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An antenna structure includes a ground element, a feeding
radiation element, a first radiation element, a second radia-
tion element, a first coupling branch, an inductive element,
and a dielectric substrate. The feeding radiation element has
a feeding point. The first radiation element is coupled to the
feeding radiation element. The second radiation element is
coupled to the feeding radiation element. The second radia-
tion element and the first radiation element substantially
extend in opposite directions. The first coupling branch is
coupled through the inductive element to a first grounding
point on the ground element. The first coupling branch
includes an elevated portion extending across the first radia-
tion element. The ground element, the feeding radiation
element, the first radiation element, the second radiation
element, the inductive element, and the first coupling branch
are disposed on the same surface of the dielectric substrate.
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A communication device includes a dielectric substrate, an
antenna layer, a metamaterial layer, a first absorber element,
a second absorber element, and a third absorber element.
The dielectric substrate has a first surface and a second
surface which are opposite to each other. The antenna layer
is disposed on the first surface of the dielectric substrate. The
metamaterial layer is adjacent to the antenna layer. The
antenna layer and the metamaterial layer are both positioned
between the first absorber element and the second absorber
element. The third absorber element is disposed on the
second surface of the dielectric substrate.
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An antenna unit to be used by being installed so as to face
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a phase of an electromagnetic wave radiated from the
radiating element, and a conductor situated on an interior-
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phase control member is a member including a dielectric and
a plurality of conductor portions.
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dielectric substrate. Moreover, a feed line is disposed on or
in the dielectric substrate. A first antenna element and a
second antenna element are supported on the dielectric
substrate. The first antenna element and the second antenna
element include a first radiating element and a second
radiating element connected to the feed line, respectively,
and are disposed on a same side when seen from the ground
plane. With a height of the ground plane being a reference,
a top portion of the second antenna element is located higher
than a top portion of the first antenna element. There is
provided an antenna device of which the band can be
expanded and of which the internal space of the casing can
be effectively utilized.
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An antenna module includes feed elements each having a
flat plate shape and a ground electrode arranged opposite the
feed elements. The feed element radiates a radio wave of a
first frequency band. The feed element radiates a radio wave
of a second frequency band that is higher than the first
frequency band. In a plan view of the feed element, the
distance from the center of the feed element to an end
portion of the ground electrode in a first direction is shorter
than or equal to Y2 of a free space wavelength of a radio
wave radiated from the feed element. A feed point of the feed
element is arranged at a location shifted in a second direction
from the center of the feed element, and the second direction
is different from the first direction.

19 Claims, 7 Drawing Sheets

Y

100
125 —
130(?ND) ’1%2 {F1)
< ] ¥
!
' L2
(<A /2
T [ 9 ‘
R
i 1 {
[T
: o :
3 | sp2a \ SPIB |
; SPiA  SP2B :

I > A
g_)x .
Z

3



US012261374B2

az United States Patent
Wang

US 12,261,374 B2
Mar. 25, 2025

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

(54) ANTENNA STRUCTURE AND ELECTRONIC
DEVICE
(71) Applicant: VIVO MOBILE COMMUNICATION
CO., LTD., Dongguan (CN)
(72)

Inventor: Shen Wang, Dongguan (CN)

VIVO MOBILE COMMUNICATION
CO., LTD., Dongguan (CN)

(73) Assignee:

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 219 days.

18/118,117

(21) Appl. No.:

(22) Filed: Mar. 6, 2023

Prior Publication Data

US 2023/0208027 Al Jun. 29, 2023

(65)

Related U.S. Application Data

Continuation of application
PCT/CN2021/115320, filed on Aug. 30, 2021.

(63) No.

30) Foreign Application Priority Data

Sep. 4, 2020 (CN) 202010923239.1

(51) Int.CL
HOIQ 3/26
HO01Q 535
USS. CL
CPC

(2006.01)
(2015.01)
(52)
HOIQ 3/2694 (2013.01); H01Q 5/35

(2015.01)

(58) Field of Classification Search
CPC HO1Q 3/2694; HO1Q 5/35; HO1Q 1/24

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

2009/0224996 Al 9/2009 Kim et al.
2013/0101005 Al 4/2013  Aryanfar
2016/0181704 Al 6/2016 Orban et al.
2016/0365624 Al  12/2016 Maley et al.
2017/0062912 Al 3/2017 Shewan et al.
2019/0319339 Al  10/2019 Wen et al.

FOREIGN PATENT DOCUMENTS

CN 102280687 A 12/2011

CN 104993240 A 10/2015

CN 105530342 A 4/2016
(Continued)

OTHER PUBLICATIONS

International Search Report issued in corresponding International
Application No. PCT/CN2021/115320, mailed Oct. 14, 2021, 4
pages.

