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(57) ABSTRACT

A communication device includes a metal chassis, a printed
circuit board positioned within the metal chassis, and a
hybrid cavity mode antenna. The hybrid cavity mode
antenna includes a conductive wall defining at least a portion
of a cavity, wherein the cavity is further defined by one or
more surfaces of the metal chassis and the printed circuit
board, and an electrically-fed antenna configured to radiate
a first radiofrequency signal in a first frequency range. The
electrically-fed antenna is electrically driven from the
printed circuit board of the communication device. The
electrically-fed antenna is positioned within the cavity to
drive the cavity to radiate a second radiofrequency signal in
a second frequency range.
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(57) ABSTRACT

A terminal comprises a printed circuit board (PCB), a PCB
floor, and a rear cover. The metal frame is disposed at edges
of the PCB floor. The PCB floor is disposed between the
PCB and the rear cover, and the PCB floor is used to ground
electronic components. The antenna apparatus may include
a split antenna formed by a split provided on the metal
frame, and a slot antenna formed by a slot connecting to the
split. The slot may be connected to the split at a middle
position on one side of the slot, and the slot may be provided
on the metal frame of the terminal or on a PCB floor of the
terminal.
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(57) ABSTRACT

A mobile terminal and an antenna radiation method of the
mobile terminal are provided. The mobile terminal includes
a frame employed as an antenna, the frame having a feed
point; an antenna bracket positioned within the frame; a first
metal sheet positioned on the antenna bracket, and coupled
to the feed point; and a second metal sheet positioned on the
antenna bracket, a gap being positioned between the second
metal sheet and the first metal sheet, the second metal sheet
being coupled to the first metal sheet via the gap for feeding.
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(57) ABSTRACT

A beam steering antenna structure comprises a stacked
antenna module and a first conductive component. The
antenna module comprises a first substrate and a second
substrate arranged superjacent such that main planes of the
substrates extend in parallel. The first substrate comprises a
first antenna array transmitting and receiving a first radiation
beam. The second substrate comprises a second antenna
array transmitting and receiving a second radiation beam.
The first conductive component extends adjacent to the
antenna module and is at least partially separated from the
antenna module in a first direction perpendicular to the main
plane of the conductive component. The antenna module is
coupled to the conductive component by means of at least
one of a galvanic, capacitive, or inductive coupling. At least
one of the first and the second radiation beams is at least
partially steered away from the other one by the first
conductive component.
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(57) ABSTRACT

An ultra-low-profile low frequency antenna including a
magnetic core having coil winding channels in three inter-
secting axial directions orthogonal to each other, defining
X-axis (X), Y-axis (Y) and Z-axis (Z), receiving respective
X-coil (DX), Y-coil (DY), and Z-coil (DZ). A Z-coil winding
channel surrounds the magnetic core around the Z-axis (Z),
providing partial grooves confined between two parallel
surfaces. The thickness of the magnetic core in the Z-axis
(Z) is less than 1.2 mm. Each partial groove has a width in
the Z-axis (Z) equal or less than 0.4 mm and its depth in a
radial direction perpendicular to the Z-axis (Z) is at least two
times of its width. The Z-coil (DZ) is wound within said
groove and extends radially from Y5 to %4 of the groove’s
depth. The outer edge of the Z-coil is at the entrance of the
groove.
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An antenna element includes a dielectric substrate, a first
ground electrode, a second ground electrode, a via conduc-
tor, and a radiation electrode. The dielectric substrate
includes a first portion shaped like a flat plate and a second
portion thinner than the first portion. The first ground
electrode is arranged in the first portion. The second ground
electrode is arranged in the second portion. The via conduc-
tor couples the first ground electrode and the second ground
electrode. A distance between the radiation electrode and the
first ground electrode in a first thickness direction is more
than a distance between the radiation electrode and the
second ground electrode in a second thickness direction.
Part of the radiation electrode lies opposite to the first
ground electrode without lying opposite to the second
ground electrode.
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(57) ABSTRACT

An antenna apparatus used in an electronic device having a
flexible display that can be bent at a rotating shaft and that
includes a primary screen and a secondary screen respec-
tively configured on two sides of the rotating shaft. The
antenna apparatus includes a first metal strip disposed on the
primary screen frame close to one end of the rotating shaft,
and a second metal strip disposed on the secondary screen
frame close to the same end of the rotating shaft. The first
metal strip is implemented as a plurality of antennas through
dual-feed design. When the flexible display is in a folded
state, the second metal strip is coupled to the first metal strip
to generate radiation and is used as a parasitic antenna of the
first metal strip.

