US009325059B2

a2 United States Patent (10) Patent No.: US 9,325,059 B2

Wong et al. (45) Date of Patent: *Apr. 26, 2016
(54) COMMUNICATION DEVICE AND ANTENNA (56) References Cited
STRUCTURE THEREOF
U.S. PATENT DOCUMENTS
(75) Inventors: Kin-Ll‘l V\.fong, New Taipci (TW); 5.835063 A 11/1998 Brachat
Po-Wei Lin, New Taipei (TW) 8,599,084 B2* 12/2013 Wongetal. .................. 343/749
2010/0188294 Al* 72010 Chungetal. .......... 343/700 MS
(73) Assignee: ACER INCORPORATED, Xizhi Dist., 2011/0181480 Al 7/2011 Hsieh
’ New Taipei (TW) 2011/0193754 Al* 82011 Schlubetal. ............ 343/702
P 2011/0193758 Al* 82011 Liuetal. ...ccceoen. ... 343/767
(*) Notice:  Subject to any disclaimer, the term of this FOREIGN PATENT DOCUMENTS
patent is extended or adjusted under 35 :
U.S.C. 154(b) by 167 days. CN 2819498 Y 9/2006
This patent is subject to a terminal dis- (Continued)
claimer. OTHER PUBLICATIONS
(21) Appl. No.: 13/409,128 Kin-Lu Wong et al., “Simple Printed Monopole Slot Antenna for
WWAN Mobile Handset”, 2011 IEEE International Workshop on
(22) Filed: Mar. 1, 2012 Antenna Technology (iWAT), p. 186-189, Mar. 2011.
(65) Prior Publication Data Primary Examiner — Graham Smith
US 2013/0099979 Al Anr. 25. 2013 (74) Attorney, Agent, or Firm — Winston Hsu: Scott Margo
Apr. 25,
(57) ABSTRACT
(30) Forcign Application Priority Data A communication device has an antenna structure including a
substrate, a ground element, an open slot and a radiating metal
Oct. 20,2011 (TW) .. 100138154 A portion. The ground clement is disposed on a first surface of
(51) Int.Cl the substrate. The open slot is formed on the ground element
Hﬂ;! Q 1 /38 (2006.01) and substantially parallel with an edge of the ground element,
010 1724 200 6‘ 01 wherein the open slot at least generates a first resonant mode,
Q ( 01) and a distance between the open slot and the edge of the
H01Q 9/42 (2006.01) ground element is shorter than 0.05 wavelength of a center
HO1Q 13/10 (2006.01) frequency of the first resonant mode. The radiating metal
Ho1Q 5/40 (2015.01) portion is disposed on a second surface of the substrate,
(52) US.CL wherein the open slot at least partially covers the radiating
CPC HOIQ 1/38 (2013.01); HO1Q 1/243 metal portion, the radiating metal portion at least generates a
(2013.01); HOIQ 5/40 (2015.01); HOIQ 9/42 second resonant mode, and a feed point of the radiating metal
(2013.01); H1Q 13/10 (2013.01) portion is electrically coupled to a signal source on the sub-
(58) Field of Classification Search strate.

USPC ........... 343/700 MS, 702, 767, 833, 834, 846
See application file for complete search history.

9 Claims, 6 Drawing Sheets




(12) United States Patent

Kodama et al.

US009325064B2

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

US 9,325,064 B2
Apr. 26,2016

(54)

(75)

(73)

(*)

2D

(22)
(65)

(60)

(51

(52)

(58)

MOBILE TERMINAL

Inventors: Kenichiro Kodama, Saitama (JP); Aiko
Yoshida, Kanagawa (JP); Akihiro
Bungo, Tokyo (JP)

Assignees: Sony Corporation, Tokyo (JP); Sony
Mobile Communications Inc., Tokyo
(IP)

Notice:

U.S.C. 154(b) by 635 days.
Appl. No.: 13/544,418

Filed: Jul. 9, 2012

Prior Publication Data
US 2013/0176189 Al Jul. 11, 2013

Related U.S. Application Data

Provisional application No. 61/524,916, filed on Aug.
18, 2011.

