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(57) ABSTRACT

An object of the present invention is to obtain high radiation
efficiency by strengthening electromagnetic coupling in an
antenna device that supplies a radiation current by the elec-
tromagnetic coupling. An antenna device includes a substrate
110 and a conductor pattern that includes a radiation conduc-
tor 121, a feed conductor 122, and a coupling conductor 123
formed on the substrate 110. Both the feed conductor 122 and
the coupling conductor 123 are formed on a side surface 115
of the substrate 110. One end 1224 of the feed conductor 122
is connected to a feed line, and other end 1224 is connected to
a ground pattern. A coupling portion 1225 of the feed con-
ductor 122 is substantially U-shaped, and the coupling con-
ductor 123 is electromagnetically coupled to the coupling
portion 1225 of the feed conductor 122. Because the feed
conductor 122 is gently curved, an electric filed concentration
can hardly occur. The length of the feed conductor 122 can be
increased, and thus it is possible to obtain a strong electro-
magnetic coupling with the coupling conductor 123.
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A multi-band monopole antenna for a mobile communica-
tions device includes a common conductor coupled to both a
first radiating arm and a second radiating arm. The common
conductor includes a feeding port for coupling the antenna to
communications circuitry in a mobile communications
device. In one embodiment, the first radiating arm includes a
space-filling curve. In another embodiment, the first radiating
arm includes a meandering section extending from the com-
mon conductor in a first direction and a contiguous extended
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7 ABSTRACT

A highly efficient thin slot antenna having a cavity and an
RFID tag device are provided, in which such flexible proper-
ties can be provided to the antenna that the antenna can be
worn on the curved surface of a human body, an object, or the
like as well as the antenna can be relatively freely deformed,
and changes in the characteristics caused by deformation and
changes in the characteristics caused by a product to mount
the antenna thereon. are extremely small. Conductive foil
such as aluminum or foil vapor deposited with conductive
metal such as aluminum is used to form a bag shape for
configuring a bag-shaped product having a cavity (12). A
relatively soft dielectric sheet (13) is provided inside the
cavity (12), and a slot (14) is provided lengthwise on one side
of the bag-shaped product at the center position in the width
direction.
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A multi-loop antenna structure and a hand-held electronic
device using the same are provided. The multi-loop antenna
structure includes a high-frequency radiating body, a low-
frequency radiating body, a feeding connecting part and a
grounding connecting part. The feeding connecting part elec-
trically connects one terminal of the high-frequency and the
low-frequency radiating body to a feeding point. The ground-
ing connecting part grounds the other terminal of the high-
frequency and the low-frequency radiating body. The feeding
connecting part forms a first folded loop antenna with the
high-frequency radiating body and the grounding connecting
part for resonating at a first frequency band. The feeding
connecting part forms a second folded loop antenna with the
low-frequency radiating body and the grounding connecting
part for resonating at a second, a third and a fourth frequency
band. The first folded loop antenna and the second folded
loop antenna are folded for forming a three-dimensional
structure.
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axisymmetric form (15), characterized in that each radiating
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One embodiment of the invention comprises a functional
module for storing and exchanging data, comprising a com-
mon portable support, at least one passive contactless inte-
grated circuit in the form of a first semi-conductor chip, a
contactless integrated circuit reader in the form of a second
semi-conductor chip, the contactless integrated circuit and
the reader being gathered on or in the common portable
support, an antenna coil of the contactless integrated circuit,
connected to the contactless integrated circuit, an antenna coil
of the reader, connected to the reader, the antenna coil of the
contactless integrated circuit being coupled to the antenna
coil of the reader.
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(57) ABSTRACT

An antenna element has a dielectric base, at least a portion of
which is arranged in a non-ground region of a substrate. A
feeding radiation electrode has an intermediate path that is
connected to a feeding portion and that is arranged to extend
in a perimeter direction of the dielectric base on a side surface
of the dielectric base adjacent to the non-ground region and
spaced away from a ground region. The feeding radiation
electrode has an open end side path that is arranged to extend
along a loop path from the termination of the intermediate
path and an open end of the extended distal end is arranged
parallel or substantially parallel to and spaced apart from the
intermediate path. A dielectric material having a high dielec-
tric constant, which increases the capacitance between the
intermediate path and the open end, is located in a region
including the spaced region between the intermediate path
and parallel or substantially parallel open end.
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(57 ABSTRACT

