser size than
the conductive vias 705(c).

For example, the rigid PCBs 740 formed of a plurality of layers may include the
third conductive vias 705(c) passing through all the layers in the PCB and the fourth
conductive vias 705(d) passing through some of the layers. The third conductive vias
705(c) may have a greater hole size than the fourth conductive vias 705(d) passing
through some of the layers, and may be arranged in the ground line 760(a) having a great

width. However, the fourth conductive vias 705(d) may be arranged in the second
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ground line 760(b) having a lesser width and disposed on the right side, since the fourth
conductive vias 705(d) have a lesser hole size than the third conductive vias 705(c).
Even when the ground lines 760 are connected with a ground in a different layer through
some conductive vias 705, it is possible to reduce a line loss.

Referring to FIG. 7C, the second PCB 720 may include the FPCBs 730 and the
rigid PCBs 740 that are alternately disposed and are integrated with each other. In this
embodiment, at least two rigid PCBs 740 may be provided between the FPCBs 730. For
example, the second PCB 720 may include the first FPCB 731, the second FPCB 732, the
first rigid PCB 741, the fifth rigid PCB 742, and the third FPCB 733, which are arranged
n sequence.

Ground lines 760 according to an embodiment of the present disclosure may be
separately disposed on opposite sides of the electrical path 750 and may be formed along
the lengthwise direction of the electrical path 750. While two ground lines 760 are
provided in the present disclosure, the number of ground lines 760 may be diversely
varied so as to avoid contact with the electrical path 750, without being limited thereto.

According to an embodiment of the present disclosure, the first ground line 760(a)
disposed on the left side of the first and fifth rigid PCBs 741 and 742 may have a lesser
width than the second ground line 760(b) disposed on the right side, and a plurality of
conductive vias 705(d) may be formed in the regions where the second ground line
760(b) crosses the rigid PCBs 740. The second ground line 760(b) on the right side has
a greater width than the first ground line 760(a), but is too narrow to have the great
conductive vias 705(c). Instead, the conductive vias 705(d) having a lesser width may
be arranged in the second ground line 760(b) on the right side.

Therefore, according to an embodiment of the present disclosure, even when the
ground lines 760 are connected to a ground in a different layer through some of the fourth
conductive vias 705(d) arranged in the second ground line 760(b), it is possible to reduce
a line loss.

FIG. 8 is a perspective view of an electronic device according to an embodiment

of the present disclosure. The electronic device 10 may be a smart phone or a wearable
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device. The electronic device 10 may be an electronic device that includes the PCBs
described above with reference to FIGS. 1 to 7.

Referring to FIG. 8, a display 101 may be mounted on the front 107 of the
electronic device 10. A speaker device 102 for receiving a counterpart's speech may be
provided on the upper side of the display 101. A microphone device 103 for
transmitting the speech of a user of the electronic device 10 to the counterpart may be
provided on the lower side of the display 101.

According to an embodiment of the present disclosure, one or more components
for performing various functions of the electronic device 10 may be arranged around the
speaker device 102. For example, the one or more arranged components may include at
least one sensor module 104. The sensor module 104 may include, for example, at least
one of an illuminance sensor (e.g., an optical sensor), a proximity sensor, an infrared
sensor, and an ultrasonic sensor. The components may also include a camera device 105.
The components may also include a light emitting diode (LED) indicator 106 for
informing a user of status information of the electronic device 10.

According to an embodiment of the present disclosure, the electronic device 10
may include a metal bezel 110 (for example, capable of serving as at least a part of a
metal housing). The metal bezel 110 may be disposed along the outer periphery of the
electronic device 10 and may extend to at least one area of the back of the electronic
device 10, the at least one area being connected to the outer periphery. The metal bezel
110 may define the thickness of the electronic device 10 along the outer periphery of the
electronic device 10 and may be formed in a loop shape. Without being limited thereto,
however, the metal bezel 110 may also be formed in such a manner that the metal bezel
contributes to at least part of the thickness of the electronic device 10. The metal bezel
110 may also be disposed only in at least one area of the outer periphery of the electronic
device 10. The metal bezel 110 may include one or more cut-off portions 115 and 116.
Unit bezel parts separated by the cut-off portions 115 and 116 may be used as an antenna
radiator that operates in at least one frequency band.

According to an embodiment of the present disclosure, the metal bezel 110 may
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have a loop shape along the outer periphery of the electronic device and may be disposed
to contribute to the entirety or a part of the thickness of the electronic device 10. When
the electronic device 10 is viewed from the front, the metal bezel 110 may include a right
bezel part 111, a left bezel part 112, an upper bezel part 113, and a lower bezel part 114.
In this case, the lower bezel part 114 described above may serve as a unit bezel part
formed by a pair of cut-off portions 116.

According to an embodiment of the present disclosure, a main antenna device may
be disposed in the lower region (an antenna region of a main part) of the electronic device
10. The lower bezel part 114 may be used as a main antenna radiator by virtue of the
pair of cut-off portions 116. The lower bezel part 114 may serve as an antenna radiator
that operates in at least two operating frequency bands depending on the feeding position.
For example, the lower bezel part 114 may be a part of an antenna that supports a low
band (LB) and a high/middle band (H/MB), or a part of an antenna that supports an
H/MB.

According to an embodiment of the present disclosure, the antenna device of the
present disclosure is simply for illustrative purpose, and the aforementioned functions of
the lower bezel part 114 may be performed by the upper bezel part 113 separated by the
other cut-off portions 115, or may be performed by the upper and lower bezel parts.

According to an embodiment of the present disclosure, an antenna region of a
diversity part may be used as an antenna for diversity/multiple input multiple output
(MIMO). For example, the upper bezel part 113 may be a part of a diversity antenna
that supports LB and H/MB.

According to an embodiment of the present disclosure, at least one of the right and
left bezel parts 111 and 112 may be supplied with electrical power to operate as an
antenna. For example, the right or left bezel part 111 or 112 may be a part of an antenna
that supports an H/MB band or LB and H/MB bands. For example, an antenna
including the right or left bezel part 111 or 112 included in the antenna region of the main
part may operate as a main antenna. An antenna including the right or left bezel part

111 or 112 included in the antenna region of the diversity part may operate as a diversity
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antenna. Hereinafter, the configuration of an antenna is described in detail.

FIG. 9 is a schematic of an antenna arrangement in an electronic device 10
according to an embodiment of the present disclosure. The electronic device 10 may be
a smart phone or a wearable device. The electronic device 10 may be an electronic
device that includes the PCBs described above with reference to FIGS. 1 to 7.

The electronic device 10 according to an embodiment of the present disclosure
may include a plurality of antenna radiators 230. For example, the electronic device 10
may include first and second antennas 231 and 232 of a main part 210 and third and
fourth antennas 233 and 234 of a diversity part 220.

The first antenna 231 may support LB and H/MB bands, and the second antenna
232 may support an H/MB band. According to an embodiment of the present disclosure,
an LB band has a relatively great wavelength so that an antenna may have a relatively
great size, and there may be a mounting space limitation by adding an antenna supporting
multiple LBs to the main part 210 of the terminal. Therefore, only one antenna may be
configured to support an LB band.

In the case where the electronic device 10 additionally has the diversity part 220
according to an embodiment of the present disclosure, the electronic device 10 may
include the third and fourth antennas 233 and 234. In order to enhance
correlation/isolation characteristics, the antenna radiators 230 of the main part 210 may
be included in the lower end portion of the terminal, and the antenna radiators 230 of the
diversity part 220 may be included in the upper end portion of the terminal. For
example, in the case where the antenna radiators 230 of the main part 210 are included in
the lower end portion of the terminal, and the antenna radiators 230 of the diversity part
220 are included in the upper end portion of the terminal, it is possible to ensure an
antenna separation distance available in the terminal even when a plurality of LB band
antennas are included.

By virtue of the structure described above, the electronic device 10 can receive
signals using four antennas in an H/MB band and can receive signals using two antennas

in an LB band. That is, 4th order diversity/MIMO can be performed in an H/MB band,
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and 2nd order diversity/MIMO can be performed in an LB band.

FIG. 10 1llustrates an antenna device and a PCB of an electronic device according
to an embodiment of the present disclosure. Referring to FIG. 10, a main RF circuit in the
main part 210 may supply electrical power to the first and second antennas 231 and 232
connected thereto through the connector 370 and the second PCB 320 using RF signal
lines. The second PCB 320 may include the first FPCB 331, the first rigid PCB 341, the
second FPCB 332, and the second rigid PCB 342. A ground may be removed from an
antenna feeding part or from the surroundings of an antenna in order to enhance antenna
characteristics.

According to an embodiment of the present disclosure, the metal bezel 110 may
include the right bezel part 111, the left bezel part 112, the upper bezel part 113, and the
lower bezel part 114 when viewed from the front. The upper bezel part 113 may be
maintained separately from the right and left bezel parts 111 and 112 by a pair of cut-off
portions that are formed with a predetermined interval therebetween. The lower bezel
part 114 may be maintained separately from the right and left bezel parts 111 and 112 by
a pair of cut-off portions that are formed with a predetermined interval therebetween.
The pair of cut-off portions may be formed of a dielectric material. The pair of cut-off
portions may be formed by double-injection molding or insert molding a synthetic resin
into the metal bezel. Without being limited thereto, however, various types of electrical
insulating materials may be applied to the pair of cut-off portions.

According to an embodiment of the present disclosure, a first feeding piece may
be integrally formed with the lower bezel part 114 and may be supplied with electrical
power by a first feeding part of the PCB. The first feeding piece of the lower bezel part
114 may be connected to the first feeding part of the PCB merely by installing the PCB in
the electronic device, or may be electrically connected to the first feeding part by a
separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a first feeding pad may be
disposed on the PCB and may be electrically connected to the first feeding piece of the

lower bezel part 114. A first electrical path (e.g., an interconnection wire line) may be
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formed from the first feeding pad to the first feeding part. The first feeding piece may
be integrally formed with the lower bezel part 114 and may be supplied with electrical
power by the first feeding part of the PCB. The first feeding piece of the lower bezel
part 114 may be connected to the first feeding part of the PCB merely by installing the
PCB in the electronic device, or may be electrically connected to the first feeding part by
a separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, the first feeding pad may
be disposed on the PCB and may be electrically connected to the first feeding piece of the
lower bezel part 114. The first electrical path (e.g., an interconnection wire line) may be
formed from the first feeding pad to the first feeding part.

The lower bezel part may be a portion of the first antenna 231 of the main part 210
that supports an LB or H/MB band. The left and right bezel parts 112 and 111 may also
be supplied with electrical power by the same method. The left and right bezel parts
112 and 111 may be portions of the second antenna 231 of the main part 210 that supports
an LB or H/MB band.

According to an embodiment of the present disclosure, a first electrical connection
piece may be integrally formed with the lower bezel part 114 so as to be located at a
position separate from the first feeding piece by a predetermined distance, and may be
grounded to a first ground part of the PCB. The first electrical connection piece of the
lower bezel part 114 may be grounded to the first ground part of the PCB merely by
installing the PCB in the electronic device, or may be electrically connected to the first
ground part by a separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a first ground pad may be
disposed on the PCB and may be electrically connected to the first electrical connection
piece of the lower bezel part 114. A second electrical path (e.g., an interconnection wire
line) may be formed from the first ground pad to the first ground part.

According to an embodiment of the present disclosure, a second feeding piece
may be integrally formed with the lower bezel part 114 and may be supplied with
electrical power by a first feeding part of the PCB. The second feeding piece of the
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lower bezel part 114 may be connected to a second feeding part of the PCB merely by
installing the PCB in the electronic device, or may be electrically connected to the second
feeding part by a separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a second feeding pad may
be disposed on the PCB and may be electrically connected to the second feeding piece of
the lower bezel part 114. A third electrical path (e.g., an interconnection wire line) may
be formed from the second feeding pad to the second feeding part. The lower bezel part
114 may be a portion of the second antenna 232 of the main part 210 that supports an LB
or H/MB band.

According to an embodiment of the present disclosure, a second electrical
connection piece may be integrally formed with the right bezel part 111 so as to be
located at a position separate from the cut-off portions by a predetermined distance, and
may be grounded to a second ground part of the PCB. The second electrical connection
piece of the right bezel part 111 may be grounded to a second ground part of the PCB
merely by installing the PCB 1n the electronic device, or may be electrically connected to
the second ground part by a separate electrical connection member (e.g., a C-clip, etc.).

According to an embodiment of the present disclosure, a second ground pad may
be disposed on the PCB and may be electrically connected to the second electrical
connection piece of the right bezel part 111. A fourth electrical path (e.g., an
interconnection wire line) may be formed from the second ground pad to the second
ground part.

For example, the feeding parts, the feeding pads, the ground parts, and the ground
pads of the main part 210 may be disposed on the second PCB 320. The main part 210
and an RF circuit of the diversity part 220 may be disposed on the first PCB (main PCB)
310. The first and second PCBs may be connected by an FPCB. The first and
second PCBs may be integrated with each other.

According to an embodiment of the present disclosure, the second rigid PCB 342
included in the second PCB 320 may be disposed at a lower vertical position than the first
PCB (main PCB) 310. Accordingly, components included in the second rigid PCB 342
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may be additionally spaced apart from the antenna. Further, relatively thick components,
such as a USB connector and a speaker, can also be disposed on the second rigid PCB
342.

According to an embodiment of the present disclosure, a transmitted or received
signal of the RF circuit of the main part 210 may be forwarded to the first and second
feeding parts of the second PCB 320.

The diversity part 220 may include the third and fourth antennas 233 and 234.
The third antenna 233 may include a part of the upper bezel part 113, and the fourth
antenna 234 may include the left or right bezel part 112 or 111.

The third antenna 233 may support LB and H/MB bands, and the fourth antenna
234 may support an H/MB band. Feeding parts, feeding pads, ground parts, and ground
pads of the diversity part 220 may be disposed on the first PCB (main PCB) 310.
Electrical paths connecting the feeding parts and the feeding pads and electrical paths
connecting the ground parts and the ground pads in the diversity part 220 may be
disposed on the first PCB (main PCB) 310.

According to an embodiment of the present disclosure, when the main part 210
uses the right bezel part 111 as the second antenna 232 for the purpose of signal
separation between the antennas, the diversity part 220 may use the opposite left bezel
part 112 as the fourth antenna 234. Alternately, when the main part 210 uses the left
bezel part 112 as the second antenna 232, the diversity part 220 may use the opposite
right bezel part 111 as the fourth antenna 234.

FIG. 11 is an illustration of a signal transmission using the second PCB 320
according to an embodiment of the present disclosure. The second PCB 320 may be the
same as the second PCBs 320, 420, and 520 described above with reference to FIGS. 1 to
7.

Referring to FIG. 11, the second PCB 320 may include the FPCB 330 and the rigid
PCB 340, which are integrated with each other. The second PCB 320 may include the
first FPCB 331, the second FPCB 332, the first rigid PCB 341, and the second rigid PCB
342.
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According to an embodiment of the present disclosure, the electrical path 350 for
transmitting a high-frequency signal may also transmit signals other than RF signals
using the second PCB 320. The other signals may include, for example, a USB signal,
an ear-jack signal, a microphone (MIC) signal, a speaker signal, and a touch key signal.

According to an embodiment of the present disclosure, an antenna contact to
which an RF signal is connected, and a USB connector, an ear-jack connector, a
microphone (MIC) connector, and a speaker contact to which the other signals are
connected may be disposed on the second rigid PCB 342. For example, RF signals may
be transmitted through two electrical paths 350: the first electrical path 351 and the
second electrical path 352. The ground line 360 may be disposed between the first and
second electrical paths 351 and 352 to prevent the first and second electrical paths 351
and 352 from mutually affecting the characteristics thereof. The conductive vias 305
may be arranged in the region where the ground line 360 and the first rigid PCB 341
cross each other, and may be connected to a ground in a different layer. A rigid PCB
connected to the rear end of the second rigid PCB 342 may be various types of modules
of the electronic device, and may function as a touch key, for example.

According to an embodiment of the present disclosure, a first connector 342(a)
connected to the first electrical path 351 may be a first antenna contact, a first USB
connector, a first ear-jack connector, a first MIC connector, or a first speaker contact, and
a second connector 342(b) connected to the second electrical path 352 may be a second
antenna contact, a second USB connector, a second ear-jack connector, a second MIC
connector, and a second speaker contact.

FIGS. 12 and 13 are enlarged views of a first FPCB and a first rigid PCB. The
second PCB 320 may be one of the second PCBs 320, 420, 520, 620, and 720 described
above with reference to FIGS. 1 to 7.

Referring to FIGS. 12 and 13, a high-frequency signal may be connected from a
B-to-B-type connector A of the connector 370 to antenna (ANT) feeding B and C by a
micro strip line or a strip line on the FPCB. Further, the ground lines 306 may exist on

the left and right sides of the electrical path 350 through which an RF signal is

34



10

15

20

25

678-5477 CON (P23235-USI-CON)

transmitted on the connector, and may be formed parallel to the electrical path 350 along
the lengthwise direction of the electrical path 350 so as to be connected to the ANT
feeding B and C. In addition, the conductive vias 305 may be formed in the ground
lines 306. Conductive vias 307 lesser in size than the conductive vias 305 may be
formed on the right side of the electrical path 351 so as to prevent contact between the
ground lines and a signal line on one side.