Int. CL
010 3/24
010 1/24
HoiQ 1/52
H010 21/28
HO10 21/00
U.S. ClL
CPC ... o TIO1Q 3/24 (2013.01); HH01Q 1/243
(2013.01); HO1Q 1/52 (2013.01); HOIQ 1/521
(2013.01); HOIQ 2170006 (2013.01); 010
21/28 (2013.01)

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2006.01)

Field of Classification Search

CPC .......... HO1Q 1/243; HO1Q 1/52; HO1Q 3/24
USPC ... ceeiereen. 343/702, 876
See application file for complete search history.

{ Tall

Menu ' R

PlayMow [nleret  Appp

=200

Cemera Messaging Media

oV [

Locetion  Conlact Calender

Log  Organzer Settrgs

[ —
Oplions 1Bxit
- [

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

(56) References Cited
U.S. PATENT DOCUMENTS

6,295462 Bl
7.046,201 B2 *

9/2001 Kudoh
52006 Okada ..........c....... 343/700 MS

(Continued)

FOREIGN PATENT DOCUMENTS

EP 2157660 Al 2/2010
P 2008-017047 1/2008
(Continued)
OTHER PUBLICATIONS

Extended European Search Report issued Apr. 17, 2013, in Patent
Application No. 12177866.6.

(Continued)

Primary Examiner — Dien H Duong
(74) Attorney, Agent, or Firm — Oblon, McClelland, Maier

& Neustadt, L.L.P.

(57) ABSTRACT

A mobile terminal that includes a first antenna element dis-
posed in proximity to a first side of the mobile terminal, a
second antenna element disposed in proximity to a second
side of the mobile terminal, and a third antenna element
disposed in proximity to a third side of the mobile terminal.
The mobile terminal further including a switching mecha-
nism that switches between a first connection mode in which
the first and second antenna elements are feed elements and
the third antenna element is a parasitic element, and a second
connection mode in which the first and third antenna elements
are feed elements, and a control unit that controls the switch-
ing mechanism to switch between the first connection mode
and the second connection mode in accordance with a prede-
termined condition.

20 Claims, 12 Drawing Sheets

i _______ 5 Eﬁ_eirr_m E;cit
CI @
PlayNow Intemel  Apps  Camers

O

Messaging Media Lecation Confact

SR

Log  Organizer Setiings

Options|




a2 United States Patent
Wong et al.

US009325066B2

US 9,325,066 B2
Apr. 26,2016

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

(54) COMMUNICATION DEVICE AND METHOD
FOR DESIGNING ANTENNA ELEMENT
THEREOF

(71)  Applicants: INDUSTRIAL TECHNOLOGY
RESEARCH INSTITUTE, Hsinchu
(TW); NATIONAL SUN YAT-SEN
UNIVERSITY, Kaohsiung (TW)

(72) Inventors: Kin-Lu Wong, Kaohsiung (TW);
Hsuan-Jui Chang, Taichung (TW);
Wei-Yu Li, Yilan (TW); Chun-Yih Wu,
Taipei (TW)

(73) Assignees: INDUSTRIAL TECHNOLOGY
RESEARCH INSTITUTE, Hsinchu
(TW); NATIONAL SUN YAT-SEN
UNIVERSITY, Kaohsiung (TW)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 280 days.

(21) Appl. No.: 13/906,483
(22) Filed: May 31, 2013

(65) Prior Publication Data
US 2014/0085159 A1 Mar. 27, 2014

(30) Foreign Application Priority Data
Sep. 27,2012 (TW) v, 101135565 A
(51) Int.CL
H01Q 5/00 (2015.01)
H0IQ 1724 (2006.01)
(Continued)

(52) US.CL
CPC ... HOIQ 5/0027 (2013.01); HO1Q 1/243
(2013.01); HOIQ 5/328 (2015.01); HO1Q 5/378
(2015.01); HOIQ 9/42 (2013.01); Y10T
29/49016 (2015.01)