20 Claims, 19 Drawing Sheets

GND2

Second metal strip Rotating shaft

% 13

A M EShe

AW =
) Secondary screen First open end GND1 Second open end
frame 12-3 P
Secondary screen Feed 1 Feed 2
Rotating shaft 11-3 (diversity) GPS+W3G

13



US011899492B2

a2z United States Patent (10) Patent No.:  US 11,899,492 B2
Lin et al. 45) Date of Patent: Feb. 13, 2024
(54) ELECTRONIC DEVICE (56) References Cited
(71) Applicant: GUANGDONG OPPO MOBILE U.S. PATENT DOCUMENTS
TELECOMMUNICATIONS CORP., 10,079,425 B2* 9/2018 Ch HO1Q 1/22
,079, UN e
LTD., Dongguan (CN) 10,879,589 B2* 12/2020 it .vvvveerrrrverecenn, HO1Q 5/342
(72) Inventors: Shijie Lin, Dongguan (CN); Liang Gu, (Continved)
Dongguan (CN) FOREIGN PATENT DOCUMENTS
(73) Assignee: GUANGDONG OPPO MOBILE oN 106095188 A 1112016
TELECOMMUNICATIONS CORP., CN 107887696 A 4/2018
LTD., Dongguan (CN) (Continued)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 448 days. Notification to Grant Patent dated Aug. 23, 2021 for Chinese

21) Appl. No.: 17/355.626 Application No. 201811654714.9.
@1 Avel. No ’ (Continued)

OTHER PUBLICATIONS

(22) Filed: Jun. 23, 2021
Primary Examiner — Khai M Nguyen

(65) Prior Publication Data . .
(74) Attorney, Agent, or Firm — Sheppard, Mullin,
US 2021/0318720 A1~ Oct. 14, 2021 Richter & Hampton LLP
Related U.S. Application Data
(63) Continuation of application No. (57) ABSTRACT

PCT/CN2019/125936, filed on Dec. 17, 2019. ) o
The present disclosure relates to an electronic device includ-

(30) Foreign Application Priority Data ing a rotation shaft, a first body and a second body which are
foldable or unfoldable in relation to each other around the

Dec. 29, 2018 (CN) .coveevivceries 201811654714.9  rotation shaft. The first body has a first end surface facing
away from the rotation shaft and a second end surface

(51) Int. CL connected between the first end surface and the rotation
GO6F 1/16 (2006.01) shaft. A first metal member is provided on the first body,
HO010Q 5/328 (2015.01) includes a first and second parts connected in such a manner
(Continued) that the first metal member has a bent form, and constitutes

(52) US. CL a radiator of a first antenna set. The first part is arranged on
CPC ....... GOGF 1/1616 (2013.01); GO6F 1/1686 ~ the first end surface. The second part is arranged on the

(2013.01); HO1Q 1/22 (2013.01); second end surface. A second metal member is provided on
’ ’ the second body, is grounded via a first switch component

. . (Co.ntinued) configured to adjust an electrical length of the second metal
(58) Field of Classification Search member
CpPC ... GO6F 1/1616; GO6F 1/1686; HO1Q 1/243; '
HO1Q 1/36; HO1Q 5/328; HO1Q 5/335;
(Continued) 19 Claims, 9 Drawing Sheets
1
111 106 210
111b
(l’l/‘ g E. ______ \\ o 20
a 2 i WE | - Al
fiest switch Y

component

XAX3
T CY
102 2004,
i

e




US011901641B2

az United States Patent

Vazquez et al.