(Continued)

Primary Examiner — Dieu Hien T Duong
(74) Attorney, Agent, or Firm — IPX PLLC

(57) ABSTRACT

An antenna structure and an electronic device, are provided.
The antenna structure includes a first antenna and a second
antenna, the first antenna includes a first radiator, a second
radiator, a first port, and a second port, and the second
antenna includes a third radiator and a third port. The first
radiator, the second radiator, and the third radiator jointly
constitute a ring structure, and there is a first gap between the
first radiator and the second radiator, a second gap between
the first radiator and the third radiator, and a third gap
between the second radiator and the third radiator.
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(57) ABSTRACT

An electronic device includes a housing, an antenna struc-
ture disposed in an inner space of the housing, a wireless
communication circuit disposed in the inner space, and a
first bracket. The antenna structure includes a substrate
having a first substrate surface facing in a first direction and
a second substrate surface facing in a second direction
opposite to the first substrate surface, and a plurality of chip
antennas sequentially arranged on the first substrate surface
in a third direction perpendicular to the first direction. Each
of the plurality of chip antennas includes an antenna element
and is separated in the third direction from remaining chip
antennas by separation spaces. The first bracket includes first
and second protrusions that protrude in the second direction
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(57) ABSTRACT

An electronic device may include: a first housing, a second
housing configured to slide from the first housing, a flexible
display disposed to the first housing and the second housing
and having a screen configured to be reduced/extended
according to the sliding of the second housing, a first
antenna module including at least one antenna disposed to
the first housing and configured to radiate a millimeter wave,
and a second antenna module including at least one antenna
disposed to the second housing and configured to radiate a
millimeter wave. The second antenna module may be
located adjacent to one side face of the second housing and
may be configured to form a beam in a same direction as the
first antenna module.
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(57) ABSTRACT

An electronic device includes a housing, an antenna struc-
ture, and a support member. The housing provides a front
surface, a rear surface, and a side surface of the electronic
device. The antenna structure may be located in an inner
space of the housing. The antenna structure may include a
printed circuit board having a first surface facing the front
surface and a second surface facing in a direction opposite
to the first surface, and can include at least one antenna
element. The support member may be combined with the
housing. The antenna structure may be disposed on the
support member. The support member on which the antenna
structure is disposed may be inserted into a recess provided
in a sidewall of the housing providing the side surface. The
sidewall may include a connection portion, which may be
combined with a front plate of the housing providing the
front surface.
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(57) ABSTRACT

A directional antenna and a communication device are
provided in this disclosure. The directional antenna includes
a first element, a second element and a first reflector. An
operating frequency band of the first element is a first
frequency band, and an operating frequency band of the
second element is a second frequency band. An equivalent
electrical length of the first reflector is equal to or slightly
greater than one half of the wavelength of the first frequency
band. The first reflector includes a first resonant circuit, the
first resonant circuit includes a first capacitive part and a first
inductive part that are connected in parallel. A resonance
frequency of the first resonant circuit is within the second
frequency band, and an equivalent electrical length of any
part other than the first resonant circuit in the first reflector
is less than one half of the wavelength of the second
frequency band.

