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7 ABSTRACT

A multi-band antenna includes a base plate, a first radiating
element, a second radiating element and a third radiating
element. The base plate has a first edge, a second edge oppo-
site to the first edge, a third edge and a fourth edge both
connecting the first and second edges and opposite to each
other. A feeding portion and a ground portion are both
extended from the first edge and respectively adjacent to the
third edge and the fourth edge, and an opening is formed
between the feeding portion and the ground portion. The first
radiating element extends from a portion of the second edge
adjacent to the third edge and spatially fences the second edge
and the fourth edge. The second and third radiating elements
tortuously extend from the third edge and are arranged adja-
cent to each other.
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57 ABSTRACT

The present invention relates to a parallel-ring integrated
antenna. The integrated antenna in accordance with the
present invention includes a parallel ring including a plurality
of rings and a central conductor, and a high dielectric body
coupled to the parallel ring. Return loss can be changed
depending on a thickness of the ring, a first diameter, i.e., a
diameter of the ring, a distance between the rings or a second
diameter, i.e., a diameter of a central conductor. Further, the
high dielectric body has a groove formed therein to corre-
spond to an external shape of the parallel ring. The parallel
ring is coupled to the high dielectric body through the groove.
Thus, the integrated antenna of the present invention can
obtain a maximum gain and active performance while main-
taining the size of an existing chip antenna and can have its
size and structure changed easily and conveniently by com-
bining the high dielectric body with the parallel ring.
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7 ABSTRACT

According to one embodiment, an electronic apparatus
includes a housing, a first board contained in the housing, a
second board contained in the housing on the inner side of the
first board, a first antenna part, and a second antenna part. The
first antenna part includes a loop antenna provided on the first
board, and configured to communicate with a communication
module opposed to the loop antenna. The second antenna part
includes an element part provided in an area surrounded by
the loop antenna, and positioned in the same plane as the loop
antenna, and a ground part provided on the second board, and
configured to communicate with a communication module
opposed to the element part.
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A broadband multi-signal loop antenna used in a mobile
terminal comprises a conductive part and a supporter support-
ing the conductive part. The said conductive part is electri-
cally connected to the substrate of the mobile terminal. The
said conductive part includes at least two signal loops which
start at a common feed point and end at the ground points,
wherein at least two signal loops each has a ground point and
the ground points are located at different physical positions.
The antenna can resonate at multi-band.
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Provided is a folded dipole antenna including a meander line
formed on a photoconductive substrate, characterized by an

(73)  Assignee: ELECTRONICS AND input impedance of several k€2, which is much higher than
TELECOMMUNICATIONS that of a conventional dipole antenna, due to optimization of
RE SEARCH INSTITUTE, a horizontal length, a line interval, a width, and a line number
Daejeon (KR) of the meander line. Accordingly, use of the folded dipole
antenna greatly improves an impedance matching character-
(21) Appl. No.: 12/498,870 istic between the antenna and a photomixer having an output
impedance of 10 k€ or more, and accordingly an output ofa
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7 ABSTRACT

