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(57) ABSTRACT

Various embodiments relate to an electronic device. The
electronic device may include: a housing including a first
surface facing a first direction and a second surface facing a
second direction opposite the first direction; a first display
viewable through the first surface; a battery disposed
between the first display and the second surface; a second
display having a size smaller than a size of the first display
and viewable through a partial area of the second surface; a
short-distance wireless communication antenna disposed at
alower end of the second display and configured to transmit/
receive a short-distance wireless communication signal
through the partial area of the second surface and the second
display; and a shield disposed at a lower end of the short-
distance wireless communication antenna and configured to
block transmission/reception of the short-distance wireless
communication signal through the first surface.
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A chip antenna module includes: a substrate including a feed
wiring layer to provide a feed signal, a feeding via connected
to the feed wiring layer, and a dummy via separated from the
feed wiring layer; and a chip antenna disposed on a first
surface of the substrate and including a body portion formed
of a dielectric substance, a radiating portion that extends
from a first surface of the body portion and is connected to
the feeding via and the dummy via, and a grounding portion
that extends from a second surface of the body portion
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Technologies for a metal chassis for an electronic device are
disclosed. A manufacturer may manufacture a chassis of an
electronic device by machining a recess into a chassis
preform and perform an anodization of the chassis. The
manufacturer may machine the side of the chassis preform
opposite the recess to a predefined thickness, and then
perform a subsequent anodization. The predefined thickness
is selected so that, after the subsequent anodization, there is
a single anodized layer between the surface of the recess and
the chassis surface on the opposite side. The single anodized
layer is non-conductive, allowing electromagnetic signals of
an antenna to pass through.
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structure, a second substrate, a second conductive layer and
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on the first substrate. The first insulating structure is dis-
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The second conductive layer is disposed on the second
substrate. The liquid-crystal layer is disposed between the
first conductive layer and the second conductive layer. The
thickness of the first region is less than the thickness of the
second region, and at least a portion of the first region is
disposed in an overlapping region of the first conductive
layer and the second conductive layer.
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A wireless electronic device includes a ground plane, a first
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the first extension element. The plurality of impedance
elements are electrically connected between the first switch-
ing element and a ground. The first switching element
connects the first extension element to one of the plurality of
impedance elements in response to an operation frequency
band of the first antenna element.
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(57) ABSTRACT

An electronic device may be provided with a dielectric cover
layer, a dielectric substrate, and a phased antenna array on
the dielectric substrate for conveying millimeter wave sig-
nals through the dielectric cover layer. The array may
include conductive traces mounted against the dielectric
layer. The conductive traces may form patch elements or
parasitic elements for the phased antenna array. The dielec-
tric layer may have a dielectric constant and a thickness
selected to form a quarter wave impedance transformer for
the array at a wavelength of operation of the array. The
substrate may include fences of conductive vias that laterally
surround each of the antennas within the array. When
configured in this way, signal attenuation, destructive inter-
ference, and surface wave generation associated with the
presence of the dielectric layer over the phased antenna
array may be minimized.
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According to various embodiments, an electronic device
comprises a housing comprising: a front surface plate; a rear
surface plate spaced apart from the front surface plate
opposite thereto; and a side surface member surrounding a
space between the front surface plate and the rear surface
plate, wherein at least a portion of the side surface member
comprises at least one conductive portion disposed between
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longitudinal direction perpendicular to the conductive por-
tion; a conductor disposed on the conductive plate; and at
least one conductive member dividing the slot into a plu-
rality of portions.

20 Claims, 19 Drawing Sheets

31

322

374

15

3112

Tafget
At Resonaily(Fy)

