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(57) ABSTRACT

An antenna combination system and a terminal device. The
antenna combination system includes a first antenna and a
second antenna having a distance less than a first preset
threshold. The first antenna includes a first radiation branch
and a first feed point, a feed point of the second antenna is
arranged on a side away from the first feed point, and a side
of the first radiation branch away from the first feed point is
grounded. The first feed point is arranged on a side close to
the second antenna, and the length of the first radiation
branch is an odd multiple of (/2)A. In a case that the second
antenna transmits a signal in a first frequency band, a first
signal and a second signal that cancel each other are coupled
from the second antenna to the first antenna.
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(57) ABSTRACT

There are provided an antenna device and a communication
device including: a feed antenna connected to a feed point;
a loop antenna connected to ground and arranged to sur-
round the feed antenna; and two resonators provided inside
the loop antenna and on both sides of the feed antenna in a
short direction of the feed antenna. Each of the two reso-
nators is connected to the loop antenna and has an L shape.
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(57) ABSTRACT

An electronic device includes a substrate including a ground
layer; and a plurality of antenna structures space apart from
each other on the substrate. Each of the plurality of antenna
structures may include, on the substrate: a rectangular first
conductive patch including a pair of cutting portions in
which diagonally opposite corners are cut; a rectangular
second conductive patch disposed so as to be coupled to the
first conductive patch; and a plurality of conductive pads
which are disposed along the periphery of the second
conductive patch so as to be spaced apart from each other at
a specified interval, and are electrically connected to the
ground layer.
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An antenna structure is provided. The antenna structure
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another.
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embodiment, lengths of the plurality of traces are non-
uniform. An electrically conductive second pad is on the
second surface, and a first hole is through the first pad, the
substrate, and the second pad. A first liner is along sidewalls
of the first hole and electrically couples the first pad to the
second pad. A second hole is through the first pad and the
substrate, and a second liner is along sidewalls of the second
hole to electrically couple the first pad to an electrically
conductive third pad on the second surface. In an embodi-
ment, an electrically insulating ring is between the second
pad and the third pad.
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tric carrier with a first surface, a first radiator, a second
radiator, a coupled radiator, a coaxial cable and a balun line.
The first radiator and the second radiator in opposite areas of
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radiator on the first surface extends from the second radiator
toward the first radiator. There is a coupling slot between the
coupled radiator and the first radiator. An inner conductor
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respectively. The balun line disposed on the first surface has
a serpentine structure, and is connected to the first radiator
and the second radiator. The first radiator, the second radia-
tor and the coupled radiator are configured to generate a first
resonance mode, a second resonance mode and a third
resonance mode.
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7 ABSTRACT

Embodiments of the present application provide an antenna
assembly and an electronic device. The antenna assembly
comprises a near field communication chip and a first
conductive structure; the first conductive structure is elec-
trically connected to the near field communication chip to
transmit near field communication excitation current sup-
plied by the near field communication chip; the first con-
ductive structure is provided with one or more first gaps;
when the first conductive structure transmits the near field
communication excitation current, the first conductive struc-
ture can generate a magnetic field, and the magnetic field
generated by the first conductive structure can radiate to the
outside by means of the first gaps.
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A dipole antenna comprising a dielectric carrier board, a
radiating structure, and a coaxial cable is disclosed. The
dielectric carrier board includes a carrier board surface. The
radiating structure is arranged on the carrier board surface
and includes a first radiator, a second radiator, and a Balun
line. The first radiator includes a first short segment and a
first long segment, arranged side by side on one side of the
Balun line, with the first long segment extending away from
it. The second radiator includes a second short segment and
a second long segment, arranged side by side on the other
side of the Balun line, with the second long segment
extending away from it. The Balun line connects the first and
second short segments. The inner conductor of the coaxial
cable connects to the second radiator.

23 Claims, 10 Drawing Sheets




a2 United States Patent

Coelho De Souza

US012580326B2

a0y Patent No.:  US 12,580,326 B2
45) Date of Patent: Mar. 17, 2026

(54) DESIGNS FOR IMPROVED ANTENNA
ARRAY ELEMENT ISOLATION

(71)  Applicant: QUALCOMM Incorporated, San
Diego, CA (US)

(72) Inventor: Aline Coelho De Souza, Cambridge
(GB)

(73) Assignee: QUALCOMM Incorporated, San
Diego, CA (US)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 119 days.

(21) Appl. No.: 18/507,199

(22) Filed: Nov. 13, 2023

(65) Prior Publication Data
US 2025/0158290 Al May 15, 2025

(51) Int.CL
HOIQ 138 (2006.01)
HOIQ 1/52 (2006.01)
HOIQ 21/00 (2006.01)
HOIQ 21/06 (2006.01)
HOIQ 21/08 (2006.01)
(52) US. CL
CPC ... HOIQ 21/065 (2013.01); HOIQ 1/523

(2013.01); HO1Q 21/0087 (2013.01); HOIQ
21/08 (2013.01)
(58) Field of Classification Search

CPC .. HO1Q 1/38; HO1Q 1/50; HO1Q 1/52; HO1Q
1/523; HO1Q 21/00; HO1Q 21/0087;
HO01Q 21/06; HO1Q 21/061; HO1Q
21/065; HO1Q 21/08; HO1Q 21/24; HO1Q
9/04; HO1Q 9/0407

See application file for complete search history.