(58) Field of Classification Search
CPC .... HO1Q 5/0027; HO1Q 5/378; HO01Q 1/3781
USPC ssusnsasnnas 3431700, 8435 235/492
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5.434,579 A 7/1995 Kagoshima et al.
5574410 A * 11/1996 Collinsetal. ................ 333/17.3

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101953022 A 172011
CN 102195122 A 9/2011
(Continued)
OTHER PUBLICATIONS
U.S. Appl. No. 13/528.853.
(Continued)

Primary Examiner — Michael C Wimer
Assistant Examiner — Bamidele A Jegede

(74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP

(57 ABSTRACT

A communication device including a ground plane and an
antenna element is provided. An edge of the ground plane is
embedded with a notch, which has at least a first edge and a
second edge. The antenna element, disposed at the notch, has
at least a first operating frequency band and a second operat-
ing frequency band. The antenna element includes a first
conductive portion and a second conductive portion. The first
conductive portion has a starting terminal, electrically
coupled to the first edge of the notch through a signal source,
as a feeding terminal of the antenna element. A capacitive
coupling portion is formed between an end terminal of the
first conductive portion and the ground plane. The second
conductive portion has a shorting terminal electrically
coupled or connected to the second edge of the notch.

14 Claims, 7 Drawing Sheets

1
1zﬂ;w " 1‘%1
( —
N N TS e ‘f_;m
NI S w1310
15 [ S 7 |
10—\¥ 11 d




US009325067B2

(12) United States Patent

Ali et al.

US 9,325,067 B2
Apr. 26,2016

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

(54)

QY
(72)

(73)

(*)

21)

(22)
(65)

(1)

(52)

(58)

TUNABLE MULTIBAND MULTIPORT
ANTENNAS AND METHOD

Applicant: BlackBerry Limited, Waterloo (CA)

Inventors: Shireok M. Ali, Milton (CA); Mark E.
Pecen, Waterloo (CA); James Paul
Warden, Fort Worth, TX (US)

Assignee: BlackBerry Limited, Waterloo, Ontario

(CA)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 128 days.

Notice:

Appl. No.: 13/973,876

Filed: Aug. 22,2013

Prior Publication Data
US 2015/0054699 A1 Feb. 26, 2015

Int. CL
HOIQ 1736
H010 5/00
HOI1Q 5/35
010 914
010 9/42
Ho1Q 57321
HOIQ 5/335
HOIQ 1/24
U.S. ClL
CPC . HOIQ 5435 (2015.01); HO1Q 1/36 (2013.01);
HO1Q 5/321 (2015.01); HOIQ 5/335 (2015.01);
HO1Q %145 (2013.01); HOIQ 9/42 (2013.01);
HOIQ 17241 (2013.01); ¥10T 29/49016

(2006.01)
(2015.01)
(2015.01)
(2006.01)
(2006.01)
(2015.01)
(2015.01)
(2006.01)

HO1Q 5/314; HO1Q 3/321; HO1Q 3/328;
HO1Q 3/335
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,476,769 Bl  11/2002 Lehtola

6,573,869 B2 6/2003 Moore

7,671,804 B2* 3/2010 Zhangetal. ... 343/700 MS

8,648,756 B1™* 2/2014 Desclosetal. ................ 343/747
2003/0098812 Al 5/2003 Ying et al.
2006/0178116 Al 8/2006 Qietal.
2008/0122712 Al 5/2008 Chen
2013/0102357 Al*  4/2013 Vance ..o 455/550.1
2013/0203364 Al* 82013 Darnell etal. . 455/77
2014/0292602 Al* 10/2014 Suvzukietal. ... 343/749

FOREIGN PATENT DOCUMENTS

WO WO 2013076894 Al * 5/2013

OTHER PUBLICATIONS

Extended European Search report mailed Dec. 19, 2014; in European

patent application No. 14169917.3.

