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the extending direction, and including a main ground con-
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7 ABSTRACT

Disclosed is an antenna apparatus. The antenna apparatus
includes a feeding pad for supplying a signal, a main device
extended from the feeding pad, and a sub-device extended
from the feeding pad and spaced apart from the main device
while overlapping with the main device. The antenna appa-
ratus includes the sub-device overlapped with the main
device, so that the resonance frequency band of the antenna
apparatus is enlarged.
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(57) ABSTRACT

A multi-band antenna having an aperture tuner is disclosed.
The multi-band antenna may simultaneously transmit a first
radio frequency (RF) signal and a second RF signal. The
aperture tuner may modify a resonant frequency associated
with one or more antenna elements of the multiband antenna
in accordance with the first RF signal or the second RF
signal. One or more of the antenna elements of the multi-
band antenna may be disposed above and/or substantially
parallel to other antenna elements. In some exemplary
embodiments, an air gap may be formed between one or
more antenna elements.
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(57) ABSTRACT

An electronic device may be provided with wireless cir-
cuitry. Control circuitry may be used to adjust the wireless
circuitry. The wireless circuitry may include an antenna that
is tuned using tunable components. The control circuitry
may gather information on the current operating mode of the
electronic device, sensor data from a proximity sensor,
accelerometer, microphone, and other sensors, antenna
impedance information for the antenna, and information on
the use of connectors in the electronic device. Based on this
gathered data, the control circuitry can adjust the tunable
components to compensate for antenna detuning due to
loading from nearby external objects, may adjust transmit
power levels, and may make other wireless circuit adjust-
ments.

19 Claims, 6 Drawing Sheets

/m
-
s
ANTENNA
STRUCTURES TUNABLE
COMPONENTS
.
3 {
98 100 102
34< g2
947 ™96
TRANSCEIVER |
CIRCUITRY 90
~ ™88
CONTROL INPUT-QUTPUT
CIRCUITRY DEVICES

30

32



a2 United States Patent

Juan et al.

US009746571B2

US 9,746,571 B2
Aug. 29, 2017

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

PROXIMITY SENSOR ANTENNA DEVICE
AND ANTENNA STRUCTURE THEREOF

(54)

(71) Applicant: AUDEN TECHNO CORP., Taoyuan

County (TW)
(72)

Inventors: Peng-Hao Juan, Taipei (TW);

Yu-Tsung Huang, Kaohsiung (TW)
(73)

Assignee: AUDEN TECHNO CORP., Taoyuan

County (TW)

Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 47 days.

@n
22

Appl. No.: 14/959,352

Filed: Dec. 4, 2015

(65) Prior Publication Data

US 2017/0160416 Al Jun. 8, 2017

Int. CL
HOIQ 1/44
GO1V 3/08
HO01Q 1/38
HOIQ 124
HO01Q 5/378
HO01Q 5/328
HO01Q 9/42
US. ClL
CPC

(51)
(2006.01)
(2006.01)
(2006.01)
(2006.01)
(2015.01)
(2015.01)
(2006.01)
(52)
GOIV 3/08 (2013.01); HOIQ 1/243
(2013.01); HOIQ 1/38 (2013.01); HOIQ 5/328
(2015.01); HOIQ 5/378 (2015.01); HOIQ 9/42

(2013.01)

Field of Classification Search

CPC .......... HO01Q 1/243; HO1Q 1/44; HO1Q 5/328;
HO1Q 5/378; HO1Q 9/42

See application file for complete search history.

(58)

(56) References Cited

U.S. PATENT DOCUMENTS

9,478,870 B2* 10/2016 Desclos HO1Q 1/243
9,502,768 B2* 11/2016 Huang .. . HO1Q 1/002
2015/0022403 Al* 1/2015 Lin HO1Q 1/44
343/702

2015/0200447 Al1* 7/2015 HO1Q 1/243
343/720

2016/0087343 Al* 3/2016 HO1Q 1/245
343/720

* cited by examiner

Primary Examiner — Hoang Nguyen
(74) Attorney, Agent, or Firm — Li & Cai Intellectual
Property (USA) Office

