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An antenna structure utilizing as radiating elements only the
metal frame of an electronic device includes a metal frame,
a feeding portion, and a ground point. The metal frame
defines a first gap and a second gap. The metal frame forms
a radiating portion, a first coupling portion, and a second
coupling portion through the first gap and the second gap.
When the feed supplies current, the current flows through
the radiating portion and, being coupled to the first coupling
portion and second coupling portion through the first and
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A mobile device includes a metal back cover, a dielectric
substrate, a grounding metal element, a first radiation ele-
ment, and a second radiation element. The metal back cover
has a slot. The dielectric substrate has a first surface and a
second surface, and the second surface faces the slot. The
grounding metal element extends onto the first surface of the
dielectric substrate. The first radiation element has a feeding
point, and is disposed on the first surface of the dielectric
substrate. The first vertical projection of the first radiation
element at least partially overlaps the slot. The second
radiation element is disposed on the second surface of the
dielectric substrate. The second vertical projection of the
second radiation element at least partially overlaps the slot.
An antenna structure is formed by the first radiation element,
the second radiation element, and the slot of the metal back
cover.
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(57) ABSTRACT

An electronic device includes a first body, a second body,
and a rotating shaft structure connected to the first body and
the second body. The rotating shaft structure includes a first
shaft and a second shaft arranged opposite to each other and
fixedly connected to the first body and the second body. The
rotating shaft structure further includes an antenna radiator
including a plurality of metal shafts electrically coupled to
each other and provided in an interspace between the first
shaft and the second shaft.
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(57) ABSTRACT

Techniques for utilization of antenna loading for impedance
matching are described. In at least some embodiments, a
device (e.g., a smart phone) includes multiple antennas that
are employed to send and receive wireless signals for the
device. The device further includes impedance matching
functionality communicatively connected to the antennas,
and configured to perform impedance matching for one of
the antennas based on loading (e.g., dielectric loading) of
another of the antennas.
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arm including a strip element at an edge of a phone spaced
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booster, a branching system connecting the first and second
arms to a feeding system that is connected to the RF system
of the phone.
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and a second connection element. The dielectric substrate
includes a first protruded portion. The metal layer lies on the
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respect to the dielectric substrate at least partially overlaps
the first region, and a second projection of the second slit
with respect to the dielectric substrate at least partially
overlaps the first protruded portion. The mobile device is
capable of operating in multiple bands.

66 Claims, 59 Drawing Sheets

110
180 180 g

L

r 120




a2 United States Patent
Guo

US010879974B2

ao) Patent No.: US 10,879,974 B2
45) Date of Patent: Dec. 29, 2020

(54) ELECTRONIC DEVICE AND ANTENNA
COMPONENT THEREOF

(71) Applicant: Beijing Xiaomi Mobile Software Co.,
Ltd., Beijing (CN)

(72) Inventor: Fang Guo, Beijing (CN)

(73) Assignee: Beijing Xiaomi Mobile Software Co.,
Ltd., Beijing (CN)

*) 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.

(21) Appl. No.: 16/412,799
(22) Filed: May 15, 2019

(65) Prior Publication Data
US 2019/0372635 Al Dec. 5, 2019

(30) Foreign Application Priority Data
May 29, 2018  (CN) cooeevevvicriecnnnne 2018 1 0533925

(51) Imt.CL

H01Q 124 (2006.01)

HO04B 7/06 (2006.01)

(Continued)

(52) US. CL

CPC ... HO04B 7/0602 (2013.01); HOIQ 1/364

(2013.01); HOIQ 1/38 (2013.01); HO4B 1/406
(2013.01); HO4W 84/12 (2013.01)
(58) Field of Classification Search
CPC ... HO1Q 1/241-1/243; HO1Q 13/10; HO4B
7/04-7/06
See application file for complete search history.

131

(56) References Cited
U.S. PATENT DOCUMENTS

7,079,079 B2*  7/2006 JO oo HO1Q 1/243
343/700 MS
8,907,853 B2* 12/2014 Ying ...cccccevvevveennn HO1Q 1/243
343/702

(Continued)

FOREIGN PATENT DOCUMENTS

CN 204596970 U 8/2015
CN 105244599 A 1/2016
(Continued)

OTHER PUBLICATIONS

Korean Office Action dated Dec. 11, 2019, in counterpart Korean
Application No. 10-2019-7012208.