A planar antenna includes: a substrate unit; a feeding line
provided on the substrate unit and having first and second
ends, a feeding point disposed between the first and second
ends, and first and second feeding segments extending from
the feeding point in opposite directions to the first and second
ends, respectively, the lengths of the first and second feeding
segments having a length difference that is approximately
M2, where A is the wavelength of an operating frequency of
the planar antenna; a first radiating unit provided on the
substrate unit and disposed adjacent to and spaced apart from
the first feeding segment of the feeding line; a second radiat-
ing unit provided on the substrate unit and disposed adjacent
to and spaced apart from the second feeding segment of the
feeding line; and a grounding unit provided on the substrate
unit for grounding.
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ies and a metal layer is provided. The antenna bodies are
disposed at a surface of the substrate, and the metal layer is
disposed at another surface of the substrate. The metal layer
has multiple slots which interlace with the antenna bodies.
The antenna bodies are partially corresponding to the metal
layer and used to cooperate with a communication system
which can perform a multi-path transmission to send and
receive electromagnetic signals for a multiple MIMO system
simultaneously.
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A multi-frequency antenna comprises a radiation conductor,
a connection interface device, a ground plane, a feeder cable,
and an extension conductor. The radiation conductor further
comprises a feeder member and a connection member
extending serpentinely and far away from the feeder member
and having a terminal. One lateral side of the connection
interface device is connected to the terminal of the connection
member. Another lateral side of the connection interface
device is arranged on the ground plane and electrically con-
nected to the ground plane. The present invention adopts a
loop-antenna design. In the present invention, a radiation
conductor is used to excite a low-frequency resonant mode
and a first high-frequency resonant mode, and an extension
conductor is used to excite a second high-frequency resonant
mode, whereby the antenna system covers several operation
frequency bands and features broadband.
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An antenna device includes a ground plane, an antenna ele-
ment, and a metal wall. The antenna element is having a
distance of (mx\/2-A/4) away from the ground plane, where
“m” is an integer which is equal or larger than “1” and “A\” is
a wave length of operating frequency. The metal wall is sur-
rounding the antenna element. One end of the metal wall is
attached to along the ground plane. The other end of the metal
wall is forming an aperture with a height from the ground
plane. The height of the metal wall is (nxA/2), where “n”is an
integer which is equal or larger than “m”.
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A mobile terminal comprises a front case and a rear case
which are fastened with a printed circuit board (PCB) and an
antenna connected with the PCB interposed therebetween; a
battery protection cover opening and closing a battery receiv-
ing space provided on the rear case; and a conductive cou-
pling element formed on one of the rear case and the battery
protection cover such that the conductive coupling element is
overlapped with at least one of one edge and the other edge of
the antenna
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(57) ABSTRACT

Disclosed herein is a portable terminal device including an
antenna, a casing, and an operation unit. The casing at least
partof which is formed from a metallic material is disposed so
that the antenna is exposed. The operation unit is formed from
a resin material and mounted to the casing so as to cover the
exposed antenna.
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(57) ABSTRACT

The invention provides an antenna for wireless devices which
improves matching of the main antenna element and parasitic
antenna element in the antenna. The antenna of the invention
comprises a main antenna element and a parasitic antenna
element, the main antenna element and the parasitic antenna
element being separated from each other, a matching element
is connected between the main antenna element and the para-
sitic antenna element, with an end of the matching element
being electrically connected to a conductor strip of the main
antenna element, and the other end being electrically con-
nected to a conductor strip of the parasitic antenna element.
Optimized antenna performance can be achieved by adjusting
position and value of the matching element.
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(57) ABSTRACT

An antenna device includes a grounding element, a radiating
element, and first and second feeding elements. The radiating
element includes a first segment that extends from the
grounding element and that has an end distal from the ground-
ing element, and second and third segments that extend from
the end of the first segment in opposite directions. Each of the
first and second feeding elements includes first and second
segments. The first segment of each of the first and second
feeding elements is disposed proximate to a respective one of
the second and third segments of the radiating element. The
second segment of each of the first and second feeding ele-
ments is disposed proximate to the grounding element.
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An antenna includes first and second dielectric substrates, a
grounding element, and a radiating unit. The first dielectric
substrate extends on a horizontal plane. The grounding ele-
ment is formed on the first dielectric substrate. The second

(73)  Assignee: Quanta Computer Inc. dielectric substrate extends on a vertical plane transverse to
the horizontal plane and is disposed on the first dielectric
(21) Appl. No.: 12/430,925 substrate. The radiating unit is formed on the second dielec-
tric substrate, and is provided with a feeding point, and a
(22) Filed: Apr. 28, 2009 grounding point coupled to the grounding element.
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(57) ABSTRACT

A problem of the invention is to provide a small-size com-
munication terminal apparatus capable of reducing an SAR
and also widening a band of an antenna and further achieving
thinning.

The communication terminal apparatus has a substrate (13)
disposed inside a housing, a power feeding part (12) disposed
in the substrate (13), a monopole antenna (11) having plural
elements of multi-frequency sharing, the monopole antenna
for feeding power by electrically connecting one end to the
power feeding part, and a ground wire (14) electrically con-
nected to a wireless ground of the substrate (13), and the
monopole antenna (11) having the plural elements is arranged
in a direction vertical to a surface of the substrate (13) and in
a back surface direction of the housing so as to be opposed to
a human body at the time of a call.
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vided with a containing space for disposing a communication
(73) Assignee: HTC CORPORATION, Taoyuan module and a substrate having a ground plane; an antenna
County (TW) disposed on a surface of the appearance; and, a first fastening
element and a second fastening element for fixing the appear-
(21) Appl. No.: 12/481,590 ance and the substrate. The first fastening element and the
second fastening element electrically connect the antenna to
(22) Filed: Jun. 10, 2009 the ground plane and the communication module.
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A portable terminal includes a non-conductive resin chassis
that is formed by molding a molding material and internally
provided with a printed circuit board on which a wireless
circuit is formed, and an antenna pattern that is disposed on a
wall surface of the chassis and in a region excluding a eject
pin track formed when the chassis electrically connected with
the printed circuit board is formed, wherein the antenna pat-
tern is constituted by sequentially laminating a copper layer,
a nickel layer and a gold layer by electroless plating, and the
nickel layer is rendered amorphous.
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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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Publication Classification
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57) ABSTRACT