n

3116



a2 United States Patent

US011145954B2

a0y Patent No.:  US 11,145,954 B2

Tsai et al. 45) Date of Patent: Oct. 12,2021
(54) ANTENNA FOR A COMMUNICATION USPC oottt 343/700 MS
DEVICE See application file for complete search history.
(71) Applicant: HEWLETT-PACKARD (56) References Cited
DEVELOPMENT COMPANY, L.P.,
Houston, TX (US) U.S. PATENT DOCUMENTS
. o Shi : sl . 8,648,752 B2 2/2014 Ramachandran et al.
(72) Tnventors: Ming-Shien Tsai, Taipei (TW): Leo SeisT9 B2, 22014 Ramachandran et HOL 1243
Joseph Gerten, Austin, TX (US) 43/749
. 8,754,817 B1* 6/2014 Kuo ...cccoeevveiecinn HO1Q 5/371
(73) Assignee: Hewlett-Packard Development 343/702
Company, L.P., Spring, TX (US) 2004/0233111 Al* 11/2004 Desclos .......ccccov..... HO1Q 9/28
343/700 MS
(*) Notice: Subject to any disclaimer, the term of this 2004/0246188 Al  12/2004 Egashira
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 313 days.
FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 16/092,090
CN 1705164 12/2005
(22) PCT Filed:  Jul. 29, 2016 CN 102684726(C . 9/(21(;12
ontinue
(86) PCT No.: PCT/US2016/044794
§ 371 (©)X1) OTHER PUBLICATIONS
(2) Date: Oct. 8, 2018 Eom, S., et al., Embedded Antenna for Metallic Handheld Com-
munication Devices, Jan. 2014, <http://www.jpier.org/PIERB/pierb57/
(87) PCT Pub. No.: W02018/022100 09.13101107.pdf>.
PCT Pub. Date: Feb. 1, 2018 Primary Examiner — Andrea Lindgren Baltzell
(65) Prior Publication Data (74) Attorney, Agent, or Firm — HPI Patent Department
US 2019/0165451 Al May 30, 2019 (57) ABSTRACT
Examples relating to an antenna for a communication device
51) Int. Cl b &
(31) Int. Cl. are described. In one example, the antenna may include a
H01Q 1/38 (2006.01) longitudinally extending base strip, and a radiating strip. The
HO01Q 124 2006.01 St ; tudi ;
0 ( 01) radiating strip extends longitudinally with respect to the base
HoiQ 9/42 (2006.01) strip. The antenna may further include a coupling strip
(52) US. CL which provides a conducting path between the base strip and
CPC .o H0(1 0 1/243) (2013.01); H(01 0 1/3<§ the radiating strip. The radiating strip is such that its length
2013.01); H01Q 9742 (2013.01 is greater than length of the base strip.
(58) Field of Classification Search

CPC ... HO1Q 1/24; HO1Q 1/38; HO1Q 9/42

136 -

14 Claims, 6 Drawing Sheets

e



a2 United States Patent

Anguera Pros et al.

US011145955B2

ao) Patent No.:  US 11,145,955 B2
45) Date of Patent: Oct. 12,2021

(54) WIRELESS DEVICE INCLUDING A
MULTIBAND ANTENNA SYSTEM

(71) Applicant: Fractus Antennas, S.L., Barcelona
(ES)

(72) Inventors: Jaume Anguera Pros, Castellon (ES);
Ivan Sanz, Barcelona (ES); Carles
Puente Baliarda, Barcelona (ES);
Josep Mumbru, Asnieres-sur-Seine
(FR)

(73) Assignee: Ignion, S.L., Barcelona (ES)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 87 days.

(21) Appl. No.: 16/597,531

(22) Filed: Oct. 9, 2019

(65) Prior Publication Data
US 2020/0044317 Al Feb. 6, 2020

Related U.S. Application Data

(63) Continuation of application No. 15/331,390, filed on
Oct. 21, 2016, now Pat. No. 10,476,134, which is a

(Continued)
(30) Foreign Application Priority Data
Mar. 30, 2007 (EP) ceceoeneervenrreceicicrcen 07105364
(51) Imt.CL
H01Q 124 (2006.01)
HO01Q 5/335 (2015.01)
(Continued)
(52) US. CL
CPC ..o HO01Q 17243 (2013.01); HOIQ 1/36
(2013.01); HO1Q 1/48 (2013.01); HO1Q 5/00
(2013.01);
(Continued)
1700

(58) Field of Classification Search
CPC ............ HO1Q 1/243; HO1Q 1/36; HO1Q 1/48;
HO1Q 5/00; HO1Q 5/335; HO1Q 5/50;
HO1Q 21/30
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

4,827,266 A 5/1989 Sato
5,480,912 A 2/1996 Holloway

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1674354 9/2005
EP 1248317 3/2002
(Continued)

OTHER PUBLICATIONS

Boyle , K. R, A dual-fed, self-diplexing PIFA and RF Front-end,
Antennas and Propagation, IEEE Transactions on, Feb. 1, 2007, vol.
55, No. 2.