An electronic device according to an embodiment of the present disclosure
includes a housing; a PCB disposed in the housing, the PCB including a plurality of
layers that include one or more conductive layers and one or more insulation layers; a
first electrical component formed to be at least a part of the housing or disposed in the
housing; a second electrical component disposed above or near the PCB in the housing,
the second electrical component being separated from the first electronic component; and
at least one electrical path extending from the first electrical component to the second
electronic component, wherein at least a portion of the electrical path runs on or inside
the PCB, wherein the PCB may include a region including a pattern of conductive vias,
each of the vias extending through at least a part of the plurality of layers to contact at
least one of the one or more conductive layers, and wherein the electrical path may run
through the region without making contact with the conductive vias.

According to an embodiment of the present disclosure, the first electrical
component may include an antenna radiator and the second electrical component may
include a communication circuit.

According to an embodiment of the present disclosure, the antenna radiator may
form at least one part of the housing.

According to an embodiment of the present disclosure, the pattern of the
conductive vias may be aligned in one or more rows or columns along the electrical path
when viewed from above the region of the PCB.

According to an embodiment of the present disclosure, the PCB may include an
FPCB as at least a part thereof, where the FPCB may transmit a signal through the
electrical path.
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According to an embodiment of the present disclosure, the PCB may include a
first PCB; and a second PCB connected to the first PCB through a connector, where the
second PCB includes at least one FPCB and at least one rigid PCB, and where the
electrical path may transmit a high-frequency signal through the connector and may pass
over or through the second PCB.

According to an embodiment of the present disclosure, the electronic device may
further include a ground line disposed around the electrical path so as to be adjacent
thereto, where the ground line may be connected to the one or more conductive layers
through the conductive vias in the rigid PCB.

According to an embodiment of the present disclosure, the second PCB may
include a first FPCB connected to the first PCB through a communication circuit; a
second PCB disposed to face the first flexible PCB with a separation distance
therebetween; and a first rigid PCB disposed between the first and second FPCBs, where
the first rigid PCB includes the pattern of the conductive vias.

According to an embodiment of the present disclosure, the electronic device may
further include a second rigid PCB connected to the second FPCB, wherein a part of the
antenna radiator that forms at least one portion of the housing may be disposed on the
second rigid PCB.

According to an embodiment of the present disclosure, at least one of the plurality
of layers may form a ground pattern in the ground line of the second PCB, where the
entire line of the ground pattern includes a ground.

According to an embodiment of the present disclosure, the conductive vias of the
first rigid PCB may include a first conductive via passing through all of the plurality of
layers; and a second conductive via passing through some of the plurality of layers, and
where the first conductive via may connect the ground pattern disposed on all or some of
the layers and the ground line.

According to an embodiment of the present disclosure, a plurality of ground lines
may be formed on the rigid PCB so as to be spaced apart from the electrical path, and
may have different widths.
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According to an embodiment of the present disclosure, the conductive vias formed
along the width of the ground line may include a third conductive via having a first hole
size; and a fourth via having a second hole size that differs from the first hole size.

According to an embodiment of the present disclosure, a space for mounting an
electronic component may be formed on or in the rigid PCB of the second PCB.

According to an embodiment of the present disclosure, the connector may be
disposed on one side of the first or second PCB, where the electrical path passing over or
through the second PCB may be connected to the first PCB.

According to an embodiment of the present disclosure, the connector may include
a first connector disposed on one end of the first FPCB of the second PCB; and a second
connector disposed on one end of the second FPCB of the second PCB.

According to an embodiment of the present disclosure, the electronic device may
include a plurality of electrical paths and a plurality of antenna radiators, wherein the
electrical paths may be connected to the respective antenna radiators corresponding
thereto, and the ground line may be disposed between the plurality of electrical paths.

According to an embodiment of the present disclosure, the first PCB may include
at least a part of the first electrical component and may be connected to the antenna
radiator, and the second PCB may have the second electrical component disposed thereon.

According to an embodiment of the present disclosure, the FPCB and the rigid
PCB of the second PCB may be integrated with each other.

According to an embodiment of the present disclosure, the region of the PCB may
be a rigid PCB region, and the electronic device may include a first FPCB region
disposed between the first electrical component and the region; and a second FPCB
region disposed between the second electrical component and the region.

An electronic device according to an embodiment of the present disclosure
includes a first PCB; a second PCB connected with the first PCB through a connector and
including at least one FPCB and at least one rigid PCB that are integrated with each other,
where the flexible and rigid PCBs include a plurality of layers; an electrical path that

transmits a high-frequency signal through the connector and passes over or through the
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second PCB; and at least one conductive via disposed in the rigid PCB to connect
grounds between the plurality of layers.

FIG. 14 is a block diagram of an electronic device 10, according to an embodiment
of the present disclosure, in a network environment 11.

Referring to FIG. 14, the electronic device 10 may include a bus 180, a processor
120, a memory 130, an input/output interface 150, a display 160, and a communication
interface 170. The electronic device 10 may omit at least one of the elements, or may
further include other elements.

The bus 180 may include, for example, a circuit that interconnects the elements
120 to 170 and delivers communication (for example, a control message and/or data)
between the elements.

The processor 120 may include one or more of a CPU, an AP, and a CP. For
example, the processor 120 may carry out operations or data processing relating to the
control and/or communication of at least one other element of the electronic device 10.

The memory 130 may include a volatile and/or non-volatile memory. For
example, the memory 130 may store instructions or data relevant to at least one other
element 120 to 170 of the electronic device 10. The memory 130 may store software
and/or a program 140. The program 140 may include, for example, a kernel 141,
middleware 143, an application programming interface (API) 145, and/or application
programs (or applications) 147. At least some of the kernel 141, the middleware 143,
and the API 145 may be referred to as an operating system (OS).

For example, the kernel 141 may control or manage system resources (for example,
the bus 180, the processor 120, and the memory 130) that are used to execute operations
or functions implemented by the other programs (for example, the middleware 143, the
API 145, and the applications 147). Furthermore, the kernel 141 may provide an
interface by which the middleware 143, the API 145, or the applications 147 access the
individual elements of the electronic device 10 to control or manage the system resources.

For example, the middleware 143 may serve as an intermediary to allow the API

145 or the applications 147 to exchange data with the kernel 141 through communication.
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Furthermore, the middleware 143 may process one or more task requests received
from the applications 147 according to the priorities of the requests. For example, the
middleware 143 may assign, to at least one of the applications 147, a priority to use the
system resources (for example, the bus 180, the processor 120, and the memory 130) of
the electronic device 10. For example, the middleware 143 may perform scheduling or
loading balancing on the one or more task requests by processing the one or more task
requests according to the priority assigned to the at least one of the applications.

The API 145 is, for example, an interface by which the applications 147 control
functions provided by the kernel 141 or the middleware 143, and the API 145 may
include at least one interface or function (for example, an instruction) for file control,
window control, image processing, or text control, for example.

The input/output interface 150 may serve as, for example, an interface that can
forward instructions or data input from a user or an external device to the other
element(s) 120 to 170 of the electronic device 10. Furthermore, the input/output
interface 150 may output instructions or data received from the other element(s) of the
electronic device 10 to the user or the external device.

Examples of the display 160 may include a liquid crystal display (LCD), an LED
display, an organic LED (OLED) display, a microelectromechanical systems (MEMS)
display, and an electronic paper display. For example, the display 160 may display
various types of content (for example, text, images, videos, icons, or symbols) for a user.
The display 160 may include a touch screen, and may receive, for example, a touch,
gesture, a proximity input, or a hovering input using an electronic pen or a part of a user's
body.

For example, the communication interface 170 may establish communication
between the electronic device 10 and a first external electronic device 12, a second
external electronic device 14, or a server 16. For example, the communication interface
170 may be connected to a network 162 through wireless or wired communication to
communicate with the second external electronic device 14 or the server 16.

The wireless communication may use, for example, at least one of long term
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evolution (LTE), LTE-advanced (LTE-A), code division multiple access (CDMA),
wideband CDMA (WCDMA), universal mobile telecommunications system (UMTS),
wireless broadband (WiBro), and global system for mobile communications (GSM), for
example, as a cellular communication protocol. Furthermore, the wireless
communication may include short range communication 164, for example. The short
range communication 164 may include, for example, at least one of wireless fidelity
(WiF1i), Bluetooth (BT), near field communication (NFC), and global navigation satellite
system (GNSS). Depending on the service area and the bandwidth, the GNSS may
include, for example, at least one of a global positioning system (GPS), a global
navigation satellite system (Glonass), a Beidou navigation satellite system (Beidou), and
a European global satellite-based navigation system (Galileo). Hereinafter, “GPS” may
be interchangeably used with “GNSS.” The wired communication may include, for
example, at least one of a USB, a high definition multimedia interface (HDMI),
recommended standard 232 (RS-232), and a plain old telephone service (POTS). The
network 162 may include at least one of a communication network such as a computer
network (e.g., a local area network (LAN) or a wide area network (WAN)), the Internet,
and a telephone network.

Each of the first and second external electronic devices 12 and 14 may be of the
same or a different type from the electronic device 10. According to an embodiment of
the present disclosure, the server 16 may include a group of one or more servers. All or
some of the operations executed in the electronic device 10 may be executed in the
electronic device 102, the electronic device 104, or the server 16. When the electronic
device 10 must perform a function or service automatically or in response to a request,
the electronic device 10 may request the electronic device 12, the electronic device 14, or
the server 16 to perform at least some functions relating thereto, instead of or in addition
to performing the function or service by itself. The electronic device 102, the electronic
device 104, or the server 106 may execute the requested function or additional functions
and then deliver the result to the electronic apparatus 10. The electronic device 10 may

provide a received result as 1s, or may further process the received result to provide the
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requested function or service. To this end, for example, cloud computing, distributed
computing, or client-server computing technology may be used.

The electronic device 10, which is described below in greater detail, may be one of
a wearable device, a notebook computer, a net-book computer, a smart phone, a tablet PC,
a Galaxy tab, an i1-Pad, and a wireless charging device mentioned above. In this
embodiment, the electronic device 10 may be a smart phone.

The wireless charging device, according to an embodiment of the present
disclosure, refers to a device that recharges the electronic device by wirelessly
transmitting and receiving power in a short range.

In addition, the display 160 of the electronic device 10 may increase in size and
may implement a luxurious design by minimizing the bezel area thereof, or may be
implemented to be flexible, convex, or concave.

Namely, the peripheral portion of the display 160 may be bent to allow a view area
to extend to the lateral portion. As the view area of the display 160 is bent to extend to
the lateral, the view area may be enlarged, a separate screen may be used on the lateral
portion, or a luxurious design may be implemented. In other words, the display 160
may include a first view area and second view areas on opposite sides of the first view
area.

FIG. 15 is a block diagram of an electronic device 1901 according to an
embodiment of the present disclosure. The electronic device 1901 may include, for
example, the entirety or a part of the electronic device 10 described above with reference
to FIG. 14. The electronic device 1901 in FIG. 15 may include at least one processor
(e.g., an AP) 1910, a communication module 1920, a subscriber identification module
card 1924, a memory 1930, a sensor module 1940, an mput device 1950, a display 1960,
an interface 1970, an audio module 1980, a camera module 1991, a power management
module 1995, a battery 1996, an indicator 1997, and a motor 1998.

The processor 1910 may operate, for example, an OS or an application program to
control a plurality of hardware or software elements connected to the processor 1910 and

to perform various types of data processing and operations. The processor 1910 may be
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implemented to be a system on chip (SoC), for example. According to an embodiment
of the present disclosure, the processor 1910 may further include a graphics processing
unit (GPU) and/or an image signal processor. The processor 1910 may also include at
least some (for example, a cellular module 1921) of the elements illustrated in FIG. 15.
The processor 1910 may load, in a volatile memory, instructions or data received from at
least one of the other elements (for example, a non-volatile memory) to process the
loaded instructions or data, and may store various types of data in the non-volatile
memory.

The configuration of the communication module 1920 may be the same as or
similar to that of the communication interface 170 of FIG. 14. The communication
module 1920 may include, for example, a cellular module 1921, a WiFi module 1923, a
BT module 1925, a GNSS module 1927 (for example, a GPS module, a Glonass module,
a Beidou module, or a Galileo module), an NFC module 1928, and an RF module 1929.

The cellular module 1921 may provide, for example, a voice call, a video call, a
text message service, or an Internet service through a communication network.
According to an embodiment of the present disclosure, the cellular module 1921 may
identify and authenticate the electronic device 1901 in a communication network using
the subscriber identification module card (SIM card) 1924. The cellular module 1921
may perform at least some of the functions that the processor 1910 can provide. The
cellular module 1921 may include a CP.

The WiFi module 1923, the BT module 1925, the GNSS module 1927, and the
NFC module 1928 may each include, for example, a processor for processing data
transmitted and received through the corresponding module. According to an
embodiment of the present disclosure, at least some (for example, two or more) of the
cellular module 1921, the WiF1 module 1923, the BT module 1925, the GNSS module
1927, and the NFC module 1928 may be included in one integrated circuit (IC) or IC
package.

The RF module 1929 may transmit and receive, for example, a communication

signal (for example, an RF signal). The RF module 1929 may include, for example, a
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transceiver, a power amplifier module (PAM), a frequency filter, a low noise amplifier
(LNA), or an antenna. At least one of the cellular module 1921, the WiFi module 1923,
the BT module 1925, the GNSS module 1927, and the NFC module 1928 may transmit
and receive an RF signal through a separate RF module.

The subscriber identification module card 1924 may include, for example, an
embedded SIM, and may include unique identification information (for example, an
integrated circuit card identifier (ICCID)) or subscriber information (for example, an
international mobile subscriber identity (IMSI)).

The memory 1930 (for example, the memory 130 in FIG. 14) may include, for
example, an internal memory 1932 or an external memory 1934. The internal memory
1932 may include, for example, at least one of a volatile memory (for example, a
dynamic random access memory (DRAM), a static RAM (SRAM), or a synchronous
DRAM (SDRAM)) and a non-volatile memory (for example, a one-time programmable
read only memory (OTPROM), a programmable ROM (PROM), an erasable and
programmable ROM (EPROM), an electrically erasable PROM (EEPROM), a mask
ROM, a flash ROM, a flash memory (for example, a NAND flash memory or a NOR
flash memory), a hard disc drive, or a solid state drive (SSD)).

The external memory 1934 may further include a flash drive, which may be, for
example, a compact flash (CF) drive, a secure digital (SD) memory card, a micro SD
(Micro-SD) memory card, a a mini SD (Mini-SD) memory card, an extreme digital (xD)
memory card, a multi-media card (MMC), or a memory stick. The external memory
1934 may be functionally and/or physically connected to the electronic device 1901
through various interfaces.

For example, the sensor module 1940 may measure a physical quantity, or may
sense an operating state of the electronic device 1901, to convert the measured or sensed
information into an electrical signal. The sensor module 1940 may include, for example,
at least one of a gesture sensor 1940A, a gyro sensor 1940B, an atmospheric pressure
sensor 1940C, a magnetic sensor 1940D, an acceleration sensor 1940E, a grip sensor

1940F, a proximity sensor 1940G, a color sensor 1940H (for example, a red, green, blue
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(RGB) sensor), a biometric sensor 1940I, a temperature/humidity sensor 1940J, an
illuminance sensor 1940K, and a ultraviolet (UV) light sensor 1940M. Additionally or
alternatively, the sensor module 1940 may include, for example, an electronic nose (E-
nose) sensor, an electromyography (EMGQG) sensor, an electroencephalogram (EEG) sensor,
an electrocardiogram (ECG) sensor, an infrared (IR) sensor, an iris sensor, and/or a
fingerprint sensor. The sensor module 1940 may further include a control circuit for
controlling one or more sensors included therein. In an embodiment of the present
disclosure, the electronic device 1901 may further include a processor configured to
control the sensor module 1940 as a part of the processor 1910 or separately from the
processor 1910 to control the sensor module 1940 while the processor 1910 is in a
reduced power or sleep state.

The input device 1950 may include, for example, a touch panel 1952, a (digital)
pen sensor 1954, a key 1956, or an ultrasonic input device 1958. The touch panel 1952
may use, for example, at least one of a capacitive type panel, a resistive type panel, an
infrared type panel, and an ultrasonic type panel. Furthermore, the touch panel 1952
may further include a control circuit. The touch panel 1952 may further include a tactile
layer to provide a tactile reaction to a user.

The (digital) pen sensor 1954 may include, for example, a recognition sheet that is
a part of, or separate from, the touch panel. The key 1956 may include, for example, a
physical button, an optical key, or a keypad. The ultrasonic input device 1958 may
sense ultrasonic waves generated by an input tool through a microphone 1988 and may
identify data corresponding to the sensed ultrasonic waves.

The display 1960 (for example, the display 160 in FIG. 14) may include a panel
1962, a hologram device 1964, or a projector 1966. The panel 1962 may have a
configuration that is the same as, or similar to, that of the display 160 illustrated in FIG. 1.
The panel 1962 in FIG. 15 may be implemented to be, for example, flexible, transparent,
or wearable. The panel 1962, together with the touch panel 1952, may be implemented
to be one module. The hologram device 1964 may show a three-dimensional image in

the air by using an interference of light. The projector 1966 may project light onto a
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screen to display an image. The screen may be located, for example, inside or outside
of the electronic device 1901. According to an embodiment of the present disclosure,
the display 1960 may further include a control circuit for controlling the panel 1962, the
hologram device 1964, and the projector 1966.