Disclosed herein is a dual-resonance broadband antenna, and
more particularly, to such a dual-resonance broadband
antenna in which dual resonance is caused to occur using an
antenna consisting of a strip line, a microstrip line or the like
having a meander pattern so as to receive a signal for a
wireless communication service at a relatively low frequency
band, particularly, a signal with a terrestrial digital multime-
dia broadcasting (T-DMB) service frequency band of 174-
216 MHz among a very high frequency (VHF) band. Particu-
larly, the dual-resonance broadband antenna of the present
invention is remarkably red used in its size (length) as com-
pared to a general helical antenna, a monopole antenna, a
dipole antenna or the like while using a wireless communi-
cation service at a relatively low frequency band, thereby
achieving miniaturization thereof. Further, it is possible to
improve quality and reliability of the small-sized dual-reso-
nance broadband antenna according to the present invention
as well as enhance the qualities of a portable terminal and a
transmission and reception device for wireless communica-
tion employing the antenna according to the present inven-
tion.
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57) ABSTRACT

An antenna device includes an antenna element, a capacitor
and a inductor. The antenna element has a length which is a
quarter of a wavelength due to a first frequency. One end of
the antenna element is connected to a feeding point. The other
end of the antenna element is opened. The capacitor is
arranged at a position having a distance which is equal or
shorter than a half of a wavelength due to a second frequency
from the other end of the antenna element. The inductor is
arranged at a position having a distance which is equal or
shorter than a quarter of the wavelength due to the second

(22) Filed: Dec. 15,2009 frequency from the other end of the antenna element.
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US.CL s 343/702;343/722

(D

(52)

57) ABSTRACT

An antenna apparatus and a radio communication apparatus
are capable of separately controlling a resonance frequency in
abasic mode and a resonance frequency in a higher mode and
have a wide bandwidth in which the resonance frequency in
the basic mode is variable. The antenna apparatus includes a
feeding electrode 2, a loop-shaped radiation electrode 3, a
capacitance portion 4, and inductors 5 and 6. The capacitance
portion 4 is formed by a gap between an open end 3a of the
loop-shaped radiation electrode 3 and the feeding electrode 2.
The inductor 5 is disposed at a position where a large current
is obtained in the basic mode and a small current is obtained
in the higher mode. The inductor 6 is disposed at a position
where a large current is obtained in the higher mode and a
small current is obtained in the basic mode.
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A dual-frequency antenna includes a substrate, a ground
layer, a plurality of signal feed portions, at least one first
radiation portion, a plurality of second radiation portions, a
plurality of first signal transmission lines, a plurality of sec-
ond signal transmission lines, a plurality of first filters, and a
plurality of second filters. The signal feed portions are dis-
posed between the first radiation portions and the second
radiation portions that are disposed on the first surface of the
substrate in a staggered manner. The first signal transmission
lines and the second signal transmission lines are respectively
used to connect the signal feed portions with the first radiation
portions and the second radiation portions. The first filters and
the second filters are respectively disposed on the first signal
transmission lines and the second signal transmission lines.
The dual-frequency antenna is applicable for providing
broadband and high gain features.

10
20

10b



US 20100149064A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0149064 A1

Gala et al.

