US009825352B2

a2 United States Patent (10) Patent No.:  US 9,825,352 B2
Vance et al. 45) Date of Patent: Nov. 21,2017
(54) WIRELESS ELECTRONIC DEVICES (56) References Cited
INCLUDING A FEED STRUCTURE
CONNECTED TO A PLURALITY OF U.S. PATENT DOCUMENTS
ANTENNAS 7,889,139 B2* 2/2011 Hobson .................. HO1Q 1/243
. . 343/702
(71)  Applicant: Sony Corporation, Tokyo (JP) 2003/0058177 Al 3/2003 Nishikido cf al.
2006/0244663 Al1* 11/2006 Fleck ......cccoovvennn. GO6F 1/1616
(72) Inventors: Scott Vance, Staffanstorp (SE); Rune 343/700 MS
So, Copenhagen N (DK) 2008/0316116 Al 12/2008 Hobson et al.
2009/0153407 Al 6/2009 Zhang et al.
. /0128190 Al 6/2011 Galeev
(73) Assignee: SONY MOBILE e :
COMMUNICATIONS INC., Tokyo 2011/0241949 Al 10/2011 Nickel et al.

(IP) (Continued)

(*) Notice: Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 EP 2498336 A2 92012
U.S.C. 154(b) by 468 days.

(1) Appl. No.: 13/943,388 OTHER. PUBLICATIONS

Notification of Transmittal of the International Search Report and

(22) Filed: Jul. 16, 2013 the Written Opinion of the International Searching Authority, or the
. L Declaration, in corresponding PCT Application No. PCT/JP2014/
(65) Prior Publication Data 002728 dated Sep. 1, 2014 (11 pages).
US 2014/0375509 Al Dec. 25, 2014 (Continued)
Primary Examiner — Robert Karacsony
Related U.S. Application Data Assistant Examiner — Amal Patel
(60) Provisional application No. 61/837,371, filed on Jun. (74) Attorney, Agent, or Firm — Myers Bigel, P.A.
20, 2013. (57 ABSTRACT
(51) Int.CL Wireless electronic devices are provided. A wireless elec-
HO1Q 1/24 (2006.01) tronic device may include a ground plane and a metal
HOIQ 9/42 (2006.01) perimeter around the ground plapc. The metal perimeter may
HO1Q 21/30 (2006.01) include a first antenna radiating element. The wireless
5 US. Cl ' electronic device may include a second antenna radiating
(2 Ci’ C * HOI0 17243 ) element between the ground plane and the metal perimeter.
"""""""" Q (2013.01); HOIQ 9/42 Moreover, the wireless electronic device may include a feed
. y
. . (2_013'01)’ HO1Q 21/30 (2013.01) structure connected to the second antenna radiating element
(58) Field of Classification Search and the metal perimeter.
CPC ........... HO01Q 1/243; HO1Q 9/42; HO1Q 21/30
See application file for complete search history. 15 Claims, 18 Drawing Sheets

100 210
F
216
G
G G
G G
i
LY
N
!l 202
N
\
X 206
230

220 F



a2 United States Patent

US009825362B2

(10) Patent No.: US 9,825,362 B2

Lee et al. 45) Date of Patent: Nov. 21,2017
(54) ANTENNA STRUCTURE AND WIRELESS (52) US.CL
COMMUNICATION DEVICE USING THE CPC ... HOI1Q 5/371 (2015.01); HO1Q 1/243
ANTENNA STRUCTURE (2013.01); HOI1Q 5/50 (2015.01); HO1Q 9/42
(2013.01)
(71) Applicant: Chiun Mai Communication Systems, (58) Field of Classification Search
Inc., New Taipei (TW) CPC ... HO1Q 5/371; HO1Q 1/243; HO1Q 5/50;
HO1Q 9/42
(72) Inventors: Yi-Chieh Lee, New Taipei (TW); USPC ..o 343/702, 833, 846
Yen-Hui Lin, New Taipei (TW) See application file for complete search history.
(56) References Cited

(73) Assignee: Chiun Mai Communication Systems,
Inc., 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 248 days.

(21) Appl. No.: 14/555,534

(22) Filed: Nov. 26, 2014
(65) Prior Publication Data
US 2015/0155633 A1~ Jun. 4, 2015
30) Foreign Application Priority Data
Nov. 30, 2013 (CN) .cccoevviviivicenee 2013 1 0622350
(51) Imt. CL
HOIQ 124 (2006.01)
H01Q 5371 (2015.01)
HOIQ 9/42 (2006.01)
HO1Q 5/50 (2015.01)

U.S. PATENT DOCUMENTS

6,429,818 B1* 82002 Johnson ... HO1Q 1/243
343/700 MS

2007/0109202 A1* 5/2007 Vance HO1Q 1/243
343/702

* cited by examiner

Primary Examiner — Huedung Mancuso
(74) Attorney, Agent, or Firm — Steven Reiss

57) ABSTRACT

An antenna structure includes a feed portion, a ground
portion, a connecting portion, a first radiating portion, a
second radiating portion, and a resonance portion. The
ground portion is spaced apart from the feed portion. The
connecting portion is electrically connected to the feed
portion. The first radiating portion and the second radiating
portion are both electrically connected to the connecting
portion. The resonance portion is electrically connected to
the ground portion. The connecting portion and the reso-
nance portion define a slot therebetween.