Antenna support structures and antennas are provided for
wireless electronic devices such as portable electronic
devices. Antenna resonating elements may be formed from
conductive coatings on two-shot molded interconnect device
dielectric antenna support structures. The conductive coat-
ings may be formed from wet-plated copper or other conduc-
tive materials. The antenna support structure may have tabs
that electrically connect antenna resonating elements to the
case of a wireless electronic device that serves as an antenna
ground plane. The antenna support structure may be curved
about its longitudinal axis so that the antenna resonating
elements on the support structure protrude upwards to
enhance antenna performance. In a portable electronic device
such as a portable computer, the antenna support structure
may be mounted within a dielectric portion of the computer
housing that is located between the display portion of the
housing and the base of the housing.
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Assingle band antenna includes a radiating part, a feeding part
and a grounding part. The feeding part is connected with the
radiating part. A first separating slot exists between the radi-
ating part and the feeding part. The grounding part is con-
nected with the feeding part. A second separating slot exists
between the feeding part and the grounding part. Each of the
first separating slot and second separating slot has at least one
bend.
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An antenna apparatus is provided with two feed ports respec-
tively provided at positions on an antenna element, and the
antenna element is simultaneously excited through the two
feed ports so as to simultaneously operate as two antenna
portions respectively associated with the two feed ports. The
antenna apparatus is further provided with a slit provided
between the two feed ports, for changing a resonant fre-
quency of the antenna element and producing isolation
between the feed ports at a isolation frequency, and provided
with matching means for shifting an operating frequency of
the antenna element from the changed resonant frequency to
the isolation frequency.
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7 ABSTRACT

A planar antenna with an isotropic radiation pattern is pro-
vided. The planar antenna includes a substrate, a dipole
antenna, a microstrip line set, and a channel selection module.
The dipole antenna is disposed on a first surface of the sub-
strate, and the microstrip line set and the channel selection
module are disposed on a second surface of the substrate. A
first microstrip line and a second microstrip line of the
microstrip line set are spirally extended along two opposite
rotation trails on a vertical projection plane to form a high-
frequency path with the dipole antenna. The planar antenna
controls the on/off state of the channel selection module so
that a low-frequency path is formed when the dipole antenna
is connected to a first line and a second line. A plurality of
channels having different operating frequencies is respec-
tively generated within the high-frequency path and the low-
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7 ABSTRACT

Disclosed is a mobile wireless device, which has an antenna
structure for feeding a hinge core with an electric power and
which can be adapted to wireless communications of low-
frequency bands without enlarging a casing itself. In this
wireless device, an upper casing (101) equipped with a first
circuit substrate (111) and a lower casing (102) equipped with
a second circuit substrate (112) having a wireless unit (118)
mounted thereon are connected to open and close through a
hinge unit having a conductive hinge (130). A feeding unit
(113) mounted in the upper casing (101) feeds the conductive
hinge (130) with an electric power from the first circuit sub-
strate (111). A cellular antenna (150) mounted in the lower
casing (102) is connected with the ground pattern of the
second circuit substrate (112) at the position, where an exten-
sion (154) is separated along the axial direction of the con-
ductive hinge (130) from a capacity coupling unit (152)
arranged to confront a portion of the conductive hinge (130)
and coupled capacitively to a portion of the conductive hinge
(130), thereby to short-circuit the capacity coupling unit
(152) and the ground pattern.
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67 ABSTRACT

An omni-directional, multi-polarity, low profile planar
antenna for receiving high definition television signals
includes a dielectric substrate having a first side and a second
side on which are respectively formed first and second con-
ductive patterns. Each conductive pattern includes segments
functioning as antenna elements which are arranged to form a
first modified H-shaped pattern on the first side of the dielec-
tric substrate, and a second modified H-shaped pattern on the
second side of the dielectric substrate which is disposed sub-
stantially ninety degrees with respect to the first modified
H-shaped pattern. Each of the H-shaped patterns includes an
extended S-shaped segment.
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7 ABSTRACT

A broadband antenna for wireless signal transmission of an
electronic device comprises a base board, aradiating element,
a grounding element, a shorting element, and a feeding point.
The radiating element, the grounding element, and the short-
ing element are disposed on the base board. The radiating
element comprises a first slot and a second slot. The second
slot is connected to the first slot substantially. The first slot
and the second slot are used to adjust the operating band of the
broadband antenna. The grounding element is used to ground
the broadband antenna. The shorting element is used to con-
nect the radiating element and the grounding element. The
feeding point is disposed between an edge of the base board
and the shorting element, and the horizontal extended range
of the first slot does not exceed the position of the feeding
point.