The interface 1970 may include, for example, an HDMI 1972, a USB 1974, an
optical interface 1976, or a D-subminiature (D-sub) connector 1978. The interface 1970
may be included, for example, in the communication interface 170 illustrated in FIG. 3.
Additionally or alternatively, the interface 1970 in FIG. 15 may include, for example, a
mobile high-definition link (MHL) interface, an SD card/ MMC interface, or an Infrared
Data Association (IrDA) standard interface.

For example, the audio module 1980 may convert a sound into an electrical signal,
and vice versa. At least some elements of the audio module 1980 may be included, for
example, in the input/output interface 145 illustrated in FIG. 1. The audio module 1980
in FIG. 15 may process sound information that is input or output, for example, through a
speaker 1982, a receiver 1984, an earphone 1986, or the microphone 1988.

The camera module 1991 is a device that can photograph a still image and a
dynamic image. According to an embodiment of the present disclosure, the camera
module 1991 may include one or more image sensors (for example, a front sensor or a
rear sensor), a lens, an image sensor processor (ISP), or a flash (for example, an LED or a
xenon lamp).

The power management module 1995 may manage, for example, power of the
electronic device 1901. According to an embodiment of the present disclosure, the
power management module 1995 may include a power management IC (PMIC), a
charger IC, or a battery gauge. The PMIC may use a wired and/or wireless charging
method. Examples of the wireless charging method may include a magnetic resonance
method, a magnetic induction method, and an electromagnetic wave method. An
additional circuit (for example, a coil loop, a resonance circuit, or a rectifier) for wireless
charging may be further included. The battery gauge may measure, for example, a

residual amount of the battery 1996 and a voltage, current, or temperature while charging.
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The battery 1996 may include, for example, a rechargeable battery and/or a solar battery.

The indicator 1997 may indicate a particular state (for example, a booting state, a
message state, or a charging state) of the electronic device 1901 or a part thereof (for
example, the processor 1910). The motor 1998 may convert an electrical signal into a
mechanical vibration and may generate a vibration or a haptic effect. The electronic
device 1901 may include a processing unit (for example, a GPU) for supporting mobile
TV. The processing unit for supporting mobile TV may process media data according to
a standard, such as digital multimedia broadcasting (DMB), digital video broadcasting
(DVB), or MediaFlo™,

Each of the above-described component elements of hardware according to the
present disclosure may be configured with one or more components, and the names of the
corresponding component elements may vary based on the type of electronic device.
The electronic device according to various embodiments of the present disclosure may
include at least one of the aforementioned elements. Some elements may be omitted or
other additional elements may be further included in the electronic device. In addition,
some of the hardware components according to various embodiments may be combined
into one entity, which may perform functions identical to those of the relevant
components before the combination.

While the present disclosure has been shown and described with reference to
certain embodiments thereof, it will be apparent to those skilled in the art that the camera
lens module according to the present disclosure is not limited to these embodiments, and
various changes in form and details may be made therein without departing from the

scope of the present disclosure as defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An electronic device, comprising:

a housing;

a printed circuit board (PCB) disposed in the housing, wherein the PCB comprises
a plurality of layers that comprise one or more conductive layers and one or more
insulation layers;

a first electrical component formed to be at least a part of the housing or disposed
in the housing;

a second electrical component disposed above or near the PCB in the housing,
wherein the second electrical component is separated from the first electrical component;
and

at least one electrical path extending from the first electrical component to the
second electrical component, wherein at least a portion of the electrical path runs on or
inside the PCB,

wherein the PCB comprises a region including a pattern of conductive vias,

wherein each of the conductive vias extends through at least a part of the plurality
of layers to contact at least one of the one or more conductive layers, and

wherein the electrical path runs through the region without making contact with

the conductive vias.

2. The electronic device of claim 1, wherein the first electrical component
comprises an antenna radiator, and the second electrical component comprises a

communication circuit.

3. The electronic device of claim 1, wherein the antenna radiator forms at
least a part of the housing.
4, The electronic device of claim 1, wherein the pattern of the conductive
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vias is aligned in one or more rows or columns along the electrical path when viewed

from above the region of the PCB.

5. The electronic device of claim 1, wherein the PCB comprises a flexible
PCB (FPCB) as at least a part thereof, and the FPCB transmits a signal through the
electrical path.

6. The electronic device of claim 1, wherein the PCB comprises:

a first PCB; and

a second PCB connected to the first PCB through a connector, wherein the second
PCB comprises at least one flexible PCB (FPCB) and at least one rigid PCB,

wherein the electrical path transmits a high-frequency signal through the connector

and passes over or through the second PCB.

7. The electronic device of claim 6, further comprising:
a ground line disposed around the electrical path so as to be adjacent thereto,
wherein the ground line is connected to the one or more conductive layers through

the conductive vias in the at least one rigid PCB.

8. The electronic device of claim 6, wherein the second PCB comprises:

a first FPCB connected to the first PCB through a communication circuit;

a second PCB disposed to face the first FPCB with a separation distance
therebetween; and

a first rigid PCB disposed between the first and second FPCBs and comprising the

pattern of the conductive vias.

9. The electronic device of claim 8, further comprising:
a second rigid PCB connected to the second FPCB, wherein a part of an antenna

radiator that forms at least one portion of the housing is disposed on the second rigid PCB.

48



10

15

20

25

678-5477 CON (P23235-USI-CON)

10. The electronic device of claim 7, wherein at least one of the plurality of
layers forms a ground pattern in the ground line of the second PCB, wherein an entire

line of the ground pattern includes a ground.

11. The electronic device of claim 10, wherein the conductive vias of the
first rigid PCB comprise:

a first conductive via passing through all of the plurality of layers and a second
conductive via passing through some of the plurality of layers,

wherein the first conductive via connects the ground pattern disposed on all or

some of the layers and the ground line.

12. The electronic device of claim 10, wherein a plurality of ground lines are
formed on the rigid PCB so as to be spaced apart from the electrical path, wherein the

ground lines having different widths.

13. The electronic device of claim 10, wherein the conductive vias formed
along a width of the ground line comprise a third conductive via having a first hole size

and a fourth via having a second hole size that differs from the first hole size.

14. The electronic device of claim 6, wherein the connector is disposed on
one side of the first or second PCB, and the electrical path passing over or through the
second PCB is connected to the first PCB.

15. The electronic device of claim 14, wherein the connector comprises: a

first connector disposed on one end of a first of the at least one FPCB of the second PCB;

and a second connector disposed on one end of the second FPCB of the second PCB.
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16. The electronic device of claim 6, wherein the electronic device
comprises a plurality of electrical paths and a plurality of antenna radiators,

wherein the electrical paths are connected to the antenna radiators corresponding
thereto, respectively, and

a ground line is disposed between the plurality of electrical paths.

17. The electronic device of claim 6, wherein the first PCB comprises at
least a part of the first electrical component and is connected to an antenna radiator, and

wherein the second PCB has the second electrical component disposed thereon.

18. The electronic device of claim 6, wherein the at least one FPCB and the

at least one rigid PCB of the second PCB are integrated with each other.

19. The electronic device of claim 1, wherein the region of the PCB is a rigid
PCB region, and

the electronic device comprises a first FPCB region disposed between the first
electrical component and the region and a second FPCB region disposed between the

second electrical component and the region.

20. An electronic device, comprising:

a first printed circuit board (PCB);

a second PCB connected to the first PCB through a connector and comprising at
least one flexible PCB (FPCB) and at least one rigid PCB that are integrated with each
other, wherein the at least one FPCB and the at least one rigid PCB each include a
plurality of layers;

an electrical path that transmits a high-frequency signal through the connector and
passes over or through the second PCB; and

at least one conductive via disposed in the at least one rigid PCB to connect

grounds between the plurality of layers.
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ABSTRACT

Disclosed is an electronic device including a housing, a printed circuit board
(PCB) in the housing, wherein the PCB includes a plurality of layers with one or more
conductive and insulation layers, a first electrical component formed as at least a part of
or in the housing, a second electrical component above or near the PCB in the housing,
wherein the first and second electrical components are separated, and at least one
electrical path extending from the first electrical component to the second electrical
component, wherein at least a portion of the electrical path runs on or inside the PCB,
wherein the PCB includes a region including a pattern of conductive vias, wherein each
of the vias extends through at least part of the plurality of layers to contact at least one of
the one or more conductive layers, and wherein the electrical path runs through the region

without contacting the vias.
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DECLARATION (37 CFR1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titleof JELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

{nvention

As the below named inventor, | hereby declare that;

This declaration "
is directed fo: The attached application, or

[[] united States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| befieve that | am the origi

"n%i ,

by fine or imprisonment of not more than

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents flled in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO

to support a petition or an application. if this type of personal information is Included in documents submitied to the USPTO,
petitioners/applicants should consider redacting gtic nalghigimatiordffomidhe documents before submitting them to the
USPTO. Pelitioner/applicant is advised that th i) vallable to the public after publication of the
application (unless a non-publication request in compfiance wi CFR 1.213(s) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also ba available to the public if the application is
referenced in a published application or an issued patent (ses 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Yeon-Sang YUN Date (Optional) : Mﬁ{\; /i 0\0/7 iy
. - (Client Ref.: P23235-US (GM-201507-095-1-US0))
Signature: j égh Sﬂbuﬂ YL”\‘

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entity, must accompany this form.
Use an additional PTO/SB/AIAG1 form for each additional inventor.

This coflection of information is required by 35 U.8.C. 115 and 37 CFR 1.63, Tha information Is required 1o abtain or retain a banefit by the public which is to file (and
by the USPTO to process) an application. Confidentialily is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimaled o take 1 minute to
complate, including gathering, preparing, and submitting the compilated applicetion form to the USPTO, Time will vary depending upon the individuef case. Any
coimments on the amount of ime you require to comiplete this form and/or suggestions for reducing this burdan, should be sent to the Chisf Information Officer, U.S.
Patent and Tredamerk Office, U.S. Departmant of Commercs, P.0. Box 1450, Alexandrdia, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TO

: ‘THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
’ i you need assistance in completing the form, call 1-800-PTO-9189 and selec! option 2.

} BRI 26287141, 20170517 1350




PTO/AIAN1 (08-12)
Apptroved for use through 01/31/2014. OMB 0851-0032
U.S. Patant and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no p are ired to respond to a collection of inf ion unless it displays a valid OMB contro! number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tileof |ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

Invention

As the below named inventor, | hereby declare that;

This declaration : "
is directed to: The attached application, or

D United States application or PCT intemational application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the orig]

| hereby acknowledge thé -
by fine or imprisonment of

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account humbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO

to support a petition or an application. if this type of personal information is included in dacuments submited to the USPTO,
petitioners/applicants should consider redacting giptyferssin iiomdhe documents before submitting them to the
USPTO. Petitionerfapplicant is advised that th %’ allable to the public after publication of the
application (unless a non-publication request in cdmpfiance wi 13(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be avallable to the public If the application is
referenced in a published application or an lssued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and thersfore ara not publicly available.

" LEGAL NAME OF INVENTOR

Inventor; Tae-WOOK HAM Date (ODﬂona]) : K/ Ar / 0. v /7

Signature: __la@ —#v oo (< //,#/ {Client Ref.: P23235-US (GM-201507-095-1-US0))

Note: An application data sheet (PTO/AIA/4 or equivalant), including naming the entire inventive entity, must accompany this form.
Use an addillonal PTO/SB/AIAO1 form for each additional inventor.

This collection of inf; ion is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is raquired to obtain or relain a benefil by the public which is {o file {and
by the USPTO 1o process) an application. Conlidentiallty Is governad by 35U.8.C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated fo take 1 minute to
complete, § ing gathering, preparing, and submitting the completed application form to the USPTO, Time will very depending upan the individual case, Any
commants on {he amount of ¥me you require to complate this form and/er suggestions for rad g this burden, should be sant to the Chisf Information Ofiicer, U.S.
Patent and Trademark Office, LI.8. Dspartment of Commerce, P.O. Box 1450, Alaxandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Afexandria, VA 22313-1450,

If you need essistance In comploting the form, call 1-800-PTO-9199 and select option 2.

/WHR IDE(9)e25257 141 20170517 135021




PTO/AIAIDY (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Palent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Acl of 1885, no p are required o 110 a collectlon of information urdess it dispiays a valid OMB control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Tileof |ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

fnvention

As the below named inventor, { hereby declars that:

This declaration i
is directed lo: The attached application, or

L__I United States application or PCT intemational application number

filed on

The above-identified application was made or authorized to be made by me. 3

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may

contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{(other than a check or credit card autharization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support & petition or an application. If this type of personal information is included in documents submitted to the USPTO,

petitioners/applicants should consider radacting ghe documents before submitting them (o the
vailable to the public after publication of the

USPTO. Petitionerfapplicant is advised that th %%%;ﬁ :
application {unless a non-publication request in compliance Cc 13(a) is made in the application) or Issuance of a
patent. Furthermore, the record from an ahandoned application may also be available-to the public if the application Is

referenced in a published application or an Issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR
inventer lE-Se0ng KIWAK ‘ Date (Optonat) | { d (7. >of9
signature; ez — Semy Yosoly (Cllent Ret.; P23235-US (GM-201507-085-1-US0))

Note: An application data sheet (PTO/AIA/14 or squivalent), including naming the entire inventive entity, must accompany this form,
Use an additional PTO/SB/AIA01 form for each additional inventor.

This colisction of inf tion is required by 35 U.S.C. 115 and 37 CFR 1.63. The Information is required to obtain or relain a benefit by the public which Is o file (and
by the USPTO to p ) an application. Confidentiality is govemad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated lo take 1 minute to
complete, including gathedng, praparing, and submitting the compieted application form 1o the USPTO. Time will vary d ponding upon the individual ¢ase, Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S.
Patent end Trademark Office, U.9. Depariment of Commerca, P.O, Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1450, Alexandria, VA 22313.1450,

if you nesd assistance in completing the farm, calf 1-800-PTO-8199 and selact option 2.

BUSt1)+25257 141 20170517134943




PTO/AIA/O1 (06-12)

Approved for use through 01/31/2014. OMB 0851-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1885, no p are required to respond 10 a collection of infc unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titeof | ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

Invention

As the below named inventor, | hereby declare that;

This declaration
is dirocted to: The attached application, or

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me,

| befieve that | am the original ir

I hereby acknowledge thétsanywillflifat el iniifsfh
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avold submitting peisonal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personat information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting stich/emssn 'matlon mghe documents before submitting them to the
USPTO, Petitioner/applicant is advised that the} o% %@;&%ﬁgﬁfﬂanabb to the public after publication of the
application (unless a non-publication request in compliance wi C .213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also ba available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

inventor: BYoung-Hl SON Date {Optionat) : F 40‘7 . / ,) <0 /7

/7
Signature: E v a - Iz Sn N (Client Ref.: P23235-US (GM-201507-085-1-US0))

14

Note: An application data sheet (PTO/AIA/14 or equivalent), including naming the entire inventive entily, must accompany this form.
Usa an additional PTO/SB/AIAO1 form for each additional inventor,

This collection of information Is required by 35 U.S.C. 116 and 37 CFR 1.63. Tha Information is required lo oblain of retain a benefil by the public which is to fils (and
by the USPTO io process) an apptcation. Confidentiality is governad by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated lo take 1 minuto to
plete, including gathering, preparing, and submitting the complelad application form to the USPTO, Time will vary depending upon the individua! case. Any
comments on the amount of time you require fo complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Palent and Tradamark Office, U.S, Department of Commerca, £.0. Box 1450, Alaxandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissloner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
IF you need assistance in completing the form, calt 1-800-PTO-9199 and selaci opfion 2.

HAWHR 1D B(P 6)125257141 20170517188848




PTOMIANDS 10812
Approved foruse tirough 013172014, GMB BEST-H032
2% Patent and Trademars Dffics; U.§. DEFARTMENT OF COMMERCE

Under $ha Pepareark Reduction Act af 1508, nu persons s reauited 1 wspond o a callection of infarmaton sintess i displays avalid OM8B avato number,
DECLARATION {37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHERY {37 CFR 1.78)

ey

 Taleor | ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

fnvention

As the balow aamad inventor, | hereby dectare that:

This tleciaration 77 S
i diranted lo’ [{j The attachad apphication, of

U Usiterd States application or PCT international appiication numbsr

filed.on ,

The sbove-identiied application was made or suthorizesd 10 be made by me.

P believe that { ara the ong)

| hareby ackoowledge ¢ 7
by fing-of imprisonment of niof more

WARNING:

Palitioneriapplicant iz cautionad {n avold submiting personal information in dosuments Bed I & patent application that may

coptribute o identity thefl, Personal Infosmation such as social secutity numbers, bank assaunt numbers, or cradit card numbers

{other than & check or nredit sard authotization farm FTO-2038 submitted for payment purpnsesy is nievar required by the USPTO

to supiport & petition or an applicetion. if thig type of personal information s included in documents submittad fo the  USETD,

idnfermationfomithe documents befure submmiiiing them ta the
B0 i}

petitioners/appioants should consider radacting Ehiposgnal;
B3PTO. Patiifonsrrapplicant i3 advised that th ardrol® pisnd Applical available to the putlic alter publication of the
application {unless 3 non<publivation ragquest in comgliande with 37 OFR 12138 is made in the apglication} or issuance of 2
patsnt. Furthermore, the record from an abandaned application may also be svailable 1o the public if the application is
referenced in a published application or an issusd patent (ses 37 CFR 1.14), Checks and cradit card authorization forms
BTG-2058 submitted fior payment purposes are ol retalniad in the application fle ang therafore are not sublicty-availabla,

LEGAL NAME OF INVENTOR

\; A %
nventor: ‘mmg Chul PARK Tiate {Optionat) M"y {;} N ?")I) O
Signature: wr;;fg;’ﬁ“m““ {Client Ref.: P2I235-US {GM-201507-085-1-US0Y

Note: An spplication dals sheat (PTG/AIAN A ar sauivalent), includig naming the entire invantive entity, must azcompany this fopm.
Lise an adiditonet PYQ/SBIAALT form for pach additionat inventor.