(Continued)

Primary Examiner — Andrea Lindgren Baltzell

Assistant Examiner — Amal Patel

(74) Attorney, Agent, or Firm — Edell, Shapiro & Finnan,
LLC

(57) ABSTRACT

A wireless handheld or portable device includes an antenna
system operable in a first frequency region and a higher,
second frequency region. The antenna system comprises an
antenna structure, a matching and tuning system, and an
external input/output (I/0O) port. The antenna structure com-
prises at least one radiating element including a connection
point, a ground plane layer including at least one connection
point, and at least one internal I/O port. At least one radiating
element of the antenna structure protrudes beyond the
ground plane layer. The antenna structure features at any of
its internal I/O ports when disconnected from the matching

(Continued)

1701

1705 e

1708

1704
1702

1709
1706



US011145956B2

a2 United States Patent (10) Patent No.:  US 11,145,956 B2

Wu et al. 45) Date of Patent: Oct. 12,2021
(54) DUAL-POLARIZED MILLIMETER WAVE (52) US.CL
ANTENNA UNIT, ANTENNA SYSTEM, AND CPC oo HO1Q 1/243 (2013.01); HOIQ 15/24

MOBILE TERMINAL

(2013.01); HOI1Q 21/0006 (2013.01)
(58) Field of Classification Search

(71)  Applicant: SHENZHEN SUNWAY CPC ... HO1Q 1/243; HO1Q 15/24; HO1Q 21/0006;
COMMUNICATION CO., LTD., HO1Q 21/24; HO1Q 21/0075; HO1Q
Shenzhen (CN) 9/0478
(72) Inventors: Shengjie Wu, Shenzhen (CN); Anping See application file for complete search history.
Zhao, Shenzhen (CN)
(56) References Cited
(73) Assignee: SHENZHEN SUNWAY
COMMUNICATION CO., LTD., U.S. PATENT DOCUMENTS
Shenzhen (CN) 2020/0161749 A1* 52020 Onaka .......cocoeeiriere HOIP 3/08
2020/0287298 Al* 9/2020 Ueda ... .. HO1Q 21/24
(*) Notice: Subject to any disclaimer, the term of this 2021/0066788 A1l*  3/2021 K woveeooooeoin, H018 1/243
patent is extended or adjusted under 35 * cited b .
U.S.C. 154(b) by 197 days. cited by examiner
(21) Appl. No.: 16/606,132 Primary Examiner — Awat M Salih
(22) PCT Filed Sep. 11. 2019 (74) Attorney, Agent, or Firm — Oliff PLC
iled: ep. 11,
(86) PCT No.: PCT/CN2019/105247 (57) ABSTRACT
§ 371 (c)(1), A dual-polarized millimeter wave antenna unit, an antenna
(2) Date: Oct. 17, 2019 system, and a mobile terminal are disclosed. The dual-
polarized millimeter wave antenna unit comprises a main
(87) PCT Pub. No.: W02021/012363 part, a first feed branch, a second feed branch, and a radiator,
PCT Pub. Date: Jan. 28. 2021 wherein the radiator is arranged on the top face of the main
" ate: Jafl. 29 part, the first feed branch is arranged on a first side face of
(65) Prior Publication Data the maiq part, the seconq feed branch is arranged on a
second side face of the main body, the first feed branch and
US 2021/0028535 Al Jan. 28, 2021 the second feed branch are communicated with the bottom
. L L. face of the main part, the first side face is perpendicular to
(30) Foreign Application Priority Data the second side face, and a weld region is arranged on the
bottom face of the main part. The dual-polarized millimeter
Jul. 23,2019 (CN) .coveviiecrcine 201910664228.3 wave antenna unit provided by the invention has the advan-
(51) Int.CI tages of wideband, dual polarization, and low sidelobe, thus
H0‘1 0 1 24 (2006.01) being especially suitable for 5G communication.
H01Q 15/24 (2006.01)

H01Q 21/00

(2006.01)

19 Claims, 9 Drawing Sheets




US011145957B2

a2 United States Patent (10) Patent No.:  US 11,145,957 B2
Zhao et al. 45) Date of Patent: Oct. 12,2021
(54) ANTENNA, ANTENNA CONTROL METHOD, (56) References Cited

AND TERMINAL
U.S. PATENT DOCUMENTS

(71) Applicant: Huawei Technologies Co., Ltd.,

Shenzhen (CN) 8,674,889 B2 3/2014 Bengtsson et al.
8,923,914 B2 12/2014 Kim et al.
(72) Inventors: Chongfeng Zhao, Xi’an (CN); Bao Lu, (Continued)