(43) Pub. Date: Jun. 17, 2010

(54)

(75)

(73)
2D
(22)

(63)

MULTIBAND ANTENNA FOR HANDHELD
TERMINAL

Inventors: David Gala Gala, San Cugat Del
Valles (ES); Carles Puente
Baliarda, San Cugat Del Valles
(ES); Jordi Soler Castany, San
Cugat Del Valles (ES)

Correspondence Address:
WINSTEAD PC

P.O. BOX 50784
DALLAS, TX 75201 (US)

Assignee: Fractus, S.A., Barcelona (ES)
Appl. No.: 12/316,460
Filed: Dec. 12,2008

Related U.S. Application Data

Continuation of application No. 11/021,597, filed on
Dec. 23, 2004, now Pat. No. 7,486,242, which is a
continuation of application No. PCT/EP2002/007002,
filed on Jun. 25, 2002.

1M1 112

Publication Classification

(51) Int.CL

HOIQ 5/01 (2006.01)

HOIQ 1/38 (2006.01)

HOIQ 1/48 (2006.01)
(52) US.CL oo 343/848; 343/700 MS
(57) ABSTRACT

A multiband antenna includes a first conducting layer and a
second conducting layer. The first conducting layer acts as a
radiating element being placed over the second conducting
layer while the second conducting layer acts as a ground
plane. The first conducting layer includes a feeding point, the
feeding point being a starting point for a first shorter arm and
a second longer arm, the first and second arms forming a
multilevel structure for the multiband antenna.
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(57) ABSTRACT

A multiband antenna comprises a ground plane, a substrate,
and a radiating metal element, wherein a side of the substrate
is substantially adjacent to a side of the ground plane; the
radiating metal element is on a surface of the substrate. The
radiating metal element comprises a radiating portion having
a slit, a shorting portion having a first end electrically con-
nected to the radiating portion and a second end electrically
connected to the ground plane, and a feeding portion; the
feeding portion comprises an antenna feeding point for elec-
trically connecting to a signal source, wherein a first spacing
is formed between the feeding portion and the radiating por-
tion, and a second spacing is formed between the feeding
portion and the shorting portion.
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(52) US.CL oo 343/893

57 ABSTRACT

The present invention relates to a dual polarized array antenna
comprising at least two dual polarized antenna elements
being arranged for radiating electromagnetic energy having a
first polarization, constituting a first antenna radiation pat-
tern, via a connection to a first antenna port, and electromag-
netic energy having a second polarization, constituting a sec-
ond antenna radiation pattern, via a connection to a second
antenna port, the second polarization being orthogonal to the
first polarization, the first antenna radiation pattern and sec-
ond antenna radiation pattern each having a main beam and a
number of side-lobes with nulls. The array antenna comprises
at least one further dual polarized antenna element arranged
for radiating electromagnetic energy having two mutually
orthogonal polarizations, constituting further antenna radia-
tion patterns, via respective connections to the first antenna
port and the second antenna port, where the polarization of
said at least one further dual polarized antenna element that is
associated with the first antenna port deviates from the first
polarization such that said at least one null of the first antenna
pattern is at least partly filled.
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(22) PCT Filed: Mar. 10. 2008 predetermined interval and configured to include an external
’ e conductor, a dielectric, and a central conductor so as to trans-
(86) PCT No.: PCT/KR2008/001340 mit signals. A ground clip is configured to ground the trans-
mission line by fastening the transmission line. A radiator is
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(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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Disclosed is an antenna apparatus, including: a multi-layer
substrate having at least two substrates in a stacking manner
and having a first through hole; an amplifying circuit on one
face of the multi-layer substrate; a ground pattern formed
between two adjacent substrates of the multi-layer substrate;
an antenna pattern formed on the other face of the multi-layer
substrate; and a first comb electrode having comb teeth and a
second comb electrode having comb teeth, both of which are
formed around the antenna pattern on the other face of the
multi-layer substrate. The first comb electrode is electrically
connected to the antenna pattern. The second comb electrode
is electrically connected to the ground pattern through the
first through hole. The comb teeth of the first comb electrode
and the comb teeth of the second comb electrode are spaced
from one another at predetermined intervals in a staggered
manner.
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A dual-polarization planar radiating element having an exter-
nal metal grid, at least one metal patch concentric with the
external metal grid and a cavity separating the metal grid and
the metal patch, the grid and the patch having a polygonal
shape delimited by at least four pairwise opposite sides, and
two orthogonal directions of polarization associated with two
orthogonal electric fields Ev and Eh, at least one of the direc-
tions of polarization being parallel to two sides of the poly-
gon. Each side of the metal patch parallel to a direction of
polarization is linked electrically to a zone of the external grid
where one of the electric fields Ev or Eh is a minimum. The
invention exhibits the advantage of reducing the phenomenon
of electrostatic discharges in the planar radiating elements
without significantly modifying the response of the radiating
element subjected to an orthogonally polarized wave.
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(57) ABSTRACT