X.L.Sun, S. W. Cheung, and T. L. Yuk, “Frequency-tunable Antenna

for Dual-band WLAN Applications”, Progress in Electromagnetics

Research Symposium Proceedings, KL, Malaysia, Mar. 27-30, 2012.
(Continued)

Primary Examiner — Amal Patel
(74) Attorney, Agent, or Firm — Fish & Richardson P.C.

(57) ABSTRACT

An antenna, comprising a plurality of feed points and tuning
elements for tuning a resonant frequency at each feed point
independently of the others of the plurality of feed points. The
tuning elements are placed on the configured radiating ele-
ment such that for a given feed point its tuning element is
placed on the configured radiating element where a current

(2015.01) R . B
Field of Classification Search distribution of the other feed points is a minimum.
CPC ..o HO1Q 1/36; HO1Q 1/241; HO1Q 5/35; 18 Claims, 9 Drawing Sheets
Lt N
B st B 4
. L= {Aoj4) '
- : .
104 P2l
100 o | RE:
H i
1 )
r 1 ' 102
110/L/ I 108 17
il 1l

F1

r

F2




(12) United States Patent
Chang

US009325068B2

US 9,325,068 B2
Apr. 26,2016

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

(54) BROADBAND ANTENNA DEVICE

(71) Applicant: Arcadyan Technology Corporation,
Hsinchu (TW)

(72) Inventor: Jin Su Chang, Hsinchu (TW)

(73) Assignee: ARCADYAN TECHNOLOGY

CORPORATION, Hsinchu (TW)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 339 days.

(21) Appl. No.: 13/948,623

(22) Filed: Jul. 23, 2013

(65) Prior Publication Data
US 2014/0292607 Al Oct. 2, 2014

(30) Foreign Application Priority Data

Mar. 28,2013 (TW) i 102111267 A

(51) Int.CL
HoIQ 11/00
HoI1Q 5/371

(52) US.CL
CPC e H0I1Q 5/371 (2015.01)

(58) Field of Classification Search
CPC . HO1Q 11/00; HO1Q 1/24; HO1Q 1/38

(2006.01)
(2015.01)

USPC ... cereeneeeene. 343/843, 702, 700 MS, 846
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7425924 B2* 92008 Chung ... HOLQ 1/38
343/702

7464341 B2* 12/2008 Day ........... GOGF 9/4443
715/781

8,547,283 B2* 10/2013 Wong ...........o..o..... HOLQ 1/243
343/700 MS

2009/0273521 Al* 112009 Wong ............c..o....... HOLQ 1/38
343/700 MS

2009/0273530 Al* 112009 Chi ....cccevveveee. HOLQ 17243
343/741

*# cited by examiner

Primary Examiner — Huedung Mancuso
(74) Attorney, Agent, or Firm — Gottlieb, Rackman &
Reisman, P.C.

(57) ABSTRACT

Anantenna device is provided. The antenna device comprises
a first radiation portion and a second radiation portion. The
first radiation portion includes a first end and a second end.
The second radiation portion is connected to the first end at a
connecting part and includes a first arm and a second arm. The
first arm and the second arm have different lengths and extend
from the connecting part.

17 Claims, 4 Drawing Sheets

oo ]




US009325070B1

(12) United States Patent
Obeidat et al.

