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A mobile device includes a carrying element, a first antenna,
a second antenna, a connection element, and an extension
element. The first antenna and the second antenna are
disposed on the carrying element. The first antenna operates
in a first frequency band through a first resonance path. The
second antenna operates in the first frequency band through
a second resonance path. The connection element is electri-
cally connected to the first antenna and the second antenna.
The connection element, the first antenna and the second
antenna form a connection path, and the connection path, the
first resonance path and the second resonance path do not
overlap one another. The extension element is electrically
connected to the connection element. The extension ele-
ment, the connection element and the first antenna form a
third resonance path, and the first antenna operates in a
second frequency band through the third resonance path.
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mobile terminal and a wireless communication system; a
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frame; a first printed circuit board (PCB) disposed between
the cover and the rear side of the metallic frame, wherein the

(Continued)

>
o

312 331 IR



a2 United States Patent

US010581167B2

ao) Patent No.: US 10,581,167 B2

Ryu et al. 45) Date of Patent: Mar. 3, 2020
(54) ELECTRONIC DEVICE (58) Field of Classification Search
) CPC .... HO1Q 5/35; HO1Q 21/0006; HO1Q 1/2283;
(KR) HO1Q 9/0485; HO1Q 25/00; HO1Q 1/24
(72) Taventors: Seungwoo Ryu, Seoul (KR); Joohee USPC e - 343/893
Lee, Seoul (KR); Wonwoo Lee, Seol See application file for complete search history.
(KR); Junyoung Jung, Seoul (KR); .
Ansun Hyun, Seoul (KR) (56) References Cited
(73) Assignee: LG ELECTRONICS INC., Seoul U.S. PATENT DOCUMENTS
(KR) 7,119,745 B2* 10/2006 Gaucher .................. HO1Q 9/26
® . . . . . 343/700 MS
( ) Notice: SUbJeCt to any dlsclalmer, the term of this 2004/0227669 A1* 11/2004 Okado .oovveviveveinn, HO1Q 1/22
patent is extended or adjusted under 35 343/700 MS
U.S.C. 154(b) by 109 days. 2014/0085163 Al*  3/2014 Gregg ....cccooovrn.n. HO1Q 1/12
343/872
(21) Appl. No.: 15/878,270 (Continued)
(22) Filed: Jan. 23, 2018
OTHER PUBLICATIONS
(65) Prior Publication Data L .
European Patent Office Application Serial No. 18168514.0, Search
US 2019/0013584 Al Jan. 10, 2019 Report dated Oct. 12, 2018, 11 pages.
(30) Foreign Application Priority Data (Continued)
Jul. 5, 2017 (KR) woovvvveeeereeenrrecee, 10-2017-0085553 L rimary Examiner —Hai V Tran
(74) Attorney, Agent, or Firm — Lee, Hong, Degerman,
(51) Imt. ClL Kang & Waimey PC
HO01Q 5735 (2015.01)
H01Q 3/26 (2006.01) (57 ABSTRACT
H01Q 124 (2006.01) An electronic device includes: a body; a circuit board
HOIQ 25/00 (2006.01) disposed in the body; and an antenna device mounted to one
H01Q 9/04 (2006.01) region of the body, and having first and second antenna units
HO01Q 21/08 (2006.01) spaced apart from each other by a specific interval, in order
HO01Q 1722 (2006.01) to transceive a radio signal at a specific frequency band,
Ho1Q 21/00 (2006.01) wherein each of the first and second antenna units includes:
(52) US.CL a dielectric substance disposed to form a gap with the circuit
CPC ........... H01Q 5/35 (2015.01); HOIQ 1/2283 board; an antenna chip disposed at the circuit board; and a

(2013.01); HOIQ 1/243 (2013.01); HOIQ 3/26
(2013.01); HOIQ 9/0485 (2013.01); HOIQ
21/0006 (2013.01); HOIQ 21/08 (2013.01);
HOIQ 25/00 (2013.01)

pair of feeding portions for connecting the antenna chip with
the dielectric substance.

14 Claims, 9 Drawing Sheets




a2 United States Patent

Kim et al.

