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(57) ABSTRACT

An electronic device is provided. The electronic device
includes an antenna, a wireless communication module
electrically connected to the antenna, a flexible printed
circuit board (FPCB) including a first feeding element and a
second feeding element which are electrically connected to
the wireless communication module, a substrate disposed
above the first feeding element and the second feeding
element, a first conductive pattern including a first coupling
hole and a second conductive pattern including a second
coupling hole, which are formed on the upper surface of the
substrate, a first coupling fastener configured to penetrate
the first coupling hole and the first feeding element and
electrically connect the first conductive pattern and the first
feeding element, and a second coupling fastener configured
to penetrate the second coupling hole and the second feeding
element and electrically connect the second conductive
pattern and the second feeding element.
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(57) ABSTRACT

An electronic device includes a metal back cover and an
antenna module. The metal back cover includes a slit. The
antenna module is separated from the metal back cover and
disposed far away from the slit. The antenna module
includes an antenna radiator, a first ground radiator, and a
connection radiator. The antenna radiator includes a first
section, a second section, and a third section that are
sequentially connected and form bends, and the first section
has a feeding end. A first slot is formed between the first
ground radiator, the first section, the second section, and a
part of the third section. A width and length of the first slot
are associated with a center frequency and impedance
matching of a high frequency band.

10 Claims, 10 Drawing Sheets

1375(137)
|

131b(131)—

|
137(137) 199



US012095514B2

az United States Patent

US 12,095,514 B2
Sep. 17, 2024

(10) Patent No.:
45) Date of Patent:

Lee et al.
(54) ELECTRONIC APPARATUS INCLUDING
ANTENNA AND AUDIO INTERFACE
(71) Applicant: Samsung Electronics Co., Ltd.,
Suwon-si (KR)
(72) Inventors: Bonam Lee, Suwon-si (KR); Hosan
Baek, Suwon-si (KR); Seongkyoo
Byeon, Suwon-si (KR); Junyoung
Yang, Suwon-si (KR); Cheungwon
Ryu, Suwon-si (KR)
(73) Assignee: Samsung Electronics Co., Ltd.,
Suwon-si (KR)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 232 days.
(21) Appl. No.: 17/584,934
(22) Filed: Jan. 26, 2022
(65) Prior Publication Data
US 2022/0247500 A1 Aug. 4, 2022
Related U.S. Application Data
(63) Continuation of application No.
PCT/KR2022/000597, filed on Jan. 13, 2022.
30) Foreign Application Priority Data
Jan. 29, 2021  (KR) .o 10-2021-0013428
(51) Int. CL
HO04B 15/02 (2006.01)
GO6F 3/16 (2006.01)
(Continued)

(52) US.CL
CPC oo HO04B 15/02 (2013.01); GO6F 3/16
(2013.01); HOIQ 5/25 (2015.01); HO4L 12/66
(2013.01); HO4R 3/00 (2013.01)

(58) Field of Classification Search
CPC ..... HO4L 65/752; HO4L 65/80; HO4L 65/612;
HO04L 65/613; HO4L 65/762; HO4L 65/61;
(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS
9,407,378 B2 82016 Sim
9,544,405 Bl 1/2017 Kodama et al.
(Continued)

FOREIGN PATENT DOCUMENTS

KR 10-2001-0062802 A 7/2001
KR 10-2004-0097171 A 11/2004
(Continued)

OTHER PUBLICATIONS

International Search Report dated May 9, 2022, issued in Interna-
tional Application No. PCT/KR2022/000597.

Primary Examiner — Lun-See Lao
(74) Attorney, Agent, or Firm — Jefferson IP Law, LLP

(57) ABSTRACT

An electronic apparatus is provided. The electronic appara-
tus includes a housing having a first surface, an antenna
formed on the first surface, an interface that is connectable
to an external terminal of an external apparatus via an audio
connector formed on the first surface and configured to
provide a detection signal indicating whether a connection
with the external terminal is made, a processor configured to
process an audio signal received from the external terminal
of the external apparatus via the interface, a signal line
extending from the interface, a noise filter connected to the
processor, a matching element, and a switch configured to
electrically connect one of the noise filter or the matching
element to the signal line, based on the detection signal.
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An electronic device according to various embodiments may
include a plurality of antennas including a first antenna
group and a second antenna group and a wireless commu-
nication circuit, and the wireless communication circuit may
control the first antenna group to receive a first signal by
establishing a first wireless communication channel of the
first frequency band with an external device, measure a first
channel capacity, select at least one antenna from the second
antenna group based on correlation, identify a second chan-
nel capacity of a second wireless communication channel of
the first frequency band which is able to be established using
some of the first antenna group and the selected at least one
antenna of the second antenna group, and control to receive
the signal of the first frequency band by using some of the
first antenna group and the selected at least one antenna.
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Various embodiments of the present disclosure relate to an
electronic device including a housing and a method of
manufacturing the housing. The electronic device includes a
housing forming an exterior of the electronic device. The
housing is constituted to include a non-conductive part
including a non-conductive protrusion protruded from at
least some area of the non-conductive part, a conductive
deposition layer disposed on a top surface of the non-
conductive part except on the non-conductive protrusion,
and a decoration layer formed on the top of the conductive
deposition layer. Accordingly, the housing is lightweight and
can perform a function of an antenna radiator. Other various
embodiments are possible.
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(57) ABSTRACT