US 11,901,641 B2
Feb. 13,2024

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

(54) ELECTRONIC DEVICES WITH MULTIPLE (56) References Cited
LOW BAND ANTENNAS
U.S. PATENT DOCUMENTS
(71) Applicant: Apple Inc., Cupertino, CA (US) 6.501.415 Bl 12/2002 Viana et al,
. . 7471,175 B2 12/2008 Voss
(72) Inventors: Enrique Ayala Vazquez, Watsonville, 8.711.040 B2  4/2014 Barbieri et al.
CA (US); Xu Han, Santa Clara, CA 9,203,139 B2 12/2015 Zhu et al.
(US); Hongfei Hu, Cupertino, CA (US); 9,350,069 B2 5/2016 Pascolini et al.
Ming Chen, Cupertino, CA (US); 10,476,167 B2  11/2019 Ayala Vazquez et al.
I ’ ; T7QY. 10,561,842 B2 2/2020 Yeh et al.
Jingni Zhong, Santa Clara, CA (US); 11,205,834 B2 12/2021 Ayala Vazquez et al.
Erdinc Irci, Sunnyvale, CA (US); Salih 11,322,840 B2 52022 Wang et al.
Yarga, Sunnyvale, CA (US); Mohsen 2022/0069468 AL*  3/2022 HSU woovvceeorerrrerreerrens HO1Q 5/35
Salehi, San Jose, CA (US); Carlo Di 2022/0247070 Al* 82022 Lee .....cceeennee. H04M 1/0214
Nallo, Belmont, CA (US); Ming-Ju * cited b .
Tsai, Sunnyvale, CA (US); Mattia ciied by examiner
Pascolini, San Francisco, CA (US)
(73) Assignee: Apple Inc., Cupertino, CA (US) Primary Examiner — David E Lotter
(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
(*) Notice:  Subject to any disclaimer, the term of this Michael H. Lyons
patent is extended or adjusted under 35
U.S.C. 154(b) by 57 days.
(57) ABSTRACT
(21) Appl. No.: 17/694,486
An electronic device may include first and second antennas
(22) Filed: Mar. 14, 2022 formed from respective first and second segments of a
housing. The first antenna may have a first feed coupled to
(65) Prior Publication Data the first segment by a first switch and coupled to the first
US 2023/0291124 Al Sep. 14, 2023 segment by a first conductive trace. The second antenna may
’ have a second feed coupled to the second segment by a
(51) Int.Cl second switch and coupled to the second segment by a
H010Q 124 (2006.01) second conductive trace. The first segment may be separated
HO0IQ 2128 (2006.01) from the second segment by a single gap, a data connector
HO01Q 1/38 (2006.01) may pass through the second segment, and the antennas may
(52) US. (L selectively cover a low band. Alternatively, the first segment
CPC ... HO01Q 21/28 (2013.01); H01Q 17241 may be separated from the second segment by a third
(2013.01); HO1Q 1/38 (2013.01) segment and two gaps, the data connector may pass through
(58) Field of Classification Search the third segment, and the first and second antennas may

CPC ........ HO1Q 21/28; HO1Q 1/241; HO1Q 1/38;
HO1Q 1/243; HO1Q 13/10; HO1Q 5/328;
HO1Q 1/521

See application file for complete search history.

concurrently cover the low band.

20 Claims, 9 Drawing Sheets

01
68 9698/ 100
183




az United States Patent

Hiraoka et al.

US011901647B2

US 11,901,647 B2
Feb. 13,2024

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

(54) ANTENNA DEVICE
(71) Applicant: Sony Group Corporation, Tokyo (JP)

(72) Inventors: Yoshiaki Hiraoka, Tokyo (JP);
Yuichiro Suzuki, Tokyo (JP);
Takayoshi Ito, Tokyo (JP); Tomihiro
Omuro, Tokyo (JP); Toru Ozone,
Tokyo (JP); Jin Sato, Tokyo (JP)

(73) Assignee: SONY GROUP CORPORATION,

Tokyo (JP)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 369 days.

(21) Appl. No.: 17/298,949

(22) PCT Filed: Dec. 13, 2018

(86) PCT No.: PCT/JP2018/045876
§ 371 (&)(1),
(2) Date: Jun. 2, 2021

(87) PCT Pub. No.: W02020/121481

PCT Pub. Date: Jun. 18, 2020

(65) Prior Publication Data
US 2022/0069467 A1~ Mar. 3, 2022
(51) Imt. CL
HO1Q 5/35 (2015.01)
HOIQ 9/42 (2006.01)
(Continued)
(52) US.CL
CPC ....ccoeeua H01Q 5/35 (2015.01); H01Q 1/22

(2013.01); HOIQ 1/2291 (2013.01); HOIQ
1/24 (2013.01);

(Continued)

(58) Field of Classification Search
CPC ... HO1Q 5/35; HO1Q 1/2291; HO1Q 1/243;
HO1Q 9/42; HO1Q 13/10; HO1Q 1/48;
HO1Q 1/22; HO1Q 1/24

(Continued)
(56) References Cited
U.S. PATENT DOCUMENTS

2015/0116169 Al*  4/2015 Ying ..o HO1Q 1/243
343/729
2015/0207228 Al* 7/2015 Oh ....ccccoovvvivenns HO1Q 1/243
343/702

(Continued)

FOREIGN PATENT DOCUMENTS

JP 2005-142739 A 6/2005
JP 2011-23853 A 2/2011
(Continued)

OTHER PUBLICATIONS

International Search Report and Written Opinion dated Jan. 29,
2019, received for PCT Application PCT/ JP2018/045876, Filed on
Dec. 13, 2018, 9 pages including English Translation.