Thin oobaction of informalien is rageired By 26 U,5.0. 143 ang 37 GFR. 183, Tha IRIOHAtion 1§ ronuirer 1 G0LEN of fotai 8 benatl by the public which s tu fie fand
by he USPTO 1o procses) an spplication. Confidentialiiy s governed by 36US.C. 182 ans 307 GFR 147 and 314, This coliection is eslimated io1ake 1 minuia to
somplets, including gatharing, prepariag, and subiitting the conmplated sppication Jovm o the USPTO: Time witt viry depending upon he indiddisel oass. Any
smmants o the amoun of i ou reguine 1o complats s oy ardiar sujgestions o reducing this Surdan, Stouls ba sant o the Chial Infemation Gifiser, 118,
Paiant and Trademark Office, U.%. Depttment of Gommerse, P.0O, Box 1450, Alsxsidsia. VA 25313-1450, 00 pOT RENG FEES OR COMPLETED FURMS TO

THIS ADDRESS. SEND YO Commissionss for Fatents, 7.0, Box 1456, Sfsxandris, V& 223131450,
# ol nepl pssistanve i complating e form, call $-B00-0TOP10Y and s8IEt optioss 3,

G ZLIAGTING EDIVDETT HEROGR




PTO/AIA/82A (07-12)

Approved for use through 11/30/2014. OMB 0651-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

M

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B or equivalent) to identify the
application to which the Power of Attorney is directed, in accordance with 37 CFR 1.5. If the Power of Attorney by Applicant form
is not accompanied by this transmittal form or an equivalent, the Power of Attorney will not be recognized in the application.

Application Number not yet assigned

Filing Date herewith

First Named Inventor Han-Min CHO et al.

Title ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT
Art Unit not yet assigned

Examiner Name not yet assigned

Attorney Docket Number  |678-5477 CON (P23235-US1-CON)

SIGNATURE of Applicant or Patent Practitioner

Signature /Paul J. Farrell/ Date July 27, 2020
Name Paul J. Farrell (516) 228-3565

Telephone
Registration Number 33 ;494

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications.

D *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PATENT

INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Han-Min CHO et al.
Serial No.: not yet assigned Docket: 678-5477 CON
Filed: herewith Dated: July 27, 2020

For: ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION
CIRCUIT

Commissionar for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Pursuant to Applicants’ duty of disclosure, it is respectfully requested that
the items of information listed in the attached form PT0-1449 be considered by the
Examiner and made of record in the above-identified application.

The listed items were previously cited and submitted in the parent
application, namely, U.S. Patent Appin. No. 15/621,687, filed June 13, 2017. In
accordance with 37 C.F.R. §1.98(d), copies of these items can be obtained in the file of
the above-identified parent application.

The citation of the listed items is not a representation that a search has
been made.

The filing of this Information Disclosure Statement is not an admission that
the information cited herein is, or is considered {0 be, material {o patentability as defined
in37 C.F.R § 1.56(b).

] This Information Disclosure Statement is being filed within three (3)

months of the filing date of a national application other than a
continued prosecution application.

{1 This Information Disclosure Statement is being filed within three (3)

months of the date of entry of the national stage in an international

application.



{1 To the best of Applicant’s knowledge, this Information Disclosure
Statement is being filed before the mailing of a first Office Action on
the merits.

[ This Information Disclosure Statement is being filed before the
mailing of a first Office Action after the filing of a Request for
Continued Examination.

{ ] The $240.00 surcharge will be paid via credit card.

ix] Please charge any additional fees which may become due in

connection with this filing to Deposit Account No. 50-4053.

The claims of the application as now presented are believed to patentably
distinguish over the prior art and to be in condition for allowance. Early and favorable
consideration of the case is respecifully requested.

Raspectiully submitted,
Paul J. Farrell/

Paut J. Farrell
Reg. No. 33,494
Attorney for Applicants

THE FARRELL LAW FIRM, P.C.
290 Broadholiow Road, Suite 210E
Melville, NY 11747

{516) 228-3565



PTC/SB/08a (07-09)

Approved for use through 07/31/2016. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniless it conta_ins a valid OMB control number.

4 _ Complete if Known
Substitute for form 1449/PTO

Application Number not yet assigned

INFORMATION DISCLOSURE T T
STATEMENT BY APPLICANT ATONT Sotyel assgned

(Use as many sheets as necessary) Examiner Name not yet assigned

Attomey Docket Number |878-5477 CON

Sheet |1 | of 2

U. 8. PATENT DOCUMENTS

Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No." MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code? iewn) Figures Appear
1| Y5 2014/0225806 08-2014 LEE et al
2 | Y5 2000/0260859 10-2009 PAi etal.
3 | US- 8,633,394 01-2014 Lai et al.
4 | US 8,143,528 03-2012 Hsu
5 | US 8,022,309 09-2011 Pai et al,
6 | US-7,781,680 (18-2010 Pai st al.
7 | Y5 8,263,873 09-2012 Choi et al.
8 | US-2008/0294155 12-2008 Suzuki et al.
9 | US- 2013/0063914 03-2013 Lin et al.
10 | US- 2011/0094784 04-201 Muro et al.
11| VS 2015/0223323 08-2015 O'Flynn
12 | US-2013/0257659 10-2013 Damnell f al.
13 | Y5 2012/0229346 09-2012 Chen et al.
14 | US 2006/0270472 11-2006 Chen et al.
15 | US- 4 845 311 (7-1989 Schreiber et al.
16 | US- 2015/0234426 08-2015 Bailey
17 | US-2014/0147128 05-2014 Han
us-
Us-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No." Date Applicant of Cited Document Where Relevant Passages
. e . MM-DD-YYYY Or Relevant Figures Appear T
Country Code”™ Number " "Kind Code” (if known)
18 KR 101261983 05-08-2013
19 |KR 20150082059 06-05-2015
20 |EP 2180769 04-28-2010
21 |KR 20140136634 12-01-2014
22 |KR 101305518 08-06-2013
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




Doc Code: TRACKI.REQ

Document Description: TrackOne Request i
PTO/AIA/A24 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e)} (Page 1 of 1)

E‘s;sgri:imea Haﬂ*Miﬁ CHO et aE. Eiilx;r;:‘v'isionai Application Number (if ﬂﬂt ye‘g as&‘sigﬂ@d
e ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(}(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. tunderstand that the application may not contain, or be amended o contain, more than four
independent claims, more than thirly total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

. LYl Original Application {Track One) - Prioritized Examination under § 1.102{e}{1)

.. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a}.
This certification and request is being filed with the utility application via EFS-Web.
QR e
{b) The application is an original nonprovisional plant application filed under 35 U.5.C. 111(a).
This certification and request is being filed with the plant application in paper.

i An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, gr the application data sheet meeting the conditions specified in 37 CFR 1.53{(H(3)(i) is
filed with the application.

. | Request for Continued Examination - Prioritized Examination under § 1.102{e}{2}

. Arequest for continued examination has been filed with, or prior to, this form.

. If the application is a utility application, this certification and request is being filed via EFS-Web.

fii. The application is an original nonprovisional utility application filed under 35 U.8.C. 111(a}, oris
a national stage entry under 35 U.5.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No pricr request for continued examination has been granted pricritized examination status
under 37 CFR 1.102{e){2).

sionaure/ AU J. Farrell/ e duly 27, 2020
?;f::;}‘STypea) paua J Farre” ggjﬁﬁiii Nuﬁber337494

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4{d) for signature requirements and certifications.
Submit muitiple forms if more than one signature is required ™

forms are submitled.

D *Total of




UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
16/939,708 07/27/2020 2833 1720 678-5477 CON 20 2
CONFIRMATION NO. 8134
66547 FILING RECEIPT

Pt Pl I PG 0O

290 Broadhollow Road
Suite 210E
Melville, NY 11747

Date Mailed: 08/06/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Han-Min CHO, Gyeonggi-do, KOREA, REPUBLIC OF;
Chan-Gi PARK, Gyeonggi-do, KOREA, REPUBLIC OF;
Yeon-Sang YUN, Gyeonggi-do, KOREA, REPUBLIC OF;
Tae-Wook HAM, Gyeonggi-do, KOREA, REPUBLIC OF;
Hei-Seong KWAK, Gyeonggi-do, KOREA, REPUBLIC OF;
Byoung-1l SON, Gyeonggi-do, KOREA, REPUBLIC OF;
Sung-Chul PARK, Seoul, KOREA, REPUBLIC OF;
Applicant(s)
Samsung Electronics Co., Ltd., Gyeonggi-do, KOREA, REPUBLIC OF;

Power of Attorney: The patent practitioners associated with Customer Number 66547

Domestic Priority data as claimed by applicant
This application is a CON of 15/621,687 06/13/2017 PAT 10727568

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
REPUBLIC OF KOREA 10-2016-0073355 06/13/2016 No Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/05/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/939,708

Projected Publication Date: 11/12/2020
Non-Publication Request: No

Early Publication Request: No
Title

ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT
Preliminary Class

439
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/939,708
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 660
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 100 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 460 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1720
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.




Electronic Patent Application Fee Transmittal

Application Number:

16939708

Filing Date:

27-Jul-2020

Title of Invention:

ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

First Named Inventor/Applicant Name:

Han-Min CHO

Filer:

Paul J. Farrell/Deanna Marman

Attorney Docket Number:

678-5477 CON

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
CLAIMS IN EXCESS OF 20 1202 5 100 500
INDEPENDENT CLAIMS IN EXCESS OF 3 1201 1 460 460

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:




Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960




Electronic Acknowledgement Receipt

EFS ID: 40202697
Application Number: 16939708
International Application Number:
Confirmation Number: 8134
Title of Invention: ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT
First Named Inventor/Applicant Name: Han-Min CHO
Customer Number: 66547
Filer: Paul J. Farrell/Deanna Marman
Filer Authorized By: Paul J. Farrell
Attorney Docket Number: 678-5477 CON
Receipt Date: 05-AUG-2020
Filing Date: 27-JUL-2020
Time Stamp: 15:30:56
Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $960
RAM confirmation Number E202085F31316640
Deposit Account 504053
Authorized User Deanna Marman

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 {National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)




37 CFR 1.19 (Document supply fees)
37 CFR 1.20 {Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

852871

1 Preliminary Amendment Preliminary_Amendment.pdf no 12

a7f426bb0641cdb9e53589bfb7f8346ccfo9)
96a5

Warnings:

Information:

32085

2 Fee Worksheet (SB06) fee-info.pdf no 2

edc6a785a0b36d4e4c93ff71a26752a3c7ch|
aBac

Warnings:

Information:

Total Files Size (in bytes): 884956

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
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AMENDMENTS TO THE CLAIMS

Please amend the claims as follows:

1-20. (Cancelled)

21. (New) An electronic device comprising:

a first component;

a second component; and

a signal path interface coupled between the first component and the second component,
the signal path interface including a printed circuit board (PCB) having a rigid PCB portion and a
flexible PCB portion,

wherein a first signal line and a second signal line extend through the rigid PCB portion
and the flexible PCB portion for transmitting signals from the first component to the second
components, and a plurality of ground lines extend through the rigid PCB portion and the
flexible PCB portion, and

wherein each of the plurality of ground lines extending through the rigid PCB portion is

connected to one or more conductive layers through conductive vias.

22. (New) The electronic device of claim 21,

wherein the first component comprises a communication module, and the second
component comprises an antenna radiator, and

wherein the first signal line and the second signal line extending through the signal path
interface are configured to transmit high-frequency signals from the communication module to

the antenna radiator.

23. (New) The electronic device of claim 22,
wherein the plurality of ground lines include a first ground line, a second ground line at
least partially spaced apart from the first ground line, and a third ground line located between the

first signal line and the second signal line,
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wherein first signal line is located between the first ground line and the second ground
line, and
wherein the second signal line is located between the first signal line and the second

ground line.

24. (New) The electronic device of claim 22,
wherein the PCB includes an insulating layer on which the first ground line, the second
ground line, the third ground line, the first signal line, and the second signal line are located, and

a ground plate located below the insulating layer.

25. (New) The electronic device of claim 24,

wherein the ground plate is electrically connected with the first ground line through a first
conduction via formed in a first portion of the insulating layer, the second ground line through a
second conduction via formed in a second portion of the insulating layer, and the third ground

line through a third conduction via formed in a third portion of the insulating layer.

26. (New) A portable communication device comprising:

a housing including a first conduction portion forming a first portion of a side surface of
the portable communication device and a second conduction portion forming a second portion of
the side surface, the first conduction portion operating as a first antenna and the second
conduction portion operating as a second antenna;

a wireless communication circuitry; and

a first printed circuit board (PCB) including:

a first PCB portion;

a second PCB portion in contact with the first PCB portion and being more flexible than
the first PCB portion;

a third PCB portion in contact with the second PCB portion and being less
flexible than the second PCB portion;

a fourth PCB portion in contact with the third PCB portion and being more
flexible than the third PCB portion; and
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a plurality of lines located from the first PCB portion to the fourth PCB portion
through the second PCB portion and the third PCB portion, the plurality of lines including a first
ground line, a second ground line at least partially spaced apart from the first ground line, a first
signal line located between the first ground line and the second ground line, and a second signal
line located between the first signal line and the second ground line, the first signal line
electrically connected with the first antenna and the wireless communication circuitry, and the
second signal line electrically connected with the second antenna and the wireless

communication circuitry.

27. (New) The portable communication device of claim 26,

wherein the plurality of lines includes a third ground line located between the first signal
line and the second signal line, and

wherein the first PCB further includes an insulating layer on which the first ground line,
the second ground line, the third ground line, the first signal line, and the second signal line are

located, and a ground plate located below the insulating layer.

28. (New) The portable communication device of claim 27,

wherein the ground plate is electrically connected with the first ground line through a first
conduction via formed in a first portion of the insulating layer, the second ground line through a
second conduction via formed in a second portion of the insulating layer, and the third ground

line through a third conduction via formed in a third portion of the insulating layer.

29. (New) The portable communication device of claim 27,
wherein the first PCB further includes a solder resist ink forming at least a part of an
exterior surface of the first PCB portion or the third PCB portion.

30. (New) The portable communication device of claim 26,

wherein the first PCB further includes a fifth PCB portion in contact with the fourth PCB
portion and being less flexible than the fourth PCB portion,

wherein the first PCB portion further includes a first connector for a connection with the

antenna,
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wherein the fifth PCB portion includes a second connector for a connection with the
wireless communication circuitry, and
wherein a first ending portion of the first signal line and a second ending portion of the

second signal line are in contact with the second connector.

31. (New) The portable communication device of claim 26, further comprising:

a second PCB on which the wireless communication circuitry is located,

wherein the first ground line and the second ground line are electrically connected with a
ground member located in the second PCB, or

wherein the first ground line and the second ground line are electrically connected with a

ground member located in the first PCB portion.

32. (New) A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with the first electronic component
and the second electronic component, the PCB including:

a first rigid PCB portion;

a first flexible PCB portion in contact with the first rigid PCB portion;

a second rigid PCB portion in contact with the first flexible PCB portion; and

a second flexible PCB portion in contact with the second rigid PCB portion,

wherein each of the first rigid PCB portion and the second rigid PCB portion includes:

a first insulating layer including a first material and forming a first exterior surface of
each of the first rigid PCB portion and the second rigid PCB portion;

a first conduction layer located on or above the first insulating layer;

a second insulating layer located on or above the first conduction layer and having a first
thickness;

a second conduction layer located on or above the second insulating layer; and

a third insulating layer including the first material and located on or above the second
conduction layer, the third insulating layer forming a second exterior surface of each of the first

rigid PCB portion and the second rigid PCB portion, and
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wherein each of the first flexible PCB portion and the second flexible PCB portion
includes:

a first insulating layer including a second material different from the first material and
forming a first exterior surface of each of the first flexible PCB portion and the second flexible
PCB portion;

a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of first rigid PCB portion and the first conduction layer
of the second rigid PCB portion;

a second insulating layer located on or above the first conduction layer and having a
second thickness thinner than the first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the first rigid PCB portion and the
second conduction layer of the second rigid PCB portion; and

a third insulating layer including the second material and located on or above the second
conduction layer, the third insulating layer forming a second exterior surface of each of the first

flexible PCB portion and the second flexible PCB portion.

33. (New) The portable communication device of claim 32,
wherein the second insulating layer of the first flexible PCB portion or the second

insulating layer of the second flexible PCB portion includes the second material.

34. (New) The portable communication device of claim 32,

wherein each of the first flexible PCB portion and the second flexible PCB portion
includes a fourth insulating layer located between the second conduction layer and the third
insulating layer, and a third conduction layer located between the third insulating layer and the

fourth insulating layer.

35. (New) The portable communication device of claim 34,

wherein the fourth insulating layer includes the second material.

36. (New) The portable communication device of claim 34,
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wherein the first conduction layer of each of the first flexible PCB portion and the second
flexible PCB portion includes a first ground portion,

wherein the second conduction layer of each of the first flexible PCB portion and the
second flexible PCB portion includes a second ground portion electrically connected with the
first ground portion through a first conduction via, and

wherein the third conduction layer includes a third ground portion electrically connected

with the second ground portion through a second conduction via.