Shenzhen (CN); Kun Li, Xi’an (CN)
FOREIGN PATENT DOCUMENTS

(73) Assignee: HUAWEI TECHNOLOGIES CO.,

CN 103579757 A 2/2014
LID., Shenzhen (CN) CN 103633451 A 3/2014
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 3 days. OTHER PUBLICATIONS
(21) Appl. No.: 16/765,743 Wang Chen, “Research on Novel Multiband and Compact Antenna

Based on Composite Right/Teft-Handed Transmission Lines Struc-

(22) PCT Filed: Nov. 21, 2017 tures,” South China University of Technology, 125 pages.

(86) PCTNo.  PCT/CN2017/112108 (Continued)
§ 371 (c)(1), Primary Examiner — Junpeng Chen
(2) Date: May 20, 2020 (74) Attorney, Agent, or Firm — Conley Rose, P.C.
PCT Pub. Date: May 31, 2019 An antenna, an antenna control method, and a terminal,
. o where the antenna includes an antenna body and an antenna
(65) Prior Publication Data branch, where one end of the antenna branch is coupled to
US 2020/0313281 Al Oct. 1, 2020 the antenna body, the other end is coupled to a feedpoint of
a primary radio frequency channel, and the end of the
(51) Int. CL antenna branch that is coupled to the feedpoint of the
H01Q 124 (2006.01) primary radio frequency channel is further coupled to the
H01Q 1748 (2006.01) antenna body through a first adjustable device, where the
Ho4M 1/02 (2006.01) first adjustable device is in an on state or an off state. An
(52) US. CL antenna branch is coupled between the feedpoint of the
CPC .o HOI1Q 1/243 (2013.01); HO1Q 1/48 primary radio frequency channel and the antenna body, and
(2013.01); HO4M 1/0202 (2013.01) the antenna branch is capable of coupling or decoupling by
(58) Field of Classification Search switching on or off the first adjustable device.
CPC combination set(s) only.
See application file for complete search history. 20 Claims, 9 Drawing Sheets
Feedpoint Feedpoint




a2 United States Patent

Tsai et al.

US011145958B2

US 11,145,958 B2
*Qct. 12, 2021

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

(54) MOBILE DEVICE AND MANUFACTURING
METHOD THEREOF

(71) Applicant: HTC Corporation, Taoyuan (TW)

(72) Inventors: Tiao-Hsing Tsai, Taoyuan (TW);
Chien-Pin Chiu, Taoyuan (TW);
Hsiao-Wei Wu, Taoyuan (TW);
Shen-Fu Tzeng, Taoyuan (TW);
Yi-Hsiang Kung, Taoyuan (TW);
Li-Yuan Fang, Taoyuan (TW)

(73) Assignee: HTC CORPORATION, Taoyuan (TW)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent is subject to a terminal dis-
claimer.

(21) Appl. No.: 16/895,028
(22) Filed: Jun. 8, 2020

(65) Prior Publication Data
US 2020/0303810 Al Sep. 24, 2020

Related U.S. Application Data

(63) Continuation of application No. 15/723,336, filed on
Oct. 3, 2017, now Pat. No. 10,727,569.

(Continued)
(51) Imt.CL
H01Q 124 (2006.01)
H01Q 138 (2006.01)
(Continued)
(52) US. CL
CPC ..o HO01Q 17243 (2013.01); H01Q 1/38
(2013.01); HO1Q 1/48 (2013.01); HO1Q 5/35
(2015.01);
(Continued)

166

e

RF Module

(58) Field of Classification Search
CPC ........ HO1Q 1/243; HO1Q 7/005; HO1Q 5/364;
HO1Q 1/48; HO1Q 9/0421; HO1Q 1/38;

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

9,059,505 B1* 6/2015 Asrani ............. HO1Q 1/243
2003/0112195 Al 6/2003 Cheng et al.
(Continued)

FOREIGN PATENT DOCUMENTS

CN 201533015 U 7/2010
CN 102570027 A 7/2012
(Continued)

OTHER PUBLICATIONS

Chinese Office Action and Search Report, dated Aug. 14, 2020, for
Chinese Application No. 201710951672 4.