Primary Examiner — Hai V Tran
(74) Attorney, Agent, or Firm — XSENSUS LLP

(57) ABSTRACT

To optimize space efficiency in mounting a plurality of
antennas compatible with different frequencies.

According to the present disclosure, provided is an antenna
device including a first antenna that operates at a first
frequency, and a second antenna that is provided adjacent to
the first antenna, operates at a second frequency lower than
the first frequency, and has a ground potential connected to
a grounding wire provided at the first antenna.

18 Claims, 6 Drawing Sheets




a2 United States Patent

Wu et al.

US011901652B2

ao) Patent No.:  US 11,901,652 B2
45) Date of Patent: Feb. 13, 2024

(54)

(71)

(72)

(73)

(*)
1)
(22)

(65)

(30)

ANTENNA WITH MULTIPLE FREQUENCY
RANGES AND ELECTRONIC DEVICE

Applicants: Futaijing Precision Electronics
(Yantai) Co., Ltd., Yantai (CN); HON
HAI PRECISION INDUSTRY CO.,
LTD., New Taipei (TW)

Inventors: Ching-Ling Wu, New Taipei (TW);
Hsiang-Neng Wen, New Taipei (TW);
Jia-Hung Hsiao, New Taipei (TW);
Chih-Wei Liao, New Taipei (TW);
Yung-Yu Tai, New Taipei (TW)

Assignees: Futaijing Precision Electronics
(Yantai) Co., Ltd., Yantai (CN); HON
HAI PRECISION INDUSTRY CO.,
LTD., New Taipei (TW)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 92 days.

Appl. No.: 17/708,172

Filed: Mar. 30, 2022

Prior Publication Data

US 2023/0275353 Al Aug. 31, 2023

Foreign Application Priority Data

Feb. 25,2022 (CN) .o 202210179676.6

(1)

(52)

Int. CL.

HO1Q 1/52 (2006.01)

HOIQ 9/42 (2006.01)

HO1Q 5/45 (2015.01)

US. CL

CPC ..o HO01Q 9/42 (2013.01); HO1Q 1/521
(2013.01); HOIQ 5/45 (2015.01)

100
\‘

(58) Field of Classification Search
CPC ... HO1Q 1/52; HO1Q 1/521; HO1Q 1/523;
HO1Q 5/40; HO1Q 5/42; HO1Q 5/45;
HO1Q 5/47; HO1Q 5/48; HO1Q 5/49
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

10,347,977 B1* 7/2019 Kim ....ccooooivnninnnne HO01Q 9/30
2013/0099980 Al 4/2013 Hayashi
2017/0271759 Al*  9/2017 Liu ..cccovviiiivinnne HO1Q 9/42
2021/0151887 Al* 52021 Wang ..o HO1Q 1/521

FOREIGN PATENT DOCUMENTS

CN 106058491 A 10/2016
CN 107706529 A 2/2018
™ 201635643 A 10/2016

* cited by examiner

Primary Examiner — Daniel Munoz
(74) Attorney, Agent, or Firm — ScienBiziP, P.C.

(57) ABSTRACT

An antenna with multi frequency ranges for communication
in more bandwidths includes a dielectric substrate, a first
subantenna, a second subantenna, a third subantenna, and
first, second, and third isolators. The first to third subanten-
nas are connected to the dielectric substrate and connect
with signal sources. The first to third isolators are connected
to the dielectric substrate and arranged to be between the
first to third subantennas, to improve signal isolation
between the subantennas. The application also provides an
electronic device with the antenna having multiple fre-
quency ranges. The antenna and the electronic device with
the antenna enjoys reduced cross-interference between sig-
nals of the first subantenna, the second subantenna, and the
third subantenna. The disclosure also provides an electronic
device with the antenna.

17 Claims, 4 Drawing Sheets