According to an embodiment of this disclosure, an elec-
tronic device comprises: a housing including a non-conduc-
tive portion; an antenna structure arranged in the housing,
wherein the antenna structure includes: a substrate including
a first substrate surface facing a first direction and a second
substrate surface facing opposite the first substrate surface;
and at least one antenna element arranged on the substrate to
form a beam pattern in the first direction; a conductive
member including a plurality of first slits arranged in an
inner space of the housing to at least partially face the
second substrate surface and formed at a position where the
plurality of first slits at least partially overlap the at least one
antenna element when the first substrate surface is viewed
from above; and a wireless communication circuit config-
ured to transmit or receive a wireless signal in a predeter-
mined frequency band through the at least one antenna
element.
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(57) ABSTRACT

An electronic device may have peripheral conductive hous-
ing structures, a display frame, a support plate, a logic board,
and an antenna. The antenna may have a resonating element
that includes a first slot between the logic board and a
segment of the peripheral conductive housing structures, a
second slot between the display frame and the segment, and
optionally a third slot between the support plate and the
segment. The slots may be at least partially overlapping,
may have respective lengths, may be located at respective
distances from a cover layer for the display, and may
collectively receive radio-frequency signals in a frequency
band such as the .5 GPS band. Switching circuitry and filter
circuitry may be coupled to the antenna feed and/or to the
antenna feed (s) of one or more adjacent antennas in the
electronic device to help to isolate the antennas from each
other.
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67 ABSTRACT

An electronic device having a 5G antenna, according to the
present invention, is provided. The electronic device com-
prises an antenna, which includes: a first metal pattern
formed so that metal having a predetermined length and
width is printed and arranged on the top of a substrate; a
second metal pattern formed so that metal, which is spaced
a predetermined distance from the first metal pattern and has
a predetermined length and width, is printed and arranged,
and a power feeding pattern formed so that a signal is
coupling-fed to the first metal pattern and the second metal
pattern.
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A mobile terminal is provided, including a front housing,
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cut is configured to divide a conductive strip as an antenna
from the conductive ground plate.
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(57) ABSTRACT

A printed antenna may include a loop antenna body, a feed
port, and a switch component. The loop antenna body
includes a first end and a second end, there is a spacing
between the first end and the second end, a connection line
between the first end and the second end forms a closed loop
with the loop antenna body. The feed module is configured
to output a feed signal to the loop antenna body by using the
feed port. The loop antenna body includes a plurality of loop
antenna branches, the switch component is disposed
between every two adjacent loop antenna branches, and the
switch component is configured to connect or disconnect the
two adjacent loop antenna branches.
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(57) ABSTRACT

The present disclosure relates to a technical field of antennas
for communication. Disclosed is a high-gain low-profile
circularly polarized antenna. The antenna includes a circu-
larly polarized patch, a composite dielectric high-impedance
surface array, and a metal backplate. The circularly polarized
patch includes a patch dielectric layer, wherein a first
fan-shaped patch, a second fan-shaped patch, a third fan-
shaped patch, and a fourth fan-shaped patch are formed on
an upper surface of the patch dielectric layer; four coaxial
feeding lines are arranged at positions that are close to a
center of the patch dielectric layer; and an upper end of each
of the coaxial feeding lines is electrically connected to one
corresponding fan-shaped patch, and the other end of the
each of the coaxial feeding lines penetrates the patch dielec-
tric layer to extend to an outside of a lower surface of the
patch dielectric layer.
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(57) ABSTRACT

An antenna device is disposed on a first, a second, and a third
surfaces, and includes a first antenna disposed on the first
and the third surfaces, a second antenna disposed on the
second surface, and a ground line disposed on the first
surface. The first antenna includes a first feedpoint disposed
on the first surface, a first element disposed on the first
surface, and extending from the first feedpoint to the third
surface, and a second element disposed on the third surface,
and extending in a direction along the first surface from an
end of the first element. The second antenna includes a
second feedpoint disposed in a manner separated from the
first feedpoint in a direction parallel with the first and the
second surfaces, and an antenna element extending from the
second feedpoint. The ground line includes a ground line
element capacitively coupled to the first antenna.
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(57) ABSTRACT

An antenna device is provided. The antenna device includes
a first substrate and a second substrate facing the first
substrate. The first substrate includes an inner surface and an
outer surface opposite the inner surface of the first substrate.
The second substrate includes an inner surface and an outer
surface opposite the inner surface of the second substrate.
The antenna device also includes a die disposed between the
first substrate and the second substrate, a redistribution layer
disposed between the die and the inner surface of the second
substrate, and an antenna unit electrically connected to the
die via the redistribution layer. The antenna unit is arranged
on at least one of the inner surface of the first substrate, the
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(57) ABSTRACT