Primary Examiner — Andrea Lindgren Baltzell

Assistant Examiner — Michael M Bouizza

(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch
& Birch, LLP

(57) ABSTRACT

A mobile device at least includes a first circuit board, a metal
frame, an electronic component, a second circuit board, and
an RF (Radio Frequency) module. The first circuit board
includes a system ground plane. The metal frame at least
includes a first portion. The first portion is electrically
coupled to the system ground plane and a feeding point. An
antenna structure is formed by the first portion and the
feeding point. The second circuit board is electrically
coupled to the electronic component. The electronic com-
ponent and the second circuit board are adjacent to the first
portion of the metal frame. The RF module is electrically
coupled to the feeding point, so as to excite the antenna
structure.

25 Claims, 11 Drawing Sheets

7
T A B R R R R R SR . 7

170 185 112



US011145967B2

a2 United States Patent

Fang et al.

US 11,145,967 B2
Oct. 12, 2021

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

(54) ANTENNA SYSTEM
(7D

(72)

Applicant: Wistron Corp., New Taipei (TW)

Inventors: Ying-Sheng Fang, New Taipei (TW);
Nien-Chao Chuang, New Taipei (TW);
Po-Tsang Lin, New Taipei (TW);
Chia-Wei Su, New Taipei (TW)

(73)

Assignee: WISTRON CORP., 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 112 days.
2D 16/710,586

(22)

Appl. No.:

Filed: Dec. 11, 2019

(65) Prior Publication Data

US 2021/0126356 Al Apr. 29, 2021

(30) Foreign Application Priority Data

Oct. 29, 2019  (TW) 108138963

(51) Int. CL
HO1Q 1/24
HOIQ 1/52
HO1Q 5/307

U.S. CL
CPC

(2006.01)
(2006.01)
(2015.01)
(52)
HO010Q 1/521 (2013.01); HO1Q 5/307
(2015.01); HOIQ 1/242 (2013.01)
Field of Classification Search
CPC HO1Q 1/521; HO1Q 5/307; HO1Q 1/242
See application file for complete search history.

(58)

(56) References Cited
U.S. PATENT DOCUMENTS

2007/0001911 Al 1/2007 Fujio et al.

2007/0139270 Al* 6/2007 Takei ......cccooene. HO1Q 1/38
343/700 MS
2009/0256754 Al* 10/2009 Tsai ..o HO01Q 25/00
343/700 MS

(Continued)

FOREIGN PATENT DOCUMENTS

KR
™

20170061295 A *
M337864 U

6/2017
8/2008

OTHER PUBLICATIONS

Chinese language office action dated Jul. 21, 2020, issued in
application No. TW 108138963.

(Continued)

Primary Examiner — Dieu Hien T Duong
(74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP

(57) ABSTRACT

An antenna system includes a first antenna, a second
antenna, a first parasitic element, and a second parasitic
element. The first antenna includes a first feeding element,
a first radiation element, and a shorting element. The first
radiation element is coupled to the first feeding element. The
first feeding element is coupled through the shorting element
to a first grounding point. The second antenna includes a
second feeding element, a second radiation element, and a
third radiation element. The second radiation element and
the third radiation element are coupled to the second feeding
element. The first parasitic element is coupled to a second
grounding point. The second parasitic element is coupled to

(Continued)

120 160
110130 1504170
100 140 180
Bl w0~ 170071 180
130 1142 12 "7 2101220 N\'yg | La 182
) 17 b JLRA-N L BTSN \>
A TRA141 211
C GPl  GP2
1917 = = =
VSS  VSS VSS




US011145969B2

a2 United States Patent

Maruyama et al.

