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An antenna assembly includes an elastic piece, a connecting
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connecting portion is coupled to the base board and includes
a feeding point and a ground point. The first radiating
portion is electrically connected to the feeding point and the
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radiating portion. The first radiating portion, the elastic
piece, and the second radiating portion are configured to
operate at a first frequency band; the first radiating portion
and the elastic piece generate a frequency-doubled effect to
operate at a second frequency band. A wireless communi-
cation device employing the antenna assembly is also pro-
vided.
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and a neutralized line. Each of the first antenna and the
second antenna has a low frequency resonant path and a high
frequency resonant path. The neutralized line is couple to the
low frequency resonant path of the first antenna and the low
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A wireless communication device includes a metal frame, a
mechanical part on which a ground is formed for providing
grounding, and at least one antenna, wherein each one of the
at least one antenna includes a radiator, a feed terminal
electrically connected to the radiator, disposed adjacent to
the metal frame and for feeding a radio-frequency signal, a
first ground terminal disposed at a first side of the feed
terminal for electrically connecting the metal frame with the
ground of the mechanical part, and a second ground terminal
disposed at a second side of the feed terminal for electrically
connecting the metal frame with the ground of the mechani-
cal part, wherein an area enclosed by the metal frame, the
mechanical part and the first and second ground terminals
forms a first slot.
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57) ABSTRACT

An electronic device has a multi-band antenna which
includes an antenna frame and multiple feed points and
multiple ground points located on the antenna frame. The
multiple feed points include a first feed point located at one
end portion of the antenna frame and a second feed point
located between two end portions of the antenna frame. The
multiple ground points include a first ground point located
between the two end portions of the antenna frame and a
second ground point located at the other end portion of the
antenna frame. The multiple feed points and the multiple
ground points are alternately located on the antenna frame,
and multiple radiating elements are formed on the antenna
frame and are configured to radiate signals having different
frequency bands. Each radiating element is formed between
a feed point and a ground point.
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grounding pin. The IFA exciting element is configured to
resonate at a resonant frequency when excited by a signal
received through the IFA feed. The wireless electronic
device includes a choke notch having a length defined based
on the resonant frequency of the IFA exciting element. The
choke notch is electrically coupled to the IFA exciting
element through the grounding pin. A ground patch is
electrically coupled between the choke notch and the ground
plane.
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(57) ABSTRACT

An electronic device is provided. The electronic device
includes a printed circuit board (PCB), a shield can disposed
on the PCB, an antenna radiator of which at least a part
enters an internal space of the shield can and is installed at
an inner surface of the shield can, and an electrical connect-
ing means which is installed at a corresponding position of
the PCB so as to be electrically connected with the at least
a part of the antenna radiator installed at the inner surface of
the shield can.

16 Claims, 9 Drawing Sheets

2 33 30

50
20

" 60

?
L/

Vi

L1 [ . 1 1A
OOOAOONNINNNNN

40 12

10 12



US009583826B2

a2 United States Patent
Chuang et al.

US 9,583,826 B2
Feb. 28,2017

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

(54) RESONANCE CIRCUIT FOR INHIBITING
INTERFERENCE BETWEEN HIGH-SPEED
CONNECTOR AND ANTENNA

(71
(72)

Applicant: Alpha Networks Inc., Hsinchu (TW)

Inventors: Fu-Chi Chuang, Hsinchu (TW);
Yu-Cheng Huang, Hsinchu (TW)
(73)

Assignee: ALPHA NETWORKS INC., Hsinchu

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

U.S.C. 154(b) by 243 days.
1)
(22)

Appl. No.: 14/309,254

Filed: Jun. 19, 2014

Prior Publication Data

US 2015/0214614 Al Jul. 30, 2015

(65)

(30) Foreign Application Priority Data

............................. 103102923 A

Jan. 27, 2014 (TW)
(51) Int.CL

HO1Q 1/52

HO1Q 1722

H01Q 1724
HO1Q 9/42

US. CL.

CPC

(2006.01)
(2006.01)
(2006.01)
(2006.01)
(52)
HOIQ 1/526 (2013.01); HOIQ 1/2275
(2013.01); HOIQ 1/243 (2013.01); HOIQ 9/42
(2013.01)

A
Vd

P3-—

Pl/-\,
12+

1

(58) Field of Classification Search
HO1Q 1/526; HO1Q 1/2275
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

7,176,839 B2* 2/2007 Ueda .......ccccouvvnneee. HO1Q 1/22
343/702

2010/0231459 Al* 9/2010 Kawata ................. HO1Q 1/243
343/702

* cited by examiner

Primary Examiner — Dameon E Levi
Assistant Examiner — Amal Patel
(74) Attorney, Agent, or Firm — Bacon & Thomas, PLLC

57 ABSTRACT

The present invention is to provide a resonance circuit,
which is applicable to a circuit board of a first electronic
device provided thereon with a circuit layout, a high-speed
connector (e.g., a USB 3.0 connector) at a lateral side of the
circuit layout for connecting with a second electronic device,
and an antenna for enabling the circuit board to receive and
transmit wireless information at a predetermined frequency.
The connector and antenna are respectively connected to
first and second connecting points of the circuit layout, and
the distance between the two connecting points is not less
than one wavelength. The resonance circuit is connected to
a third connecting point of the circuit layout provided
between the above two connecting points, such that the
resonance frequency of the resonance circuit covers the
reception and transmission frequencies of the antenna, for
effectively inhibiting interference between the connector
and the antenna.
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(57) ABSTRACT