(Continued)

Primary Examiner — Hasan 7 Islam
(74) Attorney, Agent, or Firm — Finnegan, Henderson,
Farabow, Garrett & Dunner, L.L.P.

(57) ABSTRACT

The present disclosure relates to an electronic device and an
antenna component thereof. The antenna component
includes a conductive frame and a signal generation circuit.
The conductive frame includes a first conductive frame
section and a second conductive frame section, and a slit
therebetween is configured to implement signal radiation of
the antenna component. A feed point is provided on the first
conductive frame section near the slit. The first conductive
frame section includes an extension portion from the feed
point to an end away from the silt. A groove is formed by the
extension portion and a first ground element. The signal
generation circuit is electronically connected to the feed
point, and configured to generate an L5 band signal when a
signal source is input to the signal generation circuit, such
that the groove generates an [.1 band signal.

15 Claims, 4 Drawing Sheets

12

fll

31




a2 United States Patent

Kim et al.

US010886242B2

US 10,886,242 B2
Jan. §, 2021

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

(54) ANTENNA MODULE

(71) Applicant: SAMSUNG
ELECTRO-MECHANICS CO., LTD.,
Suwon-si (KR)

(72) Inventors: Doo Il Kim, Suwon-si (KR); Won
Wook So, Suwon-si (KR); Young Sik
Hur, Suwon-si (KR); Jung Chul Gong,
Suwon-si (KR)

(73) Assignee: SAMSUNG
ELECTRO-MECHANICS CO., LTD.,
Suwon-si (KR)

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

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

(21) Appl. No.: 16/430,959
(22) Filed: Jun. 4, 2019

(65) Prior Publication Data
US 2020/0321293 Al Oct. 8, 2020

(30) Foreign Application Priority Data
Apr. 4,2019  (KR) .cccovvvvveeiinennn 10-2019-0039437
(51) Imt.CL

HOIL 21/48
HOIL 21/56

(2006.01)
(2006.01)
(Continued)
(52) US. CL
CPC .......... HOIL 23/66 (2013.01); HO1L 21/4853
(2013.01); HOIL 21/56 (2013.01);
(Continued)
(58) Field of Classification Search
CPC . HO1L 23/66; HO1L 23/3135; HO1L 23/3185;
HO1L 23/49816; HO1L 23/5386; HO1L

23/5389; HO1L 21/4853; HO1L 21/56;
HO1L 24/05; HO1L 24/16; HO1L 24/17,
HO1L 25/0657; HO1L 2224/04105; HO1L
2224/12105; HO1L 2224/16225;

(Continued)
(56) References Cited

U.S. PATENT DOCUMENTS

2016/0240492 Al
2017/0062360 Al

8/2016 Wolter et al.
3/2017 Chang et al.

(Continued)

FOREIGN PATENT DOCUMENTS

KR 10-2018-0052062 A
KR 10-1939046 Bl

5/2018
1/2019

Primary Examiner — Tong-Ho Kim
(74) Attorney, Agent, or Firm — Morgan, Lewis &
Bockius LLP

(57) ABSTRACT

An antenna module includes an antenna substrate, a first
semiconductor package, disposed on the antenna substrate,
including a first connection member including one or more
first redistribution layers, electrically connected to the
antenna substrate, and a first semiconductor chip disposed
on the first connection member, and a second semiconductor
package, disposed on the antenna substrate to be spaced
apart from the first semiconductor package, including a
second connection member including one or more second
redistribution layers, electrically connected to the antenna
substrate, and a second semiconductor chip disposed on the
second connection member. The first semiconductor chip
and the second semiconductor chip are different types of
semiconductor chips.

