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(57) ABSTRACT

An antenna unit includes a first antenna portion and a second
antenna portion that individually transmit or receive a wire-
less signal, and a ground portion electrically connected to
the first antenna portion and the second antenna portion and
including a portion positioned between the first antenna
portion and the second antenna portion. A through-hole that
resonates with a given frequency is provided at a position of
the ground portion between the first antenna portion and the
second antenna portion.
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(57) ABSTRACT

To provide a technology that can suppress the reduction of
an antenna gain while maintaining the quality of the design
of the exterior furnishing of the antenna.

Provided is an antenna apparatus including: an antenna
module that includes a first slot antenna that transmits or
receives a first wireless signal, a first feed element that
supplies power to the first slot antenna, a second slot antenna
that transmits or receives a second wireless signal having a
polarization direction orthogonal to a polarization direction
of the first wireless signal, and a second feed element that
supplies power to the second slot antenna; and a metal plate
that includes a first slot, and a second slot a longitudinal
direction of which is orthogonal to a longitudinal direction
of the first slot.
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(57) ABSTRACT

An antenna structure with wide radiation bandwidth in a
reduced physical space includes a housing, a first feed
portion, and a second feed portion. The housing includes a
metallic side frame, a metallic middle frame, and a metallic
back board. The metallic side frame defines first and second
gaps, and the metallic back board defines a slot. The slot, the
first gap, and the second gap divide the metallic side frame
to give a first radiation portion. The first and second feed
portions are both electrically connected to the first radiation
portion. When the first feed portion supplies a current, the
current flows through the first radiation portion, toward the
second gap to excite a first working mode. When the second
feed portion supplies a current, the current flows through the
first radiation portion, toward the first gap to excite a second
working mode.
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A physically configurable communication device includes a
conductive chassis. The physically configurable communi-
cation device includes a first device portion including one or
more electrically driven antennas at least partially formed in
the conductive chassis of the physically configurable com-
munication device and an electrical feed in the first device
portion connected to the one or more electrically driven
antennas. The electrical feed is configured to supply a
communication signal to the one or more electrically driven
antennas. A second device portion is movably attached to the
first device portion. The second device portion includes one
or more capacitively coupled antennas at least partially
formed in the conductive chassis of the physically config-
urable communication device, wherein each of the electri-
cally driven antennas in the first device portion capacitively
drives at least a corresponding one of the capacitively
coupled antennas in the second device portion.
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includes an upper metal frame, a first side metal frame, a
bottom metal frame, and a second side metal frame sequen-
tially connected. The middle frame, spaced apart from the
first side metal frame and the second side metal frame, forms
a slit, the at least one antenna feed module is received in the
slit.
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(57) ABSTRACT

An antenna unit includes: a first substrate, a second sub-
strate, and a third substrate which are stacked. The second
substrate has a first slotted area. A liquid crystal layer is
arranged in a cavity formed by the first substrate, the first
slotted area of the second substrate, and the third substrate.
The first substrate includes: a first base substrate, a ground
layer on one side of the first base substrate close to the
second substrate, and a feed structure layer on one side of the
first base substrate away from the second substrate.
Orthogonal projections of the ground layer and the feed
structure layer on second substrate overlap with an orthogo-
nal projection of first slotted area on the second substrate.
The third substrate includes: a third base substrate, and a
radiation structure layer on one side of the third base
substrate close to the second substrate.
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(57) ABSTRACT

The present invention provides an antenna unit and a ter-
minal device. The antenna unit includes the first antenna
module and the second antenna module, the first antenna
module includes the first radiator and the feed connected to
the first radiator, and the second antenna module includes the
second radiator connected to the first radiator. The first
radiator includes the at least one first contact, and the second
radiator includes the at least one second contact. When the
angle between the first radiator and the second radiator is
less than or equal to the first angle, the second radiator is
electrically connected to the first radiator in the target
manner. The target manner is that N first contacts of the at
least one first contact are correspondingly in contact with N
second contacts of the at least one second contact, where N
is a positive integer.
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing, an antenna structure, a first conductive
material, and a second conductive material. The housing
may be configured to provide a front surface and a rear
surface of the electronic device. The antenna structure
includes a printed circuit board positioned in the housing.
The printed circuit board includes a first surface configured
to face the front surface or the rear surface and a second
surface configured to face a direction opposite to the first
surface. The printed circuit board includes a first conductive
layer, a second conductive layer, and a dielectric. The first
conductive layer includes a first antenna element and a
second antenna element which are configured so as not to
overlap each other when viewed from above the first surface.
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing including a first surface, a second surface
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first surface and the second surface, an antenna including a
carrier including a first carrier surface facing the side sur-
face, a second carrier surface opposite to the first carrier
surface and a plurality of side carrier surfaces between the
first carrier surface and the second carrier surface, and a
patch positioned on the first carrier surface, a first capacitive
sensor positioned between the first carrier surface and the
side surface, and a filler positioned between the side surface
and the first carrier surface.
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(57) ABSTRACT