900 \

8068 -L

sz |

(56) References Cited
U.S. PATENT DOCUMENTS

10,381,735 B2* 82019 Miraftab ............ HO1Q 9/0485
10,741,908 B2* 82020 Sanders ... . HO1Q 9/0428
10,819,041 B1* 10/2020 Kee .......... ... HO1Q 21/064
11,978,962 B2* 5/2024 Zolomy ............ HO1Q 15/0066

(Continued)

FOREIGN PATENT DOCUMENTS

CN 104638366 A 5/2015
CN 106848583 A 6/2017
CN 114142231 A 3/2022

OTHER PUBLICATIONS

Arun H., et al., “Deployment of Modified Serpentine Structure for
Mutual Coupling Reduction in MIMO Antennas”, IEEE Antennas
and Wireless Propagation Letters, vol. 13, Jan. 1, 2014, pp. 277-280,
XP011540398, figures 1, 7, abstract, Sections I-IV.

(Continued)

Primary Examiner — Tho G Phan
(74) Attorney, Agent, or Firm — Holland & Hart
LLP/Qualcomm Incorporated

57) ABSTRACT

Techniques are provided for improving antenna isolation
and angle-of-arrival (AoA) performance of an antenna array.
An example antenna array includes a plurality of patch
antenna elements disposed on a planar substrate, and one or
more resonator elements disposed on the planar substrate
and between each of the plurality of patch antenna elements,
wherein each of the one or more resonator elements includes
a first repeating S-shaped conductor in a first orientation, and
a second repeating S-shaped conductor in a second orien-
tation that is rotated 180 degrees relative to the first orien-
tation.

21 Claims, 13 Drawing Sheets

/ \Jscm
|




a2 United States Patent
Kang et al.

US012581007B2

US 12,581,007 B2
Mar. 17, 2026

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

(54) ELECTRONIC DEVICE INCLUDING
MULTIPLE PCBS AND ANTENNAS PRINTED
ON PCBS

(71) Applicant: Samsung Electronics Co., Ltd.,

Suwon-si (KR)

(72) Inventors: Taejin Kang, Suwon-si (KR); Hyoseok

Na, Suwon-si (KR); Jongdoo Kim,

Suwon-si (KR); Kyungdae Son,

Suwon-si (KR); Jiyoung Jung,

Suwon-si (KR); Wanjae Ju, Suwon-si

(KR)

(73)

Assignee: Samsung Electronics Co., Ltd.,

Suwon-si (KR)
*3)  Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 358 days.

@21) 18/338,854

(22)

Appl. No.:

Filed: Jun. 21, 2023

(65) Prior Publication Data

US 2023/0336652 Al Oct. 19, 2023
Related U.S. Application Data

Continuation of application
PCT/KR2022/002448, filed on Feb. 18, 2022.

(63) No.

(30) Foreign Application Priority Data

Feb. 18, 2021 (KR) 10-2021-0021914

(51) Int.CL
HO4M 1/00
HO1Q 1/24

(2006.01)
(2006.01)
(Continued)
(52) US. CL
CpC HO04M 1/0277 (2013.01); HOIQ 1/243
(2013.01); HO1Q 7/06 (2013.01);

(Continued)

(58) Field of Classification Search
CPC HO04M 1/0277; HO4M 2201/38; HO1Q
1/243; HO1Q 7/06; HO1Q 5/40;

(Continued)

(56) References Cited

U.S. PATENT DOCUMENTS

3/2013 Oh
12/2020 Yun et al.

(Continued)

8,395,553 B2
10,868,362 B2

FOREIGN PATENT DOCUMENTS

CN 106790802 A 5/2017
CN 108695599 A 10/2018
(Continued)

OTHER PUBLICATIONS

Extended European Search Report dated Apr. 17, 2024, issued in
European Patent Application No. 22756562.9.

(Continued)

Primary Examiner — Ping Y Hsieh
(74) Attorney, Agent, or Firm — Jefferson IP Law, LLP

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing including a first plate facing a first
direction and a second plate facing a second direction
opposite to the first direction, and forming a space between
the first plate and the second plate, a display disposed inside
the housing and exposed through the first plate, a first
printed circuit board disposed between the display and the
second plate, a second printed circuit board disposed
between the display and the second plate, a third printed
circuit board which is disposed between the display and the
second plate and electrically connects the first printed circuit
board and the second printed circuit board, and a first
antenna coupled to the first printed circuit board, wherein the
third printed circuit board may include a second antenna
electrically connected to the first antenna.
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