14 Claims, 14 Drawing Sheets

600B

1008 113F
“~ ;

H AT W .
R AT AN
(260! (2207) \084/\232)
270-2 /\ 220 235\ 233
250-2280 /  210H
200A

112F H12A 112G

W W)\

RS

P ‘
330 310HB 325 310HA 320 BéOP




a2 United States Patent

US010886596B2

ao) Patent No.: US 10,886,596 B2

Yang et al. 45) Date of Patent: Jan. 5, 2021
(54) WIRELESS COMMUNICATION DEVICE (56) References Cited
HAVING A TWO-PART ROTATABLE U S. PATENT DOCUMENTS
HOUSING WITH MULTIPLE ANTENNA -
CONDUCTORS 8,576,136 B2* 11/2013 Camacho ............. GOGF 1/1616
343/702
(71) Applicant: Motorola Mobility LLC, Chicago, IL 9,236,648 B2* 1/2016 Guterman ........... HO1Q 1/2266
(Us) (Continued)
(72) Inventors: Binbin Yang, Chicago, IL (US); OTHER PUBLICATIONS
Hariharan Muthukrishnan, Chicago,
IL (US); Juan Martinez, Barrington, IL PCT International Search Report for PCT/IB2020/051994, Motorola
(US); Eric Krenz, Crystal Lake, 1L Mobility LLC, dated Jun. 25, 2020.
(US) Primary Examiner — Thuy Vinh Tran
(73) Assignee: Motorola Mobility LL.C, Chicago, IL. (74) Attorney, Agent, or Firm — Loppnow & Chapa
(US) (57) ABSTRACT
(*) Notice: Subject to any disclaimer, the term of this The present application provides a handheld wireless com-
patent is extended or adjusted under 35 munication device. The handheld wireless communication
U.S.C. 154(b) by 21 days. device includes a two part housing having an upper housing
and a lower housing, the upper housing and the lower
(21)  Appl. No.: 16/296,698 housing being rotatably coupled together via a hinge. The
upper housing and the lower housing through a relative
(22) Filed: Mar. 8, 2019 movement via the hinge can transition between an opened
position and a closed position. The lower housing has a first
(65) Prior Publication Data conductor including one or more tuned structures and has a
second conductor including one or more tuned structures,
US 2020/0287272 Al Sep. 10, 2020 where each of the tuned structures of the first conductor and
(51) Int. Cl the second conductor are adapted for at least one of trans-
H0‘1 0 1 38 (2006.01) mitting or receiving electromagnetic energy having a respec-
HO1Q 122 (2006.01) tive predefined range of frequencies in support of wireless
. ’ communications. The first conductor and the second con-
(Continued) ductor in a spaced apart fashion relative to each other are
(52) US. ClL located proximate a first side edge of the lower housing,
CPC s HO1Q 172291 (2013.01); HO1Q 1/125 where the first side edge is opposite a second side edge of the
(2013.01); HOIQ 1/24 (2013.01); HOIQ lower housing, where the second side edge of the lower
. ]/2.266 QOB'OI); HOIQ 1/38 (2013.01) housing is the side edge of the lower housing, which is most
(58) Field of Classification Search directly coupled to the upper housing via the hinge.

CPC ..o HO1Q 1/2266; HO1Q 1/38
See application file for complete search history.

Ve 500

203

502 §—201

]

[—205

18 Claims, 6 Drawing Sheets

Vs 600

[~-203

I-205

206



a2 United States Patent

Hu et al.

US010886597B2

US 10,886,597 B2
Jan. §, 2021

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

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(63)

(30)

Mar. 21, 2016
Apr. 29, 2016
Apr. 29, 2016

(1)

(52)

HOUSING, ANTENNA DEVICE AND MOBILE
TERMINAL

Applicant: GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD., Dongguan (CN)

Inventors: Shasha Hu, Dongguan (CN); Ning

Zhao, Dongguan (CN); Shengzhao

Xiang, Dongguan (CN)

GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD., Guangdong (CN)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 167 days.