US010581169B2

ao) Patent No.: US 10,581,169 B2
45) Date of Patent: Mar. 3, 2020

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

ANTENNA DEVICE AND ELECTRONIC
DEVICE INCLUDING THE SAME

Applicants:Samsung Electronics Co., Ltd.,
Gyeonggi-do (KR); Industry-Academic
Cooperation Foundation, Yonsei
University, Seoul (KR)

Inventors: Sung-Soo Kim, Gyeonggi-do (KR);
Young-Joong Yoon, Seoul (KR);
Seon-Ho Lim, Seoul (KR)

Assignees: Samsung Electronics Co., Ltd (KR);
Industry-Academic Cooperation
foundation, Yonsei University (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.: 16/020,387

Filed: Jun. 27, 2018

Prior Publication Data

US 2019/0067821 Al Feb. 28, 2019

Foreign Application Priority Data

Aug. 25,2017  (KR) oo 10-2017-0107845

(1)

(52)

Int. CI.

HO1Q 1/24 (2006.01)

HO1Q 9/04 (2006.01)

HO1Q 7/00 (2006.01)

H01Q 5/371 (2015.01)

HO1Q 3/24 (2006.01)

HO01Q 21/00 (2006.01)

HO01Q 5/50 (2015.01)

U.S. CL

CPC ... HO1Q 9/0421 (2013.01); H01Q 1/243
(2013.01); HOIQ 3/247 (2013.01); HOIQ

5/371 (2015.01); HOIQ 7/00 (2013.01); HOIQ
3/24 (2013.01); HOIQ 5/50 (2015.01); HOIQ
21/00 (2013.01)

(58) Field of Classification Search

CPC oo HO1Q 1/243; HO1Q 3/24;
H01Q 5/50; HO1Q 21/00
USPC oo, 343/702, 700, 876, 853, 724, 725

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,204,819 B1* 3/2001 Hayes ................. HO1Q 1/243
343/700 MS

2002/0190907 Al* 12/2002 Konishi ................ HO1Q 1/243
343/702

* cited by examiner

Primary Examiner — Joseph ] Lauture
(74) Attorney, Agent, or Firm — The Farrell Law Firm,
P.C.

(57) ABSTRACT

An antenna device is provided. The antenna device includes
a first radiating conductor including a feeding portion and a
radiating portion extending from the feeding portion, the
feeding portion including a feeding terminal and a shorting
pin, a ground electrically connected with the first radiating
conductor via the shorting pin and configured to provide a
reference potential for the first radiating conductor, and a
first switch circuit provided on a side of the radiating portion
and configured to selectively connect the radiating portion
with the ground. The first radiating conductor is configured
to form at least part of an inverted-F antenna structure when
the first switch circuit is open and to form at least part of a
loop antenna structure when the first switch circuit is closed.

19 Claims, 5 Drawing Sheets

an g o

/

201

~

I~




a2 United States Patent
Hu

US010582031B2

US 10,582,031 B2
Mar. 3, 2020

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

(54) ELECTRONIC DEVICE AND CONTROL

METHOD THEREOF
(71)  Applicant: GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD., Dongguan, Guangdong (CN)
(72) Inventor: Jianghua Hu, Dongguan (CN)
GUANGDONG OPPO MOBILE
TELECOMMUNICATIONS CORP.,
LTD, Dongguan, Guangdong (CN)

(73) Assignee:

*) 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.
2]

Appl. No.: 16/206,068

(22) Filed: Nov. 30, 2018

(65) Prior Publication Data

US 2019/0306292 Al Oct. 3, 2019

(30) Foreign Application Priority Data

Mar. 30, 2018 (CN) 2018 1 0298360

(51) Int. CL
HO1Q 1/24
HO4M 1/02

U.S. CL
CPC

(2006.01)
(2006.01)
(52)
HO4M 1/0235 (2013.01); HO1Q 1/244
(2013.01); HO4M 1/0264 (2013.01); HO4M
1/0266 (2013.01)

Field of Classification Search
None
See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

6,219,527 B1* 42001 Ogawa .................. HO1Q 1/103
455/13.1
6,545,643 B1* 4/2003 Sward ... HO1Q 1/10
343/702

(Continued)

FOREIGN PATENT DOCUMENTS

CN 1433202 A 7/2003
CN 201830251 U 5/2011
(Continued)

OTHER PUBLICATIONS

Written Opinion of the International Searching Authority and Inter-
national Search Report issued in corresponding International appli-
cation No. 2018115275, dated Feb. 1, 2019 (10 pages).