A multi-port antenna structure for a wireless-enabled com-
munications device includes a coupler-antenna having a first
antenna port for transmitting electromagnetic signals and a
second antenna port for receiving electromagnetic signals.
The coupler-antenna is positioned on a chassis of the wireless
enabled communications device to transmit energy between
the chassis and the first and second antenna ports. Resonant
modes of the chassis for one antenna port are orthogonal to
resonant modes of the chassis for the other antenna port, such
that the first and second antenna ports are isolated from each
other.
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A portable communication device (100, 800, 900) has an
antenna element (102, 1206). The antenna element forms a
slot (104, 1208) which is used as a slot antenna. The device is
configured such that the slot facilitates operation of a user
interface element through the slot.
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57 ABSTRACT

There is provided a magnetic antenna and an antenna device
that increase the packaging density of a portion where the
magnetic antenna is mounted in an electronic apparatus, and
suppresses degradation of antenna performance. A flexible
substrate has first and second substantially spiral-shaped coil
conductors formed thereon. Conductor-opening-side through
holes are formed in the respective conductor openings of the
coil conductors, and non-coil-conductor-forming-area
through holes are formed in areas in which the coil conductors
are not formed. First and second magnetic cores are arranged
so as to extend through the respective conductor-opening-
side through holes from a first main surface of the flexible
substrate and to extend through the respective non-coil-con-
ductor-forming-area through holes in a direction from a sec-
ond main surface side to the first main surface of the flexible
substrate.
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A slot antenna having stubs is provided, in which a strip
transmission line for transmitting a transverse electromag-
netic mode (TEM) signal is formed by using a multi-layered
substrate, and a plurality of slots are used for the strip trans-
mission line. Thus, an omnidirectional radiation pattern is
obtained, and the directivity of the slot antenna is improved.



US 20100156733A1

a9 United States

a2y Patent Application Publication (10 Pub. No.: US 2010/0156733 A1l

Kato et al. 43) Pub. Date: Jun. 24, 2010
(54) CHIP ANTENNA AND ITS PRODUCTION (86) PCT No.: PCT/JP2008/060572
METHOD, AND ANTENNA APPARATUS AND
COMMUNICATIONS APPARATUS § 371 (9)(1),
COMPRISING SUCH CHIP ANTENNA (2), (4) Date: Jan. 29, 2010
(75) Inventors: Tomotsugu Kato, Kumagaya-shi (30) Foreign Application Priority Data
(JP); Masayuki Gonda,
Kumagaya-shi (JP); Hiroyuki Jun. 7,2007  (JP) o 2007-151689

Aoyama, Kumagaya-shi (JP);
Hideto Mikami, Kumagaya-shi
(IP)

Correspondence Address:

SUGHRUE MION, PLLC

2100 PENNSYLVANIA AVENUE, N.W., SUITE
800

WASHINGTON, DC 20037 (US)

(73) Assignee: HITACHI METALS, LTD., Tokyo
(IP)

(21) Appl. No.: 12/663,240

(22) PCT Filed: Jun. 9, 2008

Publication Classification

(51) Int.CL

HO1Q 1/00 (2006.01)