Appl. No.: 15/798,823

Filed: Oct. 31, 2017

Prior Publication Data
US 2018/0069293 Al Mar. 8, 2018
Related U.S. Application Data
Continuation of application No.
PCT/CN2016/086566, filed on Jun. 21, 2016.
Foreign Application Priority Data

(CN) e 2016 1 0163702
(CN) e 2016 1 0287114
(CN) e 2016 1 0287147

Int. CL.
HO1Q 124
HOI1Q 1/44

(2006.01)
(2006.01)

(Continued)

U.S. CL
CPC oo HO1Q 1/24 (2013.01); HOIQ 1/243
(2013.01); HOIQ 1/44 (2013.01); HO1Q 21/28
(2013.01); HOIQ 21/30 (2013.01); HOSK 5/04
(2013.01)

(58) Field of Classification Search
CPC ............ HO1Q 1/24; HO1Q 1/243; HO1Q 1/44;
HO1Q 21/28; HO1Q 21/30; HOSK 5/04
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

8,373,610 B2
2004/0017329 Al

2/2013 Chiang et al.
1/2004 Fang et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 102142855 A 8/2011
CN 103280623 A 9/2013
(Continued)

OTHER PUBLICATIONS

European Patent Application No. 16895065.7 extended Search and
Opinion dated Apr. 25, 2018, 8 pages.

(Continued)

Primary Examiner — Dimary S Lopez Cruz
Assistant Examiner — Bamidele A Jegede
(74) Attorney, Agent, or Firm — Lathrop GPM LLP

57 ABSTRACT

A housing is provided. The housing includes a first housing
area, a second housing area, a slit strip and a connecting
segment, the slit strip includes at least one slit, the first
housing area and the second housing area are located at two
sides of the slit strip, the connecting segment are located at
an extending path of the slit strip, the connecting segment
electrically conductively couples the first housing area and
the second housing area. An antenna device and a mobile
terminal are also provided by the present disclosure.

19 Claims, 9 Drawing Sheets




a2 United States Patent

Cho et al.

US010886600B2

ao) Patent No.: US 10,886,600 B2
45) Date of Patent: Jan. 5, 2021

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

ANTENNA AND ELECTRONIC DEVICE
INCLUDING THE SAME

Applicant: Samsung Electronics Co., Ltd.,
Gyeonggi-do (KR)

Inventors: Bum Jin Cho, Gyeonggi-do (KR); Jae
Bong Chun, Gyeonggi-do (KR)

Assignee: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

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.: 16/004,665
Filed: Jun. 11, 2018

Prior Publication Data

US 2018/0358687 Al Dec. 13, 2018

Foreign Application Priority Data

Jun. 12, 2017 (KR) oo 10-2017-0072888

(1)

(52)

Int. CI.
HO1Q 1/24 (2006.01)
HO1Q 7/00 (2006.01)
HO1Q 13/10 (2006.01)
GO6K 7/10 (2006.01)
HO4B 5/00 (2006.01)
HOIQ 1722 (2006.01)
HO1Q 1/44 (2006.01)
U.S. CL.
CPC ......... HO1Q 1/243 (2013.01); GO6K 7/10336
(2013.01); HOIQ 1/2208 (2013.01); HOIQ
1/44 (2013.01); HO1Q 7/00 (2013.01); HOIQ
13/106 (2013.01); HO4B 5/0081 (2013.01)

100

110-1

(58) Field of Classification Search
CPC ...... HO1Q 1/243-1/244; HO4B 5/0081; GO6K
7/10336
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

9,716,307 B2 7/2017 Tsai et al.
9,847,578 B2  12/2017 Nakano et al.
10,135,152 B2* 11/2018 Tto ..o GO6K 19/077
10,490,883 B2  11/2019 Tsai et al.
10,516,202 B2 12/2019 Tsai et al.
2014/0125528 Al 5/2014 Tsai et al.

(Continued)

FOREIGN PATENT DOCUMENTS

CN 102780065 A 11/2012
CN 103703473 A 4/2014
(Continued)

OTHER PUBLICATIONS

Chinese Search Report dated Dec. 30, 2019.
European Search Report dated Oct. 2, 2018.
Chinese Search Report dated Oct. 29, 2020.

Primary Examiner — Graham P Smith
Assistant Examiner — Amal Patel
(74) Attorney, Agent, or Firm — Cha & Reiter, LLC.