19 Claims, 5 Drawing Sheets




a2 United States Patent
Li et al.

US009825366B2

US 9,825,366 B2
Nov. 21, 2017

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

(54) PRINTED CIRCUIT BOARD ANTENNA AND
PRINTED CIRCUIT BOARD

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

(72) Inventors: Zhenghao Li, Shenzhen (CN); Yao
Lan, Shenzhen (CN); Lintao Jiang,
Shenzhen (CN); Jie Qi, Shenzhen (CN);
Yi Zhang, Shenzhen (CN); Yundi Yao,
Shenzhen (CN)

(73) Assignee: HUAWEI TECHNOLOGIES CO.,

LTD., Shenzhen (CN)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 317 days.

(21) Appl. No.: 14/573,152
(22) Filed:  Dec. 17, 2014

(65) Prior Publication Data
US 2015/0097752 A1~ Apr. 9, 2015

Related U.S. Application Data

(63) Continuation of application No.
PCT/CN2014/070043, filed on Jan. 2, 2014.

(30) Foreign Application Priority Data
Jan. 6, 2013 (CN) .cocevecvveviien 2013 1 0003161

(51) Imt. CL

HO1Q 9/42 (2006.01)

H01Q 9/04 (2006.01)

(Continued)

(52) U.S.CL

CPC ............ HO01Q 9/0407 (2013.01); HOIQ 1/38

(2013.01); HOIQ 1/48 (2013.01); H01Q 5/321
(2015.01); HOIQ 5/378 (2015.01); HOIQ 9/42
(2013.01)

(58) Field of Classification Search
CPC ... HO1Q 9/0407; HO1Q 9/42; HO1Q 5/321
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,768,472 B2* 7/2004 Alexopoulos ............ HO3H 7/40
330/144
7,079,079 B2*  7/2006 JO .ccooviiieiiin HO1Q 1/243
343/700 MS

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1925223 A 3/2007
CN 101320837 A 12/2008
(Continued)

OTHER PUBLICATIONS

Partial English Translation and Abstract of Japanese Patent Appli-
cation No. JPA2010-074344, Apr. 6, 2016, 31 pages.

(Continued)

Primary Examiner — Dameon E Levi
Assistant Examiner — Hasan Islam
(74) Attorney, Agent, or Firm — Conley Rose, P.C.

(57) ABSTRACT

A printed circuit board antenna and a printed circuit board
are disclosed. The printed circuit board antenna includes a
feeding part having at least one first branch; a coupling
interdigital part having at least one second branch, where a
gap is formed between the first branch and the second
branch; a grounding part, where a gap is formed between the
grounding part and the feeding part, a gap is formed between
the grounding part and the coupling interdigital part, an
opening is provided on the grounding part, and a feeding
point of the feeding part extends out from the opening. The
embodiments of the present invention resolve a problem of
relatively low efficiency when high-frequency bandwidth of

(Continued)