10 Claims, 7 Drawing Sheets

10

/S

S2

—~20

40T~




a2 United States Patent

Camacho et al.

US008269674B2

US 8,269,674 B2
Sep. 18,2012

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

(54)

(75)

(73)

)

(1
(22)

(65)

(51

(52)
(58)

ELECTRONIC DEVICE ANTENNA

Inventors: Eduardo Lopez Camacho, Watsonville,
CA (US); Bing Chiang, Cupertino, CA
(US); Douglas B. Kough, San Jose, CA
(US); Hao Xu, Cupertino, CA (US)

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 765 days.

Appl. No.: 12/337,499

Filed: Dec. 17, 2008

Prior Publication Data

US 2010/0149751 Al Jun. 17, 2010

Int. C1.
HO01Q 1/24

US.CL ... .. 343/702; 343/872

Field of Classification Search .................. 343/702,
343/793, 795, 872, 873
See application file for complete search history.

(2006.01)

(56) References Cited
U.S. PATENT DOCUMENTS
5,394,160 A *  2/1995 . 343/702
5,943,018 A * 8/1999 . 343/702
7.415,265 B2* 82008 . 455/347
2002/0122007 A1*  9/2002 . 343/702
2005/0237255 Al* 10/2005 .. 343/795
2005/0254591 A1 11/2005
2006/0244663 Al* 11/2006 Flecketal. ............ 343/700 MS
2011/0063779 Al1* 3/2011 Ochietal. ... 361/679.01

* cited by examiner

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

57 ABSTRACT

Antennas for electronic devices such as portable computers
are provided. An antenna may have a dipole structure in
which one antenna element serves as a matching element and
another antenna element serves as a radiating element. The
antenna elements may be mounted on a substrate. The sub-
strate may be mounted on a support structure that is attached
to a grounding plate. The grounding plate may be grounded to
a conductive housing portion of a portable computer. The
antenna may be mounted within the conductive housing in the
vicinity of an opening in the housing. The opening may be a
slot opening that is used to accommodate optical disks or
other storage media. Radio-frequency signals for the antenna
may pass through the opening.
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57 ABSTRACT

An exemplary dual-band antenna includes a first antenna unit
and a second antenna unit for receiving /sending radio fre-
quency signals corresponding generating a low resonant fre-
quency and a high resonant frequency. The first antenna unit
is perpendicularly connected to the second antenna unit. The
second antenna unit includes a feed portion, two slots, two
gaps and two grounding sheets. The feed portion is electri-
cally connected to the first antenna unit and is used to receive
radio frequency signals. The slots are adjacent to one side of
the first antenna unit and are defined at the both sides of the
feed portion, and the slots are connected with the feed portion
and used to radiate radio frequency signals. The gaps extend
away from a position of the first antenna unit and are defined
at the both sides of the feed portion, and each gap communi-
cates with corresponding slot. The grounding sheets are sym-
metrically positioned at both sides of the feed portion.
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€D ABSTRACT

An antenna module for a tablet personal computer is dis-
closed. The tablet personal computer comprises a main body
and a housing with a screen, and the housing is pivotally
connected to the main body. The tablet personal computer is
capable of being switched to a tablet mode. The antenna
module comprises an antenna device, a first magnetic ele-
ment, and a second magnetic element. The antenna device is
located concealably in the housing. The first magnetic ele-
ment is coupled to an end of the antenna device. The second
magnetic element is located in the main body. The second
magnetic element is positioned corresponding to the first
magnetic element in the tablet mode such that an end of the
antenna device can be moved outside the housing due to a
magnetic force between the first magnetic element and the
second magnetic element.
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57 ABSTRACT