(57) ABSTRACT

An electronic device includes a housing including a back
cover and a cover glass facing away from the back cover, a
coil type radiator disposed between the back cover and the
cover glass, at least one printed circuit board (PCB) disposed
between the radiator and the cover glass, a communication
circuit disposed on the PCB and feeding to the radiator, a
first connecting member, a second connecting member, and
one or more elements.

8 Claims, 13 Drawing Sheets




US010886601B2

a2 United States Patent

Ishizuka et al.

US 10,886,601 B2
Jan. §, 2021

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

(54) ELECTRONIC DEVICE (58) Field of Classification Search
CPC ........ HO1Q 1/243; HO1Q 21/28; HO1Q 13/10;
(71) Applicant: Murata Manufacturing Co., Ltd., HO1Q 7/00; HO1Q 1/48; HOSK 7/20509;
Nagaokakyo (JP) HO04M 1/02; HO4M 1/026
See application file for complete search history.
(72) Inventors: Kenichi Ishizuka, Nagaokakyo (JP);
Takeaki Tamayama, Nagaokakyo (JP) (56) References Cited
(73) Assignee: MURATA MANUFACTURING CO., U.S. PATENT DOCUMENTS
LTD., Nagaokakyo (JP) 2011/0159815 AL*  6/2011 WU ovvvvvececrrecen. HO1Q 1/243
455/41.2
(*) Notice: Subject to any disclaimer, the term of this 2014/0203992 Al 7/2014 Nakano et al.
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 89 days.
(21) Appl. No.: 16/258,869 FOREIGN PATENT DOCUMENTS
ppl. No.: X
CN 1892164 A 1/2007
(22) Filed: Jan. 28, 2019 CN 202855892 A 4/2013
(Continued)
(65) Prior Publication Data
US 2019/0157746 Al May 23, 2019 OTHER PUBLICATIONS
s International Search Report issued for PCT/JP2018/020746, dated
Related U.S. Application Data Aug. 7, 2018,
(63) Continuation of application No. . . . .
PCT/IP2018/020746, filed on May 30, 2018. Primary Examiner — Dieu Hien T Duong
(74) Attorney, Agent, or Firm — Arent Fox LLP
(30) Foreign Application Priority Data (57) ABSTRACT
Jul. 6, 2017 (JP) oo, 2017-132442  Anelectronic device includes an antenna, and a plate-shaped
heat spreader including first and second metal layers that are
(51) Int. CL stacked, a working fluid in an enclosed space interposed
HO01Q 124 (2006.01) between the first and second metal layers, and a joint along
H01Q 13/10 (2006.01) which outer peripheral portions around the enclosed space
(Continued) are joined. The heat spreader includes an operational region
(52) US. CL in which the enclosed space is located and a quasi-opera-
CPC .. HO1Q 1/243 (2013.01); HOIQ 1/48 tional region other than the enclosed space. The antenna is
(2013.01); HOIQ 7/00 (2013.01); ,H01Q 13/10 provided in the quasi-operational region in a plan view of the
’ ’ (2013.01); heat spreader.
(Continued) 19 Claims, 11 Drawing Sheets
101
21
PWE —— 101
5 5 5 5
PWE  El \ \ WE / / PWE
S s s oy ey S
WEE! ——] 222N = R R R IR i
LNV T
st 8 7 7 7 6 7
Y 4—;
X
Y




US010886607B2

a2 United States Patent

Ayala Vazquez et al.

US 10,886,607 B2
*Jan. §, 2021

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

(54)

(71)
(72)

(73)

")

@
(22)

(65)

(1)

(52)

(58)

MULTIPLE-INPUT AND MULTIPLE-OUTPUT
ANTENNA STRUCTURES

Applicant: Apple Inc., Cupertino, CA (US)

Inventors: Enrique Ayala Vazquez, Watsonville,
CA (US); Hongfei Hu, Santa Clara, CA
(US); Mattia Pascolini, San Francisco,
CA (US); Nanbo Jin, Milpitas, CA
(US); Matthew A. Mow, Los Altos, CA
(US); Erdinc Irci, Sunnyvale, CA (US);
Erica J. Tong, Pacifica, CA (US); Han
Wang, Cupertino, CA (US)

Assignee: Apple Inc., Cupertino, AZ (US)

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

U.S.C. 154(b) by 429 days.