An electronic device may be provided with antennas. Anten-
nas for the electronic device may be formed from slot
antenna structures. A slot antenna structure may be formed
from portions of a metal housing for an electronic device.
The slots of the slot antenna structures may be indirectly fed
to form first and second indirectly fed slot antennas. The first
and second indirectly fed slot antennas may be formed from
slots in a rear surface of an electronic device and a sidewall
of the electronic device. The slots may have open ends along
an edge of the sidewall and may have closed ends that face
each other. A hybrid antenna may also be formed in the
electronic device.
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metal material electrically connected with the antenna radia-
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member.

20 Claims, 21 Drawing Sheets

430

usB

420




a2 United States Patent

US009590295B2

(10) Patent No.: US 9,590,295 B2

Yanagi 5) Date of Patent: Mar. 7, 2017
(54) ANTENNA APPARATUS USPC ..o 343/904, 813, 815, 817
See application file for complete search history.
(71)  Applicant: FUJITSU COMPONENT LIMITED,
Tokyo (JP) (56) References Cited
(72) Inventor: Masahiro Yanagi, Tokyo (JP) U.S. PATENT DOCUMENTS
(73) Assignee: FUJITSU COMPONENT LIMITED, 3,880,268 A *  6/1975 Peters - HO1QO/14
Tokyo (JP) ) 343/703
5,710,984 A * 1/1998 Millar .......ccoooevnn. HO04B 1/18
N . . — . 343/702
(*) Notice:  Subject o any disclaimer, the term of this 2007/0001924 Al*  1/2007 Hirabayashi ......... HO1Q 19/32
patent is extended or adjusted under 35 343/893
U.S.C. 154(b) by 220 days. 2010/0295569 Al* 11/2010 Chu et al. .............. HO1Q 19/32
343/893
(21)  Appl. No.: 14/281,983 2012/0274538 Al* 112012 Tsou et al. ... GOIR 31/2822
324/750.01
(22) Filed: May 20, 2014
FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data
US 2014/0347250 A1 Nov. 27, 2014 ® 2004-364023 1212004
* cited by examiner
(30) Foreign Application Priority Data
Primary Examiner — Graham Smith
May 27,2013 (JP) cccvveiiiiiccciiccs 2013-111242 Assistant Examiner — Collin Dawkins
(74) Attorney, Agent, or Firm — IPUSA, PLLC
(51) Imt. CL
HO01Q 1/00 (2006.01) 57) ABSTRACT
HO01Q 1/38 (2006.01) .
An antenna apparatus includes an antenna element con-
HO01Q 1/24 (2006.01) P feed poi itic el di 4
HOIQ 9/42 (2006.01) nected to a power feed point, a parasitic element dispose to
' overlap the antenna element as viewed from above and
(52) US.CL configured to be coupled to the antenna element, and a
CPC i HOIQ 1/38 (2013.01); HOIQ 1/243 switch connected to the parasitic element and configured to
(2013.01); HO1Q 9/42 (2013.01) switch connections to connect the parasitic element either to
(58) Field of Classification Search a given potential point or to a test-purpose terminal.

CPC ....... HO1Q 1/20; HO1Q 1/241; HO1Q 9/0407;
HO01Q 21/10; HO1Q 1/38

/_/20

13A

(

10 Claims, 6 Drawing Sheets

10

w—,

2

/15

RF
CIRGCUIT

MEASUREMENT

%/130

APPARATUS




a2 United States Patent

Kao et al.

US009590303B2

US 9,590,303 B2
Mar. 7, 2017

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

(54) ANTENNA

(71) Applicant: ASUSTeK COMPUTER INC., Taipei
(TW)

(72) Inventors: Yeh-Chun Kao, Taipei (TW); You-Fu
Cheng, Taipei (TW); Yu-Chia Chang,
Taipei (TW)

(73) Assignee: ASUSTeK COMPUTER INC., Taipei
(TW)

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

patent is extended or adjusted under 35
U.S.C. 154(b) by 365 days.

(21) Appl. No.: 14/138,119

(22) Filed: Dec. 22, 2013

(65) Prior Publication Data
US 2014/0210682 A1 Jul. 31, 2014

Related U.S. Application Data
(60) Provisional application No. 61/757,718, filed on Jan.