37. (New) The portable communication device of claim 32,
wherein the first material is a solder resist ink and the second material is a polyimide, and
wherein the second insulating layer of the first rigid PCB portion or the second insulating

layer of the second rigid PCB portion includes a third material.

38. (New) The portable communication device of claim 37,

wherein the third material includes a resin or a glass fabric.

39. (New) A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with the first electronic component
and the second electronic component, the PCB including:

a first flexible PCB portion including:

a first insulating layer forming a first exterior surface of the first flexible PCB portion and
including a first material;

a first conduction layer located on or above the first insulating layer;

a second insulating layer located on or above the first conduction layer having a first
thickness;

a second conduction layer located on or above the second insulating layer; and

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the first flexible PCB portion, the third insulating layer including the

first material;
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arigid PCB portion in contact with the first flexible PCB portion, the rigid PCB portion
including:

a first insulating layer forming a first exterior surface of the rigid PCB portion and
including a second material different from the first material;

a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of the first flexible PCB portion;

a second insulating layer located on or above the first conduction layer and having a
second thickness thicker than the first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the first flexible PCB portion; and

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the rigid PCB portion, the third insulating layer including the second
material;

a second flexible PCB portion in contact with the rigid PCB portion, the second flexible
PCB portion including:

a first insulating layer forming a first exterior surface of the second flexible PCB portion
and including the first material;

a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of the rigid PCB portion;

a second insulating layer located on or above the first conduction layer and having the
first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the rigid PCB portion;

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the second flexible PCB portion, the third insulating layer including
the first material; and

a contact pad located on the third insulating layer.

40. (New) The portable communication device of claim 39,
wherein the second insulating layer of the first flexible PCB portion or the second

insulating layer of the second flexible PCB portion includes the second material.
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41. (New) The portable communication device of claim 39,

wherein each of the first flexible PCB portion and the second flexible PCB portion
includes a fourth insulating layer located between the second conduction layer and the third
insulating layer, and a third conduction layer located between the third insulating layer and the

fourth insulating layer.

42. (New) The portable communication device of claim 41,

wherein the fourth insulating layer includes the second material.

43. (New) The portable communication device of claim 41,

wherein the first conduction layer of each of the first flexible PCB portion and the second
flexible PCB portion includes a first ground portion,

wherein the second conduction layer of each of the first flexible PCB portion and the
second flexible PCB portion includes a second ground portion electrically connected with the
first ground portion through a first conduction via, and

wherein the third conduction layer includes a third ground portion electrically connected

with the second ground portion through a second conduction via.

44. (New) The portable communication device of claim 39,
wherein the first material is a solder resist ink and the second material is a polyimide, and

wherein the second insulating layer of the rigid PCB portion includes a third material.

45. (New) The portable communication device of claim 44, wherein the third material

includes a resin or a glass fabric.
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REMARKS

Prior to an examination on the merits, please enter the amendments shown above.

Specifically, please cancel Claims 1-20 without prejudice, and add new Claims 21-45 as

shown. No new matter has been added.

Accordingly, Claims 21-45 are pending in the application, with Claims 21, 26, 32 and 39

being the independent claims.

Should the Examiner believe that a telephone conference or personal interview would
facilitate resolution of any remaining matters, it is requested that the Examiner contact Applicants’

attorney at the number below.

Respectfully Submitted,

/Douglas M. Owens III/

Douglas M. Owens III
Reg. No. 51,314
Attorneys for Applicants

THE FARRELL LAW FIRM, P.C.

290 Broadhollow Rd., Suite 210 E

Melville, New York 11747

(516) 228-3565
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Information Disclosure Statement
2. The information disclosure statements (IDSs) submitted on 07/27/2020 is being

considered by the examiner.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

4. Claim 21-25 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by Han

et al. (US 2014/0147128 A1).

Pertaining to claim 21, Han et al. discloses An electronic device (see fig. 1)
comprising: a first component (30, see fig. 1); a second component (40, see fig. 1); and
a signal path interface (see paragraph [0037]) coupled between the first component (30)
and the second component (40, see fig. 1), the signal path interface (see paragraph
[0037]) including a printed circuit board (PCB) having a rigid PCB portion (20, see fig. 1)

and a flexible PCB portion (10, see fig. 1), wherein a first signal line (12) and a second
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signal line (22, see fig. 1) extend through the rigid PCB (20) portion and the flexible PCB
portion (10) for transmitting signals from the first component to the second components
(40), and a plurality of ground lines (14, 24, see fig. 1) extend through the rigid PCB
portion (20) and the flexible PCB portion (10), and wherein each of the plurality of
ground lines (14, 24) extending through the rigid PCB portion (20) is connected to one

or more conductive layers through conductive vias (70, 80, see fig. 1).

Pertaining to claim 22, Han et al. discloses, wherein the first component (20,
see fig. 1) comprises a communication module (see paragraph [0034]), and the second
component (40, see fig. 1) comprises an antenna radiator (see paragraph [0035]), and
wherein the first signal line (12) and the second signal line (22) extending through the
signal path interface (see paragraph [0037]) are configured to transmit high-frequency
signals (see paragraph [0036]) from the communication module (see paragraph [0034])

to the antenna radiator (see paragraph [0035]).

Pertaining to claim 23, Han et al. discloses, wherein the plurality of ground lines
(14, 24) include a first ground line (14), a second ground line (24) at least partially
spaced apart from the first ground line (14), and a third ground line (16, see fig. 6)
located between the first signal line (12) and the second signal line (22), wherein first
signal line (12) is located between the first ground line (14, see fig. 2) and the second
ground line (24, see fig. 2), and wherein the second signal line (22, see fig. 2) is located

between the first signal line (12, see fig. 2) and the second ground line (24, see fig. 2).
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Pertaining to claim 24, Han et al. discloses, wherein the PCB (10, 20) includes
an insulating layer (see paragraph [0041]) on which the first ground line (14, see fig. 6),
the second ground line (24, see fig. 6), the third ground line (16, see fig. 6), the first
signal line (12), and the second signal line (22) are located, and a ground plate (18, see

fig. 6) located below the insulating layer (11, see fig. 6).

Pertaining to claim 25, Han et al. discloses, wherein the ground plate (18) is
electrically connected with the first ground line (14, see fig. 6) through a first conduction
via (70) formed in a first portion of the insulating layer (11), the second ground line (24)
through a second conduction via (80) formed in a second portion of the insulating layer
(21, see fig. 2), and the third ground line (16) through a third conduction via formed in a

third portion of the insulating layer (19, see fig. 6).

Allowable Subject Matter

5. Claims 26-31, 32-38 and 39-45 are allowed.

6. The following is a statement of reasons for the indication of allowable subject
matter: a third PCB portion in contact with the second PCB portion and being less
flexible than the second PCB portion; a fourth PCB portion in contact with the third PCB
portion and being more flexible than the third PCB portion; and a plurality of lines
located from the first PCB portion to the fourth PCB portion through the second PCB
portion and the third PCB portion, the plurality of lines including a first ground line, a
second ground line at least partially spaced apart from the first ground line, a first signal

line located between the first ground line and the second ground line, and a second
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signal line located between the first signal line and the second ground line, the first
signal line electrically connected with the first antenna and the wireless communication
circuitry, and the second signal line electrically connected with the second antenna and

the wireless communication circuitry.

Conclusion
7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANDARGIE M AYCHILLHUM whose telephone number
is (571)270-1607. The examiner can normally be reached on M-F 9-5.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Jenny L Wagner can be reached on (571) 272-5359. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-

my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
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PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/ANDARGIE M AYCHILLHUM/
Primary Examiner, Art Unit 2848
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To: pto@farrelliplaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 66547

Aug 31, 2020 03:30:36 AM
Dear PAIR Customer:

THE FARRELL LAW FIRM, P.C.
Paul J Farrell

290 Broadhollow Road

Suite 210E

Melville, NY 11747

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 66547 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16939708 CTNF 08/31/2020 678-5477 CON
892 08/31/2020 678-5477 CON
1449 08/31/2020 678-5477 CON

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/939,708 07/27/2020 Han-Min CHO 678-5477 CON
CONFIRMATION NO. 8134
66547 PUBLICATION NOTICE

THE FARRELL LAW FIRM, P.C.

Paul J Farre I
290 Broadhollow Road

Suite 210E

Melville, NY 11747

A0 0AF MR

98122

Title:ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

Publication No.US-2020-0358166-A1
Publication Date:11/12/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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To: pto@farrelliplaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 66547

Nov 13, 2020 03:49:42 AM
Dear PAIR Customer:

THE FARRELL LAW FIRM, P.C.
Paul J Farrell

290 Broadhollow Road

Suite 210E

Melville, NY 11747

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 66547 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16939708 NTC.PUB 11/12/2020 678-5477 CON

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PATENT APPLICATION
Attorney Docket: 678-5477 CON (P23235-US1-CON)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Han-Min CHO et al. Examiner: AYCHILLHUM, Andargie M.
Serial No.: 16/939,708 Art Unit: 2848
Filed: July 27, 2020 Date: November 30, 2020

For: ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT

Mail Stop Amendment
Commissioner for Patents

P.

O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT TRANSMITTAL FORM

Sir:

Transmitted herewith is an amendment in the above-identified application.

[]

[]

Small entity status of this application under 37 C.F.R. §§1.9 and 1.27 has been established by
a verified statement previously submitted.

A verified statement to establish small entity under 37 C.F.R. §§1.9 and 1.27 is enclosed.

[x] No additional fee is required.

For Claims Remaining Highest No. Present Rate Addit. Rate Addit.
After Amendment Previously Extra (Small Fee Fee
Paid For Entity)

TOTAL CLAIMS® 20 25 0 x50 = $0 x100 = $0

INDEPENDENT 3 4 0 X240 = $0 X480 = $0
CLAIMS

[]First 410 820 $0

Presentation of
Multiple Dep.
Claim

* If the entry in Col. 1 is less than entry in Col. 2, write "0" in Col. 3.
** If the "Highest No. Previously Paid for" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest No. Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The Highest No. Previously Paid For" (Total or indep.) is the highest number found in the appropriate box in Col. 1 of a prior amendment
or the number of claims originally filed.



[1 Please charge Deposit Account No. 50-4053 in the amount of $ . Two (2) copies of this
sheet are enclosed.

[1 A checkinthe amount of $ is enclosed.

[X] Please charge any deficiency as well as any other fee(s) which may become due under 37 C.F.R.
§81.16 and/or 1.17 at any time during the pendency of this application, or credit any overpayment
of such fee(s) to Deposit Account No. 50-4053. Also, in the event any extensions of time for
responding are required for the pending application(s), please treat this paper as a petition to
extend the time as required and charge Deposit Account No. 50-4053 therefor.

Respectfully submitted,

/Paul J. Farrell/

Paul J. Farrell
Reg No. 33,494
Attorney for Applicant(s)

THE FARRELL LAW FIRM, PC
290 Broadhollow Road, Suite 210 E
Melville, New York 11747

(516) 228-3565



Patent Application
Attorney Docket No.: 678-5477 CON (P23235-US1-CON)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

INVENTORS(s): Han-Min CHO et al. EXAMINER: AYCHILLHUM, Andargie M.

SERIAL NO.: 16/939,708 ART UNIT: 2848

FILED: July 27, 2020 DATE: November 30, 2020

FOR: ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY
TRANSMISSION CIRCUIT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

In response to the Office Action of the United States Patent and Trademark Office dated

August 31, 2020, please consider the following amendments and remarks.
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AMENDMENTS TO THE CLAIMS

Please amend the claims as follows:

1-25. (Cancelled)

26. (Previously Presented) A portable communication device comprising:

a housing including a first conduction portion forming a first portion of a side surface of
the portable communication device and a second conduction portion forming a second portion of
the side surface, the first conduction portion operating as a first antenna and the second
conduction portion operating as a second antenna,

a wireless communication circuitry; and

a first printed circuit board (PCB) including:

a first PCB portion,

a second PCB portion in contact with the first PCB portion and being more flexible than
the first PCB portion;

a third PCB portion in contact with the second PCB portion and being less
flexible than the second PCB portion;

a fourth PCB portion in contact with the third PCB portion and being more
flexible than the third PCB portion; and

a plurality of lines located from the first PCB portion to the fourth PCB portion
through the second PCB portion and the third PCB portion, the plurality of lines including a first
ground line, a second ground line at least partially spaced apart from the first ground line, a first
signal line located between the first ground line and the second ground line, and a second signal
line located between the first signal line and the second ground line, the first signal line
electrically connected with the first antenna and the wireless communication circuitry, and the
second signal line electrically connected with the second antenna and the wireless

communication circuitry.
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27. (Previously Presented) The portable communication device of claim 26,

wherein the plurality of lines includes a third ground line located between the first signal
line and the second signal line, and

wherein the first PCB further includes an insulating layer on which the first ground line,
the second ground line, the third ground line, the first signal line, and the second signal line are

located, and a ground plate located below the insulating layer.

28. (Previously Presented) The portable communication device of claim 27,

wherein the ground plate is electrically connected with the first ground line through a first
conduction via formed in a first portion of the insulating layer, the second ground line through a
second conduction via formed in a second portion of the insulating layer, and the third ground

line through a third conduction via formed in a third portion of the insulating layer.

29. (Previously Presented) The portable communication device of claim 27,
wherein the first PCB further includes a solder resist ink forming at least a part of an

exterior surface of the first PCB portion or the third PCB portion.

30. (Previously Presented) The portable communication device of claim 26,

wherein the first PCB further includes a fifth PCB portion in contact with the fourth PCB
portion and being less flexible than the fourth PCB portion,

wherein the first PCB portion further includes a first connector for a connection with the
antenna,

wherein the fifth PCB portion includes a second connector for a connection with the
wireless communication circuitry, and

wherein a first ending portion of the first signal line and a second ending portion of the

second signal line are in contact with the second connector.

31. (Previously Presented) The portable communication device of claim 26, further
comprising:

a second PCB on which the wireless communication circuitry is located,
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wherein the first ground line and the second ground line are electrically connected with a
ground member located in the second PCB, or
wherein the first ground line and the second ground line are electrically connected with a

ground member located in the first PCB portion.

32. (Previously Presented) A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with the first electronic component
and the second electronic component, the PCB including:

a first rigid PCB portion;

a first flexible PCB portion in contact with the first rigid PCB portion;

a second rigid PCB portion in contact with the first flexible PCB portion; and

a second flexible PCB portion in contact with the second rigid PCB portion,

wherein each of the first rigid PCB portion and the second rigid PCB portion includes:

a first insulating layer including a first material and forming a first exterior surface of
each of the first rigid PCB portion and the second rigid PCB portion;

a first conduction layer located on or above the first insulating layer;

a second insulating layer located on or above the first conduction layer and having a first
thickness;

a second conduction layer located on or above the second insulating layer; and

a third insulating layer including the first material and located on or above the second
conduction layer, the third insulating layer forming a second exterior surface of each of the first
rigid PCB portion and the second rigid PCB portion, and

wherein each of the first flexible PCB portion and the second flexible PCB portion
includes:

a first insulating layer including a second material different from the first material and
forming a first exterior surface of each of the first flexible PCB portion and the second flexible

PCB portion;
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a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of first rigid PCB portion and the first conduction layer
of the second rigid PCB portion,;

a second insulating layer located on or above the first conduction layer and having a
second thickness thinner than the first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the first rigid PCB portion and the
second conduction layer of the second rigid PCB portion; and

a third insulating layer including the second material and located on or above the second
conduction layer, the third insulating layer forming a second exterior surface of each of the first

flexible PCB portion and the second flexible PCB portion.

33. (Previously Presented) The portable communication device of claim 32,
wherein the second insulating layer of the first flexible PCB portion or the second

insulating layer of the second flexible PCB portion includes the second material.

34. (Previously Presented) The portable communication device of claim 32,

wherein each of the first flexible PCB portion and the second flexible PCB portion
includes a fourth insulating layer located between the second conduction layer and the third
insulating layer, and a third conduction layer located between the third insulating layer and the

fourth insulating layer.

35. (Previously Presented) The portable communication device of claim 34,

wherein the fourth insulating layer includes the second material.

36. (Previously Presented) The portable communication device of claim 34,

wherein the first conduction layer of each of the first flexible PCB portion and the second
flexible PCB portion includes a first ground portion,

wherein the second conduction layer of each of the first flexible PCB portion and the
second flexible PCB portion includes a second ground portion electrically connected with the

first ground portion through a first conduction via, and
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wherein the third conduction layer includes a third ground portion electrically connected

with the second ground portion through a second conduction via.

37. (Previously Presented) The portable communication device of claim 32,
wherein the first material is a solder resist ink and the second material is a polyimide, and
wherein the second insulating layer of the first rigid PCB portion or the second insulating

layer of the second rigid PCB portion includes a third material.

38. (Previously Presented) The portable communication device of claim 37,

wherein the third material includes a resin or a glass fabric.