US 11,145,969 B2
Oct. 12, 2021

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

(54) STRUCTURE, ANTENNA STRUCTURE, AND (58) Field of Classification Search
RADIO WAVE SHIELDING STRUCTURE CPC ........ GO02B 3/08; GO2B 5/045; GO2B 5/1876;
INCLUDING TRANSPARENT CONDUCTOR G02B 19/0076; GO2B 25/002;
(Continued)
(71)  Applicant: NIHON DENGYO KOSAKU CO.,,
LTD., Tokyo (JP) (56) References Cited
(72) Inventors: Akira Maruyama, Tokyo (JP); Yukio U.S. PATENT DOCUMENTS
Sato, Tokyo (JP); Hiroki Hagiwara, 4,116,529 A 9/1978 Yamaguchi
Tokyo (JP) 8,764,319 B2 7/2014 Oh et al.
(Continued)
(73) Assignee: NIHON DENGYO KOSAKU CO.,,
LTD., Tokyo (JP) FOREIGN PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this CN 201143819 11/2008
patent is extended or adjusted under 35 CN 103825086 . 3/2014
U.S.C. 154(b) by 0 days. (Continued)
(21) Appl. No.: 16/642,376 OTHER PUBLICATIONS
(22) PCT Filed: Aug. 28, 2017 “International Search Report (Form PCT/ISA/210) of PCT/JP2017/
030726,” dated Nov. 14, 2017, with English translation thereof, pp.
(86) PCT No.: PCT/JP2017/030726 1-2.
§ 371 (e)(1), (Continued)
(2) Date: Feb. 27, 2020 Primary Examiner — Collin X Beatty
27) PCT Pub. No. WO2019/043756 Assistant Examiner — Grant A Gagnon
®87) ub. - (74) Attorney, Agent, or Firm — JCIPRNET
PCT Pub. Date: Mar. 7, 2019 57) ABSTRACT
(65) Prior Publication Data An antenna structure as an example of a structure including
a transparent conductor includes: an antenna as an example
US 2020/0194883 Al Jun. 18, 2020 of the transparent conductor; a film transmitting a visible
(51) Int. Cl light; a positioning structure configured to position the film
H0‘1 0 1 /52 (2006.01) from an invisible side of a ceiling as an example of a facility;
HOIQ 1/12 (2006.01) and a flange transmitting the visible light and configured to
GO2B 3/08 (2006.01) position the film from a visible side of the ceiling and
(52) US.Cl ’ including a lens part at a position facing the positioning
CPC oo HOIQ 1/526 (2013.01); G02B 3/08 ~ StUewure.

(2013.01); HOIQ 1/12 (2013.01)

10 Claims, 11 Drawing Sheets




US011145970B2

a2 United States Patent (10) Patent No.:  US 11,145,970 B2
Baek et al. 45) Date of Patent: Oct. 12,2021
(54) ANTENNA DEVICE (58) Field of Classification Search
) CPC ........ HO1Q 1/2291; HO1Q 1/24; HO1Q 1/241;
(71) Applicant: Samsung Electronics Co., Ltd., HO1Q 1/242; HO1Q 1/243; HO1Q 1/38;
Gyeonggi-do (KR) (Continued)
(72) Inventors: Kwang-Hyun Baek, Gyeonggi-do (56) References Cited
(KR); Seung-Tae Ko, Gyeonggi-do
(KR); Yoon-Geon Kim, Busan (KR); U.S. PATENT DOCUMENTS

Won-Bin Hong, Seoul (KR)
6,952,185 B1  10/2005 Ryken, Jr. et al.
7,023,909 Bl 4/2006 Adams et al.

(73) Assignee: Samsung Electronics Co., Ltd :
(Continued)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

FOREIGN PATENT DOCUMENTS

CN 1798485 7/2006
CN 1815806 8/2006
(21) Appl. No.: 16/786,449 (Continued)

(22) TFiled:  Feb. 10, 2020
OTHER PUBLICATIONS

(65) Prior Publication Data Chinese Office Action dated Jun. 3, 2020 issued in counterpart
US 2020/0176864 Al Jun. 4, 2020 application No. 201580026193.0, 16 pages.

Related U.S. Application Data (Continued)

(62) Division of application No. 15/038,334, filed as Primary Examiner — Dimary S Lopez Cruz
application No. PCT/KR2015/001989 on Mar. 2, Assistant Examiner — Patrick R Holecek

2015, now abandoned. (74) Attorney, Agent, or Firm — The Farrell Law Firm,
P.C.
(30) Foreign Application Priority Data
57 ABSTRACT
May 13, 2014 (KR) ccoeevenirreenenenee 10-2014-0057077

Various embodiments of the present disclosure provide an
(51) Int. CL antenna device, which comprises: a radiator for receiving a

HO1Q 3/01 (2006.01) power supply signal; multiple tuning units disposed adja-
’ cently to or on the radiator, wherein the tuning units are

HO01Q 3/46 (2006.01) A . . . .
. short-circuited to the radiator or adjacent tuning units are
(Continued) selectively short-circuited to each other. The antenna device
(52) US. ClL as described above can be variously implemented according
CPC ....ccoeonueue HO01Q 3/01 (2013.01); HOIQ 3/46 to embodiments.
(2013.01); HOI1Q 9/0442 (2013.01);
(Continued) 6 Claims, 11 Drawing Sheets
225 .
227
225
225 .