(57) ABSTRACT

A P-sensor device includes an antenna structure and a
P-sensor module. The antenna structure includes a first
conductor, a second conductor, a capacitance member, and
an inductance member. The capacitance member and induc-
tance member are electrically connected to the second
conductor. When the second conductor is in a capacitance
electrode mode, a capacitance value between the second
conductor and an external object is variable, and the capaci-
tance member is configured to block a detecting signal,
which travels in the second conductor. When the second
conductor is in a coupling antenna mode, the inductance
member is configured to block a RF signal, which travels in
the second conductor. The P-sensor module is electrically
connected to the inductance member and is electrically
connected to the second conductor via the inductance mem-
ber.
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first radiator, a second radiator, and a third radiator. Both of
the first radiator and the second radiator are connected to the
feed end. The second radiator includes a first connection
section and a second connection section. The third radiator
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An antenna structure includes a feeding portion, a first
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ating portion, a second radiating portion, a third radiating
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57 ABSTRACT

An electronic device including an antenna device is pro-
vided. The electronic device includes a case member, a
frame disposed around a periphery of one surface of the case
member, forming sidewalls, and an antenna device for
transmitting and receiving wireless signals. The antenna
device includes a first radiation conductor forming a first
part of the frame, a second radiation conductor disposed in
a vicinity of the first radiation conductor, forming a second
part of the frame, a third radiation conductor provided on the
case member and connected to a first power supply of the
electronic device, together with the first radiation conductor,
and a fourth radiation conductor provided on the case
member and connected to a ground of the electronic device.
At least a part of the fourth radiation conductor is disposed
in a vicinity of the second radiation conductor.
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An antenna that includes a first element extending from a
connection point, and has a curvature such that a first tip end
of the first element extends in a direction toward the con-
nection point. A second element is connected to the connec-
tion point, and has a second tip end that extends in a
direction away from the connection point, the second tip
being disposed within an outer periphery of the first element.
A distance between a portion of the first element that is
parallel to the second element is greater than A.,,/100, where
A, represents an effective wavelength of a first anti-reso-
nance frequency.
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18 Claims, 4 Drawing Sheets

100

L]
I

1= |

1

/
/




a2 United States Patent

US009761943B2

(10) Patent No.: US 9,761,943 B2

Yang 5) Date of Patent: Sep. 12, 2017
(54) ANTENNA STRUCTURE (56) References Cited
(71) Applicant: Acer Incorporated, New Taipei (TW) U.S. PATENT DOCUMENTS

2006/0097918 Al 5/2006 Oshiyama et al.

(72) Inventor: Chung-Wen Yang, New Taipei (TW) 2012/0050121 AL*  3/2012 Kim eovvvvvvvrvorrnnnnns HO1Q 1/243
343/745
(73) Assignee: ACER INCORPORATED, New Taipei
(TW) FOREIGN PATENT DOCUMENTS
(*) Notice: Subject. to any disc]aimer{ the term of this ESV 2 ?;289;;? ggg?g
patent is extended or adjusted under 35 W 1355777 1/2012
U.S.C. 154(b) by 30 days. ™W 1466381 12/2014
(21) Appl. No.: 14/828,797 OTHER PUBLICATIONS
(22) Filed: Aug. 18, 2015 Chinese language office action dated May 20, 2016, issued in
application No. TW 104117909.
. s European Search Report dated Oct. 18, 2016, issued in application
(65) Prior Publication Data No. 15191180 7-1811.
US 2016/0359231 Al Dec. 8, 2016
* cited by examiner
(30) Foreign Application Priority Data Primary Examiner — Dameon E Levi
Assistant Examiner — Collin Dawkins
Jun. 3, 2015 (TW) e 104117909 A (74) Attorney, Agent, or Firm — McClure, Qualey &
Rodack, LLP
(51) Imt. CL
HO1Q 1/48 (2006.01) (57) ABSTRACT
HO01Q 5371 (2015.01) An antenna structure includes a ground element, a first
HO1Q 124 (2006.01) radiation branch, a first ground branch, a second radiation
HOIQ 7/00 (2006.01) branch, and a second ground branch. A first end of the first
HO1Q 5/40 (2015.01) radiation branch is coupled to a signal source. A first end of
(52) US.CL the first ground branch is coupled to the ground element. A
CPC ..o HO01Q 5/371 (2015.01); HO1Q 1/243 second end of the first ground branch is coupled to a second
(2013.01); HO1Q 1/48 (2013.01); HO1Q 5/40 end of the first radiation branch. A first end of the second
(2015.01); HO1Q 7/00 (2013.01) radiation branch is coupled to the second end of the first
(58) Field of Classification Search radiation branch. A first end of the second ground branch is
CPC ... HO1Q 5/371; HO1Q 1/38; HO1Q 5/307; coupled to the ground element. A second end of the second
’ ’ HO1Q 1 /243’ ground branch is coupled to a second end of the second
USPC oo 343/845, 700 MS, 720, 702 fadiation branch.
See application file for complete search history. 8 Claims, 8 Drawing Sheets
100
142 140 141 122 101
( ) ) { /
e bttt oo mm o o o e e o i bttt e’
| \ AN NN N SN NN 31
N —
152 N 132 N | 102 - |
i 121 120
150 130~ |/ |
I. e
151 EIENN IS S i
L o i o o i i i e i o o i e e e e\ e 4
/ / s / /
Z Z ;/,./ Z
3 \
110 190