An antenna assembly and an electronic device are provided.
The antenna assembly comprises a dielectric substrate; an
antenna unit, arranged on a surface of the dielectric sub-
strate; a radio frequency chip, arranged on a surface of the
dielectric substrate, and connected with the antenna unit;
and a metal shielding cover, arranged on another surface of
the dielectric substrate facing away from the antenna unit,
and coving the antenna unit. The electromagnetic interfer-
ence to antenna unit caused by other electronic devices of
electronic equipment can be isolated through the metal
shielding cover, and the antenna unit and the radio frequency
chip of the antenna assembly can be arranged on the same
dielectric substrate, avoiding the use of a coaxial cable to
connect the antenna unit and the radio frequency chip,
thereby solving the problem of electromagnetic interference
to and ensuring the radiation performance of the antenna
unit.

20 Claims, 12 Drawing Sheets




a2 United States Patent
Thakur et al.

US012087995B2

US 12,087,995 B2
Sep. 10, 2024

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

(54) ANTENNA FOR AN ELECTRONIC DEVICE,
AN ELECTRONIC DEVICE, A MOBILE
DEVICE, A HINGE STRUCTURE, AND A
METHOD FOR SELECTING AN ANTENNA

(71) Applicant: Intel Corporation, Santa Clara, CA
Us)

(72) Inventors: Jayprakash Thakur, Bangalore (IN);
Prasanna Pichumani, Bangalore (IN);
Maruti Tamrakar, Tamil Nadu (IN);
Doddi Raghavendra, Bangalore (IN);
Sagar Gupta, Ghaziabad (IN)

(73) Assignee: Intel Corporation, Santa Clara, CA
Us)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 264 days.

(21) Appl. No.: 17/455,928

(22) Filed: Nov. 22, 2021

(65) Prior Publication Data
US 2022/0200123 Al Jun. 23, 2022

(30) Foreign Application Priority Data
Dec. 23,2020  (EP) oo 20216823

(51) Int. CL
HOIQ 1/02
HOIQ 1/12
HO1Q 9/04

(52) US.CL
CPC oo HOIQ 1/02 (2013.01); HOIQ 1/12

(2013.01); HO1Q 9/04 (2013.01); HOIQ
9/0407 (2013.01)

(2006.01)
(2006.01)
(2006.01)

(58) Field of Classification Search
CPC ......... HO1Q 1/02; HO1Q 1/12; HO1Q 9/0407;
HO1Q 9/04
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,288,896 B1* 9/2001 Hsu .......ccooevevrnn GOGF 1/203
174/15.2

8,059,040 B2* 11/2011 Ayala Vazquez ........ HO1Q 1/02
343/702

2010/0053885 Al* 3/2010 Ali .cooovvviivirinnns GOGF 1/1681
361/679.54

2014/0097992 Al* 4/2014 Cheng ..........cccooee. GOGF 1/1698
343/702

2014/0361932 Al* 12/2014 Irci ..o HO1Q 1/2266
343/702

2017/0373375 Al
2018/0092253 Al*
2019/0041922 Al
2020/0120832 Al

12/2017 Bologna et al.

3/2018 QiU oovevericie GOG6F 1/1681
2/2019 Kurma Raju et al.

4/2020 Doddi et al.

FOREIGN PATENT DOCUMENTS

wo 2020/189986 Al 9/2020

* cited by examiner

Primary Examiner — Hai V Tran

(74) Attorney, Agent, or Firm — 2SPL Patent Attorneys
PartG mbB; Kieran O’Leary

(57) ABSTRACT

Examples relate to concepts for antenna arrangement and
particular to an antenna for an electronic device. An elec-
tronic device comprises, a case, a lid and a heat spreading
structure. Further, an electronic device comprises a hinge
arrangement between the case and the lid. The hinge
arrangement comprises at least one hinge structure connect-
ing the lid to the case. Further, the electronic device com-
prises an antenna. The antenna is arranged in an area of the
hinge arrangement. The heat spreading structure extends
from the case through the area of the hinge arrangement to
the lid.
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(57) ABSTRACT

An electronic device, according to an embodiment of the
present disclosure, may comprise: a front plate; a rear plate
positioned on an opposite side of the front plate; a side
member including a side surface surrounding at least a part
of a space between the front plate and the rear plate, and
including a non-conductive material; a non-conductive
member comprising a non-conductive material positioned in
the space alongside the side member; an adhesive positioned
between the side member and the non-conductive member;
at least one antenna positioned in the space and spaced apart
from the side member and having the non-conductive mem-
ber therebetween, the at least one antenna is coupled to the
non-conductive member; and a communication circuit con-
figured to transmit and/or receive a signal in a selected or
designated frequency band by means of the at least one
antenna.