427




a2 United States Patent
Yang

US011145972B2

US 11,145,972 B2
Oct. 12, 2021

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

(54) ANTENNA OSCILLATOR AND ANTENNA

(71)  Applicant: SHENZHEN ANTOP
TECHNOLOGY CO., LTD., Shenzhen
(CN)

(72) Inventor: Ruidian Yang, Shenzhen (CN)

(73) Assignee: Shenzhen Antop Technology 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 111 days.

(21) Appl. No.: 16/679,103

(22) Filed: Nov. 8, 2019

(65) Prior Publication Data
US 2021/0098871 A1 Apr. 1, 2021

(30) Foreign Application Priority Data

Sep. 30, 2019 (CN) wovvvvvvvveveccren 201921673261.4
(51) Int. CL
HO1Q 1/36
HO1Q 3/06
HO1Q 13/10
(52) US.CL
CPC oo HO1Q 3/06 (2013.01); HOIQ 1/36
(2013.01); HOIQ 13/106 (2013.01)

(2006.01)
(2006.01)
(2006.01)

121
122
123

124

(58) Field of Classification Search
CPC ............ HO1Q 3/06; HO1Q 1/36; HO1Q 13/10;
HO1Q 13/103; HO1Q 13/106
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2003/0201944 Al* 10/2003 Aikawa ................ HO1Q 13/10
343/770

* cited by examiner

Primary Examiner — Seokjin Kim
(74) Attorney, Agent, or Firm — Robert L. Stearns;
Dickinson Wright, PLL.C

(57) ABSTRACT

The disclosure applies to the field of antenna technology,
which provides an antenna oscillator and an antenna. The
antenna oscillator includes an antenna oscillator body, the
antenna oscillator body has a rectangular planar plate-like
structure. The first slit and the second slit have strip-shaped
structures without branches and are configured on the
antenna oscillator body. The first slit and the second slit
extend in the direction of the long side of the rectangle and
the antenna oscillator body is configured with a pore struc-
ture. It can receive and transmit electromagnetic wave
signals of a larger bandwidth, expand the effective band-
width of the antenna oscillator and obtain better signal
intensity for each frequency within the effective bandwidth.

13 Claims, 10 Drawing Sheets



a2 United States Patent

Pan et al.

US011145973B2

ao) Patent No.: US 11,145,973 B2
45) Date of Patent: Oct. 12,2021

(54)

(71)

(72)

(73)

")

@
(22)

(86)

87

(65)

(30)

PLANAR END-FIRE PATTERN
RECONFIGURABLE ANTENNA

Applicant: SOUTH CHINA UNIVERSITY OF
TECHNOLOGY, Guangdong (CN)

Inventors: Yongmei Pan, Guangdong (CN); Yun
Ouyang, Guangdong (CN); Shaoyong
Zheng, Guangdong (CN)

Assignee: SOUTH CHINA UNIVERSITY OF
TECHNOLOGY, Guangzhou (CN)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

Appl. No.: 17/260,561

PCT Filed: Feb. 25, 2019

PCT No.: PCT/CN2019/076009

§ 371 (e)(D),
(2) Date: Jan. 15, 2021

PCT Pub. No.. W02020/015359
PCT Pub. Date: Jan. 23, 2020

Prior Publication Data

US 2021/0273328 Al Sep. 2, 2021

Foreign Application Priority Data

Jul. 18, 2018 (CN) ooveivviicee 201810791251.4

(1)

(52)

Int. CI.

HOIQ 9/28 (2006.01)

HO1Q 3/24 (2006.01)

HOIQ 1/48 (2006.01)

U.S. CL

CPC oo HO1Q 3/242 (2013.01); HOIQ 1/48
(2013.01); HOIQ 9/285 (2013.01)

(58) Field of Classification Search
CPC ............ HO1Q 3/24; HO1Q 9/04; HO1Q 9/285;
HO1Q 1/38-1/48
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,648,770 B2* 2/2014 Schneider ............ HO1Q 9/0421
343/893
9,590,314 B2* 3/2017 Celik ....ccccoveunne HO1Q 9/0464
10,680,338 B2* 6/2020 Leung ................ HO1Q 9/0492
FOREIGN PATENT DOCUMENTS
CN 105206911 12/2015
CN 106450760 2/2017
(Continued)

OTHER PUBLICATIONS

“International Search Report (Form PCT/ISA/210) of PCT/CN2019/
0760097, dated May 29, 2019, with English translation thereof, pp.
1-4.