a2 United States Patent

Lee et al.

US009762710B2

(10) Patent No.: US 9,762,710 B2
45) Date of Patent: Sep. 12, 2017

(54) ANTENNA AND ELECTRONIC DEVICE
INCLUDING THE SAME

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

(72) Inventors: Hyung Joo Lee, Seongnam-si (KR);
Gyu Sub Kim, Seoul (KR); Dong Yeon
Kim, Suwon-si (KR); Chae Up Yoo,
Seoul (KR)

(73) Assignee: Samsung Electronics 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 0 days.

(21) Appl. No.: 15/234,547
(22) Filed: Aug. 11, 2016

(65) Prior Publication Data
US 2017/0048363 A1 Feb. 16, 2017

(30) Foreign Application Priority Data
Aug. 13,2015 (KR) .o 10-2015-0114638

(51) Imt. CL
HO04B 1/44 (2006.01)
HO04M 1/02 (2006.01)
(Continued)
(52) U.S. CL
CPC ... H04M 1/0202 (2013.01); HOIQ 1/243
(2013.01); HOIQ 1/48 (2013.01); HOIQ 1/521
(2013.01); HOIQ 5/314 (2015.01); HO1Q
5/328 (2015.01); HOIQ 5/35 (2015.01); H04B
1/3833 (2013.01); H04B 1/48 (2013.01);

HO04B 2001/485 (2013.01); HO4W 4/008
(2013.01); HO4W 84/042 (2013.01); HO4W
84/12 (2013.01)
(58) Field of Classification Search
None
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,358,906 B2*  4/2008 Sato ... HO1Q 1/243
343/700 MS
7,639,194 B2 12/2009 Chi et al.

(Continued)
FOREIGN PATENT DOCUMENTS

EP 2528 165 A1 11/2012
GB 2516304 A 1/2015
KR 10-2008-0112502 A 12/2008
Primary Examiner — Tuan A Tran

(74) Attorney, Agent, or Firm — Jefferson IP Law, LLP

(57) ABSTRACT

An electronic device is provided. The electronic device
includes a housing including a first surface, a second surface
disposed facing an opposite side of the first surface, and a
side surface configured to surround at least a portion of a
space between the first surface and the second surface, a first
elongated metal member configured to form a first portion of
the side surface and including a first end and a second end,
at least one communication circuit electrically connected to
a first point of the first elongated metal member through a
capacitive element, at least one ground member disposed in
an interior of the housing, and a first conductive member
configured to electrically connect a second point of the first
elongated metal member to the ground member. The second
point of the first elongated metal member is disposed closer
to the second end than to the first point.

17 Claims, 42 Drawing Sheets

900

n




a2 United States Patent

Jin et al.