This patent is subject to a terminal dis-
claimer.
Appl. No.: 15/657,001
Filed: Jul. 21, 2017

Prior Publication Data

US 2019/0027822 Al Jan. 24, 2019
Int. CL.
H01Q 124 (2006.01)
H01Q 1/52 (2006.01)
(Continued)
U.S. CL
CPC ....cccue. HO01Q 1/523 (2013.01); HOI1Q 1242

(2013.01); HO1Q 1/243 (2013.01); HO1Q 1/42
(2013.01);
(Continued)
Field of Classification Search
CPC HO1Q 1/523; HO1Q 1/42; HO1Q 1/44;
HO1Q 1/243; HO1Q 1/242; HO1Q 9/42;

(Continued)

84-3
104-1 /
N

(56) References Cited
U.S. PATENT DOCUMENTS
7,157,987 B2 1/2007 Brunker et al.
8,350,761 B2 1/2013 Hill et al.
(Continued)
FOREIGN PATENT DOCUMENTS
CN 202917626 U 5/2013
CN 103339796 A 10/2013
(Continued)

OTHER PUBLICATIONS

Ayala Vazquez et al., U.S. Appl. No. 15/655,660, filed Sep. 21,
2017.

(Continued)

Primary Examiner — Awat M Salih

(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
Michael H. Lyons; Matthew R. Williams

(57) ABSTRACT

An electronic device may include a housing and four anten-
nas at respective corners of the housing. Cellular telephone
transceiver circuitry may concurrently convey signals at one
or more of the same frequencies over one or more of the four
antennas using a multiple-input multiple-output (MIMO)
scheme. In order to isolate adjacent antennas, dielectric-
filled openings may be formed in conductive walls of the
housing to divide the walls into segments that are used to
form resonating element arms for the antennas. If desired,
first and second antennas may include resonating element
arms formed from a wall without any gaps. The first and
second antennas may include adjacent return paths. A mag-
netic field associated with currents for the first antenna may
cancel out with a magnetic field associated with currents for
the second antenna at the adjacent return paths, thereby
serving to electromagnetically isolate the first and second
antennas.

20 Claims, 14 Drawing Sheets

106-2 -7

—~ 108




a2 United States Patent

(10) Patent No.:

US010886614B2

US 10,886,614 B2

Lee et al. 45) Date of Patent: Jan. 5, 2021
(54) ANTENNA STRUCTURE HO01Q 9/30 (2013.01); HOI1Q 9/42 (2013.01);
) HO01Q 13/10 (2013.01); H0I1Q 21/28 (2013.01)
(71) Applicant: Chiun Mai Communication Systems, (58) Field of Classification Search
Inc., New Taipei (TW) None
S lication file fi let h history.
(72) Inventors: Cheng-Han Lee, New Taipei (TW); e¢ apprication e Job cotpiete search sioty
Huo-Ying Chang, New Taipei (TW)
(56) References Cited
(73) Assignee: Chiun Mai Communication Systems,
Inc., New Taipei (TW) U.S. PATENT DOCUMENTS
(*) Notice: Subject. to any dlsclalmer,. the term of this 132?45‘;%431 g% - ;gg}; HIE)I(I)(IQQIéﬁgg
patent is extended or adjusted under 35 2012/0009983 Al* 12012 MOW oo, HO4B 1/40
U.S.C. 154(b) by 65 days. 455/575.7
2012/0112969 A1* 5/2012 Caballero ........... H04M 1/0266
(21) Appl. No.: 16/217,063 343/702
2012/0157175 Al*  6/2012 Golko ......ccccveveea. HO1Q 1/241
(22) Filed: Dec. 12, 2018 i 455/575.7
2013/0050046 ALl*  2/2013 Jarvis ... HO1Q 9/145
. oo 343/852
(65) Prior Publication Data 2015/0372372 AL* 122015 L€ wervvrrvrvrrorererne HO1Q 1/243
US 2019/0181552 Al Jun. 13, 2019 ) 343/702
2017/0288298 Al™* 10/2017 Kim .c.cccooevvevecnnns HO1Q 1/243
Related U.S. Application Data (Continued)
(60) Provisional application No. 62/597,442, filed on Dec. FOREIGN PATENT DOCUMENTS
12, 2017, provisional application No. 62/614,364,
filed on Jan. 6, 2018. CN 103094717 A 5/2013
CN 105305067 A 2/2016
(51) Int. CL (Continued)
H01Q 124 (2006.01)
HO0IQ 5735 (2015.01) Primary Examiner — Trinh V Dinh
H01Q 9/28 (2006.01) (74) Attorney, Agent, or Firm — ScienBiziP, P.C.
HO01Q 324 (2006.01)
H01Q 9/42 (2006.01)
H01Q 5/335 (2015.01) (57) ABSTRACT
HO1Q 21728 (2006.01) An antenna structure includes a housing and a first feed
H01Q 13/10 (2006.01) . .
source. The first feed source is electrically coupled to a first
HO01Q 9/30 (2006.01) L . . .
radiating portion of the housing and adapted to provide an
(52) US. ClL electric current to the first radiating portion.
CPC ..o HO01Q 5/35 (2015.01); HOIQ 1/243