An electronic device according to an embodiment disclosed
herein includes a housing and a plurality of antenna modules
disposed adjacent to an edge of the housing, wherein the
plurality of antenna modules may include: a first antenna
array including a printed circuit board, which includes a first
face, a second face facing away from the first face, and a side
face disposed between the first face and the second face, and
a plurality of first antenna elements extending from a point
on the first face to a point on the second face through the side
face; and a second antenna array including a plurality of
second antenna elements disposed on the first face. In
addition, various embodiments conceived through the speci-
fication are possible.
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57 ABSTRACT

An electronic device may have an upper housing and a lower
housing separated by a slot. An antenna module may be
mounted in the lower housing and may include a cavity. An
antenna element may be disposed within the cavity.
Grounded traces may be patterned onto walls of the module
and may be coupled to conductive walls of the lower
housing by conductive gaskets. The antenna element may
have a high band arm displaced farther into the cavity than
a low band arm by a shim. The antenna module may have an
acoustic port aligned with a speaker port. The acoustic port
may allow sound waves from a speaker to pass into the
cavity from the speaker port. The cavity may be configured
to optimize an audio response of the speaker while concur-
rently optimizing radio-frequency performance of the
antenna element.
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state relative to the second antenna, between the slot and the
ground; and a second feeder wire for the second frequency,
connected from the ground to the metal element.
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(57) ABSTRACT

An angle-of-arrival antenna system uses two orthogonal
arrays of patch antenna elements to measure the angle of
arrival of a wireless signal irrespective of its polarization.
Each antenna element has an antenna patch located over a
corresponding ground patch. A shorting wall directly elec-
trically connects one edge of the antenna patch to a corre-
sponding edge of the underlying ground patch. The edge of
the ground patch is also directly connected to a system
ground plane. No other edges of the ground patch are
connected to the system ground plane. The shorting wall acts
as an impedance that isolates the ground patch from the
system ground plane, and therefore improves isolation
between the antenna elements. The antenna system may be
constructed using conventional circuit-board fabrication
techniques by implementing each shorting wall as an array
of plated through-holes or slots.
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(57) ABSTRACT

An antenna structure comprising: a first port; a second port;
and a single radiator connected to both the first and second
ports, the single radiator being operable to simultaneously
transceive in: a symmetrical excited mode in which current
flows symmetrically through the single radiator to or from
the first port, thereby causing the single radiator to resonate
at a first resonant frequency; and an asymmetrical excited
mode in which current flows asymmetrically through the
single radiator to or from the second port, thereby causing
the single radiator to resonate at a second resonant fre-
quency. The single radiator comprises: a first element, a
second element, and arm connectors connecting the first
element to the second element. The first element being
elongate and linear. The second element being elongate,
linear, and parallel to the first element.
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Technologies directed to a noise-immune miniaturized
antenna (NIMA) structure in a main logic board (MLB) and
diverting surface currents from the MLB to a metal structure
to reduce noise coupling from a chipset on the MLB to the
NIMA structure are described. The NIMA structure is
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NIMA structure and a second tuning component coupled to
a distal end of a shorting arm of the NIMA structure. The
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second frequency range. A conductive fastener couples the
MLB to a metal structure to divert surface currents from the
MLB to the metal structure.
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(57 ABSTRACT

This application provides an antenna, including a folded
antenna, a dipole antenna, and a coupling structure. An
extension direction of a primary radiator of the folded
antenna is a first direction, an extension direction of a
primary radiator of the dipole antenna is a second direction,
and the first direction is orthogonal to the second direction.
In the second direction, the folded antenna is disposed at one
end of the dipole antenna, an operating frequency of the
folded antenna is a first frequency band, an operating
frequency of the dipole antenna includes a second frequency
band, and the first frequency band is higher than the second
frequency band. The coupling structure is connected
between the folded antenna and the dipole antenna.
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(57) ABSTRACT

An antenna device includes: a mounting board including a
circuit configured to process a radio signal; a dipole antenna
element configured to receive the radio signal, the dipole
antenna element being disposed in the mounting board; and
a parasitic element including a first conductor wire parallel
to the dipole antenna element, a second conductor wire
connected to the first conductor wire at a first end of the first
conductor wire at an angle larger than 0 degrees and smaller
than 180 degrees, and a third conductor wire connected to
the first conductor wire at a second end of the first conductor
wire at an angle larger than 0 degrees and smaller than 180
degrees, in which at least an end of the second conductor
wire is located near the dipole antenna element.
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(57) ABSTRACT

A display apparatus includes a flexible display panel includ-
ing a display area with a first folding area, the display area
including an upper surface and a lower surface and display-
ing an image via the upper surface, a cover window disposed
on the upper surface of the display area of the flexible
display panel and an antenna layer including a first antenna
disposed on an upper surface of the first folding area. The
upper surface of the display area includes the upper surface
of the first folding area. The first antenna is disposed
between the upper surface of the first folding area and the
cover window.
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