29, 2013.
(30) Foreign Application Priority Data
Sep. 3,2013  (TW) oo 102131729 A
(51) Imt. CL
H01Q 7/00 (2006.01)
H01Q 5/371 (2015.01)
(52) U.S. CL
CPC ... HOIQ 7/00 (2013.01); HO1Q 5/371
(2015.01)

(58) Field of Classification Search
CPC ot HO1Q 7/00; HO1Q 5/371
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

6,853,341 B1* 2/2005 Hellgren .............. HO1Q 1/3275
343/742
8,207,895 B2 6/2012 Wong et al.
9,077,077 B2 7/2015 Wong et al.
2006/0158379 Al*  7/2006 Ishimiya ............. HO1Q 7/00
343/741
2007/0132641 Al1*  6/2007 HO1Q 5/371
343/700 MS
2008/0180333 Al* 7/2008 Martiskainen ......... HO1Q 5/371
343/722

FOREIGN PATENT DOCUMENTS

™ 1336541 B 1/2011
™ 201104960 Al 2/2011
™ M426892 Ul 4/2012
™ 201304273 Al 1/2013
woO 2005043674 Al 5/2005
woO 2011022698 Al 2/2011

* cited by examiner

Primary Examiner — Hoang V Nguyen

Assistant Examiner — Michael Bouizza

(74) Attorney, Agent, or Firm — CKC & Partners Co.,
Ltd.

(57) ABSTRACT

An antenna device is provided. The antenna includes a
feeding end, a grounding end, a loop metal portion and a
protruded metal portion. The grounding end is electrically
connected to a ground plane. The loop metal portion extends
from the feeding end to the grounding end to form a loop
antenna structure. The protruded metal portion is electrically
connected to the loop metal portion, wherein the distance
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57 ABSTRACT

A broadband antenna includes a substrate; a grounding unit;
a first radiating element, including a first segment and a
second segment substantially perpendicular to each other,
wherein the first segment is electrically connected to the
grounding unit and the second segment extends toward a
direction; a second radiating element, coupled to the first
radiating element; a third radiating element having a termi-
nal coupled to or electrically connected to the second
radiating element and another terminal electrically con-
nected to the grounding unit; and a signal feed-in element
electrically connected to the third radiating element for
transmitting or receiving a radio signal; where the first, the
second and the third radiating elements are disposed on the
substrate along the direction defined by an order of the first
segment of the first radiating element, the second radiating
element and the third radiating element.
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57 ABSTRACT

Space- and cost-efficient antenna apparatus and methods of
making and using the same. Antenna may comprise one or
more planar radiator elements fabricated from an electrically
conductive material. Surface area of the antenna radiator
metallized portion may be reduced by utilizing a crosshatch
pattern. The pattern may comprise of one or more metal-free
elements disposed within the outline of the radiator. The
elements may be interconnected by conductive crosslinks.
The antenna may be coupled to radio electronics at one or
more connection points. At least one of a size and/or a
placement of the crosslinks may be configured based on
distance from the connecting points. Crosslink size and/or
placement may be configured to provide a prescribed current
flow within the antenna. Reducing surface area of the
antenna radiator may reduce manufacturing time and/or cost
compared with prior art antenna design approaches.
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verts a radio-frequency signal into an electromagnetic wave
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first metal line. The second high-frequency blocking ele-
ment transmits the second sensing signal to a second sensing
controller through a second metal line.
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Provided is an electronic device including a case including
a conductor part, and an antenna that is provided on a case
surface on an inner side of the conductor part and includes
an antenna element extending in a first direction parallel to
the case surface, the antenna element being grounded to the
case surface. A slit extending in the first direction is formed
in an area of the case surface, the area being parallel to the
antenna element.
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(57) ABSTRACT

Provided is an antenna. The antenna, in this aspect, includes
an inverted-F GPS antenna structure, the inverted-F GPS
antenna structure embodying a GPS feed element, a GPS
extending arm, and a ground element. The antenna, in this
aspect, further includes a loop WiFi antenna structure, the
loop WiFi antenna structure embodying a WiFi feed ele-
ment, the ground element, and a WiFi connecting arm
coupling the WiFi feed element to the ground element. In
this particular aspect, the ground element is located between
the GPS feed element and the WiFi feed element.
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(57) ABSTRACT

Electronic devices may be provided that contain wireless
communications circuitry. The wireless communications cir-
cuitry may include radio-frequency transceiver circuitry and
antenna structures. An electronic device may include a
display mounted within a housing. A peripheral conductive
member may run around the edges of the display and
housing. Dielectric-filled gaps may divide the peripheral
conductive member into individual segments. A ground
plane may be formed within the housing from conductive
housing structures, printed circuit boards, and other conduc-
tive elements. The ground plane and the segments of the
peripheral conductive member may form antennas in upper
and lower portions of the housing. The radio-frequency
transceiver circuitry may implement receiver diversity using
both the upper and lower antennas. The lower antenna may
be used in transmitting signals. The upper antenna may be
tuned using a tunable matching circuit.
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(57) ABSTRACT

An antenna including a substrate formed of a non-conduc-
tive material, a ground plane disposed on the substrate, a
wideband radiating element having one end connected to an
edge of the ground plane and an elongate feed arm feeding
the wideband radiating element and having a maximum
width of Y100 of a predetermined wavelength, the predeter-
mined wavelength being defined by formula (I) wherein 2,
is the predetermined wavelength, f is a lowest operating
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ability of the substrate, €, is a relative bulk permittivity of the
substrate, W is a width of a conductive trace disposed above
the substrate and H is a thickness of the substrate, wherein
formula (II).
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