US009825367B2

a2 United States Patent (10) Patent No.:  US 9,825,367 B2
Gong et al. 45) Date of Patent: Nov. 21,2017
(54) DIPOLE ANTENNA AND WIRELESS (56) References Cited
TERMINAL DEVICE
U.S. PATENT DOCUMENTS
(71) Applicant: Huawei Device Co., Ltd., Shenzhen 4495.505 A /1985 Shields
(CN) 5,532,708 A *  7/1996 KIenz ............. HO1Q 9/40
343/795
(72) Inventors: Yiwen Gong, Wuhan (CN); Kemeng 2005/0110698 Al 5/2005 Surducan et al.
Wang, Wuhan (CN); Yunpeng Shen, 2006/0033666 Al 2/2006 Su et al.
g‘ﬁ;@n(ecjg);zﬁh‘;uvz:ﬁ’c%uhan FOREIGN PATENT DOCUMENTS
CN 1734836 A 2/2006
(73) Assignee: HUAWEI DEVICE CO., LTD., CN 1825704 A 8/2006
Shenzhen (CN) CN 2901604 Y 5/2007
CN 201163660 Y 12/2008
(*) Notice: Subject. to any disclaimer,. the term of this (ng égégi‘ggg [Aj 1(9)%811(1)
patent is extended or adjusted under 35 (Continued)
U.S.C. 154(b) by 610 days.
(21)  Appl. No.: 14/472,638 OTHER PUBLICATIONS
o Partial English Translation and Abstract of Chinese Patent Appli-
(22) Filed: Aug. 29, 2014 cation No. CN2901604, Jul. 7, 2016, 4 pages.
(65) Prior Publication Data (Continued)
US 2015/0116176 A1 Apr. 30, 2015 Primary Examiner — Graham Smith
(74) Attorney, Agent, or Firm — Conley Rose, P.C.
(1) Int. ClL (57) ABSTRACT
HOIQ %16 (2006.01) Embodiments of the present invention disclose a dipole
HOIQ 9/18 (2006.01) antenna and a wireless terminal device, which relate to
Ho1Q 124 (2006.01) communications technologies and enable an antenna to have
HO1Q 1/38 (2006.01) a relatively high performance and a relatively low produc-
(52) US.CL tion cost. The dipole antenna includes a first radiation arm,
CPC ...ccoevee. HO01Q 918 (2013.01); HOIQ 1/243 a second radiation arm, and a balun. The first radiation arm
(2013.01); HO1Q 9716 (2013.01); HOIQ 1/38 and the second radiation arm are both soldered on a dielec-
(2013.01) tric substrate. The first radiation arm and the second radia-
(58) Field of Classification Search tion arm are separgtely connected to the bal‘un elef:trically.
CPC HO1Q 9/18; HO1Q 1/243; HO1Q 9/16; HO1Q The balun is electrically connected to a feeding point and a
’ ’ ’ 1/38 reference ground separately. The present invention may be
USPC . 343/821 applied to a terminal device.
See application file for complete search history. 19 Claims, 5 Drawing Sheets

320

31

20



a2 United States Patent
Wu et al.

US009831542B2

US 9,831,542 B2
Nov. 28, 2017

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

(54) ANTENNA SYSTEM

(71) Applicants: Xiaopu Wu, Shenzhen (CN); Yongli
Chen, Shenzhen (CN)

(72) Inventors: Xiaopu Wu, Shenzhen (CN); Yongli
Chen, Shenzhen (CN)

(73) Assignee: AAC TECHNOLOGIES PTE. LTD.,
Singapore (SG)

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

patent is extended or adjusted under 35

U.S.C. 154(b) by 36 days.

(21)  Appl. No.: 15/082,102

(22) Filed: Mar. 28, 2016

(65) Prior Publication Data
US 2017/0012344 A1 Jan. 12, 2017

(30) Foreign Application Priority Data

Jul. 10, 2015 (CN) woovoveeeree 2015 2 0500898 U
(51) Int.CL
HO1Q 1724
HO1Q 1/48
HO1Q 5/328
(52) US.CL
CPC oo HOIQ 1/243 (2013.01); HOIQ 1/24
(2013.01); HOIQ 1/48 (2013.01); HOIQ 5/328
(2015.01)

(2006.01)
(2006.01)
(2015.01)

(58) Field of Classification Search
USPC .o 343/702, 700 MS
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2014/0087674 Al* 3/2014 Teng ... HO1Q 5/35
455/90.3
2014/0333495 Al* 11/2014 Vazquez ................. HO01Q 9/06
343/745

* cited by examiner

Primary Examiner — Jessica Han
Assistant Examiner — Hai Tran
(74) Attorney, Agent, or Firm — Na Xu; IPro, PLLC

(57) ABSTRACT

An antenna system applicable to a mobile communication
device is provided in the present disclosure. The antenna
system includes a metal frame; a grounding unit surrounded
by the metal frame, and an internal antenna. One end of the
grounding unit cooperates with the metal frame to form a
clearance area, and the internal antenna is located in the
clearance area. The internal antenna includes a feeding
portion and a radiating portion; the radiating portion is
spaced from the metal frame and is coupled to the metal
frame. The feeding portion is connected to a feed source via
a feed line.
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A multi-antenna device includes a grounding plate, a first
antenna and a second antenna. The first antenna includes a
first feed element that is grounded to the grounding plate via
a first feed point. The second antenna includes a second feed
element that is grounded to the grounding plate via a second
feed point. Polarization planes of the first and second
antennas intersect at a predetermined angle.
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An electronic device is provided. The electronic device
includes a first housing a second housing, a first display
disposed on the first housing and a second display disposed
on the second housing, a connecting member configured to
couple the first housing to the second housing such that the
first housing and the second housing are foldable relative to
each other, and the second surface and the fourth surface
face each other when the first housing and the second
housing are folded toward each other, a first conductive
element disposed within the first housing and between the
second surface and the first display, and an intermediate
conductive plate disposed within the second housing and
between the fourth surface and the second display, the
intermediate conductive plate having an opening that faces
the first conductive element when the first housing and the
second housing are in a folded configuration.
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