US009768491B2

US 9,768,491 B2
Sep. 19, 2017

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

(54) ELECTRONIC DEVICE WITH PERIPHERAL
HYBRID ANTENNA

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

(72) Inventors: Nanbo Jin, Milpitas, CA (US); Anand
Lakshmanan, San Jose, CA (US);
Enrique Ayala Vazquez, Watsonville,
CA (US); Erica J. Tong, Pacifica, CA
(US); Hongfei Hu, Santa Clara, CA
(US); Matthew A. Mow, Los Altos, CA
(US); Mattia Pascolini, San Francisco,
CA (US); Ming-Ju Tsai, Cupertino, CA
US)

(73) Assignee: Apple Inc., Cupertino, CA (US)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 120 days.

(21)  Appl. No.: 14/691,304

(22) Filed: Apr. 20, 2015
(65) Prior Publication Data
US 2016/0308271 Al Oct. 20, 2016
(51) Imt. CL
H01Q 124 (2006.01)
HO01Q 1/48 (2006.01)
HO01Q 1/50 (2006.01)
HO04B 1/3888 (2015.01)
HO01Q 13/10 (2006.01)
H01Q 21/28 (2006.01)
(52) US.CL
CPC ..oove. HO01Q 17243 (2013.01); HO1Q 1/48

(2013.01); HOIQ 1/50 (2013.01); H01Q
13/103 (2013.01); HOIQ 21/28 (2013.01);
H04B 1/3888 (2013.01)

(58) Field of Classification Search
CPC HO01Q 1/243; HO1Q 1/48; HO1Q 1/50; HO1Q
21/28; HO1Q 13/103

USPC .o 343/846, 848, 702
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,373,439 Bl 4/2002 Zurcher et al.
6,903,693 Bl 6/2005 Lee et al.
7,187,329 B2 3/2007 Okado
7,876,274 B2 1/2011 Hobson et al.

(Continued)

FOREIGN PATENT DOCUMENTS

EP 2500979 9/2012
EP 2528165 11/2012
(Continued)

OTHER PUBLICATIONS

Mow et al., U.S. Appl. No. 14/701,323, filed Apr. 30, 2015.

Primary Examiner — Dieu H Duong
(74) Attorney, Agent, or Firm — Treyz Law Group, P.C.;
G. Victor Treyz; Michael H. Lyons

(57) ABSTRACT

An electronic device may have wireless circuitry with
antennas. An antenna resonating element arm for an antenna
may be formed from peripheral conductive structures run-
ning along the edges of a device housing. Elongated con-
ductive members may longitudinally divide openings
between the peripheral conductive housing structures and
the ground. The elongated conductive members may extend
from an internal ground to outer ends of the elongated
conductive members that are located adjacent to the gaps.
Transmission lines may extend along the elongated conduc-
tive members to antenna feeds at the outer ends. The
elongated conductive members may form open slots that
serve as slot antenna resonating elements for the antenna.

21 Claims, 9 Drawing Sheets




a2 United States Patent

Kim et al.

US009768492B2

US 9,768,492 B2
*Sep. 19, 2017

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

(54) ANTENNA APPARATUS FOR PORTABLE
TERMINAL

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

(72) Inventors: Jae-Hee Kim, Gyeonggi-do (KR);
Joon-Ho Byun, Gyeonggi-do (KR);
Se-Hyun Park, Gyeonggi-do (KR);
Dong-Hyun Lee, Gyeonggi-do (KR);
Austin Kim, 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

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.: 15/180,326

(22) Filed: Jun. 13, 2016

(65) Prior Publication Data
US 2016/0285156 Al Sep. 29, 2016

Related U.S. Application Data

(63) Continuation of application No. 14/719,642, filed on
May 22, 2015, now Pat. No. 9,385,418, which is a

(Continued)
(30) Foreign Application Priority Data
Apr. 14,2011 (KR) oo 10-2011-0034548

(51) Int.CL
HO1Q 1/24
HO1Q 1/44

(2006.01)
(2006.01)

(Continued)

(52) US.CL

CPC ..o HO01Q 1/243 (2013.01); HO1Q 1/44
(2013.01); HO1Q 1/48 (2013.01); HO1Q 1/50
(2013.01); HO1Q 21/28 (2013.01); HO1Q
21/29 (2013.01)

(58) Field of Classification Search
CPC HO1Q 1/243; HO1Q 1/50; HO1Q 1/48; HO1Q
1/44; HO1Q 21/29; HO1Q 21/28

(Continued)
(56) References Cited

U.S. PATENT DOCUMENTS

9/1991 Brooks et al.
11/2009 Hill et al.