(2013.01); HOIQ 3/247 (2013.01); HOIQ
5/335 (2015.01); HOI1Q 9/285 (2013.01):

100

121

20 Claims, 19 Drawing Sheets

_EP
L2
J A3
122
] l—\l j 120
/ \
17

23



US010886617B2

a2 United States Patent

Avser et al.

US 10,886,617 B2
Jan. §, 2021

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

(54) ELECTRONIC DEVICES WITH PROBE-FED (56) References Cited
DIELECTRIC RESONATOR ANTENNAS
U.S. PATENT DOCUMENTS
(71)  Applicant: Apple Inc., Cupertino, CA (US) 6,344,833 B1*  2/2002 LiN ooooooovvoorrn, HOLQ 1/40
343/785
(72) Inventors: Bilgehan Avser, Mountain View, CA 6,531,991 B2 3/2003 Adachi et al.
(U v Rojugopaon,Son o, S003 B2 72000 Kl ot
CA ([JS), Simone P&}ulotto, Redwood 7,405,697 B2 7/2008 Ying
City, CA (US); Jennifer M. Edwards, 7,605,763 B2  10/2009 Finn et al.
San Francisco, CA (US); Mattia 8,493,272 B2 7/2013 Ollikainen et al.
Pascolini, San Francisco, CA (US) 9,074,070 B2 7/2015 Yung et al.
9,667,290 B2 5/2017 Ouyang et al.
9,685,700 B2 6/2017 Komulainen et al.
(73) Assignee: Apple Inc., Cupertino, CA (US) 9,831,562 B2  11/2017 Caratelli et al.
10,027,006 B2 7/2018 Cheng et al.
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 42 days. FOREIGN PATENT DOCUMENTS
WO 2005015689 Al 2/2005
(21) Appl. No.: 16/289,459 Primary Examiner — Crystal L Hammond
(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
(22) Filed: Feb. 28, 2019 Michael H. Lyons; Matthew R. Williams
(57) ABSTRACT
(65) Prior Publication Data An electronic device may be provided with a phased antenna
US 2020/0280131 Al Sep. 3, 2020 array and a display cover layer. The phased antenna array
T may include a probe-fed dielectric resonator antenna. The
antenna may include a dielectric resonating element
(51) Int. CL mounted to a flexible printed circuit. A feed probe may be
HO01Q 9/04 (2006.01) formed from a patch of conductive traces on a sidewall of
HO1Q 5/40 (2015.01) the resonating element. The feed probe may excite resonant
H01Q 124 (2006.01) modes of the resonating element. The resonating element
HO1Q 326 (2006.01) may convey corresponding radio-frequency signals through
(52) US.CL the display cover layer. An additional feed probe may be
CPC .o HOIQ 9/0407 (2013.01); HO1Q 1/241 mounted to an orthogonal sidewall of the resonating element
(2013.01); HO1Q 3/267 (2013.01); HOIQ for covering additional polarizations. Probe-fed dielectric
3/2658 (2013.01); HOIQ 5/40 (2015.01) resonator antennas for covering different polarizations and
(58) Field of Classification Search frequencies may be interleaved across the phased antenna

None
See application file for complete search history.