20 Claims, 20 Drawing Sheets




a2 United States Patent

Yoo et al.

US012088014B2

US 12,088,014 B2
Sep. 10, 2024

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

(54) ELECTRONIC DEVICE INCLUDING
ANTENNA STRUCTURE FOR UWB-BASED
POSITIONING

(71)  Applicant: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-si (KR)

(72) Inventors: Youngsuk Yoo, Suwon-si (KR);
Woosup Lee, Suwon-si (KR); Sukgi
Hong, Suwon-si (KR); Dongyeon Kim,
Suwon-si (KR); Jungsik Park,
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 170 days.

(21) Appl. No.: 17/829,813
(22) Filed: Jun. 1, 2022

(65) Prior Publication Data
US 2022/0393367 Al Dec. 8, 2022

Related U.S. Application Data

(63) Continuation of application No.
PCT/KR2022/007252, filed on May 20, 2022.

(58) Field of Classification Search
CPC ... HO1Q 1/243; HO1Q 5/25; HO1Q 9/045;
HO1Q 21/065
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

1/2011 Pettus
3/2011 Nagai

(Continued)

7,868,841 B2
7,903,030 B2

FOREIGN PATENT DOCUMENTS

EP 2766952 Bl * 4/2022 .. GO1S 13/931
JP 11-266118 9/1999
(Continued)

OTHER PUBLICATIONS

Search Report dated Sep. 13, 2022 issued in International Patent
Application No. PCT/KR2022/007252.

Primary Examiner — Dameon E Levi

Assistant Examiner — Leah Rosenberg

(74) Attorney, Agent, or Firm — Nixon & Vanderhye,
PC.

(57) ABSTRACT

Disclosed is an electronic device. The electronic device
includes: an antenna structure including at least one antenna
and at least one processor operatively connected with the
antenna structure. The antenna structure includes: a first

(30) Foreign Application Priority Data conductive patch including a first edge and a second edge
parallel to the first edge, a first transmission line electrically
Jun. 3, 2021 (KR) .o 10-2021-0072216 connected to a first point of the first conductive patch, a
second conductive patch spaced apart from the first conduc-
(51) Imt. CL tive patch by a specified distance and including a third edge
HOIQ 21/06 (2006.01) at least partially facing the second edge of the first conduc-
HO1Q 124 (2006.01) tive patch and a fourth edge parallel to the third edge, and
(Continued) a second transmission line electrically connected to a second
(52) US. ClL point of the second conductive patch. The first point of the
CPC ... H01Q 21/065 (2013.01); HO1Q 1/243 first conductive patch and the second point of the second
(2013.01); HOIQ 5/25 (2015.01); HOIQ 9/045 conductive patch are located on the second edge of the first

(2013.01) (Continued)

12 50 70 14

10—

P1

30
~—40

P2




az United States Patent
Wei et al.

US012088019B2

US 12,088,019 B2
Sep. 10, 2024

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

(54) ANTENNA STRUCTURE AND ELECTRONIC
DEVICE

(71) Applicant: WISTRON NEWEB
CORPORATION, Hsinchu (TW)

(72) Inventors: Shih-Chiang Wei, Hsinchu (TW);
Yung-Chieh Yu, Hsinchu (TW);
Hsieh-Chih Lin, Hsinchu (TW)

(73) Assignee: WISTRON NEWEB

CORPORATION, Hsinchu (TW)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 130 days.

(21) Appl. No.: 18/152,833

(22) Filed:  Jan. 11, 2023

(65) Prior Publication Data
US 2024/0014555 A1 Jan. 11, 2024

30) Foreign Application Priority Data

Jul. 6, 2022 (TW) oo 111125249
(51) Int. CL
HOIQ 5/10
HOIQ 1/22
HOIQ 1/48
HOIQ 5/307
HO1Q 9/04
(52) US.CL
CPC ... HOIQ 5/10 (2015.01); HOIQ 1/2266
(2013.01); HOIQ 1/48 (2013.01); HOIQ 5/307
(2015.01); HO1Q 9/045 (2013.01)

(2015.01)
(2006.01)
(2006.01)
(2015.01)
(2006.01)

(58) Field of Classification Search
CPC ... HO1Q 1/243; HO1Q 5/371; HO1Q 9/42;
HO01Q 5/328; HO1Q 1/48; HO1Q 5/378;
HO1Q 1/2266
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2012/0001815 Al 1/2012 Wong et al.