20 Claims, 24 Drawing Sheets

401 o
X,

s




US012272883B2

az United States Patent

a0y Patent No.:  US 12,272,883 B2

Lee et al. 45) Date of Patent: Apr. 8, 2025
(54) ELECTRONIC DEVICE PROVIDED WITH (58) Field of Classification Search
5G ANTENNA CPC .......... HO1Q 5/307; HO1Q 1/243; HO1Q 1/48;
HO1Q 9/045; HO1Q 21/06; HO4B 1/40;
(71) Applicant: LG ELECTRONICS INC., Seoul o HO4B 7/0413
(KR) See application file for complete search history.
(56) References Cited
(72) Inventors: Songyi Lee, Seoul (KR); Moonsoo
Song, Seoul (KR); Chisang You, Seoul U.S. PATENT DOCUMENTS
(KR); Sungjoon Hong, lsemﬂ (KR); 7315284 B2*  1/2008 HSU coocvvvrrvrrenen HO1Q 9/42
Youngtaek Hong, Seoul (KR) 343/702
9,620,867 B2* 4/2017 Hamabe ................. HO01Q 21/28
(73) Assignee: ?G )ELECTRONICS INC., Seoul (Continued)
KR
FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this KR 1020070060818 /2007
%atse%t B Sixienge%;’é nguSted under 35 YR 10-2013-0017274 212013
S.C. 154(b) by ays. KR 10-2015-0118481 10/2015
(21) Appl. No.: 17/755,059 OTHER PUBLICATIONS
(22) PCT Filed: Oct. 30, 2019 PCT International Application No. PCT/KR2019/014419, Interna-
tional Search Report dated Aug. 27, 2020, 4 pages.
. Abu Saada et al., “Design of Efficient Microstrip Linear Antenna
(86) PCT No.: PCT/KR2019/014419 Array for SG Communications Systems,” 2017 International Con-
§ 371 (c)(1), ference on Promising Electronic Technologies (ICPET), Oct. 2017,
(2) Date: Apr. 20, 2022 7 pages.
Primary Examiner — Justin Y Lee
(87) PCT Pub. No.: W02021/085667 (74) Attorney, Agent, or Firm — LEE, HONG,
PCT Pub. Date: May 6, 2021 DEGERMAN, KANG & WAIMEY
(57) ABSTRACT
(65) Prior Publication Data Provided is an electronic device provided with a 5G antenna
US 2022/0393349 Al Dec. 8. 2022 according to the present invention. The electronic device is
o provided with a first antenna including: a metal pattern in
51) nt. C1 which metal having a predetermined length and a predeter-
(1) Int. Cl. ” mined width is printed and disposed on the entire surface of
Zz;g ‘;ZZ (58(1)281) a substrate, and which is configured to radiate a first signal;
Q ~( -01) and a feeding pattern which is disposed inside a region in
(Continued) which the metal pattern is separated and spaced, and con-
(52) US.CL figured to couple-feed the first signal to the metal pattern.
CPC ..o HO01Q 5/307 (2015.01); H01Q 1243 Further, the electronic device further comprises a second
(2013.01); HO1Q 1/48 (2013.01); HO1Q 9/045 antenna that includes a metal pattern and a second feeding
(2013.01); pattern arranged to be symmetric to the first antenna on the
(Continued) (Continued)
1200
Pild Rla | 1202 122b 1231 1232 1220-2 )
R T B L e 2
i o Pz | IE
l [ Ll ] !
Lol N P N
=" 4l ]
Wyl \
12 RHa2f 12122 121762

TRANSCELV

ER CIRCUIT

BASEBAND PROCESSOR




az United States Patent
Chang et al.

US012272888B2

US 12,272,888 B2
Apr. 8, 2025

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

(54) ELECTRONIC DEVICE AND ANTENNA (56) References Cited
FEEDING MODULE
U.S. PATENT DOCUMENTS
(71) Applicant: WISTRON NEWEB 2016/0294067 Al* 10/2016 Ch HO1Q 5/364
. ang ...
CORPORATION, Hsinchu (TW) 2018/0342809 AL* 11/2018 WU ...ccooeerrrrrrrrnrnnn, HO1Q 5/371
un-Tsan Lee, Hsinchu ;
Chia-Hao Chang, Hsinchu (TW) W M553500 U 12/2017
™ 1627794 B 6/2018
(73) Assignee: WISTRON NEWEB * cited b .
CORPORATION, Hsinchu (TW) cited by examiner
« - . Lo .
(*) Notice: Sub]ect. to any dlsclalmer{ the term of this Primary Examiner — Graham P Smith
patent is extended or adjusted under 35 ;
U.S.C. 154(b) by 720 days. (74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP
(21) Appl. No.: 17/403,938
(22) Filed:  Aug. 17, 2021 7 ABSTRACT
. s An electronic device and an antenna feeding module are
(65) Prior Publication Data provided. The electronic device includes a metal housing
US 2022/0320740 A1 Oct. 6, 2022 and an antenna feeding module. The metal housing is
. L o provided with a slot with an opening end and a closed end.
(30) Foreign Application Priority Data The antenna feeding module includes a carrier board and a
feeding circuit. The feeding circuit includes a feeding ele-
Mar. 31, 2021  (TW) oo 110111907 ment and a radiating element. The radiating element
includes a coupling portion, a radiating branch and a feeding
(1) Int. Cl. portion. There is a coupling gap between the coupling
HO1Q 9/42 (2006.01) portion and the metal housing, and the coupling gap is less
H01Q 13/10 (2006.01) : : : S
: than 0.5 times the width of the slot. The feeding circuit is
HO1Q 1/22 (2006.01) used to excite the metal housing, so that the metal housing
(52) US.ClL and the radiating element generate a first resonance path
CPC Iéo()ll% (5;/1 ‘;2 151200]15(])252 2150(12%1133(/) 11 ‘; with a first resonance mode and a second resonance path
UL : with a second resonance mode.
(58) Field of Classification Search
CPC ... HO1Q 13/10; HO1Q 1/2266; HO1Q 1/243
See application file for complete search history. 8 Claims, 10 Drawing Sheets
1 101
\ y —\ 101
323p ~15 10 102
143201 H
L] ~
| y )3 & -
H1 NE=N
5 . ~323 ~11 T 32<322
H2 =102 351 322 T~12 12 323
S {