14

array.
20 Claims, 14 Drawing Sheets

T‘P

104

1 l) 94
i i (7
~88
e
Bimal
R YL
¥ 4
) ; b 95
; [
r{s 106
5 | k3 ¥
' (
'
1
1
: 92
58 !
1
-1 Fo4 |
} 10z
. P 102
!
7 1
84-~4
ff N ! 100 11w
{ Y\/W‘\
72 g% & 6 : 0
{ L P / e 47




US010886618B2

a2 United States Patent

Kim et al.

US 10,886,618 B2
Jan. §, 2021

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

(54) ANTENNA APPARATUS AND ANTENNA
MODULE

(71) Applicant: SAMSUNG
ELECTRO-MECHANICS CO., LTD.,
Suwon-si (KR)

(72) Inventors: Nam Ki Kim, Suwon-si (KR); Ju

Hyoung Park, Suwon-si (KR); Jeong

Ki Ryoo, Suwon-si (KR); Myeong Woo

Han, Suwon-si (KR); Dae Ki Lim,

Suwon-si (KR)

(73)

Assignee: Samsung Electro-Mechanics Co., Ltd.,

Suwon-si (KR)
*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35

U.S.C. 154(b) by 19 days.

@
(22)

Appl. No.: 16/260,505

Filed: Jan. 29, 2019

(65) Prior Publication Data

US 2019/0305432 Al Oct. 3, 2019
(30) Foreign Application Priority Data

Mar. 30, 2018
Jul. 9, 2018

(KR)
(KR)

........................ 10-2018-0037621
........................ 10-2018-0079286

(51) Int. CL
HO1Q 9/04
HO1Q 138

(2006.01)
(2006.01)
(Continued)
(52) US. CL
CPC ....cccue. HO01Q 9/0457 (2013.01); HOIQ 1/38
(2013.01); HOI1Q 9/0464 (2013.01);

(Continued)

(58) Field of Classification Search
CPC ...... HO1Q 21/065; HO1Q 9/0464; HO1Q 1/38;
HO1Q 9/0428; HO1Q 1/42; HO1Q 9/0435;

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

7/2001 Yablonovitch et al.
3/2007 Cheng

(Continued)

6,262,495 Bl
2007/0052587 Al

FOREIGN PATENT DOCUMENTS

CN 1874066 A 12/2006
CN 101145638 A 3/2008
(Continued)

OTHER PUBLICATIONS

Chinese Office Action dated Apr. 3, 2020 issued in the correspond-
ing Chinese Patent Application No. 201910249186.7 (18 pages in
English and 13 pages in Chinese).

(Continued)

Primary Examiner — Wei (Victor) Y Chan
(74) Attorney, Agent, or Firm — NSIP Law

(57) ABSTRACT
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feed via, a plurality of first conductive array patterns,
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a first conductive ring pattern spaced apart from the patch
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and configured to surround the patch antenna pattern and the
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(57) ABSTRACT

An electronic device may be provided with a phased antenna
array and a display cover layer. The phased antenna array
may include a dielectric resonator antenna. The dielectric
resonator antenna may include a dielectric resonating ele-
ment embedded in a lower permittivity dielectric substrate.
The substrate and the resonating element may be mounted to
a flexible printed circuit. A slot may be formed in ground
traces on the flexible printed circuit and aligned with the
resonating element. The slot may excite resonant modes of
the resonating element. The resonating element may convey
corresponding radio-frequency signals through the cover
layer. A dielectric matching layer may be interposed
between the resonating element and the cover layer. If
desired, the slot may radiate additional radio-frequency
signals and the matching layer may have a tapered shape.
Dielectric resonator antennas for covering different polar-
izations and frequencies may be interleaved across the array.
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