DOIF 1/08 (2006.01)
(52) US.Cl oo, 343/787; 264/171.26
7) ABSTRACT

A chip antenna comprising a magnetic substrate comprising
Z-type ferrite or Y-type ferrite as a main phase and having a
through-hole extending linearly along a center axis, and a
conductor penetrating the through-hole, the magnetic phase
having a c-axis substantially parallel or perpendicular to the
through-hole.
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An antenna unit includes an antenna formed on a magnetic
sheet. A transmission circuit includes an inductor, a matching
capacitor, and the antenna connected in series, and a reception
circuit includes the antenna, the matching capacitor, a resis-
tor, and a capacitor connected in series. The antenna is formed
as one turn, and the size of the antenna and the resistor
involves a predetermined relationship.
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A dipole antenna used in an operation frequency includes a
dipole radiation main body, a first semi-loop metal line and a
second semi-loop metal line is provided. The dipole radiation
main body has a first radiation line arm and a second radiation
line arm aligned in a straight line, wherein a gap exists ther-
ebetween to form a feeding terminal. The first semi-loop
metal line has two ends respectively connected to the first
radiation line arm and the second radiation line arm to form a
first matching loop covering the feeding terminal. The second
semi-loop metal line has two ends respectively connected to
the first radiation line arm and the second radiation line arm to
form a second matching loop, which is larger than the first
matching loop.
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A radio frequency identification (RFID) tag antenna in a U
shape, having constant near-isotropic characteristics in a
broadband. The RFID tag antenna includes a dipole antenna
in a U shape, including a plurality of first conducting wires
having a first width and separated from and parallel to each
other with a first gap and a second conducting wire having a
second width and connecting the plurality of first conducting
wires; and a feed unit connected to the second conducting
wire and located between the plurality of first conducting
wires. The RFID tag antenna further includes the dipole
antenna in a U shape and the feed unit disposed in the dipole
antenna in a U shape, thereby having the constant near-iso-
tropic characteristics in the broadband.
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According to an embodiment of the present invention, an
electromagnetic radiation apparatus includes a ground plane
and an integrally formed antenna structure. The integrally
formed antenna structure may include a radiation plate per-
pendicular to or with an angle larger than 45 degrees to the
ground plane and a shielding structure configured to restrict
radiation of the radiation plate.
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Antennas for electronic devices are provided. First and sec-
ond antennas may be mounted within an electronic device.
Free-space coupling between the first and second antennas
may give rise to interference. The first and second antennas
may be coupled to a global ground. The global ground may be
formed using a conductive member in the electronic device
such as a conductive frame member. Signals that pass
between the antennas through the global ground may serve as
canceling signals that reduce the magnitude of free-space
interference signals and thereby improve antenna isolation.
The antennas may be coupled to the global ground using
electrical paths or through near-field electromagnetic cou-
pling. Coupling efficiency to the global ground may be
enhanced by configuring the conductive traces of one or both
of the antennas to form a resonant circuit.
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An antenna device includes a substrate, a pair of antenna
elements formed on a face of the substrate and which is
arranged so as to be axisymmetrical with respect to a sym-
metrical axis, and a ground section formed on the face of the
substrate on which the pair of antenna elements is formed and
which is arranged proximal to the pair of antenna elements,
wherein the ground section is arranged so as to be axisym-
metrical with respect to the symmetrical axis, and the ground
section includes a first pair of slit sections notched from an
end section and extending in one direction of the symmetrical
axis.
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A multi-port antenna structure includes a plurality of electri-
cally conductive elements arranged generally symmetrically
about a central axis with a gap between adjacent electrically
conductive elements. Each of the electrically conductive ele-
ments has opposite ends and a bent middle portion therebe-
tween, with the bent middle portion being closer to the central
axis than the opposite ends. Each of the electrically conduc-
tive elements is configured to have an electrical length
selected to provide generally optimal operation within one or
more selected frequency ranges. Each of a plurality of
antenna ports is connected to adjacent electrically conductive
elements across the gap therebetween such that each antenna
port is generally electrically isolated from another antenna
port at a given desired signal frequency range and the antenna
structure generates diverse antenna patterns.
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An antenna apparatus allows for internal impedance match-
ing by employing an internal matching device therein. The
antenna apparatus includes a board body formed of a dielec-
tric material and having a flat structure. The antenna appara-
tus also includes an antenna device disposed on an upper
surface of the board body, and the internal matching device
disposed on a lower surface of the board body. The antenna
device extends from a feed point and has a first impedance.
The internal matching device is connected to the antenna
device and has a second impedance used for matching the first
impedance with a reference impedance. The antenna device
and the internal matching device resonate at the reference
impedance in a specific frequency band when a voltage is
supplied through the feed point.
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(57) ABSTRACT

A portable electronic device with function of receiving and
radiating radio frequency (RF) signal and a multi-frequency
antenna thereof are disclosed. The portable electronic device
comprises a RF module and a multi-frequency antenna con-
necting to the RF module. The multi-frequency antenna com-
prises a helix element and a coaxial cable disposed within the
helix element. The helix element comprises a first helix por-
tion and a second helix portion adjacent to each other, and the
coaxial cable comprises a grounding portion and a radiating
portion. The first helix portion covers the grounding portion,
and the radiating portion is disposed within the second helix
portion separated with each other.
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