(Continued)

Primary Examiner — Tuan A Tran
(74) Attorney, Agent, or Firm — Ladas & Parry, LLP

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a first electronic component, a second electronic
component, a holder, and an antenna assembly. The second
electronic component is slidably coupled to the first elec-
tronic component. The holder is coupled to the second
electronic component and inserted into the first electronic
component. The antenna assembly includes a radio fre-
quency (RF) module, an antenna radiator, and an RF cable.
The RF module is disposed in the first electronic component.
The antenna radiator is disposed in the second electronic
component. An end of the RF cable is coupled to the antenna
radiator and the holder, and another end of the RF cable is
coupled to the radio frequency module. The RF cable is
retracted and stretched when the holder is driven to slide by
sliding the second electronic component. A control method
of the electronic device is also provided.

20 Claims, 15 Drawing Sheets




a2 United States Patent

Lee et al.

US010587032B2

ao) Patent No.: US 10,587,032 B2
45) Date of Patent: Mar. 10, 2020

(54) ELECTRONIC DEVICE AND ANTENNA
DEVICE THEREOF

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

(72) Inventors: Woosup Lee, Gyeonggi-do (KR);
Yeonwoo Kim, Gyeonggi-do (KR);
Jungsik Park, Gyeonggi-do (KR);
Seunggil Jeon, Gyeonggi-do (KR);
Juseok Noh, Gyeonggi-do (KR);
Jaebong Chun, Gyeonggi-do (KR);
Hyunju Hong, Gyeonggi-do (KR)

(73) Assignee: Samsung Electronics Co., Ltd.,
Yeongtong-gu, Suwon-si, Gyeonggi-do
(KR)

*) Notice: Subject to any disclaimer, the term of this
] y
patent is extended or adjusted under 35
U.S.C. 154(b) by 11 days.

(21) Appl. No.: 15/846,544
(22) Filed: Dec. 19, 2017

(65) Prior Publication Data
US 2018/0108977 Al Apr. 19, 2018
Related U.S. Application Data
(63) Continuation of application No. 14/873,595, filed on
Oct. 2, 2015, now Pat. No. 9,853,348.
(30) Foreign Application Priority Data
Oct. 8, 2014  (KR) oo 10-2014-0135898

(51) Int. CL
HO1Q 1/24 (2006.01)
HO1Q 1/40 (2006.01)

(Continued)

(52) US.CL
CPC oo HO1Q 1/243 (2013.01); HOIQ 1/40
(2013.01); HOIQ 1/42 (2013.01); HO1Q 9/26
(2013.01):

(Continued)

(58) Field of Classification Search
CPC ............ HO1Q 1/243; HO1Q 1/40; HO1Q 1/42;
HO1Q 9/26; HO1Q 9/42; HO1Q 21/2821;
HO1Q 21/29
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
5,048,118 A 9/1991 Brooks et al.

6,005,700 A * 12/1999 Pressler ............. G02B 6/0008
235/492

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101814649 A 8/2010
CN 202353552 U 7/2012
(Continued)

OTHER PUBLICATIONS

Chinese Search Report dated Oct. 8, 2019.

Primary Examiner — Hoang V Nguyen
(74) Attorney, Agent, or Firm — Cha & Reiter, LLC.

(57) ABSTRACT

An electronic device having a housing formed of a conduc-
tive material, and an antenna device thereof. The electronic
device includes a housing provided with a plurality of
housing modules, and a printed circuit board positioned
inside the housing, and having an antenna power feeding
unit electrically connected to the printed circuited board.
The plurality of housing modules may be at least partially
formed of a conductive material. At least one of the con-
ductive materials of the plurality of housing modules may be
electrically connected to the antenna power feeding unit of
the printed circuit board so as to function as an antenna of
the electronic device. Various embodiments may be made
based on the technical idea of the present disclosure.

