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Various embodiments provide an antenna assembly and
associated systems, devices, and methods. The antenna
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing which forms at least a part of an exterior
of the electronic device, an antenna module which is dis-
posed in the housing and includes a first surface facing one
surface of the housing and a second surface facing the
opposite direction of the first surface, the antenna module
including an antenna array disposed on the first surface, a
wireless communication circuit electrically connected with
the antenna module, an insulation layer which is disposed
between the first surface of the antenna module and one
surface of the housing, and first pads which are disposed in
a first area of the insulation layer that corresponds to the first
surface of the antenna module, wherein each of the first pads
has a first shape in which at least a part of an area
overlapping the antenna array is removed, and wherein the
wireless communication circuit feeds power to the antenna
array, thereby transmitting and/or receiving a signal of a
designated frequency band.

20 Claims, 17 Drawing Sheets

r si2 i
| ~_ 470
541
s 1
| W\ * ~ 7 \ AN N
i PR ) b7 e 77, 510
511/\'-?;—;[]—3——’7“ ——————————————— 7
530~ module | °12
|
520{541
542

510{511
512



US012482919B2

a2z United States Patent ao) Patent No.:  US 12,482,919 B2
Zhang et al. (45) Date of Patent: Nov. 25, 2025
(54) DISPLAY PANEL (58) Field of Classification Search
CPC ... HO1Q 1/22; HO1Q 1/2283; HO1Q 1/243;
(71)  Applicants:Beijing BOE Technology Development HO01Q 1/36; HO1Q 1/38; HO1Q 1/50;
Co., Ltd., Beijing (CN); BOE HO1Q 21/065; HO1Q 21/08
TECHNOLOGY GROUP CO., LTD., See application file for complete search history.
Beijing (CN)
56 Refe Cited
(72) Inventors: Yafei Zhang, Beijing (CN); Dongdong (56) elerences T
Zhang, Beijing (CN); Xudong Zhang, U.S. PATENT DOCUMENTS
Beijing (CN); Mengwen Jia, Beijing
(CN); Mengxia Yu, Beijing (CN) 0,905,937 BL* 2/2018 Chiang ................ He1@ 21/665

2022/0263220 Al 8/2022 Huang et al.
(73) Assignee: Beijing BOE Technology Development 2022/0263238 Al 8/2022 Huang et al.

Co., Ltd., Beijing (CN) FOREIGN PATENT DOCUMENTS

(*) Notice: Subjecli to any disclaimer,. the term of this CN 111864341 A 16/2020
patent is extended or adjusted under 35 CN 112306299 A 2/2021
U.S.C. 154(b) by 0 days. (Continued)
(21) Appl. No.: 18/283,505 Primary Examiner — Hoang V Nguyen
. (74) Attorney, Agent, or Firm — HOUTTEMAN LAW
(22) PCT Filed: Feb. 17, 2023 LLC
(86) PCT No.: PCT/CN2023/076797
(57 ABSTRACT
§ 371 (e)(1), . . .
(2) Date: Sep. 22, 2023 The present disclosure provides a display panel, and belongs
’ to the field of display technology. The display panel includes
(87) PCT Pub. No.: WO2024/168815 a display module and an antenna module located on a side
of a display surface of the display module; the antenna
PCT Pub. Date: Aug. 22, 2024 module includes an antenna unit; the antenna unit includes

a dielectric substrate, a radiation structure arranged on the

(65) Prior Publication Data dielectric substrate, a first feed line and a second feed line,
US 2025/0038396 A1 Jan. 30, 2025 the first feed line and the second feed line feed the radiation
structure and are electrically connected with the radiation
(51) Int. CL structure, and feeding directions of the first feed line and the
HO01Q 122 (2006.01) second feed line are different; the radiation structure
HO010 124 (2006.01) includes radiation patches for at least two radiation fre-
(Continued) quency bands, and the radiation patches are electrically

(52) US.CL connected.

CPC ............. HO010 1/2283 (2013.01); H01Q 1/50
(2013.01); H10K 59/40 (2023.02) 17 Claims, 18 Drawing Sheets




a2 United States Patent

US012482921B2

a0y Patent No.:  US 12,482,921 B2

Wu et al. (45) Date of Patent: Nov. 25, 2025
(54) ANTENNA AND TERMINAL H010Q 5/50 (2015.01)
HO01Q 9742 (2006.01)
(71) Applicant: Huawei Technologies Co., Ltd., (52) US.CL
Shenzhen (CN) CPC ... H01Q 1/243 (2013.01); H0IQ 5/328
(2015.01); HO1Q 5/50 (2015.01); HOIQ 9/42
(72) Inventors: Pengfei Wu, Shanghai (CN); Lijun (2013.01)
Ying, Shanghai (CN); Hanyang Wang, (58) Field of Classification Search
Reading (GB); Dong Yu, Shanghai CPC .......... HO1Q 1/243; HO1Q 5/328; HO1Q 5/50;
HO1Q 9/42

(CN); Meng Hou, Shanghai (CN);
Chien-Ming Lee, Shenzhen (CN)

(73) Assignee: HUAWEI TECHNOLOGIES CO.,
LTD., Shenzhen (CN)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 415 days.

(21) Appl.No.:  17/915,763

(22) PCT Filed: Mar. 31, 2021

(86) PCT No.: PCT/CN2021/084786
§ 371 (c)(1),
(2) Date: Sep. 29, 2022

(87) PCT Pub. No.: W02021/197399
PCT Pub. Date: Oct. 7, 2021

(65) Prior Publication Data
US 2023/0223677 Al Jul. 13, 2023

(30) Foreign Application Priority Data
Mar. 31,2020 (CN) ..ccovviviviicinne 202010247465.2
(51) Imt. CL
HO01Q 124 (2006.01)
HO010Q 5/328 (2015.01)

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS
10,193,597 B1* 1/2019 Garrido Lopez ........ He4B 1/38

10,396,438 Bl 8/2019 Smith et al.
2005/0280579 Al 12/2005 Liang et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 103441330 A 12/2013
CN 104115331 A 10/2014
(Continued)

Primary Examiner — Graham P Smith
(74) Attorney, Agent, or Firm — Conley Rose, P.C.