A sheet-like dipole antenna includes a substrate (1), an
F-shape antenna (2), and a cable (3). The substrate (1) has a
copper clad surface (11) and a slot (12). An insulating film
(13) is provided on the copper clad surface (11) and the slot
(12). A first soldering region (14), a second soldering region
(15), and a third soldering region (16) are positioned adjacent
to the slot (12). The cable (3) has a core (31) coated with an
insulating layer (32). The insulating layer (32) is coated with
a grounding layer (33). The grounding layer (33) is coated
with an outer skin (34). One end of the cable (3) is electrically
connected to a connector (35). The core (31) is connected to
the second soldering region (15). The grounding layer (33) is
soldered to the third soldering region (16).
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57 ABSTRACT

A multi-loop antenna module with wide beamwidth includes
a grounding unit and a plurality of first loop units and second
loop units. The first loop units are vertically disposed on outer
peripheral sides of the grounding unit. Each first loop unit has
a first shorting pin disposed on the grounding unit, a first
feeding pin separated from the first shorting pin and sus-
pended above the grounding unit, and a first loop radiating
body connected between the first shorting pin and the first
feeding pin. The second loop units are vertically disposed on
outer peripheral sides of the grounding unit. Each second loop
unit has a second shorting pin disposed on the grounding unit,
a second feeding pin separated from the second shorting pin
and suspended above the grounding unit, and a second loop
radiating body connected between the second shorting pin
and the second feeding pin.

20 Claims, 8 Drawing Sheets




US008269685B2

a2 United States Patent (10) Patent No.: US 8,269,685 B2
McQuaid et al. 45) Date of Patent: *Sep. 18, 2012
(54) TAPERED SLOT ANTENNA (58) Field of Classification Search ........... 343/700 MS,
343/767
(75) Inventors: Matthew M. McQuaid, Hudson, NH See application file for complete search history.
(US); Michael J. O’Brien, Nashau, NH
(US); Nicolas S. Peterson, Merrimack, (56) References Cited
NH (US); Basil W. Thompson,
Hooksett, NH (US); Duane A. Beaulieu, U.S. PATENT DOCUMENTS
Brookline, NH (US); Kari M. 4,853,704 A 8/1989 Diaz et al.
Karwedsky, Merrimack, NH (US) 6,075,493 A 6/2000
6,111,475 A * 82000 ... 333/103
. . 6,642,898 B2* 11/2003 . 343/770
(73) Assignee: BAE Sys.tems Information a'nd 6.850.203 B1*  2/2005 343767
Electronic Systems Integration Inc., 7,088,300 B2* 82006 343767
Nashua, NH (US) * cited by examiner
(*) Notice: Subject. to any disclaimer,' the term of this Primary Examiner — Hoanganh Le
patent is extended or adjusted under 35 . .
U.S.C. 154(b) by 328 days (74) Attorney, Agent, or Firm — Sand & Sebolt; Rodney E.
: Haven
This patent is subject to a terminal dis-
claimer. 57) ABSTRACT
Methods, antennas and other embodiments associated with
(21)  Appl. No.: 12/776,005 impedance matching an antenna feed slot. A slot antenna
o includes a planar metal sheet. A feed slot opening is formed in
(22)  Filed: May 7, 2010 the metal sheet. The feed slot has a first end and a second end.
. - A tapered opening is formed in the metal sheet. Adjacent
65 P Publication Dat ©
(65) rior Tublication Tata sides of the tapered opening touch the first end of the feed slot.
US 2011/0273350 A1~ Nov. 10, 2011 An impedance matching star shaped opening is formed in the
metal. The impedance matching star shaped opening touches
(51) Int.CL the second end of the feed slot.
HO01Q 13/10 (2006.01)
(52) US.CL .o 343/767; 343/700 MS 21 Claims, 5 Drawing Sheets

w

T~5
<

g—b—&

31




a2 United States Patent

Lin et al.

US008269689B2

US 8,269,689 B2
Sep. 18,2012

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

(54)

(75)

(73)

")

ey

(22)

(65)

(51)

(52)
(58)

100

ANTENNA DEVICE

Inventors: Ching-Chi Lin, Taipei (TW); Kai Shih,
Taipei (TW); Yu-Yuan Wu, Taipei (TW)

Assignee: Cheng Uei Precision Industry Co.,
Ltd., New Taipei (TW)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 365 days.

Notice:

Appl. No.: 12/783,569

Filed: May 20, 2010

Prior Publication Data

US 2011/0285600 A1 Nov. 24, 2011

Int. CI.
HO1Q 1/48 (2006.01)

US.CL s 343/848; 343/700 MS

Field of Classification Search ........... 343/700 MS,
343/702, 846, 848
See application file for complete search history.