(Continued)

5,048,118 A
7,612,725 B2

FOREIGN PATENT DOCUMENTS

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

OTHER PUBLICATIONS

European Search Report dated Jul. 21, 2016.
Chinese Search Report dated Aug. 3, 2016.

Primary Examiner — Huedung Mancuso
(74) Attorney, Agent, or Firm — Cha & Reiter, LLC

(57) ABSTRACT

An antenna apparatus for a portable terminal having a main
board is provided. The antenna apparatus includes a main
antenna that electrically connects to a feed line of the main
board. A metal frame is constructed as part of a case frame
forming an exterior of the portable terminal. The metal
frame is divided into first and second parts that are sepa-
rated. The first part electrically connects to the main antenna
or to the main board feed line, and is designed to radiate. The
second part electrically connects to a ground surface of the

(Continued)




a2 United States Patent

Cho et al.

US009768505B2

(10) Patent No.: US 9,768,505 B2
45) Date of Patent: Sep. 19, 2017

(54)

(75)

(73)

)

1

(22)

(86)

87

(63)

(1)

(52)

MIMO ANTENNA WITH NO PHASE
CHANGE

Inventors: Jeong Hoon Cho, Seoul (KR); Kyung
Suk Kim, Seoul (KR); Ja Kwon Ku,
Seoul (KR); Sung Tek Kahng, Seoul
(KR); Geon Ho Jang, Seoul (KR);
Seong Ryong Yoo, Seoul (KR)

Assignees: LG INNOTEK CO., LTD., Seoul
(KR); INDUSTRY-ACADEMIC
COOPERATION FOUNDATION
INCHEON NATIONAL
UNIVERSITY, Incheon (KR)

Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 394 days.

Appl. No.: 13/978,359

PCT Filed: Oct. 10, 2011

PCT No.: PCT/KR2011/007493

§ 371 (e)(D),
(2), (4) Date:  Nov. 12, 2013

PCT Pub. No.: WO02012/093766
PCT Pub. Date: Jul. 12, 2012

Prior Publication Data
US 2014/0055319 Al Feb. 27, 2014

Int. Cl.
HOIQ 124 (2006.01)
HOIQ 138 (2006.01)
(Continued)
US. CL
CPC ........... HO01Q 5/0093 (2013.01); HO1Q 1/243

(2013.01); HO1Q 1/38 (2013.01); HOIQ 3/24
(2013.01); HOIQ 5/50 (2015.01); HOIQ 21/28
(2013.01)

(58) Field of Classification Search
CPC HO01Q 1/38; HO1Q 1/243; HO1Q 5/50; HO1Q
5/0093; HO1Q 3/24; HO1Q 1/36;

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

6,339,404 B1* 1/2002 Johnson .............. HO1Q 1/243
343/700 MS
6,839,040 B2* 1/2005 Huber HO1Q 1/243
343/700 MS

(Continued)

FOREIGN PATENT DOCUMENTS

KR 10-2005-0107881 A 11/2005
KR 10-0737588 Bl 7/2007

(Continued)

OTHER PUBLICATIONS

The ARRL Antenna Book, Published by The American Radio Relay
League. Gerald Hall.*
(Continued)

Primary Examiner — Jessica Han

Assistant Examiner — Awat Salih

(74) Attorney, Agent, or Firm — Saliwanchik, Lloyd &
Eisenschenk

(57) ABSTRACT

A multi input multi output (MIMO) antenna with no phase
change is provided. The MIMO antenna having no phase
change constituting one antenna structure overall, wherein
unit structures at both sides are symmetrical to each other in
a meander form with respect to the center; the unit structures
having the meander form are connected to a ground plate by
using as a medium power feeding units 240 and 250 sup-
plying an electric energy to the respective unit structures;
and the unit structures are installed with a three-dimensional
structure, being adjacent to the ground plate.
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7 ABSTRACT

Antenna devices and techniques that provide specific control
of the spatial distributions of DC and RF signals at various
positions in a wireless apparatus are disclosed. The wireless
apparatus includes various device components each having
specifications for achieving desired operations in antenna
devices.
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