2013/0021209 Al* 1/2013 Fan ..o, HO1Q 5/371
343/700 MS
2014/0009342 Al* 1/2014 Wei ...cccovevevvnnne. HO1Q 21/28
343/700 MS

* cited by examiner

Primary Examiner — Wei (Victor) Y Chan
(74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP

(57) ABSTRACT

An antenna structure and an electronic device are provided.
The electronic device includes a housing and the antenna
structure disposed therein. The antenna structure includes a
grounding element, a feeding radiation element, a feeding
element and a first grounding radiation element. The feeding
radiation element includes a first radiating portion, a second
radiating portion and a third radiating portion. The first
radiating portion and the second radiating portion jointly
surround the first grounding radiation element. The first
radiating portion is spaced apart from and coupled with the
first grounding radiation element to generate a first operating
frequency band. The second radiating portion is spaced apart
from and coupled with the first grounding radiation element
to generate a second operating frequency band. The first
operating frequency band is lower than the second operating
frequency band.
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(57) ABSTRACT

An antenna coupling element includes a first coil connected
to a first radiating element and a feeder circuit and a second
coil connected to a second radiating element and electro-
magnetically coupled to the first coil. The first and second
coils have a relationship in which a direction of a magnetic
field generated in the first coil when a current flows from the
first coil toward the first radiating element and a direction of
a magnetic field generated in the second coil when a current
flows from the second coil toward the second radiating
element are opposite to each other. The first and second coils
are set such that a resonant frequency of a fundamental wave
of the second radiating element with a transformer defined
by the first coil and the second coil is lower than a resonant
frequency of a fundamental wave of the first radiating
element.
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tive element, a first feeding radiating element and a second
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metal middle frame, a first metal frame, and a second metal
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ings even when mounted on a metal ground plane. The
presented UWB antenna module comprises: a base sheet; a
radiation pattern formed on a front surface of the base sheet;
and a ground pattern formed on the front surface of the base
sheet and arranged to surround the radiation pattern.
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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.

18 Claims, 8 Drawing Sheets




az United States Patent
Wu et al.

US012095179B2

US 12,095,179 B2
Sep. 17, 2024

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

(54) ELECTRONIC DEVICE

(71)  Applicant: PEGATRON CORPORATION, Taipei
(TW)

(72) Inventors: Chien-Yi Wu, Taipei (TW); Chao-Hsu
Wu, Taipei (TW); Hau Yuen Tan,
Taipei (TW); Cheng-Hsiung Wu,
Taipei (TW); Chen-Kuang Wang,
Taipei (TW); Tse-Hsuan Wang, Taipei
(TW); Sheng-Chin Hsu, Taipei (TW);
Shih-Keng Huang, Taipei (TW);
Chia-Hung Chen, Taipei (TW)

(73) Assignee: PEGATRON CORPORATION, Taipei
(TW)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 155 days.

(21) Appl. No.: 17/898,341

(22) Filed: Aug. 29, 2022
(65) Prior Publication Data
US 2023/0107947 Al Apr. 6, 2023
30) Foreign Application Priority Data
Oct. 5,2021  (TW) oo 110137082
(51) Imt. CL
HO01Q 5/50 (2015.01)
GOG6F 1/16 (2006.01)
H01Q 122 (2006.01)
H01Q 1/48 (2006.01)
H01Q 13/10 (2006.01)

130a

(52) US.CL
CPC ............ HOIQ 5/50 (2015.01); GO6F 1/1626
(2013.01); HOIQ 172291 (2013.01); HOIQ
1/48 (2013.01); HOI1Q 13/106 (2013.01)
(58) Field of Classification Search

CPC ............. HO1Q 5/371; HO1Q 7/00; HO1Q 1/38
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

1/2020 Lo ...
4/2019 Wu ..

. HO4M 1/026

10,542,130 B1* .
.. HO1Q 1/243

2019/0123423 Al*

FOREIGN PATENT DOCUMENTS

™ 201814965
™ 1688159

4/2018
3/2020

* cited by examiner

Primary Examiner — Ricardo 1 Magallanes
Assistant Examiner — Aladdin Abdulbaki
(74) Attorney, Agent, or Firm — J.C. PATENTS

(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.
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(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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(57 ABSTRACT

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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