© 0 0 0O
© 00 O 0_
cC 00 0O lu
0O 0O 0 0 O
0O O 0 O
0 00O
O 0 0 O

(56) References Cited

U.S. PATENT DOCUMENTS

6,753,817 B2* 6/2004 Aikawa et al.
2010/0013730 Al1* 1/2010 Azhari ......
2011/0285601 A1* 11/2011 Shihetal. .............

* cited by examiner

. 343/700 MS
... 343/848
... 343/848

Primary Examiner — Tan Ho
(74) Attorney, Agent, or Firm — Lin & Associates IP, Inc.

67 ABSTRACT

An antenna device includes an insulating substrate, a ground
plane, a radiating element, a horizontal polarized portion and
avertical polarized portion. The insulating substrate has a first
surface and a second surface opposite to the first surface, one
end of the first surface defines a first isolating area and a
second isolating area, one end of the second surface adjacent
to the first and second isolating areas defines an insulating
area, a horizontal feed circuit and a vertical feed circuit are
disposed at the insulating area. The ground plane includes a
first ground plane and a second ground plane. The radiating
element is positioned opposite to and spaced from the first
ground plane. The horizontal and vertical polarized portions
are positioned on the radiating element and corresponding to
the first and second isolating areas respectively so as to couple
with the horizontal and vertical feed circuits, respectively.
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bridge the gap and the antenna feed terminals. The capacitive
element may be connected in series between one of the
antenna feed terminals and a conductor in a transmission line
located between the transceiver circuitry and the antenna.
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57 ABSTRACT

According to one embodiment, an antenna unit provided on
the inner surface of the upper peripheral portion of the display
housing of a notebook PC includes a projection that positions
a power feeder connected to an electronic component adja-
cent to the antenna unit such that the power feeder extends at
a constant distance from the core member of the antenna unit.
The projection projects from the core member at a position at
which it does not interfere with an antenna wire, and includes
a recess that receives the power feeder.
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57 ABSTRACT

A multi-band antenna is provided. The multi-band antenna
includes a grounding element, a connecting element, a first
radiating element and a second radiating element. The con-
necting element is connected to the grounding element and
extends along a second direction. The first radiating element
is connected to the connecting element and extends along the
first direction, wherein the first radiating element, the ground-
ing element and the connecting element are disposed on a first
plane and have a resonating slot thereamong. The second
radiating element is connected to the first radiating element
and extends along a second plane to reach a specific distance,
and then turns to be extended on a third plane parallel to the
first plane, wherein the first plane and the third plane have a
resonating region therebetween.
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67 ABSTRACT

A mobile wireless communications device may include a
housing and a multi-frequency band antenna carried within
the housing. The multi-frequency band antenna may include
a main loop conductor having a gap therein defining first and
second ends of the main loop conductor, a first branch con-
ductor having a first end connected adjacent the first end of
the main loop conductor and having a second end defining a
first feed point, and a second branch conductor having a first
end connected adjacent the second end of the main loop
conductor and a second end defining a second feed point. A
third branch conductor has a first portion within the main loop
conductor, and a second portion connected to the second feed
point. A tuning branch conductor may have a first end con-
nected to the main loop conductor between the respective first
ends of the first and second branches.
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7 ABSTRACT

With respect to a mobile wireless device in which a first
housing 101 and a second housing 102 are foldably connected
via a hinge 104, and in which a third housing 103 comprising
a substantially rectangular display portion 106 is connected to
the second housing 102 with a rotation mechanism portion
105 that rotates in a plane that is parallel with respect to a
surface of the second housing 102, an antenna 107 is placed at
anend portion of the first housing 101 on the side of the hinge,
and a passive element 108 is placed at an end portion of the
third housing 103. As a user rotates the third housing 103 by
90° to view visual data in horizontally long display, the
antenna 107 and the passive element 108 are electro-magneti-
cally coupled with each other, and the antenna characteristics
of the antenna 107 improve. Thus, it becomes possible to
provide an antenna that is more efficient when viewing visual
data with a mobile wireless device, which is capable of
receiving terrestrial digital TV and other visual data, on a
screen that displays in a horizontally long manner.
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