Primary Examiner — Hasan Islam
(74) Attorney, Agent, or Firm — JCIPRNET

(57) ABSTRACT

The invention discloses a planar end-fire pattern reconfig-
urable antenna, including a dielectric substrate, a radiation
patch, a ground plane, a switch and bias circuit, and a coaxial
cable, wherein the dielectric substrate includes a first surface
and a second surface in opposite, the radiation patch is
attached to the first surface of the dielectric substrate, the
ground plane is attached to the second surface of the
dielectric substrate, the switch and bias circuit is arranged in
a slot of the ground plane, the coaxial cable includes an outer
conductor and an inner conductor, the outer conductor is
connected to the ground plane, the inner conductor pen-
etrates through the dielectric substrate and is connected to
the radiation patch, and the coaxial cable is arranged at a
geometric center of the planar end-fire pattern reconfigur-
able antenna.
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57 ABSTRACT

An antenna and a base station including the antenna. The
antenna includes a sub-array that includes first and second
unit cells and a feed network. The first and second unit cells
comprise first and second patches, respectively, having
quadrilateral shapes. The feed network comprises a first
transmission line terminating below first corners of the first
and second patches, respectively; a second transmission line
terminating below third corners of the first and second
patches, respectively; a third transmission line terminating
below a second corner of the first patch and a fourth corner
of the second patch; and a fourth transmission line termi-
nating below a fourth corner of the first patch and a second
corner of the second patch. The first corners are opposite the
third corners on the respective first and second patches and
the second corners are opposite the fourth corners on the
respective first and second patches.
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(57) ABSTRACT

A dual-polarized patch antenna includes a first insulating
substrate; conductive connections, each of which passes
through the first insulating substrate, and which are arranged
to form a resonant cavity and two feeding ports; first and
second metal layers respectively disposed on two opposite
surfaces of the first insulating substrate, the second metal
layer being formed with a cross-shaped slot that corresponds
in position to the resonant cavity; a second insulating
substrate disposed on the second metal layer; and four
radiation patch units disposed on the second insulating
substrate, and corresponding in position to four regions that
are on the second metal layer and that are spaced apart by the
cross-shaped slot.
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Disclosed is a high performance low cost multiband antenna
configuration that has a low band dipole having dipole arms
formed of stamped sheet metal that has a plurality of slots.
Some of the slots are oriented along a longitudinal axis of
the low band dipole arm, and others are oriented orthogonal
to the longitudinal axis. The presence of the slots creates a
plurality of inductor structures, which act has cloaking
structures that make the low band dipole substantially trans-
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mits and/or receives a first signal having a frequency
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circuit includes a first port electrically connected to a first
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An antenna structure includes a nonconductive supporting
element, a feeding radiation element, a first radiation ele-
ment, a second radiation element, a third radiation element,
and a fourth radiation element. The first radiation element is
coupled to a ground voltage. A first coupling gap is formed
between the first radiation element and the feeding radiation
element. The second radiation element is coupled to the first
radiation element. A second coupling gap is formed between
the second radiation element and the feeding radiation
element. The third radiation element is coupled to the first
radiation element. The fourth radiation element is coupled to
the ground voltage. A third coupling gap is formed between
the fourth radiation element and the feeding radiation ele-
ment. The feeding radiation element, the first radiation
element, the second radiation element, the third radiation
element, and the fourth radiation element are all disposed on
the nonconductive supporting element.
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(57) ABSTRACT

An antenna module includes a first power feed element and
a second power feed element each having a flat plate shape,
and a ground electrode (GND) arranged so as to face the first
power feed element and the second power feed element. The
first power feed element is configured to radiate a radio wave
having a first direction as a polarization direction. The
second power feed element is arranged between the first
power feed element and the ground electrode (GND), and is
configured to radiate a radio wave having a second direction
as a polarization direction. A frequency of the radio wave
radiated from the first power feed element is higher than a
frequency of the radio wave radiated from the second power
feed element. An angle formed by the first direction and the
second direction is greater than 0° and less than 90°.
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An antenna structure includes a first antenna, a second
antenna, a third antenna, and a first grounding portion. The
first antenna and the second antenna operate at a first
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