39. (Previously Presented) A portable communication device comprising:

a first electronic component;

a second electronic component; and

a printed circuit board (PCB) electrically connected with the first electronic component
and the second electronic component, the PCB including:

a first flexible PCB portion including:

a first insulating layer forming a first exterior surface of the first flexible PCB portion and
including a first material,

a first conduction layer located on or above the first insulating layer;

a second insulating layer located on or above the first conduction layer having a first
thickness;

a second conduction layer located on or above the second insulating layer; and

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the first flexible PCB portion, the third insulating layer including the
first material;

a rigid PCB portion in contact with the first flexible PCB portion, the rigid PCB portion
including:

a first insulating layer forming a first exterior surface of the rigid PCB portion and

including a second material different from the first material;
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a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of the first flexible PCB portion;

a second insulating layer located on or above the first conduction layer and having a
second thickness thicker than the first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the first flexible PCB portion; and

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the rigid PCB portion, the third insulating layer including the second
material;

a second flexible PCB portion in contact with the rigid PCB portion, the second flexible
PCB portion including:

a first insulating layer forming a first exterior surface of the second flexible PCB portion
and including the first material,

a first conduction layer located on or above the first insulating layer and being electrically
connected with the first conduction layer of the rigid PCB portion;

a second insulating layer located on or above the first conduction layer and having the
first thickness;

a second conduction layer located on or above the second insulating layer and being
electrically connected with the second conduction layer of the rigid PCB portion;

a third insulating layer located on or above the second conduction layer and forming a
second exterior surface of the second flexible PCB portion, the third insulating layer including
the first material; and

a contact pad located on the third insulating layer.

40. (Previously Presented) The portable communication device of claim 39,
wherein the second insulating layer of the first flexible PCB portion or the second

insulating layer of the second flexible PCB portion includes the second material.

41. (Previously Presented) The portable communication device of claim 39,
wherein each of the first flexible PCB portion and the second flexible PCB portion

includes a fourth insulating layer located between the second conduction layer and the third
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insulating layer, and a third conduction layer located between the third insulating layer and the

fourth insulating layer.

42. (Previously Presented) The portable communication device of claim 41,

wherein the fourth insulating layer includes the second material.

43. (Previously Presented) The portable communication device of claim 41,

wherein the first conduction layer of each of the first flexible PCB portion and the second
flexible PCB portion includes a first ground portion,

wherein the second conduction layer of each of the first flexible PCB portion and the
second flexible PCB portion includes a second ground portion electrically connected with the
first ground portion through a first conduction via, and

wherein the third conduction layer includes a third ground portion electrically connected

with the second ground portion through a second conduction via.

44. (Previously Presented) The portable communication device of claim 39,
wherein the first material is a solder resist ink and the second material is a polyimide, and

wherein the second insulating layer of the rigid PCB portion includes a third material.

45. (Previously Presented) The portable communication device of claim 44, wherein the

third material includes a resin or a glass fabric.
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REMARKS

Prior to this Amendment, Claims 21-45 were pending in the application, with Claims 21,
26, 32 and 39 being recited in independent form. It is gratefully acknowledged that the Examiner

found allowable subject matter in Claims 26-45.

In the Office Action:

Claims 21-25 are rejected under 35 U.S.C. § 102(a)(1) as allegedly being anticipated by
U.S. Patent Application Publication No. 2014/0147128 to Han et al. (hereinafter Han).

Please cancel Claims 21-25, without prejudice. No new matter has been added.

Accordingly, Claims 26-45 are will be pending upon entry of this Amendment.

Regarding the §102(a)(1) rejection of Claims 21-25, it is respectfully asserted that this
rejection 1s rendered moot in view of the cancellation of Claims 21-25. Therefore, it is
respectfully submitted that the rejection of Claims 21-25 under 35 U.S.C. §102(a)(1) should be

withdrawn.
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Accordingly, all of the claims pending in the Application, namely, Claims 26-45, are
believed to be in condition for allowance. Should the Examiner believe that a telephone conference
or personal interview would facilitate resolution of any remaining matters, the Examiner may

contact Applicants’ attorney at the number given below.

Respectfully Submitted,

/Paul J. Farrell/

Paul J. Farrell
Reg. No. 33,494
Attorneys for Applicants
THE FARRELL LAW FIRM, P.C.
290 Broadhollow Rd., Suite 210 E
Melville, New York 11747
(516) 228-3565
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Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
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adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration

of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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DETAILED ACTION
Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
Allowable Subject Matter

2. Claims 26-45 are allowed over the prior art of record.

Reasons for Allowance
3. The following is an examiner’s statement of reasons for allowance:

The prior art of record neither teach nor render obvious the instant application
claimed invention as a whole, in particular, the prior art fails to teach “A portable
communication device comprising: the first conduction portion operating as a first
antenna and the second conduction portion operating as a second antenna; a wireless
communication circuitry; and a first printed circuit board (PCB) including: a first PCB
portion; a second PCB portion in contact with the first PCB portion and being more
flexible than the first PCB portion; a third PCB portion in contact with the second PCB
portion and being less flexible than the second PCB portion; a fourth PCB portion in
contact with the third PCB portion and being more flexible than the third PCB portion;
and a plurality of lines located from the first PCB portion to the fourth PCB portion
through the second PCB portion and the third PCB portion, the plurality of lines
including a first ground line, a second ground line at least partially spaced apart from the
first ground line, a first signal line located between the first ground line and the second

ground line, and a second signal line located between the first signal line and the
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second ground line, the first signal line electrically connected with the first antenna and
the wireless communication circuitry, and the second signal line electrically connected
with the second antenna and the wireless communication circuitry.” as recited claim 26,
“A portable communication device comprising: a first electronic component; a second
electronic component; and a printed circuit board (PCB) electrically connected with the
first electronic component and the second electronic component, the PCB including: a
first rigid PCB portion; a first flexible PCB portion in contact with the first rigid PCB
portion; a second rigid PCB portion in contact with the first flexible PCB portion; and a
second flexible PCB portion in contact with the second rigid PCB portion, wherein each
of the first rigid PCB portion and the second rigid PCB portion includes: a first insulating
layer including a first material and forming a first exterior surface of each of the first rigid
PCB portion and the second rigid PCB portion; a first conduction layer located on or
above the first insulating layer; a second insulating layer located on or above the first
conduction layer and having a first thickness; a second conduction layer located on or
above the second insulating layer; and a third insulating layer including the first material
and located on or above the second conduction layer, the third insulating layer forming
a second exterior surface of each of the first rigid PCB portion and the second rigid PCB
portion, and wherein each of the first flexible PCB portion and the second flexible PCB
portion includes: a first insulating layer including a second material different from the
first material and forming a first exterior surface of each of the first flexible PCB portion
and the second flexible PCB portion; a first conduction layer located on or above the
first insulating layer and being electrically connected with the first conduction layer of

first rigid PCB portion and the first conduction layer of the second rigid PCB portion; a
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second insulating layer located on or above the first conduction layer and having a
second thickness thinner than the first thickness; a second conduction layer located on
or above the second insulating layer and being electrically connected with the second
conduction layer of the first rigid PCB portion and the second conduction layer of the
second rigid PCB portion; and a third insulating layer including the second material and
located on or above the second conduction layer, the third insulating layer forming a
second exterior surface of each of the first flexible PCB portion and the second flexible
PCB portion.” as recited claim 32, “A portable communication device comprising: a first
electronic component; a second electronic component; and a printed circuit board
(PCB) electrically connected with the first electronic component and the second
electronic component, the PCB including: a first flexible PCB portion including: a first
insulating layer forming a first exterior surface of the first flexible PCB portion and
including a first material; a first conduction layer located on or above the first insulating
layer; a second insulating layer located on or above the first conduction layer having a
first thickness; a second conduction layer located on or above the second insulating
layer; and a third insulating layer located on or above the second conduction layer and
forming a second exterior surface of the first flexible PCB portion, the third insulating
layer including the first material; a rigid PCB portion in contact with the first flexible PCB
portion, the rigid PCB portion including: a first insulating layer forming a first exterior
surface of the rigid PCB portion and including a second material different from the first
material; a first conduction layer located on or above the first insulating layer and being
electrically connected with the first conduction layer of the first flexible PCB portion; a

second insulating layer located on or above the first conduction layer and having a



Application/Control Number: 16/939,708 Page 5
Art Unit: 2848

second thickness thicker than the first thickness; a second conduction layer located on
or above the second insulating layer and being electrically connected with the second
conduction layer of the first flexible PCB portion; and a third insulating layer located on
or above the second conduction layer and forming a second exterior surface of the rigid
PCB portion, the third insulating layer including the second material; a second flexible
PCB portion in contact with the rigid PCB portion, the second flexible PCB portion
including: a first insulating layer forming a first exterior surface of the second flexible
PCB portion and including the first material; a first conduction layer located on or above
the first insulating layer and being electrically connected with the first conduction layer
of the rigid PCB portion; a second insulating layer located on or above the first
conduction layer and having the first thickness; a second conduction layer located on or
above the second insulating layer and being electrically connected with the second
conduction layer of the rigid PCB portion; a third insulating layer located on or above the
second conduction layer and forming a second exterior surface of the second flexible
PCB portion, the third insulating layer including the first material; and a contact pad
located on the third insulating layer.” as recited claim 39.

Claims 27-31, 33-38 and 40-45 are also allowed as being directly or indirectly

dependent of the allowed base claims 26, 32 and 39.

Conclusion
4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANDARGIE M AYCHILLHUM whose telephone number

is (571)270-1607. The examiner can normally be reached on M-F 9-5.



Application/Control Number: 16/939,708 Page 6
Art Unit: 2848

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Jinhee Lee can be reached on (571) 272-1977. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see https://ppair-
my.uspto.gov/pair/PrivatePair. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).
If you would like assistance from a USPTO Customer Service Representative or access
to the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-

272-1000.

/ANDARGIE M AYCHILLHUM/
Primary Examiner, Art Unit 2848
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-with circuitry : USPAT; 113:01
? "USOCR : :

5116 42 'S115 and (first with printed with circuit | US-PGPUB; OR OFF  2020/08/26
% with board PCB) (USPAT; 113:08
z USOCR : f

S117 42 /5116 and (second with printed with ~  US-PGPUB; OR OFF  2020/08/26
_circuit with board PCB) :USPAT; 113:08 5
: USOCR 2 s

51181 'S116 and (second with printed with ~  US-PGPUB; 'OR OFF  2020/08/26
_circuit with board PCB) with portion ~ :USPAT; 13:11 :
-with contact$3 with (first with printed : USOCR ‘ %
- with circuit with board PCB) with '
. (flexible with first with PCB with
- portion)



51190 "16939,708" _US-PGPUB; OR OFF  2020/08/26
_USPAT; 13115
USOCR | |

5120 0 "16939708" 'US-PGPUB; OR OFF  2020/08/26
(USPAT; 13:15

Ref Hits Search Query  DBs  Default Plurals  Time
C# . Operator . Stamp

L1 20,893 portable with communication with US- OR OFF  2020/12/04
% é - device.clm. .PGPUB; 17:24 :

2 16,644 1and (housing case enclosure) Us- OR OFF  2020/12/04
o | PGPUB; 17:24 |

L3 3,995 1and (housing case enclosure).cm. -US- OR OFF  2020/12/04
PGPUB; 17:24
~ 1and (housing case enclosure) with ~ US-  OR OFF  2020/12/04
- conduction with portion.clm. PGPUB; 117:25 ?

. S85 348,465 : (printed with circuit with board PCB) with : US- .OR %OFF %2020/03/04
- (first with printed with circuit with board :PGPUB; 116:32 ?
- PCB) with (second with printed with ‘USPAT :

: circuit with board PCB).clm. :

S86 462 S85 and second with flexible with printed - US- OR OFF  2020/03/04
- with circuit with board with second with :PGPUB; 16:34 i
: connector.clm. :USPAT : 5

1587 53 1586 and electronic with device.clm. Us- OR 'OFF  2020/03/04
- % PGPUB; 16:34

'S88 70  "62"and (electrical same path same ~ US- OR OFF  2020/03/04
i - transmits same high same frequency) :PGPUB; 116:35 f

1S89 358,869 electronic with device.clm. US- OR OFF  2020/03/04 |
PGPUB; 16:37

1S90 21,175 :"26" and (printed with circuit with board :US- OR :OFF  2020/03/04
- PCB) with (first with printed with circuit :PGPUB; 116:53 %
: with board PCB) with (second with ‘USPAT ?

“ printed with circuit with board PCB).cim.

: 589 and (printed with circuit with board : US- ‘OR OFF  2020/03/04
- PCB) with (first with printed with circuit :PGPUB; 116:54 :
: with board PCB) with (second with :USPAT ?

: printed with circuit with board PCB).cim.




592 1 585 and (electrical with path with Us-  OR OFF  2020/03/04
i - transmits with high with frequency).cim. PGPUB; 116:58 :

12/4/2020 5:26:44 PM
C:\Users\aaychillhum\Documents\EAST\Workspaces\15621687.wsp
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personal computer), “8¥ PC(laptop personal computer), Y& I 3FE (netbook
computer), YA ~E)o]M (workstation), A1¥, PDA(personal digital assistant),
PMP(portable multimedia player), MP3 Zdole], =Exud < =577, ZiH}
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[0027) A" HAAENA, AR FR = 712 A F(home appliance)d T
dtk. AHE AFL, 92 =", @HPA, DVD(igital video disk) Z#olo], &
tle, WA, oo™, HAv], o8, dAAEAA, Aerl, &7 FA7], As 4
Z~(set-top hox), & LEWolAd HAEZE 34 (home automation control panel), H
o AEE g (security control panel), TV 2F2=(d]: 44 HomeSync™, of STV,
= FF TV, Al Z£E&(9: Xbox™, PlayStation™), A=} AFd, A= 7], 325
o] (camcorder ), %= AZ}F AR} F Holw syE £ 4+ 9.

[0028] +& HAAleelA, A= AR =, FF 28771 5 FHE 9

A7, E A7, =E AL AV ).

A

25R77(8% 901, A9
MRA(magnetic resonance angiography), MRI(magnetic resonance imaging),
CT(computed tomography), #Y7|, &= =97 5F), v Ale]MH(navigation)
=, 944 IH A E(GNSS(global navigation satellite system)), EDR(event
data recorder), FDR(flight data recorder), #}&32} <lX el E (infotainment)
A2, AdEg A Al AEE 3 FA], el Fukk T, FE A4
(avionics), H<F 7]7], ZF-& 3= FYl(hcad unit), A4FE EE /1L EX,

& 71 #9] AlM(automatic teller's machine), & 2] POS(point of sales), EEX

AME Q1B Yl ZX (internet of things)(dl: AT, % AlA, A7 &= 712 HH

7], ~EHIFH O FHF, FAARY], 2=FE7(thermostat), 7I=2E, ELH
(toaster), &&717, =59, 3H, E¥d T) F AR 3vE TgE F 9
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[0164] 315 WAR = LB, I/MB =& [I/MB & APsts fd5(21009]
A 1kEl (23 9] 2RY sk, A5 HAR(112)8 5 AR (1IDE F
A HHeR Fdd £ Atk #F5 WAaRU12)s 5 M ARUlDE LB, H/MB
EE HAB B9 e ALsts MR (210)9] Al 29re)th(231)2] AF 4 5 Ut}

[0165] & 25 o] Tk Aol ot
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H, 35 AR E A 1579
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g % gon, A 184 ASE H= MAR10 A 1BAES AIHOE A7

g4 5 slvk. & AAde mad, A 132A] sj=eA Al 1HA AR A 27173

AR uid S FdE

4\
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)

[0167]1 & 2o thgFgt dAojo] uted, 35 WAy sE 249 A

2dde] 5 HMAR DS AE 42 4 ded, A 25 dHe A4 EY

T(PCB) ] Al 25 Rl g FHdE £ dnk. A mEd, &5 WAy

I

(114)%] A 259dAL 71%e] AR AR 2AHs &N oz 7] ¢

of AZ2:A, Exe H7Y A2 BAA: ¢ 29 el o8 Arige=m A4

g % glvt

[0168] & el theek A0 mER, gl A A A=sk 0
2 5 9o, A 234 ASE B3 HARLY A 2F AR AV HeZ A7
2 % Ark. @ AN d2d, A 2Fd WA A 2FALAH A 3471

AEE: wAd 27 g4ddE 5 QT s AR (114)E LB H/AB & H/MB of
Ae AYstE AT (21009 A 2 QFEVH(232)9] X A F Q).