21 Claims, 12 Drawing Sheets




US010587045B2

a2 United States Patent

Yamagajo et al.

US 10,587,045 B2
Mar. 10, 2020

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

(54) ANTENNA DEVICE (56) References Cited
(71) Applicant: FUJITSU LIMITED, Kawasaki-shi, U.S. PATENT DOCUMENTS
Kanagawa (IP) 4,083,046 A *  4/1978 Kaloi worrrrronn. HO1Q 9/0407
. . 343/700 MS
(72) Inventors: Takashi Yamagajo, quosuka (IP); 5,146,232 A * 9/1992 Nishikawa ............... HO1Q 1/32
Yohei Koga, Kawasaki (JP); Manabu 343/713
Kai, Yokphama (JP); Tabito Tonooka, (Continued)
Kawasaki (JP); Minoru Sakurai,
Kawasaki (JP); Mitsuharu Hoshino, FOREIGN PATENT DOCUMENTS
Kawasaki (IP)
EP 1376 756 A2 1/2004
(73) Assignee: FUJITSU LIMITED, Kawasaki (JP) P 2002-330025 A 11/2002
(Continued)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 OTHER PUBLICATIONS
U.S.C. 154(b) by 35 days.
Sugimoto, S. et al., “A Study of Broadband Monopole Antenna with
(21)  Appl. No.: 16/046,771 Parasitic Elements”, Heisei 20 Nedo The Institute of Electronics,
_ Information and Communication Engineers Tokyo Branch Gakuseikai
(22) Filed: Jul. 26, 2018 Kenkyu Happyokai Tonbunshu, The Institute of Electronics, Infor-
(65) Prior Publication Data mation and Communication Engineers Tokyo Branch Gakuseikai,
lecture No. 63. Feb. 28, 2009.
US 2018/0358700 Al Dec. 13, 2018 (Continued)
L Primary Examiner — Tho G Phan
Related U.S. Application Data (74) Attorney, Agent, or Firm — Arent Fox LLP
(63) Continuation of application No.
PCT/IP2016/052484, filed on Jan. 28, 2016. 7 ABSTRACT
An antenna device includes: a ground plane having an edge;
(31) Int. Cl. a matching circuit; and a T-shaped antenna element includ-
HO01Q 138 (2006.01) . first el t and d el t extending f
HO1Q 5371 (2015.01) ing a first element and a second element extending from a
. ’ feed point to a first and second end parts. The first element
(Continued) has a resonance frequency that is higher than a first fre-
(52) US.ClL quency. The second element has a resonance frequency
CPC s HO1Q 5/371 (2015.01); HOIQ 1/243 between a second frequency and a third frequency. A first
(2013.01); HOIQ 5/335 (2015.01); HOIQ 5/50 value obtained by dividing a length from a corresponding
(2015.01); oint to a first bend part by the first wavelength is less than
p p y g
(Continued) or equal to a second value obtained by dividing a length
q y 2 g
(58) Field of Classification Search from the corresponding point to a second bend part by the
CPC ......... HO1Q 13/10; HO1Q 1/24; HO1Q 1/243; second wavelength. An imaginary component of an imped-
HO1Q 1/38; HO1Q 1/44; HO1Q 1/48; ance of the matching circuit takes a positive value at the first
(Continued) (Continued)
100
120 110 130
A
112 ) 1118 |—‘ 13 )
1124 2 ) ? 1134
11
51 i L | Il . A 2
ol =
p—




	US 10 566 678 B2
	US 10 566 681 B2
	US 10 566 694 B2
	US 10 567 025 B2
	US 10 573 956 B2
	US 10 573 957 B2
	US 10 573 968 B1
	US 10 573 970 B2
	US 10 576 561 B2
	US 10 581 167 B2
	US 10 581 169 B2
	US 10 582 031 B2
	US 10 587 032 B2
	US 10 587 045 B2