US 9,325,070 B1
Apr. 26,2016

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

(54) DUAL-LOOP-SLOT ANTENNA (56) References Cited
(71) Applicant: AMAZON TECHNOLOGIES, INC., U.S. PATENT DOCUMENTS
Reno, NV (US) 6,853,341 B1* 2/2005 Hellgren ............. HOLQ 1/3275
3.4‘
(72) Inventors: Khaled Ahmad Obeidat, Santa Clara, 2006/0017635 AL*  1/2006 Zheng .....ccoioverrvenn. 233;;33
CA (US); Mark Corbridge, Los Gatos, 2007/0222699 Al* 92007 Modro ............... HOI%;;%#;
CA (US); Ming Zheng, Cupertino, CA ; & 19/ NS
(US); Joseph Christopher Modro, Palo 2009/0295567 Al* 12/2009 Bellows ............... H%LQDJ;_;ZQZ}?
Alto, CA (US) 2010/0315303 Al* 12/2010 Kearney ................ HO1Q 1/36
343/767
(73) Assignee: Amazon Technologies, Inc., Reno, NV 2011/0063180 A1™  3/2011 Su ... HOLQ 3/24
343/795
(US)
* cited by examiner
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Primary Examiner — Dameon E Levi
U.S.C. 154(b) by 283 days. Assistant Examiner — Collin Dawkins
(74) Attorney, Agent, or Firm — Lowenstein Sandler LLP
(21) Appl. No.: 13/925,467
(57) ABSTRACT
(22) Filed: Jun. 24, 2013 Antenna structures and methods of operating the same of a
dual-loop-slot antenna of an electronic device are described.
(31) Int.Cl One dual-loop-slot antenna includes a first loop antenna
HO10 124 (2006.01) coupled to a radio frequency (RF) feed and a ground plane, a
H010 9/04 (2006.01) second loop coupled to the RF feed and the ground plane. At
(52) US.CL least a portion of the second loop antenna is formed by the
HO1Q 9/0407 (2013.01) first loop antenna. The dual-loop-slot antenna also includes a
(58) Field of Classification Search slotantenna formed at least in part by a portion of at least one

CPC ... HO1Q 1/243; HO1Q 13/10; HO1Q 13/106
USPC .. ... 3437702, 767
See application file for complete search history.

Antenna Carrier
110 \,

of the first loop antenna or the second loop antenna.

20 Claims, 10 Drawing Sheets

Duai-Loop-Slot
/ Antenna 100



(12) United States Patent
Oh et al.

US009325072B2

(10) Patent No.: US 9,325,072 B2
(45) Date of Patent: Apr. 26, 2016

(54) TOUCH SCREEN PANEL ANTENNA OF
MOBILE TERMINAL

(75) Inventors: Kyung Jin Oh, Hwaseong-si (KR); Oh
Hyuck Kwon, Suwon-si (KR)

(73) 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 1197 days.

(21 Appl. No.: 12/977,620
(22) Filed:  Dec. 23,2010

(65) Prior Publication Data
US 2011/0156967 Al Jun. 30, 2011

(30) Foreign Application Priority Data
Dec. 28,2009  (KR) ..ccovvvvvnvverinnn. 10-2009-0131636

(51) Int.CL

(58) Field of Classification Search
CPC v HO1Q 1738
USPC ... e s 343/702
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,661,408 B2* 12/2003 Chen ..o, 345/173
8,279,188 B2  10/2012 Kusuda et al.

FOREIGN PATENT DOCUMENTS
KR 10-2007-0016731 A 2/2007
KR 10-2009-0107025 A 10/2009
* cited by examiner
Primary Examiner — Graham Smith
(74) Attorney, Agent, or Firm — Jefferson 1P Law, LLP

(57) ABSTRACT

A touch screen panel (TSP) antenna of a mobile terminal is
provided. The TSP antenna includes an ITO film stacked in a
TSP, an upper electrode line, a lower electrode line, a left
electrode line, and a right electrode line formed at an upper or
lower surface of the ITO film, an external surface, and an

gg‘;g ;ﬁ; ggggg}; antenna pattern formed in at least one of an upper surface, a
H01Q 9/42 (2006:01] i(:uv:;zx“: iurihce. aleft surface, and a right surface of the external
(52) U.S.CL e
CPC ... HO1Q 9/40 (2013.01); HOIQ 9/42 (2013.01) 11 Claims, 6 Drawing Sheets
A
: 142 143a
s 100
r'= Jgﬁ‘{“?ﬁ ~T77 1850 \l'\ 140a 170a —
P W it A 4
4 :m'u J
1023 ‘ '
i |
143d—. | _—143b
~ ""‘\16!]
_~170b
B d:
—~140b
14001
1704~
e 47
186¢ N
. J




(12) United States Patent

US009325076B2

10y Patent No.: US 9,325,076 B2

Bishop et al. (45) Date of Patent: Apr. 26, 2016
(54) ANTENNA FOR WIRELESS DEVICE 2002/0130734 Al* 92002 Liang ............... HOIP 172039
333/134

(75) Inventors: Bruce Foster Bishop, Aptos, CA (US);
Yong Kwon Park, Capitola, CA (US):
Junwon Kim, Capitola, CA (US)

(73) Assignee: Tyco Electronics Corporation, Berwyn,
PA (US)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 485 days.