[0169] & o] thdgt HdAlde] wEd, 5 #HAZ(11Ds 2259

o=z e A 2 A Fel HASA, EES] HrF d4d FAE: ¢ &

juut
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[0170]1 & 2" 9] tpked AAjde] w2, 7]l A 2384 H=7F 2=

2 o, A 2384 dEs 95 HMARA1DY A 2P AHS "oz dAFA
2 o Utk & Aaldel mEad, A 232 sj=eolA A 2[AEAA A 447 F
AE(A: wjd D7 FAAE S et

[0171]1 A& =of, wWAFQ2IOY FHFY 54 FA=, HAFe HA A=
= A 2 AMIFERIIFE20) Aol A =2 o4 v HdF 21009 Tol v A B R
(22002 RFEIZE = 1 A Z7]FMain PCBI(310) Aol #ix & 4 A}, =) 1

AdF =714 A 2 A =7GL A4 dAFETRe= A2 2 5 Ao A

L =71 A 2 A3 zr]de dA9dd = o

=
it

[0172] ¥ &g o] T}k Alefle] =, A 2 AMIZ 7] F(320)] EF

i}

il

A 2 AR EZ R4S T2 A A 1 A E 7] (Main PCBI(310) E
oA AR A IO AA 2B . o8 B A 2 BAAIE]IH342)0
ZgdE FEo] e | olAd=E 4 9lvd. 28|32 USB Connector, Speaker F-9F

TE HEHE FAL RFEE A 2 AHIRNWNUL) ol M7} A5 Hch,

(01731 & &we] thekdt AAjdel] e, wglR(210) RF 3] 2o] &4l

’

r
>
foh
rr
)
)

2 1A 27132009 A 1,29dR Addg=® 4 o).
[0174] Tho]lH AIE]F-(220) & A 3SFelH(233)2F = 4<te| v (234)E xgk<d

S k. Al 3ELRI)E 4E WAR(IDNE LR FAY S+ don) A 4k

(23 e HAEF WdR(112) =25 5 WAaART1DHE FE9E 4 2.
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[0175) = SeFelvb(233)= LB, I/MB tie e APstn A4 el (284) =
B e ALd 5= Aok, tho|HAE R (220)9] Fd%9 54 =, FAF<}
HA el A 19432713 Main PCBY(310) “Foll Wiz |2 4 r}h. tholw A
B R (2200014 FARG FHAAEE 25 A7A AE2EEG ZARG FAA=

2 ddste 4719 Az A 19M5 27 Main PCB)(310) Aol WxE &

[0176] g AAldo] w=™, duyzt Az EelE A8 mldF (21
D)ol Al ¢ WMAR(IIDE Al 290E v (232) 2 AME3HE chol A B H-(220) & did)
Wkl #AZS WA (112)E Al 49k b (230 E AR = 9tk E=E, HgE(21
Ol A #FHZ WAL (112)E Al 220EH WH232) 2 AFE-3td tholH A E (2200 & W)

FAQ 5 AR (IIDE A 40EHE23D = AHEE 5 Ut

[0178] = 11 2 o] o3t AA|dge ool A 2 <=7 /& ol &
3t 2% AgE Vel E FAZth, = 119 7] A 203 =7 3(320)02 A

7l g = 1 WA X 72 A 2 AMF =7 T(320,420,520)7 EAIF AL F 2

[0179] = 11& Fastd, A 2 AHFHZ71F(32002 7] I8 A FH=7]

TE30 I A A E7RG40)0] LA oR FAE & Aok A 2 A FH=T]

(3200 Al 1 |- A =27]W(33D, A 294 AMFH=7]19(332), A 1E4
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A 271 (341) 2 A 244 AAF 27 E(342)S TFE + sl

[0180] & ™ o] viefgt AAlde] mew, n59 A58 dgdstes 77
HA(350) 8 RE AE o]9ld e AEE A 2 A2V F(G20)S ol &3 Agd
T}t e AEE, olE B0, Fo)2H(USB) A&, olo] @M (carjack) A E, T

Ol REMIC) A&, 2 H(speaker) A&, B X Z](touch key) T ¥ &

[0181]1 & & o] thekst AAlde mhed, A 244 13 =2713(512) &

o = RF A&¢} AZAFE= oty BE& X (antenna conlac)$} THE AT L0 AZAT

= Fol4r] HEH(USB connector), oo <X (earjack connector), vlo|=mE
EZ HER(MIC connector), 2B H<ER(speaker contactor) T°o] ESFECH. o
2 Eo, RF A&E 2704 A7) 235002 Asse 24z A 1d7] #h2(351) 2

2
[N~}
o
N

] 2(352)9 <= Aok, A 1A@7] M350 L A 2487 AXGD)E A
EAo) FFS FA &7 dal, A 147 M35 L A 247 |2(352) Aol
JFLE FRJAB60)S AT F= Uk, TS, AY] ZFEE TFQIB60)T A 144
I s 277341 0] wAtstE Aol dEAd HoH(305)E WAl thE Fo
gz AZS ¢ Adrt. A 244 JAAINZI|F(3M2) T dZEH= B3I

AP 27HL AR ggd Esd g dor, & Jd=2 HA F](louch key)d]

[0182] B o] v}gst AAdel opEd, A7 A 187 #2(351)% <4

d5 = A 14945 (342(a))= A1 Antenna Contact, A1 USB Connector, Al
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Farjack Connector, A1 MIC Connector , A1 Speaker Contact®d < Sl1L, 7] A
24 7] 2 (352)9F AATE A 248 (342(h))= A2 Antenna Contact, #|2 USB
Connector, A2 Earjack Connector, A2 MIC Conmnector, A2 Speaker Conlacld <=

AT},

[0184] = 12 2 = 13& A 194 [AMF =713 52 Al 184 A3 =75

L gk =do|th, ¥ 12 2 & 139] A7 A 2 ¢l

Uy

3] 27932002 7] T
g AAde] wel, = 1 A = 79 Al 2 A48 27]9H(320,420,520,620,720)F
sl o Sl
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= A7 ~E50) 9 g Aejwgo =z 27] e} sk Al ANT Feeding(B, )7
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5
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Mol HEL S
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El WRE Aurke A7 d7] A2k 47 A1 AdsEslas 158 4

(02031 & @eo] chekg AAldel mew, 7] ARFAE Bael A7
e, el obElvh WALAES Felel, 4] el W7l was 4v] B
o) Qe WAE F 47] Ze] A7) e ggsit @A ddse,
37) Bpel A7) AAE Aol s 47] ke helel MAE F vk,

(02041 £ B39 ThFF DA Wew, 47 A 1 AgH2Awe 7]

A 1A7] FFe Holm dFE EgstH A7) et ARl e ddsa, A7l Al
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[0207] & =g e] vt AAlofo mer, dxpgae] oM, 2 1 AHA

AT, FEFE S A7 A 1 APz dEEH, o= shvhe] dAd

sEolwe] WSl 4] B Jlel 7 A SE ddst: Hoj= shiel A

[0200] = 4= E dryo] ookt AAjdojAe], YEYA FHF(11) e

[0210] = 148 ZH=Z39H, AR FAO0OE HZ=180), TZEZAA(120), H
22 (130), d=2& AEHF2(150), 2T dHol(160), E EA 2AEH o A (170)E

EFE F Ak of® AAAQAAE, A% FAA0E, THLEE F Y= sht

i

AraA Be TALAE FhHoz Fulg & o

[0212] Z 2 A (120)=, F9J A7 A (central processing unit(CPU)), <]

il

] Aol ZTZ A (application processor(AP)), X HAFUAo|A Z = AA
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(communication processor{CP)) & g} = 1 oL F3kad 4= g}, T ZEAA
(1200, & 9. Ax AX10)8] FHolz= shte]l & TAHLAES] Aol H/
HE a0 B9 @il dold AE 44T 5 Aok

[0213] ME= (130 E, iy d/=e g ME=E 23T + St
MZR(130)E, A€ S8, 44 FA0e] Go® #ipe] te

da o A

g2

|

¥ HE e HolHE ARE & drk. 3 AAdd wmEd, wE (180 AZ

Ege] 2/xe T2IF(140)E AFE & AH. Z=2I3H140)E, 8 =9,

Al

d(141), UHEY1(143), ol & Aol =Z=EIH el Aol 2 (application

programming interface(AP1))(145), H /= o Ey Ao Z 2 a3 (E= "olZ7

Al A7) F& 2FE F Aok, AL, HEMN(113), EE= API(1156)°]
Aoz dFR =, 29 Al~E(operating system(0S)) 02 A AHE 4+ Q).

[0214] AE(14D)<, <& =9, & ZE2IHEE(4: T£9(143),
API(145), & o]Zg| Aol T2 H(147))d] FHE T4 == 758 Adss

H AlgEHE AlAE YAAE(d:r BA180), TRAA(120), EE wEZ(130)
)L Ao = A ¢ drk. E=, AE14D)E =E9(143), API(145), =

= AAZACIA Z2aF NN AR AA(10)9] E s HoPges

—

M, AlARE gl AAES Aol B #AEE ¢ ol AdHHACIAE AFE 4 ).
[0215] |l &) (143)E, 9 =, API(145) BEE o ZgFAolH =23
(147)e] AL (1413 FAlste] dolEE Faws F J=E F7) 9T2& T34

% qrt,
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fn

|, uES
ol (143)= o &8 Aold ZR2IRU4AT) T Hol&E Jpre] dap FA(10)2] Al
Bl () B2 (180), ZTEAA(120), EE 2 (130) )& AT F d= ¢

A EHE Fod 5 Uvk d#iY, vEdel(13)s 7] Fol= sirfel] Fojd

A =l mEr A7 shup olde] A 8- ES MERFeEMA, A7) st ol

[0217] APTI(145)=, & EW, A& A1 47)e] AE(141) e P E
Aol (143) oA AFE s 7SS Adstr] Hg dHdHA =2 & W, I3d A

o, & Alol, B¢ Arl, T 3 Aol B& AP HolE shife] Aol &

s
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[0219] YJ=ZHol(160)+=, dE &9, 931 f=ZTHol(liquid crystal
display(LCD)), 23 tFo]l2 =(light-cmitting diode(LED)) tlAZdHo], &7 o3
t}o]l @ = (organic light-emitting diode(OLED)) Tl AZ o], E wlo]lm &2 Ax}7]

A AlZ=El(microclectromechanical  systems(MEMS)) t©]laZ#o], EE  AxRpEo]
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(electronic paper) TlZ=&dolE& F&E8E ¢+ Art. f=&Hol(160)=, d& 49,
ARE A Al g ZRIA(H) gX2E ) oju|2], H|T] e, olo|E, EE HE F)L& ¥

Alg = k. "d2Edel(16m =, BHA 2AYkE ¥IE £ doew, 98 4,

-

A A me AbgAe] AAe AVE ol HA, AnH, 27, B: 5MF g
Yo AT & o

[0220] B4 <QIEH2(170)E, «dE& &9, #Ax FAAA0O} <¢5%

AR el A1 @5 AR FA2), A 2 F AR FA(14), Bo A 16)) 3

A6,

B2 A4F 5 A, 48 B9, £ ARFA|R(IT0E A B E: £

A BAE e MEYIG62)H AdEe] ofF AR (4 A 2 2fF HA FA
(1) == AH16) s B4 5 vt

[0221] %4 &4, dE &9, A&y 2 ZEEZEA, & £F,
LTE(long—-tcrm cvolution), LTE-A(LTE Advance), CDMA(code division multiple
access), WCDMA(widcband CDMA), UMES(universal mobile telccommunications
system), WiBro(Wireless Broadband), XX= GSM(Global System for Mobile
Communications) & & AR 3hE A& 5 Jrh. E3k, T4 F4L2, AdF
=, oA BAeDHS x2FE ¢ Tk, 2AE S0, A8 &9,
WiFi(wireless [idelity), EF5F~(Bluetooth), NFC(near [ield communication),
= (GNSS{global navigation satellite system) S % ZFHo|ZE SE T 4+
ATk GNSS= AR A9 Ee oigF Sol wEr, dE =9, GPS(Global

Positioning System), Glonass{(Global Navigation Satellite System), DBeidou
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Navigation Satellite System(©]|S} "Beidou") I+ Galileo, the European global
satellite-hased navigation system & ZAdXZ st}E 8 4+ 9. o5, &
EAol =, "GPS"= "GNSS'e} =&-5o] A& (interchangeably used)® = r}.

T A2,

ol

£, USB(universal serial bus), HDMI(high definition
multimedia interface), RS-232(recommended standard232), Ei+ POTS(plain old
telephone service) T & Aox = g + v}, JEHI(162)= EA

HE ] A (telecommunications network), doE EW, ZFFEH WEL A (computer

network)(dl: LAN = WAN), <I8|¥l, == &3 "(telephone network) & FHo&=
shthg ZTE 7 .

[0222] A 1 2 A 2 93 A= FH(12, 14) 2232 A= AH(10) Y

@ mE othe FFe 3XY F 9k @ AN mEW, AMA6E

ki
fr

Fob

[¢]

T oolde] AMES] 1E4 ZFF 4 v Fd dAde wed, A% 37
A0elA Agss FRee] A% Eo ARE E s EE 240 A% 3
ol Az FA(12,14), B AHUOAA 28D + Aok @ AAee] wew,
A FAAOA A| Aol HElag AFoE m: el o8] Fysor

2 Ao, A3 FAA0OE 7le e AHEE AAR ez AN Aol =

o

FZ7Hog o9 AEd dolm AdX JES = AX(d: Ax ZFF(12,
M), == AHeneA a3e = doh. o dAx FH (9 A= F 212, 1),
= AWI6))E 8F3Y 7s ke F7F Vies d&™stn, o 435 dAx FA

0z A8 F Ak A4 FA00E F48 ARHE Aoz == Flgom
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(02231 ol3tel X d48d A4 FAAOE 44 dFT Ad=HE 77
(wearable device), =EE, Y&, 2vlE E(Smart Phone), HEZ PC, ZAZHA]
. ootolsje g 4 FA AR F ol SR ol Fold ¢ k. # A ool A
A7 2PLE EO0 8 o|Fojd 4 i),

[0224] £ 2] tdd dAldd we 47 744 53 ZFA= A A

Moz A

pS LY

opx

we g4ase A4 FAE e FAS Do
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[0225]1 Bl&o], AA AAe] vyazdolRfes WA 98 23 st v

Tl P8 EH JI9WA TS nFAPA TEAL, FEAET o mEe
olFE ATHIIG, BERIG 2B TAFATE THHNIIE T,

[0226] 2, 2471 V2Tl e] THR/L Wgslol, HA Qo] FUR
A sl AgsA FAlE 5 Aok, aEdolRe] B goje] WYsel 2w
R FEge] wek B G9e soishe] ASHA, EE ] BEe 5
We Ae® 4 gler, tAddos ngsdes FAT & UA GA%. oA
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AA o] w2 Az FX(1901)2] BE=xolth. AxF

&

[0228] = 15%& U}
A0, 48 W, & 4o ZA1E Ax FA0)Y A e AdRE X
T o+ k. AA AFAFAA0DE sy olde] Z=2AA (4 AP(application
processor))(1910), 4l EE(1920), 74z AE EE(1924), = XE2](1930), Al

A BEA90), 9 FA1950), T3

mlm

o] (1960), 2NEHo]2(1970), LU 2
E(1980), ZhWel EE(1991), A¥ ] EE(1995), WiE ] (1996), <lt]#Ao]E]
(1997), 2 HE(1998)E 233 4 Ar}.

o}
e

1

[0220] T 2414 (1910)=, «4& &9, 9 AA = 235

rr

-

Tt ZRAAMA910)e] AZE mpe] stEde] Ee AZEdo] T aES
AAd o A, ZrE Heold Azl B Aids £AE ¢ Ao ZEAM(1910)=,

o & &9, Sol(system on chip) = T3 =E olth. 3t AAlde] ufEw, ZZ A

ek

A1(1910)= GPU(graphic processing unit) B /B= olH|R A& =2 A A (inage

signal processor)E v 28T = T}, Z2AA(1910)E= % 194 =A% FAHL

AL F HoRE AR Ay EEQZ2I)HE EZJT =2 Aot ZEAA(1910)
tode FHessl: ANNY M) 3 HoE siEiy fu8 3y Ex

HolBlE FAAg wlEeo] Z=(load)dtel Hz|star, e HolHE AT o)
=22 A (store)d F AT},

[0230] B4 RE(1920)2, = 149 =21 Qe Ho|~(170)2F £ EE= &
Abet FAALe 7HA ¢ o Al EEAR20)L, 45 W, 428 2E092D),

Wiki 2EE(1923), BERE~ EE(1925), GNSS EE(1927)(d: GPS E%E, Glonass
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EE, Beidou RE, E Galileo EE), NFC EE(1928) 2 RF(radio frequency)

[0231]1 AEH EE(192D2, 48 €9, 89S B34 &4 B3, 94
T3, 4 AMujz, EE JdEU ¥l & ATE 5 Adv 7 AAle
e, dEs 20922 ZrdA A8 EEo): SN FFE)(1924)2 ol &35
B2 WMEAZ delAd A AR (19012 2 R 52 FAYT ¢ k. 3 A
oflof w2, Aegy EH(1921)2 ZEAA (19107 AFFE & de 715 5 T
E AR 715E FEE 5 oArk. 3 AAde] wEw, 48 EE(192DS ARY
Aol ZZ2 A A (CP: communication processor)S X3<gk 4+ Q).

[0232) WiFi EE(1923), BEF%F -~ RZE(1925), GNSS EE(1927) T=E= NKFC

928) 747He, o1& £Y, AFHE BB B $5A9E dolHE A
#7] A ZRANE TET + Aok ol AAlde] W=d, ded 2EU2D)

WiFi E5(1923), EF52 E&(1925), GNSS EE(1927) =& NFC EE(1928) &

Aol dF-(d: F 7] olA)E= 3Fvhe] integrated chip(lC) B+ IC 7R Wl

d
&)
il

ATF.

ali

dr}. RF EE(1929)L, o =9, E#HMAY (transceiver), PAM(power amp

gl

module), 3 FHE (frequency filter), LNA(low noisc amplificer), X <FeL}
T2 EFE T vk, e HAdd w=d, dgs ZEE1921), WiFi 2E

(1923), EFF 2 BE(1925), GNSS EE(1927) T NFC EE(1928) & Holm= s}
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L MAhe] RF REL Sobe] RF A3E £44% 4 o).

[0231] 7192 A8 EE(1920)2, o2 9, 7= A8 =52 E£35st

= 7= B/EE WA SiM(embedded SIME E S 4 glow, ufig A Hu
(o  [CCIDC(integrated circuit card identificr)) XX 7Fdxt FAH(49:
IMST(international mobile subscriber identity))E X &3 4 glt}.