31

H3

iy

H4




az United States Patent

US012278426B2

a0y Patent No.:  US 12,278,426 B2

Liu et al. 45) Date of Patent: Apr. 15,2025
(54) ANTENNA APPARATUS AND ELECTRONIC (52) US.CL
DEVICE CPC ... H01Q 1/521 (2013.01); HO1Q 5/28
(2015.01); HOI1Q 5/328 (2015.01); HOIQ
(71) Applicant: Huawei Technologies Co., Ltd., 5/335 (2015.01);
Shenzhen (CN) (Continued)
(58) Field of Classification Search
(72) Inventors: Kexin Liu, Shanghai (CN); Dong Yu, USPC it 343/725
Shanghai (CN); Pengfei Wu, Shanghai See application file for complete search history.
(CN); Hanyang Wang, Reading (GB) (56) References Cited

(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 216 days.

(21) Appl. No.: 18/007,899

(22) PCT Filed: Mar. 30, 2021

(86) PCT No.: PCT/CN2021/084156
§ 371 ()(1),
(2) Date: Dec. 2, 2022

(87) PCT Pub. No.: W02021/244115
PCT Pub. Date: Sep. 12, 2021

(65) Prior Publication Data
US 2023/0318172 A1~ Oct. 5, 2023

(30) Foreign Application Priority Data

Jun. 3, 2020 (CN) .o 202010495093.5

(51) Int. CL
HO010 5/28
HO01Q 1/52

(2015.01)
(2006.01)

(Continued)

02

U.S. PATENT DOCUMENTS

2009/0237319 Al* 9/2009 Fukushima ............. H01Q 9/24

343/793

2017/0117620 A1* 4/2017 Lapushin ............. HO1Q 9/0421
(Continued)

FOREIGN PATENT DOCUMENTS

CN 101300714 B 12/2011
CN 105745785 A 7/2016
(Continued)

Primary Examiner — Hoang V Nguyen
Assistant Examiner — Brandon Sean Woods
(74) Attorney, Agent, or Firm — Conley Rose, P.C.

(57) ABSTRACT

An antenna apparatus includes a circuit board and an
antenna body. The antenna body includes a first radiator and
a second radiator that are indirectly coupled. The first
radiator comprises a first stub and a second stub that are
opposite to, but do not touch each other to form a first gap,
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cally connected to reference ground of the circuit board
separately.
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Provided is a dual polarized folded dipole element 1 includ-
ing: four center portions 20 arranged adjacent to each other;
and an element portion including two parallel wire portions
22, 23 extending in parallel to each other from different
adjacent two of the center portions 20 and a short circuit
portion 24 that short-circuits each two parallel wire portions
22, 23 at a distal end, in which: adjacent two of the center
portions are physically connected to each other by the
element portion; and the element portion extends in sub-
stantially the same plane in four directions from the center
portions 20 with an angle of 90° therebetween. Also pro-
vided are antennae 10 and 10" including the dual polarized
folded dipole element 1.
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An antenna array element with dual polarization is provided.
The antenna array element includes a multilayer printed
circuit board (PCB), a first patch placed on an inner layer of
the multilayer PCB, a second patch placed on an upper layer
of the multilayer PCB and coupled by electromagnetic field
with the first patch, two U slots placed orthogonally on the
multilayer PCB layer under the first patch, feedlines placed
on one PCB layer under the U slots orthogonally to each
other and configured to excite the U slots, ad a plurality of
electromagnetic band gap (EBG) elements located in a
boundary area of the antenna array element.
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(57) ABSTRACT

An antenna module (10) includes a ground electrode (30) in
which a slit (33) is formed in such a manner as to form an
opening along a perimeter of the ground electrode, a first
antenna (110) and a second antenna (110A) arranged in or on
the ground electrode (30), and a coupling reducing electrode
(200) connected to the ground electrode (30) within the slit
(33). The slit (33) is formed on a path leading from the first
antenna (110) to the second antenna (110A) along the
perimeter of the ground electrode. The coupling reducing
electrode (200) includes a first conductor (220) having a
length corresponding to a first frequency and a second
conductor (230) having a length corresponding to a second
frequency, which is higher than the first frequency.
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