(21)  Appl. No.: 13/445,602

(22) Filed: Apr. 12, 2012

(65) Prior Publication Data
US 2013/0271330 Al Oct. 17, 2013

(51) Int.ClL

HOIQ 9700 (2006.01)

HOIQ 15/00 (2006.01)
(52) US.CL

CPC i, HO1Q 15/0086 (2013.01)
(58) Field of Classification Search

USPC .o 343/702, 700 MS, 745, 909

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,362,789 Bl
6,414,637 B2
6,515,627 B2
7,253,780 B2
7,592,957 B2
7,764,232 B2*

3/2002 Trumbull et al.

7/2002 Keilen

2/2003 Lopez et al.

8/2007 Sievenpiper

9/2009  Achour et al.

7/2010 Achour .............. HO1Q 21/065
343/700 MS

12/2010 Achour et al.

12/2010 Gummalla et al.

3/2011 TItohetal

11/2011  Ansari et al.

10/2012 Xu et al.

7,847,739 B2
7,855,696 B2
7911386 Bl
8,063,839 B2
8,299,967 B2

4/2004 Eleftheriades et al.

172005 Qi et al.

82007 Itoh et al.

5/2009 Gummalla et al.

5/2009 Gummalla et al.
10/2009 Gummalla et al.

3/2010 Penev ............... HOLQ L/38

343/876

2004/0066251 Al
2005/0001769 Al
2007/0176827 Al
2009/0128446 Al
2009/0135087 Al
2009/0245146 Al
2010/0060544 Al*

3/2010 Leeetal.
(Continued)

2010/0073254 Al

FOREIGN PATENT DOCUMENTS

CN 101436713 A 5/2009
CN 101447602 A 6/2009
OTHER PUBLICATIONS

Extended European Search Report for European Application No.
13163154.1, mailed Jun. 6, 2013.
(Continued)

Primary Examiner — Hoang V Nguyen
Assistant Examiner — Hai Tran

(57) ABSTRACT

An antenna for a wireless device includes a low band left-
handed (LBLH) mode element and a low band right-handed
(LBRH) mode element both operable in a low frequency
bandwidth and a high band left-handed (HBLH) mode ele-
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Anantenna apparatus for a portable terminal is provided. The
portable terminal includes a printed circuit board (PCB) hav-
ing a ground surface and RF components to process a wireless
signal received through at least one antenna element. A hous-
ing forms an external appearance of the portable terminal, and
has a non-conductive member with a plurality of metal frag-
ments attached thereto. At least one of the metal fragments is
electrically connected to the ground surface. The metal frag-
ments may enhance the texture and durability of the housing.
Preferably, the shapes, sizes and distances separating the
metal fragments are designed to minimally impact, or
improve, the antenna performance provided by the at least
one antenna element.
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(57) ABSTRACT

A communication device includes a ground element and an
antenna element. The antenna element includes a loop metal
element and a branch metal element. The loop metal element
is adjacent to an edge of the ground element. The loop metal
element has a feeding end and a grounding end. The ground-
ing end is coupled to the ground element. The feeding end is
coupled through a capacitive element and a first inductive
element to a signal source. A closed region is enclosed by the
loop metal element and the edge of the ground element. The
branch metal element is coupled through a second inductive
element to a connection point on the loop metal element. The
connection point is at the front-half portion of the loop metal
element. The front-half portion includes the feeding end. The
branch metal element substantially extends along an outer
periphery of the loop metal element.

8 Claims, 5 Drawing Sheets

101