[0235] Wl = 2](1930) (4 wxe (1300 E, «E E¥, W& ==e(1932)
T o 29D E 2FE 5 vk WA W=2ees2)E, 98 =W, AT
Al w22 (o DRAM(dynamic RAM), SRAM(statlic RAM), = SDRAM(synchronous
dynamic RAM) S, d9]3 LA w2 (non—volatile Memory)(<f: OIPROM(cne time
programmable ROM), PROM(programmable ROM), LPROM(erasable and programmable
ROM), EEPROM(clcctrically crasable and programmable ROM), mask ROM, flash
ROM, E#HAl ME2](4: NAND flash EE NOR flash 5), st =efold, Ee &

ZlE 2EHo|E =ftelB(solid state drive(SSD)) & dolx 3 e £33

2

A

o},

[0236] 2 dH=228](1934)E ZIYA] =FFe]H([lash drive), o= &9,
ClF(compact flash), SD(secure digital), Micro—SD{(micro secure digital), Mini-
SD(mini seccurc digital), xD(cxtreme digital), MMC(multi-media card) s WHE
2] Z2"(memory stick) T © I ok, 9F wEZ(1934)= FT dH
Aol =8 Fabel A4 FA (190D JsHoz

R/EE oz 449 F 9

o},
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[0237) AAX FE(94O)LS, oJE 9, Z5Hs ASsAY A= FH

(1901)2] Z FeleE ZAs, AF =& ZAE AEE Hr] AJsE ddd -

1

Atk AA BEE(910)2, 48 &9, A=A AA19404), FolE AlA (1940B),
Z1ek A (19400), vhdl g A1A (1940D), 745X AlA(19408), =5 414 (1940F),
=7 AAM9106), AH(color) AA(1910H) (9] : RGB(red, green, blue) AA), A
A AA(19401), &/F% AA(1940)), =% AA(1940K), =& W(ultra violet)
A QM0 Fo] Holx= shE 23T ¢ At FrHHoe=m e gAAo=

01910, A& &9, 74 A (E-

b

(additionally or allernatively), 1A

nose sensor), MG A A (electromyography sensor ), LG AT
(electroencephalogram sensor), [FCG A A (electrocardiogram sensor),

IRCinfrared) AA, ZFA A L/

rr

A E A

—]
e
el
%
i
al
32
i}
rz;
By
k1
i

(194002 I <ol £ Hol= shrt ol el AXEL Alolstr] A Ao HA=RE

|

ol ¥3E 4 Ark. of® HAAldeAE, " FR(190DE Z2ZAA(1910)] L7
2A B HER AN EE1MOE At s 7AdE Z2AAME ©l TS,
T2 AA (191007 €8 (sleep) FHIC = &3, A4 ZEIMOS AAZ F <
o},

(02381 949 A=A (1950 =, & =9, HA 2 (touch pancl)(1952), (H]

&) #: A (pen sensor)(1954), F1(key)(1956), = Z 23 (ultrasonic) YH

AA(1968)8 ¥2g 5 A5k HA NGOk, 4% £9, A48, @94, 7
oM WA, EE 2V B F Mol shipe] WAL AFEW & AUt HE. E
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o wEety g

+= gok WA HEO9e
% 9k,

A
=7 9ee ATF

=]

AH-& =kl A

R

) SE(1952) L Aol HEE t
lol(tactile layer)& t©] ¥ 3}s}o]
AA (1950, AE 3
dE 29, 22F¥A H
21 (1958) = mlol=
27 ZA

[0239]1 (A=) #A
b gy 3

2148 4 E(sheet)

°l
Fekd 7], Es Y
18 = el A] t

=
vlo] ZL(1988)) &
S Holde el

gzoa 3

}‘:igﬂ

(el

g 2 &atel o
[0240] Y] =Z#°](1960) (d: Tj=Z e ] (160))= 8 (1962)
TZAE(1966)F ZTT 4 Avt. AL(1962)2, = 19
Tk, #AE(1962)2, oE

A(1964), &= =
@ T

ol (160) 2 &

}A (flexible)

7 (1962)<

41
H3}A (transparent )

]2 (1952) 3+

rr

d =

E1 7]
a8 &R (1864 = el (HAEE ol &5
AE (1966)= =37 HE FASIY A4S ZAT F o
HA A (19019 R e Q7 AT F
TRIW AR (1964), = TZHE(1966)2

2 E (1962) ,

% 9,
L REE

A

=9,

U&= EH 0] (1960) =
ol3t7] fld el =28 ¥ 27T
122(1970) &=,

I elt.
=, HDMI(high-definition multimedia
1B H o] 2 (optical

hbus) (1974), %
ek, e o)

o &

serial

[0241] <11 H
—-sub(D-subminiature)(1978)& =3 <+

USB{universal

interface)(1972)
=D
95-68
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2(1970)&=, 4E €W, = 39 Z=A"E B AuFel =170y Z=3hE 4 gt}
F7MA o2 = HAAOSZ (additionally and alternatively), <SIE]|H ] 2(1970)

o & EWH, MiL(mobile high-delinilion link) <lEHo]2, SD(secure

i

digital) 7F=/MMC(multi-media card) <lE¥]#o]*, X IrDA(infrared data
association) 74 <JgA A2 I £ 9o},

F(1980)2, 42 €9, 428 (somnd)®} A7 AZTE A

oy
I
[\
N
£
[ -]

o}
g
o
ko

[0243] #tHl=} ZE(19D)2, & &9, BA |4 2 T34 9% =+

Ade FAEA, T QAAldel] w=E, skt o]de] oln X Al (H: A 4l EE
T AA), AZE, ISP(image signal processor), = Z YA (flash)(el: LED ==
= xenon lamp )& ETT £ Qlrc}.

=)

(02441 A¥ &2 FEAWHE, A5 =4, A FA10D] d¥&
2l vk @ Aade]l wEw, ¥ @] ZE1995)< PMIC(power

management integrated circuit), 5% IC(charger integrated circuit), =& bf

il
H
9[1_5

He == a8 Aol A (battery or fuel gauge)E FTE = k. PMICE, &4
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HiEl ] Ale|Al=, & 9, HwiEE(1996)e] A, =24 £ AY, ARF, B2 &
EE A3 4 Aur. wiEE(1996)E, 95 £, F=H2A AR (rechargeable
battery) B /HEE= Bk AR (solar battery)S Fgat 4= Qlo},

[0245] AW ACIH(1997) = A A (1901) Ee 2 AdF(o: Z2AA

(191002 SA A, d& 9, 78 4, mAA A Ee 5

o
N,

A g . EEH1993)E A7EY HNEE VAE HeseE wEtd ¢ 3, e
(vibration), %+ ¥¥(haptic) &I T TAAL F AT, BEAHAE &g

v AR AR (1901 = 2Zakd TV A

o
tlo
£
-

S oAe] AR (A GPIHE 23 = 9

o =elg VoA

i

A3t AHE FHE, 9= £, DMB(digital multimedia
broadcasting), DVB(digital video broadcasting), = ®|To]Z 2 (nediaFlo™)
o] o uw& "ol doleE AH=E 4 9},

[0246] ¥ EAolA 7lgd THRRE 442 3 e 2 o9 £ F
(component) 2.2 F+A4E F Yov, 37 FAHALS WAL HAA FAo Fiel

webA] gebd S odnk, the AAdeA, Ax AAE B BAGA JeH P4
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Al e R E"e] ojsf @RS AL oku, & THe vl ¥ el oF

[F=o 2]

[0250] &3 : 100

JAAFH=715 @ 300

A 147] : 230

1
i

A 247 © 240

-1
£

!
a:)

A1 AAF=Z7]FE 2 310
7]

A 2 JAAF =713 0 320

[_,w«

217] ¥ 2 : 350, 450, 550, 650, 750
HAEA Blo} : 305, 405, 505, 605, 705
a7 E 7l 360, 460, 560, 660, 760

A AAME =713 ¢ 330, 430, 530, 630, 730

2
o

AAF =27k @ 310, 410, 540, 640, 710

BER L 370, 470, 570
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[4+% 31

A 1@l 2defA,
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o7 = AR FA.
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Ay

F71 A=Y Ee] AT
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el

[4+% 51

A 13l 2o,
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287 RES %
o= s AR A,
47 SH9Ael Holm @ FES WAHss AL B3

| e folq med wl, $7] AEA HlolEe] o

42 AYsE AL FHOE e A4

.
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4 JAHFEZIRS 7] A7) H2E S UEE AdEste A& BHLeE st A

(3% 6]

Al 1l 2delM, &7 dMI =7 RS

[+ 71
A 6ol oA,
A7 7l s Sl AR SHAl Wi " a2k = 2tele o TEetH,
A7l aFRE #gde Al A dAg 2ol ] AR dlekEs F

3 47 st ol mdEI ARFE AL 5Po% st A 3.
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(873 8]
A 6ol gleir, F71 A 2 AAF=2TEE,

471 A 1 A= E SASERE T ddss A 194
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S
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7l Ax/d Holee A=

o Ht AR A,

[3+3 9]
A 87l A,

471 Al 2 A RTed dEE T, A7) SRl Holx: & REE

[359 10]
A T QelA, Fr] Al 2 AAF 2| Re] Ay askEEERdelA,

A7 mlel 5 T delk s 52 #Rjle ARV aRtER T4 E
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A7) AAgAE Hee A7 e}, 5o JEHY O RARAES
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371 Zhzbel A7) A ie Y] Bae] <teuv gArAE F 4] Zzhe] 27

shrol] g st WARAlel AZA=E

47 el A7l Mg AbelelE A7) 2L wele] wiAsE AL

Foz stz A 3.

[47% 18]
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A7) A1 HE B RE A7 A 107 REL] Holm ARE Taeid 4
7] <t gARAl S A I,
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[ 19]
A 6ol i,
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~ PLEASE NOTE: Uuless an assignee is identified below, no assignee data will appear on the patent. If an assignee s identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY aad STATE OR COUNTRY)
Samsung Electronics Co., Lid Republic of Korea

Address form PTO/SB/122) attached.

3

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual (3 Corporation or other private group entity O Government
4a. Fees submitted: &lsue Fee CXPublication Fee (if required) [l Advance Order - # of Copies
4b, Method of Payment: (Please first reapply any previously paid fee shown above)

@A Etecuronic Payment via EFS-Web 0 Enclosed check ] Non-electranic payment by cn_’.dit card (Attach form PTO-2038)

The Director is hereby autherized to charge the required fee(s), any deficiency, or credil any overpayment to Deposit Account No. _50-4053

S. Chauge iu Entity Status (from status indicated above) Ab i . £ Micro Eatity Status (566 PTO/SB/ISA aad 15B), issue
. o . . NOTE; Absent a valid certification of Micro Entity Status (scc forms an , issut
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() Applicant asserting small eatity status, See 37 CFR 1.27 to be & noxiﬁcalign of lass of eatitlement to micro entity status,
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NOTE: This form must be signed in sccordance wil R 1.31 and 1.33. See 37 CFR 14 for signature requirements and certifications.
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Title of Invention: ELECTRONIC DEVICE INCLUDING HIGH-FREQUENCY TRANSMISSION CIRCUIT
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Filer: Paul J. Farrell/Deanna Marman
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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FOR

2\ UNITED STATES PATENT AND TRADEMARK OFFICE

o s UNITED STATES DEPARTMENT OF COMMERCE
) United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313.1450

WWW.USPLO.goV

l APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR IATTORNEY DOCKETNO.| CONFIRMATION NO. ]
16/939,708 07/27/2020 Han-Min CHO 678-5477 CON 8134
7590 03/22/2021 I EXAMINER I
THE FARRELL LAW FIRM, P.C. AYCHILLHUM, ANDARGIE M
Paul J Farrell
ART UNIT PAPER NUMBER
290 Broadhollow Road r J
Suite 210E 2848

B

Melville, NY 11747 DATE MAILED: 03/22/2021

PRIORITY ACKNOWLEDGMENT

1. Receipt is acknowlec}_ged of priority papers submitted under 35 U.S.C. 119. The papers have been
placed of record in the file.

2. Applicant's claim for priority, based on Igaé)crs filed in parent Application Number
submitted under 35 U.S.C. 119, is acknowledged.

3. The priority papers, submitted , after payment of the issue fee are

O acknowledged

While the priority claim or certified copy filed will be placed in the file record, neither will be
reviewed and the patent when published will not include the priority claim.

See 37 CFR 1.55(a)(2).
O not acknowledged since the processing fee in 37 CFR 1.17(i) has not been received.

4. For utility and plant applications filed on or after November 29, 2000, the priority claim is not
entered because the claim was not presented within the time limit required by 37 CFR 1.55(a)(1).

q
A petition to accept a delayed claim for prioritgf under 35 U.S.C. 119(a) - (dgl or (f), or 365(a) may be

filed. See 37 CFR 1.55(c) and MPEP 201.14(a).

[TMC/

571-272-4200 or 1-888-786-0101
Application Assistance Unit
Office of Data Management

Page 1 of 1
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8 | YUS 20008/0204155 12-2009 Suzuki ot al.
9 | US 2013/0063914 03-2013 Lin et al.
Changels)applic 10| U 2011/0094784 04-201 1 Muro et i
o d 111 | US 2015/0223323 08-2015 OFiynn
© GO 12 | US 2013/0257659 10-2013 Damel of al.
/NW.S: 13 | U5 2012/0229346 09-2012 Chon ot at
1/13/2Q21 14 | YS 2006/0270472 11-2008 Chen et al.
15 | US- 4 845 311 (7-1989 Schreiber et al.
168 | US- 2015/0234426 08-2015 Bailey
17 | US- 2014/0147128 05-2014 Han
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Us-
FOREIGN PATENT DOCUMENTS
Examiner Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No." Date Applicant of Cited Document Where Relevant Passages
. o .. MM-DD-YYYY Or Relevant Figures Appear T
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18 |KR 101261983 (35-08-2013
19 |KR 20150062059 06-05-2015
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21 |KR 20140136634 12-01-2014
22 |KR 101305518 09-06-2013
23 |KR 1020130081450 07-17-2013
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to apphcant 1Apphcamts unique citation designation number (optional). ?See Kinds Codes of
USPTC Patent Documents at ww acy or MPEP ©01.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. *Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. EiApphcant is to place a check mark here if English language

Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND

TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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To: pto@farrelliplaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 66547

Mar 22, 2021 04:01:12 AM
Dear PAIR Customer:

THE FARRELL LAW FIRM, P.C.
Paul J Farrell

290 Broadhollow Road

Suite 210E

Melville, NY 11747

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 66547 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16939708 M327 03/22/2021 678-5477 CON

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/939,708 04/13/2021 10978789 678-5477 CON 8134
66547 7590 03/24/2021
THE FARRELL LAW FIRM, P.C.
Paul J Farrell
290 Broadhollow Road
Suite 210E

Melville, NY 11747
ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Han-Min CHO, Gyeonggi-do, KOREA, REPUBLIC OF;

Samsung Electronics Co., L.td., Gyeonggi-do, KOREA, REPUBLIC OF;
Chan-Gi PARK, Gyeonggi-do, KOREA, REPUBLIC OF,;

Yeon-Sang YUN, Gyeonggi-do, KOREA, REPUBLIC OF;

Tae-Wook HAM, Gyeonggi-do, KOREA, REPUBLIC OF;

Hei-Seong KWAK, Gyeonggi-do, KOREA, REPUBLIC OF;

Byoung-Il SON, Gyeonggi-do, KOREA, REPUBLIC OF;

Sung-Chul PARK, Seoul, KOREA, REPUBLIC OF;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)




To: pto@farrelliplaw.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 66547

Mar 25, 2021 04:38:54 AM
Dear PAIR Customer:

THE FARRELL LAW FIRM, P.C.
Paul J Farrell

290 Broadhollow Road

Suite 210E

Melville, NY 11747

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 66547 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
16939708 ISSUE.NTF 03/24/2021 678-5477 CON

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



CERTIFICATE OF SERVICE

Investigation No. 337-TA-1478

The undersigned certifies that on September 10, 2026, true and correct copies of
the foregoing document were served upon the following parties as indicated below:

The Honorable Lisa R. Barton [IVia Hand Delivery
Secretary to the Commission OVia Overnight Delivery

U.S. INTERNATIONAL TRADE COMMISSION |[Via First Class Mail

500 E Street, SW, Room 112 XlVia Electronic Filing (EDIS)
Washington, DC 20436 [IVia Electronic Mail

The Honorable Doris Johnson Hines OVia Hand Delivery
Administrative Law Judge [IVia Overnight Delivery

U.S. INTERNATIONAL TRADE COMMISSION |[Via First Class Mail

500 E Street, S'W.
Washington, D.C. 20436
Email: JohnsonHines1478@usitc.gov

XlVia Electronic Filing (EDIS)
XlVia Electronic Mail

Counsel for Respondents Ouraring Inc. and Oura
Health Oy

Jasjit S. Vidwan

James A. Fussell, 111
Saqib J. Siddiqui

Bryan C. Nese
MAYER BROWN LLP
199 K. Street NW
Washington, DC 20006
Tel: 202-263-5282

Robert G. Pluta
Nicholas H. Ciulla
MAYER BROWN LLP
71 S. Wacker Drive
Chicago, IL 60606

Tel: 312-782-0600

Email: Oura-ITC@mayerbrown.com

OVia Hand Delivery

LVia Overnight Delivery
OVia First Class Mail

[LIVia Electronic Filing (EDIS)
XIVia Electronic Mail

/s/ Brian A. Treggs

Brian A. Treggs

Senior IPT Specialist
O’Melveny & Myers LLP
400 South Hope Street
Los Angeles, CA 90071
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