(57) ABSTRACT

An antenna includes a first radiator, a second radiator, and a
feed. The first radiator has a first feed point and a first ground
point. The second radiator has a second feed point and a
second ground point. The antenna further includes a con-
nection line. The connection line has a first end and a second
end that are opposite to each other. The first end is coupled
to the first feed point of the first radiator, and the second end
is coupled to the second feed point of the second radiator. A
feeding point is disposed on the connection line, and the
feeding point is coupled to the feed.
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(57) ABSTRACT

An antenna module including a first radiator and a second
radiator is provided. The first radiator includes a first seg-
ment to a fifth segment connected in sequence. A first slot is
formed between the second segment and the fourth segment.
The second radiator has an edge. A first distance is between
the second segment and an extension line. A second distance
is between the fourth segment and the extension line. The
first segment resonates at a first high frequency band. The
first radiator and the first slot resonate at a low frequency
band and a second high frequency band. The first distance,
the second distance, the second segment, the fourth segment,
the fifth segment and the first slot resonate at a third high
frequency band. The first segment and the second radiator
resonate at a fourth high frequency band. In addition, an
electronic device is provided.
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(57) ABSTRACT

An electronic device, according to various embodiments of
the present disclosure, may comprise: a housing, a first
circuit board disposed in the housing; flexible circuit boards
electrically connected to the first circuit board, coil antennas
disposed inside the housing and including a plurality of
antennas having conductive patterns provided and config-
ured to generate magnetic fields, a shielding layer disposed
below a first antenna from among the plurality of antennas
and metal shields disposed about side surfaces of the coil
antennas and configured to shield a magnetic field in a first
direction from among magnetic fields formed by the coil
antennas.
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(57) ABSTRACT

Provided is an electronic device having an antenna. The
electronic device comprises: a radiator configured by stack-
ing metal patterns on different layers of a multi-layer struc-
ture; and an antenna module including a feeding unit dis-
posed on a specific layer of the radiator and having a feeding
line configured to be connected to the radiator, wherein the
radiator includes a first pad connected to the feeding line and
a second pad disposed on the first pad, and the first pad and
the second pad are connected to each other by a first
connection line and a second connection line.
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the radiation arm between the feeding point and the second
break for radiation.
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(57) ABSTRACT

An electronic device according to an embodiment may
include: a housing forming at least a part of an exterior of the
electronic device; a printed circuit board (PCB) disposed in
the housing; a dielectric layer disposed between the PCB
and the housing and comprising a first surface facing a
surface of the housing and a second surface facing the PCB;
a patch antenna disposed on the first surface of the dielectric
layer and electrically connected to a first point of the PCB;
a conductive plate disposed adjacent to the second surface of
the dielectric layer, connected to a ground on the PCB
through a second point spaced apart from the first point, and
overlapping with the patch antenna; and a wireless commu-
nication circuit electrically connected to the PCB, wherein
the wireless communication circuit is configured to feed
power to the patch antenna through the first point of the PCB
to transmit or receive a first signal of a first frequency band,
and to transmit and/or receive a second signal of a second
frequency band different from the first frequency band
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A foldable mobile device is provided. The device includes
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(57) ABSTRACT

An antenna structure is arranged on a metal back cover. The
metal back cover has an L-shaped slot, which has first and
second partitions respectively arranged along a first direc-
tion and a second direction that are perpendicular to one
another. The antenna structure includes an [-shaped radiat-
ing element that partially overlaps with the second partition
and includes a first radiating portion, a second radiating
portion, and a grounded radiating portion. The first radiating
portion and the second radiating portion extend along the
second direction. One end of the second radiating portion is
connected to the first radiating portion. A first feeding point
is disposed between the first radiating portion and the second
radiating portion. The grounded radiating portion is
extended along the first direction and connected to another
end of the second radiating portion. The grounded radiating
portion has a first grounded side grounded through a capaci-
tive element.
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(57) ABSTRACT

An antenna module includes a dielectric substrate, a radiat-
ing element, and grounding electrodes. The dielectric sub-
strate has a first surface facing a second surface, and
includes a plate-shaped first portion and a plate-shaped
second portion which has a thickness less than that of the
first portion. The radiating element is disposed in the first
portion. The grounding electrode is disposed in the first
portion at a position, which is located apart from the
radiating element in the direction from the radiating element
to the second surface, so as to face the radiating element. The
grounding electrode is disposed between the first surface and
the second surface in the second portion, and is electrically
connected to the grounding electrode. The second surface in
an area of the second portion includes a recess disposed at
an end of the first dielectric substrate.
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(57) ABSTRACT

Provided are an antenna assembly and an electronic device.
The antenna assembly includes a housing, a radio frequency
circuit, a first antenna, a second antenna, and a third antenna.
The first, second and third antennas are provided on the
housing. The first antenna radiates a first radio frequency
signal at a GPS frequency band .1, and each of the second
and third antennas radiates a second radio frequency signal
ata GPS frequency band L5. A first GPS module of the radio
frequency circuit is connected with the first antenna and
supports receipt and transmission of the first radio frequency
signal. A second GPS module of the radio frequency circuit
is selectively connected to one of the second and third
antennas, and switch, based on network information of a
received second radio frequency signal, between being con-
nected to the second antenna and being connected to the
third antenna.
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